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Food allergies impact 1 in 13 kids and 1 in 10 adults in the USA. The rise in 
food allergies over a generation is epidemic. Due to both the rapid increase 
and life-threatening nature of food allergy, it is critical to improve awareness, 
diagnosis, management, and prevention practices. Clinicians need to be up-
to-date on new guidelines and potential treatment options. Since we currently 
do not have a severity spectrum for food allergy and we do not know who 
may have a severe life-threatening allergic reaction, children and families live 
in constant vigilance everyday trying to make sure every meal and snack is 
safe. Food allergy management influences quality of life and social activities 
of children with food allergies.

I have been engaged in food allergy research for the past 15 years and 
personally impacted by my daughter’s food allergies for the past 11 years. I 
am amazed and grateful for all the advances in research over this time, thanks 
to both public and private funding and incredible researchers across the world 
who are invested in improving our knowledge of the condition and how we 
can better manage, prevent, and treat food allergies.

This issue discusses the latest and greatest in food allergy to help clini-
cians better understand, manage, and advise their patients and families. 
These topics are divided into five major sections: (1) introduction to pediat-
ric food allergy, (2) comorbid conditions in food allergy, (3) development of 
food allergies and current prevention recommendations, (4) food allergy 
management and prognosis, and (5) therapies for food allergy. Each section 
features authors/coauthors that are experts in their respective fields and pro-
vides a comprehensive summary of food allergy topics including epidemiol-
ogy, diagnosis, atopic conditions related to food allergy, differential 
diagnoses of other food-related diseases, and the future of treatments. 
Additionally, this issue shares growing research on factors contributing to 
food allergy development such as the microbiome, early introduction, and 
breast-feeding.

As a pediatrician, researcher, and mother, food allergy has become my 
24/7 passion as I see patients with it, educate future physicians about it, spend 
most of my time researching it, and learn to manage it daily at home. I am 
excited to share this issue with my fellow clinicians as it is a comprehensive 
story of what we currently know and understand about food allergy as well as 
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other food allergy-related conditions. I am incredibly grateful for all the 
authors and Springer. My hope is that this book will provide you with knowl-
edge, improve care, and foster ideas for the future.

 
Chicago, IL, USA� Ruchi S. Gupta  
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Epidemiology and Racial/Ethnic 
Differences in Food Allergy

Jialing Jiang, Christopher M. Warren, 
and Ruchi S. Gupta

�Introduction

Food allergy is an adverse, immunologic reaction 
upon food consumption. Symptoms usually occur 
within minutes after eating and may involve symp-
toms from any body system including skin and/or 
oral mucosa, respiratory, gastrointestinal, and car-
diovascular. Food-induced allergic disorders can be 
can be classified as immunoglobulin E (IgE) medi-
ated or non-IgE mediated. Food allergies, specifi-
cally, are IgE mediated and may result in anaphylaxis, 
a life-threatening [1] and severe allergic reaction that 
is rapid in onset and often involves symptoms 
impacting two or more organ systems. Food allergy 
may also be associated with other atopic conditions 
(asthma, atopic dermatitis, and allergic rhinitis) [2], 
economic burden [3], and lower quality of life [4].

In the last few decades, food allergy has been 
described to be an increasingly prevalent public 
health concern across the globe [5–7]. However, 
previous research has indicated that the impact of 
food allergy may vary by country [8] and different 
racial/ethnic groups [9, 10]. Western countries 
such as the United States, the United Kingdom, 
and Australia have some of the highest observed 
rates of pediatric food allergy [11]. Among these 
Western populations, studies suggest Asians, 
Hispanic, and Black children may exhibit differ-
ent rates of food allergy exacerbation compared to 
their White counterparts [12]. Therefore, to better 
understand the current state of food allergy, this 
chapter will summarize recent findings with 
respect to the epidemiology of this growing pub-
lic health concern among the pediatric population, 
with a specific focus on possible racial differences 
in food allergy outcomes.

�Prevalence of Food Allergy

It is important to note that many of the studies dis-
cussed in this section cannot be directly compared 
due to differences in food allergy measurements 
(self-reported, physician diagnosed, confirmed 
through diagnostic testing, allergen sensitization), 
food allergy definitions (non-IgE-mediated and/or 
IgE-mediated food-induced allergic disorders), 
and methodology. Despite the differences, data 
from previous studies in other countries provide 
insight on general food allergy trends such as 
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prevalence and common allergens, which warrant 
further research to better understand the true impact 
of food allergy that can be manifested through 
severity, tolerance, and racial/ethnic differences.

�The United States

In the United States, food allergy impacts nearly 
11% of adults [13]. Pediatric food allergy, in par-
ticular, has become increasingly common as prev-
alence has increased in recent decades [14]. A 
systematic review of food allergy prevalence in the 
United States indicated an approximately 1% 
increase in self-reported food allergy per decade 
[15]. The National Health and Nutrition 
Examination Survey (NHANES) from 2007 to 
2010 suggested that 6.5% of children are reported 
to have a food allergy [16]. In a 2015–2016 
population-based study, 7.6% of children were 
estimated to have a food allergy [17]. This esti-
mate utilized a combination of physician diagnosis 
and self-reported food allergy/symptoms to iden-
tify convincing cases of food allergy and exclude 
probable cases of non-IgE-mediated food allergy 
such as oral allergy syndrome/pollen food syn-
drome and food intolerances [17]. This same study 
also reported that 11.4% of children were reported 

to have a food allergy by their parent [17]. Among 
food-allergic children, an estimated 39.9% have 
multiple food allergies [17]. The most common 
food allergens among children in the United States 
are peanuts (2.2%), milk (1.9%), shellfish (1.3%), 
tree nut (1.2%), egg (0.9%), finfish (0.6%), wheat 
(0.5%), soy (0.5%), and sesame (0.2%) [17]. A 
previous nationwide, cross-sectional, random tele-
phone survey assessing self-reported peanut, tree 
nut, and sesame allergy suggested that peanut 
allergy prevalence among children was 1.4% in 
2008, a marked increase from 1997 (0.4%) and 
2002 (0.8%) [18]. Tree nut allergy prevalence was 
estimated to be 1.1% in 2008 compared to 0.5% in 
2002 and 0.2% in 1997 [18]. Overall, specific food 
allergens impact different age groups at varying 
rates (See Fig. 1.1).

�Australia

HealthNuts, a population-based, food allergy, 
cohort study in Australia observed a cohort of 
infants from enrollment at 11–15 months of age 
and has continued to examine these children 
at age 2, 4, 6, and 10 years old. In the initial anal-
ysis of n  = 2,848 infants, 10.4% of 1 year old, 
Australian infants were estimated to have a 

20.2%
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Fig. 1.1  Specific food allergen prevalence by age among children with food allergy [17]
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challenge-confirmed food allergy to peanut, raw 
egg, or sesame. Peanut allergy prevalence for 
1-year-olds was 3.0%, raw egg was 8.9%, and 
sesame was 0.8% [19]. Following the same 
cohort, prevalence of food allergy among 4-year-
old children was 3.8%. The prevalence of the 
aforementioned specific foods was 1.2% with 
egg allergy, 0.4% with sesame allergy, and 1.9% 
with peanut allergy [20].

�Europe

In a systematic review and meta-analysis of 42 
European food allergy studies by Nwaru et  al., 
the self-reported, pooled point prevalence of food 
allergy in Europe among children was estimated 
to be approximately 6.9% [21]. In general, 
Northern Europe had higher self-reported rates of 
food allergy [21]. In the United Kingdom, a ran-
domized, control trial demonstrated that food 
allergy developed in 7.1% of children by the age 
of 3 years old. It is important to consider that esti-
mates using skin prick tests, specific IgE, and 
oral food challenges are considerably lower com-
pared to self-reported rates [22]. In Steinke 
et  al.’s study of pediatric food allergy in 10 
European countries, parent-reported prevalence 
rates varied from 1.7% reported in Austria to 
11.7% reported in Finland [23]. Pyrhönen et al. 
has suggested that food allergy prevalence in 
Finland, as confirmed through oral food chal-
lenges, is 3.6% [24]. Additionally, Steinke et al. 
suggested that Italy has a parent-reported food 
allergy prevalence of 3.9% [23] while a cross-
sectional study of children 5–14 years old in Italy 
estimated a lifetime food allergy prevalence of 
10.5% [25].

In a birth cohort (n = 12,049) recruited by the 
EuroPrevall group across nine countries, inci-
dence of egg allergy for 2-year-olds was esti-
mated to be 1.2% overall with the United 
Kingdom reporting the highest incidence rate of 
2.2% [26]. In observing milk allergy, the highest 
rates were reported in the United Kingdom and 
the Netherlands (1%) [27].

�Asia

Efforts to estimate food allergy prevalence in 
Asian countries have been undertaken in recent 
years; however, few studies are population based 
and there is little data on the pediatric population 
specifically. However, of the current literature, it 
is postulated that the allergy profile of countries 
in Asia differs considerably from Western coun-
tries [28]. Seafood is one of the most common 
allergens reported in Asian countries, while prev-
alence of peanut allergy is lower in Asian coun-
tries compared to Western countries [28]. In 
India, adult food allergy prevalence was esti-
mated to be 1.2%, while frequency of sensitiza-
tion was estimated to be 26.5% [29]. The most 
common allergens reported were cow’s milk and 
apple [29]. This trend may also translate to the 
pediatric population in India. In a cross-sectional 
prevalence study of children 2  years old and 
younger in China, food allergy prevalence was 
reported to be 2.5% in 1999 and 7.7% in 2009, 
while sensitization rates tested via SPT were 
reported to be 9.9% and 18%, respectively [30]. 
Japan, Korea, and Singapore have food allergy 
prevalence estimates around 5% [31–33].

�Africa

There are limited data on food allergy in African 
countries, particularly for the general population 
and children. Additionally, some estimates are 
over two decades old, including a South African 
study on asthmatic children from 1992 and a 
South Nigerian study on asthmatics in 1978 [34]. 
In a cross-sectional study of 512 children, 
1–3 years old in Cape Town, South Africa, 9.6% 
were sensitized to a food allergen as assessed via 
SPT.  The estimated prevalence of challenge-
proven food allergy was 2.5% [35]. In Ghana, 
prevalence of food allergy (2006–2008) was esti-
mated to be 2.9% while the sensitization rate via 
SPT is estimated to be 5% [36]. In a pilot study 
observing allergic conditions in a general prac-
tice in Kenya from 1983 to 1988, food allergy 

1  Epidemiology and Racial/Ethnic Differences in Food Allergy



6

prevalence is estimated to be 0.5% for children 
and adults [37]. While estimates are relatively 
low, self-reported, life prevalence of food allergy 
was reported to be 19.1% in a cross-sectional 
survey conducted with university students/staff 
in Mozambique [38]. Common allergens in 
this sample included seafood, meat, and fruit/
vegetable [38].

�Central America/South America

Many countries in Central/South America do not 
have published food allergy data focusing on the 
pediatric population. In a systematic review of 
overall food allergy in Latin America, rates of 
food allergy sensitization were studied by coun-
try, but there were limited studies on food allergy 
epidemiology and many were not population 
based [39]. A cross-sectional study based in 
Colombia observed a self-reported FA prevalence 
of 14.9% among children and adults [40]. In a 
study of food allergy among school children in El 
Salvador, parent-reported point prevalence was 
estimated to be 5.3% [41]. Interestingly, common 
allergens among this population included milk, 
shrimp, chili, chocolate, and nuts [41]. Observing 
infants and preschoolers in Brazil reveals that 
prevalence of food allergy among children age 
4  months to roughly 5  years of age was 0.6%. 
Infants had a prevalence of 1.9% while preschool-
ers had a prevalence of 0.4% [42].

�Middle East

There is also limited food allergy research in the 
Middle East. A questionnaire administered in 
Lebanon estimated food allergy prevalence to be 
4.1% among infants and children. Fruits, eggs, 
nuts, cow’s milk, and spices were common aller-
gens reported in this study [43]. In the United 
Arab Emirates, physician-diagnosed food allergy 
was estimated to be 8% for children and common 
allergens included egg, fruits, and fish [44]. 
Additionally, in Israel, food allergy is estimated to 
impact 3.6% of adolescents 13–14 years of age as 
indicated through self-report in a cross-sectional, 

population-based study [45]. Research on Jewish 
children in Israel and the United Kingdom has 
unveiled differences in peanut allergy manifesta-
tion in the two different countries. This may partly 
be attributed to cultural practices of timing of 
infant food introduction [46] but also possibly due 
to one’s environment and genetics. Specifically, 
peanut allergy was less prevalent among Jewish 
infants in Israel who were exposed to peanut-con-
taining products early in life compared to the 
Jewish children in London who generally delayed 
peanut introduction [46].

Food allergy appears to disproportionately 
impact individuals in industrialized/westernized 
regions [11]. A 2012 survey from the World 
Allergy Organization collected data from 89 
countries on previously published food allergy 
prevalence and health care burden of food allergy. 
Within this study, food allergy was determined 
either through oral food challenge, symptoms 
and sensitization, or parental reporting. Over half 
of the countries did not have food allergy preva-
lence data. Only nine countries had prevalence 
estimates where food allergy cases were con-
firmed via oral food challenge [47]. Australia had 
the highest reported food allergy prevalence 
among children 5 years old or younger confirmed 
via oral food challenge (10%). In contrast, 
Thailand reported a prevalence of 1%. For chil-
dren over 5 years old, Mozambique reported the 
highest rate of food allergy prevalence (nearly 
20% as identified through parental report) com-
pared to Kenya with a parent report of <1%. For 
children (0–18  years old), the United Kingdom 
reported the highest rate of food allergy preva-
lence of 16% compared to Austria’s report of 
<2% [47]. Although these reports varied in meth-
odology, these findings provide a snapshot of the 
current state of allergy worldwide.

Prevalence of food allergy for countries with 
published pediatric food allergy data are displayed 
in Fig.  1.2. Food allergy research has primarily 
been conducted in Australia, North America, and 
Europe. Some research on pediatric food allergy 
has been conducted in Asia, Africa, the Middle 
East, and Central/South America; however, as 
mentioned,  there is a paucity of data on many 
countries in these regions. Evidently, food allergy 
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prevalence varies by country even within the same 
region/continent. Therefore, it is crucial to obtain 
country-specific estimates of food allergy in efforts 
to better understand the impact and burden of food 
allergy in different populations.

�Food Allergy Severity

In the United States, 42.3% of children with a 
food allergy have reported a severe food-allergic 
reaction while one in five have reported an emer-
gency department visit for an allergic reaction in 
the past year [17]. Additionally, 42.0% of chil-

dren with a food allergy have had at least one life-
time food allergy-related emergency department 
visit [17]. Severity of allergic reactions has been 
suggested to vary depending on a child’s age and 
the specific food allergen among other individual-
level factors [67]. Severe allergic reactions and 
emergency department visits are most commonly 
attributed to peanut and tree nuts/seeds [17, 68]. 
A recent population-based study also demon-
strated that severe reactions were common among 
children with shellfish and finfish allergy [17]. 
Overall, rates of severe reactions among children 
varied by food allergen and ranged from 27% to 
59% as indicated in Fig. 1.3 [17]. It is important 

>10%

7.5 – 9.9%

5 – 7.4%

2.5 – 4.9%

0.1 – 2.4%

Not available

NORTH AMERICA
USA 7.6% Gupta 2018
Canada 7.1% Soller 2012
Mexico 4.9% Ontiveros 2016

AFRICA
Ghana 5.0% Obeng 2011
S. Africa 2.5% Basera 2015
Nigeria O<R<2.5% Kung 2014

ASIA
China 7.7% Hu 2010
Singapore 5.4% Lee 2014
South Korea 5.3% Kim 2011
Japan 5.1% Noda 2010
Hong Kong 4.8% Ho 2012
Taiwan 3.4% Wu 2012
Thailand 1.1% Lao - Araya 2011

OCEANIA
Australia 10.4% Osbourne 2011

EUROPE
Italy 10.5% Caffarelli 2011
Poland 8.3% Steinke 2007
U. Kingdom 7.1% Perkin 2016
Sweden 6.8% Protudjer 2016
Norway 6.8% Kvenshagen 2009
France 6.7% Rance 2005
Netherlands 6.2% Saleh-Langenberg 2016
Portugal 5.7% Gaspar-Marques 2014
Croatia 5.4% Baricic 2015
Greece 5.2% Papathoma 2016
Iceland 5.0% Thrastardottir 2018
Belgium 4.9% Steinke 2007
Slovenia 4.6% Steinke 2007
Germany 4.2% Roehr 2004
Greenland 4.1% Krause 2002
Finland 3.6% Pyrhonen 2011
Switzerland 3.1% Steinke 2007
Denmark 2.5% Steinke 2007
Austria 1.7% Steinke 2007

CENTRAL & SOUTH
AMERICA
Honduras 9.3% Gonzales-Gonzalez 2018
Chile 5.5% Hoyos-Bachiloglu 2014
Brazil 0.6% Goncalves 2016

MIDDLE EAST
U.A.E. 8.0% Al-Hammadi 2010
Kuwait 5.4% Ali 2017
Lebanon 4.1% Irani 2015
Israel 3.6% Graif 2012
Turkey 0.8% Orhan 2009

*most studies with Children under 5yo

Fig. 1.2  Available estimates of pediatric food allergy prevalence around the world varying in food allergy measure-
ments and pediatric age groups
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to note that in this study, severe reactions were 
characterized as those involving multiple serious 
symptoms (e.g., hives, vomiting, wheeze) 
reported within multiple organ systems (i.e., skin, 
GI, respiratory, cardiovascular).

In a study observing emergency department 
visits and hospital admissions in Illinois due to 
anaphylaxis, there was 29.1% annual increase of 
ED and hospital admissions among children 
from 2008 to 2012 [69]. Incidence of anaphy-
laxis ranged from 10.5 per 100,000 person/year 
using specific ICD-9 codes for anaphylaxis vs. 
68.4 per 100,000 person/year using nonspecific 
codes in a health maintenance organization [70].

�Food Allergy Tolerance

While food allergy is a worldwide phenomenon 
presenting with mild to severe reactions, food 
allergies can be outgrown. Currently, mecha-
nisms for tolerance development are not well 
understood although possible explanations 
include active regulation by Tregs and clonal 

deletion and anergy of T cells [71]. It is esti-
mated that over 26% of children with food 
allergy develop food allergy tolerance in the 
United States [72]. Severity of allergic reac-
tions, type of food allergen, multiple vs. single 
food allergy, and other demographic factors 
(race and age) are related to the likelihood of 
outgrowing a food allergy [67]. Black children 
are less likely to report an outgrown allergy than 
White children [72]. Notably, research suggests 
that children with milk, egg, and soy allergies 
may be more likely to outgrow a food allergy 
[72]. In a prospective European study, 43% of 
children outgrew their milk allergy by age 10 
[73]. In a retrospective study, 45% of children 
with soy allergy outgrew the allergy by age 6 
[74] while a prospective study demonstrated 
that 50% of children with soy allergy outgrew 
the allergy by age 1 year old and 67% by age 
2 years old [75, 76]. Peanut, tree nut, and sea-
food allergies often persist into adulthood [77–
80]. Only approximately one in four children 
outgrows their peanut allergy by early adult-
hood [81].
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Fig. 1.3  Severe reactions by allergen among children with specific food allergies [17]
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�Racial/Ethnic Differences  
in Food Allergy

In the United States, studies on racial/ethnic dif-
ferences in food allergy are limited. Race, as 
reported in the United States, includes White, 
Black or African American, Asian, American 
Indian and Alaska Native as well as Native 
Hawaiian and Other Pacific Islander. Ethnicity is 
separated by Hispanic or Latino and non-Hispanic 
or Latino [82]. Previous literature has suggested 
that Black children are more likely to have a food 
allergy compared to White children [17, 83–85]. 
Additionally, Asian children are more likely to 
have/develop a food allergy in Australia and the 
United States [84, 86]. A questionnaire in 
Australia demonstrated that Australian-born, 
Asian infants with parent(s) born in East Asia 
were three times more likely to develop a nut 
allergy compared to their non-Asian counterparts 
[87]. Previous literature also postulates that 
Hispanic children may be less likely to have a 
food allergy [84, 85]; however, there is a paucity 
of data on food allergy in this population. African 
American children and Hispanic children have 
been previously reported to be at high risk for 
severe atopic dermatitis [9, 88], which has been 
demonstrated to contribute to food allergy devel-
opment. A systematic review by Greenhawt et al. 
noted a high risk of food allergy (sensitization, 
self-report, and clinic-based diagnosis) among 
Black children, but due to differences in food 
allergy measures/definitions and methodology as 
well as limited data, it is difficult to generalize 
trends [89]. This section will discuss previous 
research studying racial differences considering 
food allergy prevalence rates, adverse reactions/
hospitalizations, and food allergy knowledge.

�Self-Reported Data: Food Allergy

In a 2004 study observing early infant vitamin 
supplements in relation to atopy risk, a longitudi-
nal cohort data of 8,000 patients indicated that 
the odds of having food allergy at age 3 years old 
was lower among Black children compared to 
their White counterparts [90]. Alternatively, 

Sicherer et  al. conducted a nationwide, cross-
sectional, random survey via telephone obtaining 
information for 14,948 individuals with respect 
to reported seafood allergy and corresponding 
disease characteristics. Black respondents 
reported higher rates of seafood allergy than 
other racial/ethnic groups [91]. Similar differ-
ences were reported by Luccioli’s study in 2008 
which analyzed data from a longitudinal survey 
in which mothers self-reported food-related 
issues and any food allergy diagnoses. There 
were more Black children with reported, proba-
ble food allergy than White or Hispanic (12.5% 
vs. 5.6% vs. 5.1%, respectively) [92]. The 1997–
2007 NHIS self-reported data suggested that 
there was a greater increase in parent-reported 
rates of food allergy among Black children rela-
tive to other races [93]. Similarly, findings from a 
systematic literature search indicated that there 
has been an increase in self-reported food allergy 
among African Americans than Caucasians or 
Hispanics over the past few decades [94]. In con-
trast, a study on the 2003 US National Survey of 
Children’s Health data (n  =  102,353 children) 
noted that there were no significant differences in 
self-reported allergy prevalence based on race 
[95]. There were also no significant differences 
between different races for self-reported peanut/
tree nut allergy in Sicherer et  al.’s nationwide, 
cross-sectional, random telephone survey of pea-
nut/tree nut allergy [18].

�Specific Immunoglobulin E: Allergen 
Sensitivity

In a study of a Detroit, Michigan area birth cohort 
(n = 590 infants), a panel of allergists identified 
IgE-mediated food allergy cases to egg, milk, or 
peanut to explore racial differences in food 
allergy. African Americans had higher rates of 
sensitization compared to non-African American 
children but there were no statistical differences 
in IgE-mediated food allergy [96].

Sicherer et al. also obtained peanut-specific IgE 
levels on children across multiple allergy clinics 
(n = 503). In observing differences in race, Black 
children were more likely to have a peanut-specific 

1  Epidemiology and Racial/Ethnic Differences in Food Allergy
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IgE level of greater than 5 kUa/L than their White 
counterparts [97]. When studying other allergens 
(milk, egg, peanut, and shrimp) through the 2005–
2006 nationally representative NHANES study, 
Black children were more likely to be sensitized 
over the diagnostic cutoff values (0.35) [83]. 
Reported food sensitization prevalence among 
Black individuals (regardless of age) was 27% 
compared to 13.8% for White and 21.2% for 
Hispanic individuals. The estimated clinical food 
allergy rates were 5.9%, 1.9%, and 2.7%, respec-
tively [83]. Keet et al. also found that Black chil-
dren born in the United States were more likely to 
be sensitized in a study on ImmunoCAP to milk, 
egg, and peanut [94]. Additionally, Kumar et  al. 
studied 1,104 children in a birth cohort study. In 
the primarily Black and Hispanic cohort, 35.5% 
were sensitized to food. Black children (with 
African ancestry or self-reported race) had higher 
risk of food allergen sensitization [10]. Taylor-
Black and Wang compared rates of food allergy 
and comorbidities by race and found that Black 
children were significantly more likely to report 
higher rates of food allergy [98]. It is unclear if 
there are disparities in allergy outcomes or between 
Black children and other racial groups, since it has 
yet to be systematically explored [99]. A cohort 
study of 817 children studying food allergy dis-
ease phenotypes among African American, 
Hispanic, and White children with food allergy 
indicated that food allergy phenotypes varied by 
racial/ethnic background [9]. African American 
children had higher odds of asthma compared to 
their White counterparts while African American 
and Hispanic children had higher odds of eczema 
than White children. It is suggested that African 
American and Hispanic children have higher rates 
of corn, shellfish, and fish allergy compared to 
White children. Wheat and soy are more common 
among African American children than White 
children while tree nut allergy was more common 
among White children [9].

�Adverse Reactions/Hospitalization

African American and Hispanic children are esti-
mated to have higher rates of anaphylaxis related 

to food allergy and emergency department visits 
[9]. Various retrospective studies have examined 
racial/ethnic differences in food-induced 
anaphylaxis-related hospital admission rates 
using ICD-9 codes with mixed results. In Lin 
et al.’s study using the New York SPARCS data-
base of anaphylaxis hospitalizations from 1990 
to 2006, they conducted a longitudinal assess-
ment of anaphylaxis and found no significant dif-
ferences between races for anaphylaxis admission 
[100]. Rudders et al. concluded the same conjec-
ture using ICD-9 codes for acute allergic reac-
tions using NHAMCS database analysis 
(1993–2005). There were no differences in race 
for those presenting to the ED for anaphylaxis 
[101]. A 2011 study by Banerji et  al. observed 
three Boston-area food allergy ED rates from 
2001 to 2006 to study hospital admission for 
food-related allergic reaction. In this study, they 
used a combination of ICD-9 codes and chart 
reviews to study potential differences and also 
found no significant differences between races 
for hospitalization rates [102]. Harduar-Morano 
et al. conducted a population-based study of ED 
visits (n  =  2,751) and used ICD-9 codes to 
observe food-induced anaphylaxis. These find-
ings reported that Black children had higher odds 
of food-induced anaphylaxis than White children 
[103]. In a retrospective review of electronic 
medical records from 2008 to 2010, 3.4% of chil-
dren seen in a low-income, minority clinic had a 
food allergy documented by a physician. Black 
children were affected more than children of 
other races [98].

�Knowledge/Diagnosis

Food allergy knowledge and management is 
essential to ensure the safety of food-allergic 
children. It is particularly important in self-
advocacy and among teenagers who are more 
often surrounded by peers and away from home. 
In a 2009 survey on food allergy knowledge 
among the general adult public, Black and 
Hispanic survey respondents were less likely to 
identify three food allergy triggers compared to 
their White counterparts [104]. Black, Hispanic, 
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and Asian adults were also less likely than White 
adults to identify two signs of a milk allergy 
[104]. However, Black and Hispanic survey 
respondents were more likely to note the impor-
tance of avoiding food allergens [104]. It is pos-
sible that differences in food allergy knowledge 
also exist by race among parents of food-allergic 
children.

Data from a nationally representative sample 
of U.S. children collected in 2009–2010 esti-
mated that among children with parent-reported 
food allergy and a history of convincingly IgE-
mediated reaction symptoms, Black and Asian 
children were significantly less likely to have a 
physician diagnosis compared to their White 
counterparts [105], even though they were sig-
nificantly more likely to report a food allergy 
[84]. Appropriate physician diagnosis of food 
allergy is essential to ensure appropriate manage-
ment and treatment.

�Other Disparities

In general, race, socioeconomic status, and health 
are closely related as race often influences these 
outcomes [106]. Economic disparities in food 
allergy expenditures have been exhibited in a 
cross-sectional survey administered to caregivers 
of children with food allergy in the United States. 
Children with a household income less than 
$50,000 had 2.5 times more emergency depart-
ment and hospitalization costs compared to chil-
dren with a household income of over $50,000 
($1,021 vs. $434, respectively) [107]. In observ-
ing expenditures on specialist visits and out-of-
pocket medication costs, children with a 
household income over $100,000 incurred more 
costs compared to those with a household income 
of less than $50,000 [107]. Overall, the lowest 
amount of direct medical and out-of-pocket costs 
was observed among African American children 
[107]. It is possible that food allergy awareness, 
access to care, and food allergy reaction severity 
may contribute to reported costs [107]. Urban/
rural differences may also exist in food allergy 
outcomes and are important to take into account 
when examining racial differences given the sys-

tematic differences in racial composition between 
urban and rural areas. In an observational study 
utilizing the Healthcare Cost and Utilization 
Project data for New York and Florida from 2009 
to 2014, food-induced anaphylaxis cases among 
children were identified using an ICD-9 diagnos-
tic code. Emergency department rates per 100,000 
for anaphylaxis induced by food were 12.3 in an 
urban setting vs. 4.6 in rural settings. Urban chil-
dren had higher rates of emergency department 
visits for anaphylaxis compared to rural children 
while Black children also exhibited higher ED 
visit rates compared to other races [108].

�Conclusion

Food allergy has been documented to impact dif-
ferent countries and populations at varying rates. 
Most food allergy research has been concentrated 
in Western countries, but available data in other 
countries exhibit food allergy profiles that vary 
from Western countries. Within regions and coun-
tries, food allergy affects children differently. 
Race/ethnicity may also impact food allergy out-
comes in terms of allergy manifestation, sensiti-
zation, severity, and tolerance. It is important to 
capture any racial differences and potential dis-
parities in order to better target educational and 
clinical efforts in treating and/or managing food 
allergy. Further research on food allergy preva-
lence in other countries and racial differences is 
necessary to elucidate food allergy trends.
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Abbreviations

CD	 Celiac disease
DCs	 Dendritic cells
EG	 Eosinophilic gastroenteritis
EOE	 Eosinophilic esophagitis
FA	 Food allergy
FPIAP	 Food protein-induced allergic procto-

colitis
FPIES	 Food protein-induced enterocolitis 

syndrome
HLA	 Human leukocyte antigen
MSG	 Monosodium glutamate
OAS	 Oral allergy syndrome
PFS	 Pollen-food allergy syndrome

�Introduction

About 40% of children in the United States with a 
food allergy will experience a severe reaction [1]. 
Food allergy is one of the most common causes 
of anaphylaxis and accounts for 30–50% of all 
anaphylaxis cases and up to 81% of anaphylaxis 
cases in children [2].

Given the increasing prevalence and life-
threatening consequences of food allergy, accu-
rate and timely diagnosis of food allergies is 
critical. Clinicians require the tools to distinguish 
food allergy versus intolerance and describe the 
pathophysiology that contributes to the develop-
ment of food allergies. This review will describe 
and categorize food allergies by clinical presenta-
tions and their underlying immune mechanisms. 
History and exam findings that contribute to the 
diagnosis will be reviewed.

�Food Allergy Versus Intolerance

The 2010 Expert Panel Report sponsored by 
the National Institute of Allergy and Infectious 
Diseases (NIAID) defined food allergy as “an 
adverse health effect arising from a specific 
immune response that occurs reproducibly on 
exposure to a given food” and food intoler-
ance as “foods or food components that elicit 
reproducible adverse reactions but do not have 
established or likely immunologic mechanisms” 
[3]. Food intolerances can result from metabolic, 
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pharmacologic, toxins, and chemical reactions. 
Examples of each will now be discussed and are 
summarized in Table 2.1 [4].

Metabolic causes of food intolerance include lac-
tose intolerance, galactosemia, and alcohol intoler-
ance. Patients who are lactose intolerant are unable 
to digest lactose leading to excess fluid in the gut, 
resulting in abdominal pain, bloating, and diarrhea. 
This is important to differentiate from an allergy to 
cow’s milk, which is an immunologic response to 
cow’s milk protein that can result in anaphylaxis 
[3]. Galactosemia is a metabolic food intolerance 
due to a deficiency in the enzyme required to pro-
cess galactose. This results in vomiting, diarrhea, 
failure to thrive, jaundice, and lethargy in infants 

but is commonly detected before the onset of 
clinical symptoms on newborn metabolic screen-
ing. Pharmacologic food intolerances result from 
chemically active compounds including caffeine 
and alcohol. Toxic effects of foods can result from 
scombroid poisoning due to elevated histaminic 
chemicals in decomposing dark-flesh fish like tuna, 
mackerel, mahi-mahi, and sardine. Symptoms of 
scombroid poisoning closely mimic a food allergy 
and can involve urticaria, angioedema, flushing, 
vomiting, diarrhea, dizziness, and hypotension after 
eating spoiled fish [5]. While the symptoms are his-
tamine mediated and very closely mimic an allergy, 
scombroid poisoning is not a food allergy because 
it does not have an immunologic mechanism. 
Chemical reactions can occur due to vagally medi-
ated gustatory rhinitis [6] or auriculotemporal syn-
drome, also called Frey Syndrome, which results in 
redness and sweating of the cheek following saliva-
tion [7]. Non-immunologic reactions can also occur 
due to sulfites, nitrites, and monosodium glutamate 
(MSG). Sulfites have been implicated in asthma 
reactions, and these patients generally have a his-
tory of asthma exacerbations triggered by sulfite-
rich foods like dried fruit or wine [8]. Finally, some 
patients have food intolerances that are psychologi-
cally driven including food phobias or aversions.

Key questions in the patient’s history, as 
reviewed later in this chapter, can help clini-
cians distinguish food allergy from non-immune 
adverse food reactions. When the diagnosis 
remains uncertain, referral to an allergist/immu-
nologist should be considered.

�Immune Responses

Immune responses to foods can be grouped 
into three types: (1) immunoglobulin E (IgE)-
mediated reactions, (2) non-IgE- or cell-medi-
ated reactions, and (3) mixed reactions.

�IgE-Mediated Food Reactions

Patients with IgE-mediated FA present with a vari-
ety of symptoms most commonly involving the skin, 
gastrointestinal tract, respiratory tract, and cardio-

Table 2.1  Non-immunologic food reactions. These are 
adverse reactions which are not allergies [4]

Metabolic Lactose intolerance
Galactosemia (galactose-1-
phosphate uridyl transferase 
deficiency)
Sucrose intolerance (sucrose-
isomaltase deficiency)
Alcohol intolerance

Pharmacologic Caffeine
Foods high in histamine (wine, aged 
cheese, sauerkraut)
Tyramine (fermented foods)
Dopamine (fava beans)
Phenylethylamine (aged cheese, red 
wine, chocolate)
Serotonin (banana, kiwi, pineapple, 
plum, tomato, walnut)
Theobromine (chocolate, tea)
Monosodium glutamate (MSG)
Nitrites
Sulfite

Toxic (food 
poisoning)

Scombroid poising (tuna, mackerel, 
mahi-mahi, and sardine)
Ciguatera poisoning (barracuda, 
grouper, snapper)
Shellfish (paralytic shellfish poising 
from saxitoxin)
Fungal toxins (aflatoxins, 
trichothecenes, ergot)
Food poising (botulism from 
Clostridium botulinum, 
Staphylococcus aureus, Salmonella)

Chemical Gustatory rhinitis
Auriculotemporal syndrome (Frey 
syndrome)

Psychologic Food phobias or aversions

Adapted from Sharma et  al. [4], with permission from 
Elsevier
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vascular systems. It is important to note that the tim-
ing, sequence, and severity of symptoms vary widely 
between reactions even in the same individual [9]. 
The highly unpredictable nature and potential for 
high morbidity and mortality make recognizing and 
treating reactions of utmost importance.

IgE-specific antibodies for food allergens 
develop during initial sensitization to a food. 
Once sensitization occurs, food antigen-specific 
IgE is present in the circulation and on the sur-
face of tissue mast cells and circulating basophils 
bound to the high-affinity FcεRI receptor. After 
re-exposure to the food, cross-linking of the food 
protein-specific IgE bound to FcεRI results in 
degranulation of mast cells and basophils releas-
ing preformed histamine and proteases along 

with synthesis of leukotrienes, prostaglandins, 
and cytokines [10].

Because IgE cross-linking releases preformed 
allergic mediators, signs and symptoms of IgE-
mediated food allergies develop rapidly and 
should be considered in patients who develop 
signs and symptoms within minutes up to 2 hours 
after ingesting the suspected food allergen. The 
delayed release of mediators that are synthe-
sized following IgE cross-linking may result in a 
delayed phase of symptoms hours after the initial 
reaction though the mechanisms behind delayed 
and biphasic reactions are not well understood.

The key features of reactions by organ sys-
tem will now be described and are also noted in 
Table 2.2.

Table 2.2  Signs and symptoms of IgE-mediated food allergies

Immunopathology Clinical features Common causal foods Pathophysiology
Immediate IgE 
hypersensitivity
(Symptoms occur 
within minutes up 
to 2 hours after 
exposure)

Cutaneous:
urticaria, diffuse pruritis, flushing, 
angioedema

Any food, but most 
commonly peanuts, tree 
nuts, milk, soy, egg, 
fish, shellfish

Cross-linking of food 
antigen-specific IgE on 
the surface of tissue mast 
cells (FcεRI receptor) 
and circulating basophils 
results in degranulation 
releasing preformed 
histamine and proteases 
along with synthesis of 
leukotrienes, 
prostaglandins, and 
cytokines

GI:
Mouth itching, nausea, vomiting, 
abdominal pain, diarrhea
Respiratory:
Upper – sneezing, rhinorrhea, 
congestion, nasal and/or eye itching, 
conjunctival erythema, tearing
Lower – dyspnea, chest tightness, cough, 
wheezing
CV:
Tachycardia, hypotension, dizziness, 
syncope, urinary incontinence
Anaphylaxis:
Rapidly progressive, multi-system 
involvement. Can lead to shock and 
death secondary to respiratory or 
cardiovascular compromise

Alpha-Gal Symptoms identical to those above but 
are delayed by 4–6 hours

Mammalian meat (beef, 
pork, lamb, venison, 
etc.). Some patients also 
react to mammalian 
milk and gelatin

Sensitization occurs to 
the carbohydrate antigen, 
galactose-alpha-1,3-
galactose following lone 
star tick bites

Food-dependent, 
exercise-induced 
anaphylaxis

Symptoms identical to those above, but 
food only triggers anaphylaxis if patient 
exercises within 4 hours after ingestion

Wheat, shellfish, nuts, 
celery

Mast cell degranulation 
and release of mediators. 
Unclear why exercise 
precipitates anaphylaxis

Pollen-food allergy 
syndrome

Itching or mild swelling of oral cavity, 
5% progress to a more systemic reaction

Raw fruits, vegetables, 
nuts, or certain spices. 
Cooked forms tolerated

Cross-reactivity to shared 
epitopes between the 
pollen and fresh fruit and 
vegetables. Antigen is 
degraded by heat

2  Pathophysiology and Symptoms of Food Allergy and Anaphylaxis
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�Skin Reactions
Symptoms involving the cutaneous and subcuta-
neous tissue are very common in IgE-mediated 
food reactions and include urticaria, diffuse pru-
ritis, flushing, and angioedema. Urticarias are 
raised erythematous wheals that are pruritic, typ-
ically well circumscribed or coalescing, and eva-
nescent. Angioedema is non-pitting edema that 
involves non-gravitationally dependent areas. It 
commonly affects the face (especially the lips 
and eyelids), extremities, and upper airway. IgE-
mediated FA should be suspected in a patient 
who develops urticaria or angioedema within 
minutes to 2 hours after ingestion of a suspected 
food allergen. Both ingestion of food and direct 
contact can cause urticaria. For example, a child 
who is peanut allergic may develop contact urti-
caria after touching peanut butter to their skin 
without actually ingesting it. In this case, hives 
are typically limited to the area in contact with 
the allergenic food. Urticaria secondary to food 
reactions typically fade shortly after exposure, 
within several minutes to several hours, though 
this is highly variable depending on the trigger, 
severity of the reaction, ongoing exposure, and 
treatments. Urticarias that persist for greater 
than 6 weeks are chronic and FA is unlikely the 
cause [11].

Urticaria is the result of cross-linking of 
antigen-specific IgE on cutaneous mast cells in 
the superficial dermis. Angioedema, on the other 
hand, is due to cross-linking of IgE on mast cells 
in the deeper dermis and subcutaneous tissues. 
While urticaria can be the result of a wide vari-
ety of allergies including medications and insect 
bites, and non-allergic causes like infections, it is 
estimated that at least 20% of acute urticaria is 
due to food allergy [12, 13]. While the majority 
of anaphylactic reactions include skin symptoms, 
it is worth noting that up to 20% of cases of ana-
phylaxis do not, and the lack of skin symptoms 
may result in delayed diagnosis of an allergic 
reaction.

�Respiratory Tract Reactions
Reactions can be divided into those affecting the 
upper and lower respiratory tract. Upper respira-
tory tract symptoms include sneezing, rhinorrhea, 

congestion, nasal and/or eye itching, conjunctival 
erythema, and tearing. Rhinoconjunctivitis is 
more commonly seen during systemic reactions 
and is rarely the only presenting symptom [14].

Lower respiratory signs and symptoms are 
present in up to 70% of anaphylactic reactions 
and include dyspnea, chest tightness or pain, 
cough, wheezing, dysphonia, and stridor [15]. 
Respiratory manifestations such as edema of 
the glottis and wheezing are the primary cause 
of death in patients with food-induced anaphy-
laxis and need to be treated aggressively, espe-
cially in asthmatic patients [2]. Bronchospasm 
can be due to inhalation of food allergens, spe-
cifically vapors from cooking fish and shellfish 
[16, 17].

�Gastrointestinal Symptoms
GI symptoms occur in 45% of cases of anaphy-
laxis [15]. Many patients experience tingling 
or itching in their mouth. Young children may 
scratch at their mouth, tongue, throat, or ears. 
Nausea and vomiting may occur within minutes 
of ingestion, whereas abdominal pain, cramping, 
and diarrhea may occur either immediately or 
with a delay of up to several hours after ingestion 
[14]. These symptoms can result in dehydration 
and electrolyte disturbances in infants and young 
children, and volume loss from vomiting/diar-
rhea can cause hypovolemic shock.

�Cardiovascular Symptoms
Cardiovascular symptoms occur in 45% of cases 
of anaphylaxis and most commonly include 
tachycardia, hypotension with resulting dizziness 
and/or syncope, and urinary incontinence [15]. 
Up to 35% of the intravascular volume can shift 
to the extravascular space within 10 minutes of 
onset of a reaction due to increased vascular per-
meability from histamine and other vasodilatory 
mediators, which can result in hypotensive shock 
and cardiac arrest.

Cardiovascular symptoms may include syn-
cope, a feeling of faintness, palpitations, and/
or chest pain. Hypotension or shock may be the 
result of vascular collapse, cardiac arrhythmia, or 
asphyxia. Anaphylaxis may be complicated by 
myocardial ischemia [15].

A. T. Widge and H. P. Sharma
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�Anaphylaxis
Anaphylaxis is an IgE-mediated acute life-
threatening systemic allergic reaction that affects 
up to 2% of the population [18]. FAs are the 
most common cause of anaphylaxis in infants 
and children [3, 19]. Peanuts are the most com-
mon food to cause anaphylaxis in children and 
shellfish is the most common in adults [20, 21]. 
Risk factors for fatal reaction from food-induced 
anaphylaxis are adolescent or young adult age, 
coexistent asthma, and reactions due to peanut 
or tree nut [14]. Anaphylaxis is caused by cross-
linking of antigen-specific IgE on mast cells and 
basophils. This cross-linking causes the mast 
cells and basophils to release allergic mediators 
including histamine, tryptase, chymase, platelet-
activating factor, prostaglandin D2, cysteinyl 
leukotrienes, IL-6, and TNF-α [22], resulting in 
multi-organ effects that can present with up to 
40 potential signs and symptoms and result in 
death secondary to respiratory or cardiovascular 
compromise.

The National Institute of Allergy and 
Infectious Diseases and the Food Allergy and 
Anaphylaxis Network have developed diagnostic 
criteria for anaphylaxis (Table 2.3) [23]:

	1.	 Acute onset (minutes to hours) of involvement 
of skin, mucosal tissue, or both (hives, flush-
ing, pruritis, angioedema) and either respira-
tory or cardiovascular compromise

	2.	 Two or more of the following that occur rap-
idly after exposure to a likely allergen for that 
patient: involvement of the skin or mucosal 
tissue (generalized hives, itch, flushing, swell-
ing), respiratory compromise (dyspnea, 
wheeze-bronchospasm, stridor, hypoxia), car-
diovascular compromise (hypotension, col-
lapse), persistent gastrointestinal symptoms 
(crampy abdominal pain, vomiting)

	3.	 Hypotension after exposure to known allergen 
for that patient

Fifteen percent of patients exhibit neurologic 
symptoms of impending doom, headache, or con-
fusion. Young children and infants can exhibit 
sudden behavioral changes like cessation of play, 
irritability, and clinginess [15].

Biphasic reactions are estimated to occur in 
1–20% of anaphylactic reactions and involve 
a recurrence of symptoms after the appar-
ent resolution of the initial reaction. Biphasic 
reactions typically occur about 8  hours after 
the initial reaction but have been reported up 
to 72 hours later [3]. The pathophysiology of 
biphasic reactions is not well understood, but 
it is more likely to occur in cases of moder-
ate to severe anaphylaxis or when treatment 
with epinephrine is delayed [24]. It has been 
hypothesized that due to the large variation in 
time intervals, biphasic reactions may be due 
to a multitude of factors with earlier onset indi-
cating medication wear-off or inadequate ini-
tial treatment and later onset due to biphasic 

Table 2.3  Diagnostic criteria for anaphylaxis [23]

Anaphylaxis is a clinical diagnosis that is highly likely 
when any one of the following three criteria are met:
     1. �Onset of symptoms within minutes to hours 

involving the skin, mucosal tissue, or both (i.e., 
generalized hives, pruritus, flushing, angioedema)

 � AND at least one of the following:
 � A. �Respiratory compromise (i.e., dyspnea, wheezing, 

stridor, reduced peak expiratory flow, hypoxemia)
 � B. �Hypotension or symptoms of end-organ 

dysfunction (i.e., syncope, hypotonia, urinary 
incontinence)

     2. �Two or more of the following occurring within 
minutes to several hours after exposure to a likely 
allergen for that patient

 � A. �Skin/mucosal symptoms (i.e., generalized hives, 
pruritus, flushing, angioedema)

 � B. �Respiratory compromise (i.e., dyspnea, wheezing, 
stridor, reduced peak expiratory flow, hypoxemia)

 � C. �Hypotension or symptoms of end-organ 
dysfunction (i.e., syncope, incontinence)

 � D. �Persistent gastrointestinal symptoms (i.e., 
abdominal pain, vomiting)

     3. �Hypotension within minutes to several hours after 
exposure to a known allergen for that patient

 � Hypotension defined as:
 � Children:
 � 1 month–1 year: less than 70 mm hg
 � 1–10 years: less than 70 mm hg + 2× age
 � 11–17 years: less than 90 mm hg
 � All ages: greater than a 30% decrease in systolic BP 

from that person’s baseline
 � Adults: systolic BP less than 90 mmHg or a greater 

than 30% decrease from that person’s baseline

Adapted from Sampson et al. [23], with permission from 
Elsevier
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release of mediators like histamine and plate-
let-activating factor or activation of secondary 
inflammatory pathways [25].

�Alpha-Gal Allergy
The only known IgE-mediated food allergy 
that characteristically has a delayed reaction 
is allergy to galactose-alpha-1,3-galactose 
(alpha-gal). This is an allergic reaction to a 
carbohydrate epitope on mammalian meats, for 
example, beef, pork, and lamb. This reaction 
typically occurs 4–6 hours after ingestion [26]. 
Symptoms are similar to other IgE-mediated 
food allergies with hives, pruritus, and gas-
trointestinal symptoms being most common. 
Patients can experience severe anaphylaxis with 
cardiovascular and respiratory compromise. In 
most patients, eliminating beef, pork, lamb, and 
all other sources of non-primate mammalian 
meat is sufficient to avoid further allergic reac-
tions. However, some patients continue to have 
reactions and require additional elimination of 
dairy and gelatin to fully avoid reactions since 
alpha-gal is also found in mammalian milk and 
bovine gelatin [27, 28]. The reaction is related 
to sensitization to the carbohydrate antigen 
galactose-alpha-1,3-galactose, which occurs 
after the bite of the lone star tick (Amblyomma 
americanum) in the United States and Ixodes 
species in Europe and Australia. The lone star 
tick is common in the East, Southeast, and 
Midwest United States [29]. The pathophysi-
ology underlying IgE sensitization to alpha-
gal after tick bite and resulting mammalian 
meat allergy is not well understood. The delay 
in reaction time is likely related to the time it 
takes for antigen digestion and/or processing, 
and it is likely that the allergic form of the 
oligosaccharide does not enter the circulation 
until several hours after eating. Alpha-gal is the 
only known carbohydrate antigen to induce an 
IgE-mediated reaction as all the remainder are 
due to proteins [26, 27, 30]. Alpha-gal allergy 
should be considered in children who live in 
areas where the lone star tick is common and 
who have a history of delayed reactions to red 
meat or recurrent urticaria, angioedema, or 
idiopathic anaphylaxis [31].

�Food-Dependent Exercise-Induced 
Anaphylaxis
Food-dependent exercise-induced anaphylaxis 
results in typical symptoms of anaphylaxis 
only after patients physically exert themselves 
within a few hours after eating. The symptoms 
are the same as anaphylaxis due to other causes. 
Symptoms typically begin during vigorous exer-
cise, but the level of exertion that precipitates 
symptoms is unpredictable [32]. Patients do not 
have reactions if they consume the foods to which 
they are sensitized without exercising afterwards. 
Most patients only experience symptoms to spe-
cific foods to which they are sensitized, but some 
patients experience anaphylaxis if they exercise 
after consuming any food or drink. The foods 
most commonly implicated are wheat, shellfish, 
and nuts; however, a wide variety of trigger-
ing foods have been identified including celery, 
oranges, apples, rice, tomatoes, and cow’s milk 
with geographic variability in sensitization pat-
terns [9, 33]. Patients typically have positive IgE 
on skin prick or serum testing. Pathogenesis of 
this type of anaphylaxis is believed to similarly 
be due to mast cell degranulation and release of 
mediators. Patients have demonstrated skin biop-
sies with mast cell degranulation and transient 
elevations in tryptase. The specific mechanism by 
which exercise precipitates anaphylaxis in these 
patients has yet to be elucidated, but a number 
of hypotheses exist suggesting changes in serum 
osmolality, pH, gut permeability, and blood flow 
redistribution [33–35].

�Pitfalls in Making the Diagnosis 
of Anaphylaxis
Identifying IgE-mediated food allergy and ana-
phylaxis is challenging due to the high variabil-
ity between symptoms and timing of reactions. 
The same individual can have widely variable 
reactions to the same food, and there is no way 
to predict the type or severity of the reaction. 
Anaphylaxis is often underreported and underdi-
agnosed in part due to this variability. Especially 
if it is a patient’s first reaction, it can be difficult 
to identify a trigger. Young children are often not 
able to describe their symptoms, and patients 
who have altered consciousness or impaired 
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judgment will also not be able to describe the 
reaction. Hypotension can be challenging to rec-
ognize in very young children or infants. Skin 
symptoms (hives, itching, angioedema) are very 
helpful in identifying reactions; however, these 
are absent in 10–20% of all anaphylactic reac-
tions [15]. Diagnosis of anaphylaxis can be 
aided by the expert guidelines (Table 2.3), and 
is highly likely when any one of the criteria is 
fulfilled. The presence of one of the three cri-
teria predicts diagnosis of anaphylaxis 95% of 
the time [36]. Food allergy anaphylaxis plans are 
also available to caregivers to aid in the diagno-
sis and treatment of anaphylactic reactions [37]. 
Additionally, there are scoring tools available 
to grade the severity of anaphylaxis ranging 
from mild including only skin and subcutaneous 
involvement, moderate including respiratory, 
cardiovascular, or gastrointestinal involvement, 
and severe with hypoxia, hypotension, or neuro-
logic compromise [38].

�Pollen-Food Allergy Syndrome (PFS) 
or Oral Allergy Syndrome (OAS)
Patients sensitized to pollen aeroallergens can 
experience symptoms after eating raw fruits, 
vegetables, nuts, or certain spices. Symptoms 
are typically limited to the oropharynx, though 
systemic reactions have been rarely reported. The 
cause of PFS is cross-reactivity that develops due 
to shared epitopes between the structure of pollen 
and fresh fruit and vegetables. The cross-reactive 
antigen in food is degraded by digestive enzymes 
and heat; therefore, patients can typically toler-
ate the heated versions of these foods, and symp-
toms are most often limited to local reactions in 
the oral cavity without progression to systemic 
symptoms. Symptoms characteristically occur 
within minutes and are usually mild and transient. 
The most common symptom is oropharyngeal 
pruritus, typically described as itching or tingling 
of the mouth and palate. Some patients describe 
throat tightness, and there has been reported oral 
and perioral angioedema, mucosal vesicles, con-
junctivitis, congestion, and coryza. Rare other 
symptoms are facial rash, and nasal and otic pru-
ritus. Patients with atopic dermatitis sensitized to 
birch pollen can experience worsening of eczema 

after consumption of a cross-reactive food. Less 
than 5% of patients progress to a more general-
ized reaction with nausea, vomiting, abdominal 
pain, upper respiratory obstruction and rarely 
progress to anaphylaxis [39]. PFS is further dis-
cussed in Chap. 5.

�Pathophysiology of Food Allergy 
Sensitization
Mechanisms underlying allergic sensitiza-
tion are currently the subject of widespread 
investigation and are likely a complex interac-
tion of genetic and environmental factors [40]. 
Sensitization can occur through the GI tract, the 
skin, and the respiratory tract and is thought to 
be related to impaired or inflamed mucosal bar-
rier [41]. Tolerance to food antigens requires 
food antigen-specific regulatory T cells (T-regs) 
and is mediated by antigen presentation by 
CD103+ dendritic cells (DCs) in the GI tract 
and CD11b + dermal DCs and Langerhans cells 
in the skin. These cells migrate to lymph nodes 
where they induce antigen-specific Treg cells 
[42]. CD103  +  DCs in the gut produce TGF-β 
and retinoic acid which drive Treg differentia-
tion [43], and T-regs in turn produce suppressor 
cytokines like TGF-β, IL-10, and IL-35 [41]. In 
patients with food allergies, instead of induction 
of Treg cells, they develop antigen-specific TH2 
cells that produce IL-4, 5, and 13 and induce IgE 
class switching [40].

The specific factors that lead to this break-
down in tolerance and allergic sensitization are 
not yet understood, but it is likely that multiple 
factors are involved. The microbiota has been 
shown to have a strong association with aller-
gic disease; however, the exact mechanisms 
through which the microbiome influences the 
immune system have yet to be fully elucidated 
[44]. Route of allergen exposure also likely 
plays a role, with increased exposure through 
non-oral routes resulting in allergic sensitiza-
tion. For example, children with atopic derma-
titis have impaired skin barrier function, which 
is hypothesized to lead to allergen exposure 
through the skin before the GI tract. This may 
contribute to increased rates of food allergies in 
these patients [43].
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Despite the clear role of IgE in mediating 
anaphylaxis, IgE levels do not always correlate 
with clinical symptoms. Patients with high levels 
of allergen-specific IgE do not always develop 
clinical symptoms with food exposure, and simi-
larly patients can have low or undetectable serum 
levels of allergen-specific IgE and still develop 
anaphylaxis to a specific food, indicating the 
causes of anaphylaxis are more complex than is 
currently understood.

�Non-IgE-/Cell-Mediated Food 
Allergies

Non-IgE- or cell-mediated food allergies are 
mediated by T cells and commonly result in 

delayed or chronic reactions. These reactions 
include food protein-induced allergic procto-
colitis (FPIAP), food protein-induced entero-
colitis syndrome (FPIES), celiac disease, and 
food-induced pulmonary hemosiderosis (Heiner 
syndrome). Key clinical features of each are sum-
marized in Table 2.4.

�Food Protein-Induced Allergic 
Proctocolitis (FPIAP)
FPIAP presents with blood, and sometimes 
mucous, in the stools of otherwise healthy 
appearing, normally growing, and developing 
infants. Symptoms typically develop in the first 
2–8 weeks of life [45]. Infants can have increased 
gas, colic, and increased frequency of bowel 
movements but are otherwise well appearing 

Table 2.4  Non-IgE-mediated food allergy reactions

Immunopathology Clinical features
Common 
causal foods Pathophysiology

Food protein-induced 
allergic proctocolitis 
(FPIAP)

Blood +/− mucous in stool, gas, colic, 
increased frequency of bowel movements 
in the first 2–8 weeks of life. Infants are 
otherwise healthy appearing with normal 
growth and development

Maternal 
ingestion or 
formula with 
cow’s milk, 
soy, and/or 
egg

Unknown. Likely related to 
dietary proteins causing 
inflammation in the lower GI 
tract

Food protein-induced 
enterocolitis 
syndrome (FPIES)

Severe projective emesis 1–4 hours after 
ingestion resulting in hypovolemic shock, 
pallor, lethargy, hypothermia, acidemia, 
methemoglobinemia, anemia, and 
leukocytosis with left shift. Findings often 
mistaken for sepsis. Diarrhea often follows 
5–10 hours after ingestion

<3 months: 
cow’s milk, 
soy
4–7 months: 
rice, oat, 
poultry
Older 
children: 
seafood, egg
Chronic: 
cow’s milk or 
soy-fed 
infants <6 
months

Unknown. Possible mechanism 
of antigen-specific T-cell-
mediated inflammation and 
causing increased intestinal 
permeability

Celiac disease Chronic diarrhea, bloating, abdominal pain
Chronic consequences related to 
malabsorption include growth problems 
and vitamin deficiencies. Failure to thrive is 
seen in young children
Classic skin finding dermatitis 
herpetiformis

Gluten Autoinflammatory destruction 
of villi in the small intestine 
due to gliadin-specific CD4+ 
TH1 cells. Virtually all patients 
are HLA-DQ2 and HLA-DQ8 
positive

Food-induced 
pulmonary 
hemosiderosis 
(Heiner syndrome)

Infants with chronic respiratory symptoms 
with pulmonary infiltrates and 
hemosiderosis with iron-laden macrophages 
in the bronchial fluid, eosinophilia, iron 
deficiency anemia, and failure to thrive

Cow’s milk Unknown

HLA Human leukocyte antigen
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with normal growth [46]. Cow’s milk is the most 
common trigger followed by soy and egg [45]. 
FPIAP can occur in breast- or formula-fed 
infants [45, 47]. Symptom improvement results 
after maternal avoidance of the triggering food 
or starting a hypoallergenic formula typically 
within 72 hours, but it can take up to 2 weeks for 
symptoms to fully resolve [48]. FPIAP typically 
completely resolves within 1–3 years, with the 
majority resolving within the first year [45]. The 
pathophysiology is largely unknown but is 
thought to be due to dietary proteins in breast-
milk or formula causing inflammation in the 
lower GI tract [49, 50].

�Food Protein-Induced Enterocolitis 
Syndrome (FPIES)
FPIES affects infants and young children and pres-
ents with gastrointestinal symptoms of repetitive 
severe projective emesis 1–4 hours after ingestion 
of trigger foods. Diarrhea can occur 5–10  hours 
after ingestion [51, 52]. Infants triggered by cow’s 
milk and soy typically present in the first 3 months 
of life, while children triggered by solids like rice, 
oat, or poultry typically present between 4 and 
7  months [52, 53]. FPIES in older children has 
been reported to seafood and egg but is highly 
uncommon [52]. Symptoms are often severe and 
can result in significant dehydration and hypovo-
lemic shock with pallor, lethargy, and hypothermia 
with hypotension reported in 15% of cases [46]. 
Associated lab findings of acidemia, methemo-
globinemia, anemia, and leukocytosis with left 
shift are common and contribute to the condition 
being commonly misdiagnosed as sepsis. FPIES 
is considered a medical emergency given the rapid 
progression and clinical consequences of shock. 
Symptoms generally resolve within 24 hours with 
supportive care with anti-emetics and intrave-
nous fluid resuscitation. A more chronic form of 
FPIES can be seen in cow’s milk or soy formula-
fed infants under 6 months old and presents with 
chronic vomiting, diarrhea, and failure to thrive. 
Symptoms resolve within several days of remov-
ing the triggering formula. If re-exposed, patients 
can present with acute FPIES [51].

The pathophysiology of FPIES is currently 
unknown, but hypothesized mechanisms involve 

antigen-specific T-cell-mediated inflammation 
causing increased intestinal permeability. FPIES 
is not an IgE-mediated food allergy; however, 
it is associated with comorbid atopic disease 
including eczema and allergic rhinitis. In addi-
tion, some patients with FPIES have positive IgE 
to the trigger food, especially casein in patients 
with cow’s-milk-induced symptoms. The rela-
tionship between IgE and non-IgE mechanisms 
in patients with FPIES is still under investigation, 
and recent research has also suggested the role of 
innate immunity in the pathogenesis as well [54]. 
Ondansetron, a serotonin 5-HT3 receptor antag-
onist, is highly effective in improving FPIES 
symptoms, suggesting possible involvement of 
neuroimmune mechanisms [46, 51, 52].

�Celiac Disease
Celiac disease (CD) is caused by chronic mucosal 
inflammation in the small bowel. Symptoms are 
commonly chronic diarrhea, bloating, abdominal 
pain, and malabsorption with resulting failure 
to thrive in young children. Older children and 
adolescents can present with similar symptoms 
along with short stature and delayed puberty. 
Other findings are variable and can include 
osteoporosis, dental enamel hypoplasia, oral aph-
thae, arthritis, neurologic problems (headaches, 
cerebellar ataxia, idiopathic epilepsy, peripheral 
neuropathy), unexplained elevation of transami-
nases, and as the disease progresses vitamin defi-
ciencies like iron, vitamin D, and vitamin K [55]. 
Dermatitis herpetiformis, an intensely pruritic 
vesicular rash, is a classic dermatologic finding. 
Extra-intestinal manifestations tend to increase 
with age [56]. Symptoms and histologic abnor-
malities typically resolve after gluten is removed 
from the diet within weeks to months.

CD is caused by autoreactivity resulting in 
destruction of the villi in the small intestine [57]. 
The pathogenesis is determined by a combination 
of genetic factors, exposure to gluten, and envi-
ronmental influences. There is a strong genetic 
predisposition, and virtually all patients with CD 
have Human Leukocyte Antigen (HLA)-DQ2 and 
HLA-DQ8. Gluten is digested into gliadin frag-
ments that are taken up by B cells, macrophages, 
and dendritic cells expressing HLA class II DQ2 

2  Pathophysiology and Symptoms of Food Allergy and Anaphylaxis



26

and/or DQ8 molecules on their surface. These 
cells then present the antigen to gliadin-specific 
CD4+ TH1 cells. Inflammatory cytokines includ-
ing IFN-gamma and IL-15 contribute to the dif-
ferentiation of intraepithelial lymphocytes into 
cytotoxic CD8+ T cells resulting in the classic 
histologic findings of villous atrophy and crypt 
hyperplasia. While almost all patients with CD 
are HLA-DQ2 or DQ8 positive, these alleles are 
also prevalent in about 30% of the general popu-
lation who do not develop CD, indicating there 
are environmental factors that are yet to be under-
stood [58]. The infant microbiota and the timing 
and amount of initial gluten exposure are hypoth-
esized mechanisms still under investigation [56].

�Heiner Syndrome
Heiner syndrome or food-induced pulmonary 
hemosiderosis is a rare condition that affects 
infants exposed to cow’s milk who develop 
chronic respiratory symptoms that can prog-
ress to pulmonary infiltrates and hemosiderosis 
with iron-laden macrophages in the bronchial 
fluid. Patients also frequently have eosinophilia, 
iron deficiency anemia, and failure to thrive. It 
is associated with milk-specific IgG antibodies. 
Avoidance of milk protein results in resolution 
of symptoms and pulmonary infiltrates [59–61]. 
The pathophysiology is poorly understood. A 
high index of suspicion is required as the pre-
sentation is variable and symptoms and imaging 
findings can be mistaken for recurrent or persis-
tent infections.

�Mixed IgE-Mediated and Non-IgE-
Mediated Reactions

�Eosinophilic Esophagitis 
and Eosinophilic Gastroenteritis
Eosinophilic esophagitis (EoE) and eosino-
philic gastroenteritis (EG) are examples of 
mixed IgE and non-IgE (T-cell mediated) reac-
tions. Patients with EoE have a diverse clini-
cal presentation depending on their age. Young 
children commonly present with feeding diffi-
culties, failure to thrive, vomiting, reflux, and 
abdominal pain, while older children present 

with dysphagia and food impaction. Patients 
have been found to cut food into small pieces or 
drink large amount of liquids during meals [62, 
63]. EoE is a histologic diagnosis that requires 
biopsy to confirm the presence of greater than 
15 eosinophils per high-powered field in the 
esophagus [8]. Patients with EoE commonly 
have other atopic conditions and up to 90% 
have either allergic rhinitis, asthma, or an IgE-
mediated food allergy [64]. Many cases of EoE 
exhibit seasonal variability with symptoms 
and eosinophilic infiltration worsening during 
high aeroallergen counts to which the patient 
is sensitized. For example, some patients with 
tree pollen allergies have been shown to exhibit 
worsening of disease in the spring [63]. EG is 
diagnosed when eosinophils are found distal to 
the esophagus in the stomach or lower GI tract 
and symptoms are variable, in part dependent on 
the location of eosinophil inflammation.

The pathophysiology of EoE and EG remains 
largely unknown but is likely multifactorial with 
genetic and environmental factors contributing. 
Although EoE is not solely an IgE-driven food 
allergy, it is primarily TH2-driven with increased 
levels of IL-5, IL-9, and IL-13, increased eosino-
philia, mucosal mast cells, and TH2 lymphocytes 
in the esophageal tissue [63, 65]. There is likely a 
contribution of impaired epithelial barrier. Males 
are disproportionately affected with a 3:1 male 
to female ratio, and evidence points to a strong 
genetic component with a sibling risk ratio of 80, 
which is 40 times higher than for asthma [64].

�Key Questions in the History 
of Patients with Possible Food 
Allergy

Overall, a detailed history is the key in approach-
ing a suspected food allergy. When obtaining a 
reaction history, clinicians should obtain details 
about all potential food triggers, timing of the 
reaction, response to treatments, and categorize 
the type of food allergy to determine whether 
it is IgE-mediated or another mechanism [8]. 
Important aspects of the history are detailed in 
Table 2.5 [4].
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�Conclusion

FAs are a common threat in the pediatric popu-
lation that is increasing in prevalence. FAs can 
have life-threatening consequences when they 
progress to anaphylaxis, and as such the accurate 
diagnosis is critical for preventing morbidity and 
mortality. An understanding of the underlying 
pathophysiology is key to differentiating the dif-

ferent types of FAs and anticipating their clinical 
consequences and anticipated management.
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�Introduction

Adverse reactions to foods are common and vary in 
clinical presentation, severity, and etiology [1]. 
Broadly, they are classified as immune mediated 
and non-immune mediated (Fig. 3.1). Non-immune-
mediated adverse food reactions are the most com-
mon and are non-specific. Immune-mediated 
adverse reactions to foods include food allergy and 
celiac disease. Although celiac disease is an immune 
disorder, it is an autoimmune disease and not aller-
gic in etiology. When people with celiac disease eat 
gluten, the immune system attacks and damages the 
villa of the small intestine.

Food allergy is defined as an adverse antigen-
specific immune-mediated response, which 
occurs reproducibly on exposure to a given food 
[2, 3]. As prevalence has continued to rise over 
the past few decades, there has been increased 
focus on research into methods to prevent, diag-
nose, and treat food allergy. Worldwide, they now 
affect 6–11% of the population [4–11]. Food 

allergy is often confused with food intolerances, 
and a diagnosis of food allergy is challenging as 
it varies in type, severity, and clinical presenta-
tion and necessitates the exclusion of non-
immune and environmental allergens as causative 
factors. Identifying food allergy correctly is 
important for preventing allergic reactions but 
also to prevent unnecessary dietary restriction of 
foods. A thorough clinical history and physical 
examination is a key first step in diagnosing those 
with adverse reactions to foods as it guides clini-
cians regarding further testing (skin and blood 
serum tests, elimination diets, biopsies, or oral 
food challenge (OFCs)) that can assist with food 
allergy diagnosis. In those with suspected food 
allergy, a clinical history should include age, 
dietary history, information on suspected food 
allergen such as quantity ingested, form of food 
allergen (cooked, raw), time between ingestion of 
suspected food allergen and symptoms, route of 
exposure (dermal, inhalation, oral), time to reso-
lution of symptoms, nature of symptoms, repro-
ducibility of symptoms on repeated ingestion, 
personal and family history of comorbid atopic 
diseases, medications, illnesses, and other life-
style factors such as exercise. During the evalua-
tion, a differential diagnosis to rule out toxic 
reactions to foods or other food intolerances is 
important [12]. Food allergy is broadly classified 
into IgE mediated, non-IgE mediated, and mixed 
(IgE- and non-IgE mediated). The main diseases 
associated with each of these three types of food 
allergies are illustrated in Table 3.1. This chapter 
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focuses on the clinical presentation of the differ-
ent types of food allergies and the tools available 
to assist a clinician with diagnosis and differen-
tial diagnosis of food allergy.

�Differential Diagnosis of Adverse 
Food Reactions

Differential diagnosis of food allergy is exten-
sive. A variety of anatomical and digestive 
problems, including pancreatic insufficiency, 
Shwachman-Diamond syndrome, pyloric steno-
sis, Hirschsprung’s disease, tracheoesophageal 

fistula, gall bladder disease, hiatus hernia, gas-
tric reflux, gastric ulcers, cancer, irritable bowel 
syndrome, and others, can also produce symp-
toms that mimic food allergy such as nausea, 
flatulence, bloating, vomiting, diarrhea, and dys-
pepsia. Further, non-immune food intolerances 
are common with various etiologies including 
enzyme deficiencies, deficiencies of digestion 
and absorption, inborn errors of metabolism, 
pharmacologic, psychosomatic, sensitivity to 
food additives, or reactions to naturally occurring 
chemicals or toxins in foods [13, 14].

Examples of adverse reactions that are not 
classified as food allergy include reactions to 
food preservatives, flavoring agents, or sweeten-
ers (e.g., butylated hydroxyanisole and butylated 
hydroxytoluene, sodium metabisulfite, benzo-
ates, monosodium glutamate, nitrites, nitrates, 
tartrazine). Food additives should be suspected 
in patients with a history of reactions to a num-
ber of commercially prepared unrelated foods 
but not to similar homemade foods [15]. Adverse 
food reactions are also caused by foodborne tox-
ins from bacteria (e.g., Escherichia coli O104:H4 
–Shiga, Clostridium botulinum –botulinum neu-
rotoxin) [16], fungi (e.g., Aspergillus species –
Aflatoxin, Fusarium species  – trichothecenes) 
[17], and fish (e.g., scombroid poisoning in tuna 
and mackerel, ciguatera toxin poisoning from 
mackerel, snapper and barracuda, saxitoxin from 
shellfish) [18, 19].

Adverse Reactions to Foods

Immunological

Celiac
Disease

Food
Allergy Toxic Pharmacologic

Digestive or
Absorptive Defects

Chemical or
Food Additives

Other

Non-Immunological

IgE Non-IgE Mixed

Fig. 3.1  Classification of adverse reactions to foods

Table 3.1  Types of food allergy

Type of food 
allergy Disease
IgE Immediate GI hypersensitivity

Alpha-gal allergy
Oral allergy syndrome
Anaphylaxis
Food-dependent exercise-induced 
anaphylaxis

Non-IgE Food protein-induced allergic 
proctitis (FPIAP)
Food protein-induced enteropathy 
(FPE)
Food protein-induced enterocolitis 
(FPIES)

Mixed (IgE and 
non-IgE)

Eosinophilic esophagitis
Eosinophilic gastroenteritis
Eosinophilic colitis

E. Rael et al.
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Adverse food reactions can occur with food-
related agents. Vasoactive amines such as tyramine 
(e.g., in cheeses, pickled herring), serotonin (e.g., 
in banana and tomato), tryptamine (e.g., in tomato 
and plum), phenylethylamine (e.g., chocolate), 
histamine (e.g., in some fish and sauerkraut) caf-
feine (e.g., coffee, tea, and soft drinks), theobro-
mine (in chocolate and tea), and glycoside alkaloid 
solanine (potatoes) are common ingredients in 
foods [20, 21]. Accidental contaminants from 
heavy metals such as mercury and copper, pesti-
cides, antibiotics, and dust/storage mites have 
been reported to cause gastrointestinal symptoms.

Other conditions that can lead to adverse food 
reactions include psychological reactions from 
food aversions and food phobias. Examples of 
common non-immune-mediated adverse reac-
tions to foods are listed in Table 3.2.

�IgE-Mediated Food Allergy

IgE-mediated allergies are the best understood 
and characterized. They include immediate 
gastrointestinal hypersensitivity, anaphylaxis, 

food-dependent exercise-induced anaphylaxis, 
oral allergy syndrome, and alpha-gal allergy 
[22]. A clinical history can assist the physician 
towards determining the type of IgE-mediated 
food allergy and guide them towards further 
testing to support the diagnosis. Common food 
allergens associated with immediate gastroin-
testinal hypersensitivity are cow’s milk, egg, 
peanut, tree nuts, soy, shellfish, and finned 
fish. Symptoms are typically observed within 
minutes to about 2 hours after ingestion of the 
suspected allergen, generally proteins in foods. 
A physical exam during an acute reaction may 
indicate reactions involving one or many organs 
(cutaneous, ocular, gastrointestinal, respira-
tory, and cardiovascular) (Table  3.3) and may 
be mild, moderate, or severe. The most severe 
reaction is anaphylaxis, which is a rapid and sys-
temic allergic reaction with involvement of the 
upper and lower airways, skin, conjunctiva, and 
gastrointestinal and cardiovascular systems. If 
untreated, anaphylaxis can be fatal. Death due to 
anaphylaxis usually occurs as a result of respi-
ratory obstruction or cardiovascular collapse, or 
both. In anaphylaxis, biphasic reactions can also 
occur, with recurrence of symptoms 2–24 hours 
after the initial reaction [23]. Anaphylaxis can 
also be induced by exercise as in food-dependent 
exercise-induced anaphylaxis (FDEIAn). In indi-
viduals with this disorder, anaphylaxis is likely 

Table 3.2  Common non-immune adverse food reactions

Common non-immune adverse food reactions 
(differential diagnosis of food allergy)
�Autoimmune:
�  Celiac disease
�Digestive or absorptive disorders and inborn errors of 
metabolism
� �� Lactose and fructose intolerance, gluten sensitivity, 

galactosemia, phenylketonuria
Pharmacological reactions:
  Tyramine (aged cheese, pickled herring)
  Glycosidal alkaloid solanine (potatoes)
  Caffeine (coffee, tea)
�  Theobromine (chocolate, tea)
�Chemicals and food additives:
 � Sulfites, nitrites, food colorants, sweeteners, flavor 

enhancers, and preservatives (e.g., monosodium 
glutamate, sodium metabisulfite, nitrites)

�Toxins:
 � Excess histamine (scombroid fish toxin in tuna and 

mackerel)
�  Aflatoxins (Aspergillus species)
  Shiga (foods contaminated by Escherichia coli)
  Saxitoxin (shellfish)
Other:
�  Viral infections, spicy foods
Psychosomatic

Table 3.3  Symptoms commonly associated with acute 
food allergy

Organ system 
involved Symptom
Cutaneous Erythema, pruritus, urticaria, 

angioedema, rash (morbilliform 
or eczematous), burning sensation

Ocular Pruritus, tearing, periorbital 
edema

Gastrointestinal Nausea, abdominal pain, 
vomiting, diarrhea, oral pruritus 
and angioedema, pharyngeal 
pruritis, reflux

Respiratory Nasal congestion, rhinorrhea, 
sneezing, cough, wheezing, 
laryngeal edema, chest tightness, 
dyspnea

Cardiovascular Tachycardia, dizziness, headache, 
decreased blood pressure, 
arrhythmia, pallor

3  Diagnosis and Differential Diagnosis of Food Allergy
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if the food allergen is ingested within 2–4 hours 
before or after exercise [24]. The best charac-
terized FDEIAn is to ω5-gliadin in wheat [25]. 
The World Allergy Organization; the American 
Academy of Allergy, Asthma & Immunology/
American College of Allergy, Asthma, and 
Immunology; and the European Academy of 
Allergy and Clinical Immunology have issued 
guidelines on anaphylaxis. Laboratory tests are 
not helpful in diagnosing anaphylaxis at the time 
of patient presentation. Measurement of a bio-
logic marker such as serum total tryptase is only 
elevated in about 60% of clinically confirmed 
anaphylaxis, takes hours, and test results are not 
available on an emergency basis [26–28].

Cross-reactivity between allergens from a 
number of sources (plant, fungal, invertebrate, 
mammalian, or avian origin) and food allergens 
or between food allergens has been described. 
However, these may indicate sensitivity rather 
than true clinical reactivity. Using data obtained 
from OFCs and other factors, the probability of 
cross-reactivity between some foods has been 
estimated. For example, the risk of cross-
reactivity between cow’s and goat’s milk is esti-
mated at 92% whereas between peanuts (a 
legume) to other legumes such as peas, lentils, 
and beans is estimated at about 5% [29]. Two 
IgE-mediated allergic diseases, Oral Allergy 
Syndrome and Alpha-Gal Allergy, are caused by 
cross-reacting allergens.

Oral allergy syndrome, also called pollen 
food allergy syndrome or pollen allergy syn-
drome, is generally triggered mainly on ingest-
ing fruits and vegetables but also other 
plant-based foods [30]. Symptoms are generally 
mild and limited to pruritus of the lips, throat, 
and mouth although, rarely, oral angioedema 
may be observed. In simple food allergies, reac-
tions are caused by direct sensitization to food 
proteins; in oral allergy syndrome, reactions 
occur due to cross-reactivity between food pro-
teins and inhalant allergens. Pollen-sensitized 
individuals (generally with symptoms of rhinor-
rhea) mount an allergic reaction to structurally 
similar foods. For example, one of the most 
common tree pollen-fruit cross-reactivity is 
between Bet v 1 (birch pollen) and Mal d I 

(apple) [31]. Those with latex allergy have 
increased risk of allergy to fruits such as kiwi, 
tomato, bell pepper, and others. Some common 
pollinoses associated with oral food allergy 
include birch, ragweed, Timothy grass, Japanese 
cedar, and mugwort [32]. Common food triggers 
are kiwi, apple, and celery. Symptoms tend to 
vary with worsening symptoms during pollen 
season and improvement in symptoms out of 
pollen season. Many allergens are heat labile, 
and allergenicity of the foods is lost in cooking.

Alpha-gal allergy is an atypical IgE-mediated 
allergy. Most allergens are proteins; however, in 
alpha-gal allergy, the allergen is an oligosaccha-
ride (galactose-alpha-1,3-galactose) rather than a 
protein. It is found in non-primate mammalian 
red meats such as a beef, pork, and lamb. On 
exposure to tick bites, α-gal immunoglobulin E is 
generated in susceptible individuals. An allergic 
reaction is then mounted when a person eats red 
meat due to cross-reactivity between the α-gal 
injected in the individual during a tick bite and 
those in red meat. Symptoms in alpha-gal allergy 
are not immediate but are delayed and appear 
3–6 hours after ingestion of these meats and may 
include anaphylaxis, angioedema, or urticaria 
[33, 34].

�Diagnosing IgE-Mediated Food 
Allergy

Based on clinical history, if an IgE-mediated 
food allergy is suspected, in vivo skin prick tests 
(SPT) and in  vitro blood serum tests, both of 
which measure IgE to specific food allergens 
(sIgE), can be considered as a secondary diag-
nostic step; however, both tests have high sensi-
tivities and low specificities and are associated 
with a high number of false positives and indi-
cates sensitization to the allergen (circulating 
IgE) that may or may not indicate clinically 
relevant food allergy (mast cell-bound IgE). 
Differentiating between allergy and sensitization 
is challenging but important for preventing 
unnecessary elimination of non-allergenic foods 
from the diet. History should guide the clinician 
on the choice of allergens tested. OFCs are the 
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definitive means of confirming a food allergy; 
however, these are time consuming and carry the 
risk of severe reaction. A stepped approach, start-
ing with clinical history and physical examina-
tion, followed by SPTs and sIgE, can assist with 
reducing the number of OFC tests [35].

�In Vivo Skin Prick Tests

The advantages of SPTs are that they are simple, 
inexpensive, and the results can be obtained 
quickly (usually 15 minutes). However, as risk of 
anaphylaxis with SPTs is present, although rare, 
testing should be conducted by trained staff in a 
clinician’s office. Clinical history should guide 
choice of allergens tested as the use of routine 
panels of allergens on every patient is wasteful 
and can be misleading with irrelevant positives. 
In general, the larger the WC, the more likely that 
the diagnosis of food allergy is clinically rele-
vant; however, larger values do not correlate with 
severity of reactions.

SPTs involve a prick puncture of the skin with 
allergen, either placed on the forearms or the 
back. Intradermal testing is not recommended 
due to unacceptably high false-positive rate and 
potential to trigger a systemic reaction. The test 
depends on the release of histamine from sensi-
tized mast cells and, therefore, this test is not use-
ful for those patients who cannot discontinue use 
of antihistamines before testing. Other medica-
tions can also interfere with test results [36]. The 
test is also unsuitable for people with dermatog-
raphism or extensive skin disease. SPT is consid-
ered positive if there is a mean wheal diameter of 
3 mm or greater than the saline negative control. 
Age, device, and potency, source and nature of 
allergen (commercial extracts or fresh foods), 
and technique (pressure, body location, timing of 
measurement) can influence results and, there-
fore, the test should be conducted by trained 
health care staff. Where no reliable commercial 
antigens are available, generally for fruit or veg-
etable antigens that are labile and degrade easily, 
direct prick-prick skin test with such foods may 
be desirable. In the prick-prick skin test, the food 
is first pricked and then the patient’s skin is 

pricked. SPTs have high negative predictive val-
ues and are useful for excluding food allergy 
[37]; however, false negatives may occur if the 
extract used for testing lacks the allergen in suf-
ficient quantities.

The positive predictive values of SPTs cited in 
the literature vary substantially, likely due to dif-
ferences in the population studied, the test aller-
gens used, and SPT and OFC protocols used. A 
positive predictive value of 95% or greater indi-
cating a very high probability of an allergic reac-
tion to the suspected allergen has been determined 
for certain allergens (Table 3.4) and can be useful 
for the diagnosis of food allergy but further test-
ing in broader populations under standardized 
conditions are warranted.

�In Vitro Serum Tests for Detecting IgE

Conventional sIgE tests use crude whole-food 
extracts containing allergenic and non-allergenic 
components to measure IgE antibody levels to 
specific foods. Recently, component-resolved 
diagnostic (CRD) tests measuring IgE to specific 
proteins in foods rather than using whole-food 
extracts have been developed. These tests mea-
sure circulating sIgE using fluorescence enzyme 
immunoassay. Total IgE is not recommended, 
and studies evaluating any additional value of 
sIgE to total IgE ratio have been inconclusive 
[45–47]. 

sIgE Using Whole Food Extracts
Current methodologies for quantitatively detect-
ing sIgE to single whole-allergen extracts using 
ELISAs include ImmunoCAP (Thermo Fisher, 
Uppsala, Sweden), Immulite (Siemens, Los 

Table 3.4  SPT positive predictive values (≥95%) for 
some common allergenic foods

Food
Diagnostic cutoff points SPT (mm) ≥ 95% 
PPV or

Egg ≥4 [38], ≥5 [39], ≥7 [37, 40, 41], ≥13 
[42]

Cow’s 
milk

≥8 [37, 40, 41], ≥15 [43], 12.5 [42]

Peanut ≥8 [37, 38, 40, 41], ≥16 [44]
Sesame 8 [38]

3  Diagnosis and Differential Diagnosis of Food Allergy
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Angeles, CA), HYTEC-288 [48], and others. 
Similar to SPT tests, clinical history should guide 
choice of allergens tested and the use of routine 
panels is not recommended. The test has a high 
sensitivity but low specificity. A positive value 
indicates sensitization to the allergen, but may or 
may not indicate clinically relevant allergy, 
although increasing levels correlate with increased 
likelihood of a diagnosis of clinical allergy. An 
undetectable IgE level (<0.35 kU/L) for peanut is 
still associated with about a 20% chance of reac-
tivity [49], likely caused by underrepresentation 
of minor allergens or instability of allergens dur-
ing allergen extract preparation. Probability 
curves, sensitivity, and specificity serve as useful 
references for interpretation of these tests to deter-
mine the need for OFC to confirm allergy. PPVs 
have been established for a few allergens and are 
indicated in kUA/L (UA = allergen-specific units; 
1 unit ≈ 2.4 ng IgE); increasing PPVs indicating 
greater likelihood of allergy. However, these val-
ues may differ based on the assay method [50, 51] 
and age. Physicians should take this into account 
when extrapolating PPVs from published studies 
into clinical practice and in recommending a 
physician-supervised OFC to confirm or exclude 
food allergy. Table 3.5 lists 95% PPV values for 
common allergens.

�sIgE to Allergenic Components 
in Foods Using CRD
As whole-food allergen extracts are inherently 
complex, variable, and can include true allergens, 
cross-reactive, and non-allergenic components 
making interpretation difficult, there has been a 
push to develop well-characterized allergenic 
components. With increased knowledge of the 
molecular characteristics of allergens, specific 

protein allergens (purified or recombinant), or pro-
tein epitopes, rather than whole-food allergen 
extracts are being increasingly used to determine 
sIgE. Research on the identification and character-
ization of food allergen is an active ongoing pro-
cess. A nomenclature standardization website 
approved by the World Health Organization and 
the International Union of Immunological 
Societies is available at http://www.allergen.org. A 
number of allergen families have been classified 
based on their structural and functional properties. 
Among plant allergens, the majority of allergens 
belong to the prolamin, Bet v1 homologs, the 
cupin, or the PR-10 family. Although all animal 
proteins have the potential to become allergens, 
the majority fall into the tropomyosin, EF-hand, 
and casein families [55, 56]. Some major compo-
nents of food allergens and their clinical relevance 
are summarized in Table 3.6.

Table 3.5  sIgE positive predictive values (≥95%PPV) 
for some common foods

Food sIgE kUA/L (95%PPV)
Egg 1.7 [38], 12.6 [52], 6 [49]
Cow’s milk 42.7 [53], 32 [49]
Peanut 34 [38], 13.0 [54], 15 [49]
Fish 20 [49]
Walnut 18.5 [54]
Wheat 100 [49]

Table 3.6  Clinical correlation of common allergenic 
components in foods

Food Clinical correlation
Allergenic 
component

Peanut Best predictors of 
severe peanut allergy 
[57]

Ara h 2 and Ara 
h 6

Best diagnostic 
accuracy [58]

Ara h 2 and Ara 
h 6

Best predictor of 
tolerance to peanuts 
[58]

Ara h8

Cow’s 
milk

Best predictor of milk 
allergy [59]

Bos d 12

Hazelnut Best predictor of 
hazelnut allergy [60]

Cor a 14

Best predictor of severe 
hazelnut allergy [61]

Cor a 9 and Cor a 
14

Egg Good predictor of 
tolerance to cooked egg 
[62]

Gal d 1 
(ovomucoid)

Wheat Associated with 
exercise-induced 
anaphylaxis [63]

Omega-5 gliadin

Walnut Cross-reactive with 
hazelnut, sesame, and 
pistachio [64]

Jug r 6

Soy Marker of severe 
reaction [65]

Gly m 4

Meat Predictive of delayed 
IgE allergy to 
non-primate 
mammalian meats [66]

Galactose-alpha-
1,3-galactose

E. Rael et al.
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CRDs using molecular components of food 
allergens are rapidly evolving and increase our 
possibility to treat food-allergic patients with a 
more individual approach. As a research tool, 
CRD provides us the ability to comprehensively 
piece together the molecular characteristics of 
allergenic proteins. Understanding structural 
similarities between allergens can also assist in 
understanding cross-sensitization. Overall, CRD 
is a promising technique for improved diagnosis, 
ability to distinguish sensitivity due to cross-
sensitization from true tolerance, prognosis with 
treatment, resolution of food allergy, and predic-
tion of reaction severity. For example, in a study 
of children with peanut allergy, Ara h 6 and Ara h 
2 were found to be the best predictors of peanut 
allergy [67]. A limitation of CRD is that not all 
relevant allergenic components are available, and 
diagnostic cut off values still need to be validated 
in different populations.

CRD methods currently available can be 
used to determine allergenicity to a single 
allergen (ImmunoCAP) or multiple allergens 
(ImmunoCAP Immuno Solid-phase Allergen 
Chip (ISAC)) simultaneously. Using only 30 μl 
of serum or plasma, ImmunoCAP ISAC micro-
array technology currently enables measurement 
of IgE antibodies to a fixed panel of over 100 
components from around 50 allergen sources in 
a single step. The need for only a small volume 
of blood is important, particularly for infants and 
young children. While ImmunoCAP is a quan-
titative assay with results expressed in kUA/L, 
ImmunoCAP ISAC is a semi-quantitative assay 
with results expressed in ISAC standardized 
units. In recent years, a number of studies have 
demonstrated the utility of CRD to improve the 
specificity of current allergy testing or predict the 
severity of food allergy. However, validation of 
these tests with larger more diverse populations 
is required. Table  3.6 lists some clinically rel-
evant allergenic components. Relevant sequen-
tial and conformational epitopes are also being 
identified and validated, and peptide microar-
ray assays for IgE epitope mapping are being 
optimized and validated [68]. It has been sug-
gested that IgE-recognizing sequential epitopes 
of ovalbumin have more persistent egg allergy 

than those binding conformational epitopes [69]. 
In another study, greater diversity of IgE epit-
opes and higher affinity, as determined using the 
peptide microarray, were associated with clini-
cal phenotypes and severity of milk allergy [69]. 
Use of protein epitopes in allergy testing has 
been attempted only for a few foods and is still 
a research tool.

�Basophil Activation Test (BAT)

The BAT is a whole blood in  vitro functional 
assay using flow cytometry. It measures the 
expression of activation markers (CD63 and 
CD203c) on basophils on allergen stimulation and 
can distinguish true allergy from sensitization and 
predict anaphylaxis. BAT results are reported as 
basophil reactivity or basophil sensitivity. 
Basophil reactivity is the maximum proportion of 
activated basophils at any concentration of the 
stimulating allergen. Basophil sensitization is the 
smallest allergen concentration causing 50% of 
maximum basophil activation. Studies indicate 
that BAT has comparable sensitivity and enhanced 
specificity over SPTs and sIgEs, respectively [70]. 
In peanut-allergic children, Santos et al. showed 
BAT to be superior to SPT, sIgE, and Arah2-sIgE 
with 100% specificity, 83.3% sensitivity, 100% 
PPV, and 93.4% accuracy, enabling a diagnosis of 
IgE-mediated food allergy with a high degree of 
certainty [71] and decreasing the need for an 
OFC.  BAT reactivity and sensitivity has been 
shown to correlate with severity and threshold of 
allergic reactions during OFCs [72]. BAT has also 
shown promise in predicting the resolution of 
food allergies naturally [71] and with immuno-
therapy [73]. Although BAT appears promising, 
further standardization of the methodology and 
data analyses and validation of different allergens 
and patient populations would help to enable a 
wider clinical application of BAT.

�Oral Food Challenge

An OFC involves the administration of increas-
ing amounts of the suspected food allergen to 
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diagnose food allergy. It can be either open, sin-
gle blinded, or double blind, placebo controlled 
[74, 75]. It is important to take into consideration 
the importance of confirming the diagnosis, the 
risk of life-threatening anaphylaxis, the time and 
resources involved in conducting the OFC, the 
strength of clinical history, and the results of the 
physical exam, in vitro serum IgE, and SPTs to 
aid in the determination of whether to proceed 
with the OFC and whether to conduct the OFC at 
home or at the clinic. In case of a history of very 
severe reaction, the benefit of a challenge has to 
be carefully weighed against the risk.

The open OFC involves ingestion of the food 
in a commonly encountered form (such as peanut 
butter) with both the patient and the doctor aware 
of the challenge food. In a single-blinded OFC, 
the food is administered in a masked form (either 
in a capsule or mixed with another food to hide 
the flavor and texture) and the doctor (but not the 
patient) is aware of the food being challenged. 
The double-blind placebo-controlled food chal-
lenge, which is the gold standard for a definite 
confirmation of food allergy, involves adminis-
tration of the food so that neither the doctor nor 
the patient is aware if the food they are being 
challenged with is a placebo or an allergen. In 
OFCs, the food must first be completely elimi-
nated from the diet for at least 2 weeks prior to 
the challenge. Both the open and single-blinded 
OFCs carry the risk of bias although the single-
blind OFC carries a lower risk of bias as subjec-
tive symptoms, such as itching, anxiety, and 
nausea, are hard to objectively quantify.

�Non-IgE-Mediated Food Allergy

Non-IgE-mediated food allergies primarily affect 
the gastrointestinal tract and almost always affect 
children. Non-IgE-mediated reactions are 
delayed and symptoms are generally observed 
after 1  hour to days after ingestion of the sus-
pected allergen. By definition, they do not involve 
the production of IgE, and currently there are no 
validated tests to confirm non-IgE-mediated food 
allergy. The mechanisms underlying non-IgE 
food allergies are poorly characterized and are 

thought to be T-cell mediated. The absence and 
presence of symptoms on elimination and rein-
troduction of the suspected allergen can indicate 
food allergy. However, the lack of specific diag-
nostic tests and biomarkers can make the clinical 
diagnosis challenging [3]. Well-recognized non-
IgE-mediated gastrointestinal food allergies 
include food protein-induced enterocolitis syn-
drome (FPIES), food protein-induced proctocoli-
tis (FPIP), and food protein enteropathy (FPE) 
[76, 77]. Their main distinguishing clinical char-
acteristics include delayed repetitive vomiting 
(FPIES), benign blood and mucus in stool 
(FPIAP), and chronic diarrhea (FPE).

�Food Protein-Induced Enterocolitis 
(FPIES)

FPIES typically presents in infancy with the most 
common triggers being cow’s milk and soy milk 
but other foods such as grains (predominantly 
rice), meats, vegetables, and fruits have also been 
reported to cause the disease. Symptoms may be 
acute or chronic with acute FPIES being the most 
common form of the disease. FPIES usually 
develops in infants under 9  months of age. 
Symptoms occur 1–4 hours following food inges-
tion, and reactions are quite dramatic with repeti-
tive bouts of protracted emesis, with or without 
diarrhea, and can lead to lethargy and pallor due 
to fluid loss. Shock can occur with progression 
and can lead to symptoms mimicking sepsis with 
hypotension, acidemia, hypothermia, and methe-
moglobinemia. Chronic FPIES occurs with con-
tinuing ingestion of the offending food and can 
be associated with failure to thrive and poor 
weight gain, but elimination of the offending 
foods from the diet is associated with resolution 
of symptoms and recovery of growth parameters 
and health status.

Diagnosis of FPIES is challenging and misdi-
agnosis is common. It remains a diagnosis of 
exclusion. The differential diagnosis for FPIES is 
extensive with symptoms often mimicking other 
diseases such as infectious gastroenteritis, ana-
phylaxis, or sepsis. The lack of diagnostic bio-
markers contributes to the diagnostic challenge. 

E. Rael et al.



39

Symptoms typically do not involve the skin or the 
respiratory tract often distinguishing clinical pre-
sentation with IgE-mediated anaphylaxis [78]. 
Diagnosis of FPIES is commonly based on his-
tory alone, positive response after food elimina-
tion and, if necessary, a clinically supervised 
OFC. Recently, an international consensus guide-
line with diagnostic criteria for FPIES was pub-
lished [78, 79]. Briefly, criteria for diagnosing 
FPIES are infants under 9 months of age, symp-
toms are solely gastrointestinal and reproducible 
(vomiting and/or diarrhea) and occur within 
1–4  hours of ingestion of the causative food, 
elimination of the offending food resolves symp-
toms with 24  hours, and absence of other IgE-
mediated allergies.

�Food Protein-Induced Allergic 
Proctocolitis (FPIAP)

FPIAP is a benign transient non-IgE-mediated 
food allergy and a common cause of rectal bleed-
ing in infants. Prevalence is estimated at 0.16% in 
healthy infants and occurs in early infancy (weeks 
to months after birth) [80]. Inflammation in the 
distal colon and rectum and presence of blood 
and mucus in the stools are observed in infants 
with FPIAP.  Cow’s milk is the most common 
trigger, followed by egg, soy, and corn [81]. 
FPIES is seen in both breastfed and formula-fed 
infants. The diagnosis of FPIAP is based on clini-
cal history and resolution of symptoms following 
elimination of the causative food. Rectal and 
colonic biopsies show significant eosinophilic 
infiltration of the lamina propria as its most 
prominent feature. Resolution usually occurs 
over a few weeks and often without the need for 
maternal dietary food elimination [82].

�Food Protein-Induced Enteropathy 
(FPE)

Clinical findings include prolonged diarrhea, 
emesis, failure to thrive, malabsorption, and ane-
mia with or without protein loss in the first 
months of life. FPE involves the small bowel and 

is typically present in infants under 9 months of 
age. Cow’s milk is most commonly implicated, 
but soy, egg, rice, wheat, fish, and chicken have 
been associated with this condition. Both 
osmotic and secretory diarrhea contribute to 
symptoms [77].

The diagnosis is based on the history, endos-
copy, and biopsy. Small intestinal bowel biopsy 
shows mild to moderate villous atrophy, inflam-
mation, crypt hyperplasia, lymphonodular 
hyperplasia, increased intraepithelial lympho-
cytes, and extracellular deposition of major 
basic protein (an eosinophilic granule protein) 
[83, 84]. With elimination of food triggers, villi 
typically recover by 6  months and symptoms 
usually improve within a few weeks. Resolution 
of this condition typically takes place by year 
1–2 of life.

�Mixed Food Allergy

Mixed food allergy is characterized by both 
IgE-dependent and IgE-independent mecha-
nisms and affect the skin (delayed food- allergy-
associated atopic dermatitis) and gastrointestinal 
tract (eosinophilic gastrointestinal disorders 
(EGIDs)). EGIDs include eosinophilic esopha-
gitis (EoE), eosinophilic gastritis (EG), eosino-
philic gastroenteritis (EGE), and eosinophilic 
colitis (EC) and are characterized by chronic 
inflammation of the esophagus, stomach, small 
intestine, and colon, respectively, with increases 
in the number of eosinophils. Patients can pres-
ent with abdominal pain, reflux, vomiting, dys-
phagia, cough, food impaction, and chest pain. 
Patients with EGIDs often have comorbid atopic 
diseases such as atopic dermatitis and asthma. 
Differential diagnosis should rule out other 
causes of gastrointestinal eosinophilic infiltra-
tion such as parasitic infections, inflammatory 
bowel disease, some cancers, or drug allergy 
[85]. The clinical symptoms vary depending 
on the area of the gastrointestinal tract affected 
and can be useful in distinguishing the differ-
ent EGIDs. EoE is the best characterized of the 
EGIDs with consensus guidelines on diagnosis 
and management [86].
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�Eosinophilic Esophagitis

EoE is a relatively new disease and was first 
described in 1993. EoE is defined as a chronic, local 
immune-mediated esophageal disease, character-
ized clinically by symptoms related to esophageal 
dysfunction and histologically by eosinophil-pre-
dominant inflammation [87, 88]. The incidence 
of EoE has increased and currently varies widely 
from 1 to 20 new cases per 100,000 inhabitants per 
year [86]. EoE can manifest at any age and occurs 
more commonly in males than females. Dysphagia, 
food impaction, heartburn, and chest pain are the 
most commonly reported symptoms in older chil-
dren and adults; reflux-like symptoms, vomiting, 
abdominal pain, food refusal, and failure to thrive 
are the most common symptoms in younger chil-
dren and infants. EoE is the number one cause of 
dysphagia and food impaction in pediatric popu-
lations [89]. Untreated EoE is usually associated 
with persistent symptoms and inflammation, lead-
ing to esophageal remodeling and resulting in 
stricture formation and functional abnormalities. 
Endoscopy is of paramount importance and the 
accepted threshold for the diagnosis of EoE is 15 
eosinophils per high power field. Patients with EoE 
have a history of atopic disease including asthma, 
allergic rhinitis, and food allergy. Both food aller-
gens and airborne allergens appear to play a role 
in the pathogenesis of EoE [88]. The majority of 
EoE patients test positive for food allergy by total 
and sIgE measurements and by SPTs; however, 
these tests have yielded variable results and often 
do not provide meaningful data for identifying the 
causative allergen and generating a foundation for 
elimination diets [90]. Currently, the only way to 
determine causative allergens to assist with long-
term dietary therapy is through elimination diets. 
The empirical 6-food elimination diet is commonly 
used as therapy and to identify the causative aller-
gen. The foods eliminated are those commonly 
associated with EoE (cow’s milk, soy, wheat, egg, 
peanut, and seafood). Serial reintroduction of these 
foods back into the diet with endoscopic evaluation 
after each reintroduction along with identification 
of the causative allergen can assist with long-term 
dietary therapy [91]. Recently, a 2-4-6 step-up 
approach has been found to be effective starting 

with the elimination of milk and gluten-containing 
grains (2-food elimination diet), followed by the 
elimination of eggs and legumes (4-food elimina-
tion diet) and finally with the elimination of nuts 
and fish/seafood (6-food elimination diet). Forty-
three percent of patients had EoE remission on a 
2-food elimination diet without the need to elimi-
nate further foods in their diet. Compared to the 
standard 6-food elimination diet, the step-up meth-
ods decreased endoscopic procedures by 20% [92].

�Conclusion

Diagnosis of food allergy is complex. Clinical 
history is of primary importance and a key first 
step in diagnosing food allergy. Laboratory tests 
can assist with differential diagnosis, but cannot 
positively confirm food allergy. Using current 
available methods, researchers are working on 
algorithms using a combination of factors to 
predict food challenge outcomes [93] and sever-
ity of reactions during OFC [94]. However, 
there is still an unmet need for a safe, simple, 
inexpensive, and reliable in vitro test for accu-
rately diagnosing food allergy. There is much 
progress in the field, and the major food aller-
gens have been identified for many common 
foods. A number of new assays, such as BAT 
and CRD, are currently being used primarily in 
research settings and are likely to gain more 
widespread use in near future.
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�Introduction

Food allergy affects approximately 8% of the 
pediatric population in the United States and has 
been shown to adversely impact quality of life 
(QoL) of food allergy patients and their fami-
lies. Of those living with food allergy, roughly 
one in five children and adolescents has experi-
enced a severe reaction requiring an emergency 
department visit within the last year and two in 
five have experienced a severe reaction requiring 
an emergency room visit over the course of their 
life [1]. While severe reactions are not uncom-
mon, food allergy is a unique condition insofar as 
it largely allows for good physical health in the 
absence of allergen exposure [2].

To date, researchers have tried to better under-
stand how food allergy impairs health-related QoL 
through the rigorous dissemination of surveys 

that collect experiences from children, adoles-
cents, and caregivers themselves [2–7]. Factors 
well known to impair QoL include the stress and 
anxiety associated with the heightened awareness 
required for constant allergen avoidance, lack of 
widely available prevention or treatment strate-
gies, the inability of children and adolescents to 
fully participate in social life, and the potential to 
further isolate affected individuals due to the lack 
of inclusive food allergy policies within schools 
and the larger community [2]. While much work is 
needed to better understand the lived experiences 
of affected individuals, improving understanding 
of how food allergy impacts QoL throughout a 
child’s life as they transition into young adulthood 
now challenges the food allergy community to 
explore strategies that balance the need for safety 
with practices that enhance well-being.

Striking a balance between establishing safe 
environments with the need to empower chil-
dren and adolescents to fully participate in their 
lives requires constant negotiation of relation-
ships – from notifying peers of their food allergy 
to meaningfully engaging physicians in proac-
tive management strategies. As with any chronic 
health condition, managing relationships remains 
crucial for successfully supporting food-allergic 
individuals throughout their physical, psycho-
logical, and social development. To better under-
stand how to manage relationships throughout the 
life course of a child and adolescent, this chapter 
will explore the current discourse regarding food 
allergy-related QoL and provide a clear overview 
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of the factors well known to impact QoL. While 
living with a food allergy can be challenging, we 
also want to shed light on the emerging ideas, 
interventions, and policies that may improve 
QoL and enhance well-being for children, ado-
lescents, and caregivers.

�Food Allergy-Related Quality of Life

Quality of life is a dynamic, multi-dimensional 
construct that characterizes individuals’ esti-
mation of their own well-being [2]. The World 
Health Organization (WHO) defines QoL as:

An individual’s perception of their position in life in 
the context of the culture and value systems in 
which they live and in relation to their goals, expec-
tations, standards, and concerns. [Quality of Life] is 
a broad ranging concept affected in a complex way 
by the person’s physical health, psychological state, 
personal beliefs, social relationships and their rela-
tionship to salient features of their environment [8]. 

In relationship to health, QoL focuses on subjec-
tively measuring the experience of individuals or 
caregivers managing a chronic condition or dis-
ability through patient-reported questionnaires. 
Several general pediatric health-related QoL 
scales are available for use [9, 10]. However, 
due to the unique context of children and ado-
lescents living with food allergy experiencing 
few, if any, symptoms outside of an accidental 
ingestion, it is often preferable to use QoL scales 
that were developed and validated to specifically 
assess food allergy-related QoL [11–16]. While 
this review focuses on food allergy-related QoL 
outcomes and other measures of patient and care-
giver well-being, Table 4.1 summarizes a variety 
of food allergy-specific QoL measures [2].

�Clinical Considerations: Food 
Allergy Management, Provider 
Role, and Patient Engagement

�Guideline-Informed Food Allergy 
Diagnosis and Management

Current guideline-based care for diagnosing and 
managing childhood food allergy includes the 

following: (1) Documenting a clinical history 
whereby the patient experiences a reproducible 
immune-mediated reaction after ingesting an 
offending food; (2) Performing specific-IgE (or 
skin prick) tests to suspected food allergens, fol-
lowed by confirmatory oral food challenge when 
greater specificity is needed; (3) Completing an 
anaphylaxis action plan to ensure the patient, care-
givers, and support networks know how to ade-
quately respond in a food allergy emergency; (4) 
Prescribing an appropriate number of epinephrine 
auto-injectors to store at home, school, and with 
the child or adolescent (if age-appropriate); and 
(5) Providing clinical counseling to the patient 
and their caregivers [17]. While much of the 
counseling and education emphasizes equipping 
patients and caregivers with the skills required 
to appropriately respond in a food allergy emer-
gency, researchers are also beginning to appraise 
how diagnosis, management, and emerging treat-
ments affect food allergy-related QoL.

�Gold Standard Diagnosis: Oral Food 
Challenges and Quality of Life
The gold standard for diagnosing food allergy 
is a double-blinded, placebo-controlled, food 
challenge (DBPCFC), which helps the clinician 
to determine whether or not a child has an IgE-
mediated food allergy. In short, the challenge 
requires the patient to ingest small amounts 
of the suspected allergen while the patient is 
observed oftentimes within an allergist’s office. 
Although it is often more pragmatic to conduct 
a single-blinded (where the ingested allergen is 
known only to the clinician) or open challenge 
(where the ingested allergen is known to both 
the patient and the clinician), a DBPCFC (where 
the ingested allergen is known to neither the 
patient nor the clinician) is preferred as it allows 
for minimal bias to be introduced into the diag-
nosis process [2]. Anxiety from the clinician or 
the patient themselves as it relates to ingesting a 
potential allergen can affect diagnosis outcomes 
as many symptoms related to heightened anxiety 
(e.g., increased heart rate, dizziness, agitation) 
are also symptoms consistent with anaphylaxis – 
a severe, potentially life-threatening food allergy 
reaction [17].
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While undergoing a food challenge may elicit 
some initial anxiety, previous studies have demon-
strated that undergoing a DBPCFC may improve 
QoL for patients and caregivers. For example, 
one study of caregivers of children (N = 77) and 

adolescents (N  =  71) with physician-diagnosed 
food allergy found that caregivers whose chil-
dren underwent DBPCFC to confirm their allergy 
reported better food allergy-related QoL than 
a comparable group of caregivers whose food-

Table 4.1  Food Allergy-specific Quality of Life Instruments

Questionnaire name Abbreviation
Number 
of items Response scale overview Sample survey items

Patient Self-Report
Food Allergy Quality of Life Questionnaires [3]
Child Form (ages 
8–12)

FAQLQ – 
CF

24 Responses are on a 
seven-point scale from
“Not at all” to 
“extremely”

How troublesome do you find it, 
because of your food allergy, that 
you:
 � Sometimes frustrate people when 

they are making an effort to 
accommodate your food allergy?

 � That people underestimate your 
problems caused by food allergy?

Teenager Form (ages 
13–17)

FAQLQ – 
TF

28

Adult Form (ages 18+) FAQLQ – 
AF

29

Food Allergy Independent Measure [3]
Child Form (ages 
8–12)

FAIM – CF 6 Responses are on a 
seven-point scale from 
“0% chance” to “100% 
chance”

How great do you think the chance is 
that you:
 � Will die if he/she accidentally eats 

something to which he/she is 
allergic?

 � Cannot effectively deal with an 
allergic reaction should you 
accidentally eat something to 
which you are allergic?

Teenager Form (ages 
13–17)

FAIM – TF 5

Adult Form (ages 18+) FAIM – AF 6

Caregiver Proxy Report
Food Allergy 
Independent Measure – 
Parent Form

FAIM-PF 6 Responses are on a 
seven-point scale from 
“0% chance” to “100% 
chance”

How great do you think the chance is 
that your child:
 � Will accidentally eat something to 

which you are allergic?
 � Will have a severe reaction if you 

accidentally eat something to 
which you are allergic?

Food Allergy Quality 
of Life Questionnaire – 
Parent Form

FAQLQ – 
PF

Responses are on a 
seven-point scale from 
“not at all” to 
“extremely”

Because of food allergy, my child feels 
different from other children.
Because of food allergy, my child has 
a lack of variety in his/her diet.Ages 0–3 version FAQLQ – 

PF
14

Ages 4–6 version FAQLQ – 
PF

26

Ages 7–12 version FAQLQ – 
PF

30

Caregiver Self-Report
Food Allergy Quality 
of Life – Parental 
Burden

FAQoL – PB 17 Responses are on an 
eight-point scale from 
“not troubled” to 
“extremely troubled”

How troubled have you been by 
sadness regarding the burden your 
child carries because of their food 
allergy?
If you and your family were planning 
a holiday/vacation, how much would 
your choice of holiday/vacation be 
limited by your child’s food allergy?
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allergic child did not receive a food challenge. 
Interestingly, the improvements in caregiver QoL 
associated with their child receiving a DBPCFC 
were similar between caregivers of children whose 
allergy was confirmed by the food challenge (i.e., 
who reacted to the test) and the caregivers of chil-
dren who were deemed non-allergic after passing 
the food challenge [18]. Moreover, research indi-
cates that food allergy-related QoL can improve 
post-challenge among the patients themselves, 
regardless of whether their allergy is confirmed 
or ruled out by the test results [19]. Nevertheless, 
such initial improvements to food allergy-related 
QoL post-challenge may not be sustained over 
time. In a 2014 study by Soller et al., the research-
ers found that regardless of positive or negative 
food challenge results, food allergy-related QoL 
improved at 2 months. However, among the chil-
dren diagnosed with food allergy, improvements 
in food allergy-related QoL were not sustained 
past 6 months [20].

�Food Allergy Clinical Intervention: 
Immunotherapy
Although the benefits of immunotherapy (e.g., 
desensitization to allergens) can be profoundly 
positive in a child and family’s life, treatment bur-
dens including the potential for experiencing an 
adverse reaction, heightened anxiety, and devel-
oping food aversions may also occur. Previous 
research on how immunotherapy impacts psy-
chosocial functioning is mixed. For example, in 
a study by LeBovidge et al. (2014) patients report 
experiencing adverse psychological reactions 
during the treatment; yet, these same patients 
exhibit improved QoL following the completion 
of the immunotherapy despite confronting chal-
lenges during the treatment itself [21, 22]. Arasi 
et  al. (2014) also found that caregiver QoL sig-
nificantly improved over the course of a 2-year 
immunotherapy treatment period. In addition to 
known improvements in caregiver QoL, partici-
pants who achieved desensitization to greater than 
four allergens and/or participants over 10 years of 
age also experienced enhanced QoL [23].

When considering immunotherapy interven-
tions, treatments can pose a unique psycho-

logical and emotional opportunity for children 
and adolescents with food allergies as they are 
required to confront and consume a known 
food allergen that has previously contributed 
to distress and QoL impairment. While the idea 
of consuming a known allergen may increase 
anxiety, researchers are beginning to elucidate 
strategies to combat further impairing patient 
and caregiver QoL.  For example, Howe et  al. 
(2019) demonstrated that mindset and language 
influence the psychological experience of oral 
immunotherapy [24]. In this randomized study 
of 50 children and adolescents who completed 
6-month oral immunotherapy protocol for pea-
nut allergies, the two groups were provided dif-
ferent information about non-life-threatening 
symptoms. The first group was told that the 
side effects were an unfortunate consequence of 
treatment, and the second group was informed 
that non-life-threatening symptoms could sig-
nal desensitization. Families participated in a 
variety of reinforcing activities consistent with 
these two symptom mindsets and resulted in the 
families who were counseled that the symptoms 
were thought to signal desensitization expe-
riencing better psychosocial outcomes. This 
research signals that how we counsel patients – 
including the framing of the treatment process 
itself  – can be used to help families undergo 
therapy and potentially improve QoL outcomes. 
Shifting how providers inform patients about 
non-life-threatening symptoms is a promis-
ing avenue for improving overall food allergy 
counseling. The association between mindset 
and outcome suggests that it may be valuable 
to further include and explore practices utiliz-
ing positive language, mindfulness, and stress 
management training (e.g., progressive muscle 
relaxation, guided imagery, and diaphragmatic 
breathing) to help patients and families create 
a positive framework that aims to reframe the 
immunotherapy experience. Better structuring 
counseling through more precise language cou-
pled with a positive framework has the potential 
to both meaningfully invite patients and fami-
lies to engage in their care and reduce the over-
all burden of treatment [24].
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�Food Allergy Management 
Intervention: Food Allergy Hotline
Timely support, particularly, when confronting a 
health emergency such as food-induced anaphy-
laxis remains of particular importance; yet, very 
few real-time interventions have been developed 
to support children, adolescents, and caregiv-
ers experiencing a food allergy emergency. In 
a study by Kelleher et  al. (2013), the research 
team assessed the effectiveness of families being 
able to access expert management advice from a 
24-hour helpline when confronting food-induced 
anaphylaxis [25]. When compared to the families 
that were receiving usual care (i.e., no access to 
the hotline), children in the intervention group 
showed a significant improvement in QoL that 
was sustained 6 months post-intervention [25]. 
Wide-scale access to services like a 24-hour ana-
phylaxis helpline has the potential to enhance 
food allergy emergency response training and 
systematically accompanying children, adoles-
cents, and families confronting anaphylaxis.

�Provider Role

Within the domain of food allergy, physicians are 
encountering a growing population  of affected 
patients and are  being challenged to provide 
comprehensive, developmentally appropriate 
care [5]. However, many primary care physi-
cians report a lack of confidence in their ability 
to effectively diagnose and treat food allergies, 
possibly stemming from the relatively recent 
onset of the current allergy epidemic and the cor-
responding lack of food allergy-specific training 
during their medical education. Furthermore, 
with limited treatment options to offer, clinicians 
have found themselves frustrated with the lack 
of guidance available to them beyond guideline-
informed strategies that take an “all or nothing” 
approach, focusing on strict allergen avoidance 
and a swift response to accidental ingestions with 
the prompt use of epinephrine [26].

At the very least, physicians want to adhere to 
the age-old sentiment of first “doing no harm.” 
Increasingly, providers are being asked to reflect 
on how their limited treatment approach for food 

allergies could have an unintentional iatrogenic 
effect of contributing to QoL impairment rather 
than ameliorating it [5]. Larger drivers influ-
encing the role that physicians play within the 
clinician-patient relationship continue to evolve 
and shift as the healthcare paradigm trends 
towards a more evidence-informed, patient-
centered model of care. Historically, physicians 
have been trained to provide care according to 
one or more of the following four approaches: (1) 
Paternalistic Care  – “Doctor as Guardian”; (2) 
Informative Care – “Doctor as Technical Expert”; 
(3) Interpretive Care  – “Doctor as Counselor/
Advisor”; and (4) Deliberative Care “Doctor 
as Friend/Teacher” [27]. Physicians treating 
food allergy have largely provided “Informative 
Care  – Doctor as Expert,” recommending food 
challenges, avoidance strategies, and prescrib-
ing epinephrine auto-injectors. However, this 
approach seems to fall short of patient and family 
expectations as much of the morbidity and QoL 
impairment remains outside the scope of best 
available clinical practices.

Improving a provider’s ability to partner with 
patients and families remains integral to improv-
ing food allergy-related QoL while the num-
ber of treatment options available to clinicians 
and patients slowly starts to expand. Research 
remains promising regarding effective immuno-
therapy treatment options (e.g., peanut immuno-
therapy) [28, 29] and even prevention strategies 
(e.g., early introduction) [17, 30], yet commu-
nicating these treatment options will still need 
to be balanced with counseling tailored to meet 
the needs of individual patients and families. As 
such, physicians will need to potentially take a 
more interpretive approach to care by including 
more targeted counseling and advising. While the 
current specialization of healthcare has histori-
cally limited providers in developing and widely 
implementing interpretive capacities that often 
require much time and a high level of patient 
engagement, another approach to consider is 
expanding the network of providers that patients 
can readily access beyond allergists and pediatri-
cians [27]. Instead of the physician shouldering all 
of the responsibility for management, expanding 
the network of support to include highly trained 
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nurses, nutritionists, mental health providers, 
integrative health providers, child life special-
ists, and community health practitioners  – par-
ticularly when patients are first diagnosed – may 
help patients to both safeguard against accidental 
ingestions and support the development of posi-
tive coping mechanisms to better mitigate food 
allergy-related QoL impairment.

�Promising Patient Engagement

�Caregiver Intervention to Improve 
Food Allergy-Related Quality of Life
Developing evidence-informed protocols that tai-
lor counseling to best meet the needs of at-risk 
patients and families remains an important step in 
meeting the overall management needs of fami-
lies. As we begin to better understand how anxi-
ety can manifest within a family – with evidence 
of transference of anxiety from maternal care-
givers to children – it remains critical to explore 
strategies that take an ecological approach to bet-
ter understand family dynamics and potentially 
include the whole family in food allergy-related 
QoL interventions.

Previous research by Baptist et al. (2012) uses 
an intervention grounded in self-regulation theory, 
which remains a promising model for mitigating 
the development of maladaptive coping strategies 
[31]. Using self-regulation theory to guide inter-
ventions in chronic disease management under-
scores the importance of engaging the patient in 
their own care while developing positive manage-
ment strategies. Overall, behavioral management 
is broken down into more digestible, sequential 
steps that allows for the patient and caregiver to 
meaningfully consider the food allergy-related 
challenge. Self-regulation theory allows for care-
givers to (1) acknowledge their concern; (2) dis-
cuss the likelihood the concern might occur; (3) 
critically appraise potential barriers; and (4) con-
template a coping mechanism [31].

In a blinded randomized control study, Baptiste 
et al. (2012) evaluated a food allergy management 
intervention informed by self-regulation theory 
[31]. Fifty-eight families with a food allergy 
diagnosis were randomized into control or inter-
vention groups. All families received a general 

education packet. The intervention group also 
received three 25-minute telephone calls from a 
trained nurse to discuss concerns, goals, and bar-
riers the caregiver associated with their child’s 
food allergy. During the first call, the nurse dis-
cussed potential strategies to help support the 
caregiver and patient. The second call was used 
to check in with the caregiver and family regard-
ing the identified challenges, how they were being 
addressed, and to assess any additional issues that 
were not previously discussed. The third and final 
call focused on reviewing coping strategies and 
how to implement these strategies as problems 
arose moving forward.

After three  months, the groups were com-
pared and several specific domains had improved 
among the intervention group, including frustra-
tion, helplessness, and confidence. This research 
remains promising and more trials are needed to 
assess how to best accompany patients and fami-
lies. Evidence from this trial suggests that incor-
porating more pragmatic and targeted approaches 
grounded in self-regulation theory have the 
potential to improve positive coping mechanism 
development while lessening food allergy-related 
QoL impairment [31].

�Group Intervention to Improve Food 
Allergy-Related Quality of Life
In a 2008 study by LeBovidge et  al., the study 
team sought to assess the utility of a group inter-
vention designed for children with food allergies 
ages 5–7 years old and their caregivers (N = 61) 
[32]. Caregivers completed two food allergy-
specific questionnaires, the Food Allergy Quality 
of Life – Parental Burden Questionnaire and the 
Family Coping with Food Allergy Questionnaire, 
which assessed perceived competence and care-
giver perceived burden, respectively. Caregivers 
completed questionnaires before the food allergy 
workshop, directly after the workshop, and then 
4–8 weeks after the workshop.

The half-day workshop included multiple facili-
tators, including pediatric psychologists, pediatric 
allergists, pediatric nurse practitioners, and child 
life specialists. The workshop was designed to hold 
separate caregiver and child discussions. The child 
life specialist ensured that the children felt com-
fortable expressing their feelings and discussed 
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building confidence in the children’s food allergy 
management skills. Overall, the group intervention 
yielded positive results: 74% exhibited improved 
competence scores post-workshop and 63% of 
caregivers perceived a significant decrease in child 
burden at the follow-up evaluation. These pilot 
data suggest that food allergy-related group inter-
ventions may be useful in supporting the develop-
ment of caregiver and child adaptive coping skills 
[32]. Future studies should consider developing 
age-specific workshops to better assess school-age 
children, adolescents, and young adults. In addi-
tion, having the children, adolescents, and young 
adults complete food allergy-related QoL assess-
ments in addition to caregiver assessments remains 
critical to further inform developmentally appro-
priate interventions.

�Community Considerations: 
Schools, Student Engagement, 
and Participatory Research

Building strong communities and positive school 
culture through the development of inclusive 
school policies remains critical for children and 
adolescents to thrive. Progressive food allergy-
specific policies include training school person-
nel on strategies to ensure an inclusive classroom 
and food allergy emergency response readiness; 
making stock epinephrine widely available; and 
systematically implementing federal policies, 
including the development of food allergy-specific 
504 plans to help outline individual-level accom-
modations [2, 11–16]. In addition, the advent of 
social-emotional learning standards paired with 
growing awareness of the stress confronting 
today’s students has challenged the educational 
and medical communities to take pause. The cur-
rent challenge requires balancing the individual 
needs of students while simultaneously challeng-
ing them to grow academically, socially, and emo-
tionally alongside their non-allergic peers.

�Food Allergy and Bullying

Accompaniment  – partnering with individu-
als – remains the cornerstone of supporting chil-

dren and adolescents with progressively taking 
on age-appropriate levels of food allergy self-
management. As caregivers, knowing when and 
how to support children remains an evolving 
process and  can become particularly challeng-
ing if your child is confronting problems within 
the school environment. In 2018, Shemesh et al. 
assessed how a food allergy diagnosis may pre-
dispose a child or adolescent to unique social vul-
nerability, which may include increased incidents 
of harassment and bullying. Of the 251 families 
included in the study, harassment and bullying 
impacted a considerable proportion. Over 36% 
of children and 24% of caregivers indicated they 
had experienced, or they thought their child had 
experienced, food allergy-related harassment or 
bullying [33].

In a study by Lieberman et  al. (2010), food 
allergy-related harassment and bullying was 
estimated to affect one in four food-allergic chil-
dren and adolescents. Of the affected population, 
a large proportion (86%) reported experienc-
ing multiple episodes. The majority of events 
occurred within the school environment, and 80% 
reported that the perpetrators were fellow class-
mates. Alarmingly, 57% reported bullying that 
included physical events of taunting the child with 
their known allergen, including throwing of the 
allergen at the allergic child or intentional con-
tamination of the allergic child’s food. Moreover, 
while classmates comprised the majority of bul-
lying and harassment, 21% reported that school 
staff and teachers were the perpetrators [34].

Previous research has indicated that bullying 
is a known risk factor that impairs food allergy-
related QoL, causing distress to families [35]. 
Moreover, a child or adolescent’s QoL is further 
impaired when they do not notify their caregivers 
of the harassment or bullying [33]. However, most 
children and adolescents do notify a member of 
their social network, including caregivers (71%), 
teachers (35%), friends (32%), siblings (20%), 
and even principals (13%) [33]. Creating open 
communication about these experiences remains 
integral for addressing the problem with appropri-
ate school personnel. While ensuring the imme-
diate safety of the child remains of paramount 
importance, previous research indicates that larger, 
school-based interventions may hold promise in 
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addressing the issue of food allergy-related harass-
ment and bullying [35]. Shifting the victimization 
paradigm to one that more holistically addresses 
the need to change the school culture to be one less 
tolerant of bullying and harassment may prove to 
be the long-term strategy in cultivating sustainable 
change within the school environment [35–37].

�Positive Aspects of Living with Food 
Allergy
Leveraging the positive aspects of students living 
with a food allergy also has the potential for both 
individual-level empowerment and to further sup-
port a shift in school culture. For example, among 
a population of adolescents and young adults liv-
ing with food allergy, over 70% indicated that 
their lived experience strengthened their resolve 
to become better advocates for members of their 
community and themselves [38]. In addition, ado-
lescents and young adults also reported that the 
unique experience of living with a food allergy 
helped them to recognize and respond to others 
with special needs [38]. Helping affected indi-
viduals to recognize the strengths that accompany 
living with a food allergy  – such as improved 
interpersonal relationships and enhanced advo-
cacy skills – may help to further support a recent 
paradigm shift in leveraging aspects of resil-
iency and grit among the adolescent and young 
adult population who manage chronic conditions. 
Future work should consider exploring how both 
the medical and educational systems can better 
balance the development of emotional and social 
resilience with helping affected individuals to 
reduce food allergy associated risks [38, 39].

�Leaving for College

�Developmental Transitions 
and Opportunities for Engagement
Whether a child is leveling up from preschool 
to elementary school or matriculating from high 
school to college, such transitions mark a time 
where chronic disease management shifts for the 
child, adolescent, and caregivers. Roles and needs 
need to be assessed and aligned with the child pro-
gressively assuming more age-appropriate man-
agement responsibilities. Transitioning to college, 

in particular, can heighten stress and anxiety for 
families – particularly if the young adult is living 
outside the family home for the first time.

Few studies to date have focused on the tran-
sition to college; yet some pilot research assess-
ing the unmet needs of college students with food 
allergies indicates there is a need for support across 
three domains: (1) Improving notification systems 
regarding how a student’s food allergy is communi-
cated to his or her campus network; (2) Establishing 
clearly defined roles and responsibilities of how 
peers and others in the student’s college network 
can specifically help to prevent accidental expo-
sures to a food allergen; and (3) Heightening aware-
ness through increased public education across 
college campuses  – from dining halls to campus 
housing – regarding how to recognize the signs and 
symptoms of a food allergy emergency and how to 
appropriately respond [40]. Overall, students with 
food allergies, caregivers, and college stakeholders 
indicated a need for designing coordinated systems 
that provide comprehensive support to college stu-
dents throughout their transition process. With this 
information, a suite of five interventions, collec-
tively called Spotlight, was developed that focuses 
on accompanying young adults and their caregivers 
throughout their transition to college with five coor-
dinated programs: (1) Spotlight Cares: Preparing 
for Orientation; (2) Orientation; (3) Campus Clubs: 
Joining a Club Sports Team; (4) External Food 
Vendors: Increasing the Use of Best Practices on 
Campus; and (5) Emergency Response: Addressing 
Emergencies Involving Anaphylaxis [40]. Future 
work with this population should explore how these 
interventions impact caregiver and young adult 
food allergy-related QoL.

�Staying In or Dining Out: Nutrition, 
Meal Preparation, and Food 
in Society

�Nutrition

Ensuring that safe and nutritional foods are read-
ily available within the home remains essential 
for families impacted by food allergy. Previous 
research has shown that depending on the food 
allergy type, avoidance and elimination of certain 
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foods may place children at higher risk for impaired 
growth and nutritional deficits when compared to 
their peers without food allergy [7, 41, 42]. Overall, 
restricted diets impair QoL among children and 
their caregivers [42]. For example, children with 
multiple food allergies tend to experience lower 
QoL as they avoid more foods throughout their diet 
when compared to their peers with fewer allergies 
[2, 43–45]. In addition, children who are allergic to 
foods that are more difficult to avoid in American 
culture – egg, milk, wheat – report worse QoL when 
compared to children allergic to foods that are less 
ubiquitous, more clearly labeled, and/or otherwise 
easier to identify and avoid (e.g., peanuts) [2, 46, 
47]. Moreover, QoL impairment remains vari-
able by allergen type and is largely dependent on 
how much the specific food allergen is embedded 
within the family’s culture [6].

Previous research conducted by Pollini et  al. 
(2013) investigated the impact of food allergy 
on nutritional behavior and found that 62% of 
respondents reported the following food allergy-
related issues: (1) Having a “monotonous diet” for 
reasons such as strict avoidance; (2) Confronting 
a limited choice of food industry safe products; 
and (3) Experiencing difficulties preparing tradi-
tional recipes [48]. The concern families disclose 
about trying to ensure their child is equipped with 
nutritional meals can be daunting. While there is 
much stress involved in trying to meet the nutri-
tional needs of individual children, some families 
acknowledge the unexpected health benefits of 
living with food allergy. For example, caregivers’ 
report that they are more likely to avoid processed 
and packaged foods due to the threat of mislabeled 
packages and the potential for accidental inges-
tions. Moreover, respondents shared that avoiding 
packaged foods not only increased the nutritional 
quality of foods they purchased but also decreased 
feelings of stress when shopping [41].

�Meal Preparation

Meal preparation while living with food allergy 
can be challenging as the necessary avoidance 
of certain foods requires families to adequately 
plan meals ahead of time, adapt certain recipes 
with appropriate substitutions, and strive to meet 

the nutritional needs of the entire family. The 
time spent trying to interpret labels can become 
cumbersome and result in distress for many 
caregivers. For example, in a study conducted 
by Bollinger et  al. (2006), 75% of caregivers 
reported that their child’s food allergies signifi-
cantly impacted their grocery shopping behaviors 
and 66% reported that this impacted their meal 
preparation [49]. Moreover, additional research 
by Springston et al. (2010) found that when eval-
uating daily living with a child or adolescent with 
food allergy, 66% of caregivers reported feeling 
“moderately or extremely troubled” due to the 
extra time required for preparing meals and gro-
cery shopping [41].

Currently, food allergen labeling laws in the 
United States require mandatory disclosure of 
peanut, tree nut, cow’s milk, shellfish, egg, fin-
fish, soy, and wheat in packaged foods. However 
many manufacturers also choose to include addi-
tional precautionary allergen labeling (e.g., may 
contain, manufactured on shared equipment 
with), which is entirely voluntary [50]. Since use 
of precautionary allergen labeling is unregulated 
and unstandardized, it can leave families confused 
when trying to make informed, safe decisions 
about the risk of allergen exposure present in a 
given food product. Interestingly, a recent study 
of children with peanut and tree nut allergies 
found that children who consumed foods with 
the label “may contain” reported higher food 
allergy-related QoL compared to children who 
avoided these foods, despite the potential greater 
risk of allergen exposure. Mothers of the children 
who ate foods labeled “may contain” also had 
better food allergy-related QoL, perhaps due to 
decreased vigilance and having to enforce fewer 
restrictions on their child’s diet [4].

In Springston’s 2010 study, the risk of being 
extremely troubled by everyday factors such as 
meal preparation was significantly higher among 
caregivers with high knowledge of food allergy; 
however, a number of these respondents also 
mentioned that they have learned to appreciate 
the positive aspects of managing food allergy 
over time, including the development of a rou-
tine. Moreover, caregivers shared that stress 
related to meal planning decreased after the first 
1–2 years of managing a food allergy diagnosis 
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[41]. This finding may indicate that providing 
more supportive services with a particular empha-
sis on nutritional counseling during the first year 
after diagnosis may be warranted. Moreover, 
understanding that managing food allergy is a 
dynamic process that shifts over time challenges 
researchers to extend their methods beyond 
cross-sectional surveys to  include more longi-
tudinal study designs. Promising data collection 
strategies include ecological momentary assess-
ment, which aims to repeatedly assess behavior 
and other constructs of interest via brief, repeated 
assessments, which are often administered via 
phone and can be linked to mobile phone sensors 
and other environmental data. Such methods can 
permit respondents to better disclose real-time 
challenges and factors that impair QoL and in 
turn may be useful to inform the development of 
real-time supports [2, 51].

�Food in Society

Aside from meal preparation and maintaining 
safety in the home, families with food allergy 
must also practice vigilance when preparing for 
social occasions. Sporting events, birthday par-
ties, and restaurant dining often revolve around 
food, which sometimes leaves families feeling 
withdrawn and fearful of an unexpected allergic 
reaction [52]. For example, Polloni et al. found 
that after surveying 124 mother-child dyads 
about their behavior and attitudes in social set-
tings with food allergy, 44% noted that they 
always attended social gatherings, but that they 
were very likely to bring their own food or only 
eat their well-known “safe” foods as a precau-
tionary measure [48].

When it comes to dining out habits, many 
families reported that they frequently attend the 
same restaurant due to the security they feel. 
This repetitive dining behavior is understandable 
as research conducted to explore the perceived 
risk and risk communication-related behaviors 
in the United States found that most servers lack 
knowledge about food allergies and believe that 
initiating communication and preventing allergic 
reactions was the customer’s responsibility [53].

�Individual and Family Mental 
Health Considerations: Anxiety, 
Coping Behaviors, and Integrative 
Interventions

�Anxiety and Coping Behaviors

Children and adolescents living with food allergy 
often exhibit symptoms consistent with general-
ized anxiety and emotional distress [54–58]. Yet, 
very little clinical training in allergy is structured to 
consider the whole patient from physical, psycho-
emotional, and spiritual perspectives. In particular, 
there is a deficit regarding how to holistically part-
ner with children, adolescents, and families con-
fronting comorbid conditions – particularly when 
considering food allergy and anxiety [59].

�Striking a Balance: Food Allergen 
Avoidance and Anxiety Management
Previous research suggests that the relationship 
between food allergy and anxiety is not an all-
or-nothing phenomenon; rather, the food allergy 
community needs to recognize the utility of 
anxiety that is potentially protective all while rec-
ognizing that balancing healthy levels of anxiety 
may require a nuanced approach to management 
[60]. Tipping into heightened anxiety over time 
can result in impaired physical and mental health 
outcomes related to chronic stress, which has been 
previously shown to negatively mediate related 
atopic pediatric conditions (e.g., asthma) [61–
64]. Previous work has employed the so-called 
“Goldilocks principle” to conceptualize the level 
of anxiety that might be “just right” for affected 
individuals [2]. In this view, an optimal level of 
anxiety is purported to lie somewhere between 
inadequate allergen avoidance (as evidenced by 
frequent, avoidable reactions) and hypervigilance 
(which is associated with substantially impaired 
QoL) [65]. Ideally, an appropriate level of anxi-
ety can help a child or adolescent minimize both 
their risk of food-allergic reactions and the level 
of psychosocial impairment associated with daily 
food allergy management [66, 67].

Klinnert et  al. (2015) further conceptualizes 
how caregiver-level factors (e.g., anxiety), child-
level factors (e.g., developmental level), and ill-
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ness parameters (e.g., number of food allergies) 
contribute to food allergy management practices. 
The combination of factors may mediate adaptive 
or maladaptive coping behaviors, which influence 
how anxiety manifests at individual and family 
levels [67]. Understanding the multiple factors 
that contribute to the daily experience of living 
with a food allergy remains integral to identifying 
useful psychological resources and management 
supports that may be missing from a family’s 
overall management approach. Identifying and 
linking families to resources may contribute to 
families being able to achieve a more balanced 
integration of food allergy management and psy-
chosocial adjustment.

�Cognitive-Behavioral Theory 
and Anxiety
In a 2006 review of the literature focused on 
the intersection of food allergy and anxiety, 
Friedman and Morris provide two cognitive-
behavioral theories to explain the relationship 
between these conditions [58]. The first under-
standing of these common comorbid conditions 
includes the psychological theory of classical 
conditioning. Within the context of food allergy, 
when a person has an allergic reaction (i.e., an 
unconditioned stimulus), they fear the recurrence 
of these symptoms. The child then experiences 
feelings of anxiety and fear (i.e., a conditioned 
response) related to the symptoms associated 
with an allergic reaction.

The second cognitive-behavioral understand-
ing is largely based on learning and parental mod-
eling of behaviors. For example, caregivers have 
the opportunity to model adaptive or maladaptive 
coping skills in response to anxiety-provoking 
allergic events. If maladaptive, this response 
over time can result in the caregivers becoming 
overprotective as a means to overcome feelings 
of fear. As such, the child models the caregiver’s 
behavior and learns to practice maladaptive cop-
ing skills, thus subsequently developing anxious 
responses to these stimuli [58].

�Parental/Caregiver Anxiety
On the family level, previous research has con-
firmed some aspects of these aforementioned 

cognitive-behavioral theories. The more height-
ened anxiety of the caregiver all too often results 
in heightened levels of anxiety among children 
and adolescents [68]. Moreover, caregivers who 
perceive their children to be medically vulner-
able have been shown to engage in hypervigilant, 
intrusive, and restrictive parenting behaviors that 
limit the development of age-appropriate auton-
omy. Within the food allergy community, studies 
have illustrated that high levels of maternal anxi-
ety can play a role in increasing child anxiety, 
largely due to mothers shouldering the majority 
of work required in caring for children with food 
allergies, which often includes executing day-
to-day nutrition and meal planning, managing 
medical care and communication of food allergy 
action plans with school personnel, and ensur-
ing that their larger community is aware of their 
child’s allergies throughout daily living  – from 
sporting events to holiday celebrations [69].

Manassis [71] published a review of 24 studies 
focused on better understanding the intersection 
of anxiety and anaphylaxis within the pediatric 
population [71]. The paper distills down four key 
aspects to understanding how anxiety manifests 
in relationship to anaphylaxis as follows: (1) 
Physiological (e.g., flushing, asthma attacks), (2) 
Cognitive (e.g., managing one’s own anaphylaxis 
risk), (3) Behavioral (e.g., unnecessary avoid-
ance, clinging), and (4) Parental (e.g., parental 
anxiety) [71]. Overall, better understanding how 
anxiety manifests among a population at risk of 
experiencing anaphylaxis could help to inform 
the development of pragmatic interventions 
designed to both reduce anxiety and improve 
overall food allergy-related QoL for patients and 
families.

�Integrative Interventions

Over the past two decades, research has dem-
onstrated the utility of integrating approaches 
derived from the field of positive psychology and 
integrative systems of health (e.g., Chinese medi-
cine, Ayurvedic medicine) to confront anxiety 
among the general population [70]. For example, 
to address the physiological expression of anxiety, 
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teaching children mind-body coping strategies 
like mindfulness, guided imagery, and utilizing 
progressive muscle relaxation approaches has 
been useful [72–75]. Additional integrative meth-
ods like yoga, medical hypnosis, and acupuncture 
are also well known to reduce generalized anxi-
ety and should be further explored by the food 
allergy community as potential integrative care 
methods that may lessen anxiety while simul-
taneously improving food allergy-related QoL 
[76–91]. Future work should consider how to 
best align these approaches according to patient 
and family needs as well as train clinicians in 
feasible interventions that could be implemented 
within short appointment times (e.g., auricular 
acupuncture, yoga breathing) [67].

�Conclusion

The overall goal in translating current scientific 
knowledge into accessible daily food allergy 
management practices is to ensure that living with 
a food allergy does not unnecessarily limit a child 
or adolescent’s ability to fully engage in their lives 
at home, in school, and throughout their com-
munity. Building stronger communities requires 
strengthening relationships of affected individu-
als with their families, peer groups, clinical care 
providers, and school communities. As evolving 
treatment and prevention strategies become more 
widely available to the general food allergy com-
munity, physicians and other members of the clin-
ical care team will need to accompany affected 
families by providing well-timed counseling and 
access to interventions that seek to meet the phys-
ical, psycho-emotional, and nutritional needs of 
affected families. Meeting families where they are 
to better address identified food allergy-related 
challenges – be it support with meal planning or 
help with navigating school policies to ensure 
a supportive academic environment  – remains 
critical to improving food allergy-related QoL for 
children, adolescents, and caregivers. Moreover, 
research focused on better understanding what 
factors continue to impair QoL balanced with bet-
ter investigating and articulating the positive out-
comes associated with living with a food allergy 

remains critical. We must continue to provide the 
necessary resources to prevent and adequately 
respond in a food allergy emergency and build 
upon the strengths and capacities of those affected 
to influence change that ultimately enhances 
well-being.
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Environmental Allergies and 
Pollen Food Syndrome (PFS)

Susan Fox and Mary C. Tobin

�Introduction

Pollen allergy has increased in the last 20  years 
both in the United States and worldwide leading to 
an associated rise in reports of pollen food syn-
drome (PFS) [1]. The initial descriptive term for 
PFS was oral allergy syndrome (OAS) [2, 3]. The 
term OAS is ambiguous because it has been used 
indiscriminately in the literature without regard to 
the antigens or mechanisms causing the oral symp-
toms. The diagnosis and treatment of PFS require 
an understanding of the antigens implicated, path 
of antigen sensitization, the associated plant foods 
and the potential clinical syndromes involved. 
Many authors are now advocating the use of the 
term “pollen food syndrome” (PFS) or “pollen 
food allergy syndrome” (PFAS) to describe specifi-
cally the cross-reactivity to shared cross-reactive 
antibodies among the pollens, fresh fruits, raw veg-
etables, nuts, and spices. This is because the term 
OAS is used to describe the oropharyngeal symp-
toms resulting from eating any food, not just plant 
food [4–7]. PFS is used precisely to mean class 2 

food allergy resulting from plant food allergens 
cross-reacting with pollen allergens and causing 
oral symptoms in pollen allergic patients [8, 9].

�Definition

PFS is the most common food allergy in adoles-
cents and adults and the incidence is rising in 
young children [6, 10]. PFS is an allergic reaction 
to fresh fruits, raw vegetables, nuts, or spices 
which can cause swelling and pruritus of the lips, 
oral mucosa, tongue, and throat. The symptoms 
occur within seconds to minutes as the food con-
tacts the oral mucosa. It is usually isolated to the 
oral mucosa and infrequently associated with 
systemic signs of anaphylaxis [6, 11].

�Epidemiology of PFS

Tuft and Blumstein first described the phenomena 
of OAS in 1942 [2]. They observed a reaction to 
foods, particularly raw fruits and vegetables, 
among their patients. Patients described localized 
itching of the inner cheeks, roof of the mouth, 
with itching often extending to the throat, plus 
swelling of the lips with occasionally an urticarial 
rash around the mouth. Patients noted, however, 
that cooked or canned produce did not cause the 
same reaction and their reactions were worse dur-
ing pollen season. The authors demonstrated that 
the antigens causing the reaction could be detected 
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by skin testing with the suspected fresh fruit. In 
the 1940s, the idea of using fresh foods to skin test 
was novel, but the description of the oral allergy 
syndrome and its clinical significance were not 
fully appreciated until the late 1980s.

Amlot used the term OAS in 1987 when eval-
uating 80 highly atopic patients who either had 
atopic eczema or were skin test positive for food 
allergy [3]. He used this term because patients 
described the immediate onset of symptoms of 
oral irritation and throat tightness upon the inges-
tion of their food allergen. It reflected a precise 
time frame in the patient’s experience of food 
allergies – the oral symptoms occurred first with 
small amounts of food, with progression to a sys-
temic reaction with larger quantities of food. He 
also noted that in a subgroup of patients, urti-
caria, asthma, or anaphylaxis developed follow-
ing the oral symptoms.

In 1988, Ortolani et al. studied 262 patients and 
used the term OAS to apply specifically to subjects 
with hay fever who developed oral allergy syndrome 
after fruit and vegetable ingestion. The patients had 
local reactions, and a few had systemic reactions 
[11]. There was a close connection between age of 
onset of hay fever and the occurrence of their oral 
allergy symptoms. In addition, the authors described 
an association between allergy to some pollens and 
certain fruits. For example, apple, carrot, pear, and 
cherry correlated with birch pollen allergy, and while 
tomato, melon, and watermelon correlated with 
grass pollen allergy. The presence of pollen and 
plant cross-reacting antibodies had not been demon-
strated; therefore, the term OAS was connected with 
the spectrum of reactions associated with food 
allergy based on the presence of oral symptoms but 
not the type or source of the antigen.

In 1999, Kazemi-Shirazi et  al. demonstrated 
convincingly that as distinguished from OAS, 
PFS is the result of cross-reacting antibodies 
between pollen and plant food [12]. Pre-incubation 
of sera from patients with PFS in the presence of 
natural pollen allergens led to an almost complete 
inhibition of IgE binding to plant food allergens in 
Western blots as well as in RAST inhibition 
experiments. When incubating the patients’ serum 

with the plant food, there was poor inhibition of 
IgE binding. The key antigens were the pollen 
antigens causing the reactions. Sensitization was 
occurring through the respiratory tract because of 
pollen antigens, which shared epitopes with plant-
based food. Patients were the bystanders in the 
reactions and were responding to the plant food as 
if they were eating the pollen directly due to the 
cross-reactive antibodies.

Researchers proposed that food allergy reac-
tions could be classified according to the type of 
antigen and the path to sensitization; and catego-
rized the food reactions into class 1 food allergy 
or class 2 food allergy [9]. In class 1 food allergy, 
IgE antibodies develop against food proteins, 
which were “complete,” meaning not affected by 
proteolytic digestion or affected by heat, and were 
the result of direct sensitization occurring primar-
ily in the gut. Class 1 food allergies cause the 
allergic reactions most common in early child-
hood to milk, egg, soy, fish, shellfish, peanut, and 
tree nuts [9, 13]. Alternatively, class 2 food allergy 
sensitization takes place through the respiratory 
tract when pollen antigens share epitopes with 
plant-based food. The allergens are often heat 
labile and known as “incomplete allergens” [8].

�Cross-Reactive Pan-Allergens

Pollen and food are not botanically related but do 
contain homologous proteins [8]. The shared epi-
topes between the pollen and the plant food 
involve both primary and tertiary structures [4, 
8]. These shared proteins are highly conserved 
across the plant kingdom and widely distributed 
and are known as pan-allergens. Depending on 
the pan-allergen inducing the reaction, symptoms 
can range from PFS to anaphylaxis [6, 14].

�Pathogenesis-Related Proteins (PRPs)

The most common pan-allergens are pathogenesis-
related proteins (PRPs), including lipid transfer 
proteins (LTPS) and profilins. PR proteins are 
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defense proteins that plants express to protect 
themselves in response to fungi, bacterial or viral 
infections, and injury or exposure to chemicals 
which mimic both infections and stress [9]. PR 
proteins were first discovered as proteins present 
in tobacco plants infected with tobacco mosaic 
virus [15]. They did not occur in non-infected 
plants but were evident after viral infection. The 
PRs are composed of 17 families with very simi-
lar biochemical functions and sequences [16]. 
The PR protein families constitute a repertoire 
of protective responses for the plant kingdom. In 
particular, the PR-10 protein family, represented 
by the Bet v 1 homologous proteins, is linked to 
an ancient primordial gene and is responsible 
for the majority of cross-reacting epitopes caus-
ing PFS [17]. The Bet v 1 antigen is the major 
birch pollen allergen. The homologous proteins 
in birch pollen-related fruits are apple (Mal d 1), 
cherry (Pru av. 1), apricot (Pru ar 1), and pear 
(Pyr c 1). The vegetables that are cross-reactive 
are carrot (Dau c 1), celery (Api g 1), parsley 
(pcPR), and potato (pSTH). Hazelnut allergy is 
related to another: Bet v 1 homolog and Cor a 1. 
Other important PRs allergens include PR-2, 3, 
4, 5, and 14. The PR-2 family is known as B-1, 3 
glucanases and can degrade fungal cell walls of 
actively growing hyphae. Most are extracellular 
but the basic glucanases are located intracellu-
larly in vacuoles. The most important is Hevea 
brasiliensis (Hev b 2) from the latex of the tropi-
cal rubber tree and one the epitopes that causes 
latex allergy. It provokes an antibody responsible 
for the latex-fruit syndrome, causing hypersensi-
tivity to avocado, banana, chestnut, fig, and kiwi 
[9, 18, 19].

The chitinases, PR-3, are found in seed-
producing plants and digest the chitin that is in 
the skeleton of most insects and fungal cell walls. 
The latex prohevein, Hevein (Hev b 6.02), 
belongs to the chitin-binding proteins and also 
contributes to the epitopes present in the fruit 
associated with the latex-fruit syndrome [9, 19, 
20] (Table 5.1).

PR-4 represents another family of chitinases 
occurring in potatoes in response to trauma. The 

PR-5 family constitutes thaumatin-like proteins 
with diverse antifungal functions. The foods that 
contain these proteins are cherry, apple (Mal d 
2), paprika, and bell pepper (P23), and these 
cross-react with the pollen of mountain cedar 
(Jun a 3) [9].

�Lipid Transfer Proteins (nsLTP)

Another significant group is the non-specific 
lipid transfer proteins (PR-14) that transfer phos-
pholipids from liposomes to mitochondria, which 
are located in the outer cell layer of the plant and 
form part of the plant defense system against fun-
gus and bacteria. They are highly resistant to heat 
and changes in pH. They are the most important 
allergens in the Rosaceae family, which contains 
three significant subfamilies: Prunoideae (peach, 
apricot, plum, almond cherry), the Pomoideae 
subfamily (apple, pear); and the Rosoideae sub-
family (blackberry, strawberry) [21]. The oral 
reactions that these proteins cause are different 
from the other defense proteins because pollen 
allergy is not a prerequisite. Sensitization can 
occur via class 2 sensitization and is limited to 
the oral mucosa; however, if sensitization occurs 
via class 1 sensitization the reactions can be sys-
temic [22].

�Profilins

Profilins are monomeric, actin-binding proteins 
that regulate the actin filaments to form the cyto-
skeleton and are present in trees, grasses, and 
weeds. It is estimated that 20% of pollen allergic 
subjects are reactive to profilins which are shared 
by a wide variety of inhalant and food allergens 
[23]. Bet v 2, also another birch pollen allergen, 
is an example of a profilin that will cause birch 
pollen allergic patients to react to apple, celery, 
carrot, and pear. It is a complete antigen and often 
is not degraded by heating. It is associated with 
anaphylaxis in the celery-mugwort syndrome. 
(Table 5.1).
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Table 5.1  Food-pollen and latex-fruit syndromes

Syndrome Allergen Fruit Vegetable Spice Nut
Birch fruit [9, 22, 46]. Image from iStock.com/otme PR-10 Apple, 

apricot, 
cherry, kiwi, 
peach, pear

Carrot, 
celery, 
fennel, 
parsley, 
potato

Chicory Almond, 
hazelnut, 
peanut, 
walnut

Ragweed-melon-banana [8]. Image from iStock.com/
vvzann

Profilins/
LTPs

Cantaloupe, 
cucumber, 
melon, 
watermelon, 
zucchini
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Table 5.1  (continued)

Syndrome Allergen Fruit Vegetable Spice Nut
Celery-mugwort-spice [8]. Image from iStock.com/
jopelka

Profilins Mango Celery, 
carrot, 
garlic, 
leek, 
onion

Aniseed, 
caraway, 
corian-
der, 
fennel, 
paprika, 
parsley

Mugwort-peach [8] Profilins/
LTPs

Peach

Mugwort-mustard [8] Profilins/
LTPs

Broccoli, 
cabbage, 
cauli-
flower, 
mustard

(continued)
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�Pollen Food Syndrome Worldwide

The increase in PFS is related to multiple fac-
tors. Environmental changes worldwide and 
the agricultural practices of developing more 
resilient plants seem to have increased the 
expression of homologous proteins possibly 
leading to plant food becoming more aller-
genic [4]. Other factors include specific geog-
raphy, climate, local diet, and food preparation 
[1, 9, 24].

Investigators in England, Italy, Australia, and 
Mexico recently examined their pediatric patients 
with allergic rhinitis for signs of PFS and found 
some surprising results. Studies from these coun-
tries have demonstrated a PFS prevalence of 
10–24%. The effects of predominant plant foods 
varied among countries, possibly in relation to 
geography, climate, local dietary habits, and pol-
len exposures [7, 22, 25, 26].

The Australian investigators studied atopic 
children in southwest Sydney to assess the 

Table 5.1  (continued)

Syndrome Allergen Fruit Vegetable Spice Nut
Grass [22, 47]. Image from iStock.com/bokasin Profilins Kiwi, melon, 

tomato, 
watermelon

Latex-fruit [9]. Image from iStock.com/elenathewise PR-2 
(β-1-3 
gluca-
nases)

Avocado, 
banana, fig, 
kiwi

PR-3 
(chitin-
ases)

Avocado, 
banana

Chestnut
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occurrence of PFS in that pediatric population. 
They considered OAS to include PFS, food 
allergy, and latex-fruit syndrome. They found 
that the prevalence of PFS alone in patients with 
allergic rhinitis and pollen sensitization was 
12.1%. The fruits causing PFS symptoms were 
all tropical fruits, and watermelon was the most 
common. In the broader definition of OAS, where 
reactions begin with oral symptoms but progress 
to systemic symptoms, OAS was compatible 
with typical reactions characteristic of food 
allergy, class 1, most frequently caused by peanut 
(13.6%) [26].

In Mexico, researchers evaluated children 
6–14 years seen for the first time in their allergy 
clinic. They were given questionnaires to assess 
for PFS and skin testing for pollens and foods. In 
267 patients PFS occurred in 10–12% of patients 
with allergic rhinitis to pollen. Pineapple was the 
most common food cited, related to the pollen of 
the Quercus species [25].

In Italy, Mastororilli et  al. tested for pan-
allergens to estimate the prevalence of PFS and 
then to identify endotypes of PFS in children with 
seasonal allergic rhinoconjunctivitis (SAR). They 
examined 1271 children from 4–18 years of age. 
They skin tested with both commercial pollen 
extracts and the pan-allergens. Foods eliciting 
symptoms were determined by questionnaire. The 
pan-allergens Phl p 12 (profilin), Bet v 1(PR-10), 
and Pru p 3 (nsLTP) were tested by immunoCAP 
FEIA. They found PFS in 24% of patients. They 
identified five PFS endotypes associated with 
pan-allergen IgE sensitization. There was a multi-
pan-allergen group (sensitization equal to two or 
more pan-allergens) who had more severe allergic 
disease comorbidities and multiple foods causing 
symptoms; mono pan-allergen group (only react-
ing to one of the three pan-allergens tested) or no 
pan-allergen sensitization. The sensitization pat-
terns were informative. The group who were sen-
sitized to two or more pan-allergens (PR-10, 
profilin, nsLTP) lived in Northern Italy (84%). 
This region has a continental climate with more 
birch and alder pollen than in Southern Italy. They 
had more asthma, atopic dermatitis, urticaria, and 
anaphylaxis, as well as higher total IgE levels and 
more foods that triggered symptoms. The mono-

sensitized patients who were reactive to profilin 
were more frequently from Central Italy, had a 
high IgE level and a defined group of foods that 
caused symptoms from the Cucurbitaceae family 
(watermelon, melon, and cucumber) as well as 
peach, banana, and kiwifruit. This pattern is char-
acteristic of sensitization to grass, plantain, plane, 
and olive trees seen in Central Italy. The LTP 
endotype was more common in Southern Italy 
where birch is rare but Rosaceae fruits (apple, 
peach, and pear), bananas, and nuts cause symp-
toms. Both class 1 and class 2 food allergy sensi-
tizations can be present in this LTP endotype and 
if the sensitization is via class 1 “complete anti-
gens” the reactions are more likely to be systemic. 
PR-10 endotype was more common in Central 
Italy. Interestingly, it was not related to the birch 
pollen but to other Fagales (Quercus spp.) or 
beech tree pollen. The related plant foods which 
caused symptoms were apple, peach, and kiwi-
fruit. Finally, children with no pan-allergen sensi-
tivity detected usually had mild allergic disease 
and comorbidities. Forty percent of these children 
reacted to kiwifruit. Further prospective studies 
are needed to assess the value of the endotype 
classification and how it might provide strategies 
for prevention and therapy [22].

In London, Ludman et al. set out to discern the 
patterns of PFS and their relationship to three age 
groups: 0–5, 6–10, and 11–15  years of age. 
Overall, PFS was present in 48% of all the chil-
dren recruited from their specialty allergy clinic. 
Starting from youngest to the oldest group the 
occurrence was 17%, 50%, and 78% of PFS, 
respectively. From microarray data, pan-allergen 
sensitization was demonstrated at 2.8  years of 
age and symptoms started at 4.5 years much ear-
lier than expected [7].

�PFS and Associated Atopic 
Conditions

�Atopic Dermatitis
The study of birch pollen allergy (Bet v1) and its 
cross-reactive allergens in plant food has pro-
vided insights into the immunologic connections 
between pollen sensitization via upper respira-

5  Environmental Allergies and Pollen Food Syndrome (PFS)
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tory allergy and other atopic manifestations. 
Reekers et  al. demonstrated that birch pollen-
related foods trigger atopic dermatitis in a sub-
group of patients that were highly allergic to 
birch pollen. They evaluated 37 patients without 
immediate reactions to birch pollen-related food. 
After an elimination diet avoiding the cross-
reactive foods for 4  weeks, the patients under-
went an oral challenge of carrots, celery, 
hazelnuts, and apple mashed together and masked 
with carob and an orange flavor. Seventeen out of 
37 patients responded with worsening of their 
eczema within 48 hours. The blood lymphocytes 
of the food responsive patients with atopic der-
matitis expressed CLA+, a homing antigen that 
facilitated the appearance of these lymphocytes 
in patients’ lesional skin from the punch biopsies 
when these patients were exposed to the birch 
pollen. None of them realized that they were sen-
sitive to birch pollen-related foods and were 
unaware of its relationship to worsening of their 
eczema [27].

Bohle et  al. extended the observations of 
Reekers in another study looking at patients with 
birch pollen allergy and eczema. Allergists usually 
counsel their patients to cook the foods cross-
reacting with birch pollen because heat will dena-
ture the tertiary structure. In many cases, this 
allows the patient to consume the food without any 
oral allergy symptoms. The authors, however, 
demonstrated that heating does not destroy the 
expression of birch pollen (Bet v 1) T cell epitopes 
and can cause an increase in the patient’s eczema. 
Eating birch pollen-related foods supports the pol-
len-specific TH

2 inflammation and ongoing synthe-
sis of IL-4. The continuing stimulation, even with 
small concentrations of Ig E binding allergens, 
through mucosal surfaces might foster perennial 
IgE synthesis in B cells [28].

�Eosinophilic Esophagitis
The insight that aeroallergens could contribute to 
eosinophilic esophagitis (EoE) was articulated 
first by Mishra et al. [29]. In their mouse model, 
after respiratory exposure to Aspergillus fumiga-
tus they noted esophageal eosinophilia. To 
explain this finding they postulated that aeroal-
lergens could be topically spread to the esopha-

geal mucosa and contribute to ongoing 
inflammation in EoE. This theory was supported 
by Fogg et al. who reported a case study involv-
ing a 21-year-old woman who recounted worse 
symptoms, proven by esophageal biopsy of her 
EoE in pollen season with no change in diet or 
medication [30]. In another study in children 
with EoE, Ram et al. demonstrated that seasonal 
allergic rhinitis is associated with seasonal flares 
of esophageal eosinophilia. This was seen in 14% 
of patients with EoE; 84% were male and all had 
allergic rhinitis. They hypothesize that the aller-
gic rhinitis may contribute to exacerbations of 
EoE in pollen season and by intensifying anti-
inflammatory therapy during pollen season, the 
disease could be better controlled [31]. The 
impact of pollen allergy was also seen in another 
study by van Rhijn, whose patients with eosino-
philic esophagitis (EoE) had a higher prevalence 
of sensitization to pan-allergens including profil-
ins and PR-10. Thirty-nine percent of their 
patients with EoE were sensitized to birch pollen 
(rBet v 1) and corresponding food allergen com-
ponents supporting a link with PFS [32]. 
Mahdavinia et al. surveyed a group of adults with 
EoE and found that greater than 50% of patients 
with EoE had PFS with pollen sensitization. They 
postulated that uncontrolled nasal inflammation 
due to pollen exposure along with the ingestion 
of pan-allergens in fruits and vegetables, prior to 
denaturation by stomach enzymes, could contrib-
ute to esophageal eosinophilia and subsequently 
the esophageal inflammation [33].

�Seasonal Intestinal Inflammation 
and Irritable Bowel Syndrome
Seasonal intestinal inflammation also correlates 
with aeroallergen sensitization in patients. 
Magnusson et  al. evaluated nine patients with 
documented birch pollen allergy and PFS [34]. 
The patients had two duodenal biopsies: one at 
the end of birch pollen season and one 6 months 
later (out of season). They found during birch 
pollen season there was an increase in activated 
eosinophils (MBP+) and IgE+ mast cells present 
in the mucosa, villi, and basal lamina propria 
compared with off-season biopsies. They noted 
that five of nine patients satisfied the criteria for 
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irritable bowel syndrome (IBS) during the pollen 
season. Another study of patients with irritable 
bowel syndrome (IBS) by Tobin et al. found that 
in patients identified with diarrhea-predominant 
IBS, 80% had seasonal allergic rhinitis (SAR) 
and 51% reported atopic eczema (AE). The 
patients were specifically asked about symptoms 
of itching or swelling of the mouth, tongue, and 
throat, and fruits were cited most often as the 
cause [35]. It is thought provoking that respira-
tory sensitization to pollen allergens might be 
related and contributes to seasonal immunologic 
inflammatory changes in the small intestine as 
well as in the esophagus and skin.

�Pollen Food Syndromes (Table 5.1)
Birch fruit syndrome is the most common of all 
the pollen food syndromes. It is rarely associated 
with anaphylaxis. There is a risk of reaction to at 
least one food of 55% [1].

Ragweed-melon-banana syndrome in North 
America is related to weed pollen and usually 
associated with at least one other food approxi-
mately 90% of the time, i.e., avocado, banana, 
kiwi, and peach [1]. In Spain, melon allergy is 
associated with several pollens, especially grass. 
In Australia, watermelon is seen in patients report-
ing grass, tree, and weed pollen allergies [26].

Celery-mugwort-spice syndrome is seen with 
severe reactions especially in patients who are 
allergic to both the birch and mugwort pollen [8]. 
Spice allergy is usually related to shared epitopes 
of profilins and Bet v 1.

Mugwort-peach syndrome is related to sensi-
tization to extensive cross-reactivity toward the 
LTPs, Bet v1, and profilins. In Spain, the allergen 
is the LTP, Pru p 3, the cause of the peach allergy 
[36]. If there is no pollen sensitization, systemic 
reactions are more common. Cross-reactivity 
with the Rosaceae fruits is 55% [1].

Mugwort-mustard syndrome in patients with 
mustard allergy 97% were sensitized to mugwort. 
Ten percent reported anaphylaxis and 40% 
reported reactions to cauliflower, cabbage, and 
broccoli [37].

Grass pollen syndrome is associated with 
reactions to kiwi, melon, tomato, and water-
melon [38].

Latex-fruit syndrome can cause patients to 
experience reactions to plant foods. Almost 
50% of patients allergic to natural rubber latex 
(NRL) will respond to avocado, banana, kiwi, 
chestnut, peach, tomato, white potato, and bell 
pepper [1, 20].

�Quality of Life

In the study of children in the United Kingdom, a 
quality of life questionnaire was administered to 
families with children having PFS. The questions 
encompassed family and social activities, such as 
school and camp, social activities involving food, 
vacation, restaurant meals, leaving children in the 
care of others, and children being near others who 
are eating. The questionnaire discussed the time 
needed for meal preparation and diet precautions 
observed when leaving the home. Parents’ con-
cerns about nutrition and feeling empowered to 
manage a reaction were addressed. In addition, the 
questionnaire assessed emotional issues including 
anxiety about reactions, frustration in dealing with 
others, and worries about the lack of a “normal 
childhood” [39]. All of the parameters measured 
showed moderate disruption with the most notable 
being the caregiver’s anxiety regarding the need to 
read labels and spend extra time to preparing foods 
[7]. Ludman’s results were in line with a similar 
caregiver survey by Springston et al. [40].

�Clinical History

In atopic patients, seasonal allergic rhinitis 
develops first and then PFS. The more symptom-
atic the patient is with itchy eyes and nose as 
well as rhinorrhea the more likely they are to 
develop PFS, which can occur in the first 5 years 
of life [7]. Documenting the months when the 
patient has allergic rhinitis symptoms will help 
to isolate potential foods if unrecognized by the 
patient. Fresh fruits, nuts, and raw vegetables are 
most frequently implicated. Inquiring whether 
cooked food causes symptoms is important. It is 
essential to inquire about the associated symp-
toms that the food causes. The questions should 
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focus on the presence of mucosal itching, tin-
gling, burning, or swelling of the checks, tongue, 
lip swelling, change in voice or problems swal-
lowing, gastrointestinal symptoms, urticarial 
lesions or anaphylaxis. The time course is infor-
mative because symptoms are apparent almost as 
soon as or within minutes of the food being in 
the mouth. It is usually relieved by swallowing 
or drinking water. Occasionally antihistamines 
are needed. Some patients will complain of gas-
trointestinal symptoms. Less than 8% suffer 
from systemic symptoms such as urticaria, 
angioedema, profuse diarrhea, coughing, wheez-
ing, and hypotension [6].

Certain foods like those in the Rosaceae fam-
ily can cause anaphylaxis without pollen allergy. 
They are considered class 1 food allergy and not 
PFS. Peach is the most common of these fruits to 
cause systemic symptoms due to LTP. There is a 
higher rate of clinical cross-reactivity in this fam-
ily of foods and so questioning regarding reac-
tions to related foods is important (Table  5.1). 
Also any history of allergic reactions to peanut or 
tree nut allergy should be treated as a class 1 
allergy. Both peanut and hazelnut can cause PFS 
but it is difficult to distinguish at times from class 
1 food allergy. If anaphylaxis is a concern, an epi-
nephrine auto injector should be prescribed. If 
other than mild symptoms are present, an allergy 
consultation should be obtained.

�Testing

An allergist will do testing for inhalants and sus-
pected foods for children with allergic rhinitis 
and/or asthma. The season when the symptoms 
occur, the plant food involved and the history of 
the reaction will usually suggest an accurate 
diagnosis. Skin testing with inhalant allergens 
will confirm sensitization to pollen. For foods, 
skin testing using fresh or frozen fruit and raw 
vegetables usually gives better results via the 
prick method than skin testing with commercial 
extracts [26]. The commercial extracts contain 
more stable allergens and may not contain suffi-
cient cross-reacting antigens to elicit a positive 
skin test [41, 42]. If the patient had anaphylaxis, 

dermographism, severe dermatitis, or cannot stop 
antihistamines, the initial step is to draw blood 
for specific IgE immunoassays. They can be 
informative especially if the cross-reactive anti-
body is heat stable. If there are questions regard-
ing safe ingestion of a particular plant food and 
the testing is equivocal or negative then an oral 
food challenge should be done with the appropri-
ate part of the fruit, peel, and or pulp. This is 
especially true if the patient had a systemic reac-
tion to peach because there is a high clinical 
cross-reactivity with other food in the Rosaceae 
family, and the patient may want to include it in 
their diet. Many believe that future testing will 
involve utilizing component-resolved diagnostics 
(CRD) with a microarray of specific antigens, 
like the recombinant PRs, LTPs, and profilins, 
which will greatly enhance our diagnostic abili-
ties. Using CRD that are available for peanut or 
hazelnut is helpful. In testing for peanut, the Ara 
h 2 is elevated in patients with more severe reac-
tions. Not all the molecular components, like Bet 
v 1, PR-10, or Bet v 2, are routinely available but 
hopefully will provide a better picture of the nat-
ural history and severity of the PFS.

�Therapy

There is no cure for food allergy, class 1 or class 
2. Avoidance is currently advised for manage-
ment of these food allergies. As noted, earlier 
allergists have advised patients to cook the cross-
reacting foods to destroy the tertiary structure 
and render the food safe for consumption. In the 
presence of associated atopic conditions, when 
the T cell epitopes are conserved even when the 
food is cooked, ingesting the food might promote 
ongoing inflammation as seen in AD and perhaps 
EoE or even IBS. In the last 20 years, investiga-
tors have suggested that pollen immunotherapy 
could modify the symptoms of PFS. The success 
rate of remission with subcutaneous immuno-
therapy with birch pollen has reportedly ranged 
from 84% success to concerns that birch 
immunotherapy might have triggered the onset of 
PFS [43, 44]. There has been no success with 
sublingual therapy with birch pollen with regard 
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to tolerance for apple [45]. The studies cited are 
not robust. The hope of future immunotherapy 
lies in the ability to define and administer immu-
notherapy with the significant clinical epitopes. 
Molecularly directed immunotherapy will lead to 
significant reduction in the oral symptoms 
induced and is a potential cure for both pollen 
and related plant food allergy.

�Summary

Pollen food syndrome is increasing in the pediat-
ric population. Studies from abroad suggest that 
it may occur in as high as 24% of the pediatric 
population and that it will increase in late child-
hood and adolescence depending on the severity 
and number of pollen allergens causing the rhi-
nitis [10]. The foods most frequently identified 
as allergens are related to birch pollen and most 
often do not involve systemic reactions but only 
local reactions of the oral mucosa. A good clinical 
history will elicit the extent of the symptoms and 
whether further allergy consultation and testing 
is necessary. If there is any question of a systemic 
reaction, an epinephrine auto injector should 
be provided and allergy consultation should be 
obtained. Depending on associated atopic dis-
eases, cooking the fruits and vegetables may be 
an acceptable alternative to allow the food to 
be ingested. Current research with recombinant 
allergens is hoped to bring about more accurate 
diagnosis and potential immunotherapy.

�Case Studies

�Case Study 5.1

A 5-year-old boy comes to the allergy clinic with 
itchy eyes, runny nose, and sneezing which 
started during the spring. He has had atopic 
eczema since he was 6 months old. His eczema is 
also worse. His mom notes complaints that his 
favorite fruit, apples, make his mouth and throat 
feel funny. It starts as soon as the apple is in his 
mouth and goes away quickly. His skin test shows 
a significant reaction to birch pollen, grass, and 

ragweed. The skin test with commercial apple 
extract is negative. A skin-prick test with the 
apple, touching the applicator through the peel, 
and applying pulp to the patient’s forearm is 
positive.

Case 5.1 illustrates a typical birch pollen-
related reaction to apple. The reaction is usually 
worse in the pollen season and may be amelio-
rated with cooking of the fruit. What is interest-
ing is the cooking of the fruit denatures the 
tertiary structure so the mediator release from 
mast cells is inhibited but does not alter the pri-
mary structure which has cross-reacting T cell 
epitopes that can cause worsening of eczema 
within 24 hours of ingestion. A small percentage, 
less than 8%, of patients with throat symptoms 
may progress to a systemic reaction. A prescrip-
tion for an epinephrine auto injector would be 
indicated if this is a concern as well as an allergy 
consultation. In addition, the child is allergic to 
three pollens which is a risk factor of PFS. As he 
gets older, he might experience PFS with an 
increasing number of foods related to each of the 
pollens.

�Case Study 5.2

A 12-year-old girl has a history of seasonal aller-
gic rhinitis, atopic eczema, and moderate persis-
tent asthma. She noted that after she ate peanut, 
her throat felt like it was closing after just a few 
bites and she developed urticaria. She has a simi-
lar reaction with cantaloupe and tomato.

Case 5.2 illustrates pan-allergen sensitiza-
tion which is seen in older children with more 
allergic comorbidities. She may have reactions to 
Bet v 1, PR-14, and profilin. Her eczema might 
worsen within 24 hours of ingestion due to the T 
cell epitopes for birch pollen. Due to her symp-
toms and severity of atopic comorbidities, strict 
avoidance of the foods is advised and a prescrip-
tion for an epinephrine auto injector is indicated. 
Consultation with an allergist is advised. If her 
asthma was stable she could be skin tested for the 
inhalants to confirm pollen sensitivity. Because of 
her reaction to the foods, specific IgE immunoas-
say to each food would be ordered. If the results 
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were negative or very low titer, then skin test-
ing would be done. In addition, CRD for peanut 
would be helpful. A high titer against Ara h 2 is 
consistent with more serious reactions, whereas 
Ara h 8 is related to the birch pollen allergens and 
not likely to be proceed to anaphylaxis.
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�Food Allergy Overview

The prevalence of food allergy has increased sig-
nificantly in the last several years, affecting 
approximately 8% of children and presenting a 
large economic burden as a public health concern 
in the United States [1, 2]. Among those with 
food allergy, the prevalence of severe reaction to 
foods is estimated to be at 42.3%, with 40% of 
children with food allergy having multiple food 
allergies [3]. In a recent population-based survey 
by Gupta et al., the most common childhood food 
allergies reported have been to peanut (2.2%) and 
milk (1.9%) [3]. Racial/ethnicity data followed 
trends reported by previous analysis of the 
National Health and Nutrition Examination 
Survey (NHANES), and the population-based 
2009–2011 National Health Interview Survey 
(NHIS) conducted by the Center for Disease 
Control reported that non-Hispanic African 
American children were more likely to have a 
food allergy than non-Hispanic white children 
[4] (Table 6.1).

Several studies have addressed the increase in 
food allergy seen globally. Keet et al. reported an 
overall increase of more than 1% per decade in the 
childhood prevalence of food allergy based on 
US-based surveys conducted by the CDC [5]. 
There are also noted racial disparities in the pres-
ence of food allergy among ethnic groups. In a 
multicenter retrospective cohort study of children 
0–17  years of age with food allergy seen at 
Cincinnati Children’s Hospital Medical Center and 
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Rush University Medical Center, African American 
children and Hispanic children were noted to have 
increased rates of food allergy–associated anaphy-
laxis and emergency department (ED) visits com-
pared to Caucasians [6]. They were also noted to 
have a different food allergen profile with African 
American children and Hispanic children having 
increased rates of corn, shellfish, and fish allergies 
compared to Caucasian children.

Family history of atopy is also a known risk 
factor for food allergy risk. In a population-based 
study of 1-year-old infants diagnosed with food 
allergy by an oral food challenge (OFC), the risk 
of food allergy was increased by 40% in patients 
with one immediate family member with any aller-
gic disease and by 80% in patients with two imme-
diate family members with any allergic disease, 
compared with children without a family history 
of allergy [7]. Although family history increases 
the risk of food allergy in a child, routine testing is 
not recommended for children with a family his-
tory of food allergy prior to introduction of highly 
allergenic foods such as milk, peanut, or egg [8].

�Asthma Overview

The prevalence of asthma is also increasing and a 
large contributor to national healthcare costs. It is 
the most common chronic disease in children [9]. 
The estimated cost of caring for children with 
asthma between 2005 and 2009 was $10.7 billion 
[10]. In recent years, its prevalence has increased 
globally in children and adolescents, particularly in 
lower socioeconomic status children [11]. Its prev-

alence is higher in males than females, which is 
thought to be due to the smaller airways of male 
children relative to lung size when compared to the 
airways of female children [12]. There is a switch 
in prevalence of asthma during puberty from being 
more common in females to males, which is 
thought to be due to a reversal in the pattern of air-
way size [12]. Overall for both girls and boys, 
asthma can cause a burden on patients, families, as 
well as life at school. There are several indirect and 
intangible costs of asthma including impairment in 
quality of life, limitation of physical activities and 
study performance, and its psychological effects 
[11]. There is a noted racial disparity in the pres-
ence of asthma as well, with more African American 
children having asthma compared to Caucasians 
[13]. This burden is further exacerbated by the 
addition of food allergy as a comorbidity.

�Pathophysiology of Asthma 
and Food Allergies

�Asthma

Asthma, as an inflammatory disease, has been 
noted to have several different phenotypes. These 
phenotypes can be classified by the type of inflam-
matory process involved. Immunologically, there 
are several cell types involved with asthma’s patho-
physiology. CD4+ T cells are an important cell 
type that drives this inflammation. The inflamma-
tory response can be further divided into different 
subsets, including T helper 2 cells (Th2) and non-
Th2 cells. Th2-driven disease involves recruitment 
and action of eosinophils, mast cells, and basophils, 
while non-Th2 disease can involve neutrophils. 
These produce two different pediatric phenotypes, 
including allergic asthma representing eosinophilic 
inflammation and obese asthma involving non-Th2-
mediated inflammation [14]. This distinction is 
important due to different treatment modalities 
being treatments of choice for the different pheno-
types. Ross, et al. reported that based on a multi-
variable analysis, the risk factors associated with 
obese-related asthma phenotype were largely the 
same as some of the risk factors for pediatric obe-
sity. These include parental obesity, greater than 

Table 6.1  Age-adjusted percentage demographics on 
prevalence of food allergy and respiratory allergy 
(2016) [4]

Food allergy Respiratory allergy
Gender
 � Male 6 11.4
 � Female 6.3 9.2
Race
 � White 5.9 9.8
 � Black 5.9 11.5
 � Hispanic 4.7 8.0
 � Asian 6.2 7.2

Data from Black and Benson [4]
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8 hours of television per week, more weight gain in 
the first year of life, heavier birth weight, less sleep, 
lower socioeconomic status, being male, African 
American or Hispanic race/ethnicity, and increased 
sedentary time [14]. In managing asthma, it thus 
becomes important to manage comorbidities that 
are present and worsen the disease such as obesity. 
With allergic asthma, both food and aeroallergen 
sensitization are involved in control and manage-
ment of asthma. Finally, another presentation is a 
mixed phenotype of allergic and obesity type, 
which is associated with more severe asthma. Mast 
cells are thought to be involved in the pathophysi-
ology of this mixed subtype of asthma [15].

�Food Allergy

Food allergy can be due to IgE-mediated reac-
tions, non-IgE-mediated reactions, and mixed IgE-
mediated reactions [16]. IgE-mediated food 
allergy occurs due to the release of preformed 
mediators as well as the presence of IgE specific to 
the food the child is allergic to. Specific IgE pres-
ent on mast cells are implicated in this process. 
Upon ingestion of a specific food allergen, IgE 
present on mast cells cross-links, resulting in the 
release of preformed mediators that cause the 
signs and symptoms we see in anaphylaxis. It 
often occurs within minutes to 2 hours of ingestion 
of the culprit food. Many children with IgE-
mediated food allergies are at risk of asthma. Non-
IgE-mediated food allergy includes eosinophilic 
esophagitis, where exposure to food over time 
causes disease, often up to 6  weeks [16]. IgE-
mediated food reactions are often distinguished 
from non-IgE-mediated food reactions with skin 
prick tests and serum specific IgE levels.

�Clinical Presentation of Asthma

Clinically, wheezing is commonly one of the 
most important symptoms in the identification of 
asthma. Wheezing can occur in the setting of 
asthma as well as in the setting of a viral illness. 
It is known that children who have lower respira-
tory tract illnesses in early life are at increased 

risk of wheezing and asthma [17, 18]. However, 
there does not seem to be a correlation with chil-
dren who are early transient wheezers and the 
risk of having asthma as older children [19, 20]. 
There also seems to be a distinction in onset of 
symptoms when looking at the different severi-
ties of asthma. Severe asthma is often character-
ized by persistence of symptoms despite being on 
high doses of inhaled or oral corticosteroids. 
Those children with severe asthma present at 
school age, around 6–11 years of age, but have 
reported chronic symptoms earlier on in life 
within the first 3 years of life when compared to 
children with moderate persistent asthma [21].

�Clinical Presentation of Food 
Allergy

Symptoms of food allergy often present as multi-
system. Anaphylaxis is defined as being a severe, 
potentially life-threatening systemic hypersensi-
tivity reaction [22]. It is characterized by being 
rapid in onset with life-threatening airway, breath-
ing, or circulatory problems as defined in the 
European Academy of Allergy and Clinical 
Immunology (EAACI) anaphylaxis guidelines 
[22]. The National Institute of Allergy and 
Infectious Disease/Food Allergy and Anaphylaxis 
Network defines anaphylaxis as “a serious allergic 
reaction that is rapid in onset and may cause death” 
[23]. Symptoms can include rash/urticaria, wheez-
ing, shortness of breath, emesis, and/or lethargy. 
Adolescents and young adults have the highest 
rate of life-threatening and fatal food-allergy-
related reactions [24]. Therefore, after diagnosis of 
a food allergy, thorough and comprehensive coun-
seling must be given to this age group to ensure 
they recognize symptoms promptly and seek med-
ical attention appropriately.

�Clinical Presentation of Food 
Allergy and Asthma

Food allergy and asthma present as a manifesta-
tion of the atopic march. Figure 6.1 depicts the 
atopic march, described as the overall progres-
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sion among allergic diseases. The atopic march 
often starts with atopic dermatitis early in child-
hood, which affects about 10–20% of children. It 
is then followed by the development of other 
allergic diseases such as asthma, and allergic rhi-
nitis. Food allergy is implicated in one third of 
those with atopic dermatitis although asymptom-
atic food sensitization can also be seen [25]. 
Evidence suggests that this dysfunction in the 
skin barrier is an important factor in the develop-
ment of allergic sensitization [26, 27]. This sensi-
tization can lead to both food allergy and allergic 
rhinitis, then leading to allergic asthma. There is 
debate as to whether the atopic march represents 
a causal relationship versus atopic dermatitis and 
asthma having shared genetic and environmental 

risk factors [27]. Nonetheless, having one aller-
gic disease does predispose a child to having 
another allergic disease.

Food allergy is thus in general associated with 
an increased risk of asthma [28]. The NIAID-
Sponsored Expert Panel Guidelines for the 
Diagnosis and Management of Food Allergy in 
the United States summarized the risks associ-
ated with food allergy and asthma. They report 
that children with asthma who are sensitized to 
foods have a higher rate of hospitalization and 
increased utilization of oral corticosteroids [29]. 
In an analysis of a family-based food allergy 
cohort in Chicago, IL, Schroeder et  al. demon-
strated that symptomatic food allergy was associ-
ated with asthma in children, and the association 

Birth

Atopic dermatitis

Dysfunction in skin barrier
(Fliaggrin defect, increase
in transepidermal water
loss (TEWL))

Allergic sensitization
(through disruption in
skin barrier, genetic
predisposition)

Airway inflammation, hyper-
responsiveness of bronchial muscle

Asthma

Food allergy Allergic rhinitis

Fig. 6.1  Atopic march
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was stronger with multiple or severe food aller-
gies [30]. Thirty-six percent of children younger 
than 6 years of age and 2 or more food allergies 
had a diagnosis of asthma (p  =  0.0033) [30]. 
Children with food allergies have increased 
asthma morbidity and health care utilization [31], 
and this is also increased with multiple food 
allergies [32]. A multicenter prospective study of 
163 children with anaphylaxis reported that a 
clinical history of asthma doubled the risk of 
respiratory arrest by seven-fold [33]. Gupta et al. 
reported an estimated annual economic impact of 
$24.8 billion or $4184 per year per child [1]. 
These patients are at increased risk of asthma-
related hospitalizations and have significantly 
decreased lung function (FEV1 and FEV1/FVC 
ratios) [32]. The presence of self-reported food 
allergy is also more likely in patients with asthma 
admitted to the intensive-care unit (ICU) com-
pared with patients with asthma who seek ambu-
latory care or are admitted to the hospital but not 
to the ICU [29].

Additionally, there is a risk of more severe 
reactions to accidental exposure to foods in 
children with asthma. In a previous registry 
established by the American Academy of 
Allergy, Asthma, and Immunology and with the 
assistance of the Food Allergy and Anaphylaxis 
Network, Bock, et  al. reviewed the 32 fatal 
cases of anaphylaxis noted in the registry. In 
those subjects, all but one was noted to have 
asthma [8]. This increased association was also 
seen in previous studies where almost all fatal 
food allergy reactions were associated with a 
comorbidity of asthma [34]. Patients with food 
allergy and asthma have been found to have 
lower forced expiratory volume in 1  second 
(FEV1) scores as compared to asthmatic 
patients without food allergy [32]. Patients with 
multiple food allergies have been found to have 
three times the risk of daytime asthma symp-
toms and five times the risk of hospitalization 
[32]. This risk was maintained even when 
adjusting for other atopic diseases including 
atopic dermatitis [32]. It is thus important that 
pediatricians managing a patient’s asthma with 
a history of food allergy take extra care to 
enforce adherence to controller medications 

and work to prevent exacerbations. It is also 
important to monitor for early signs of asthma 
in children with known food allergy due to this 
increased risk of severe allergic food reaction.

With poorly controlled asthma, anaphylaxis 
becomes more life threatening. There are reports 
of epinephrine being less effective in treatment of 
anaphylaxis in the presence of an asthma diagno-
sis [35]. The presentation of anaphylaxis can also 
be more severe with the presence of asthma. With 
the baseline obstruction, the increased hyper-
responsiveness that occurs with anaphylaxis can 
make airflow even more difficult. It thus becomes 
of vital importance to recognize the symptoms of 
asthma in a child, especially in the presence of 
food allergy, and to initiate epinephrine sooner 
rather than later on a suspected anaphylaxis 
episode.

Food allergy can be fluid as tolerance may 
occur as children become older. Milk and egg 
allergy are often outgrown in the first 4–6 years 
of life, but peanut and tree nut food allergy per-
sist more often into adulthood and natural toler-
ance is less often achieved [24]. The persistence 
of sensitization to food allergens in school-age 
children is associated with more severe asthma 
[36]. This is important to consider in the manage-
ment of a child’s asthma and food allergy. It gives 
foresight that these children are more likely to 
develop more severe asthma, and thus care must 
be taken in management of symptoms and asthma 
control.

�Tools for Management of Asthma 
and Food Allergy

We summarize the management of food allergy 
and asthma in Fig. 6.2. Table 6.2 presents impor-
tant references for medical caregivers of children 
with food allergy and asthma.

It is important for a child’s caregiver to know 
the importance of the increased severity of a food 
reaction on accidental exposure when the child 
has uncontrolled asthma. There are several tools 
to manage these two comorbidities. In allergy 
clinic, care is taken to assess the patient’s asthma 
on each visit. Patients are often asked to complete 
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• Diagnose and treat with
 referral to Allergy for skin
 prick testing, serum specific
 IgE
• Training on avoidance of food
 triggers and appropriate use
 of epinephrine

• Diagnose and treat with use
 of PFT, inhaled corticosteroid
 and short acting beta-agonists
 when appropriate
• Recognition of asthma flares
 and management sooner
 rather than later

• Provide FAAP and AAP
 updated at each visit
• Ensure control of asthma to
 prevent severe food reactions
 on accidental exposures
• Monitor patient on OIT for
 increased symptoms

Food allergy and
asthma

AsthmaFood allergy

Fig. 6.2  Management 
of food allergy and 
asthma

Table 6.2  Important references for key points on asthma and food allergy

Reference Year Key finding
Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal 
anaphylactic reactions to food in children and adolescents [34]

1992, 
2001

Increased fatalities of food-induced 
anaphylaxis in asthmatic patients

Bock SA, Munoz-Furlong A, Sampson HA. Fatalities due to 
anaphylactic reactions to foods [8]
Mahdavinia M, Fox SR, Smith BM, James C, Palmisano EL, 
Mohammed A, et al. Racial Differences in Food Allergy 
Phenotype and Health Care Utilization among US Children [6]

2017 Increased rates of food allergy anaphylaxis 
occur among African Americans and 
Hispanics than Caucasians

Gupta RS, Warren CM, Smith BM, Blumenstock JA, Jiang 
JL, Davis MM, et al. The Public Health Impact of Parent-
Reported Childhood Food Allergies in the United States [3]

2018 Approximately 42% of children with food 
allergies have severe reactions, and 40% of 
children with food allergies have multiple 
food allergies

Savage J, Johns CB. Food allergy: epidemiology and natural 
history [37]

2015 Most common food allergies among children 
are milk, peanut, and shellfish

Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. 
Lancet [12]

2018 Asthma prevalence switches from being 
more in males to females at puberty

Friedlander JL, Sheehan WJ, Baxi SN, Kopel LS, Gaffin JM, 
Ozonoff A, et al. Food allergy and increased asthma morbidity 
in a School-based Inner-City Asthma Study [32]

2013 Children with food allergy are at an increased 
risk of asthma-related hospitalizations and 
have decreased lung function compared to 
children without food allergy

Jat KR. Spirometry in children. Prim Care Respir J [38] 2013 Pulmonary function tests should be utilized 
in children with asthma and food allergy, 
including preschool children

Krogulska A, Dynowski J, Jedrzejczyk M, Sardecka I, 
Malachowska B, Wasowska-Krolikowska K. The impact of 
food allergens on airway responsiveness in schoolchildren 
with asthma: A DBPCFC study. Pediatr Pulmonol [39]

2016 Increased bronchial hyper-responsiveness in 
children undergoing oral food challenges 
with a history of asthma

Vazquez-Ortiz M, Alvaro M, Piquer M, Giner MT, 
Dominguez O, Lozano J, et al. Life-threatening anaphylaxis 
to egg and milk oral immunotherapy in asthmatic teenagers. 
Ann Allergy Asthma Immunol [40]

2014 Adolescents with asthma on OIT are at 
increased risk for adverse reactions
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the asthma control test (ACT) to assess the symp-
tomatic score for control of asthma. The ACT 
assesses subjectively the control of a patient’s 
asthma in the preceding 4  weeks. Patients are 
asked to report how much time was kept from 
school, how often they have felt short of breath, 
are wheezing, are coughing, and how often they 
have used their rescue inhaler. When assessing 
use in the primary care setting, it has been shown 
to be beneficial in assessing asthma control [41]. 
Banasiak et al. conducted a pre- and post-imple-
mentation study comparing two different groups 
of patients with asthma seen in clinic over a 
5-week period. After the implementation of the 
ACT, increased awareness of poor asthma control 
that was not previously noted was identified and 
adjustments made in their medication therapy. It 
is thus a simple, self-administered validated 
questionnaire that can be incorporated into the 
primary care setting to assist in screening patients 
on a regular basis for asthma control that may not 
be seen in a history and physical.

The increased risk of food allergy in the pres-
ence of asthma is highlighted in the Food Allergy 
Research and Education (FARE) Food Action 
Allergy Plan (FAAP) (Fig.  6.3). An updated 
FAAP is routinely provided to patients with food 
allergy so that other caregivers, schools, and day-
cares will know what specific foods should be 
avoided and what medications to be utilized if an 
accidental exposure with reaction occurs. The 
FAAP as noted below has an area to check if the 
patient has asthma and denotes that it indicates a 
higher risk of severe reaction. This further high-
lights the extra vigilance should be present for 
asthmatic patients with food allergy who have an 
accidental exposure.

Managing food allergy and asthma can be 
especially anxiety provoking for school-aged 
children. Food allergy alone can cause children to 
perceive themselves as different at school. It may 
also make them more vulnerable to bullying or 
being singled-out among their peers [43]. 
Evidence also shows that a variety of school sys-
tems may not have the appropriate readiness to 
manage a child with food allergy [44]. This 
makes it of utmost importance that clinicians 
equip patients and families with thorough coun-

seling and guidance in managing food allergy 
and asthma. Although a child’s school may not 
require the possession of a FAAP or AAP, it is 
our duty to provide families with these to give to 
schools to help prevent inappropriate treatment 
and delayed recognition of an accidental 
ingestion.

Objectively, pulmonary function tests (PFT) 
are a useful tool in assessing a patient’s asthma 
with a history of food allergy. It is most useful to 
track the changes that occur on FEV1 and FEV1/
FVC ratio (forced expiratory volume in 1 second/
forced vital capacity) in the patient as a measure 
of asthma control. FEV1 is a good measure of the 
degree of obstruction. It is often underused in the 
outpatient setting and can be utilized as a pro-
gressive monitoring of asthma. There can be 
variability in the accuracy of pulmonary function 
tests in children due to the ability to perform the 
test, especially in preschool children age 
3–5  years [45]. However, with recent improve-
ments in available spirometry equipment, pre-
school children can effectively perform the test 
with the assistance of a trained personnel [38]. It 
is thus an effective method of monitoring the 
control of asthma from an objective standpoint.

Pulmonary function tests are especially impor-
tant when determining whether a patient would 
be a good candidate for an oral food challenge 
(OFC) to the food allergy. OFCs are the current 
gold standard in diagnosing clinical reactivity 
and presence of a food allergy [46]. However, the 
risks and benefits of performing the challenge 
must not be taken lightly. An OFC consists of 
increasing doses of the food in question to a total 
goal dose, and is performed in an allergist’s 
office. The patient at the time should be well with 
control of comorbid conditions such as asthma. 
Often allergists will not perform an OFC to a 
food when a patient’s asthma is not under control 
due to the increased risk of a severe reaction that 
may not be responsive to acute therapy manage-
ment. Data has demonstrated the increased air-
way hyper-responsiveness seen in food allergy 
patients with asthma. After performance of dou-
ble-blind placebo controlled challenges in asth-
matic patients with food allergy and those 
without, the patients with food allergy were noted 
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Fig. 6.3  Food allergy action plan [42]. (Reprinted from FARE. © 2018, Food Allergy Research & Education. Used 
with permission)
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to have increased bronchial hyper-responsiveness 
with changes noted on methacholine challenge 
compared to those without [39].

�Oral Immunotherapy and Asthma

Oral immunotherapy (OIT) to specific food 
allergens is a promising future therapy for IgE-
mediated food allergies. OIT involves consum-
ing small amount of the specific food allergen 
on a daily basis with increases in dose incremen-
tally under the supervision of an allergist. It has 
consistently been shown to significantly change 
the threshold of reactivity [47]. Currently, the 
most common foods that oral immunotherapy 
is being performed with are peanut, milk, and 
egg. However, it does come with some risks 
and adverse reactions, especially in the pres-
ence of asthma. Previous studies have found 
increased chest symptoms in patients receiving 
peanut OIT with a history of asthma [48]. In an 
open-label treatment program performed with 
patients with milk allergy and treatment with 
milk OIT, patients with asthma were found to 
not reach as high of a starting dose compared 
to non-asthmatics [49]. This was not related to 
asthma exacerbations at the time of the updos-
ing. Asthmatic patients were also noted to have 
more reactions when compared to those without 
asthma. When looking at the high-risk group of 
adolescents with asthma, more adverse events 
were seen with adolescents on milk or egg oral 
immunotherapy and high milk or egg-specific 
IgE levels [40]. This was attributed to their risk-
taking behaviors and poor compliance. It is thus 
critical that patients considering OIT who have 
a history of asthma have well-controlled asthma 
before initiation and care taken through the 
treatment in making sure their asthma is under 
control.

Severe allergic asthma patients are often 
placed on biologic treatments including omali-

zumab and mepolizumab. Patients on omali-
zumab, an anti-IgE therapy, who are undergoing 
OIT have tolerated it with fewer adverse events 
than those not on omalizumab [50]. Several stud-
ies have found that the addition of omalizumab to 
OIT can decrease both the time required to reach 
maintenance dosing as well as adverse events 
[51]. However, omalizumab does not currently 
carry an indication for adjunctive therapy with 
food OIT.

�Conclusion

Food allergy and asthma are a common occur-
rence in the pediatric population. Asthma predis-
poses a child with food allergy to more risk of a 
severe or fatal reaction. Thus, we must take extra 
care to ensure a child’s asthma is under control 
with continued monitoring, ensuring compliance 
to medications, and appropriate counseling on 
the recognition of food allergy reactions and the 
management of these reactions. Specifically, the 
adolescent age group is more vulnerable to severe 
reactions and may have less insight into when 
symptoms of asthma are poorly controlled. 
Appropriate clinic visits to monitor progression 
can help prevent these adverse events and better 
equip patients and families to manage the comor-
bidities of asthma and food allergy.
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Eczema
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�A Case of Eczema and Food Allergy 
(Fig. 7.1)

�Introduction to Eczema and Atopic 
Dermatitis

Eczema, often synonymous with atopic derma-
titis (AD), is the most common chronic inflam-
matory disorder of the skin in children, affecting 
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Case 7.1
A 3-month-old boy was brought to the 
pediatric allergy clinic by his family with 
concern for eczema and food allergy (FA). 
The patient was born full term with no sig-
nificant neonatal history. Family history was 
notable for seasonal allergies in mother, mild 
asthma in father and an older sibling who 
had eczema as an infant, which had resolved 
in childhood. In addition to eczema, our 
patient had a history of ongoing reflux and 
two staphylococcal skin infections requir-
ing antibiotic treatment. Breast feeding 
was stopped and several different formulas 
were trialed with concern for food allergy. 
He showed no improvement on cows’ milk-
based or soy formulas, and despite transition 
to a partially hydrolyzed formula contin-
ued to experience eczema symptoms and 
progressively worsening reflux. Upon pre-
sentation to our clinic, he was using 2.5% 

hydrocortisone ointment twice daily without 
much improvement, though parents noted 
that his rash would worsen if topical steroids 
were removed. Parents also noted that in the 
past he had even received an oral steroid 
course when his eczema was at its worst.

Fig. 7.1  Our patient
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roughly 10–20% of pediatric patients, of which 
up to 80% have evidence of allergy or other atopic 
phenotypes [1, 2]. The etiology of AD is com-
plex, involving an interaction between genetic 
and environmental factors associated with dys-
function and dysregulation of the body’s epider-
mal barrier, the immune system, interaction with 
infectious agents and response to inflammation. 
The role of diet and dietary manipulation in the 
treatment of AD has long been explored and 
debated. Current robust evidence supports an 
association between AD and food allergy (FA), 
though this relationship is likely not fully under-
stood. With rates of FA on the rise, and the sig-
nificant burden of FA in the pediatric population, 
understanding the implication of comorbid AD 
is paramount for both the practicing allergist as 
well as for other pediatric clinicians.

The term “eczema” is used to describe a broad 
set of inflammatory skin (dermatitis) conditions 
with the shared feature of an associated skin bar-
rier defect [3]. AD is a subset of eczema that typi-
cally begins in early infancy or in childhood, with 
the underlying inflammatory process being pri-
mary driven by a helper T lymphocyte and the 
immunoglobulin E (IgE)-antibody-mediated 
immune response. This suggests an important 
role for allergen triggers and the intervention of 
allergen avoidance in management of symptoms. 
Age is an important factor in the consideration of 
AD diagnosis. In 85% of affected individuals, the 
onset of AD occurs before 5 years of age, with 
60% of children impacted within the first year of 
life and 45% within the first 6 months of life [4]. 
Of these, 80% have elevated total IgE and evi-
dence of allergic sensitization [5]. However, as 
will be discussed ahead, with development of 
very early AD (within the first months of life) or 
very severe early AD, physicians should consider 
intrinsic etiologies, such as immunodeficiency.

AD is phenotypically characterized by extreme 
pruritus, xerosis, and rash that occur in a chronic 
relapsing and remitting pattern, often leading to 
significant disability, including profound impacts 
on the quality of life of children and caregivers 
[6]. The rash is typically erythematous and papu-
lar but may also involve vesicular lesions, weep-
ing, excoriations, and crusting with thickened and 

lichenified papules characteristic of chronicity 
over time [7]. Lesion distribution also tends to 
vary by age. In infants, AD presents on the scalp, 
face (cheeks and chin) and extensor surfaces of 
the extremities, with involvement of the flexor 
extremity surfaces (especially the antecubital and 
popliteal fossa) in children and progression to the 
hands, wrists, and feet in older children and young 
adults [8] (Fig. 7.2). Cracked and fissured xerotic 
skin, importantly, increases patients’ susceptibil-
ity to infection, commonly involving staphylococ-
cal and streptococcal bacteria, as well as herpes 
simplex virus (HSV) [9].

Treatment is focused on maintenance and reha-
bilitation of the skin barrier with prevention targeted 
towards avoidance of xerosis, infection, and inflam-
mation, with long-term maintenance and adherence 
to an appropriate skin care regimen. In the case of 
AD-associated with specific triggers, including 
food, additional evaluation is often necessary.

�History of AD and FA

The question of food protein hypersensitivity trig-
gering eczematous skin rashes has been of long-
standing historical interest. Case reports in the 
early 1900s describe patients who experienced 
improvement in their dermatitis with avoidance of 
specific foods in the diet and recurrence with food 
reintroduction [10–12]. Other reports over the 
twentieth century questioned these initial theories, 
leading to long-standing debate and controversy 
regarding the relationship between FA and AD 
[13]. Nevertheless, current cumulative research 
strongly supports a clinical role for FA in a per-
centage of children affected by AD, with reports of 
food elimination leading to improvement in skin 
symptoms [14–16], reintroduction leading to 
symptom exacerbation [17–19], and food avoid-
ance associated with AD prevention [20–22].

�Prevalence of FA in AD

There is a common misconception that all (or 
most) children with eczema or AD have comor-
bid food allergies, and if identified, avoidance of 
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the specific food allergen will cure AD. As com-
pared to the large number of children affected 
with eczema, the prevalence of FA in the United 
States is only 8% [23]. While this percentage is 
not insignificant, AD triggered specifically by a 
food allergen is relatively rare. Careful assess-
ment of baseline skin care practices to ensure 
appropriate treatment should also be integral to 
the initial evaluation. Often, AD is severe or 
uncontrolled due to inadequate treatment/preven-
tion routine, either due to poor adherence to regu-
lar moisturizing or lack of appropriate topical 
steroid use. In general, the presentation of a 
younger patient and/or patient with more severe 
AD should prompt clinicians to consider food as 
a possible contributing factor while also main-
taining a broad differential diagnosis for other 
potential triggers. Older children or adults pre-
senting with new onset AD are, in contrast, are 
less likely to have a food-related trigger [24].

Although differentiating the exact prevalence 
of FA in AD is difficult given various triggers of 
atopic disease, several studied have sought to 
determine these rates with controlled research 
methods (Table 7.1). It is generally well accepted 
that roughly one-third to 40% of children with 
moderate-severe AD have FA (potentially as a 
contributing factor to AD) [29, 34, 35] with only 
a small percent of mild eczema associated with 
FA [36]. Interpretation of these rates must take 
into consideration the limitations of prevalence 
comparison between studies with different intrin-
sic study design and definitions used to identify 
severity in AD. Additionally, studies performed 
in children seen for evaluation at large referral 
centers may report higher prevalence rates com-
pared to the true rate in the general population. 
Importantly, however, in a previous assessment 
of children who had not been referred to an aller-
gist for management as well as in the evaluation 

a

b c

Fig. 7.2  (a) Infantile eczema vs. (b) and (c) childhood eczema

7  Eczema



92

of children outside of the United States, similar 
FA prevalence rates associated with AD have 
been described [29, 30].

�Foods Triggering AD and Patterns 
of Clinical Reactivity

Over 90% of FA in children with AD can be 
attributed to the following foods: cow’s milk, 
hen’s egg, wheat, soy, peanuts, tree nuts, and fish 
[35], though variations in susceptibility exist 
based on age. In infants, cow’s milk, hen’s egg, 
wheat, and soy are most commonly implicated, 
with peanut, tree nuts, and fish triggers beginning 
more commonly in childhood and through ado-
lescence [37]. It is important to note that these 
trends may change with changes in food intro-
duction recommendations as will be discussed 
ahead. With this in mind, differentiating which 
patients might be more likely to have FA as a fac-
tor contributing to uncontrolled or difficult-to-
treat AD relies initially on a thorough clinical 
history and physical examination along with tar-
geted allergy testing when clinically indicated.

Before pursuing allergy referral or specific 
allergy testing, it is important to ensure that opti-
mal skin care practices have been performed and 
with appropriate adherence. Especially with 
increasing awareness of FA and various commu-
nity and school interventions to raise awareness 
about accidental FA exposures, parents may be 
heightened to the potential that food could be 
contributing to uncontrolled AD. However, in a 
double-blind placebo-controlled OFC challenge 
study, only 35–40% of parent-reported suspi-
cions to FA could be clinically verified [34]. 
Further research demonstrated that parental con-
cern regarding FA contributing to AD exacerba-
tions decreased significantly with initiation of 
adequate skin care treatment [38]. In the sub-
group of infants and children with unimproved or 
recurrent AD, despite adequate skin care regi-
mens, consideration of a possible culprit food is 
warranted.

According to the International Collaboration 
in Asthma, Allergy and Immunology, an allergy 
work-up should be pursued in children who meet 
the following criteria: (1) children who demon-
strate an immediate reaction to a specific food or 
(2) children with moderate-to-severe AD despite 
optimal skin care [39]. In the first case, concern 
for FA, arguably, may be more readily apparent 
given the time-course pattern of food ingestion 
leading to an immediate AD flare. Symptom 
onset is typically within 2 hours of food ingestion 
and may be observed with presence of other clas-
sic IgE-mediated symptoms along the anaphy-
laxis spectrum, including development of hives 
(urticaria), angioedema, flushing, pruritus, and 
gastrointestinal and respiratory symptoms.

Identifying a specific food trigger in children 
with moderate-to severe AD despite optimal skin 
care can be more challenging, and thus allergy 
testing can be a useful tool to support clinical 
evaluation in this instance. With the burden of 
persistent eczematous inflammation, identifying 
a cause and effect relationship between food 
ingestion and a flare in AD may not be readily 
perceived. Further, difficult-to-treat AD or other 
types of dermatitis may be worsened both with 
exposure to a specific food trigger and by other 
non-food triggers simultaneously (Table  7.2), 

Table 7.1  Prevalence of FA in children with AD studiesa 
[24, 25]

Study
Number of 
patients Years

Positive SPT or 
positive IgE (%)

Breuer et al. 
[26]

64 2004 46

Burks et al. 
[27]

46 1988 33

Burks et al. 
[28]

165 1998 39

Eigenmann 
et al. [29]

63 1998 37

Eigenmann 
et al. [30]

74 2000 34

Garcia et al. 
[31]

44 2007 27

Niggemann 
et al. [32]

107 1999 51

Sampson et al. 
[18]

113 1985 56

Sampson et al. 
[33]

320 1992 63

aData from Forbes et al. [24] and from Rance et al. [25]
Adapted from Rance et al. [25] with permission from John 
Wiley and Sons
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which can confound the clinical timeline [40]. 
Often, patients experience continued AD symp-
toms, despite elimination of a suspected food, 
given the involvement of other non-food-related 
triggers. Finally, it is important to consider that 
children with moderate-to-severe AD have higher 
rates of FA overall given increased atopic pro-
pensity, and, thus, identification of a positive 
food allergen by testing may indicate presence of 
an IgE-mediated FA, which may be independent 
and noncontributory to the patient’s current der-
matitis [41].

Non-IgE eczematous reactions related to food 
must also be considered. While fewer studies have 
identified these types of reactions, isolated late 
AD exacerbations have been described [26, 42], 
with one study showing that 10% of children who 

reacted during OFC developed isolated dermatitis 
16 hours following a challenge [26]. Finally, iso-
lated pruritus in the immediate setting following 
food ingestion may also be suspicious of an IgE-
mediated reaction, with subsequent exacerbation 
of AD precipitated by scratching [43].

�Diagnosis and Management of FA 
in AD

In the previous section, we discussed when to be 
concerned for a potential FA trigger in the setting 
of AD. To make an accurate diagnosis of a spe-
cific FA contributing to AD symptoms, one must 
combine the clinical history with targeted testing 
and closely document changes in symptoms with 
trials of elimination diets and eventual OFC. FA 
testing can be performed either in vivo using skin 
prick tests (SPTs) or in  vitro with specific IgE 
measurements in the serum, though both tests 
have significant limitations that must be consid-
ered. While both tests are designed to detect pres-
ence of a food-specific IgE as a marker of food 
sensitization, presence does not entirely indicate 
that a child will experience a reaction with food 
ingestion.

SPTs are usually performed as first-line 
screening by allergists, given rapid interpretation 
and minimal invasiveness of the procedure. In 
general, the negative predictive value for food 
testing is quite good (over >95%) and so a nega-
tive test is helpful to rule out FA whereas positive 
tests have low positive predictive values of less 
than 40% [18, 44–46]. Thus, a positive skin test 
alone cannot be considered as evidence that a 
patient will display a clinical reaction to a spe-
cific food. Intradermal skin testing, often utilized 
routinely for more specific aeroallergen testing, 
should not be performed for food due to risk of 
anaphylaxis and high false-positive rates [46]. To 
complicate the matter further, dermatitis of the 
skin itself can impact SPT results. It is well 
described that children with AD show positive 
reactions at especially high rates with prick test-
ing, one study suggesting a false-positive rate in 
children with AD of over 80% [47]. Serum IgE 
(RAST) testing can also be helpful in excluding 

Table 7.2  Triggers associated with dermatitis in 
childhood

Environmental triggers
 � Inhalant allergens (pollens, dust mite)
 � Pet allergens (cats > dogs)
Contact allergens
 � Cosmetics
 � Medication
 � Adhesives
 � Blue dye (“blue jean diaper dermatitis)
 � Nickel, gold
 � Soaps, shampoo, detergents, fragrances, perfumed, 

colognes, diffusers, air fresheners, nail polish
 � Lanolin
 � Poison ivy
 � Latex
Irritants
 � Soaps, creams
 � Wool
 � Saliva (saliva dermatitis)
 � Sweat
 � Diaper dermatitis
 � Juices (fresh fruit, vegetables)
Bacterial/viral
 � Staphylococcus
 � Streptococcus
 � Coxsackievirus and others
Physical
 � Dry skin
 � Heat, cold
Psychological
 � Anxiety, stress
Food specific triggers
 � Cow’s milka, egga, wheata, soya, peanut, tree nut, fish, 

shellfish, sesame, pollen-associated foods
aMost common in early infancy

7  Eczema



94

FA, but positive values, like prick tests, have lim-
ited predictive value and results are often difficult 
to interpret [34]. Use of serum IgE testing can be 
attractive as testing can be performed in patients 
without the need for prick testing materials, can 
be performed in patients currently taking antihis-
tamines (unlike SPTs), and offer easy accessibil-
ity to broad FA testing with widely available 
“food panels.” Unfortunately, given the high 
false-positive rates that inevitably occur with 
comprehensive testing to various foods, children 
are often unnecessarily subjected to extensive 
avoidance diets, often limiting important nutri-
tional components. Unfortunately, cases of fail-
ure to thrive due to extensive dietary restriction 
based solely on allergy testing have been 
described [48, 49]. For this reason, clinicians are 
strongly discouraged against sending wide-
ranging food panels to various food allergens, 
especially in infants and children who have not 
yet ingested and demonstrated clinical reactivity 
to a food. In any case, where a potentially severe 
food allergy is suspected, an epinephrine autoin-
jector is recommended. We would also recom-
mend referral to an allergist in any child with 
positive allergy testing for continued evaluation.

In combination with the above testing and 
clinical history, use of a limited, closely super-
vised and targeted food elimination diet can be a 
helpful tool in the diagnosis of a suspected food 
trigger in AD. In practice, clinicians should work 
with families to carefully record changes in skin 
symptoms with elimination of a suspected food 
over a 2–3-week trial period. Given the substan-
tial concern for nutritional deficiencies, a team 
approach between primary clinician and a knowl-
edgeable nutritionist or dietician is often war-
ranted. With no prior concern for anaphylaxis 
symptoms, foods can be individually added back 
into the diet with close observation. Evidence of 
immediate worsening AD with addition of the 
food back into the diet at that point would be sug-
gestive of a food trigger and the food should then 
be eliminated completely, potentially inclusive of 
the food from the maternal diet in infants receiv-
ing breast milk. In circumstances where mothers 
are eliminating foods from the diet, involvement 
of a nutritionist is also important to ensure that 

maternal nutrition is otherwise intact. If there 
remains a question of the role of FA in AD, an 
oral food challenge can be performed [34]. As 
mentioned above, given that AD can be multifac-
torial in etiology, one must be mindful that elimi-
nation of a suspected food allergen from the diet 
may not lead to improvement of AD if other trig-
gers and inadequate skin care practices are not 
also addressed. Every effort by clinicians to 
safely re-introduce non-contributory foods into 
the diet, to avoid unnecessary dietary restrictions, 
should be made.

There are other diagnostic tests to be aware of 
related to diagnosis of FA in AD. Epicutaneous 
testing or atopy patch testing has been utilized 
individually and in combination with SPT and 
IgE tests, most often outside of the United States, 
however, is not yet standardized for clinical prac-
tice [50–52]. Food-specific IgG and IgG4 tests 
have notably not been shown to have any clinical 
validity in the diagnosis of FA, as positive values 
reflect normal immune responses to foods toler-
ated in the diet and as such should not be mea-
sured [53]. Finally, the basophil activation test 
has been assessed for FA diagnosis but only cur-
rently on a research basis [54].

�Prognosis and Natural History 
of FA in AD

AD in early infancy and childhood may be the 
initial manifestation of progressive allergy over 
time known as the atopic march, and so primary 
care clinicians should monitor for potential onset 
of other FA with new food exposures as well as 
concomitant allergic rhinitis, allergic conjuncti-
vitis, cough, or wheeze (asthma) through child-
hood. While not all patients need to be seen by an 
allergist, those with moderate-to-severe atopic 
disease would likely benefit from specialist 
evaluation.

In regards to FA and AD, it is classically 
accepted that approximately one third of children 
with AD and FA will outgrow their food sensitiv-
ity over the first 3 years of life, depending on the 
causal food [55]. Some children may also out-
grow their AD, though rates vary. In most 
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patients, allergy to cow’s milk, hen’s egg, wheat, 
and soy has a positive prognosis, whereas peanut, 
tree nuts, fish, and shellfish are more difficult to 
outgrow [55–59]. More recent data, however, 
suggest that the rate of resolution of FA may be 
slower than previously reported [60], and there-
fore follow ups with an allergist at regular inter-
vals for potential repeat testing is recommended.

It should also be noted that food elimination in 
the diet can impact allergic sensitivity and reac-
tivity to a specific food [61]. For example, in a 
child who only initially experienced an eczema 
flare with exposure to a specific food, and subse-
quently eliminated the food from their diet, re-
exposure to the food after a period of elimination 
could precipitate a severe anaphylactic reaction if 
the child remains allergic. Further, children may 
develop intolerance to specific foods that had 
been tolerated in the past if the food is eliminated 
from the diet for too long. This is a particular 
concern in children who undergo allergy testing 
for AD to foods regularly consumed in the diet 
without reaction. We see this in our allergy clinic, 
unfortunately, not infrequently. Thus, a properly 
observed and structured OFC prior to reintroduc-
tion of a food allergen that has been avoided is 
most prudent to assess for the possibility that a 
FA has been outgrown.

As mentioned previously, food introduction 
practices regarding “highly allergenic foods” 
have changed over time. In 2015, the landmark 
Learning Early about Peanut Allergy (LEAP) 
showed that early introduction to peanut in 
infants as young as 4 months of age was associ-
ated with lower rates of IgE-mediated peanut 
allergy, though allergen screening in infants with 
severe eczema and/or egg allergy was recom-
mended [62, 63]. This and other studies regard-
ing optimizing food introduction timing as well 
as early skin care efforts will likely impact trends 
in infantile eczema in the future.

�Other Considerations

Children and adults with birch pollen sensiti-
zation may demonstrate AD exacerbation with 
ingestion of cross-reacting foods [64]. This 

clinical entity, known as “oral allergy syn-
drome” or “pollen allergy syndrome,” is due to 
IgE cross-reactivity between pollen proteins 
and food epitopes, most commonly associated 
with fresh fruits or nuts such as cherries, 
apples, peaches, carrots, celery, and hazelnut. 
While the reaction is typically benign and 
localized to pruritus in the mouth, AD flares 
can occur. This clinical entity may be particu-
larly notable in adults especially in those with 
seasonal allergy onset at an older age or those 
without prior history of classic IgE-mediated 
FA as a child.

Eczematous lesions and AD can also be asso-
ciated with primary immunodeficiencies. Infants 
and children with primary immunodeficiencies 
may have history of failure to thrive, frequent or 
recurrent infections, including otitis media, pneu-
monias, sinus infections, recurrent or chronic 
diarrhea as well as cutaneous manifestation such 
as abscesses or deep tissue infections. Certainly, 
patients with AD as well as any severe, life-
threatening illness, early autoimmune or atypical 
infection should be considered for immunologic 
evaluation.

Specifically, patients with Wiskott-Aldrich 
syndrome demonstrate eczema associated with 
thrombocytopenia (both low platelet count and 
decreased mean platelet volume) and a com-
bined immunodeficiency. In these patients, 
dermatitis is often complicated by bacterial or 
viral pathogens including HSV or molluscum 
[65]. Hyper IgE syndrome, another combined 
immunodeficiency, is also characterized by 
severe AD and recurrent infections (pneumo-
nias and Staph. aureus skin abscesses). 
Further, these children often display comorbid 
FA, particularly relevant to this chapter [66]. 
Finally, Omenn syndrome, a form of severe 
combined immunodeficiency (SCID), may 
present with AD at a young age associated 
with lymphadenopathy and hepatosplenomeg-
aly due to oligoclonal expansion of autoreac-
tive T-cells [67]. Thus, in a child with any of 
the above concerns, the primary care clini-
cians should maintain a low threshold for 
referral to a pediatric allergy/immunologist 
for comprehensive evaluation.
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�Take-Home Points (Table 7.3)

Table 7.3  Take-home points

Eczema or atopic dermatitis (AD) is the most common 
chronic inflammatory disorder of the skin in children, 
affecting roughly 10–20% of pediatric patients.
Food allergy as the underlying cause for AD is rare, 
though children with moderate-severe AD have higher 
rates of food allergy.
In general, food allergy should be suspected in patients 
with AD who are younger, have more severe AD or are 
refractory to treatment.
AD management relies on optimal skin care 
management to promote skin barrier and appropriate 
pharmacologic therapies when needed.
Food allergy should be suspected in children with AD 
who develop an immediate flare following food ingestion.
Food allergy testing, such as SPTs can be useful in 
ruling out food allergy in patients with moderate-severe 
AD, however, has low positive predictive rates.
Use of broad food allergy testing, such as “food 
panels,” is not recommended given high risk for false 
positives and unnecessary dietary eliminations that can 
lead to dramatic nutritional deficiencies.
Patients may reasonably undergo limited food 
elimination trials, though close monitoring by an 
allergist and nutritionist is recommended.
AD may also be an important presenting feature for 
non-allergic diseases including several rare primary 
immunodeficiencies.

Case 7.1 Discussion
Our patient presented to the allergy clinic 
with refractory AD despite regular use of an 
appropriate topical steroid for age. He also 
showed intolerance to several types of formu-
las, both cow’s milk and soy-based, including 
partially hydrolyzed cow’s milk formula. No 
other solid foods had been introduced. In this 
setting, we worked with the family to per-
form a trial 2-week elimination diet, with ini-
tiation of a fully hydrolyzed amino acid-based 
formula. We know that some infants with 
IgE-mediated milk allergy will still react to 
only partially broken-down formula. Within 
2  weeks, parents noticed a significant 
improvement in rash severity. Reductions in 
episodes of reflux were noted. Parents also 
reported the patient seemed more playful and 
brighter. Given the severity of AD, early 
onset, and associated skin infections, a 
screening workup of the patient’s immune 
system was performed and was found to be 
normal. Zinc deficiency was also ruled out. 
Given the clear time course improvement 
with elimination of milk including both 
improvement of skin and GI symptoms, skin 
prick testing to milk and soy was performed 
and was found to be positive.

Over the ensuing 7  months, and with 
adherence to the amino acid-based formula, 
the patient experienced almost full resolu-
tion of AD, with areas of flare responsive to 
short courses of hydrocortisone ointment. At 
6 months of age, solid foods were able to be 
introduced into the diet, including cereals, 
fruits and vegetables (though allergenic 
foods were not initially introduced due to 
food introduction guidelines at that time). 
Over time, he was also able to add eggs and 
peanuts. With the help of a nutritionist and 
his primary care clinician, he was able to 
transition from elemental formula to almond 
milk. At 3 years of age, following gradually 
decreasing skin prick test measurements, the 

patient underwent food challenge to milk 
and soy and these were able to be reintro-
duced into the diet. Despite having a dog in 
the house and developing allergic rhinitis 
symptoms over time, the patient’s eczema 
remained manageable, suggesting the dog 
was an unlikely trigger for eczema.

At 9 years of age, the patient did experi-
ence an anaphylactic reaction to cashew, a 
food not previously introduced. Symptoms 
included immediate vomiting and hives neces-
sitating an emergency room visit. Confirmed 
by positive allergy testing, he has continued to 
maintain strict avoidance with an epinephrine 
autoinjector readily available at all times.

This case reflects a significant example 
of infantile AD directly secondary to a FA 
trigger that resolved over time. Further, our 
patient’s severe eczema might have been 
considered a risk factor for development of 
other food allergies in the future as was 
eventually determined.
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Eosinophilic Esophagitis

Carla Perez, Anthony Olive, and Carla M. Davis

Eosinophilic esophagitis (EoE) is the second 
most common cause of chronic esophagitis after 
gastroesophageal reflux disease (GERD) and the 
leading cause of dysphagia and food impaction 
in children [1]. Its incidence and prevalence have 
been on the rise over the last two decades [2, 3]. 
EoE is defined as a chronic immune-mediated 
condition characterized by an eosinophilic pre-
dominant inflammation of the esophagus and 
symptoms associated with esophageal dysfunc-
tion [1, 4]. Genetic and environmental factors 
have been demonstrated to have a role in the 
development of EoE; however, the pathogenesis 
still remains unknown [5]. If not recognized or 
treated, EoE can progress to esophageal stricture 
and functional abnormalities that can impair the 
quality of life of children.

�Etiology

EoE was initially described as a distinct clinico-
pathologic condition in pediatrics. In 1995, Kelly 
et  al. first reported improvement of esophageal 
eosinophilia and symptoms when children were 
placed on an exclusive amino acid–based for-
mula with subsequent recurrence of esophageal 
symptoms with re-exposure to a regular diet [6]. 
The role of dietary antigens in the pathogenesis 
of EoE was further suggested by the resolution 
of symptoms and esophageal inflammation with 
treatment using elimination diet [7–10]. This con-
cept of a food antigen disorder has been applied 
in the widespread use of elimination diets for the 
treatment of EoE [8, 11, 12].

Delayed hypersensitivity was considered a pos-
sible immune mechanism for EoE with the obser-
vations made during exposures to food antigens. 
The slow resolution of clinical symptoms despite 
elimination of food triggers and, conversely, the 
slow development of symptoms after reintroduc-
tion suggested a role for delayed hypersensitiv-
ity [13]. This delayed response paralleled that 
observed in other atopic disorders such as asthma 
and eczema and led to investigation of similar 
mechanistic pathways. In EoE, esophageal dam-
age is provoked by antigens or acid leading to a 
Th2 immune response with production of thymic 
stromal lymphopoietin (TSLP) and eotaxin-3 
[14–16]. These lead to an influx of eosinophils, 
mast cells, basophils, innate lymphoid cells 
(ILCs) and adaptive B & T lymphocytes [17, 18]. 
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In the presence of prolonged inflammation, the 
esophagus develops remodeling, loss of barrier 
function, development of fibrosis, angiogenesis, 
and smooth muscle hypertrophy, which manifests 
clinically with vomiting, dysphagia, food impac-
tions, and strictures [19] (See Fig. 8.1).

Further support for delayed immune response 
is derived from evidence against immediate 
hypersensitivity, for example, the poor effective-
ness of anti-IgE therapy, namely omalizumab, in 
EoE patients [20]. Additionally, serum-specific 
IgE and skin prick tests (SPTs) measure sensitiza-
tion in IgE-mediated hypersensitivity and are not 

consistently reliable in identifying food triggers in 
EoE [5, 6]. Intriguingly, atopy patch tests (APTs), 
which measure delayed hypersensitivity, have 
demonstrated limited utility in EoE, identifying 
the food trigger 50% of the time with a significant 
negative predictive value (90%) [10, 21]. The lack 
of reliability of APTs is speculated to be the lack 
of direct testing of antigens on esophageal tissue.

Despite the abundance of evidence for a delayed 
hypersensitivity, the role of IgE-mediated hyper-
sensitivity has not been completely excluded. A 
subset of EoE patients (15%) have a history of 
food anaphylaxis, a classic IgE-mediated response 
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Fig. 8.1  Pathophysiologic mechanisms involved in 
EoE.  Mechanistic model of eosinophilic esophagitis 
(EoE). Impaired barrier function appears to be central to 
the pathophysiology of EoE. This impaired barrier likely 
leads to alarmin (TSLP, IL-15, IL-33) release. Alarmins 
then initiate, via ILC2s and basophils, a coordinated 
immune response orchestrated by the cytokine milieu (IL-
4, IL-5, IL-9, IL-3). In parallel to this process is antigen 
sensitization, occurring through dendritic cell processing 
and presentation leading to activated Th2 and iNKT cells, 
which further contribute to the cytokine milieu and skew 
B cell and antibody development. The downstream effects 

of cytokines effect the epithelium, lamina propria, submu-
cosa, and smooth muscle remodeling and dysfunction 
(hyperplasia, impaired barrier, EMT in the epithelium; 
fibrosis in the lamina propria and submucosa; and smooth 
muscle dysmotility within the muscularis interna and 
externa). EMT epithelial-to-mesenchymal transition, IgE 
immunoglobulin E, IgG4 immunoglobulin G4, IL inter-
leukin, ILC innate lymphoid cells, iNKT invariant natural 
killer T cells, TGF-β tissue growth factor beta, Th T helper 
cells, TSLP thymic stromal lymphoprotein [5]. (Reprinted 
from Davis [5], with permission from Springer Nature)
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[13, 21–23]. Pediatric patients with IgE-mediated 
allergy to foods are 100 times more likely to 
have EoE compared with the general public [24]. 
Additionally, the development of EoE in the set-
ting of oral immunotherapy (OIT) for treatment of 
food allergies also poses questions to the underly-
ing mechanism of EoE [24]. OIT induces allergen 
tolerance or desensitization partially through the 
IgE receptor blocking antibody immunoglobulin 
4 (IgG4), which recently has been described to be 
elevated in the serum of children and adults with 
EoE, and esophageal IgG4 levels correlate with 
EoE histopathology and transcriptomic features 
[25–27]. Interestingly, IgG4 is involved in other 
fibroinflammatory conditions like autoimmune 
pancreatitis and pemphigus, but its role in the 
pathogenesis of EoE requires further investiga-
tion [26, 28].

While the majority of EoE patients respond to 
elimination of dietary antigens (72% respond to 
a six food elimination diet), in those that do not 
respond, there is the suggestion of a role for other 
antigens [29]. In vivo murine studies and human 
reports reveal that inhalation of Aspergillus and 
pollen, respectively, lead to increased esophageal 
eosinophils [30]. This experimental EoE pheno-
type, demonstrating a role for aeroallergens, can 
also be induced by delivering cytokines produced 
by Th2 lymphocytes or by epicutaneous anti-
gen introduction followed by airway challenge 
to same substance [31]. Atopy is highly preva-
lent (50–60%) in EoE patients, which has raised 
the question of the applicability of the hygiene 
hypothesis and dysbiosis in EoE [30, 32]. Several 
early life exposures including antibiotics, acid 
suppressant therapy, and cesarean section deliv-
ery have been associated with an increased risk 
for EoE, suggesting a role for dysbiosis and the 
microbiome; however, mechanistic studies are 
needed [32–34]. Additionally, the lack of con-
cordance between dizygotic twins (22%) and sib-
lings (2.4%) of patients with EoE, suggest that 
81% of phenotypic differences are due to envi-
ronmental factors [35, 36].

In addition to the environment, including 
dietary and aeroallergen exposures, genet-
ics is also involved in the development of 
EoE.  Candidate and genome-wide approaches 
have identified several genetic loci that increase 

the risk of EoE, most notably TSLP/WDR36 
(5q22), CAPN14 (2p23), STAT6 (12q13), and 
ANKRD2y (19q13) [37, 38]. While some of 
these loci are shared with allergic disease, 
logistic regression analysis of 5q22, llq13.5 
and 12q13 have indicated a specific role in EoE 
[38, 39]. These loci contain genes involved in 
the immune response and pathogenesis of EoE 
including eosinophilic recruitment, disrupted 
esophageal epithelial barrier, and disorganized 
esophageal epithelium. Additionally, the rec-
ognition of EoE in inherited connective tissue 
disorders (Loetyz-Dietz syndrome, Marfan syn-
drome type II, and Ehlers Danlos syndrome) has 
led to the understanding of the dysregulation of 
transforming factor-beta (TGF-β) and collagen 
in the pathogenesis of EoE [40]. Whole-exome 
sequencing has also recently identified abnormal 
variants in DHTKD1 and OGDHL among EoE 
patients (compared to non-affected family mem-
bers) involved in mitochondrial function, sug-
gesting an additional mechanism for EoE [41].

Five hundred and seventy-four genes make up 
the EoE transcriptome according to an analysis 
of the gene expression profile of patients with 
EoE compared to healthy controls and those with 
GERD [14]. These findings along with more sen-
sitive approaches using RNA-seq profiling clari-
fied the important distinction between EoE and 
GERD and exposed potential mediators in the 
immune mechanisms involved in EoE, such as 
IL-13 [42]. Over the last 5 years, numerous stud-
ies have described that EoE results from impaired 
barrier function provoking an antigen sensitiza-
tion and immunologic response that can lead to 
esophageal fibrosis or dysmotility (see Fig. 8.1) 
[16]. Several of these intermediate mediators are 
being assessed as therapeutic targets or biomark-
ers for EoE. Many questions still remain regard-
ing the triggers and underlying mechanisms  
of EoE.

�Clinical Presentation

EoE can present at any age and occurs world-
wide. Its incidence of 0.7 to 10 per 100,000 chil-
dren per year is increasing, only partially due to 
improved recognition [3]. It is more commonly 
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observed in Caucasians compared to other ethnic 
groups and three times more common in males 
than females [2, 3, 13, 43]. Patients may pres-
ent with various symptoms that differ by age. 
Young children often present with regurgitation, 
food refusal, vomiting, or failure to thrive [13]. 
Older children and adolescents more commonly 
present with nausea, epigastric pain, chest pain, 
decreased appetite, water brash, globus, or vom-
iting. In adolescents and adults, the initial presen-
tation of EoE can sometimes be more abrupt with 
solid food dysphagia or food impaction, necessi-
tating endoscopy. Retrospective studies have sug-
gested that approximately half of endoscopies for 
food impaction are secondary to EoE [44].

Many of presenting symptoms overlap with 
GERD and other gastrointestinal disorders, high-
lighting the necessity of endoscopy with biopsy 
for the diagnosis. Other clinical clues that may 
support the diagnosis of EoE include atopic 
comorbidities. As mentioned previously, 50% of 
EoE patients have other allergic disease [1, 45, 
46]. Additionally, a family history of allergies, in 
particular on the paternal side, has been impli-
cated to be more common in pediatric EoE [47].

�Evaluation and Diagnosis

The diagnosis of EoE is established based on 
clinical symptoms of esophageal dysfunction and 
pathologic findings of eosinophil-rich inflam-
mation in esophageal biopsies (≥ 15 eos/hpf). 
Patients with symptoms consistent with esopha-
geal dysfunction and personal or family history 
of atopy should raise the suspicion for EoE and 
require an endoscopy with a biopsy to confirm 
the presence of esophageal inflammation. The 
diagnosis can be challenging as many symptoms 
overlap with GERD.  Moreover, the traditional 
strategy of differentiating GERD and EoE with 
a proton pump inhibitor (PPI) trial is no longer 
valid as a subset (35%) of EoE patients respond 
to PPIs [42]. This cohort of patients are referred 
to as having PPI-responsive esophageal eosino-
philia (PPI-REE), which is now considered part 
of the EoE continuum due to significant overlap 

in the esophageal transcriptome pattern for EoE 
and PPI-REE patients in contrast to that in GERD 
patients [42]. A recent guideline document rec-
ommends a PPI trial as a treatment for EoE rather 
than a requirement for diagnosis [48].

As discussed previously, endoscopy remains 
a necessary procedure for the diagnosis of 
EoE. The endoscopic features suggestive of EoE 
include a concentric ring formation referred to as 
“trachealization” or “felinization” of the esopha-
gus, longitudinal linear furrows, patches of small, 
white papules on the esophageal surface, loss of 
mucosal vascularity, and narrowing or stricture 
(See Fig. 8.2) [49]. An endoscopic classification 
and grading system called the EoE Endoscopic 
Reference Score (EREFS), using five findings of 
edema, rings, exudates, furrows, and strictures, 
has been validated in both children and adults 
[49]. Given EoE’s patchy nature, a total of at 
least six biopsies, from at least two levels of the 
esophagus, are useful to maximize diagnostic 
yield [50, 51]. The current gold standard for the 
histopathologic diagnosis of EoE requires a peak 
eosinophil count ≥15 intraepithelial eosinophils 
in at least one high power field (eos/hpf) in an 
esophageal biopsy [52]. Other histologic features 
observed in EoE include basal zone hyperplasia, 
eosinophilic abscess, eosinophilic surface layer-
ing, thickened lamina propria fibers, dyskeratotic 
epithelial cells, and dilated intercellular spaces 
on hematoxylin-eosin staining (See Fig. 8.3) [53, 
54]. The scoring of these histologic features as a 
whole, referred to as the EoE Histologic Scoring 
System, has been studied as a superior assess-
ment to peak eosinophil count in detecting eosin-
ophilic esophagitis with initial success [54].

In addition to endoscopy, other serologic, 
radiologic, and diagnostic studies can aid in dis-
tinguishing EoE from other disorders. The pres-
ence of eosinophils in the esophagus is never 
normal. The differential diagnosis for esophageal 
eosinophilia includes celiac disease, eosinophilic 
gastroenteritis, Crohn’s disease, hypereosino-
philic syndrome, infection, achalasia, and graft-
versus-host disease. However, by far the most 
common cause is GERD, typically with less than 
10 eos/hpf [55]. Previously a 24-hour pH probe 

C. Perez et al.



105

was required in the diagnostic algorithm of EoE; 
however, GERD and EoE can both occur in the 
same patient, estimated in 25–50% of patients 
with EoE [4]. Other laboratory findings that are 
associated with atopy and raise the suspicion for 
EoE include peripheral eosinophilia and elevated 
specific serum IgE levels. Upper gastrointestinal 
series may identify long-term sequelae of EoE 
such as a stricture and esophageal manometry 
may reveal dysmotility; however, none of these 
studies can substitute endoscopy for the diagno-
sis of EoE.

Alternative EoE diagnostic modalities are 
under active investigation in adult patients, 
including the esophageal string test (a capsule 
filled with 90 cm of string) and cytosponge (an 
ingestible gelatin capsule comprising compressed 
mesh attached to a string). These noninvasive 
diagnostic modalities measure eosinophilic-
derived inflammatory proteins in secretions and 
sample the esophageal epithelium, respectively, 
and have demonstrated good correlation with 

esophageal eosinophilia [56, 57]. In pediatrics, 
a trans-nasal endoscopy has been reported as 
a more cost-effective alternative to a sedated 
endoscopy; however, this is not an option for 
young and uncooperative children, limiting its 
utility [58].

Another important area of investigation in 
EoE is developing methods to measure esopha-
geal fibrosis and remodeling with the hope of pre-
venting strictures. Endoscopic ultrasonography 
has been used to detect expansion of esophageal 
wall and tissue layers in children with EoE com-
pared to healthy children, but further research is 
required [59]. The EndoFLIP is an endoluminal 
functional lumen imaging probe using imped-
ance to determine the distensibility of hollow 
organs, like the esophagus [60]. Decreased dis-
tensibility has been linked with increased risk of 
food impaction and disease severity [60] in adult 
EoE patients [60].

In addition to the well-described associa-
tion of EoE with atopy, some reports show an 
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Fig. 8.2  EoE endoscopic images. EoE endoscopic esoph-
ageal images. (a) Esophageal stricture. (b) Furrowing. (c) 
White papules. (d) Trachelinization. (e) Ulceration [4]. 

(Reprinted from Liacouras et al. [4], with permission from 
Elsevier)
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association of EoE with celiac disease, Crohn’s 
disease, and other hypereosinophilic syndromes; 
however, no causal or temporal relation has been 
firmly established [1, 34, 61, 62]. EoE remains 
a distinct disorder limited to the esophageal 
mucosa with infrequent cases with progression 
to the remaining gastrointestinal tract [1]. In 
the pediatric population, some case series have 
linked EoE with esophageal atresia as both diag-
noses are associated with a male predominance, 
sensitization to food and/or aeroallergens, and 
peripheral eosinophilia [63, 64]. The link with 
esophageal atresia has also been suggested by 
mice models demonstrating FOXF1 protein 
involvement in the development of esophageal 
atresia and as a promoter region for inflamma-
tory genes like eotaxin [42]. The relationship of 
EoE with other diseases is not well established.

�Management

Once the diagnosis of EoE is established, the 
therapeutic goals include resolving the esopha-
geal symptoms, improving esophageal inflam-
mation (achieve mucosal remission), preventing 
esophageal dysfunction and stricture, restoring 
normal esophageal caliber in the setting of ste-
notic disease, avoiding iatrogenic drug effects, 
preventing nutritional deficiencies, and improv-
ing quality of life [65]. The natural history of EoE 
involves chronic inflammation which can prog-
ress to fibrous remodeling of the esophageal wall 
with collagen deposition, lamina propria fibrosis, 
and development of strictures [66]. The treatment 
goals of EoE are best achieved with the input from 
many disciplines including allergists, gastroenter-
ologists, dietitians, psychologists and pathologists.

a b

c d

Fig. 8.3  Histology of EoE.  EoE histologic images. (a) 
Normal esophageal mucosa. (b) Eosinophilic predomi-
nant infiltrate. (c) Superficial layering of eosinophils. (d) 

Microabscess [4]. (Reprinted from Liacouras et  al. [4], 
with permission from Elsevier)
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Monitoring illness to achieve EoE treatment 
goals remains a challenge for providers, partic-
ularly in pediatrics. To assess symptom resolu-
tion, various questionnaires have been created. In 
pediatrics, the validated Pediatric EoE Symptom 
Score only weakly correlates with histopatho-
logic and molecular features of the disease [67]. 
The discrepancy between symptoms and histol-
ogy necessitate repeated endoscopic evaluation 
for proper assessment [68, 69]. At this time, 
endoscopy remains the mainstay of histologic 
assessment. There is a need for less invasive pro-
cedures or methods to monitor the disease, par-
ticularly in the pediatric population, given the 
risks on neurocognitive development associated 
with prolonged or repeated anesthesia exposure 
in children less than 4 years of age [70]. Repeated 
assessments are required to ensure the eosino-
philic inflammation is improving, which is com-
monly utilized as an endpoint in clinical trials 
[50, 51, 71]. On average, EoE symptoms resolve 
in approximately 2 to 4 weeks, and histological 
improvement is observed after 8 weeks. An addi-
tional challenge arises from the lack of consensus 
for criteria defining mucosal remission in EoE; 
studies report range of peak eosinophil count 
from <15 to <5 eos/hpf or even a 90% improve-
ment from baseline [1].

The three main treatment approaches for EoE 
patients, including children, are PPI therapy, 
dietary restriction, and steroid therapy. The ini-
tial treatment course is best made in discussion 
with patient and family to assure compliance, 
taking into consideration disease severity, fam-
ily’s lifestyle, and preference. PPI, if not already 
attempted, has demonstrated a 50–70% histo-
logic remission in children with EoE by reduc-
ing the expression of eotaxin-3 in esophagus and 
reversing the inflammatory transcriptome [72, 
73]. Additionally, a trend towards higher rates 
of histologic remission on PPI twice daily dos-
ing compared with once daily is promising but 
requires further investigation. A standard dose of 
1  mg/kg daily maintained histologic remission 
for 78.6% of the pediatric population at least 1 
year after initiation of therapy [74]. While long-
term use of PPIs has been demonstrated to be 

safe in adults at standard doses, no long-term PPI 
safety research in children is available [75].

Dietary therapy in EoE is effective when food 
triggers are eliminated and result in an improve-
ment of eosinophilic inflammation. Over the 
years, varied approaches towards achieving 
this goal have been developed to provide the 
patient with practical options. The first effica-
cious treatment identified for EoE was the use 
of an amino acid–based formula described in the 
seminal paper by Kelley et al. The effectiveness 
of elemental formulas was confirmed repeat-
edly in children and adults with EoE [4, 9, 76]. 
Elemental formulas have yielded a 90% effi-
cacy in meta-analyses including both children 
and adults [9, 76]. Despite its effectiveness, the 
poor palatability of the elemental formula and 
frequent need for nasogastric tube placement in 
children make it a less attractive option. It is also 
limited by its cost and potential for speech delay 
in young children if they are unable to develop 
their facial muscles appropriately in the absence 
of chewing [7]. The elemental diet approach is 
most useful in treating small children who have 
not been introduced to solids.

To avoid the demanding exclusion of all table 
foods with an elemental diet, an elimination diet 
based on testing has had limited success. Skin 
prick testing and serum specific IgE are useful for 
IgE-based allergic disorders while APTs are help-
ful in delayed hypersensitivity. In a study using 
both SPTs and APTs, histologic remission was 
induced in only 49% of pediatric patients, how-
ever, this study had a very wide heterogeneity (I2 
75%), suggesting poor reproducibility [21]. With 
the current allergy testing available, test-based 
elimination therapy has limited effectiveness and 
is not first-line practice in the implantation of 
EoE dietary therapy [1, 4, 29].

An alternative to test-based elimination is 
empiric removal of the six most common food 
antigens. One approach is the elimination of milk 
protein, soy, egg, wheat, peanuts/tree nuts, and 
fish/seafood. This “six-food elimination diet” 
(SFED) strategy was first proposed and evaluated 
by Dr. Kagalwalla, a pediatric gastroenterologist 
[8]. Several studies have evaluated the SFED in 
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children and adults with an overall effective-
ness of approximately 72% [29]. The caveat of 
this approach is the necessity for endoscopy not 
only to document remission with diet, but also 
after reintroduction of every food group to assess 
recurrence [8]. This is necessary given the lack of 
predictability of histologic remission with symp-
tom resolution [8, 29].

Another approach is the elimination of milk, 
wheat, egg, and soy/legumes known as the 
four-food elimination diet (FFED). This strat-
egy limits the dietary restriction and subsequent 
endoscopies required upon food reintroduction. 
After initial success of the FFED in adults, a 
multicenter study in pediatrics demonstrated a 
64% remission rate, defined by <15 eos/hpf [11]. 
Analysis of sequential food reintroduction identi-
fied the most common triggers in children were 
milk (85%), egg (35%), wheat (33%), and soy 
(19%) [11]. To minimize restriction, a step-up 
approach coined “2-4-6” study was appraised, 
initiating restriction with milk and gluten in both 
adults and children. The two-food elimination 
diet achieved clinicohistologic remission in 43% 
of patients [12]. While less effective compared to 
FFED and SFED, the “2-4-6” strategy reduced 
endoscopic procedures by 20% [12].

Due to the immune nature of EoE, systemic 
steroid therapy (oral prednisone and intravenous 
methylprednisolone) was attempted early on and 
was found to induce clinical and histologic remis-
sion. However, the extensive side effect profile of 
oral (prednisone) and intravenous steroids (meth-
ylprednisolone), including impaired growth and 
adrenal insufficiency, among others, prompted 
the consideration of alternatives. Swallowed topi-
cal steroids, such as fluticasone proprionate and 
beclomethasone, proved effective in treating EoE 
in adults and children [77]. Swallowed topical ste-
roids are administered followed by a time period 
where the patient does not eat or drink, so the 
medication stays on the esophageal epithelium 
[77]. A double-blinded, placebo-controlled study 
of swallowed fluticasone demonstrated its effec-
tiveness and limited side effect profile including 
esophageal candidiasis (5%) [78]. Another study 
demonstrated that 4.7% of EoE pediatric patients 
developed adrenal insufficiency on swallowed 

fluticasone, but all were receiving additional ste-
roids including inhaled or nasal for comorbidities 
[79]. Swallowed fluticasone has also been reported 
to induce long-term remission in 60% of pediatric 
patients at 2-year follow-up [80]. Dellon et al., in 
a seminal paper, reported a viscous preparation of 
budesonide led to significantly higher remission 
than the nebulized formulation (65% vs. 27%) at 
equivalent doses [81]. This finding revolutionized 
delivery of swallowed topical steroids. This also 
promoted the discovery of new formulations like 
effervescent tablets, which remain under investi-
gation, with the goals of optimizing drug applica-
tion and maximizing contact with the esophageal 
surface. In treatment failures, a combination of 
swallowed steroid and dietary restriction has 
showed some promise and could be considered 
in refractory cases [82]. Swallowed steroid thera-
pies provide a safe and effective option for many 
patients.

Other immunosuppressants have been investi-
gated for the treatment of EoE with mixed suc-
cess, including immunomodulators and biologic 
medications. In adults, several case series dem-
onstrated remission in patients on azathioprine 
or 6-mercaptopurine (immunomodulators); this 
effect was not observed with infliximab (anti-
TNFα) [83]. Mepolizumab and resiluzumab are 
monoclonal antibodies (mAb) directed towards 
IL-5, involved in the recruitment of eosinophils to 
the esophagus. These medications show improved 
esophageal eosinophilia, but showed little 
improvement in symptoms [84]. Lucendo et  al. 
recently described that human mAb against alpha 
subunit of IL-4 and IL13, dupilumab, has been 
effective in reducing symptoms and esophageal 
eosinophils in adults [85]. As the field advances 
and the molecular mechanisms of EoE are further 
elucidated, the expectation is that more therapeu-
tic and diagnostic targets will develop.

A delay in EoE diagnosis and treatment of 
disease is associated with the development of 
esophageal fibrotic strictures [66]. Children are 
unfortunately not spared with narrow-caliber 
esophagi being reported in series using barium 
swallows [86, 87]. For those with strictures from 
prolonged inflammation, esophageal dilation with 
hydropneumatic balloons may be a necessary 
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treatment to aid in the dysphagia symptoms. 
Dilation therapy, although not addressing under-
lying inflammation, demonstrated a significant 
improvement in dysphagia symptoms in both 
children and adults [88]. For these patients with 
strictures, it is imperative to assure they are on 
medical or dietary therapy to avoid recurrence.

The management of EoE is a complex and 
multidisciplinary endeavor. EoE is optimally 
managed by a team consisting of gastroenter-
ologists, allergists, pathologists, dietitians, and 
psychologists [74]. This multidisciplinary team 
brings unique expertise to address the many needs 
of an EoE patient. Together, this team determines 
the most effective initial treatment in discussion 
with family and patient. They are able to evaluate 
the medical, nutritional, and psychosocial impact 
of any dietary or pharmacologic therapy [65].

In addition to achieving clinical and histologic 
remission, another outcome measure of success-
ful treatment includes improvement in the qual-
ity of life (QOL) of EoE patients. Franciosi et al. 
demonstrated that EoE has a psychosocial impact 
on children and their families, demonstrating that 
those with poorly controlled disease and dietary 
restrictions scored worse on QOL indicators [89]. 
Additionally, the number of foods restricted in 
EoE dietary therapy is inversely correlated with 
QOL indicators [89]. When clinical symptoms 
were evaluated predicting poor physical and 
psychosocial quality of life, persistent epigastric 
pain stood out [90, 91]. Targeting interventions 
to improve epigastric pain, minimize patient suf-
fering, and dietary restrictions may improve the 
quality of life of pediatric EoE patients.

�Conclusions

Despite having been recognized as a distinct 
clinical entity only recently, the advancements in 
recognizing and managing EoE are very prom-
ising. This chronic immune-mediated disease 
which plagues both children and adults requires 
further investigation. There are varied strategies 
including dietary and pharmacologic approaches 
for treating this disease and preventing long-term 
sequelae. Potential areas for research include 

elucidating the pathophysiology of the develop-
ment of EoE, identifying biochemical markers to 
identify and monitor EoE using a non-invasive 
approach, and expanding and optimizing thera-
peutic options.

References

	 1.	Lucendo AJ, Molina-Infante J, Arias A, von Arnim 
U, Bredenoord AJ, Bussmann C, et al. Guidelines on 
eosinophilic esophagitis: evidence-based statements 
and recommendations for diagnosis and management 
in children and adults. United European Gastroenterol 
J. 2017;5(3):335–58.

	 2.	Arias A, Perez-Martinez I, Tenias JM, Lucendo 
AJ.  Systematic review with meta-analysis: the inci-
dence and prevalence of eosinophilic oesophagitis 
in children and adults in population-based studies. 
Aliment Pharmacol Ther. 2016;43(1):3–15.

	 3.	Soon IS, Butzner JD, Kaplan GG, deBruyn 
JC.  Incidence and prevalence of eosinophilic esoph-
agitis in children. J Pediatr Gastroenterol Nutr. 
2013;57(1):72–80.

	 4.	Liacouras CA, Furuta GT, Hirano I, Atkins D, 
Attwood SE, Bonis PA, et al. Eosinophilic esophagi-
tis: updated consensus recommendations for children 
and adults. J Allergy Clin Immunol. 2011;128(1):3–
20 e6; quiz 1–2

	 5.	Davis BP. Pathophysiology of eosinophilic esophagi-
tis. Clin Rev Allergy Immunol. 2018 Aug;55(1):19–42.

	 6.	Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman 
JA, Sampson HA.  Eosinophilic esophagitis attrib-
uted to gastroesophageal reflux: improvement with 
an amino acid-based formula. Gastroenterology. 
1995;109(5):1503–12.

	 7.	Arias A, Lucendo AJ.  Dietary therapies for eosino-
philic esophagitis. Expert Rev Clin Immunol. 
2014;10(1):133–42.

	 8.	Kagalwalla AF, Sentongo TA, Ritz S, Hess T, Nelson 
SP, Emerick KM, et  al. Effect of six-food elimi-
nation diet on clinical and histologic outcomes in 
eosinophilic esophagitis. Clin Gastroenterol Hepatol. 
2006;4(9):1097–102.

	 9.	Markowitz JE, Spergel JM, Ruchelli E, Liacouras 
CA. Elemental diet is an effective treatment for eosin-
ophilic esophagitis in children and adolescents. Am J 
Gastroenterol. 2003;98(4):777–82.

	10.	Spergel JM, Brown-Whitehorn TF, Cianferoni A, 
Shuker M, Wang ML, Verma R, et al. Identification of 
causative foods in children with eosinophilic esopha-
gitis treated with an elimination diet. J Allergy Clin 
Immunol. 2012;130(2):461–7 e5.

	11.	Kagalwalla AF, Wechsler JB, Amsden K, Schwartz 
S, Makhija M, Olive A, et  al. Efficacy of a 4-food 
elimination diet for children with eosinophilic esopha-
gitis. Clin Gastroenterol Hepatol. 2017;15(11):1698–
707 e7.

8  Eosinophilic Esophagitis



110

	12.	Molina-Infante J, Arias A, Alcedo J, Garcia-Romero 
R, Casabona-Frances S, Prieto-Garcia A, et  al. 
Step-up empiric elimination diet for pediatric and 
adult eosinophilic esophagitis: the 2-4-6 study. J 
Allergy Clin Immunol. 2018;141(4):1365–72.

	13.	Spergel JM, Brown-Whitehorn TF, Beausoleil JL, 
Franciosi J, Shuker M, Verma R, et  al. 14  years of 
eosinophilic esophagitis: clinical features and prog-
nosis. J Pediatr Gastroenterol Nutr. 2009;48(1):30–6.

	14.	Blanchard C, Wang N, Stringer KF, Mishra A, 
Fulkerson PC, Abonia JP, et  al. Eotaxin-3 and a 
uniquely conserved gene-expression profile in eosino-
philic esophagitis. J Clin Invest. 2006;116(2):536–47.

	15.	Bullock JZ, Villanueva JM, Blanchard C, Filipovich 
AH, Putnam PE, Collins MH, et  al. Interplay of 
adaptive th2 immunity with eotaxin-3/c-C chemo-
kine receptor 3 in eosinophilic esophagitis. J Pediatr 
Gastroenterol Nutr. 2007;45(1):22–31.

	16.	Rothenberg ME, Spergel JM, Sherrill JD, Annaiah K, 
Martin LJ, Cianferoni A, et  al. Common variants at 
5q22 associate with pediatric eosinophilic esophagi-
tis. Nat Genet. 2010;42(4):289–91.

	17.	Ahrens R, Waddell A, Seidu L, Blanchard C, Carey 
R, Forbes E, et  al. Intestinal macrophage/epithelial 
cell-derived CCL11/eotaxin-1 mediates eosinophil 
recruitment and function in pediatric ulcerative coli-
tis. J Immunol. 2008;181(10):7390–9.

	18.	Konikoff MR, Blanchard C, Kirby C, Buckmeier BK, 
Cohen MB, Heubi JE, et al. Potential of blood eosino-
phils, eosinophil-derived neurotoxin, and eotaxin-3 
as biomarkers of eosinophilic esophagitis. Clin 
Gastroenterol Hepatol. 2006;4(11):1328–36.

	19.	Schoepfer A, Safroneeva E, Straumann 
A. Eosinophilic esophagitis: impact of latest insights 
into pathophysiology on therapeutic strategies. Dig 
Dis. 2016;34(5):462–8.

	20.	Rocha R, Vitor AB, Trindade E, Lima R, Tavares M, 
Lopes J, et al. Omalizumab in the treatment of eosino-
philic esophagitis and food allergy. Eur J Pediatr. 
2011;170(11):1471–4.

	21.	Spergel JM, Andrews T, Brown-Whitehorn TF, 
Beausoleil JL, Liacouras CA.  Treatment of eosino-
philic esophagitis with specific food elimination diet 
directed by a combination of skin prick and patch tests. 
Ann Allergy Asthma Immunol. 2005;95(4):336–43.

	22.	Noel RJ, Putnam PE, Rothenberg ME. Eosinophilic 
esophagitis. N Engl J Med. 2004;351(9):940–1.

	23.	Assa’ad AH, Putnam PE, Collins MH, Akers RM, 
Jameson SC, Kirby CL, et al. Pediatric patients with 
eosinophilic esophagitis: an 8-year follow-up. J 
Allergy Clin Immunol. 2007;119(3):731–8.

	24.	Maggadottir SM, Hill DA, Ruymann K, Brown-
Whitehorn TF, Cianferoni A, Shuker M, et  al. 
Resolution of acute IgE-mediated allergy with 
development of eosinophilic esophagitis trig-
gered by the same food. J Allergy Clin Immunol. 
2014;133(5):1487–9, 9 e1.

	25.	Schuyler AJ, Wilson JM, Tripathi A, Commins SP, 
Ogbogu PU, Kruzsewski PG, et al. Specific IgG4 anti-

bodies to cow’s milk proteins in pediatric patients with 
eosinophilic esophagitis. J Allergy Clin Immunol. 
2018;142(1):139–48 e12.

	26.	Clayton F, Fang JC, Gleich GJ, Lucendo AJ, Olalla 
JM, Vinson LA, et  al. Eosinophilic esophagitis in 
adults is associated with IgG4 and not mediated by 
IgE. Gastroenterology. 2014;147(3):602–9.

	27.	Rosenberg CE, Mingler MK, Caldwell JM, Collins 
MH, Fulkerson PC, Morris DW, et  al. Esophageal 
IgG4 levels correlate with histopathologic and 
transcriptomic features in eosinophilic esopha-
gitis. Allergy. 2018;73(9):1892–901. https://doi.
org/10.1111/all.13486.

	28.	Aalberse RC, Stapel SO, Schuurman J, Rispens 
T.  Immunoglobulin G4: an odd antibody. Clin Exp 
Allergy. 2009;39(4):469–77.

	29.	Arias A, Gonzalez-Cervera J, Tenias JM, Lucendo 
AJ.  Efficacy of dietary interventions for inducing 
histologic remission in patients with eosinophilic 
esophagitis: a systematic review and meta-analysis. 
Gastroenterology. 2014;146(7):1639–48.

	30.	Egan M, Atkins D. What is the Relationship Between 
Eosinophilic Esophagitis (EoE) and aeroallergens? 
Implications for allergen immunotherapy. Curr 
Allergy Asthma Rep. 2018;18(8):43.

	31.	Herrick CA, MacLeod H, Glusac E, Tigelaar RE, 
Bottomly K.  Th2 responses induced by epicutane-
ous or inhalational protein exposure are differen-
tially dependent on IL-4. J Clin Invest. 2000;105(6): 
765–75.

	32.	Jensen ET, Dellon ES.  Environmental factors and 
eosinophilic esophagitis. J Allergy Clin Immunol. 
2018;142(1):32–40.

	33.	Jensen ET, Kuhl JT, Martin LJ, Rothenberg ME, 
Dellon ES. Prenatal, intrapartum, and postnatal fac-
tors are associated with pediatric eosinophilic esopha-
gitis. J Allergy Clin Immunol. 2018;141(1):214–22.

	34.	Lucendo AJ, Hervias D, Roncero O, Lorente R, 
Bouhmidi A, Angueira T, et  al. Epidemiology and 
temporal trends (2000–2012) of inflammatory bowel 
disease in adult patients in a central region of Spain. 
Eur J Gastroenterol Hepatol. 2014;26(12):1399–407.

	35.	Alexander ES, Martin LJ, Collins MH, Kottyan LC, 
Sucharew H, He H, et  al. Twin and family studies 
reveal strong environmental and weaker genetic cues 
explaining heritability of eosinophilic esophagitis. J 
Allergy Clin Immunol. 2014;134(5):1084–92 e1.

	36.	Kottyan LC, Rothenberg ME. Genetics of eosinophilic 
esophagitis. Mucosal Immunol. 2017;10(3):580–8.

	37.	Litosh VA, Rochman M, Rymer JK, Porollo A, 
Kottyan LC, Rothenberg ME. Calpain-14 and its asso-
ciation with eosinophilic esophagitis. J Allergy Clin 
Immunol. 2017;139(6):1762–71 e7.

	38.	Sleiman PM, Wang ML, Cianferoni A, Aceves S, 
Gonsalves N, Nadeau K, et al. GWAS identifies four 
novel eosinophilic esophagitis loci. Nat Commun. 
2014;5:5593.

	39.	Sorimachi H, Hata S, Ono Y. Impact of genetic insights 
into calpain biology. J Biochem. 2011;150(1):23–37.

C. Perez et al.

https://doi.org/10.1111/all.13486
https://doi.org/10.1111/all.13486


111

	40.	Abonia JP, Wen T, Stucke EM, Grotjan T, Griffith 
MS, Kemme KA, et  al. High prevalence of eosino-
philic esophagitis in patients with inherited con-
nective tissue disorders. J Allergy Clin Immunol. 
2013;132(2):378–86.

	41.	Sherrill JD, Kc K, Wang X, Wen T, Chamberlin A, 
Stucke EM, et  al. Whole-exome sequencing uncov-
ers oxidoreductases DHTKD1 and OGDHL as 
linkers between mitochondrial dysfunction and eosin-
ophilic esophagitis. JCI Insight. 2018;3(8) https://doi.
org/10.1172/jci.insight.99922.

	42.	Wen T, Dellon ES, Moawad FJ, Furuta GT, Aceves 
SS, Rothenberg ME.  Transcriptome analysis of pro-
ton pump inhibitor-responsive esophageal eosinophilia 
reveals proton pump inhibitor-reversible allergic inflam-
mation. J Allergy Clin Immunol. 2015;135(1):187–97.

	43.	Sperry SL, Woosley JT, Shaheen NJ, Dellon 
ES.  Influence of race and gender on the presenta-
tion of eosinophilic esophagitis. Am J Gastroenterol. 
2012;107(2):215–21.

	44.	Sperry SL, Crockett SD, Miller CB, Shaheen NJ, 
Dellon ES.  Esophageal foreign-body impactions: 
epidemiology, time trends, and the impact of the 
increasing prevalence of eosinophilic esophagitis. 
Gastrointest Endosc. 2011;74(5):985–91.

	45.	Almansa C, Krishna M, Buchner AM, Ghabril MS, 
Talley N, DeVault KR, et al. Seasonal distribution in 
newly diagnosed cases of eosinophilic esophagitis in 
adults. Am J Gastroenterol. 2009;104(4):828–33.

	46.	Chehade M. IgE and non-IgE-mediated food allergy: 
treatment in 2007. Curr Opin Allergy Clin Immunol. 
2007;7(3):264–8.

	47.	Hiremath G, Byramji D, Pacheco A, Constantine G, 
Davis C, Shulman R, et al. Eosinophilic esophagitis 
in children and its relationship with parental allergies: 
Texas Children’s Hospital experience. Dig Dis Sci. 
2016;61(2):501–6.

	48.	Dellon ES, Liacouras CA, Molina-Infante J, Furuta 
GT, Spergel JM, Zevit N, et  al. Updated interna-
tional consensus diagnostic criteria for eosinophilic 
esophagitis: proceedings of the AGREE conference. 
Gastroenterology. 2018;155(4):1022–1033.e10. 
https://doi.org/10.1053/j.gastro.2018.07.009.

	49.	Wechsler JB, Bolton SM, Amsden K, Wershil BK, 
Hirano I, Kagalwalla AF.  Eosinophilic esophagitis 
reference score accurately identifies disease activity 
and treatment effects in children. Clin Gastroenterol 
Hepatol. 2018;16(7):1056–63.

	50.	Nielsen JA, Lager DJ, Lewin M, Rendon G, Roberts 
CA. The optimal number of biopsy fragments to estab-
lish a morphologic diagnosis of eosinophilic esopha-
gitis. Am J Gastroenterol. 2014;109(4):515–20.

	51.	Gonsalves N, Policarpio-Nicolas M, Zhang Q, Rao 
MS, Hirano I. Histopathologic variability and endo-
scopic correlates in adults with eosinophilic esopha-
gitis. Gastrointest Endosc. 2006;64(3):313–9.

	52.	Sperry SL, Shaheen NJ, Dellon ES.  Toward uni-
formity in the diagnosis of eosinophilic esophagi-
tis (EoE): the effect of guidelines on variability of 

diagnostic criteria for EoE.  Am J Gastroenterol. 
2011;106(5):824–32; quiz 33

	53.	Collins MH. Histopathologic features of eosinophilic 
esophagitis and eosinophilic gastrointestinal diseases. 
Gastroenterol Clin North Am. 2014;43(2):257–68.

	54.	Collins MH, Martin LJ, Alexander ES, Boyd JT, 
Sheridan R, He H, et al. Newly developed and vali-
dated eosinophilic esophagitis histology scoring 
system and evidence that it outperforms peak eosino-
phil count for disease diagnosis and monitoring. Dis 
Esophagus. 2017;30(3):1–8.

	55.	Kia L, Hirano I. Distinguishing GERD from eosino-
philic oesophagitis: concepts and controversies. Nat 
Rev Gastroenterol Hepatol. 2015;12(7):379–86.

	56.	Furuta GT, Kagalwalla AF, Lee JJ, Alumkal P, 
Maybruck BT, Fillon S, et al. The oesophageal string 
test: a novel, minimally invasive method measures 
mucosal inflammation in eosinophilic oesophagitis. 
Gut. 2013;62(10):1395–405.

	57.	Katzka DA, Geno DM, Ravi A, Smyrk TC, Lao-
Sirieix P, Miremadi A, et  al. Accuracy, safety, and 
tolerability of tissue collection by Cytosponge vs 
endoscopy for evaluation of eosinophilic esophagitis. 
Clin Gastroenterol Hepatol. 2015;13(1):77–83 e2.

	58.	Friedlander JA, DeBoer EM, Soden JS, Furuta GT, 
Menard-Katcher CD, Atkins D, et  al. Unsedated 
transnasal esophagoscopy for monitoring therapy 
in pediatric eosinophilic esophagitis. Gastrointest 
Endosc. 2016;83(2):299–306 e1.

	59.	Fox VL, Nurko S, Teitelbaum JE, Badizadegan K, 
Furuta GT.  High-resolution EUS in children with 
eosinophilic “allergic” esophagitis. Gastrointest 
Endosc. 2003;57(1):30–6.

	60.	Nicodeme F, Hirano I, Chen J, Robinson K, Lin Z, 
Xiao Y, et  al. Esophageal distensibility as a mea-
sure of disease severity in patients with eosino-
philic esophagitis. Clin Gastroenterol Hepatol. 
2013;11(9):1101–7 e1.

	61.	Mulder DJ, Hookey LC, Hurlbut DJ, Justinich 
CJ.  Impact of Crohn disease on eosinophilic 
esophagitis: evidence for an altered T(H)1-T(H)2 
immune response. J Pediatr Gastroenterol Nutr. 
2011;53(2):213–5.

	62.	Ludvigsson JF, Aro P, Walker MM, Vieth M, Agreus 
L, Talley NJ, et  al. Celiac disease, eosinophilic 
esophagitis and gastroesophageal reflux disease, an 
adult population-based study. Scand J Gastroenterol. 
2013;48(7):808–14.

	63.	Chan LJ, Tan L, Dhaliwal J, Briglia F, Clarkson C, 
Krishnan U.  Treatment outcomes for eosinophilic 
esophagitis in children with esophageal atresia. Dis 
Esophagus. 2016;29(6):563–71.

	64.	Kassabian S, Baez-Socorro V, Sferra T, Garcia 
R.  Eosinophilic esophagitis in patients with esoph-
ageal atresia and chronic dysphagia. World J 
Gastroenterol. 2014;20(47):18038–43.

	65.	Munoz-Persy M, Lucendo AJ. Treatment of eosino-
philic esophagitis in the pediatric patient: an evidence-
based approach. Eur J Pediatr. 2018;177(5):649–63.

8  Eosinophilic Esophagitis

https://doi.org/10.1172/jci.insight.99922
https://doi.org/10.1172/jci.insight.99922
https://doi.org/10.1053/j.gastro.2018.07.009


112

	66.	Dellon ES, Kim HP, Sperry SL, Rybnicek DA, 
Woosley JT, Shaheen NJ.  A phenotypic analysis 
shows that eosinophilic esophagitis is a progres-
sive fibrostenotic disease. Gastrointest Endosc. 
2014;79(4):577–85 e4.

	67.	Franciosi JP, Hommel KA, DeBrosse CW, Greenberg 
AB, Greenler AJ, Abonia JP, et al. Development of a 
validated patient-reported symptom metric for pedi-
atric eosinophilic esophagitis: qualitative methods. 
BMC Gastroenterol. 2011;11:126.

	68.	Safroneeva E, Straumann A, Coslovsky M, Zwahlen 
M, Kuehni CE, Panczak R, et  al. Symptoms have 
modest accuracy in detecting endoscopic and histo-
logic remission in adults with eosinophilic esophagi-
tis. Gastroenterology. 2016;150(3):581–90 e4.

	69.	Martin LJ, Franciosi JP, Collins MH, Abonia JP, 
Lee JJ, Hommel KA, et  al. Pediatric Eosinophilic 
Esophagitis Symptom Scores (PEESS v2.0) iden-
tify histologic and molecular correlates of the key 
clinical features of disease. J Allergy Clin Immunol. 
2015;135(6):1519–28 e8.

	70.	Schneuer FJ, Bentley JP, Davidson AJ, Holland AJ, 
Badawi N, Martin AJ, et  al. The impact of general 
anesthesia on child development and school perfor-
mance: a population-based study. Paediatr Anaesth. 
2018;28(6):528–36.

	71.	Shah A, Kagalwalla AF, Gonsalves N, Melin-Aldana 
H, Li BU, Hirano I.  Histopathologic variability 
in children with eosinophilic esophagitis. Am J 
Gastroenterol. 2009;104(3):716–21.

	72.	Lucendo AJ, Arias A, Molina-Infante J.  Efficacy of 
proton pump inhibitor drugs for inducing clinical 
and histologic remission in patients with symptom-
atic esophageal eosinophilia: a systematic review 
and meta-analysis. Clin Gastroenterol Hepatol. 
2016;14(1):13–22 e1.

	73.	Gutierrez-Junquera C, Fernandez-Fernandez S, 
Cilleruelo ML, Rayo A, Echeverria L, Borrell B, et al. 
Long-term treatment with proton pump inhibitors is 
effective in children with eosinophilic esophagitis. J 
Pediatr Gastroenterol Nutr. 2018 Aug;67(2):210–6.

	74.	Molina-Infante J, Bredenoord AJ, Cheng E, Dellon 
ES, Furuta GT, Gupta SK, et  al. Proton pump 
inhibitor-responsive oesophageal eosinophilia: an 
entity challenging current diagnostic criteria for 
eosinophilic oesophagitis. Gut. 2016;65(3):524–31.

	75.	Tjon JA, Pe M, Soscia J, Mahant S.  Efficacy and 
safety of proton pump inhibitors in the manage-
ment of pediatric gastroesophageal reflux disease. 
Pharmacotherapy. 2013;33(9):956–71.

	76.	Peterson KA, Byrne KR, Vinson LA, Ying J, Boynton 
KK, Fang JC, et al. Elemental diet induces histologic 
response in adult eosinophilic esophagitis. Am J 
Gastroenterol. 2013;108(5):759–66.

	77.	Schaefer ET, Fitzgerald JF, Molleston JP, Croffie JM, 
Pfefferkorn MD, Corkins MR, et  al. Comparison of 
oral prednisone and topical fluticasone in the treatment 
of eosinophilic esophagitis: a randomized trial in chil-
dren. Clin Gastroenterol Hepatol. 2008;6(2):165–73.

	78.	Konikoff MR, Noel RJ, Blanchard C, Kirby C, 
Jameson SC, Buckmeier BK, et  al. A randomized, 
double-blind, placebo-controlled trial of fluticasone 
propionate for pediatric eosinophilic esophagitis. 
Gastroenterology. 2006;131(5):1381–91.

	79.	Hsu S, Wood C, Pan Z, Rahat H, Zeitler P, Fleischer 
D, et  al. Adrenal insufficiency in pediatric eosino-
philic esophagitis patients treated with swallowed 
topical steroids. Pediatr Allergy Immunol Pulmonol. 
2017;30(3):135–40.

	80.	Andreae DA, Hanna MG, Magid MS, Malerba S, 
Andreae MH, Bagiella E, et al. Swallowed fluticasone 
propionate is an effective long-term maintenance ther-
apy for children with eosinophilic esophagitis. Am J 
Gastroenterol. 2016;111(8):1187–97.

	81.	Dellon ES, Sheikh A, Speck O, Woodward K, 
Whitlow AB, Hores JM, et al. Viscous topical is more 
effective than nebulized steroid therapy for patients 
with eosinophilic esophagitis. Gastroenterology. 
2012;143(2):321–4 e1.

	82.	Constantine G, Seth N, Chokshi N, Minard CG, 
Guffey D, Olive AP, et  al. Combination steroid and 
test-based food elimination for eosinophilic esopha-
gitis: a retrospective analysis. J Pediatr Gastroenterol 
Nutr. 2017;64(6):933–8.

	83.	Netzer P, Gschossmann JM, Straumann A, Sendensky A, 
Weimann R, Schoepfer AM. Corticosteroid-dependent 
eosinophilic oesophagitis: azathioprine and 6-mercap-
topurine can induce and maintain long-term remission. 
Eur J Gastroenterol Hepatol. 2007;19(10):865–9.

	84.	Assa’ad AH, Gupta SK, Collins MH, Thomson 
M, Heath AT, Smith DA, et  al. An antibody against 
IL-5 reduces numbers of esophageal intraepithelial 
eosinophils in children with eosinophilic esophagitis. 
Gastroenterology. 2011;141(5):1593–604.

	85.	Lucendo AJ, Molina-Infante J.  Emerging therapeu-
tic strategies for eosinophilic esophagitis. Curr Treat 
Options Gastroenterol. 2014;12(1):1–17.

	86.	Lipka S, Kumar A, Richter JE. Impact of diagnostic 
delay and other risk factors on eosinophilic esopha-
gitis phenotype and esophageal diameter. J Clin 
Gastroenterol. 2016;50(2):134–40.

	87.	van Rhijn BD, Oors JM, Smout AJ, Bredenoord 
AJ. Prevalence of esophageal motility abnormalities 
increases with longer disease duration in adult patients 
with eosinophilic esophagitis. Neurogastroenterol 
Motil. 2014;26(9):1349–55.

	88.	Moawad FJ, Molina-Infante J, Lucendo AJ, Cantrell 
SE, Tmanova L, Douglas KM.  Systematic review 
with meta-analysis: endoscopic dilation is highly 
effective and safe in children and adults with eosin-
ophilic oesophagitis. Aliment Pharmacol Ther. 
2017;46(2):96–105.

	89.	Franciosi JP, Hommel KA, Bendo CB, King EC, 
Collins MH, Eby MD, et  al. PedsQL eosinophilic 
esophagitis module: feasibility, reliability, and valid-
ity. J Pediatr Gastroenterol Nutr. 2013;57(1):57–66.

	90.	Klinnert MD, Silveira L, Harris R, Moore W, Atkins 
D, Fleischer DM, et al. Health-related quality of life 

C. Perez et al.



113

over time in children with eosinophilic esophagi-
tis and their families. J Pediatr Gastroenterol Nutr. 
2014;59(3):308–16.

	91.	Lynch MK, Barnes MJ, Dimmitt RA, Martin L, 
Rothenberg ME, Goodin BR.  Disease-related pre-

dictors of health-related quality of life in youth 
with eosinophilic esophagitis. J Pediatr Psychol. 
2018;43(4):464–71.

8  Eosinophilic Esophagitis



115© Springer Nature Switzerland AG 2020 
R. S. Gupta (ed.), Pediatric Food Allergy, https://doi.org/10.1007/978-3-030-33292-1_9

Food-Protein-Induced 
Enterocolitis Syndrome: 
A Pediatric Gastrointestinal Food 
Allergy

Amanda Agyemang and Anna Nowak-Wegrzyn

Abbreviations

APT	 Atopy patch testing
CM	 Cow’s milk
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�Introduction

Non –IgE-mediated food allergies are considered 
to be rare food allergy disorders that are less 
understood compared to their IgE-mediated 
counterparts and characterized by the production 
of mild to severe gastrointestinal symptoms in 
the presence of reaction-inducing foods. Food-
protein-induced enterocolitis syndrome (FPIES) 
is the best studied of these disorders and, although 

rare, it is increasingly becoming recognized in 
the medical community as a disorder with signifi-
cant impact on patient morbidity [1]. FPIES 
mostly presents in young infants and children 
although adult cases have been reported. It is 
defined by a clear pattern of delayed onset of 
mild to severe vomiting accompanied by pallor 
and lethargy 1–4  hours after ingestion of an 
FPIES-inducing food that may then be followed 
by diarrhea within 6–8 hours. Varying levels of 
agreement exist in the allergy community regard-
ing pathogenesis, prevalence, diagnosis, and 
management of FPIES.  Overall, there is still 
much to be uncovered about this disorder. In this 
chapter, we will provide a comprehensive sum-
mary on the current literature of FPIES and dis-
cuss future directions to move our understanding 
forward.

�History of FPIES

In the 1970s, the recurrent clinical presentation 
of infants under 6 weeks of age who developed 
enterocolitis after exposure to milk or soy-based 
formula was initially observed and reported by 
Powell [2]. Specifically, reproducible symptoms 
of severe vomiting within 4  hours of ingesting 
cow’s milk (CM) or soy milk and/or diarrhea lead 
to the suspicion of food-induced gastrointestinal 
symptoms in infants. Additionally, the infants 
developed hematologic abnormalities including 
neutrophilia without other indications of infec-
tion. Management of these food-induced symp-
toms included intravenous hydration, avoiding 
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CM and soy formulas, and replacing CM nutri-
tion with a hypoallergenic hydrolyzed cow’s milk 
formula. Powell further characterized this disor-
der, which would come to be known as FPIES, by 
describing criteria for diagnosis and introduced 
oral food challenge (OFC) protocols as a practice 
to confirm the diagnosis [3].

Infants developing these delayed gastrointesti-
nal symptoms with CM and/ or soy exposure 
continued to appear in the literature, with addi-
tional observations that removing the milk pro-
tein source resulted in resolution of symptoms 
within 24 hours [4]. Since these initial character-
izations of FPIES, we have developed a better 
understanding of symptom manifestation, epide-
miology, triggers, and management of patients 
with FPIES.

�Classifications of FPIES

�Acute FPIES

FPIES is categorized into two major phenotypes: 
acute FPIES and chronic FPIES.  Acute FPIES, 
the most common phenotype, is defined by 
delayed recurrent vomiting approximately 
1–4 hours (typically 2 hours) after exposure to a 
triggering food (Table 9.1) [5]. The vomiting is 
described by parents as severe and projectile and 
can occur on average 5–10 times within an epi-
sode. Watery diarrhea, when present, usually 
develops 5–10 hours after the onset of vomiting 
or at some point within 24 hours of food expo-
sure. In severe cases, patients can become hypo-
thermic, pale, and lethargic. Laboratory findings 
can include neutrophilia, methemoglobinemia, 
thrombocytosis, and metabolic acidosis [5].

When vital sign instability and hypotension 
are also present in FPIES patients, this constella-
tion of symptoms is suggestive of a sepsis/shock. 
These patients are often evaluated for sepsis with 
negative findings [6, 7]. Fortunately, symptoms 
usually resolve 24 hours after their onset as long 
as the offending agent is removed from the diet. 
The children return to their baseline, tolerate oral 
foods, and have unaffected growth and develop-
ment [1].

�Chronic FPIES

Infants with chronic daily exposure to milk or 
soy protein who develop intermittent vomiting 
and watery diarrhea over several days to weeks 
are suspected to have chronic FPIES. Commonly, 
these infants present under 4 months of age and 
have prominent watery or mucus-streaked diar-
rhea. Over time, vomiting and diarrhea progres-
sively worsen and may lead to dehydration, 
metabolic acidosis, lethargy, and neutrophilia 
(Table 9.1) [8]. Poor growth and hypoalbumin-

Table 9.1  Phenotypes of FPIES [1]

Clinical symptoms Laboratory values
Acute 
FPIESa

Recurrent vomiting 
1–4 h after food 
ingestion
Diarrhea within 24 h
Lethargy
Pallor
Dehydration
Hypovolemia 
+/−shock
Hypothermia
Normal growth

Leukocytosis with 
neutrophilia
Thrombocytosis
Metabolic acidosis
Methemoglobinemia
Stool leukocytes, 
eosinophils
Increased stool 
carbohydrate content
Stool occult or frank 
blood
CSF neutrophilia

Chronic 
FPIESa

Symptoms develop 
over days-weeks 
with frequent (e.g., 
daily) feedings with 
the offending foods
Intermittent emesis
Progressive diarrhea
Dehydration
Hypovolemia 
+/− shock
Failure to thrive/ 
poor growth
Abdominal 
distension

Hypoalbuminemia
Leukocytosis with 
neutrophilia
Anemia
Thrombocytosis
Metabolic acidosis
Methemoglobinemia
Stool reducing 
substances

Classic 
FPIES

Acute or chronic 
FPIES symptoms

Negative IgE to 
trigger food

Atypical 
FPIES

More protracted 
FPIES course
IgE-mediated allergy 
to food

Positive IgE to trigger 
food

aAcute and chronic FPIES may occur in the same patient, 
e.g., an infant with chronic FPIES to cow’s milk at the age 
6  weeks whose symptoms resolve with elimination of 
cow’s milk may develop acute FPIES when reintroduced 
to cow’s milk, e.g., in the form of yogurt, at an older age 
of several months
Adapted from Nowak-Wegrzyn et al. [1], with permission 
from Elsevier
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emia distinguish chronic FPIES from acute 
FPIES. Resolution of symptoms is noted within 
days to several weeks of eliminating of CM or 
soy protein. If the trigger food protein is reintro-
duced after a period of avoidance, an acute 
FPIES reaction will develop [1, 9]. Similarly 
presenting non-IgE-mediated allergic syn-
dromes triggered by CM in infancy include 
food-protein-induced allergic proctocollitis 
(FPIAP) and food protein enteropathy (FPE) 
[10]. In FPIAP, commonly referred to as milk 
protein intolerance, patients present with bloody 
or mucus streaked stools which differ from diar-
rhea noted in patients with chronic 
FPIES.  Additionally, the infant with FPIAP is 
well appearing and thriving in growth and devel-
opment. FPE is rare and characterized predomi-
nantly by chronic diarrhea and malabsorption 
that can produce steatorrhea. Additionally, there 
can be vomiting and abdominal distension, 
which together frequently result in failure to 
thrive. The  progression of  FPE symptoms is 
slower (over the period of several months) than 
with chronic FPIES, in which watery diarrhea 
and vomiting progressively worsen over a period 
of days to weeks and culminate in dehydration, 
metabolic acidosis, methemoglobinemia, and/or 
hypovolemic shock.

�Atypical FPIES

Though not an IgE-mediated disorder, up to 20% 
of patients with FPIES demonstrate ssIgE sensiti-
zation to their trigger food [11, 12]. These indi-
viduals have atypical FPIES and typically exhibit 
a more prolonged course of FPIES with decreased 
likelihood of developing tolerance (Table  9.1). 
Children with atypical CM FPIES were less 
likely to note resolution of their symptoms by the 
age of 3 than individuals with typical FPIES as 
noted by Caubet et  al. [11]. Atypical FPIES 
patients otherwise present similarly to acute 
FPIES with delayed gastrointestinal symptoms 
after exposure to triggering foods; however over 
time a subset may transition to more immediate 
symptoms of IgE-mediated food allergy unlike 
typical FPIES patients [11, 13].

Rarely, patients with IgE-mediated food aller-
gies to cow’s milk develop non-IgE-mediated 
food allergy and vice versa [14–17]. A recent 
case report described the conversion of an egg 
IgE-mediated allergy to the FPIES phenotype 
[18]. A child who had been avoiding egg for a 
year due to immediate hives on ingestion, was 
challenged to baked egg and tolerated it during 
the immediate (2  hour) observation period, but 
then developed  reproducible  delayed profuse 
vomiting and diarrhea [18]. The mechanisms of 
the development of ssIgE against foods trigger-
ing non-IgE-mediated food allergy and the inter-
action between IgE- and non-IgE-mediated 
allergies are dynamic and still require further 
study for better understanding.

�Pathophysiology

FPIES is a non-IgE, cell-mediated food allergy 
for which the pathophysiology has not yet been 
fully elucidated. Research indicates that there is 
likely a cellular-driven process of gut inflamma-
tion that occurs after the introduction of trigger-
ing foods. Specifically T-cells are implicated in 
driving the inflammatory process as evidenced by 
the following: increased TNF alpha expression 
and increased CD4+ cell proliferation upon stim-
ulation, and CM challenges in FPIES patients 
demonstrate increased Th2 as opposed to Th1 
cytokines expression [19–21].

A more recent investigation of FPIES inflam-
matory processes did not demonstrate an increase 
in T cell proliferation or a significant difference 
in Th2 inflammatory cytokine expression in CM 
FPIES subjects challenged with casein [22]. 
Therefore, the exact role of T cells in FPIES has 
yet to be revealed. Other arms of the immune 
systems that might be involved include innate 
immune cells. In food challenges with trigger 
foods to FPIES, patients demonstrate increased 
activation of monocytes, neutrophils, NK cells, 
and eosinophils [22–24]. Additionally, an 
increase in serum IL-8 and tryptase has been 
described in acute FPIES reactions, thereby sup-
porting the presence of neutrophils and mast 
cells [25].
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Serum cortisol levels have also been impli-
cated in the mechanism of FPIES and were 
recently measured before and after (6 h and 24 h) 
the positive OFCs of six Japanese children with 
CM FPIES [26]. Significant increases were noted 
in serum cortisol level at 6 hours, and serum cor-
tisol increases were significantly correlated with 
the increase of absolute neutrophil count and the 
presence of vomiting [26]. This suggests a role 
for cortisol in the inflammatory mechanisms of 
FPIES that additional studies will examine in 
the future.

The ramifications of increased inflammation 
specifically target the gut in FPIES, and how the 
localization occurs is unclear. The colon and the 
ileum are the main sites of inflammation as evi-
denced by endoscopy and colonoscopy studies in 
these patients. The increased inflammation pro-
duces increased permeability of the intestines 
and fluid shifts that result in the prominent vomit-
ing and diarrhea that characterize the disease [1, 
27]. Ondansetron improves the repetitive vomit-
ing and cramping in patients with an acute FPIES 
reaction, suggesting a relationship between sero-
tonin signaling and FPIES.  Ondansetron is a 
serotonin 5-HT3 receptor antagonist, thus its 
effectiveness suggests a neurological component 
is involved in FPIES that should be studied fur-
ther to illuminate the mechanism [28, 29].

�Trigger Foods

Multiple studies have examined the breadth of 
different foods that trigger FPIES. Sixty-five per-
cent of FPIES cases are induced by liquid CM 
proteins consumed by infants. CM (44%–70%), 
soy (36–40%), or both (44%) most commonly 
trigger acute FPIES in infants in the United States 
[6, 7, 11]. Interestingly infants in the United 
States who are breastfed appear to be protected 
from developing FPIES with less than 5% of 
breastfed infants actually developing the syn-
drome [1, 30, 31]. Conversely in Japan, 20% of 
infants with CM FPIES develop symptoms dur-
ing exclusive breastfeeding [32].

Rice is the most common solid food FPIES 
trigger in the United States closely followed by 
oats, barley, and other grains [6, 11]. Other 
common solid foods include vegetables (peas, 
sweet potato), banana, poultry, fish, shellfish, 
nuts, and legumes. Overall, solid foods account 
for 35% of cases of FPIES [6, 11, 33]. FPIES 
reactions to fruits and vegetables are unlikely; 
however, when it does occur it is most fre-
quently observed in infants [31]. The country of 
origin also appears to play a significant role in 
the specific foods that trigger FPIES reactions 
in patients. For instance, in Mediterranean 
countries like Italy and Spain, fish is the most 
common solid food inducing an FPIES reaction 
[34, 35].

Most patients with FPIES are triggered by one 
food (65%); however, it is not uncommon for 
patients to be reactive to multiple foods (35%) as 
noted in Table  9.2 [11]. For instance, patients 
reactive to one type of grain have a 40% likeli-
hood of having an FPIES to multiple grains [6]. 
Exhibiting symptoms within the first month of 
life actually increases the likelihood of co-allergy 
developing to other foods. The frequency of 
exposure to food also appears to directly affect 
FPIES reactivity. In 2014, Katz et  al. reported 
individuals with FPIES to rice, chicken, cod, and 
wheat developed lower thresholds to reaction 
after repeat exposures to the food. In other words, 

Table 9.2  Co-allergies prevalent in FPIES [1]

FPIES 
induced by Co-allergya

Rate of 
occurrence

Cow’s milk Soy <30–40%
Solid foods <16%

Soy Cow’s milk <30–40%
Solid foods <16%

Legumes Soy <80%
Grains Grains such as rice, 

wheat, barley, oat, etc.
Approximately 
50%

Poultry Alternate poultry <40%
Solid food Alternate solid food <44%

Cow’s milk and or soy <25%
aCo-allergy is most common in the first 12 months, espe-
cially under 6 months of age
Adapted from Nowak-Wegrzyn et al. [1], with permission 
from Elsevier
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individuals have FPIES reactions to smaller 
amounts of the inciting food with every subse-
quent ingestion [36].

�Epidemiology

Data on the global prevalence of FPIES is lim-
ited. In the first prospective population study 
characterizing its prevalence, Katz et al. (2011) 
noted an incidence of 0.34% CM FPIES among 
10,000 infants born at a single hospital over 
2 years in Israel compared to a 0.5% prevalence 
of IgE-mediated CM allergy [37]. In 2017, 
Mehr performed an assessment of national 
FPIES prevalence in Australian infants under 
24 months from 2012 to 2014 and described an 
incidence of 15.4/100,000 cases per year [31]. 
This increase in documented cases over time 
may reflect either the increased awareness of 
the disorder among clinicians or a true increase 
of FPIES incidence [31]. The most recent 
FPIES prevalence data come from Spain and 
report an incidence of 0.7% in the first year of 
life based on a birth cohort of 1142 children 
from a single medical center (Prevale study) 
[38]. FPIES was diagnosed according to the 
strict diagnostic criteria, and an OFC was per-
formed in the majority of the patients to con-
firm the diagnosis. The most common food 
trigger was CM, followed by fish and egg yolk; 
one of the eight infants presented with symp-
toms of chronic FPIES to cow’s milk.

A personal history of atopy is one of the larg-
est  contributing risk factors to developing 
FPIES.  As one study demonstrated, FPIES is 
highly associated with the diagnosis of asthma 
(25%), allergic rhinitis (38%), atopic dermatitis 
(57%), and IgE-mediated food allergy to other 
foods (39%) [11]. Family history of atopy is also 
significantly correlated with FPIES with evi-
dence of atopic disease found in >70% of patient 
families [7, 11]. Immutable factors such as cesar-
ean birth and male gender also increase the likeli-
hood of an FPIES diagnosis [5, 11, 37]. Siblings 
of a patient with FPIES develop FPIES them-

selves in about 7% of cases [31]. No significant 
findings of parent to child transmission of FPIES 
have been reported.

�Natural Course

The age of presentation of FPIES is variable; 
however, it is usually observed in patients less 
than 9 months old and at a median of 5.5 months 
in the US [1, 7, 37]. Regarding liquid foods spe-
cifically, the US studies report the onset of FPIES 
to cow’s milk is usually before 6 months of age [4, 
36]. However, presentation of symptoms occur-
ring anywhere from a few days of life to 12 months 
of age has also been reported. Symptom onset 
typically occurs with the first or second ingestion 
of the food [4, 36]. The time to resolution of CM 
FPIES is difficult to predict and appears to vary 
geographically. Katz et al. followed Israeli infants 
with CM FPIES and noted a 50% resolution rate 
by the age of 1, and 88.9% resolution rate by the 
age of 2 [36]. Contrary to this finding, only 35% 
of US infants with CM FPIES experienced resolu-
tion of symptoms by 2 years of age [6]. In fact, the 
majority of these patients (85%) did not note a 
resolution of symptoms until age 5 [6].

Solid food FPIES diagnosis is typically estab-
lished at median 12 months of age although FPIES 
usually develops within days and rarely within a 
few weeks following new solid food introduction 
into the diet of an infant [6]. Grain FPIES resolves 
in the fourth year of life with studies demonstrat-
ing a median age of resolution of 4 years for oats 
and 4.7 years for rice [6, 11]. The other solid food 
triggers, i.e., fish and egg, resolve after a median of 
60  months [39]. Some researchers hypothesize 
that the later onset of symptoms and resolution of 
solid food FPIES reflect the later introduction of 
these foods into the diet. However, Ruffner et al. 
did not demonstrate a significant difference in the 
resolution of symptoms in children triggered by 
liquid versus solid foods [6]. There have been no 
reports of long-term complications in children 
with FPIES and it is largely a self-limiting, gener-
ally benign disorder of infancy and childhood.
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�FPIES in Adults

Adult-onset FPIES is a rare phenomenon, first 
characterized by Fernandes et al. in 2012 in an 
adult developing a reaction to mollusks [40]. 
Unlike children, adults have life-long tolerance 
to their culprit food prior to their initial reaction. 
Common foods inducing FPIES reactions in 
adults include crustaceans (shrimp), mollusks, 
fish, dairy, wheat, and egg (Table 9.3) [41–43]. 
In the first US report, 8 of 38 (21%) adults with 
suspected shrimp allergy reported delayed gas-
trointestinal symptoms consistent with 
FPIES.  The majority were females (7/8) and 
reported 2–6 prior reactions to shrimp. All of 
them have tolerated shrimp in the past [44]. 
Abdominal pain appears to be the predominant 
symptom found in the majority of adults with 
FPIES (70–100%), and diarrhea was the least 
common presenting symptom (50–64%) accord-
ing to studies [43, 45, 46]. There are no conclu-
sive findings on the natural course and 
resolutions of symptoms in adults; however, the 
available literature suggests these symptoms 
tend to persist throughout the duration of their 
adult life [45].

�Diagnosis

FPIES is a clinical diagnosis of exclusion and 
requires a detailed history and careful consider-
ation of the differential diagnosis to be success-
fully identified (Table 9.4). There are no 
laboratory findings or imaging tests that establish 
diagnosis of FPIES with specificity. FPIES is 
often missed on initial clinician assessment, and 
the median length of delay to diagnosis is report-
edly four to 7 months [11, 47]. Obtaining a thor-
ough history includes eliciting reaction 
symptoms, the timing of symptoms in relation to 
food intake, the suspected causative foods, and 
the attempted interventions [1]. Diagnostic crite-
ria were recently revised according to an interna-
tional consensus group and are included in Tables 
9.5a and 9.5b.

�Oral Food Challenges (OFC)

The gold standard for diagnosing FPIES is the 
OFC, and this approach is typically utilized if the 
history is equivocal (e.g., mild symptoms, 
unusual timing, isolated reaction) and not sup-
portive of the diagnosis alone. OFCs are specifi-
cally indicated when chronic FPIES is suspected, 
and a trial of elimination of foods has not yielded 
a cause of symptoms. International consensus 
guidelines recommend refraining from OFCs if 
there is a history of severe reactions, especially in 
infants with a compelling history [1].

Proper setting and personnel must be avail-
able before an OFC is pursued, and OFCs should 
be performed under experienced physician 
supervision. Access to intravenous (IV) hydra-
tion should be readily available, considering that 
up to 50% of patients who undergo diagnostic 
challenges have severe symptoms requiring IV 
hydration [13]. It is also suitable per guidelines 
to opt to obtain IV access prior to the start of the 
challenge [1, 9].

Protocols for OFC can vary; however, in 2009 
the American Academy of Allergy, Asthma, and 
Immunology work group published a standard-
ized FPIES OFC protocol used commonly in the 
United States [48]. Per the guidelines, 0.3  g 
(0.06–0.6 g) per kilogram of body weight of food 
should be offered to the patient in either a single 
dose or divided into 3 doses over 30  minutes. 
Lower doses are typically selected for patients 
with a history of severe reactions requiring hospi-
talization. The initial dose should not contain 
more than 3 grams of food protein or 10 g of total 
food. Since reactions are delayed, patients should 
be observed for 4–6 hours after ingestion of the 
total dose for signs of reaction [48].

If the calculated dose of the challenge food is 
less than 30% of the age-appropriate serving size, 
the second feeding with a regular serving size of 
the food may be considered. In children with 
atypical FPIES, the OFC protocol is modified to 
include incremental dosing (to account for imme-
diate symptoms) and 4–6 hours of  observation 
time (to account for FPIES symptoms).
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Ultimately, the manner in which a challenge is 
performed is determined by the clinical judgment 
of the physician. Food challenges are deemed 
positive per previously published criteria in 
Table  9.6 [1]. A CBC should be obtained for 
research purposes pre- and post-challenge and 
monitored for increased neutrophils (above 1500 
cells/ml), which typically peak at 6 hours after 
food consumption [1–3, 11].

�Laboratory Testing

Additional clinical tests that are suggestive of 
FPIES are occasionally utilized to confirm a high 
suspicion; however, they are not diagnostic and 
therefore not routinely recommended [1]. In 
peripheral blood studies of patients with acute 
FPIES, the neutrophil count is elevated at the 
onset of the reaction, peaks 6 hours after inges-

Table 9.3  Adult FPIES review of presentations in the literature

Food(s)
Age at onset/age at 
evaluation/diagnosis

Number 
of prior 
reactions Reported symptoms OFC outcome

Fernandes 
et al. [40]
Case report, UK

Scallop and 
clams

One male patient 
diagnosed at 53 years 
old with FPIES

Two prior 
episodes

Vomiting and 
diarrhea 2–4 hours 
post-ingestion

Vomiting, 
hematochezia, and 
hypotension 
1.5 hours 
post-ingestion
+neutrophilia

Gleich et al. [44]
Case series, USA

Shrimp, 
scallops, 
crab, lobster, 
clam, abalone

8 of 38 patients with 
shrimp sensitivity 
presenting with GI 
symptoms consistent 
with FPIES
Range of age at 
diagnosis: 23–69 yrs
Range of symptom 
onset: 12–62 yrs

Range of 2 
to >100 
episodes

Nausea, vomiting, 
abdominal pain, and 
diarrhea 1–5 hours 
post-ingestion

Not done

Tan JA 
et al. [43]
Case series, 
Australia

Crustaceans, 
mollusks, 
fish, egg

31 patients with 
exclusively GI 
symptoms on repeat 
exposure to specific 
food
Median age of diagnosis 
47 yrs. (IQR 30.5–57.5)
Median age of symptom 
onset 29 yrs. (IQR 
22–45.8)

Median of 
two prior 
episodes

Abdominal pain, 
vomiting, and 
diarrhea median time 
to symptom onset 
60 min (IQR 
52.5–120)

Not done

Du YJ et al. [46]
Retrospective 
case series, 
North America

Shellfish, 
dairy, wheat, 
eggs

20 patients with 
exclusively GI 
symptoms on repeat 
exposure to specific 
food
Median age 38.5 yrs. 
(range 16–67)

Median of 
three prior 
episodes 
(range 2–7)

Severe abdominal 
pain, vomiting, 
diarrhea
Median time to 
symptom onset 
3 hours (range 1–11)

Not done

Gonzalez-
Delgado 
P et al. [45]
Prospective case 
series, Spain

Crustaceans, 
fish, mollusks

25 patients with strictly 
GI symptoms after 
eating seafood
Median age of onset of 
symptoms: 28 yrs. (IQR, 
20.5–38)

Median of 
eight prior 
reactions 
(IQR 
5.5–10)

Abdominal pain, 
vomiting, diarrhea, 
hypothermia/
lethargy
Range of time to 
symptom onset 
(1–4 hours)

OFC performed in 
eight patients to 
confirm diagnosis
+neutrophilia
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Table 9.4  FPIES differential diagnosis [1]

Diagnosis Similarities with FPIES Differentiating features from FPIES
Allergic disorders
Food-protein-induced 
proctocolitis

Stool with blood or mucus, 
associated with cow’s milk 
formula intake

No failure to thrive, no vomiting, resolution 
sooner (~1 year of age), patients not sick 
appearing

Food-protein-induced 
enteropathy

Failure to thrive, intermittent 
vomiting or diarrhea with 
ingestion of specific food (e.g., 
cow’s milk, egg, etc.)

Small bowel injury and malabsorption. No 
lethargy, pallor, or dehydration.
No methemoglobinemia or acidemia. 
Confirm diagnosis with endoscopy and 
biopsy

Anaphylaxis Vomiting, diarrhea with ingestion 
of specific food, reproducible

Immediate symptoms with ingestion of food 
(minutes to 1 hr), positive SPT and food 
ssIgE, other systemic symptoms (i.e., 
urticaria, angioedema, etc.)

Eosinophilic esophagitis Triggered by specific food, 
vomiting, failure to thrive

Vomiting less profuse, non-projectile, early 
satiety, older children–dysphagia/ food 
impaction sensation, chronic

Gastrointestinal disorders
Celiac disease Failure to thrive, chronic 

diarrhea, vomiting, anemia
Celiac serology positive and confirmed with 
biopsy, malabsorption

Gastrointestinal reflux Intermittent vomiting No diarrhea, no dehydration, vomiting 
usually minimal

Lactose intolerance Diarrhea with ingestion of 
specific food (lactose)

Symptoms with liquid cow’s milk / large 
amounts of cheese or cream/ lactose; 
bloating, flatulence, low prevalence under 
5–6 years of age; frequently positive family 
history of lactose intolerance

Cyclic vomiting Repetitive recurrent vomiting, 
lethargy

Not associated with food, stereotypical 
vomiting typically early in the day, associated 
with prodrome (can be associated with 
headache, photophobia)

Anatomical GI obstruction
Malrotation/volvulus Vomiting in an infant, bloody 

stool (bowel ischemia), 
dehydration and shock, failure to 
thrive, distended loops of bowel 
on X-ray

Bilious vomiting, abdominal distension, 
sepsis from necrotic bowel, fluid resuscitation 
alone does not improve symptoms

Intussusception Intermittent, vomiting, bloody 
diarrhea, lethargy, and pallor

Severe cramping abdominal pain, 
intermittent, not associated with specific 
food, abdominal mass on exam, detectable on 
ultrasound

Hirschsprung’s disease Vomiting, failure to thrive in 
infant/young child

Abdominal distension, constipation, delayed 
passage of meconium, bilious emesis

Pyloric stenosis Recurrent projectile vomiting 
leading to dehydration

No diarrhea, diagnosis with ultrasound

Necrotizing enterocolitis Lethargy, vomiting, bloody 
diarrhea, neutrophilia

Higher risk in premature low birth weight 
infants, formula-fed infants; requires parental 
nutrition, IV antibiotics, pneumatosis 
intestinalis on X-ray

Very early onset inflammatory 
bowel disease

Failure to thrive, diarrhea, blood 
or mucus in stool, vomiting

Symptoms are not often linked to specific 
food; family history may be positive for IBD

Infections
Sepsis Sudden lethargy, vomiting, 

hypotension, hypothermia, 
neutrophilia

Fever present, treatment with fluid 
resuscitation alone does not improve
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tion, and is back to baseline within 18–24 hours 
[1, 3]. Hypereosinophilia and elevated platelets 
are also characteristic of FPIES along with met-
hemoglobinema and metabolic acidosis [49]. 
Occult blood, mucus, carbohydrates, and leuco-
cytes are noted in stool studies of acute FPIES 
patients [3]. Interestingly, neutrophilia in cere-
bral spinal fluid has also been demonstrated in 
acute FPIES; however, lumbar puncture is not a 
common practice used to diagnose FPIES [7].

Chronic FPIES shares similarities with acute 
FPIES in also demonstrating metabolic acidosis, 
methemoglobinemia, eosinophilia, and leukocy-
tosis in serum studies. Hypoalbuminemia and 
anemia are characteristic features of chronic 
FPIES presentations that distinguish itself from 
acute FPIES [50]. Similarly, stool studies also 

demonstrate red blood cells and neutrophils and 
are differentiated from acute FPIES stool sam-
ples by the presence of reducing substances and 
Charcot-Leyden crystals [50].

�Gastric Aspirate Testing

Considering the time and costs needed to per-
form food challenges, non-conventional study 
methods have been explored to facilitate the diag-
nosis of FPIES and have resulted in varying lev-
els of success. In 2008 Hwang et al., performed 
gastric aspirations in patients suspected of FPIES 
and discovered that patients with >10 leukocytes 
/hpf in their aspirate were much more likely to 
have food challenge confirmed FPIES [51]. There 

Table 9.4  (continued)

Diagnosis Similarities with FPIES Differentiating features from FPIES
Acute viral gastroenteritis Vomiting, watery diarrhea Fever present, slower course over days, no 

specific food trigger
Bacterial gastroenteritis 
(Shigella, Salmonella, 
Campylobacter, E.coli)

Vomiting, abdominal pain Watery or bloody diarrhea, fever, positive 
stool culture, responds to antibiotics

Inborn errors of metabolism: 
galactosemia, fructose 
intolerance, methylmalonic 
acidemia, ornithine 
transcarbamylase deficiency

Intermittent vomiting/lethargy Inability to process sugars, amino acids, and 
organic acids; many patients may self- avoid 
food that cannot be metabolized (avoidance 
of fruit in fructose intolerance and dairy in 
galactosemia)

Inadequate energy production
Mitochondrial, fatty acid 
oxidation disorders, glycogen 
storage disorder

Intermittent vomiting/lethargy Failure to thrive, heart and muscle 
involvement, splenomegaly, hypoglycemia
No diarrhea or food avoidance

Disorders of complex molecules
Lysosomal storage disorders
Congenital disorder of 
glycosylation

Poor growth, feeding swallowing 
difficulties
Vomiting, diarrhea

Hepatosplenomagaly, developmental delay, 
short stature, chronic pain
Low tone, seizures, dysmorphic features

Congenital methemoglobinemia 
(type I)

Methemoglobinemia Mostly asymptomatic, no vomiting or 
diarrhea, general fatigue, dyspnea

Primary immunodeficiency Chronic diarrhea (due to frequent 
or persistent GI infections, e.g., 
enterovirus)

Not specific to food, abnormality in 
lymphocyte counts, immunoglobulins, etc.

Immune enteropathy Chronic diarrhea Diarrhea frequently with blood or mucus, 
severe diarrhea with no food association, rare 
in infants and toddlers

Mast cell activation syndrome Chronic/intermittent watery 
diarrhea

Symptoms from other organ systems, e.g., 
skin, respiratory, cardiovascular, not specific 
to food; elevated serum tryptase and or 
urinary histamine metabolites or PGD2 or 
11-b-PGF2-alpha during at least two acute 
episodes

Adapted from Nowak-Wegrzyn et al. [1], with permission from Elsevier
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were no patients with negative FPIES challenges 
that produced >10 leukocytes /hpf [51]. While 
informative, the invasive nature of the study lim-
its its practical use in clinical settings with pedi-
atric patients.

�Allergy Testing

Clinical studies effective in other allergic disor-
ders have not been successfully used to diagnose 
FPIES patients. Skin prick tests (SPT) are cate-
gorically used to identify IgE-mediated allergy 
and are typically negative in patients with FPIES 
[11]. Similarly patients with acute and chronic 
FPIES have undetectable ssIgE levels to their 
trigger food except in the rare cases of atypical 
FPIES. Therefore, SPT and ssIgE are not recom-
mended in diagnosis [1]. Food ssIgE can be use-
ful in follow-up of patients with FPIES diagnosis 
to identify atypical individuals at risk for a pro-
tracted course as discussed previously [11]. It is 
also useful in potentially predicting a future IgE-
mediated allergy as in CM FPIES patients who 
are at increased risk of conversion to IgE-
mediated food allergic symptoms with exposure 
to CM [1].

Table 9.5a  Acute FPIES diagnostic criteria [1]

Acute FPIES
Major criterion Minor criteria
Vomiting 1–4 hours after 
ingestion without IgE-
mediated allergic skin or 
respiratory symptoms

Two or more episodes 
of repetitive vomiting 
after ingesting the 
same trigger food
Repetitive vomiting 
episode 1–4 h after 
ingesting a different 
food
Significant lethargy 
with a suspected 
reaction
Significant pallor with 
a suspected reaction
Necessary visit to the 
emergency room with 
a suspected reaction
Diarrhea within 
24 hours of onset of 
symptoms (typically 
5–10 hours)
Hypothermia
Hypotension

A positive diagnosis must meet the major criterion and 
≥ 3 minor criteria. A positive FPIES OFC confirms the 
diagnosis, particularly if only one FPIES episode has 
occurred.

Adapted from Nowak-Wegrzyn et al. [1], with permission 
from Elsevier

Table 9.5b  Chronic FPIES diagnostic criteria [1]

Chronic FPIES
Major criterion:
 � Resolution of the symptoms within days after 

elimination of the trigger food and occurrence of 
acute FPIES reaction when food is reintroduced 
(vomiting 1–4 hours after ingestion and diarrhea 
within 24 h).

 � Diagnosis only confirmed with positive OFC.
Mild presentation: low or 
infrequent doses of the 
suspected food induce the 
following:
 � Intermittent vomiting and/or 

diarrhea
 � Poor weight gain/failure to 

thrive
 � No dehydration or metabolic 

acidosis

Severe presentation: 
regular ingestion of 
suspected food 
induces the 
following:
 � Intermittent, 

worsening 
vomiting and/or 
diarrhea (can be 
bloody)

 � Dehydration and 
metabolic acidosis

Adapted from Nowak-Wegrzyn et al. [1], with permission 
from Elsevier

Table 9.6  Diagnostic criteria for positive FPIES oral 
food challenge [1]

Major criterion
 � Vomiting 1–4 hours after ingestion of culprit food 

without IgE-mediated allergic skin or respiratory 
symptoms

Minor criteria
 � Lethargy
 � Pallor
 � Diarrhea 5–10 hours after food ingestion
 � Hypotension
 � Hypothermia
 � Increased neutrophil count >1500 neutrophils above 

baseline
Diagnostic of FPIES requires 1 major and ≥ 2 minor 
criteria. Limitations include use of ondansetron, which 
can hinder the development of minor criteria such as 
pallor, lethargy, and repetitive vomiting. Obtaining a 
neutrophil account also may not be possible within the 
necessary timeframe. In these two situations, a 
challenge may be considered positive from the major 
criterion alone.

Adapted from Nowak-Wegrzyn et al. [1], with permission 
from Elsevier
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Atopy patch skin testing (APT) testing is also 
not recommended for identifying FPIES trigger 
per guidelines [1]. APT demonstrated only 12% 
sensitivity, 40% positive predictive value, and 
55% negative predictive value when attempting 
to identify milk, soy, oat, and rice sensitization in 
patients with FPIES reactions to these foods [52]. 
More recent APT studies further corroborate 
these findings [6, 25, 53].

Imaging studies are also not recommended in 
the diagnosis of FPIES on the basis of non-spe-
cific clinical findings [1]. Classic findings from 
past studies include air fluid levels in the bowel, a 
ribbon like ileum, and thickened and inflamed pli-
cae circularis in X-rays and barium studies of the 
small bowel. The large bowel has demonstrated 
evidence of narrowing and intermittent spasms in 
plain film imaging [27]. Additional techniques 
such as endoscopy range in findings from normal 
mucosa to friability and ulceration along the gut 
to the rectum [27, 54]. These notable findings are 
unfortunately not helpful in discriminating FPIES 
from other gastrointestinal pathologies.

�Management

The most important aspect of management in 
patients with acute or chronic FPIES is avoidance 
of trigger foods. Parents and families must be 
educated on reading labels and avoiding acciden-
tal ingestions at home and in public spaces such 
as school, restaurants, etc. Food avoidance man-
agement also includes providing alternative 
nutrition sources for patients who significantly 
rely on the culprit food for nourishment. Infants 
with FPIES to CM are recommended to avoid 
CM-based formula for the first year of life. Thirty 
to sixty-five percent of patients with CM FPIES 
are also reactive to soy-based formula in the 
United States [6, 7]. Thus, soy introduction is 
usually delayed until after 1 year of age as well 
[1, 11]. Instead, extensively hydrolyzed casein 
formula is initially recommended for the first 
year of life in the United States until an OFC can 
be performed. If hydrolyzed formula is not toler-
ated, an amino acid–based formula may be 
needed in up to 20% of cases [1, 11].

The simultaneous presence of CM and soy 
FPIES is much lower internationally as in 
Australia and Israel [5, 37, 39]. Soy is recom-
mended as an acceptable substitute for CM in 
FPIES if an OFC has ruled out soy reactivity and 
vice versa for soy FPIES [1]. Sheep and goats 
milk are not acceptable animal milk substitutes 
due to their high protein homology with CM [1, 
55]. Camel and donkey milk are available in 
select geographical areas and have decreased 
homology and likelihood of cross-reactivity with 
CM. Therefore, they can also be used for animal 
milk in patients with CM FPIES when readily 
available and preferably under the guidance of a 
nutritionist [1, 56–58].

Exclusive breastfeeding can be continued in 
patients with FPIES.  Mothers can maintain an 
unrestricted diet while breastfeeding unless there 
is a history of FPIES reaction in the infant after 
maternal ingestion of the culprit food. Maternal 
transmission of the culprit food through breast-
milk is a rare phenomenon in the United States; 
however, cases have been documented more fre-
quently in Japan and Australia [31, 32]. In these 
cases, or if the infant fails to thrive, the suspected 
food should be excluded from the maternal diet. 
Hydrolyzed and/or amino acid–based formulas 
are indicated if the maternal elimination diet does 
not yield a resolution of symptoms in the infant 
with FPIES [1].

Variability exists in the volume of trigger 
foods that can be tolerated in FPIES patients 
before reaction, which is similarly observed in 
patients who exhibit IgE-mediated food allergy 
[37]. Conventionally, patients do not avoid foods 
with precautionary allergen labeling warning of 
“trace amounts” of the allergenic food, unless 
there has been a history of severe reactions to 
minute amounts [1].

�New Food Introduction

The FPIES diagnosis creates a lot of concern and 
anxiety regarding food introduction in both fami-
lies and clinicians alike. Guidance for families in 
terms of introduction of new foods and re-intro-
duction of the allergenic food(s) is warranted. 
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Our goals as clinicians are to support nutritional 
diversity while minimizing the risks of FPIES 
reactions as much as possible. Thus, recommen-
dations permit introduction of solid foods at 
home when developmentally appropriate and not 
to delay introduction beyond 6 months of age [1, 
59]. Infants with CM- or soy FPIES are at higher 
risk for FPIES to solid foods, especially oat and 
rice [1, 6, 11]. Therefore, lower risk foods that 
are recommended in the initial solids introduc-
tory phases include fruits and vegetables, meats, 
and lastly grains (Table 9.7).

Food is introduced in a gradual manner with 
slowly increasing doses over several days until an 
appropriate serving size per age is reached. Once 
the food is tolerated it should be continued in the 
diet at regular intervals (per experience). A food 

tolerated from one food group (i.e., chicken from 
poultry) increases the likelihood that all foods 
will be tolerated within that group [1, 13]. Prior 
history of severe reactions may lead the clinician 
to challenge new foods in the clinic setting before 
home introduction.

�Reintroduction of the Food That 
Caused FPIES in the Past

Reintroduction of foods that have caused FPIES 
reactions should be performed with supervised 
OFCs [1]. The best timing of reintroduction has 
not firmly been established by studies. In the 
United States and Europe, challenges are usually 
performed 12–18  months after the child’s last 

Table 9.7  Guidelines for introduction of foods [1]

Ages of introduction Low-risk foods Moderate-risk foods High-risk foods
4–6 months Vegetables
If developmentally appropriate should 
start with:
 � Smooth, thin purees and progress to 

thicker textures
 � Select foods with high iron levels

Broccoli, cauliflower, 
parsnip, turnip, pumpkin

Carrot, squash, green bean, 
white potato

Sweet potato, green 
pea

6 months Fruits
Complementary feeding should begin 
<6 months:
Expand diversity of fruits, vegetables, 
legumes, grains, meats, as tolerated
In BF infants, add high iron foods or 
supplement iron (1 mg/kg/d) by 
6 months

Berries (strawberry, 
blueberries), peach, 
plum, avocado, 
watermelon

Pear, apple, oranges Banana

8 months or if developmentally 
appropriate

High-iron foods

Introduce soft-cooked and easily 
dissolved texture foods

Lamb, fortified quinoa, 
cereal, millet

Fortified grits and corn 
cereal, beef, whole wheat 
and fortified wheat, 
fortified barley cereal

Fortified infant rice, 
oat cereal, other 
higher-iron-fortified 
foods

12 months or if developmentally 
appropriate

Other

Offer table foods modified for 
developmental appropriateness: 
chopped meats, soft cooked 
vegetables, grains, and fruits

Tree nut and seed 
butters (sesame, 
sunflower, almond)
Prepare by thinning 
with water or infant 
puree to reduce choking 
risk

Peanut, other legumes Milk, soy, poultry, 
egg, fish

Exclusive breast feeding until 4–6 months is recommended per the AAP.
There is increased likelihood of tolerating multiple foods within the same group after one food is tolerated. 
Additionally, when more foods are tolerated overall, a more liberal approach can be taken.

Adapted from Nowak-Wegrzyn et al. [1], with permission from Elsevier
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reaction [13, 60]. Alternatively, Korean infants 
diagnosed with CM- or soy FPIES at a median of 
36 days demonstrated tolerance to CM and soy, 
respectively, at 6 months of age (27% and 75%), 
8 months of age (42% and 91%), and 10 months 
of age (66% and 92%) [61]. This study supports 
an earlier attempt at OFC (within 1 year of age) 
for liquid food reintroduction and highlights the 
importance of additional large cohort studies 
examining the natural course of early tolerance of 
foods. Similar to new food introduction, when 
the OFC is passed the food should be added grad-
ually at home and remain in the diet [62].

Unlike IgE-mediated CM or egg allergy, the 
introduction of extensively heated food products 
in patients with FPIES is not a widely performed 
practice. In 2013, a small study of seven subjects 
with CM or egg FPIES demonstrated tolerance to 
baked egg and baked milk in some patients dur-
ing OFCs [14]. However, larger, more conclusive 
studies must be performed to provide evidence 
on the safety of OFCs and home introduction to 
extensively heated CM or egg in FPIES patients. 
For now, the recommendation is to avoid baked 
egg or milk products in patients, unless the 
patient is already tolerating it in the diet. If baked 
product introduction is considered, for example, 
due to poor growth and nutrition in the child, the 
initial ingestion should be performed under the 
supervision of a physician [1]. The risks and ben-
efits of such a challenge should be discussed 
between the clinician and family.

Adults do not have guidelines on food reintro-
duction given the lack of studies addressing the 
resolution of FPIES in this population. Current 
recommendations are to attempt OFCs at various 
intervals to reassess if FPIES has resolved [63]. 
Further studies evaluating the natural history of 
FPIES in older children and adults are needed.

Finally, a multidisciplinary approach appears 
to work well in optimizing nutrition and manage-
ment of patients with FPIES. Aside from the phy-
sician, the dietician’s input is key to educating 
families on nutritional requirements and alternate 
options of food available during the time of 
avoidance [1]. Guidelines recommend varying 
the preparations of the foods tolerated (i.e. pureed 
vs baked, vs raw fruits) to diversify early encoun-

ters with food. Dieticians work with families to 
help ensure this occurs.

Introduction of new and solid foods at an 
appropriate time of development is essential for 
the child’s oral motor skills and willingness to try 
different foods. When eating is hindered by 
familial anxiety or multifood reactivity, the child 
can develop aversion to food textures and flavors 
or oral motor dysfunction, disrupting the mechan-
ical actions of eating. Feeding and speech lan-
guage therapy should be utilized if solid 
introduction proves to be difficult due to these 
reasons [1]. Caregivers of infants with FPIES 
may need and benefit from the support of the lay 
patient organization, e.g., International FPIES 
Association, fpies.org, etc.

�Management of Acute Reactions

In an acute reaction, the initial course of action is 
to cease eating the food causing the reaction. 
Typically, an acute reaction will resolve within 
4–12 hours after discontinuing the food whereas 
chronic FPIES reactions resolve about 3–10 days 
later [2, 3]. Sequels of FPIES reactions includes 
mild to severe dehydration. In mild to moderate 
cases of dehydration, oral rehydration with breast 
milk or clear fluids can be administered at home 
with close observation [37]. When dehydration is 
severe, hemodynamic instability and even shock 
can ensue, requiring aggressive rehydration and 
supportive care. Patients should receive intrave-
nous boluses (10–20 ml/kg of normal saline) and 
dextrose maintenance fluids, and in certain severe 
cases, bowel rest [1–3].

Ondansetron has been used in an attempt to 
reduce vomiting in acute FPIES reactions; how-
ever, there are no blinded randomized control tri-
als to evaluate its effectiveness. Evidence for the 
use of ondansetron is noted in a small case study 
of young children with positive FPIES OFC 
whose symptoms ceased after receiving intrave-
nous or intramuscular ondansetron within 
15 minutes of reacting [28, 29]. A larger retro-
spective case control study evaluated ondasen-
tron in an acute FPIES reactions and reported a 
0.2 relative risk reduction in the onset of vomit-
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ing [29]. Almost 20% of patients did not respond 
to ondansetron; however, those who did respond 
were less likely to be hospitalized [29].

Given reports of some improvement noted in 
studies, the guidelines suggest in infants over 
6 months of age, an IM or IV ondansetron dose of 
0.15  mg/kg (max dose of 16  mg) may be 
attempted to reduce the severity of an FPIES 
reaction in a challenge [1]. In our experience, cli-
nicians should not rely on ondansetron in patients 
with a severe reaction history and should remain 
prepared to administer appropriate supportive 
care. At home, oral ondansetron can be adminis-
tered for accidental ingestions; however, it is 
imperative that patients are instructed to still seek 
medical advice [64].

Intravenous corticosteroids are thought to 
reduce gut inflammation during an acute reac-
tion. Methylprednisolone (1  mg/kg with maxi-
mum dose of 60–80  mg) is administered as a 
single dose at the hospital when severe symp-
toms initiate [1]. If reaction severity persists 
despite the aforementioned interventions, trans-
fer to the intensive care unit (ICU) is appropriate 
particularly when protracted dehydration is 
unresponsive to boluses and vasopressors are 
required. The ICU can also provide supplemen-
tal oxygen and if needed positive pressure sup-
port via mechanical ventilation. Metabolic 
acidemia or methemoglobinemia may require 
bicarbonate supplementation or methylene blue, 
respectively.

Arguably, the most important instruction cli-
nicians can offer families is how to recognize 
symptoms early and quickly perform the neces-
sary steps of initial management during an acute 
reaction. All FPIES-diagnosed patients should 
have an emergency action plan readily available 
and an allergist written letter informing other 
emergency health care providers of the diagno-
sis and best medical management in the event of 
a reaction [1, 9]. Parents should be advised to 
take their child for medical evaluation if he/she 
develops repetitive (>3) episodes of projectile 
vomiting, lethargy, unresponsiveness, and/or 
pallor [9]. Epinephrine and antihistamines are 
not useful in the midst of classic FPIES reac-
tions [1, 9]. However, they are prescribed to 

patients in case of other IgE-mediated food 
allergic reactions or as a precaution in patients 
with atypical FPIES.

�Conclusions

Once a rare disease with limited investigation 
into its features, our knowledge of FPIES has 
grown tremendously over the last 2–3 decades. 
We understand the clinical presentation, estab-
lished diagnostic criteria, well-characterized 
food triggers, and have a general understanding 
of its natural course in children. Advancements in 
diagnosis with OFC protocols, acute treatment 
options, and food reintroduction have culminated 
in publication of the first consensus guidelines on 
the diagnosis and management of FPIES in 2017. 
There is increased awareness of the disorder 
among the greater pediatric clinical community, 
which improves the morbidity and quality of life 
for patients.

There are still several deficits in our knowl-
edge that require additional investigation. The 
pathologic mechanism of this disorder and 
genetic and/or environmental influences remain 
largely unknown. Geographic discrepancies in 
prevalence and natural course also persist with-
out much understanding of the reasoning. Future 
studies will likely prioritize clinical management 
and food introduction such as examining the tol-
erance of baked allergen products and developing 
diagnostic testing/biomarkers to confirm diagno-
sis and/or indicate the resolution of symptoms 
and safe reintroduction of foods.
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Potential Factors Related to Food 
Allergy Development
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�Introduction

An increasing number of studies have been inves-
tigating rising trends in food allergy and its associ-
ated factors. Food allergies, defined as an adverse 
reaction that occurs reproducibly on exposure to a 
specific food [1], can be either IgE mediated or non-
IgE mediated – here we focus on the former. Food 
allergy prevalence appears to be on the rise, con-
cerning both the medical community and the gen-
eral population. Food allergy cases now account for 
an overwhelming number of allergy clinic appoint-
ments, which costs more than $24 billion dollars 
in the United States [2] and reduces quality of 
life. There is increasing evidence showing a rapid 

increase in developed countries, and prevalence 
rates also seem to be increasing in developed coun-
tries as they adopt more Westernized lifestyles [3]. 
Current hypotheses attempt to explain how envi-
ronmental factors may be involved in this differ-
ential rise in prevalence across this socioeconomic 
divide. One theory postulates that widespread 
urbanization and industrialization in the developed 
world underpin this rapid increase. Other rapidly 
changing ecological factors of the modern lifestyle 
that may explain the rise in food allergy include 
lower microbial exposure, increased hygiene, and 
reduced sun exposure.

Multiple genetic and environmental factors 
have been shown to be associated with food 
allergy. Evolutionary changes in our genome 
would take several generations to manifest and 
thus are unlikely to explain a phenomenon that 
has occurred so rapidly. Nevertheless, allergies 
run in families suggesting some genes are more 
likely to predispose to food allergy in the context 
of the emerging food allergy epidemic. Migration 
provides an interesting natural history experi-
ment to provide some insights into genetic pre-
disposition and changing environments and may 
help explain the rise of food allergy.

�How Common Is Food Allergy?

Food allergy prevalence varies by geographic 
location, age, ethnicity, and dietary history, as do 
triggers for food allergy and anaphylaxis (the most 
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serious expression of the condition). High-quality 
population data are sparse because large studies 
are expensive to undertake. The gold standard 
for the diagnosis of IgE-mediated food allergy 
is the Oral Food Challenge (OFC) , although an 
acceptable surrogate is “doctor-diagnosed food 
allergy” – especially if the history includes objec-
tive acute allergic signs or symptoms of reaction 
paired with evidence of IgE antibody production 
through skin prick test or blood test. This includes 
estimates for incidence of anaphylaxis (an allergic 
reaction that can be life threatening) since even 
the definition for this event varies widely inter-
nationally. Another common measure of food 
allergy prevalence is parent or patient reported, 
usually through questionnaires.

�Prevalence

High levels of heterogeneity in studies included 
in systematic  reviews result in difficulty draw-
ing conclusions on the overall prevalence of food 

allergy worldwide. Nevertheless, a 2012 World 
Allergy Organization survey of 89 countries was 
completed by pediatric allergists [3]. Challenge-
proven food allergy prevalence in children under 
5  years of age ranged from 1% in Thailand to 
10% in Australia (Fig. 10.1), although the preva-
lence in children over 5 years of age is lower [3].

In 2010, the NIAID/NIH published guidelines 
which reported on food allergy prevalence based 
on a range of systematic reviews and meta-analyses 
where self-reported prevalence was between 12% 
in children and 13% in adults, but only 3% when 
confirmed by sensitization or by double-blind, 
placebo-controlled OFC [4]. A population-based 
study estimated that food allergy impacts 7.6% 
of children in the United States [5]. HealthNuts, a 
population-based study conducted in Melbourne, 
Australia, between 2007 and 2010, demonstrated 
that the prevalence of challenge-proven peanut and 
egg allergy was 3.0% and 8.9%, respectively, with 
an overall prevalence of 10% for all foods tested [6].

Notable reviews published more recently 
include systematic reviews of fish, seafood [7], and 
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Fig. 10.1  Summary of 
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bars), based on symptoms 
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bars) or questionnaires/
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bars) [3]. (Reprinted 
and adapted from  
Prescott et al. [3])
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tree nut allergy [8]. Fish allergy prevalence ranged 
from 0% to 0.3%, seafood allergy ranged from 0% 
to 0.9%, and tree nut allergy was less than 2% in 
studies where food challenges were performed.

�Trends

Most countries report an increase in the preva-
lence  of food allergy and allergic events over 
the last 10–15  years, with published evidence 
in developed and rapidly developing countries 
alike, including Australia, the United States, and 
China [3]. The CDC has reported in the United 
States that food allergy, based on self-reporting, 
has increased 18% from 1997 to 2007  in chil-
dren under 18  years old, with 3.9% reporting 
a food allergy in 2007, as well as a significant 
increase in hospital discharges related to food 
allergy in 2007 compared to 1997 [9]. Mullins 
et  al. used data from the Australian Bureau of 
Statistics and the Australian National Coronial 
Information System to describe changes in food 
allergy-related anaphylaxis in Australia from 
1997 to 2013. Rates of anaphylaxis fatalities have 
increased in Australia between 1997 and 2013 
by 6.2% per year, with fatal food anaphylaxis 
increasing by 9.7% per year (95% CI, 0.3–20%; 
P = 0.04) [10]. Hospital admissions due to food 
anaphylaxis also increased by 10.2% from year 

to year (95% CI, 9.9–10.6%; P < 0.0001), reach-
ing up to a 16.1% yearly increase in children 
5–14 years old (Fig. 10.2) [10].

Overall, studies since the 1990s have consis-
tently shown evidence that food allergy has been 
increasing, especially in developed and rapidly 
developing countries [3, 11–13]. In the upcoming 
sections, we will outline some factors that may 
be involved in this allergy epidemic.

�Why Is Food Allergy on the Rise?

The cause of the global rise in food allergy prev-
alence is not known; however, the increase has 
occurred too rapidly for genetic factors alone 
to explain as changes to the genome occur at an 
evolutionary pace. Environmental factors associ-
ated with food allergy must, therefore, be central 
to the increase in prevalence. Some environmen-
tal factors may also exert their influence through 
microbiome alternations or epigenetic modifica-
tions in genes.

�Heritability and Predisposition 
to Food Allergy

Like many complex diseases, there is evidence 
to suggest genetic factors  influence food allergy. 
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The influence of genetic factors is measured by 
heritability, which is defined as “the proportion 
of observed variation in a particular trait that can 
be attributed to inherited genetic factors in con-
trast to environmental ones,” where 0 indicates 
no genetic contribution and 1 indicates complete 
genetic influence [14]. Sicherer et  al. published 
a twin study showing a strong possible genetic 
influence of peanut allergy with heritability rang-
ing from 0.82 to 0.87 [15]. A more recent twin 
study on 826 twin pairs estimated the heritabil-
ity of food sensitization in a 12- to 28-year old 
Chinese population to be between 0.51 and 0.68, 
suggesting both genetic and environmental fac-
tors influence food allergy [16]. A family-based 
study including 581 nuclear families from the 
United States, with food allergy diagnosed 
through clinical symptoms and food-specific IgE, 
found heritability ranging from 0.15 to 0.35 for 
the nine food allergens tested [17]. The authors 
also found familial aggregation patterns of food 
allergy between mother and child and the child 
with other siblings. Currently, food allergy is 
assumed to be a complex polygenic disease with 
a significant environmental contribution.

A recently published systematic review 
assessed 32 candidate-gene and genome-wide 
association studies (GWAS)  associated with 
food allergy, following the PRISMA protocol. 
Findings suggested that the genes for filaggrin 
(FLG), HLA, and IL13 have reproducible asso-
ciations with food allergy, though others, such 
as IL10, SPINK5, SERPINB, and C110rf30, 
have also been found to be associated with food 
allergy [18].

The FLG gene has been shown to be associ-
ated to eczema and food allergy, although some 
authors argue that the association is with food 
sensitization rather than food allergy itself. A 
case–control study replicated in three distinct 
populations (English, Dutch, and Canadian) 
found a strong and significant association 
between peanut allergy and FLG mutations, even 
after controlling for coexistent atopic dermatitis 
[19]. In addition, our population-based study in 
1-year-old infants found that the FLG mutation 
was significantly associated with both food sen-
sitization and food allergy in infants irrespective 

of their eczema [20]. FLG appears to increase 
the risk of food sensitization (adjusted odds ratio 
[aOR], 3.0; 95% CI, 1.0–8.7; P = 0.043), but it 
may not increase the risk of food allergy per se.

Males have also been found to be more likely 
to be food sensitized and have a higher mortality 
rate due to food allergy-related anaphylaxis [10, 
21]. A systematic review published in the United 
States found disparity in food allergy according 
to race and ethnicity [22]. The authors reviewed 
20 papers, none of which used OFC to define 
food allergy, and reported that African Americans 
were found to have an increased risk of food sen-
sitization and food allergy. While genes may 
explain some variability in food allergy preva-
lence among specific ethnicities, environmental 
factors contribute to these findings as well.

�Is the Rapidly Changing Environment 
Causing the Rise of Food Allergy?

Environmental exposures  have changed dramati-
cally in the last decades of the twentieth century, 
particularly in developed countries. The urban-
ization and industrialization of cities have led 
to improved hygiene in the population including 
cleaner water supplies and cleaner food supplies. 
Even so, there has been an increase in pollut-
ants in the last century, especially in urban areas, 
and though there has been a decrease in smok-
ing, people are leading more sedentary lifestyles 
and there has been a significant increase in obe-
sity. Awareness of the dangers of sun exposure 
and an increased electronic-based lifestyle have 
led to widespread use of sun protection and sun 
avoidance, which have been associated with a 
higher prevalence of vitamin D deficiency over 
time. Infants are born more commonly by cesar-
ean sections and immunization uptakes have 
increased significantly, while infant feeding pat-
terns are changing and diets are becoming more 
Westernized [23].

There has also been growing use of antibiotics 
in humans and livestock and a declining preva-
lence of Helicobacter pylori infection. Although 
population evidence for the association of H. 
pylori and food allergy is inconclusive [24], a 
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longitudinal study of children up to 7 years of age 
showed that children prescribed antibiotics three 
or more times by that age or 60 days before diag-
noses (whichever occurred earlier) had greater 
odds of having cow’s milk or other food aller-
gies than children with no antibiotic use, and this 
varied by antibiotic classes, penicillin having the 
highest association with food allergy [25]. The 
latter may be explained by co-association of food 
allergy and eczema and the fact that children with 
eczema have higher rates of skin infection requir-
ing penicillin-based antibiotics [26].

One theory that incorporates several key epide-
miological associations that have been hypothe-
sized to play a role in increased risk of food allergy 
is referred to as the 5 Ds – Dry skin, Diet, Dogs 
(external microbial exposure), Dribble (internal 
microbial exposure), and Vitamin D [27].

�Dry Skin and the Function of a Healthy 
Skin Barrier
Multiple studies have documented an association 
between eczema and food allergy [28–30]. Our 
population-based HealthNuts cohort found that 
half of infants with severe, early-onset eczema 
developed challenge-proven food allergy by 
1  year of age. Infants with eczema were five 
times more likely to develop IgE-mediated food 
allergy than infants without eczema (odds ratio 
[OR], 6.2; 95% CI, 4.9–7.9; P  <  0.001) [31]. 
As certain gene variants have been shown to be 
associated with eczema and food sensitization, 
but not food allergy per se, we hypothesize that 
a second step may be required to convert food 
sensitization to food allergy [20], as reflected in 
the Dual Allergen Exposure  Hypothesis.

The Dual Allergen Exposure Hypothesis (or 
“Lack” Hypothesis after Professor Gideon Lack 
who proposed this theory) proposes that sensiti-
zation is caused by exposure to allergens through 
the skin barrier, but can be prevented through oral 
exposure [32]. An in  vitro study performed on 
mice suggests that exposing skin to environmen-
tal allergens would reduce oral tolerance of neo-
nates heterozygous for skin barrier mutations in 
FLG and mattrin genes, but was prevented if oral 
allergen exposure preceded skin exposure [29]. 
This same study also reported that the applica-

tion of sodium dodecyl sulfate, a soap component 
found in cleaning wipes, along with the allergen 
could sensitize the food allergen response in 
neonatal mice with skin barrier mutations, sug-
gesting possible sensitization in human infants, 
particularly those with skin barrier mutations 
through skin exposure to soap and food aller-
gens. The importance of the skin barrier is rein-
forced by an observational study which described 
increased peanut sensitization in 3- to 15-month-
old children with moderate-to-severe atopic der-
matitis when environmental peanut protein levels 
in household dust increased (1.7-fold; 95% CI, 
1.1- to 2.6-fold; P = 0.01) [33].

�Diet and Early Allergen Exposure
The Dual Allergen Exposure Hypothesis also 
proposes that the development of food allergy is 
abrogated by oral exposure to allergenic foods 
in early infancy. The sentinel randomized trial 
LEAP (Learning Early About Peanut Allergy)  
formally assessed whether early peanut intro-
duction reduced peanut allergy at age 5. LEAP 
showed a reduction of peanut allergy in a group 
of high-risk infants by feeding them regular, 
high doses of peanut from infancy until 5 years 
of age [34]. Another randomized, double-blind, 
placebo-controlled trial in Japan (PETIT) in 4- to 
5-month infants with eczema found early intro-
duction of heated egg powder (lower allergenic-
ity than the raw egg powder usually used in trials) 
in a stepwise manner significantly reduced the 
risk of egg allergy at 12 months (95% CI, 0.08–
0.6; P = 0.0012) [35], though these results should 
be interpreted with some caution as the trial was 
terminated early. Evidence from a number of tri-
als collected in a meta-analysis, including LEAP, 
reported similar data for reduced egg allergy in 
infants who consume egg from 4 to 6  months 
(risk ratio, 0.56; 95% CI, 0.4–0.9; P  =  0.009) 
[36, 37]. A recently published review on the 
efficacy of oral tolerance induction in random-
ized controlled trials (RCT) found that dosage 
was important with 2 g of food protein per week 
protecting against peanut and egg white allergy 
by approximately 90%; thus, early introduction 
of allergenic foods such as peanut and hen’s egg 
could protect from food allergy [38].
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Population changes in diet diversity may also 
be a factor that coincides with the rise in food 
allergy. A prospective birth cohort study of 856 
children from rural areas of five European coun-
tries reported an association between increased 
diversity of complementary foods in the first year 
of life and a reduction in the risk of food allergy 
[39]. In another prospective longitudinal study 
of infants, a higher intake of fresh fruit and veg-
etables and home-prepared meals in a child’s first 
year of life were also associated with lower risk 
of food allergy at 2 years of age [40].

Studies investigating the role of breastfeed-
ing in potential protection from food allergy 
have shown conflicting results, with limitations 
in their methodologies as it would be unethical 
to conduct a RCT to breastfeed or not to breast-
feed. A systematic review and meta-analysis of 
89 articles demonstrated breastfeeding for longer 
time periods provides no protective effect against 
food allergy [41]. Nonetheless, these results must 
be interpreted with caution due to many of these 
studies being low quality and high possibility of 
recall bias in many cases. Although one study has 
shown a protective effect of breastfeeding for at 
least 4 months on the development of cow’s milk 
allergy in high-risk infants for the first 18 months 
of age [42], another has previously suggested that 
extended and exclusive breastfeeding in high-risk 
infants may increase the likelihood of food sensi-
tization or allergy [43]. The latter may be related 
to delayed introduction to allergenic and comple-
mentary foods rather than the effect of breast 
milk per se or to reverse causation where mothers 
decide to keep breastfeeding if they suspect food 
allergy or have a family history of food allergy.

Infant diet and feeding patterns vary around 
the world by region and even country. In the 
majority of both developed and developing coun-
tries around the world, complimentary infant 
feeding starts between 4 and 6  months. Some 
exceptions exist, including some Middle Eastern 
countries, such as Egypt, Jordan, and Kuwait, 
where parents tend to introduce solid foods earlier 
around 3–4 months, and in Austria and Uruguay 
where parents commonly introduce foods after 
6  months [3]. Australian infant feeding guide-
lines have recently changed from recommend-

ing delayed introduction of allergenic foods and 
now recommend introducing allergenic foods in 
the first year of life after solids have been intro-
duced around 6 months, but not before 4 months 
[44]. Our HealthNuts study found changes [45] 
in infant introduction to allergenic foods based 
on community awareness of emerging data [34, 
46]. We have recently mounted a new popula-
tion-based study called Early Nuts, which aims 
to assess the impact of changed guidelines on 
infant feeding practices and also the impact of 
these changes on the prevalence of food allergy 
at age 1 year, with findings estimated by the end 
of 2019.

�Microbial Exposure (Dogs and Dribble) 
There is evidence that microbial exposure 
and a diverse gut microbiome are critical for 
the development of the immune system. The 
hygiene hypothesis, first proposed by Strachan 
in 1989, describes the protective effects of sib-
lings through unhygienic contact and increased 
microbial exposure by prompting the maturation 
of the mucosal immune system [47]. Building 
on the basis of the hygiene hypothesis, Rook 
et  al. developed the “Old Friends” hypothesis, 
describing how harmless microorganisms and 
commensals, such as helminths and saprophytic 
mycobacteria, activate IgE antibodies for protec-
tion and may have a beneficial role in the matu-
ration of the immune system, more specifically 
the activation of regulatory T cells which are 
fundamental for the suppression of allergy [48, 
49]. The protective effect of siblings and pets, 
indicative of higher external microbial exposure, 
was confirmed more recently through challenge-
proven food allergy in the HealthNuts infant 
cohort study [6]. There is also evidence to sug-
gest differences in the prevalence of food allergy 
in rural and urban environments, as shown in ris-
ing food allergy rates in Chinese cities that are 
undergoing rapid urbanization rates [13].

Alterations to the internal gut microbiome 
diversity have been associated to allergic disease. 
A review by the American Academy of Allergy, 
Asthma & Immunology and the European 
Academy of Allergy and Clinical Immunology 
in 2017 suggests that gut microbial richness in 
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early infancy is important for the development 
of the immune system and, thus, alters the risk 
of developing food allergy [50]. It has also been 
suggested that maternal gut microbiota during 
pregnancy is associated with food allergy out-
comes in their infants [51].

Several studies have investigated the asso-
ciation between taking probiotics as a way to 
increase microbial exposure for allergy preven-
tion; however, results from systematic reviews 
and meta-analysis are inconclusive [52, 53]. One 
such review of 17 trials indicated that prenatal 
and postnatal administration of probiotics could 
reduce food sensitization; however, they are 
missing results on confirmed food allergy as the 
few studies available report nonsignificant and 
conflicting effects of probiotics on food allergy 
[52]. Microbial load is one hypothesis to explain 
the increased incidence of food sensitization, as 
there has been a reduction in early childhood 
infection, as well as changing patterns in the type 
of infections from parasitic and bacterial to viral, 
particularly in developed countries.

�Vitamin D
There is evidence of a latitude gradient of food 
allergy  from Australia, United States, and Chile, 
with people living further from the equator, and 
therefore experiencing lower ambient ultra-
violet radiation [54–56], having higher rates of 
food allergy. Multiple authors have also found 
increased pediatric admissions for food allergy-
related events, more prescriptions of hypoaller-
genic formulas for the treatment of cow’s milk 
allergy and adrenaline injectors for the treatment 
of anaphylaxis in children further from the equa-
tor [10, 27, 55]. In Australia, children further 
from the equator in the southernmost part of the 
country were more likely to have food allergy and 
eczema than those in the north at ages 4–5 [54]. 
These findings seem to be independent of longi-
tude, socioeconomic status, or physician density, 
though season of birth may also play a role.

Children with vitamin D deficiency have been 
found to be three times more likely to have pea-
nut or egg allergy, and food-sensitized children 
with vitamin D deficiency were six times more 
likely to have food allergy [57]. Interestingly, 

this effect was only observed among children of 
Australian-born parents, but not children of non-
Australian-born parents (reflecting a gene–envi-
ronment interaction, as outlined below). Even 
so, recent World Allergy Organization guidelines 
in 2016 did not find enough evidence to support 
clinicians or parents using vitamin D to prevent 
food allergy [58]. Because of this, results from 
our ongoing RCT (Vitality) assessing the role of 
vitamin D in the protection against food allergy in 
infants will be important to inform the evidence 
base about vitamin D guidelines in infants [59].

�Migration and Gene–Environment 
Interaction

�Migration
By following families who have recently 
migrated, it is possible to observe environ-
mental changes for migrating populations and 
compare them to populations who are geneti-
cally dissimilar in the same environment or 
populations who are genetically similar in dif-
ferent environments. Regarding the latter, when 
populations of Jewish children were compared 
in Israel and the United Kingdom, children in 
the United Kingdom were found to have signifi-
cantly higher prevalence of peanut allergy, with 
authors establishing an association between 
delayed introduction to and reduced consump-
tion of peanut in the United Kingdom and 
increased prevalence of peanut allergy [60]. 
There is further evidence from the HealthNuts 
study of an association between parents’ coun-
try of birth and infant peanut allergy [61]. We 
reported that challenge-proven peanut allergy 
is three times more common in Australian-born 
infants with parents born in East Asia compared 
with infants with parents born in Australia 
(OR, 3.4; 95% CI, 2.2–5.1), but not in infants 
with parents born in the United Kingdom or 
Europe, suggesting an important interaction 
between genes and environment may be at play 
[61]. Importantly, this increase in food allergy 
occurred in a single generation, as Asian-born 
parents have lower prevalence of allergy com-
pared to Australian-born parents.

10  Potential Factors Related to Food Allergy Development



142

The rapid increase in food allergy from one 
generation to the next generation suggests that 
the Asian early-life environment could pro-
tect against food allergy. Koplin et  al. suggest 
changes in humidity could impact the skin bar-
rier function, as infants of Asian-born parents 
had a significantly higher prevalence of eczema 
which, as we have previously mentioned, could 
be a risk factor for food sensitization and allergy 
[61]. Other environmental changes for popula-
tions migrating from East Asia could include 
lower levels of microbial exposure related to the 
hygiene hypothesis, different latitude compared 
to the parents’ country of birth and therefore 
reduced sun exposure, and dietary differences in 
Western culture including increased sterilization 
and alternative methods of cooking food, also 
leading to altered microbiome. Notably, it has 
been reported that children of Asian-born parents 
who were born in Asia and subsequently migrate 
to Australia later in life are protected against 
food allergy just as their parents are [61], which 
strongly suggests that there is an early-life effect. 
Similar results have been observed in the United 
Kingdom and the United States, as there is an 
overrepresentation of non-Caucasian children in 
pediatric allergy clinics [62, 63].

�Genetic and Environmental 
Interactions
The interaction between genetic predisposition 
and response to environment risk factors, “gene–
environment interaction,” is critical to examine 
to attempt to understand the complex factors that 
might drive a predisposition to food allergy [64]. 
Our group has demonstrated that vitamin D defi-
ciency increased the risk of food allergy in infants 
of Australian-born parents (aOR, 3.1; 95% CI, 
1.1–8.6; P  =  0.032), but infants of Asian-born 
parents did not demonstrate this (aOR, 0.39; 95% 
CI, 0.1–1.8; P = 0.22, 57). It was suggested that 
this observation could be attributed to genetic dif-
ference as almost 80% of the variation in vitamin 
D levels can be explained by genetic polymor-
phisms, which contribute to vitamin D-binding 
protein (DBP) levels [65]. Binding protein levels 
alter the biological availability of serum vita-
min D (25OHD3) as lower levels of the protein 

increase the availability of serum vitamin D. The 
association between vitamin D deficiency and 
food allergy has been found to be dependent on 
the polymorphism an infant carries. The GG gen-
otype results in higher levels of DBP, whereas the 
GT/TT genotypes, more common in Asian-born 
parents, result in lower levels of DBP. Low serum 
vitamin D (≤50 nM/L) in 1-year-old infants was 
associated with food allergy, principally among 
infants with the polymorphism resulting in higher 
levels of DBP (OR, 6.0; 95% CI, 0.9–38.9), but 
not in those with polymorphisms resulting in 
lower levels of DBP (OR, 0.7; 95% CI, 0.2–2.0; 
difference in effect, P = 0.014) [66].

The interaction between genes and envi-
ronment can express itself through epigenetic 
modifications in DNA and other immune sys-
tem alterations [67, 68]. Some reviews have 
addressed how the environment may be altering 
phenotypes through epigenetic differences, such 
as DNA methylation and acetylation, though 
there are few food allergy–specific studies [69–
71]. The immune system has been shown to be 
under epigenetic regulation and studies on ani-
mal models have described how environmental 
factors modify gene expression, unbalancing 
immune response and, therefore, altering the risk 
of allergic disease [72]. One of our recent stud-
ies has established how epigenetic dysregulation 
disrupts the activation of CD4+ T cells, a critical 
step for the healthy development of the immune 
system, thus increasing the risk of food allergy 
[73]. More epigenetic findings are expected over 
the next 5 years.

�Future Directions

There is now emerging evidence that the rise of 
food allergy may be primarily due to the chang-
ing environment in developed countries and that 
increase is now reflected in rapidly develop-
ing countries as they adopt a more Westernized 
lifestyle. The next step would be to focus on the 
mechanisms by which environmental candidates 
act through the microbiome, epigenetic, and other 
mechanisms. Multiple allergy prevention trials 
have been undertaken with varied results, but 
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LEAP provides the most compelling evidence that 
early introduction of allergenic foods can protect 
from food allergy. As a result, recent guidelines 
and consensus on food allergy, anaphylaxis, and 
early introduction to allergenic foods in Europe, 
pacific Asia, and Australia agree that there is no 
longer any need to delay introduction to aller-
genic foods [44, 74, 75]. We are interested to see 
whether the increase in food allergy continues 
at the same rate or if the changes implemented 
around the world are enough to slow down this 
epidemic. Eight RCTs are investigating other 
factors that may be important in the prevention 
of food allergy (Box 10.1) [76]. Daily vitamin D 
supplementation in infants is being evaluated in 
VITALITY, with the primary aim of reducing the 
risk of food allergy at age 12 months [59]. MIS 
BAIR aims to evaluate whether the BCG vaccine 
could promote the development of the immune 
system in infants, therefore reducing allergy and 
infection in children. Future studies will also 
need to focus on the interaction between genet-
ics and environment to elucidate the mechanisms 
behind this complex disease. Finally, current 
food allergy research has provided a platform, 
with several risk factors described and RCTs in 
progress, likely to accelerate the understanding 
of gene–environment interactions and molecular 
mechanisms in allergy.
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�Introduction

The incidence of food allergies has risen dramati-
cally in just one generation. In fact, food allergy 
was estimated to have increased by 50% between 
1997 and 2011 while the prevalence of peanut or 
tree nut allergy may have tripled in the United 
States during the same time period [1–3]. In addi-
tion, allergy severity has increased with increased 
hospital admissions and longer stays following 
anaphylaxis [4, 5]. The rapid rise in food allergy 
suggests the increased incidence is unlikely to be 
explained by genetics alone; rather, the rate hints 
that environmental and epigenetic factors are 
driving the development of this disease.

Changes in microbial exposures (the so-called 
hygiene hypothesis) may help explain the recent 
increase in food allergy incidence [6]. In 1989, 
David Strachan, an epidemiologist at the London 
School of Hygiene and Tropical Medicine, 
observed that children born into a household with 

many siblings were less susceptible to hay fever 
later in life [7]. He proposed that early child-
hood infections protect against allergic disease 
[8]. More recently, Graham Rook proposed the 
“old friends” hypothesis, suggesting that early 
and regular exposure to harmless microorgan-
isms train the immune system [9]. This updated 
understanding of the hygiene hypothesis implied 
that exposure to microbes that co-evolved with 
humans, rather than infectious pathogens, keeps 
the immune system in balance and prevents 
overreaction to allergens. Exposure to diverse 
microorganisms during infancy, when immuno-
regulatory systems are developing, increases the 
repertoire of organisms that can be tolerated and 
may pattern memory immune mechanisms to 
recognize pathogens [9].

Since Strachan’s original hypothesis, the key 
role of commensal microorganisms in human 
health has become increasingly clear. Numerous 
changes in the Western lifestyle have led to a 
decrease in crucial immunostimulatory micro-
organisms. These include dietary changes (high 
intake of processed food: high in fat, sugar, food 
emulsifiers, and artificial sweeteners and low 
in fiber), increased use of antibiotics, increased 
rates of Caesarean section delivery, and increased 
use of formula feeding. The resulting relative 
absence of immune-regulating signals may have 
led to the expression of chronic non-infectious 
inflammatory diseases, including but not limited 
to food allergy. In this chapter, we will review 
what is known about the early life influences on 
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the development of food allergy, early life micro-
bial colonization of the human gut, intestinal dys-
biosis and gut barrier function, and the potential 
for the development of therapeutics to modulate 
the microbiome and/or mimic its effects on the 
immune system.

�Microbiome-Immune System 
Interactions

The normal physiological response to food antigens 
is oral tolerance, but in the absence of tolerance, T 
cells differentiate into food antigen–specific Th2 
cells and drive B cells to produce antigen-specific 
IgE [10]. Compared to conventionally raised mice, 
germ-free mice show aberrant immune cell popu-
lations and altered size and structure of lymphoid 
tissues [11]. Furthermore, germ-free mice show 
elevated serum IgE concentrations, increased cir-
culating basophil populations, and allergic inflam-
mation, underscoring the role of the commensal 
microbiota in promoting tolerance [12, 13].

The microbiota interacts with both the innate 
and adaptive immune systems in the intestinal 
mucosa and can promote tolerance via many 
mechanisms. Commensal microbes produce 
metabolites that induce inflammasome activation 
in epithelial cells, triggering strengthening of the 
epithelial barrier [14]. Microbes can also act on 
macrophages, which stimulate innate lymphoid 
cells to produce IL-22 to promote the epithelial 
barrier. Alternatively, macrophage-derived IL-1β 
stimulates innate lymphoid cells to act on den-
dritic cells (DCs) to secrete IL-10 and retinoic 
acid, which are key to the differentiation of regula-
tory B and T cell subsets [14]. Microbes contain 
ligands and can also produce metabolites, such 
as short-chain fatty acids (SCFAs) and histamine, 
which act on mucosal dendritic cells via G-protein-
coupled receptors. Metabolites produced both 
by microbes and by the host’s innate signaling 
cells can act directly on Bregs and Tregs [14]. 
Therefore, the commensal microbiota can induce 
cytokine production by multiple cell types, which 
have downstream effects on adaptive immune cells 
and epithelial barrier function, or directly stimu-
late Bregs and Tregs to promote tolerance.

�Cytokine Production

Microbial cellular components and metabolic 
products are responsible for inducing cyto-
kine production. More specifically, lipopoly-
saccharide (LPS) from the outer membrane of 
Gram-negative bacteria has long been known to 
restore tolerance in germ-free mice [15]. TLR4 
is an important receptor for microbial products, 
including LPS.  Mice lacking TLR4 signaling 
show increased allergen-specific IgE levels com-
pared to TLR4-sufficient mice [10, 16]. In the 
same study, broad-spectrum antibiotics evoked 
allergic sensitization in mice with TLR4 signal-
ing, supporting the hypothesis that the intestinal 
bacteria were the source of TLR4 ligand [16]. 
Therefore, LPS is immunostimulatory, and the 
level of immune stimulation can depend on its 
source. Metagenomic analysis of fecal samples 
from genetically related, but geographically 
separated children, revealed differences in LPS 
synthesis. Children with low risk for allergy had 
higher proportions of Bifidobacterium and the 
LPS in their samples derived primarily from E. 
coli, while children with higher risk for allergy 
had increased abundance of Bacteroides, which 
accounted for the majority of their LPS [17]. 
Exposure to E. coli LPS can elicit high levels 
of cytokine production [17]. TLR4 expression 
is significantly increased just before birth but is 
rapidly attenuated within hours of exposure to 
the microbiota [18]. This is evidence of prim-
ing of the fetal epithelium for an early immune 
response and desensitization to inflammatory sig-
nals when adapting to an increased bacterial load 
[19]. This suggests that LPS is a key microbial 
ligand involved in priming the immune system 
and plays a protective role in mitigating allergic 
responses [10]. (See Fig. 11.1).

�Microbial Stimulation of Treg 
and Breg Cells

Regulatory T (Treg) cells are crucial for main-
taining homeostasis and preventing inflamma-
tion at mucosal interfaces. In the colon, a class of 
Treg cells is peripherally educated: starting from 
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naïve CD4+ T cells, they efficiently differenti-
ate into Foxp3+ Tregs upon encountering bac-
terially derived antigens [20]. The endogenous 
microbiota can promote Treg induction directly 
or via cytokine production. Colonizing germ-
free mice with a standardized reference micro-
biota, known as Altered Schaedler Flora, resulted 
in the expansion of the CD4+ CD25+ Foxp3+ 
Treg population in the colonic lamina propria 
[21]. In particular, Clostridia species, especially 
from clusters IV and XIVa, have been shown to 
drive expansion of colonic Treg cells [22]. By 
a different mechanism, both Bacteroides fragi-
lis and Bifidobacterium bifidum can also induce 

Foxp3+ Tregs, which underscores the functional 
redundancy of the microbiota [23]. Cell surface 
polysaccharides in these two species have been 
reported to activate TLR2 and act via dendritic 
cells to induce Tregs [24, 25]. When the antigen-
presenting cells in the gut promote T helper cell 
differentiation into Th2 cells, B cells switch and 
mature into IgE-producing cells, which drives 
allergy [26]. Tolerance is the result of antigen 
presentation in the gut-associated lymphoid tis-
sue (GALT), leading to Treg development and 
driving B cells to produce primarily IgG antibod-
ies to foods. Regulatory B cells also secrete IL-10 
and drive IgG4 responses [26].
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Fig. 11.1  Interactions between the microbiota and innate 
and adaptive immune systems in tolerance induction 
within the mucosa. The gut microbiota has been shown to 
interact with the mucosal immune system at many levels 
to support the induction of tolerance. Microbially derived 
metabolites induce inflammasome activation in ECs, lead-
ing to release of IL-18 and antimicrobial peptide (AMP) 
secretion, thereby strengthening the epithelial barrier. 
ILC3-derived IL-22 also promotes the epithelial barrier. 
Macrophage-derived IL-1β promotes GM-CSF release 
from ILC3s, further promoting IL-10 and retinoic acid 
secretion by DCs, which are essential for induction of 
Breg and Treg cells. Mucosal DCs can be influenced 
directly by microbially associated metabolites, such as 
short-chain fatty acids (SCFAs) and histamine, which 
polarize cytokine production through G protein–coupled 

receptor (G-PCR) signaling. Bacterially derived ligands 
can directly activate DC pattern recognition receptors, in 
particular Toll-like receptor 2 (TLR2), also promoting 
IL-10 and retinoic acid secretion. Mucosal macrophages 
secrete large amounts of IL-10, thereby contributing to the 
tolerance state. In addition to the influence of immuno-
regulatory factors released by microbiota-exposed innate 
immune cells, on Breg and Treg polarization, the micro-
biota can also have direct effects on both Breg and Treg 
cells. Metabolites, such as SCFAs and histamine, promote 
polarization of these regulatory cells, and activation of 
Toll-like receptor 9 supports expansion of IL-10+ Breg 
cells. cAMP, Cyclic AMP; CTLA4, cytotoxic T lympho-
cyte–associated protein 4; PD-1, programmed cell death 1 
[14] (Reprinted from Sampson et al. [14], with permission 
from Elsevier)
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�Microbial Metabolites

The gut microbiota produces metabolites that 
interface with the immune system. Some exam-
ples include short-chain fatty acids (SCFAs; 
including propionate, butyrate, and acetate), 
long-chain fatty acids (LCFAs; especially ω3), 
D-type amino acids, and vitamins.

SCFAs act as an energy source for colono-
cytes and can regulate tight junction organization, 
promoting barrier function [27]. Furthermore, 
SCFAs can protect against allergic disease via 
induction of Treg cells in the colon [28–30]. In a 
germ-free mouse model, adding SCFAs to drink-
ing water increased the abundance of colonic 
Tregs and was protective against inflammation 
[29]. Another murine study demonstrated that 
high fiber diet increased the release of SCFAs, 
enhanced retinal dehydrogenase activity in 
CD103+ dendritic cells, and improved oral tol-
erance [28]. Mice lacking receptors for SCFAs 
had exacerbated food allergy and lower levels 
of CD103+ dendritic cells [28]. SCFAs can bind 
‘metabolite-sensing’ G-protein-coupled recep-
tors, which influence Treg biology, epithelial 
integrity, gut homeostasis, DC biology, and IgA 
antibody responses [31]. CD103+ DCs metabo-
lize vitamin A to retinoic acid, which promotes 
Treg cell differentiation and homing to the gut 
[31]. Western diets are predominantly low in 
fiber and possibly vitamin A, which lowers the 
tolerogenic capacity of CD103+ DCs and may 
increase allergic sensitization [31]. SCFAs also 
inhibit histone deacetylase, which affects gene 
transcription in many cells and tissues, and can 
lead to epigenetic modification of host DNA [31].

In addition to SCFAs, the microbiota can 
secrete a range of other metabolites that influ-
ence mucosal immune responses, such as long 
chain fatty acids, histamine, and vitamins. Long-
chain fatty acids (LCFAs) are generally derived 
from dietary components and act both as energy 
sources and in the regulation of immune responses 
[32]. Germ-free animals exhibit alterations in the 
composition in their lipid metabolites, and com-
mensal microbes play a role in LCFA metabolism 
[33, 34]. The ω3 and ω6 FAs are essential FAs 

that mammals cannot produce, and ω3 FAs have 
been shown to have anti-inflammatory and anti-
allergic effects [35–37].

Histamine is a biogenic amine that induces 
smooth muscle and vasodepressor activity dur-
ing anaphylaxis [27]. Cells of both the innate 
and adaptive immune systems harbor histamine 
receptors. Histamine can be produced by a num-
ber of different bacterial strains, and these bacte-
ria are more abundant in patients with asthma – a 
related atopic disease  – compared to controls 
[27].

Vitamins act as antioxidants, transcription 
factors, and cofactors for metabolism, so they 
are indispensable for many biological processes. 
They are obtained from dietary sources and also 
are produced by the commensal microbiota. In 
addition to directly affecting metabolism, micro-
bial metabolites of some vitamins act as ligands 
for immune cell signaling.

�The Importance of Microbe-Host 
Immune Interactions in Early Life

It appears that immune cell populations are regu-
lated by the microbiota in a time-restricted man-
ner [38]. There may be a critical window during 
early life when microbial perturbations can have 
persistent effects on the immune system in later 
life. While humans were canonically considered 
sterile in utero, colonization may occur prior 
to birth. Some groups have reported isolating 
bacteria from the umbilical cord, placenta, and 
meconium of healthy deliveries, while other 
studies and the ability to rear germ-free animals 
argue against these findings [39–44]. Regardless 
of whether live bacteria can cross the placenta, 
it seems clear that microbial products, or their 
influence on the maternal immune system, might 
affect fetal development. A significant source 
of the neonatal microbiota is vertical transmis-
sion from the mother peripartum [40]. Germ-
free mice develop with an abnormal immune 
system, including smaller lymphoid structures, 
and decreased activation of T and B cells [38]. 
Seeding a germ-free mouse with a microbiota 

A. L. Yee et al.



151

as an adult results in gene transcriptional dif-
ferences compared with germ-free mice that get 
a microbiota at birth, suggesting that some of 
these immune cell abnormalities are regulated 
by the microbiota during the early life time win-
dow [45].

Neonates are exposed to maternal microbes 
during birth. Many studies have examined the 
effects of delivery mode (Caesarean versus 
vaginal delivery), gestational age (term versus 
preterm birth), and feeding source (breastfeed-
ing versus formula) on the initial microbiome. 
Infants born via Caesarean section harbor a 
microbiota that resembles their mother’s skin 
microbiota, while the microbiota of infants born 
by vaginal birth is similar to that of their moth-
er’s vagina and gut [46, 47]. Caesarean-delivered 
infants show lower diversity of microbes. These 
differences by mode of delivery persist, with 
microbes associated with Caesarean delivery 
detectable up to 2  years following birth [48]. 
Furthermore, Caesarean delivery has been 
linked to increased risk for allergy and atopic 
disease [49, 50]. Breastfeeding versus formula 
feeding has been shown to influence the child’s 
gut microbiome and provide another route of 
vertical transmission of maternal microbes [51, 
52]. Formula feeding has been inconsistently 
linked to allergy risk, implying that breast milk 
is complex and its bioactive properties are not 
fully understood [53–55].

In the context of vertical transmission, the 
decreased microbial exposure associated with 
Westernized diet and hygiene likely compounds 
over generations. That is, each subsequent gen-
eration loses key members of the microbiota, so 
decreased microbial diversity and its potential 
immune consequences accumulate in highly 
developed societies [9]. In a murine model, 
humanized mice fed a diet low in microbially 
accessible carbohydrates showed alterations to 
the microbiota that were reversible within the 
same generation. However, over several genera-
tions, the low carbohydrate diet caused a pro-
gressive loss of diversity that was not reversed 
with the reintroduction of the dietary carbohy-
drates [56]. Indeed, a high-fiber maternal diet 

was demonstrated to be protective against off-
spring developing allergic airway disease in 
mice, implying that diet is strongly linked to 
microbiome function and can have intergenera-
tional effects [57]. Notably, the timeframe dur-
ing pregnancy when maternal diet affects the 
offspring’s immune phenotype remains to be 
clarified [58]. The effects of maternal diet may 
be transient, via the gut microbiome and inflam-
mation, or longer lasting, such as by epigenetic 
programming.

Other sources of early-life exposure, such as 
environmental influences and sharing a home 
with other children and/or pets, also appear to 
be important [9, 59]. Bacterial communities in 
residences with dogs or cats present are sig-
nificantly richer and more diverse compared 
to those without pets, and having pets corre-
lates with lower incidence of food sensitivity 
[59–61]. Pre- and postnatal exposure to furry 
pets increased the abundance of two bacteria, 
Ruminococcus and Oscillospira, which have 
been negatively associated with childhood 
atopy [62]. The presence of older siblings 
in the home has been shown to be protective 
against asthma and food allergy [63, 64]. In 
fact, Strachan’s original hygiene hypothesis 
stemmed from his observation of the reduced 
rate of hay fever among children with more sib-
lings [7]. The mechanisms by which exposure 
to other children and/or pets alters microbiome 
composition remain unclear, but it is generally 
thought that these would increase a child’s con-
tact with environmental microbes, promoting a 
diverse and healthy gut microbiota [59]. Parents 
who “cleaned” an infant’s pacifier by sucking 
on it imparted their own salivary microbiota, 
and this practice was protective against asthma 
development in a small cohort [65].

Antibiotic exposure has been shown to per-
turb the microbiome. Early life courses of anti-
biotics correlate with allergic sensitization in 
humans and mouse models [54, 66, 67]. Taken 
together, these studies have identified sources of 
environmental exposure that contribute to differ-
ences in microbial composition in early life and 
may affect the immune system.

11  The Microbiome in Food Allergy and Eosinophilic Esophagitis



152

�Microbes Associated with Food 
Allergy

In studies of gut microbial composition, both over-
all diversity and specific microbial taxa have been 
correlated with food sensitization. Reduced bacte-
rial diversity in the infant’s intestinal microbiome 
has been correlated with increased risk of aller-
gic sensitization at school age [67, 68]. However, 
other studies have demonstrated that children with 
cow’s milk allergy have, overall, a significantly 
greater bacterial diversity than healthy controls 
[69]. Interestingly, no specific bacterial taxa have 
been consistently associated with the onset of food 
allergy; rather, a broad range of microbes have 
been linked to tolerogenic mechanisms [4].

Observational studies in humans yield vari-
able findings, probably due to microbial hetero-

geneity in study populations, study design, and 
lack of a standardized definition of food sensi-
tivity [70]. However, several large cohort studies 
have correlated the relative abundance of specific 
organisms with allergic sensitization – character-
izing the microbiota by 16S rRNA gene amplicon 
sequencing. The 16S rRNA gene encodes a ribo-
somal subunit and contains both highly conserved 
sites (ideal for primer binding) and hypervariable 
regions (which can provide taxon-specific iden-
tification) [71, 72]. Many studies have identified 
specific taxa within the microbiota that are more 
abundant in healthy controls than in individuals 
with allergy. Relatively few studies have exam-
ined food allergy as opposed to asthma or other 
atopic manifestations. The major patterns of bac-
terial abundance identified in large cohort studies 
of food allergy are summarized in Table 11.1.

Table 11.1  Major patterns of bacterial abundance identified in large cohort studies of food allergy

Cohort Taxa implicated Findings
216 US children, ages 
3–6 months, with parental 
history of allergy or asthma [6]

Haemophilus, Dialister, 
Dorea, Clostridium, 
Citrobacter, Oscillospira, 
Lactococcus

Lower levels of Haemophilus, Dialister, Dorea, and 
Clostridium in children with sensitization (sIgE ≥0.10 
kUA/L) to at least one food allergen among milk, egg, 
peanut, soy, and wheat. Lower relative abundances of 
Citrobacter, Oscillospira, Lactococcus, and Dorea in 
stool collected at ages 3 to 6 months in children who 
had food allergy by age 3 years

166 Canadian children, ages 
3–12 months [73]

Enterobacteriaceae, 
Bacteroidaceae

Lower gut microbial richness at age 3 months was 
associated with increased likelihood of food 
sensitization (SPT wheal ≥2 mm than negative 
control) by age 12 months. Enterobacteriaceae were 
overrepresented and Bacteroidaceae were 
underrepresented in food-sensitized infants at 
3 months and 1 year

226 milk-allergic children in 
the United States [74]

Firmicutes, Clostridia Firmicutes including Clostridia enriched in the gut 
microbiome of infants ages 3 to 6 months whose milk 
allergy resolved by age 8 years

141 US children with egg 
allergy or non-food-allergic 
controls [75]

Lachnospiraceae, 
Streptococcaceae, and 
Leuconostocaceae

Genera from Lachnospiraceae, Streptococcaceae, and 
Leuconostocaceae were differentially abundant in the 
gut microbiome of U.S. children with egg allergy 
versus non-food-allergic controls

1879 American gut participants 
(primarily adult, mean age 
45 years), 2.5% self-reported 
allergy to peanuts, 3.2% to tree 
nuts, 2.6% to shellfish, and 
9.1% to other foods [76]

Bacteroides fragilis, 
Clostridiales, Prevotella, 
and Ruminococcaceae

Marked reduction in microbial richness and alpha 
diversity in those adults self-reporting peanut or tree 
nut allergy compared to those without peanut or tree 
nut allergy. Positive correlation of peanut/tree nut 
allergy with Bacteroides fragilis abundance; negative 
correlation with Clostridiales, Prevotella, and 
Ruminococcaceae abundance

2737 UK adults (89% female, 
age = 60 ± 12), 532 of whom 
had self-reported allergy to 
nuts, penicillin, fish, shellfish, 
alcohol, or fruits [77]

Prevotellaceae Negative association between Prevotellaceae and food 
allergy
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�Notable Humanized Mice Studies

While these observational human studies have 
identified correlations between microbial abun-
dance and disease states, recent studies take 
advantage of humanized mouse models to iden-
tify causative relationships underlying tolero-
genic mechanisms in the gut microbiota.

Using a food-allergy prone transgenic 
mouse model, Noval Rivas and colleagues dem-
onstrated that allergic disease correlated with 
numerous taxa annotated to the Bacteroidetes 
and the family Lachnospiraceae [78]. They 
transferred this microbiota into wild-type 
mice, which led to the development of the food 
allergy phenotype in the recipients [78]. Round 
and colleagues monocolonized mice with 
Bacteroides fragilis and found that polysac-
charide A mediated the suppressive capacity of 
Tregs and induced anti-inflammatory cytokine 
production [79].

Atarashi and colleagues used germ-free mice 
to examine the effect of Clostridium species on 
IgE responses in egg allergy models [80]. They 
determined that among the indigenous commen-
sal bacteria, Clostridium spp. belonging to clus-
ters IV and XIVa were outstanding inducers of 
Tregs in the colon. They then rationally selected 
a mixture of 17 strains that attenuated pathology 
in models of colitis and allergy [22]. Butyrate 
production is widely distributed among anaero-
bic bacteria and, in particular, has been identified 
as a key metabolic function in the Clostridial 
clusters XIVa and IV [81, 82]. By selectively col-
onizing germ-free mice, Stefka and colleagues 
also demonstrated that food allergy protective 
capacity is conferred by a Clostridia-containing 
microbiota. They showed that Clostridia colo-
nization induced intestinal IL-22 production, 
which resulted in reduced intestinal barrier per-
meability to peanut allergens [83]. Subsequently, 
Feehley and colleagues colonized germ-free 
mice with stool from healthy or cow’s milk aller-
gic infants and found that the mice receiving the 
healthy stool were protected against anaphylaxis 
to a cow’s milk allergen [84]. Using 16S rRNA 
gene abundance, they identified Anaerostipes 
caccae, a clostridial species that correlated with 

differentially expressed ileal epithelium genes in 
healthy-colonized mice. They then mono-colo-
nized germ-free mice with A. caccae and con-
firmed that it was protective against cow’s milk 
allergy [84].

�Microbiome-Based Therapies

Fecal microbiota transplantation (FMT) has 
been shown to be effective in restoring diversity 
lost with recurrent Clostridium difficile infec-
tion. The high (>80%) success of this micro-
biota replacement tactic provides evidence for 
the efficacy of microbiota-based therapies [23]. 
However, the components of the ‘ideal’ donor 
feces remain unknown. In some studies, cell-
free supernatant achieved a similar success rate 
to that of whole feces, implying that small mol-
ecules and phages may be more clinically rel-
evant than the microbes themselves [85]. Small 
molecules produced by gut commensals can be 
synthesized or metabolized from dietary com-
pounds. These metabolites are involved in sig-
naling, both with other microbial cells and with 
host cells. They can enter the circulation and are, 
therefore, less circumscribed than the micro-
biota itself [23]. Therefore, identifying small 
molecules produced by the microbiota represent 
promising drug development targets.

Microbiota-based therapies currently under 
study for food allergy fall into three main 
categories:

	1.	 Dietary supplementation with prebiotics
	2.	 Probiotics (administered with or without 

immunotherapy)
	3.	 Small molecules

�Prebiotics

Human milk oligosaccharides (HMOs) found 
in breast milk are associated with an increased 
proportion of Bifidobacterium and Lactobacillus 
taxa in the infant gut microbiome [86–88]. The 
composition of HMOs in breast milk varies based 
on maternal factors such as diet and genetics, 
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but HMOs pass undigested through the infant’s 
gastrointestinal tract and lead to an increase in 
taxa that can use these complex structures as a 
carbon substrate [88]. Bifidobacteria are widely 
considered probiotic, and allergic mothers have 
been shown to have lower relative abundance of 
bifidobacteria in their milk [86, 89].

The relationship between the gut microbi-
ome and diet is undeniable. Various studies have 
shown that maternal diet during pregnancy and 
the child’s diet through 24 months of age may 
influence the risk of food allergy [4, 90, 91]. 
Indeed, a higher intake of fruits, vegetables, 
and home-prepared foods in the first 2 years of 
life was associated with reduced food allergy 
incidence [92]. Several of these studies have 
shown that the dietary differences may be tied 
to nutrients, including short-chain fatty acids, 
which are produced by colonic microbiota 
metabolizing dietary fibers. SCFAs can bind to 
metabolite-sensing G-protein-coupled recep-
tors. These receptors and their downstream 
metabolites have immunomodulatory effects on 
Tregs, epithelial integrity, gut homeostasis, den-
dritic cell biology, and IgA antibody responses 
[28]. SCFAs can also inhibit histone deacety-
lase, which affects gene transcription in many 
cells and tissues, and leads to epigenetic modifi-
cation of DNA [31].

Because the Westernized diet is dominated 
by simple carbohydrates from ultra-processed 
food, fiber supplementation has been proposed 
as a dietary intervention. Indeed, potato starch 
has been shown to be a particularly impactful 
form of fiber with regard to butyrate synthesis by 
key SCFA-anabolic microbiota [93], and there-
fore represents a potential avenue to improve 
gut-health, tight-junction integrity, and allergic 
desensitization. The Western diet also lacks suffi-
cient omega-3 rich fatty acids and interestingly is 
often elevated in pro-inflammatory omega-6 fatty 
acids. A retrospective analysis of three random-
ized controlled trials of omega-3 supplementa-
tion during pregnancy and lactation showed that 
omega-3 supplementation prevented food allergy 
[94]. The mechanism may be microbiome medi-
ated: circulating omega-3 fatty acids correlate 
with microbiome diversity [95], and in a random-

ized trial, omega-3 supplementation increased of 
the proportion short-chain fatty acid producing 
bacteria in the gut microbiome [96].

�Probiotics

Probiotics are defined as nonpathogenic live 
microorganisms that, when consumed in adequate 
amounts, have a positive effect on the health of 
the host [97]. However, studies on probiotics are 
limited due to the fact that in  vivo effects of a 
strain may be different than in vitro effects, and 
the effects can be strain specific even within the 
same species [97].

In allergy, probiotics are believed to act on the 
immune system on multiple levels. For example, 
they could modulate the commensal gut micro-
biota structure and function through nutrient 
competition or cross-feeding. In cow’s milk 
allergic infants given formula supplemented 
with Lactobacillus rhamnosus GG, there was an 
expansion in butyrate-producing taxa in the gut 
microbiota [69]. Another possible route of action 
of probiotics is inducing a low degree of muco-
sal inflammation, stimulating the innate immune 
system and downregulating allergic responses. 
By maintaining a homeostatic gut environment, 
probiotics may play a role in preventing epi-
thelial barrier leakage and antigen absorption. 
Probiotic strains can interact with host entero-
cytes and lead to changes in mucus thickness 
and gut permeability [98–100]. Finally, probiot-
ics can modulate tolerogenic mechanisms, for 
example, by stimulating secretory IgA produc-
tion or altering the cytokine response of immune 
cells [29, 80, 83, 101].

A recent randomized double-blind placebo-
controlled trial of peanut oral immune therapy 
+/− probiotic Lactobacillus rhamnosus CGMCC 
1.3724 (PPOIT) demonstrated that the probiotic 
induced high rates of desensitization and reduced 
peanut skin test reactivity, decreased peanut-
specific IgE, and increased peanut-specific IgG4 
[102]. Subjects received a fixed dose of probi-
otic along with peanut OIT daily for 18 months. 
PPOIT was well tolerated compared to OIT with 
no participants withdrawing from adverse reac-
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tions. A follow-up at 4 years post-study showed 
that 67% of PPOIT group still consumed peanuts 
safely. However, there was no probiotic-only 
arm of the study, so the effect of the probiotic 
alone versus OIT alone versus synergistic effects 
remain unclear [103].

While further work is required to determine 
the timing and efficacy of probiotics, the cur-
rent evidence suggests that probiotics are more 
effective in the prevention, rather than treat-
ment, of food allergies. This again underscores 
the key immune training window during early 
life. Furthermore, the effects of probiotics seem 
likely to be strain specific, which underscores the 
importance of accounting for functional, rather 
than taxonomic, nuances [70].

�The Microbiota in Eosinophilic 
Esophagitis

�An Example of Severe Food Allergic 
Disease

Eosinophilic esophagitis (EoE) is a chronic 
allergic disease in which food or environmen-
tal allergens trigger a Th2-mediated response 
leading to eosinophilic esophageal infiltration 
[104]. As is the case with food allergy more 
broadly, the incidence of EoE has dramatically 
increased in industrialized countries over the 
past few decades, suggesting that environmental 
and microbial factors might contribute to its eti-
ology [105]. EoE risk appears to correlate with 
early life exposures, including Caesarean deliv-
ery and antibiotic use [106, 107]. Although the 
exact allergic event that incites EoE has remained 
elusive, dietary elimination therapies and aller-
gen-free formulas are highly effective in treating 
EoE, underscoring the role of dietary antigens as 
triggers [108]. As such, it can be considered as a 
special case of severe food allergy with particular 
considerations for the microbiome.

While studies on EoE pathogenesis have 
identified risk factors and human genes that may 
contribute, the interplay with the microbiome is 
less well studied. The microbiota could induce 
inflammation, or EoE could cause perturbations 

to the microbiota, or the relationship may be bidi-
rectional. For example, esophageal eosinophils 
are reservoirs of anti-microbial products that 
can act on the commensal microbial population 
when released [109]. EoE inflammation can alter 
esophageal motility, which can affect the normal 
dynamics within the gastrointestinal tract and 
potentiate blooms of certain taxa [109]. Patients 
with EoE have restricted diets to avoid food aller-
gens, representing a different nutritional sub-
strate from healthy controls.

The intestinal microbiome has been exten-
sively studied, particularly via fecal samples; 
however, the rest of the gastrointestinal tract is 
less well characterized [110]. A small number of 
studies have examined the esophageal microbi-
ome in the context of EoE. A prospective study 
using esophageal string test samples from chil-
dren and adults undergoing upper endoscopy 
showed an increase in overall bacterial load, 
but not diversity, in EoE and GERD patients by 
quantitative PCR [109]. Patients with active EoE 
harbored increased levels of Haemophilus com-
pared to normal controls, while the microbial 
pattern returned to that of a normal esophagus 
following standard of care EoE treatment [109]. 
An esophageal biopsy study comparing chil-
dren with and without EoE revealed a distinct 
difference in their microbiota, with an elevated 
abundance of Proteobacteria (especially taxa 
belonging to Neisseria and Corynebacterium) 
in patients with active EoE [104]. Other studies 
have examined other esophageal diseases and 
found similar increases in Proteobacteria and 
Haemophilus with reflux esophagitis, so it may 
be the case that patterned shifts in the esophageal 
microbiome may be common to multiple forms 
of inflammation [110].

�Considerations for EoE Treatment

One of the potential drivers of changes in the 
EoE-associated microbiome is the use of pro-
ton pump inhibitors (PPI). PPI administration 
increases gastric pH, which may have down-
stream effects on the microbiome. PPIs are 
frequently used in evidence-based care to treat 

11  The Microbiome in Food Allergy and Eosinophilic Esophagitis



156

EoE but may also play a role in its pathogenesis. 
For example, pepsin proteinases responsible 
for digesting food proteins into small peptides 
operate at pH between 1.8 and 3.2; if the gas-
tric pH is increased enough to inactivate the 
pepsins, undigested proteins may be absorbed 
intact and provoke an immune response [111]. 
Furthermore, PPIs have been demonstrated to 
increase mucosal permeability, which would 
facilitate the absorption of undigested food 
allergens [111]. Thus, PPIs can act directly 
on the microbiome to alter the populations of 
acid-sensitive bacteria or potentially alter the 
host response to food via changes in digestion 
and absorption of allergens. Indeed, the infant 
immune system might be most susceptible to 
PPI exposure: the early life factor identified as 
the strongest risk factor for EoE development 
was acid suppressant usage during the first year 
of life [106, 111]. Overall, further investigation 
into the consequence of PPI therapy is war-
ranted due to its widespread application in cases 
of EoE [110].

In some cases of EoE, patients cannot meet 
their nutritional or caloric needs through oral 
diet alone and, therefore, may require enteral 
nutrition through a feeding tube in the short or 
long term until the esophageal inflammation has 
subsided. However, the use of a tube bypasses 
host defenses and acts as a direct conduit for 
microbial migration, a drastic change in how 
food travels in the gastrointestinal tract, which 
can lead to increases in microbial biomass in the 
stomach and duodenum. This microbial over-
growth in the upper gastrointestinal tract may 
result in impaired barrier function and cause 
complications like diarrhea, sepsis, or mal-
absorption [112]. Diarrhea is a common side 
effect of enteral nutrition, and while causal-
ity remains to be established, diarrhea can be 
caused by alterations in the microbiome and can 
also result in reduced diversity of strains present 
and increase in potentially pathogenic microor-
ganisms [113]. A few studies have specifically 
examined microbiome composition and associ-
ated metabolites in the context of enteral feed-
ing though none have been performed in EoE 

patients specifically. In patients with Crohn’s 
disease as well as in healthy controls, enteral 
feeding altered the microbial metabolites found 
in stool and breath [114]. A clinical trial is ongo-
ing to examine the fecal microbiome pre- and 
post- tube feeding with standard formula versus 
blenderized nutrition [114]. Due to the potential 
of tube feeding to affect the microbiome, it war-
rants further consideration for EoE patients.

�Conclusions

There is considerable evidence correlating 
changes in the microbiome with alterations in 
allergic sensitivity. The human microbiome 
maintains an equilibrium with the host immune 
and physiological states. Indeed, the host 
immune system evolved to manage and control 
the microbiota that interacts with the human 
body. Therefore, it is axiomatic that disruption 
of the microbiome could result in changes in 
host physiology and immune activity that could 
precipitate or exacerbate food allergy. The use 
of animal studies, especially gnotobiotic inves-
tigations, has shown that a food allergy phe-
notype can be transferred from one animal to 
another purely by transferring the gut micro-
bial contents. Similarly, desensitization to an 
allergen can be achieved by altering gut micro-
bial contents. While the evidence to support 
the extrapolation of these findings to human 
populations is limited, the numerous studies 
demonstrating that probiotics, prebiotics, or 
changes in lifestyle (diet, furry pets, outdoor 
activity) can influence sensitization rates and 
even reverse allergy in some cases suggest that 
microbial manipulation presents real potential 
as a mechanism for treating food allergy. Future 
work must target mechanistic understanding of 
the mechanism by which host-microbe inter-
actions alter allergy onset and identify more 
defined strategies, including probiotic formu-
lations and small molecule therapeutics, to 
enhance the efficacy of existing desensitization 
efforts as well as reducing onset in vulnerable 
populations.
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Breastfeeding and Food Allergy

Scott P. Commins

�Introduction

Breast milk is the most natural source of nutrition 
for babies. It is recommended by the American 
Academy of Pediatrics (AAP), who in 2012 
reaffirmed its recommendation of exclusive 
breastfeeding for about 6  months, followed by 
continued breastfeeding as complementary foods 
are introduced, with continuation of breastfeed-
ing for 1 year or longer as mutually desired by 
mother and infant [1]. Breastfeeding rates are 
on the rise in the United States. In 2011, 79% of 
newborn infants started to breastfeed, 49% were 
breastfeeding at 6 months, and 27% at 12 months 

[2]. The incidence of food allergies is also on the 
rise: between 1997 and 2007, the incidence of 
food allergy increased by 18% in children under 
the age of 18 [3]. In 2018, approximately 8% of 
children had food allergies [4]. Moreover, 29% 
of patients with food allergies also reported other 
atopic conditions such as asthma and eczema 
compared to only 12% of children without food 
allergies [3]. The driving force  – or forces  – 
behind the increase in allergies is unknown and 
the subject of wide discussions and research.

The objective of this article is to review the 
composition of human breast milk and its role 
in food allergy. To do this, we will explore the 
nutrition and immunology of breast milk includ-
ing the effects of a mother’s diet and contempo-
rary means of storage of breast milk. We will also 
review the current literature on breast milk and 
food allergy.

�The Physiology of Breast Milk

Human breast milk is synthesized to match the 
developmentally appropriate nutritional needs of 
the baby. The processes and structures needed to 
create human milk begin when the woman her-
self is in her mother’s womb. As reviewed by 
Creasy and Resnik [5], the milk streak is present 
at the fourth week of gestation, and the mammary 
gland is formed at the sixth week of gestation. 
Proliferation of milk ducts continues throughout 
embryogenesis, and breast buds are present at 
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Key Points
•	 Breast milk has important effects on the 

developing newborn and infant immune 
and gastrointestinal systems.

•	 The role of breast milk in the develop-
ment of an infant’s IgE response is 
uncertain but appears to be protective.

•	 Maternal dietary antigens can be found 
in breast milk, and the role of these anti-
gens is the subject of ongoing research.
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birth but, as maternal hormones diminish in the 
baby’s circulation, the buds regress, growing pro-
portionally to body growth until puberty.

Prepubertal changes in hormonal circula-
tion induce the first phase of mammogenesis. 
Ductal growth is stimulated by estrogen produc-
tion, which is generally unopposed in the first 
1–2  years of menstrual cycles, creating type I 
lobules, which are alveolar buds clustered around 
a duct; upon cyclical changes in hormones, the 
types of lobules differentiate into type II lob-
ules, which are more complex lobules that con-
tain more alveoli [6]. This continues throughout 
puberty, completing mature breast development.

The second phase of mammogenesis occurs 
when a woman becomes pregnant so that breast 
milk may be produced by lactocytes, which uti-
lize five transport mechanisms to create breast 
milk (see Table 12.1).

During the first half of pregnancy, lobules 
further differentiate into types III and IV, which 
have increased numbers of alveoli per lobule, 
thus establishing the milk-producing and milk-
secreting framework [6]. During the second half 
of pregnancy, protein synthetic structures, such as 
the rough endoplasmic reticulum, mitochondria, 
and Golgi apparatus, begin to increase within the 
alveoli, and complex protein, milk fat, and lactose 
synthetic pathways are activated [6]. Regarding 
hormonal regulation, the initiation of human lac-
tation involves (1) secretory differentiation in 
which mammary epithelial cells differentiate into 
lactocytes in the presence of progesterone, estro-
gen, and prolactin and (2) secretory activation, in 
which lactocytes secrete copious amounts of milk 
in the presence of prolactin, insulin, and cortisol 
when progesterone levels drop [8]. This ability to 
synthesize and secrete milk is termed lactogenesis. 
Lactogenesis I occurs about 12 weeks before partu-
rition as acini produce colostrum while progester-
one inhibits the production of milk. Lactogenesis 
II occurs around 2–3 days post delivery when the 
sudden drop in progesterone causes changes in the 
mammary epithelium, resulting in the beginning 
of mature-milk production. Lactogenesis III is the 
establishment of mature milk production occur-
ring about 10 days after delivery and was formerly 
called galactopoiesis [9].

�Nutrition of Expressed Breast Milk 
(EBM)

Regarded by the World Health Organization 
(WHO) and AAP as the optimum first food for 
infants, human milk is sufficient to meet the 
nutrition needs of the developing infant exclu-
sively through the first 6 months of life and is the 
standard to which infant formulas are designed. 
The AAP recommends breastfeeding duration of 
1 year minimum or as long as preferred by mother 

Table 12.1  Transport of milk components by the mam-
mary gland [7]

Method of 
transport Comments and components
Membrane 
route

Substances may traverse the apical cell 
membrane (and for those directly 
derived from blood, the basolateral 
membrane). Examples include
 � Water
 � Urea
 � Glucose
 � Sodium, potassium, and chloride ions

Golgi route Secretory products are transported to, or 
sequestered by, the Golgi apparatus and 
secreted into the milk space by 
exocytosis. Examples include
 � Casein
 � Whey proteins
 � Lactose
 � Citrate
 � Calcium

Milk fat 
route

Milk fat globules are extruded from the 
apex of the secretory cell surrounded by 
membrane (milk-fat-globule 
membrane). Examples are
 � Milk fat
 � Lipid-soluble hormones and drugs
 � Growth factors (in milk-fat-globule 

membrane)
 � Leptin

Transcytosis Vesicular transport involves various 
organelles and, in some cases, also 
involving extrusion by Golgi route. 
Examples include
 � Immunoglobulins (during colostrum 

formation)
 � Transferrin
 � Prolactin

Paracellular 
route

Direct passage from interstitial fluid to 
milk and this route reappears at the 
cessation of lactation

Adapted from Shennan and Peaker [7]
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and child, and WHO recommends breastfeeding 
continue through age two so that breast milk may 
continue to provide a substantial proportion of 
toddlers’ nutrition needs [10, 11].

Though human milk is the standard for infant 
nutrition, its exact profile of nutritive substances 
is quite dynamic. On average, a deciliter of 
mature human milk provides 65–70 kilocalories, 
0.9–1.2 grams of protein, 3.2–3.6 grams of lipid, 
and 6.7–7.8 grams of lactose [12]. In reality, the 
composition of human milk varies diurnally, 
within feedings, and individually from mother to 
mother; furthermore, compared to mature milk, 
the nutrient profiles of breast milk differ greatly 
among colostrum, transitional milk, and preterm 
milk (the milk of mothers who give birth prema-
turely) [11, 12].

�Macronutrients

�Protein

The total protein concentration of human milk 
is relatively lower compared to other mamma-
lian milks, but the makeup is uniquely suited 
to provide both nutritive and non-nutritive 
benefits related to tolerance, development, and 
immune function. The relatively high propor-
tion of whey compared to casein  – the two 
main protein fractions  – allows for greater 
solubility in gastric acid and faster gastric 
emptying compared to bovine proteins. Whey 
proteins of human milk include serum proteins 
(e.g., alpha-lactalbumin, lactoferrin), enzymes 
(e.g., lysozyme), and immunoglobulins (e.g., 
secretory IgA). Lactoferrin, lysozyme, and 
secretory IgA are resistant to proteolysis and 
impart initial immune defense in the gas-
trointestinal tract. Casein phosphopeptides, 
intermediates of casein digestion, maintain 
solubility of calcium, thereby aiding in absorp-
tion. Additionally, free amino acids taurine and 
glutamine may stimulate intestinal growth, and 
non-protein nitrogen from urea and nucleotides 
is used for the synthesis of nonessential amino 
acids, hormones, growth factors, and nucleic 
acids [11–13].

�Lipid

Human milk is lipid rich. Half of the total energy 
in human milk is provided by its lipid fraction, 
and its globule structure, which contains bile 
salt–stimulating lipase, promotes efficient diges-
tion. Lipid concentrations are lower at the start of 
feed (foremilk) and rich toward the end of a feed 
(hindmilk). Breast milk is high in cholesterol as 
well, which contributes to cell membrane con-
struction of the rapidly growing infant [11–13].

Unlike its protein and carbohydrate constituents, 
the fatty acid profile of human milk is impacted 
directly by maternal diet, making it the most variable 
macronutrient. Despite this element of variability, 
breast milk remains higher in the polyunsaturated 
fatty acids arachidonic acid and docohexaenoic acid 
(DHA) compared to bovine milk. DHA is integral 
to visual and neurological function [11].

�Carbohydrate

Lactose is the major carbohydrate source in 
breast milk, followed by oligosaccharides. 
Lactose facilitates calcium absorption and may 
contribute to the soft stools generally observed 
in breastfed infants. Oligosaccharides serve as 
prebiotics, aiding in the proliferation of benefi-
cial Bifidobacteria and Lactobaccilli in the gut. 
Because they structurally resemble bacterial anti-
gen receptors, they also impede bacteria from 
attaching to the gut mucosa [11–15].

�Micronutrients

�Vitamins

The vitamin content of breast milk is partly reflec-
tive of maternal diet and, in the case of fat-soluble 
vitamins, the overall fat content of the milk. An 
appropriately growing, healthy infant of a mother 
with a nutritionally adequate diet generally will 
meet his micronutrient requirements with the 
exceptions of vitamins K and D. Due to the low 
production of vitamin K by infant intestinal flora, 
infants are provided a single dose of vitamin K 

12  Breastfeeding and Food Allergy



164

at birth to prevent deficiency-associated hemor-
rhagic disease of the newborn. The vitamin D 
content of breast milk can be improved by mater-
nal diet and sun exposure, but average levels are 
generally insufficient to meet the infant recom-
mended daily allowances, necessitating routine 
supplementation [11–13].

�Minerals

Mineral content of breast milk decreases gradu-
ally over the first 4 months of infant life, but this 
decline does not impact infant growth and may be 
kidney-protective [11]. Human milk is notable for 
having lower amounts of calcium and phosphorus 
than bovine milk, but these are more bioavailable 
as are magnesium, iron, and zinc. Nearly half the 
iron content of breast milk is absorbed compared 
to 10% in bovine milk and bovine milk-based 
infant formulas [11, 12]. Maternal diet does not 
greatly impact mineral content of breast milk [16].

�Immunology of Breast Milk

�Neonatal Immune System

To better understand incorrect immune develop-
ment, such as in food allergy development, and 

how breast milk is immunologically beneficial, 
a basic comprehension of a baby’s immune sys-
tem is beneficial. The ultimate goal of a newborn 
baby’s immune system is to possess both innate 
and adaptive systems of protection with comple-
ment bridging these two arms of immunity. The 
innate immune system identifies and combats 
immediate defense concerns while also signaling 
the development and recruitment of the adaptive 
immune system. Because both the innate and the 
adaptive immune systems take time to develop, 
babies benefit from exogenous sources of immune 
protection, specifically in the form of breast milk.

Although immunologically immature in neo-
nates, the innate immune system  – composed 
primarily of complement, NK cells, polymor-
phonucelar cells, monocytes, and macrophages – 
provides more immune-protection than does the 
less developed adaptive immune system, which is 
composed of T lymphocytes, B lymphocytes, and 
immunoglobulins [17]. The four major categories 
of immunity are impaired in babies: phagocyto-
sis, cell-mediated immunity, humoral immunity, 
and complement activity (see Table  12.2) [18]. 
Collectively, the diffuse immaturity in these 
individual areas of immunity results in great 
susceptibility to infection, and the immunologic 
foundation developed during infancy in the pres-
ence of breast milk may contribute to tolerance 
more than currently recognized.

Table 12.2  Major categories of immunity in babies

Major mechanism of immune activity Explanation of process in the neonate
Innate immunity
(A)  Phagocytosis: Ingestion and killing microbes [19]

Neutrophil chemotaxis is limited as is the presence of 
signaling molecules that participate in phagocytosis, 
such as immunoglobulins and complement [20]

(B) � Cell-mediated immunity: Protection against 
intracellular pathogens provided by dendritic cells, NK 
T cells, and macrophages [21]

Neutrophils, monocytes, and antigen-presenting cells 
all hold both quantitative and qualitative defects [22]

(C)  Complement activity
 � (i)  Activates the inflammatory response

 � (ii)  Opsonizes pathogens for phagocytosis and killing
 � (ii)  Lyses susceptible organisms [23]

Complement proteins are found in limited amounts in 
neonates and, thus, also convey less protection [24, 
25]

Adaptive immunity
(A) � Humoral: Antibody-mediated protection against 

extracellular microbes and microbial toxins [26]

Neutrophils, monocytes, and antigen-presenting cells 
all hold both quantitative and qualitative defects [22]

(B)  T cell-mediated
 � (i)  Tolerogeneic reactivity
 � (ii)  Reduced allo-antigen recognition
 � (iii)  Poor responses to foreign antigens

Peripheral Treg population is high initially to promote 
self-tolerance; however, foreign antigen activation of 
neonatal T cells results in a response skewed towards 
Th2 immunity [27]
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�Breast Milk Immunology

Breast milk is composed not only of macro- and 
micro-nutrients but also of living cells, antibod-
ies, and other immunologically active agents, 
some of which fill immunological gaps of the 
immature immune system. Breast milk composi-
tion is dynamic, changing as the baby develops 
and even altering with clinical changes, such as 
in the face of infection [28]. While breast milk 
generally contains a repertoire of components, 
mothers produce milk with different defense 
functionality profiles [29].

Antimicrobial, anti-inflammatory, and immu-
nomodulatory factors that are under-developed in 
the neonatal immune system are found in human 
breast milk, playing a substitute role for those 
immune agents until the baby has developed 
them [30]. Secretory IgA, lactoferrin, comple-
ment C3, and lysozyme are just a few of the 
antimicrobial factors found in EBM.  Secretory 
IgA provides antimicrobial protection not by 
activating complement but by immune exclusion, 
which is the prevention of bacteria traversing the 
gut epithelium, and possibly immune inclusion, 
which is the maintenance of protective gut bio-
films [31, 32].

Lactoferrin is an iron-binding glycoprotein 
secreted in breast milk. Highest total amounts are 
found in colostrum [33]. The amount decreases 
as milk matures; however, the percentage of total 
protein that is lactoferrin starts at 27% in colos-
trum, dips to 19% by day 28, then increases to 
30% by day 84 [34], the timing of which cor-
relates with the iron-deficiency anemia found in 
some exclusively breast-fed babies. High levels 
of lactoferrin, such as those found in colostrum, 
stimulate intestinal proliferation, whereas low 
levels of lactoferrin stimulate intestinal differ-
entiation, both of which elucidate lactoferrin’s 
critical role as a first line of defense against patho-
gens invading the GI tract [35, 36]. Lactoferrin 
also takes up iron, preventing it from being used 
by bacteria and fungi, which thereby diminishes 
pathogen proliferation [30].

Components of the complement system, such 
as complement C3, are present in human milk. 
Although small concentrations are present, such 

opsonins supplement the neonate’s slowly devel-
oping complement system and aids in pathogen 
protection [20, 37].

Secretory IgA, lactoferrin, and complement 
C3 (as well as secretory component – IgA’s chap-
erone from mammary gland into the gut) vary 
greatly amongst lactating mothers; however, the 
proteins decrease between weeks 2 and 5, seem-
ingly decreasing as the baby’s immune system is 
expanding [29]. Lysozyme is another important 
immunologic protein in breast milk. This enzyme 
disrupts glycosidic linkages of some bacteria, a 
process that is aided by lactoferrin’s damaging of 
bacterial outer membranes, creating a synergis-
tic bacterial killing process [38]. From 6 weeks 
to 6 months, levels of secretory IgA, lactoferrin, 
lysozyme, and total protein vary greatly while 
playing important roles in neonatal immunity 
[39]. Of note, lactoferrin and lysozyme play roles 
against inflammation as do PAF-acetylhydrolase 
and IL-10 [30].

Immunomodulatory factors are underde-
veloped in the neonatal immune system, and 
the complete roster of factors present in breast 
milk continues to grow: humoral immunity is 
enhanced by IL-4 and IL-10; cellular immunity 
is enhanced by IL-12, TNF-alpha, and inter-
feron-gamma; growth is enhanced by G-CSF; 
and chemokine activity is enhanced by RANTES 
[30], which plays a role in macrophage recruit-
ment [40].

Cells found in EBM (expressed breast milk) 
include immune cells – leukocytes, such as gran-
ulocytes and mononuclear leukocytes (including 
lymphocytes, monocytes, and macrophages) – as 
well as mammary epithelial cells and stem cells 
[41]. While the roles of mammary epithelial cells 
and breast milk stem cells in the neonatal immune 
system are not fully understood, immune cells 
play a vital role in neonatal protection, increasing 
in maternal and in infant infections [42].

Bacteria are also present in human breast milk. 
While the sources of some of these microorgan-
isms are thought to include maternal skin, infant 
mouth and skin, and the environment, maternal 
dendritic macrophages can transport bacteria from 
the maternal gut through the lymphatic system and 
into the mammary gland where the bacteria are 
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transferred into the breast milk [43]. This has been 
further shown when breastfeeding mothers con-
sumed the probiotic Lactobacillus then the same 
strain of Lactobacillus was found in her feces 
and in her baby’s feces [44]. This is similar to the 
development of secretory IgA, which is produced 
by the mother when her enteric mucosa recognizes 
antigen and stimulates B cell production of IgA; 
those B cells travel to the mammary glands where 
the IgA is glycosylated and secreted into the breast 
milk [45]. In addition, oligosaccharides are pres-
ent in breast milk and serve an important role in 
the development of an infant’s gut microbiota (dis-
cussed below) [46].

�Effects of Storage on Breast Milk

Cultural trends affecting infant feeding and the 
recognition of breast milk’s importance in the 
care of hospitalized infants have made feeding 
human milk apart from the breast increasingly 
a reality [47]. The AAP and the Academy of 
Breastfeeding Medicine have published guide-
lines for the storage of breast milk to ensure not 
only safe infant feeding but also that the integrity 
of breast milk’s bactericidal and nutritional prop-
erties are preserved. Among these guidelines are 
parameters related to refrigeration, freezing and 
thawing, and storage containers.

�Refrigeration

Fresh breast milk that is not used within 4–6 hours 
should be refrigerated for up to 5 days. During 
this time, nutrients may degrade at variable rates 
with vitamin C noted to degrade rapidly [12, 
47]. The cream component of breast milk will 
separate during refrigeration but will blend easily 
with agitation upon thawing. This does not affect 
the fat composition.

�Freezing and Thawing

Breast milk that will not be used within 
72–120  hours of expression should be frozen. 

Freezing preserves its nutritional and immuno-
logic properties for up to 3–4 months in a refrig-
erator freezer compartment or up to 6 months in 
a deep freezer. It is recommended that thawed 
milk should be used within 24 hours and not be 
refrozen. Heating breast milk will reduce the 
content and bioactivity of heat-labile vitamins 
and proteins [12, 47].

�Containers

Glass and hard plastic containers with airtight 
seals are the ideal storage containers for breast 
milk. For short-term (<72 hours) storage, plastic 
bags designed for human milk storage are appro-
priate. Longer storage increases adherence of 
milk components to the plastic, thus impacting 
the nutritional quality of the milk [47].

�Mom and Her Diet

The nutrient composition of breast milk 
remains relatively stable despite day-to-day 
fluctuations in maternal dietary intake and even 
during limited periods of dietary inadequacy. 
Chronic nutrient deprivation, however, can 
diminish the quality of human milk. Nutrients 
that are most vulnerable to maternal intake lev-
els can vary [12].

�Macronutrients

The macronutrient concentrations in breast milk 
are largely unaffected by maternal diet, though 
the types of fatty acids present mimic maternal 
intake. Protein levels are impacted more by infant 
age than maternal protein intake with colostrum 
and preterm milk being highest in protein com-
pared to transitional and mature milk; however, 
women who consume high protein diets have 
been found to have higher concentrations of total 
nitrogen in their milk due to higher levels of urea 
and free amino acids. Carbohydrate concentra-
tion and type is not impacted by maternal diet 
[11, 12].
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�Micronutrients

Mature milk may be impacted by maternal diet 
depending on the nutrient. Vitamin concentrations 
decline when mothers are in deficiency states, 
and these concentrations respond to therapeutic 
supplementation. Upper thresholds for vitamin 
levels, particularly water-soluble vitamins, are 
regulated. In contrast to vitamins, minerals are 
not as susceptible to maternal intake. The excep-
tions are selenium and iodine, which correlate 
with maternal plasma levels [12].

�Food Allergy and Breast Milk

�Epidemiology and Developmental 
Pathophysiology of Food Allergies

Although the exact incidence of FA has yet to 
be established [48], a recent prospective, obser-
vational study found 9.9% of children developed 
food allergies by the age of 5 years old [49]. This 
finding in an inner-city, American cohort is simi-
lar to the >10% of 1-year-old children found to 
have food allergies in Melbourne, Australia [50]. 
What does appear certain is that the incidence of 
food allergy is increasing in westernized coun-
tries as well as countries in which food allergy 
was not previously considered to be a major 
issue, such as South Africa [51].

The pathophysiology of childhood food 
allergy is not understood and is likely a com-
plex interaction of prenatal, neonatal, early 
childhood, and maternal immunity, specifically 
interacting with the environment. Sicherer and 
Sampson recently reviewed the possible mecha-
nisms of the pathogenesis of food allergy, which 
include (1) gene-environment interaction, (2) the 
microbiome, (3) the route of sensitization (gut, 
skin, inhalation), (4) alteration of food prepa-
ration, such as heating/roasting, and (5) innate 
properties of the foods [52]. In fact, interactions 
of breastfeeding, genes, and the environment 
were highlighted in the study by Hong et  al. 
in JACI in 2011 [53]. This study followed 970 
children since birth and found that children who 
were ever breastfed were at higher risk of food 

sensitization. This risk was further increased in 
children with variations in IL-12 receptor, toll-
like receptor 9, and thymic stromal lymphopoei-
tin genes.

Breast milk may also have a role in prevent-
ing certain infections, an additional factor that 
might influence development of food allergy. 
As proposed by Strachan in 1989, the hygiene 
hypothesis proposed that allergic disease is the 
result of increased cleanliness [54]. This has 
been further studied and currently includes that 
early-life exposure of microbial components 
induce Th1-type responses as opposed to Th2-
type responses [55]. Such exposure involves 
immune mediators like toll-like receptors 
(TLRs). CD14 is a soluble component of TLR-
4, which binds lipopolysaccharides of Gram-
negative bacteria, thereby causing an immune 
response. While newborns initially have low 
levels of CD14, breast milk contains CD14 and 
is likely one of many breast milk constituents 
that influence allergy [56].

The gut microbiome, specifically the maternal 
gut microbiome, is an area of active research in 
food allergy and may have modifiable effects on 
breast milk that could be enhanced by probiotics 
and prebiotics. Lactobacillus reuteri was supple-
mented in breastfeeding mothers then found in 
the feces of 82% of those babies but only in 20% 
of the non-supplemented mothers’ children’s 
feces. L. reuteri was detected in more breast milk 
samples from the supplemented mothers com-
pared to the non-supplemented mothers [44]. 
Human breast milk contains prebiotics in the 
form of oligosaccharides. These oligosaccharides 
are non-digestible to babies but are secreted in 
milk and feed the microbiota of the baby’s gut, 
characteristics shared with prebiotics [46]. The 
oligosaccharides also serve to prevent pathogen 
invasion of the gut mucosa [44]. Taken together, 
these results demonstrate that bacteria in breast 
milk are modifiable and such changes do impact 
the constituents and relative populations of the 
infant microbiome. As additional data emerge, 
it will be important to understand whether such 
changes are as critical for regulating allergic 
responses to dietary antigens as some early data 
appear to suggest.
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�Breastfeeding’s History with Food 
Allergy

Recently, breastfeeding has been added to the list 
of theories behind the increase is food allergies, a 
change from its previously protective reputation. 
The protective role was observed in a 1995 study 
published in Lancet, in which breastfeeding was 
associated with a decrease in food allergy [57]. In 
2004, Muraro et al. completed a thorough review 
of literature and concluded the following: In 
prospective observational studies, breastfeeding 
for at least 3–6 months and late introduction of 
solid foods (after 4–6 months) is associated with 
a decreased risk of cow’s milk protein allergy/
FA and atopic eczema up to 3 year and recurrent 
wheeze/asthma up to 6–17 year. As such, exclu-
sively breastfeeding for the first 6 months of life 
as recommended by World Health Organization 
should be attempted in all infants and also rec-
ommended as an allergy-preventive measure 
[58]. It was noted, however, that components 
of breast milk can both enhance and suppress 
the immune response and participate in anti-
gen exclusion depending on the balance of such 
components [59]. Recent mouse models have 
supported the theory that breast milk reduces 
allergies. A 2011 study showed that the transfer 
of antigen and antibody in breast milk led to tol-
erance [60], the results of which were similar to 
a 2010 study in which oral tolerance was shown 
in pups of aerosol-sensitized mothers exposed to 
allergen [61]. Finally, a 2012 review in Journal of 
Pediatric Gastroenterology and Nutrition further 
supported breast milk as being protective against 
allergy [56].

In contrast to studies that suggest breast milk 
protects against atopy, some work does suggest 
that breast milk is not protective against food 
allergy and may actually play a role in both food 
sensitization and in allergy. A 2005 rostrum by 
Drs. Friedman and Zeiger indicated that it could 
not be definitively determined that breast milk 
prevented sensitization to allergens [62]. In keep-
ing with the lack of a protective role, a follow-up 
study in Lancet showed that breastfeeding did 
not protect against atopy and may have increased 
the risk of atopy [63]. More recently, a study 

of inner-city children of atopic parents showed 
breastfeeding of any duration was significantly 
associated with food allergies [49].

�Review of the Literature of Food 
Allergies and EBM

Understanding the relationship of food allergy 
and breast milk may create a new paradigm in 
allergy prevention research [64]. This area of 
allergy is already the focus of multiple studies 
including the content of allergen in breast milk 
and the immune factors in breast milk. Bernard 
et  al. identified peanut antigen that had been 
transferred through breast milk of two non-atopic 
mothers and showed that IgE-mediated mast cell 
degranulation occurred in the presence of such 
antigen in mice, further arguing that such antigen 
can cause sensitization [65]. Macchiaverni et al. 
identified Der p 1 (a major allergen from house 
dust mite) in human breast milk and argued that 
it strongly promotes sensitization [66]. Palmer 
et al. found that the presence of egg ovalbumin 
in human milk was related to maternal egg intake 
but that excretion into breast milk varied amongst 
women and that some women did not secrete 
ovalbumin into their milk [67].

A mother’s atopic status may impact her 
breast milk immunology. IL-4 has been shown to 
be higher in the breast milk of allergic mothers 
with similar trends in IL-5 and IL-13 compared 
to non-allergic mothers [68]. Atopic mothers 
have been found to have decreased levels of IgA 
in breast milk, but this was not associated with 
whether or not her child developed allergies [69]. 
Low levels of breast milk TGF-beta-2 have been 
associated with maternal allergy. In fact, TGF-
beta in breast milk may play an important role 
in immune tolerance [70]. TGF-beta and IL-10 
are tolerogenic cytokines found in breast milk 
[56]. In 2008, TGF-beta was shown to play a 
significant role in breast milk–induced toler-
ance, mediating CD4+ lymphocytes [71]. TGF-
beta-1, along with IL-1beta, IL-6, and IL-10, was 
recently associated with tolerance to cow’s milk 
[72]. Conversely, TGF-beta-1 has been shown not 
to be associated with atopy [73]. As previously 
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mentioned, low levels have been found in the 
milk of atopic mothers [74]; however, immune 
factors in breast milk that are related to milk 
allergy have been found to be independent of 
maternal atopy [72].

IgA is the major antibody found in breast 
milk and is inversely related to atopic dermati-
tis [73]. Atopic mothers have lower levels of IgA 
than non-atopic mothers, but these levels were 
not associated with food allergy in children [69]. 
Higher levels of IgA in breast milk were associ-
ated with positive skin prick testing at 6 months 
but not at 2 or 5 years of age [39]. Interestingly, 
and suggestive that some protein in breast milk 
may be associated with atopy in the first 2 years 
of life, the total protein in breast milk was higher 
in mothers with atopic babies compared to moth-
ers with non-atopic babies [39].

While proteins are generally considered the 
immunologic compounds of breast milk, fatty 
acids may also play a role in food allergy. The 
rise in food allergy in westernized societies has 
been accompanied by increased consumption 
of saturated and omega-6 fats along with a con-
comitant decrease in omega-3 consumption, each 
of which may play a role in the development of 
allergy [75]. Thijs et  al. recently explored this 
hypothesis in the context of fat content of human 
breast milk and found the sensitization at 1 year 
was inversely associated with breast milk con-
centrations of omega-3 fatty acids and rumenic 
fatty acids, which also had an impact on total IgE 
[76]. No differences in breast milk fatty acids or 
ratios were found between atopic and non-atopic 
mothers [76].

�Current Recommendations 
on Breastfeeding and Food Allergy

In 2014, the AAP included in its 2014 Pediatrics 
Supplement: Best Articles Relevant to Pediatric 
Allergy and Immunology McGowan’s system-
atic review of the literature regarding primary 
prevention of food allergy, which concluded the 
only intervention for which there is evidence of 
preventing the development of food allergy is 
to avoid cow’s milk during the first 4  months 

of life in children at high risk [77]. Some com-
monly agreed upon recommendations are found 
in the 2010-published NIAID guidelines in food 
allergy by Boyce et  al., which included (1) the 
recommendation against maternal diet restriction 
during pregnancy and lactation, (2) the recom-
mendation supporting exclusive breast feeding 
until 4 to 6 months of age, and (3) the suggestion 
that high-risk infants consume hydrolyzed for-
mula when exclusive breast feeding is unavail-
able (and “high-risk” was defined as babies with 
biological parents or siblings with existing or a 
history of food allergy, atopic dermatitis, allergic 
rhinitis, or asthma) [78]. A 2012 update of risk 
factors published in JACI further explores this 
topic [79]. A Cochrane review in 2014 also rec-
ommended against maternal dietary avoidance of 
antigens during pregnancy or lactation regard-
ing decreasing atopy [80]. In 2014, the AAAAI 
published “Food allergy: A practice parameter 
update—2014” that included recommendations 
regarding the prevention of food allergy (see 
Table 12.3).

Indeed, recent studies have found that maternal 
exposure to food allergens decreases allergy in off-
spring in humans and in mice [82–85]. In fact, a 
prospective US study showed no benefit of mater-
nal and early childhood avoidance of milk, egg, 
or peanut in preventing food allergies [86]. These 

Table 12.3  AAAAI recommendations from food aller-
gies practice parameter update 2014 [81]

AAAAI 2014 recommendations to prevent food 
allergies
1. � Encourage exclusive breastfeeding for the first 4–6 

months.
2. � For infants with a family history of atopy, consider a 

partially or extensively hydrolyzed infant formula 
for possible prevention of atopic dermatitis and 
infant cow’s milk allergy if exclusive breastfeeding 
is not possible.

3. � Do not recommend allergen avoidance or avoidance 
of specific complementary foods at weaning because 
these approaches have not proved effective for 
primary prevention of atopic disease.

4. � Do not routinely recommend supplementation of the 
maternal or infant diet with probiotics or prebiotics 
as a means to prevent food allergy because there is 
insufficient evidence to support a beneficial effect.

Reprinted from Sampson et al. [81], © 2014, with permis-
sion from Elsevier
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studies and others provided experimental support 
for recent decisions to withdraw recommendations 
of allergen avoidance during pregnancy and breast-
feeding and support potential beneficial effects of 
maternal allergen exposure to protect offspring 
from food allergy. Prior human studies examin-
ing the effect of maternal diets during pregnancy 
on peanut allergy have shown inconsistent results. 
However, a more recent study suggesting that early 
food introduction might decrease the risk of food 
allergy development underscored the potential ben-
efit of food allergen transfer through breast milk as 
this may be the first food exposure for the infant 
[87]. Data from murine studies indicated a critical 
role of maternal immunoglobulin immune com-
plexes in tolerance induction in offspring regard-
less of the sensitization status of mothers [27]. 
Interestingly, those findings could suggest a poten-
tial for immunoglobulin immune complexes as an 
immunotherapy to improve oral tolerance and pos-
sibly prevent food allergy in children [27].

�Conclusion

Breast milk is a complex immunologic liquid. In 
addition to the nutritional growth it provides, it 
plays a dynamic role in the neonatal immune sys-
tem, contributing to defense as well as apparent 
hyper-defense in the form of allergy. The literature 
continues to grow regarding breast milk and food 
allergy, and research to date indicates that this is 
just the beginning of understanding how breast 
milk impacts the development of food allergy.

Disclosures  Scott Commins: NIH grant support; 
UpToDate author; Genentech speaker’s bureau.
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�Introduction

Food allergy (FA) has increased sharply in preva-
lence over recent decades [1] and is now a major 
public health concern. A population-based study 
estimated that food allergy affects 8% of US chil-
dren [2] and is costly – resulting in $24.8 billion 
dollars per year in expenditures by the healthcare 
system and US families [3]. Of all known food 
allergens, peanut has been found to be the most 
common, affecting 2% of US children [2]. It is 
also one of the least frequently outgrown, with 
prospective cohort studies in the United States 
and Australia observing that less than 20% of 
peanut-allergic infants outgrew their allergy [4, 
5]. Furthermore, peanut allergy (PA) has been 
associated with substantially impaired quality of 
life among both peanut-allergic children and 
their families [6]. As there are no approved thera-

pies for food allergies, there is a heightened need 
for effective food allergy prevention strategies.

Infant feeding recommendations from national 
expert committees such as the Committee on 
Nutrition of America Academy of Pediatrics 
(AAP) have evolved as researchers are shedding 
more light on the immune mechanisms of food 
allergy development and the role of infant feed-
ing in potentially preventing the food allergy cas-
cade. The objective of this chapter is to review 
what is currently known regarding the immune 
pathways to allergy development and explain 
how this is connected to solid food introduction 
and food allergy prevention. In doing so, we will 
review the current AAP and National Institute of 
Allergy and Infectious Disease (NIAID) guide-
lines for the prevention of peanut allergy as well 
as review the evidence for early introduction of 
other top food allergens.

W. Samady · R. S. Gupta
Center for Food Allergy and Asthma Research, 
Northwestern University Feinberg School of 
Medicine, Chicago, IL, USA

Ann and Robert H. Lurie Children’s Hospital of 
Chicago, Chicago, IL, USA 
e-mail: wsamady@luriechildrens.org;  
r-gupta@northwestern.edu

L. M. Kao · J. Jiang · L. A. Bilaver (*) 
Northwestern University Feinberg School  
of Medicine, Center for Food Allergy and  
Asthma Research, Chicago, IL, USA
e-mail: lauren.kao@northwestern.edu;  
jialing.jiang@northwestern.edu;  
l-bilaver@northwestern.edu 

E. M. Campbell 
Ann and Robert H. Lurie Children’s Hospital  
of Chicago, Chicago, IL, USA 

13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33292-1_13&domain=pdf
https://doi.org/10.1007/978-3-030-33292-1_13#DOI
mailto:wsamady@luriechildrens.org
mailto:r-gupta@northwestern.edu
mailto:r-gupta@northwestern.edu
mailto:lauren.kao@northwestern.edu
mailto:jialing.jiang@northwestern.edu
mailto:jialing.jiang@northwestern.edu
mailto:l-bilaver@northwestern.edu
mailto:l-bilaver@northwestern.edu


176

�Immune Mechanisms of Food 
Allergy Development

Understanding the immune cascade that precedes 
allergy development as well as prominent theo-
ries regarding the route of antigen exposure is 
key to furthering our understanding of food 
allergy prevention.

�Th1 and Th2 Pathways

Food allergy is an immune-driven IgE antibody 
reaction to a food allergen while tolerance is the 
absence of an immune response to a food aller-
gen. Two immunologic responses can occur, one 
leading to the development of food allergy and the 
other leading to the development of food toler-
ance. Sensitization is the first step in the immune 
process that produces antibodies in response to an 
innocuous, foreign protein. Two subsets of helper 
T cells, Th1 and Th2 cells, play a role in driving 
the body’s response to an antigen. Th1 cells, or 
regulatory T cells, secrete interferon-ɣ and trigger 
the body’s cell-mediated immune response. Th2 
cells secrete IL-4, IL-5, IL-10, and IL-13 and pro-
mote the production of IgE by B cells as well as 
eosinophilic responses. A predominately Th2 
response is responsible for the development of 
atopic diseases including food allergy [7]. A cas-
cade that leads to food allergy is induced when 
antigen-presenting cells (APCs), such as dendritic 
cells in the gut, promote T helper cell differentia-
tion into Th2 cells. Th2 cells then go on to induce 
B cells to develop into IgE producing cells, which 
in turn increases IgE levels to that specific aller-
gen. However, if an APC instead promotes the 
development of regulatory T cells (Th1), this 
induces B cells to produce IgG antibodies, and 
this pathway is thought to promote food toler-
ance. The mechanisms that drive differentiation 
into Th1 vs. Th2 cells are not fully understood at 
this time [7]. For example, animal studies have 
shown that an allergy to ovalbumin (egg protein) 
can be transferred to naive mice by injecting Th2 
cells from allergic mice into the naive mouse [8]. 
Conversely, mice that had been made tolerant to 
ovalbumin via oral administration did not mount 

an allergic response when injected with Th2 cells 
from allergic mice [9].

It is possible that the interplay between Th1 and 
Th2 cells leading to food tolerance vs. allergy may 
be an oversimplification of the mechanisms driving 
the immune system’s response. In a recent study, 
the cytokines TSLP, IL25, and IL33 were each 
found to be necessary for the development of food 
allergy in a mouse egg white allergy model. During 
the sensitization phase, inhibition of any one of the 
three cytokines was sufficient to prevent the devel-
opment of an allergy to ovalbumin. However, once 
an egg white allergy was established, inhibition of 
all three cytokines was required to suppress an 
allergic response [10]. In addition, the gut microbi-
ome has been shown in multiple studies to contrib-
ute to the development of food allergy vs. tolerance. 
When mice with a normal gut microbiome were 
given oral ovalbumin, interferon-ɣ, and IgG2a, 
molecules associated with tolerance, were pro-
duced in response. However, sensitized germ-free 
mice are unable to produce interferon-ɣ and IgG2 
and instead produce IgE and IL-4 when given oral 
ovalbumin [11]. Germ-free mice whose microbi-
ome had been reconstituted with Bifidobacterium 
infantis prior to the sensitization were protected 
from their predisposition towards allergy, indicat-
ing that the gut microbiome may help promote 
food tolerance. This concept has also been demon-
strated in humans. Children with less diversity in 
the gut microbiome have been shown to have 
greater allergen sensitization when compared to 
age matched controls [12]. A study published in the 
Journal of Allergy and Clinical Immunology com-
pared the microbiome of 20 infants with eczema to 
a control group of infants without eczema and 
found that children with eczema had reduced 
microbial diversity [13]. Other studies have also 
found that changes in the human microbiome 
early in life were associated with food sensitiza-
tion [14].

�The Dual-Allergen Exposure 
Hypothesis

The dual-allergen exposure hypothesis proposes 
that the route of allergen exposure also plays a 
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role in determining the development of allergy 
vs. tolerance. Studies have found that individuals 
with peanut allergy frequently report their first 
allergic reaction to peanut occurring upon their 
first known ingestion, implying prior sensitiza-
tion through a non-oral route [15]. Studies have 
also found that up to 50% of children with severe, 
early-onset eczema go on to develop allergy to 
peanut, egg, or sesame [16]. These observations, 
coupled with eczema as an established risk factor 
for food allergy, led researchers to investigate the 
route of initial antigen exposure (skin vs. gut) as 
a factor in the development of allergy vs. toler-
ance [17]. Cutaneous application of 100  μg of 
peanut protein or ovalbumin to mice whose skin 
had been damaged via tape stripping induced a 
Th2 response and high levels of peanut- or 
ovalbumin-specific IgE.  Subsequent oral expo-
sure to peanut or ovalbumin triggered anaphy-
laxis, suggesting a skin sensitization pathway 
leading to anaphylaxis upon oral exposure. 
Further studies have demonstrated that exposure 
of a disrupted skin barrier, specifically, to an anti-

gen is what may lead to a Th2 response (Fig. 13.1). 
This was demonstrated by Mondoulet et  al., 
where epicutanous immunotherapy either 
reduced or reinforced a Th2 response in mice 
depending on whether the skin barrier was intact 
or disrupted, respectively [18].

�History of Infant Food Introduction 
Guidelines

The optimal timing of solid food introduction to 
infants and its relationship to the development of 
allergic disease has been a topic of debate over 
the past several decades. Introduction of solid 
foods by 3 months of age was common practice 
in the 1960s both in the United Kingdom [20, 21] 
and in the United States [22]. The AAP Committee 
on Nutrition was formed in 1954 and in its first 
report, emphasized that while age should not be a 
rigid standard for the introduction of foods, there 
were no known benefits attributed to introducing 
solid foods before the first 3 or 4 months of life. 
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Fig. 13.1  The pathogenesis of food allergy as described through the dual-allergen exposure hypothesis [19]. (Reprinted 
from Lack [19], with permission from Elsevier)
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Furthermore, it stressed that developmental 
maturity of the gut and neuromuscular system, 
growth rate, and activity level were better indica-
tors for determining when to introduce solid 
foods to infants [23].

It was not until 1974 that guidelines specifi-
cally tied food introduction to disease prevention. 
At that time, the United Kingdom released guide-
lines to delay the introduction of cereals until 
4  months of age based on a presumed link 
between the early introduction of gluten into the 
diet and the development of celiac disease [21]. 
The idea that delaying the introduction of solid 
foods could help prevent allergic disease contin-
ued to gain traction in subsequent years. In 1983, 
an allergy prevention strategy was published in 
the United States that aimed to prevent sensitiza-
tion during infancy by avoiding exposing the 
infant to allergenic proteins in utero and during 
the early postnatal period [24]. It recommended 
exclusive breastfeeding or the use of extensively 
hydrolyzed formula for the first 6 months of life 
followed by introduction of foods of low allerge-
nicity. This approach also recommended delayed 
introduction of highly allergenic foods between 1 
and 3 years depending on the food allergen. In 
1985, a study by Zeiger and Heller examined the 
effect of maternal and infant dietary allergen 
avoidance on atopic outcomes in high-risk 
infants. They found that maternal allergen avoid-
ance, use of extensively hydrolyzed formulas, 
and delayed introduction of highly allergenic 
solid foods reduced rates of food sensitization at 
24 months (16.5% versus 29.4%; p = 0.019) and 
atopic dermatitis at 12  months (5.1% versus 
16.4%; p  =  0.007) in their intervention group 
compared to controls [25]. However, the follow-
up study published in 1995 showed no benefits in 
regard to having any atopic condition at 4 or 
7 years of age [26].

Although the theory that sensitization to food 
allergens could be reduced through maternal 
allergen avoidance and/or delayed exposure to 
allergenic proteins gained support, there were a 
few additional studies with suggestive but incon-
clusive results [27–29] and a meta-analysis of all 

prospective controlled trials of partially hydro-
lyzed formula that reported a significant prophy-
lactic effect in reducing subsequent allergy 
development. Additionally, there were new theo-
ries being introduced to support allergen avoid-
ance in infants such as a “leaky gut” (gut 
permeability) and mucosal immaturity in infants 
[30]. Thus, with recommendations released by 
the expert bodies in the United Kingdom [31] in 
1998 and Europe [32] in 1999 both encouraging 
allergen avoidance in infants and toddlers, the 
American Academy of Pediatrics (AAP) released 
guidelines in 2000 directing pediatricians to 
counsel parents to delay introduction of certain 
allergenic foods for infants at high risk (defined 
as those with family history of food allergy) [33]. 
Specifically, the guidelines recommended that 
solid foods not to be introduced before 6 months 
of age, dairy products be delayed until 12 months, 
eggs until 24 months, and peanuts, tree nuts, and 
fish until 36 years of age. These guidelines addi-
tionally recommended that lactating women 
avoid consuming peanuts and other highly aller-
genic foods. A report released by the World 
Health Organization (WHO) in 2002 further sup-
ported this strategy, recommending exclusive 
breastfeeding until 6  months of age [34]. It is 
important to emphasize that this report acknowl-
edged that there was no evidence that these rec-
ommendations specifically prevented food 
allergy development. At the time, however, there 
was also no evidence that prolonging the period 
of exclusive breastfeeding and avoiding food 
allergens was linked to the development of atopic 
disease and food allergy. In 2006, the American 
College of Allergy, Asthma and Immunology 
released a consensus document reiterating the 
AAP recommendations, stating that “available 
information suggests that early introduction can 
increase the risk of food allergy, that avoidance of 
solids can prevent the development of specific 
food allergies” [35].

However, as food allergy prevalence contin-
ued to rise in the years following the 2000 guide-
lines and no further studies reinforced these 
initial recommendations, the AAP substantially 
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revised its guidelines in 2008 [36] to reflect the 
paucity of evidence that delaying introduction of 
allergenic foods prevented the development of 
food allergy. The new guidelines removed the 
recommendation to delay introduction of any 
foods, stating that there was “no current convinc-
ing evidence that delaying the introduction of 
foods, including highly allergenic foods, beyond 
4–6 months [had] a significant protective effect 
on the development of atopic disease.” The rec-
ommendation that pregnant and lactating women 
avoid consumption of any foods was also 
removed stating that the current evidence did not 
support maternal dietary restriction. Other expert 
committees in Europe issued similarly revised 
recommendations that same year [37]. However, 
insufficient evidence was available at the time to 
make recommendations about when solid foods 
or highly allergenic foods should be introduced 
into the infant’s diet [38].

�Learning Early About Peanut  
(LEAP) Trial

In the same year that the revised 2008 AAP 
guidelines were released, DuToit et al. published 
an observational study which revealed striking 
differences in both the prevalence of peanut 
allergy and the timing of peanut introduction in 
infants of Jewish ancestry in the United Kingdom 
compared to those in Israel [39]. While 69% of 
Israeli infants consumed peanut products by 
9  months of age, only 10% of infants in the 
United Kingdom consumed peanut by this time 
(P < 0.0001). When researchers looked at peanut 
allergy prevalence in the two communities, they 
found a tenfold higher prevalence in Jewish chil-
dren in the United Kingdom compared to those in 
Israel. These observations led researchers to 
hypothesize that the early introduction of peanut 
products may be protective for the development 
of peanut allergy.

Based on the results of this study, Du Toit 
et  al. conducted a double-blinded randomized 
controlled trial to evaluate the hypothesis that the 

introduction of peanut products into the diet dur-
ing infancy could promote the development of 
oral tolerance and reduce the incidence of peanut 
allergy [40]. In the Learning Early About Peanut 
Allergy (LEAP) study, 640 children between the 
ages of 4 and 10 months with severe eczema, egg 
allergy, or both (risk factors for the development 
of peanut allergy [41] were randomly assigned to 
regularly consume peanut protein (at least 6 
grams/week over 3 or more meals) or avoid pea-
nut products until 60 months of age. All children 
had a peanut skin prick test (SPT) at study entry 
and those with either no wheal or a wheal ≤4 mm 
wheal diameter were randomized for participa-
tion. Those with wheal >5 mm were excluded. Of 
the 530 infants with a negative SPT at study 
entry, the prevalence of peanut allergy at 
60 months of age was 1.9% in the peanut con-
sumption group compared to 13.7% in the peanut 
avoidant group. Thus, early introduction of pea-
nut was associated with an 86% relative risk 
reduction in peanut allergy development in this 
cohort. Among the 98 children with an initial 
positive SPT to peanut, the prevalence of peanut 
allergy in the consumption group was 10.6% 
compared to 35.3% in the peanut avoidant group, 
which translates into a 70% relative risk reduc-
tion. The LEAP trial was the first to demonstrate 
that a diet recommendation could decrease pea-
nut allergy development and serve as a successful 
model for primary food allergy prevention.

LEAP researchers also measured serum levels 
of peanut-specific immunoglobulins IgE, IgG, 
and IgG4. IgE is a marker of allergic responses 
while IgG is considered a marker of antigen 
exposure. IgG4 is thought to be a marker of 
potential immune modulation. At the end of the 
trial, SPT wheal diameters and elevated IgE titers 
were higher in the peanut avoidant group while 
the children in the peanut consumption group 
showed a larger and earlier increase in the levels 
of peanut-specific IgG and IgG4, the same immu-
nological effects seen in successful allergen 
immunotherapy.

While the LEAP trial showed that early and 
consistent introduction of peanuts to high-risk 
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infants prevented the development of a peanut 
allergy, researchers wanted to determine what 
would happen to peanut tolerance if peanuts were 
removed from the diet. To address this question, 
they conducted the Persistence of Oral Tolerance 
to Peanut study (LEAP-On). Researchers enrolled 
556 children from the LEAP study to avoid 
peanut-containing products for the next 
12 months in order to evaluate if peanut tolerance 
would be altered by diet changes after the first 
5  years of life. This study demonstrated even 
after 12 months of avoiding peanuts, the reduc-
tion in the prevalence of peanut allergy persisted 
at 72 months of age. Children from the original 
peanut consumption group had 74% lower preva-
lence of peanut allergy than children in the origi-
nal peanut avoidant group. New allergy to peanut 
developed in three children in the original peanut 
consumption group (1.1%) and three in the pea-
nut avoidant group. Among children who were 
not allergic in the original peanut consumption 
group, levels of IgE remained low and ratios of 
IgG:IgE remained high during the 12  months 
with no peanut consumption, indicating their 
non-allergic status remained stable. Children in 
the peanut consumption group had elevated IgG4 
levels as early as 12  months of age; they also 
found a decrease in the average IgE levels by 
60 months which continued to 72 months of age. 
When compared to children in the peanut avoid-
ant group, fewer children in the peanut consump-
tion group had a high IgE level. Together, the 
LEAP and LEAP-On studies demonstrated that 
early introduction of peanut was able to induce 
tolerance to peanuts that persisted through at 
least 12 months of peanut avoidance.

�2017 Addendum Guidelines 
for Peanut Allergy Prevention

The results of the landmark LEAP trial informed 
a dramatic reversal of national guidelines [42]. 
An expert panel convened by the National 
Institute of Allergy and Infectious Disease 
released the 2017 Addendum Guidelines for the 

Prevention of Peanut Allergy in the United States 
(Addendum Guidelines), endorsed by the AAP, 
which recommended the dietary introduction of 
peanut products during infancy based on stratifi-
cation into three risk categories. Consistent with 
infants in the LEAP trial, the first category repre-
sents those at highest risk including infants with 
an egg allergy (defined as a history of reaction to 
egg and a positive skin prick test) and/or severe 
eczema (persistent or frequent eczema that has 
been diagnosed as severe and requires prescrip-
tion medications). The guidelines recommend 
these infants be evaluated for peanut sensitization 
by a healthcare provider using peanut-specific 
IgE (sIgE) and/or skin prick testing and, accord-
ing to the results, either be referred to a specialist 
for further management or introduced to peanut-
containing foods as early as 4–6 months of age 
(Addendum Guideline 1). This requires that the 
introduction of solid foods begins at 4–6 months 
of age, starting with solid food other than peanut. 
However, if the 4- to 6-month time window is 
missed for any reason, evidence from the LEAP 
trial, which included infants up to 11 months of 
age, suggests that infants may still benefit from 
the introduction of peanut after the recommended 
window. After infants are introduced to peanut-
containing foods, the guidelines further recom-
mend that infants continue eating 6–7 grams of 
peanut-containing foods split into three or more 
servings per week.

In order to maximize the opportunity to intro-
duce peanuts as early as possible, the guidelines 
state that testing for peanut-specific IgE may be 
the preferred initial approach in certain health 
care settings, particularly those that do not offer 
SPT services. For infants who test negative, the 
recommendation for peanut introduction can be 
made without referrals to other settings. However, 
the guidelines caution that food allergen panel 
testing or the addition of specific IgE testing for 
foods other than peanuts is not recommended due 
to poor positive predictive value.

The second guideline suggests that infants with 
mild to moderate eczema be introduced to peanut 
products at home at or around 6  months of age 
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(Addendum Guideline 2). While the LEAP trial 
did not include children with mild or moderate 
eczema, the expert panel concluded that the indi-
vidual and societal benefits of introducing peanut 
in this population would be significant as there is 
no reason to believe that the mechanisms of pro-
tection of early dietary peanut differ in infants with 
mild-to-moderate eczema versus severe eczema. 
Similar to the first guideline, other solid foods 
should be introduced before peanut-containing 
foods to show that the infant is developmentally 
ready. Unlike high-risk children, the guidelines 
recommend that these infants have dietary peanut 
introduced at home without an in-office evalua-
tion. However, the guidelines acknowledged that 
some caregivers and healthcare providers may 
desire an in-office supervised feeding, evaluation, 
or both for these infants as well.

The third guideline recommends that infants 
with no eczema or any food allergy can be intro-
duced to peanut products in accordance with 
family preferences and cultural practices when-
ever it is age appropriate (Addendum Guideline 
3) (Table 13.1).

Following the release of the Addendum 
Guidelines, other countries also endorsed early 
introduction of peanut-containing foods [44, 
45]. Notably, while introduction of solids at 
4–6  months (but not before 4  months) departs 
from WHO guidelines that call for exclusive 
breastfeeding for about 6  months, infants who 
either consumed or avoided peanut in the LEAP 

cohorts did not differ in the duration or fre-
quency of breastfeeding [46] and were indistin-
guishable in nutritional and metabolic 
parameters at 12, 30, and 60  months of age. 
Finally, while past recommendations also 
defined high-risk children as those with first-
degree relatives with documented food allergy, 
the 2017 guidelines do not utilize history of 
familial food allergy to define high-risk infants 
(Fig. 13.2).

�Potential Barriers to Guideline 
Implementation

Concerns regarding assessment of risk factors 
have been expressed. As Hildebrand et al. suggest, 
severe eczema may be over-diagnosed by parents 
and medical providers. For example, a 2014 study 
estimated the prevalence of severe eczema in US 
infants to be 0.9% [47], suggesting that the major-
ity of infants can be introduced to peanut products 
at home without further assessment. However, 
severe eczema, as defined by the HealthNuts team, 
reported estimates of 12% [48] and may be over-
diagnosed by parents and medical providers [49]. 
Therefore, one concern is that the variable classifi-
cation of eczema severity and the potential 
improper application of the guidelines could 
potentially lead to over-testing and over-referral to 
specialists. This runs the risk of false positives 
and/or delays in peanut introduction while waiting 

Table 13.1  Summary of Addendum Guidelines 1–3 [43]

Addendum 
Guideline Infant criteria Recommendations

Earliest age of peanut 
introduction

1 Severe eczema, 
egg allergy, or 
both

Strongly consider evaluation by sIgE measurement 
and/or SPT and, if necessary, an OFC. Based on 
test results, introduce peanut-containing foods

4–6 months

2 Mild-to-
moderate 
eczema

Introduce peanut-containing foods Around 6 months

3 No eczema or 
any food 
allergy

Introduce peanut-containing foods Age appropriate and in 
accordance with family 
preferences and cultural 
practices

Reprinted from Togias et al. [43]
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for appointments with specialists and test results. 
Similarly, although the use of panel testing is dis-
couraged [50] in the Addendum Guidelines [43], 
physicians and/or families may be tempted to 
request testing for other foods during testing for 
peanut, which has been termed “screening creep” 
[51]. False positives during testing may lead to 
unnecessary food avoidance which may increase 
the risk for development of a true allergy. 
Importantly, individuals with atopy are more likely 
to have elevated IgE levels and false-positive test 
results [52].

A related concern is that patients who receive 
positive peanut sIgE results at their primary care 
physician’s office may choose to avoid peanuts 
instead of following up with an allergy specialist 
for further assessment and management. 
Similarly, although the Addendum Guidelines 
include recommendations for in-office peanut 
introduction or oral food challenge (OFC), the 
availability of such appointments with allergists 
is often limited, which may cause peanut intro-
duction to be delayed. The suggestion has been 

made to conduct in-office challenges as soon as 
possible [53].

There are also concerns about application of 
the screening and testing recommendations at the 
population level. Population modeling studies [48, 
54] suggest that implementation of the Addendum 
Guidelines may pose substantial cost and logisti-
cal challenges [55]. For example, using data from 
the HealthNuts cohort, Koplin et  al. found that 
applying the Guidelines would lead to testing 16% 
of the population but would still miss 23% of those 
with peanut allergy. Turner et al. state, “It is insuf-
ficient for population-based interventions to be 
based on the highest level of evidence; they also 
need to be generalizable, simple, cheap, doable, 
and have the ability to be evaluated after imple-
mentation” [56]. Others have expressed concerns 
about the use of egg allergy as a screening factor 
for peanut allergy risk given that egg is not com-
monly introduced to infants before 4–6 months of 
age and due to a lack of evidence that egg allergy 
is more strongly associated with peanut allergy 
than other top allergens, such as milk [55].

Severe eczema
or

Egg allergy
or

Both

Peanut slgE*

<0.35

Refer to specialist for
consultation/SPT protocol

Risk of reaction low.
Over 90% will have (-) SPT to

peanut.

Options:

a) Introduce peanut at home

Risk of reaction varies
from moderate to

high.

Options:

Infant probably
allergic to
peanut.

Continue
evaluation and

management by
a specialist

Risk of reaction low
(95% will not have

peanut allergy).

Options:

≥0.35

Peanut Skin Prick Test

0-2 mm 3-7 mm ≥8 mm

(based on 
provider/ parental

preference)

(based on provider/ parental
preference)

b) Supervised feeding
in the office

a) Introduce peanut at
homeb) Supervised feeding in the 

office b) Graded OFC in a
specialized facility

a) Supervised feeding
in office

Fig. 13.2  Recommended approach to infants with severe eczema or egg allergy [43]. (Reprinted from Togias et al. [43])
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Finally, despite evidence that infants do not have 
severe reactions, many parents remain hesitant to 
introduce peanut products prior to or at 6 months of 
age [57]. This may be a consequence of prior rec-
ommendations to delay peanut introduction or fears 
of a reaction [48, 58]. During the LEAP study, only 
7 of 319 infants randomized to consumption reacted 
at their initial supervised feeding and the reactions 
were generally mild, successfully treated with anti-
histamines, and did not require epinephrine. Other 
studies focused on anaphylaxis report that when 
infants have multiple symptoms, they are largely 
gastrointestinal and skin symptoms [59]. In this 
regard, guideline authors request full engagement 
of general pediatricians and allergists to educate 
families and encourage adoption of the guidelines 
to prevent a serious and potentially chronic and 
costly disease [46].

�Early Introduction of Other Foods

The early introduction of peanut-containing 
products has received global recognition and 
prompted research on early introduction of other 
allergenic foods as a means to prevent food 
allergy development. The Enquiring About 
Tolerance (EAT) study, in particular, is one of the 
first studies examining the role of timing of food 
introduction for infants in the general population 
in the United Kingdom This randomized control 
trial of 1303 three-month-old infants assessed the 
effect of early introduction of several allergenic 
foods: cow’s milk, peanut, cooked egg, sesame, 
fish, and wheat. Infants in the intervention group 
started introduction of these foods at 3 months of 
age (early introduction) with continued breast-
feeding if they have not yet developed a food 
allergy. Prior to beginning the regimen for early 
introduction, food allergy status was assessed 
through SPT and a subsequent open-label incre-
mental oral food challenge for infants with a 
positive wheal size. If infants reacted to the food 
and failed the challenge during the assessment, 
caregivers were instructed to avoid feeding that 
food but continue introduction of the other 
observed allergenic foods. The standard intro-
duction control group exclusively consumed 

breastmilk until 6 months of age and then com-
menced introduction of the aforementioned foods 
after 6 months of age upon caregiver discretion. 
Development of food allergy was assessed 
between 1 and 3 years of age [60].

In an intention-to-treat analysis, there was no 
significant difference between the two groups, 
with 5.6% of children in the early introduction 
group and 7.1% of children in the standard intro-
duction group developing an allergy to any of the 
study foods by age 3. On the other hand, in a per-
protocol analysis of those adherent to the assigned 
treatment, the prevalence of food allergy was sig-
nificantly lower among children who received 
early introduction of allergenic foods compared 
to those that received standard introduction (2.4% 
vs. 7.3%, p  = 0.01). The prevalence of specific 
food allergies (peanut and egg) were also signifi-
cantly lower with early introduction than stan-
dard introduction in the per-protocol analysis. 
While the intention-to-treat analysis did not con-
firm an effect of early introduction, it suggests 
that dosage and adherence to regimen during 
introduction are important factors in food allergy 
prevention [61]. Appropriate age windows for 
food introduction could also affect the effective-
ness of food allergy prevention in infants [62]. 
The narrow window of exposure in this study 
(3  months vs. 6  months) could have impacted 
findings. Overall, previous literature has sug-
gested that early introduction of common food 
allergens may prevent food allergy development; 
therefore, the implications of the EAT study are 
crucial in considering future food allergy preven-
tion research.

�Early Introduction of Egg

Egg allergy affects 2% of 12-month-old infants 
in the United States [2] and 9% in Australia 
[63]. This has prompted research on early 
introduction of egg into an infant’s diet to pre-
vent egg allergy. To date, the impact of early 
egg introduction is still not well understood as 
these studies report conflicting results. This 
section discusses five randomized controlled 
trials as well as a large population-based study 
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regarding early egg introduction. Despite these 
differences, the following studies provide 
insight on the potential of introducing egg 
early to infants.

HealthNuts, a population-based, cross-
sectional study observing 11–15-month-old 
infants (n  =  2589) in Australia demonstrated 
lower rates of egg allergy among infants with 
early egg introduction at 4–6  months (5.6%) 
compared to delayed introduction at 
7–9  months, 10–12  months, and >12  months 
(7.8%, 10.1%, and 27.6%, respectively) [64]. 
The two-step egg introduction for the preven-
tion of egg allergy in high-risk infants with 
eczema (PETIT) study, a randomized, double-
blind, placebo-controlled trial based in Japan 
studied infants 4–5 months old with atopic der-
matitis and no history of egg consumption or 
any food (n  =  147). In the primary analysis 
population, egg allergy was confirmed via OFC 
for 8% of the intervention group (powder mix-
ture of squash and heated egg powder, similar 
to a portion of a whole boiled egg) vs. 38% of 
the placebo group (squash powder) at 12 months 
of age, p  =  0.0001 [65]. The Beating Egg 
Allergy Trial (BEAT), conducted in Australia, 
is a randomized, double-blind, single-site, par-
allel-arm, controlled trial. Infants 4 months old 
with a first-degree relative with a history of 
atopy and SPT wheal size <2 mm to commer-
cial egg white were observed (n = 319). Overall, 
the proportion of 1-year-old infants sensitized 
to egg white in the intervention group (egg pro-
tein daily) was 10.7% vs. 20.5% in the control 
group (rice powder daily) [66].

Additionally, the Solids Timing for Allergy 
Research (STAR) study in Australia, a double-
blind, randomized, controlled trial, observed 
infants at high-risk for food allergy with 
moderate-to-severe eczema (n = 86). In the inter-
vention group (pasteurized raw whole egg pow-
der, comparable to the allergenic properties of 
raw egg), rates of diagnosed egg allergy and sen-
sitization to egg were lower than the control 
group (placebo rice powder) at 12 months of age 
(egg allergy: 33% vs. 51%; sensitization: 45% vs. 
63%). Neither difference was statistically signifi-
cant, possibly due to the early termination of the 

study, impacting the sample size and statistical 
power. However, data suggest that early and reg-
ular oral exposure to egg may contribute to 
immune tolerance and reduction in egg allergy 
incidence [67].

In contrast, the Starting Time of Egg Protein 
(STEP) trial and the Hen’s Egg Allergy Prevention 
(HEAP) studies present different findings. The 
STEP trial is a randomized, placebo-controlled 
trial in Australia that explored early introduction 
of egg to the infant diet to reduce egg allergy. 
Infants age 4–6 months were randomly assigned 
to the intervention group, instructed to mix egg-
containing powder into their solid foods 
(n = 407), or the control group, instructed to use 
a rice-based, egg-free powder (n = 413). Overall, 
using the egg powder did not seem to impact egg 
allergy in the first year of life and did not affect 
sensitization to peanuts or other allergens (egg 
allergy: 7.0% vs. 10.3%; sensitization: 10.8% vs. 
15.1% [68]. The HEAP study, a double-blind, 
randomized, placebo-controlled trial in Germany 
observed infants 4–6 months of age (n = 383). At 
12 months of age, 5.6% of children in the inter-
vention group (pasteurized egg white powder 
with comparable allergenicity to raw hen’s egg) 
were sensitized to hen’s egg vs. 2.6% in the pla-
cebo group (rice) while 2.1% were confirmed to 
have a hen’s egg allergy vs. 0.6%, respectively. 
However, these findings were not significant; 
therefore, the authors could not conclude that the 
early introduction of pasteurized hen’s egg 
increased sensitization to hen’s egg or allergy 
development [69].

It is unclear if early introduction of egg during 
infancy definitively plays a role in preventing egg 
allergy development. The aforementioned studies 
varied in methodology, infant egg allergy risk 
level, form of egg protein introduced, as well as 
egg dosage and, therefore, do not allow for a 
direct comparison of studies. However, there are 
general similarities in study implications, ulti-
mately supporting further research on the early 
introduction of egg. Mechanisms of tolerance 
remain unclear and it is suggested that the win-
dows of allergen exposure, the effective time for 
oral tolerance induction to food allergens, may 
impact allergy development [62].

W. Samady et al.



185

�Early Introduction of Milk

Cow’s milk is another common allergen among 
infants that has been studied in the context of 
early introduction to prevent food allergy. Similar 
to egg, the consideration of the form (baked vs. 
unbaked milk) has yet to be extensively studied 
and methodology varies. While many of the stud-
ies regarding cow’s milk are observational, find-
ings suggest that early exposure may decrease the 
rate of cow’s milk allergy. However, further 
research is necessary to elucidate the relationship 
between early introduction of milk and the inci-
dence of milk allergy.

In a prospective study, the feeding history of 
infants was obtained via phone or questionnaire. 
Infants that had a probable adverse reaction to 
milk received a skin prick test and 
OFC. Essentially, 0.05% of infants that had cow’s 
milk protein formula early had an IgE-mediated 
cow’s milk allergy compared to 1.75% of infants 
that were introduced to it roughly 3–6  months 
later. These findings suggest that early exposure 
to cow’s milk protein may prompt tolerance to 
the protein [70]. Additionally, a case-control 
study retrospectively compared questionnaire 
responses on feeding patterns and family history 
of atopy between a group that had cow’s milk 
allergy and a control group that was similar in 
age and sex. This study suggested that early 
introduction of cow’s milk is associated with a 
lower cow’s milk allergy incidence [71]. 
Additionally, a prospective birth cohort study 
observed the association between age of cow’s 
milk/other solid food product introduction and 
atopy manifestation (eczema/atopic dermatitis, 
wheezing, and environmental/food allergen sen-
sitization). These findings suggested that the 
delay of introducing cow’s milk was related to a 
higher risk for eczema and the delay was associ-
ated with a lower risk of cow’s milk sensitization 
although not statistically significant [72].

�Other Foods

There is a paucity of data on early introduction of 
other foods aside from peanut, milk, and egg. In 

a systematic review and meta-analysis of early 
introduction and risk of allergic or autoimmune 
disease, egg and peanut introduction were associ-
ated with lower risk of egg or peanut allergy 
development. However, evidence for early fish 
introduction relative to allergic sensitization was 
not conclusive while research on timing of gluten 
introduction was not associated with celiac dis-
ease risk [73]. In another systematic review of 
early infant feeding and wheat allergy risk, the 
relationship was also uncertain. Early gluten 
introduction was related to a reduced risk of 
wheat sensitization up to 5 years of age, but a ran-
domized control trial did not find the same result 
[74]. Ultimately, further studies are necessary to 
determine whether the early introduction of other 
allergenic foods can produce a preventive effect 
similar to that found with peanut and egg.

�Conclusion

Food allergy prevention strategies are of utmost 
importance considering their increasing global 
prevalence, the low likelihood of spontaneous 
resolution, and the major impacts on quality of 
life. Increased understanding of the immune 
pathways and prominent theories such as the 
dual-allergen hypothesis have provided some 
insight into how infants develop food allergies. 
Furthermore, the landmark LEAP trial has effec-
tively demonstrated that early peanut feeding 
(age 4–6  months) can reduce peanut allergy 
development in high-risk infants and has 
informed the current peanut prevention guide-
lines. While there is increasing evidence to sup-
port the early introduction of other foods such as 
egg, more evidence is needed regarding other 
allergenic foods.
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Clinical Management of Food 
Allergy

Melanie M. Makhija

Food allergies are common [1] and increasing 
in prevalence [2]. To date, there is no approved 
treatment for food allergy. If a food allergy is sus-
pected or likely, the patient should be referred to 
an allergist for further diagnosis, monitoring for 
development of tolerance, as well as for guidance 
on food avoidance.

�Diagnostic Testing

Diagnostic testing for food allergy is discussed in 
detail in a previous chapter. In brief, IgE-mediated 
allergic reactions are diagnosed based on history 
and physical examination. A food allergy history 
should focus on trying to identify the culprit food 
allergen(s) by reviewing foods that consistently 
elicit symptoms and foods that may be hidden. 
Most reactions occur within minutes to hours 
of ingestion of the culprit food. Reactions often 
involve cutaneous symptoms including erythema, 
urticarial rash, worsening eczema, and/or angio-
edema. Reactions can also include GI symptoms 
such as vomiting and abdominal pain, laryngeal 
and respiratory symptoms, and cardiac symp-
toms. Testing for food allergy includes epicutane-

ous skin prick testing (SPT), serum food-specific 
IgE testing (sIgE), and oral food challenges. A 
positive test (either SPT or food-specific sIgE) 
indicates that a patient is sensitized to the food 
in question.

Epicutaneous skin prick testing (SPT) is the 
preferred method of testing for the detection of 
allergen-specific IgE antibody to foods, as it is 
standardized and inexpensive. Skin prick testing 
to foods has a low specificity and low positive 
predictive value. Unless there is a corroborative 
clinical history, a definitive diagnosis of food 
allergy cannot be made based on skin testing 
alone [3]. The sensitivity and negative predic-
tive value of SPT are high (>90%) for most 
food allergens with the exception of foods with 
thermo-labile molecules; therefore, negative test-
ing is generally predictive of tolerance [4].

Allergen-specific IgE antibody testing is the 
most common blood test used to diagnose imme-
diate or IgE-mediated reactions to foods. It can 
be used as an alternative to SPT in patients with 
contraindications to SPT such as dermatogra-
phism or those who cannot be taken off antihis-
tamines. It is also used as an adjunct test to SPT 
for food allergy as specific IgE levels to foods 
can be trended and followed over time. This may 
be useful if a patient is expected to outgrow their 
food allergy such as in the case of cow’s milk or 
egg allergy [5]. Panel testing of food allergens is 
not recommended given a low positive predictive 
value in the absence of clear reaction to the cul-
prit food with a high rate of false-positive tests.
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The FDA has approved allergen compo-
nent resolved diagnostic (CRD) testing using 
the Immunocap system (Phadia Immunology 
Reference Library PiRL, Phadia US Inc). This 
testing is used primarily for food protein compo-
nents. Knowledge of allergen component sensi-
tizations may help differentiate between severe/
anaphylactic allergy and other allergic diseases 
such as oral allergy syndrome/pollen food syn-
drome [6, 7]. This testing has been primarily used 
for peanut and individual tree nuts but is increas-
ingly being used for other major food allergy pro-
tein components, as well as fruits, vegetables, and 
several environmental allergens (aeroallergens).

An oral food challenge (OFC) is the gold stan-
dard test to determine whether a patient has a food 
allergy. This includes understanding whether a 
patient has outgrown or developed tolerance to 
a culprit allergen. A food challenge may also be 
performed for patients who are sensitized to a 
food allergen with no clear history of reaction or 
conversely for patients who have had a reaction 
but are not sensitized. OFCs can be open, single 
blind, or double blind. In an open food challenge 
(the most commonly performed OFC in clinical 
practice), the patient is given up to a typical serv-
ing of the culprit food to determine tolerance. In 
research studies and clinical trials, single- and 
double-blind food challenges are performed, 
often with a placebo component. In a single-blind 
food challenge, the participant/patient does not 
know whether he or she is consuming an allergen 
or placebo. In a double-blind challenge, neither 
the participant nor the clinician knows whether 
the participant is consuming an allergen or pla-
cebo. Consent should be obtained and risks and 
benefits of the OFC, including the risk of a severe 
anaphylactic reaction, should be explained to the 
family prior to beginning the challenge [8]. All 
questions should be answered. A trained medical 
provider should supervise all OFCs. Emergency 
treatments for anaphylaxis should be readily 
available in case they are needed [9].

Oral food challenge protocols can be found in 
a working group report and the PRACTALL con-
sensus report [10, 11]. A working group report 
outlines how to conduct an OFC to peanut in 
an infant [12]. In a typical food challenge, the 

patient ingests the potential allergen in a graded 
fashion beginning with 0.1–1% of the total dose, 
with increasing doses every 15  minutes. OFCs 
are performed in a graded fashion in order to 
minimize the risk of severe reaction and to under-
stand the lowest provoking dose [8]. Patients 
should be observed for signs of reaction, and 
vital signs should be monitored in between doses 
[11]. Dose intervals may be increased for higher 
risk patients [13]. If a clinician is confident that 
the patient does not have an allergy to a particu-
lar food, based on lack of history of reaction and 
negative skin/blood testing results, an oral food 
challenge is likely not necessary. In this situa-
tion, home introduction or an in-office supervised 
feeding may be appropriate. A multicenter study 
of centers around the United States found that 
the rate of anaphylaxis for low risk in clinic chal-
lenges was 2% with a rate of allergic reactions of 
14% [14]. Multiple studies have found that both 
patient and parent quality of life improves after 
a negative food challenge [15–19] and in some 
studies a positive OFC [16, 17, 19]. This may be 
due to reduced uncertainty around the allergy.

Currently, there are no approved treatments for 
IgE-mediated food allergy. The current standard 
of care for management of food allergies includes 
avoidance of trigger allergens and treatment of 
reactions caused by accidental exposures.

�Dietary Management

The goal of dietary management of food allergy 
is to prevent exposure to the allergen, which may 
result in a reaction. Avoiding relevant trigger foods 
from an individual’s diet is crucial. The degree 
of avoidance needed depends on the individual 
and the allergen. For example, some patients with 
IgE-mediated milk and/or egg allergy are able to 
tolerate extensively heated forms of these foods 
despite reacting to less cooked forms. Difficulties 
may arise with complete avoidance of allergen, 
which includes avoiding traces of the allergen. 
Complete avoidance can lead to decreased qual-
ity of life [20–22] and can be challenging. In a 
study of children with peanut allergy, it was 
found that 50% had a reaction within 2  years 
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and 75% had a reaction within a 10-year period 
[23]. Adults with food allergy and parents of food 
allergic children spend 39% more time shopping 
for food than those without a food allergic family 
member [24]. If complete avoidance is necessary, 
the patient’s family must be educated on label 
reading and avoiding possible cross-contamina-
tion. Cross-contamination occurs when a food 
ingested by the allergic individual has come into 
contact with the culprit food allergen. One study 
in Canada found that 17% of accidental expo-
sures were caused by foods that had no advisory 
label but contained allergen due to cross-contam-
ination during manufacturing or processing [25]. 
Although preventing cross-contamination is diffi-
cult, there are strategies that can be implemented 
to make things easier. Examples include washing 
hands and cooking utensils as well as chopping 
boards and work surfaces well when preparing 
food [26] and cooking different foods in clean oil 
and well-washed pans and using separate serving 
spoons for each dish [20].

Eating outside of the home may be diffi-
cult for patients with food allergies especially 
in places where accidental exposures due to 
cross-contamination commonly occur including 
buffets, salad bars, ice cream parlors, ethnic res-
taurants, and bakeries [27]. Patients eating in res-
taurants should speak to the server and the cook/
chef to let them know about the allergy and to ask 
questions about ingredients in foods and possible 
cross-contamination. In ice cream parlors, scoops 
should not be shared between different ice cream 
tubs. One may consider carrying a chef card, 
which outlines foods that require special consid-
eration. An example of an interactive food allergy 
card can be completed and downloaded from the 
Food Allergy Research and Education Website. 
This is available at https://www.foodallergy.org/
life-food-allergies/managing-lifes-milestones/
dining-out/food-allergy-chef-cards [28]. This 
chef card is available in English, Chinese, Dutch, 
French, German, Italian, Japanese, Portuguese, 
Spanish, and Swedish. Social gatherings can 
also be difficult for individuals with food aller-
gies. Advice for school and social outings includ-
ing birthday parties should be given to patients. 
Bringing the child their own snack for school or 

a dessert alternative for a birthday party can be 
helpful.

Although avoiding any food can be problem-
atic, tree nut avoidance in particular is complex as 
a patient may be only allergic to some rather than 
all tree nuts. Avoiding all nuts instead of just the 
culprit allergenic nut decreases the risk of acci-
dental reactions due to cross-contamination and 
is easier than avoiding just one or a few specific 
nuts. Conversely, avoiding all nuts may decrease 
quality of life and may possibly increase risk of 
becoming allergic to nuts that were previously 
tolerated. Oral food challenges to each specific 
nut that is positive on SPT/sIgE may be needed 
to understand which are true allergies rather than 
just sensitization. Patients should be given clear 
guidance for management of their nut allergy. 
Options of target avoidance or general avoidance 
of all nuts should be discussed with the family 
with an explanation of risks and benefits of both 
options [29].

�Travel

Travel can be daunting for the family of a child 
with food allergy, especially if traveling to coun-
tries where cultural and language differences 
may pose challenges.

When traveling on airplanes it is advis-
able to call the airline beforehand and let them 
know about the allergies. Some airlines may 
allow individuals to pre-board and wipe down 
the seating area and table. This is helpful espe-
cially if the allergic individual is a young child. 
It is also reasonable to carry your own food for 
the flight and carry all prescription medications 
on board including auto-injectable epinephrine, 
antihistamines, and asthma inhalers. Wearing 
medical-alert jewelry may be helpful especially 
if traveling alone. A survey of peanut and tree 
nut allergic participants found that 349 of 3273 
participants had a reaction in flight and 13.3% 
received epinephrine as treatment. This study 
suggested that requesting accommodations for 
flight travel might lower the odds of having a 
reaction. These accommodations included (1) 
making any request of the airline, (2) requesting 
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a buffer zone, (3) requesting an announcement 
that passengers not eat peanut/tree nut–contain-
ing goods, (4) requesting a peanut/tree nut–free 
meal, (5) wiping their tray table, (6) bringing 
their own food from home, (7) avoiding use of an 
airline-provided pillow, and (8) avoiding use of 
an airline-provided blanket [30].

Previous surveys of individuals with food 
allergy suggest that reactions are more common if 
the flight crew was not informed of the allergy [31].

Learning the words for your food allergen in 
the language of the country of travel can be help-
ful. It is recommended to have a written state-
ment (such as a chef card as outlined previously) 
to show to hotel and restaurant staff stating what 
the allergen is and that consumption can cause a 
severe reaction [8].

�Food Labeling

In the United States, the Food Allergy Labeling 
and Consumer Protection Act (FALCPA) was 
enacted in 2004 to help consumers with food 
allergies understand food labels [32]. This law 
requires that all packaged foods sold in the 
United States list the names of the top eight 
culprit allergens in English including milk, egg, 
wheat, soy, peanut, tree nuts, fish, and shellfish 
on the ingredient labels. The law applies to all 
food items manufactured in the United States or 
food imported for sale in the United States. The 

ingredients are to be listed by common name in 
the ingredient list or in a “contains” statement. 
Manufacturers are subject to penalties if the 
allergens do not appear on the labels. The law 
does not apply to meat, poultry or alcohol. There 
is little regulation on advisory statements such as 
“may contain” or “made in a facility with.” These 
labels are voluntary. Additionally, it is difficult 
for families to navigate different precautionary 
allergen labels. One study demonstrated that 
families purchased food with “manufactured in a 
facility that also processes” labeling more often 
than foods with “may contain” labeling (40% vs. 
11%) [33]. Existing misconceptions surrounding 
food allergen labeling may influence purchasing 
practices [33]. In Europe, the current food label-
ing law was updated in 2007 and requires all pre-
packaged food including alcoholic drinks sold in 
the EU to list all ingredients including all major 
allergens even if present in small amounts. The 
law again does not apply to advisory labels (i.e., 
“may contain” or “made in a facility with) [20, 
34]. Although advisory labels are helpful, the 
widespread use of “allergen traces” labeling on 
pre-packaged foods can be difficult for families 
and can lead to anxiety and stress around shop-
ping for packaged foods that are staples in many 
children’s diets. Widespread use of this label-
ing may also lead to devaluation of the warning. 
In one study, up to 40% of individuals report 
that they ignore “may contain” statements [35] 
(Table 14.1).

Table 14.1  Foods containing major allergens and alternative names for major food allergens

Major 
allergen Food allergens/foods containing allergen

Alternative names for allergen or allergen 
component

Milk Butter, buttermilk, cheese, condensed milk, cottage 
cheese, cream, curds, custard, ghee, half and half, 
ice cream, milk (all forms of cow’s, sheep, and 
goat’s milk), sherbet, and yogurt
May contain milk:
Baked goods, chocolate, Deli meat, and some 
medications

Casein, casein hydrolate, caseinates, curd, 
diacetyl, lactalbumin, lactoferrin, lactoglobulin, 
lactose, lactulose, recaldent, rennet casein, 
tagatose, whey, and whey protein hydrolysate

Egg Eggs (including turkey, quail, duck, and goose as 
they are cross-reactive with chicken eggs), eggnog, 
mayonnaise, meringue, surimi, and tamago
May contain egg:
Baked goods, pasta, nougat, marshmallows, and 
candy

Albumin, lysozyme, ovalbumin, ovomucin, 
ovovitellin, lecithin, and vitellin
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Table 14.1  (continued)

Major 
allergen Food allergens/foods containing allergen

Alternative names for allergen or allergen 
component

Peanut Peanut butter, beer nuts, cold-pressed peanut oil, 
goobers, ground nuts, mixed nuts, monkey nuts, 
nutmeat, nut pieces, and peanut flour
May contain peanut:
African, Asian, and some Mexican foods, candy, 
mole and enchilada sauce, nougat, and trail mix

Arachis and peanut protein hydrolysate

Tree nuts Almonds, beechnut, Brazil nut, butternut, cashew 
chestnut, chinquapin, hazelnut/filbert, ginkgo nut, 
lychee nut, macadamia nut, marzipan, pecan/
hickory nut, pesto, pine nut, pistachio, praline, 
walnut, nut oils, nut extracts, and alcoholic extracts 
(i.e., Amaretto). Nut butters, nut meal, nutmeat, nut 
paste, and nut pieces

Wheat Bread crumbs, baked goods, bulgur, couscous, 
cracker meal, cereals, flour (all purpose, bread, 
cake, durum, enriched, graham, gravies, pastry, 
self-rising, soft wheat, stone ground, whole wheat 
etc.), hydrolyzed wheat protein, kamut, matzo, 
matzo meal, pasta, seitan, semolina, spelt, whole 
wheat berries, soy sauce, starch, and surimi

Durum, einkorn, emmer, farina, triticale, 
sprouted wheat, vital wheat gluten, wheat, 
wheat bran hydrolysate, wheat germ oil, wheat 
grass, and wheat protein isolate

Fish Anchovies, bass, catfish, caviar, cod, flounder, 
grouper, haddock, hake, herring, mahi mahi, 
monkfish, orange roughy, perch, pike, pollack, 
salmon, sardines, scrod, sole, snapper, smelt, 
swordfish, tilapia, trout, tuna, whitefish, and whiting 
fish
May contain fish:
Worcestershire sauce, Caesar salad dressing, surimi, 
fish sauce, kosher gelatin, gumbo, bonito broth, and 
fish oil supplements

Shellfish Crustaceans: barnacle, crab, crawfish, krill, lobster 
(langouste, langoustine) scampi, prawns, and 
shrimp
Mollusks: abalone, clams, cockle, cuttlefish, 
mussels, octopus, oyster, oyster sauce, and scallops
May contain shellfish: Bouillabaisse, fish stock, 
seafood flavoring cucumber, sea urchin, snails 
(escargot), and squid (calamari)

Soy Edamame, miso, natto, shoyu, soy (soy cheese, soy 
flour, soy ice cream, soy milk, soy nuts, soy sprouts, 
soy noodles, soy yogurt), soya, soybean, soy 
protein, soy sauce, tamari, tempeh, textured 
vegetable protein (TVP), and tofu
May contain soy:
Veggie burgers and sausages, and vegetable broth

Sesame Gomasio (sesame salt), sesame seed oil, tahini, and 
tahina
May contain sesame: Asian food, baked goods, 
bread crumbs, cereals, chips, crackers, dressing and 
dips, falafel, hummus, halvah, sushi, pasteli, middle 
eastern foods, and desserts, snacks, and soups

Benne seed, gingelly seed, sesamolina, 
Sesamum indicum, sim sim, tehina, and til

Adapted from Food Allergy Research and Education (FARE) websites on food avoidance [36]
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�Dietary Supplementation

Food-allergic children may suffer from nutri-
tional deficiencies due to lack of intake of cal-
ories and micronutrients. Optimal nutrition is 
important for growth and development [37]. 
Eliminating one food that is not commonly con-
sumed in the child’s diet will be of little nutri-
tional consequence [20]. However, avoidance of 
multiple foods or a food group that is staple (i.e., 
dairy or wheat) may cause significant nutritional 
consequences. Referral to a registered dietician 
or nutritionist can be extremely useful for fami-
lies of children with food allergies for guidance 
on adequate caloric and micronutrient (i.e., vita-
min D) intake.

�Treatment of Reactions

Despite avoidance of the culprit allergen, acci-
dental ingestions can happen. As life-threatening 
anaphylactic reactions may occur to the culprit 
allergen, all patients with an IgE-mediated allergy 
should have emergency medications to treat 
reactions on hand at all times. All patients with 
IgE-mediated food allergy should be prescribed 
auto-injectable epinephrine. Intramuscular epi-
nephrine is the first-line treatment for all cases 
of anaphylaxis. Epinephrine should be given to 
patients experiencing systemic symptoms, includ-
ing respiratory or cardiovascular, or symptoms of 
laryngeal edema. Symptoms involving two organ 
systems such as skin and gastrointestinal should 
also be treated with epinephrine. If symptoms are 
progressing despite a single dose of 0.1  mg/kg 
(max 0.5 mg) of epinephrine, repeated doses may 
be given [7, 38]. Patients must be instructed on 
the correct use of epinephrine auto-injectors and 
should have them available at all times. Having at 
least two auto-injectors on hand is recommended 
in case a repeat dose is needed. Adjunctive treat-
ments include antihistamines (H1 blockers) for 
skin symptoms. Short-acting bronchodilators such 
as albuterol should be prescribed to patients with 
asthma. If respiratory symptoms are occurring, 
epinephrine should be given prior to inhaler use. 
Additional medications that may be given in the 

emergency room include oxygen, corticosteroids, 
H2 blockers, pressers, and intravenous fluids [9].

�Emergency Action Plans 
and Medical-Alert Jewelry

All patients with IgE-mediated food allergy 
should have a written emergency action plan [9]. 
Template emergency action plans are available 
in both English and Spanish. The plan should 
be easy to read and follow and should be aimed 
at treating symptoms of a reaction. Doses of 
medications should be listed on the emergency 
action plan. There are commonly used action 
plans that have been created by the Academy of 
Allergy, Asthma and Immunology (AAAAI) as 
well as by Food Allergy Research and Education 
(FARE) (https://www.aaaai.org/Aaaai/media/
MediaLibrary/PDF%20Documents/Libraries/
Anaphylaxis-Emergency-Action-Plan.pdf 
and https://www.foodallergy.org/sites/default/
files/2018-06/emergency-care-plan.pdf) [39, 40].

Some schools, local school boards, and states 
may have their own emergency action plans.

Medical-alert jewelry including bracelets or 
necklace tags can be extremely helpful for first 
responders if a patient is found unconscious. 
They can also be helpful for young children or 
others who may not be able to articulate that they 
are having a reaction [8].

�Extensively Heated Milk and Egg

As discussed previously, many children who are 
allergic to milk and egg tolerate extensively heated 
forms of these foods. The proteins in milk and 
egg change conformation with extensive heating. 
Heating destroys many conformational epitopes 
and may reduce allergenicity of these foods [41]. 
Additionally, adding a matrix by baking food 
proteins with wheat may decrease allergenicity 
by altering the sequential IgE-binding epitopes 
that are unaffected by heat alone [42]. Studies 
suggest that between 69% and 83% of cow’s 
milk allergic children tolerate baked cow’s milk 
and between 63% and 83% of egg-allergic chil-
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dren can tolerated baked egg (“baked milk and 
baked egg”) [43]. Foods that contain “baked milk 
and baked egg” include muffins, cakes, and muf-
fins. It is thought that tolerance of the extensively 
heated forms of these foods may also help speed 
up tolerance to the less cooked forms [44]. In 
addition, allowing these foods into a child’s diet 
can improve their quality of life and ease in social 
situations (i.e., birthday party cake). Introduction 
of baked milk and egg should be performed in 
the physician’s office as reactions, including ana-
phylaxis, can occur. In children who pass an oral 
food challenge to baked milk or egg, 1–3 serv-
ings of baked egg per day should be consumed by 
the child at least three times per week [45].

�Prevention of Food Allergy

There are multiple measures that have been tried 
in order to prevent allergy including avoiding 
foods in the mother’s diet during pregnancy and 
lactation, exclusive breastfeeding in infancy, and 
avoiding allergens in the first year to 3 years of 
life. The American Academy of Pediatrics clinical 
practice guidelines in the year 2000 recommended 
avoidance of allergenic foods including cow’s 
milk and egg for the first year of life and first pea-
nut for the 3 years of life [46–48]. Looking back, 
these avoidance measures are felt to have had no 
protective effect overall as the prevalence of food 
allergy continued to rise in subsequent decades.

In recent years, research has emerged suggest-
ing that early introduction of high-risk foods may 
be beneficial especially in children with personal 
or family history of atopy.

The Learning Early About Peanut trial (LEAP 
trial), a study of 640 high-risk infants in the United 
Kingdom, found that early introduction of peanut 
into the diet between 4 and 11 months of age with 
continued consumption led to an 81% reduction 
in peanut allergy at age 5 compared with children 
who were avoiding peanut-containing foods for the 
same time period [49]. Studies of early egg intake 
including the Australian BEAT study and Japanese 
Petit trial suggest that there may be some benefit 
to early egg introduction [50, 51]. A subsequent 
trial by the LEAP group entitled EAT (Enquiring 

about Tolerance) compared early introduction of 
multiple foods to exclusive breastfeeding until 
6  months of age in the general population. This 
trial showed a reduced risk of any food allergy in 
the general population using a per protocol analy-
sis but not the intention to treat analysis [52]. The 
clinical practice guidelines in the United States 
now recommend early introduction of peanut into 
an infant’s diet for high- and standard-risk chil-
dren [53], and the recommendations for avoidance 
of other allergic foods in infants’ diets have been 
removed. There are currently no specific recom-
mendations for maternal dietary changes while 
pregnant or breastfeeding as the research around 
this is mixed and controversial.

Patients with food allergies should be referred 
to an allergist for diagnosis, testing and monitor-
ing for the development of tolerance. Follow up 
visits (often annual) will include assessment for 
accidental exposures, prescriptions refills and 
re-education on the use of auto-injectable epi-
nephrine, update of emergency action plans, and 
monitoring of other co-existing atopic disease.

In conclusion, the management of food 
allergy to date centers around avoidance of the 
culprit allergen. Accurate diagnosis, counseling 
on dietary avoidance, and management of acute 
accidental exposures as well as monitoring for 
the development of tolerance are the foundations 
of food allergy management. New therapies cur-
rently in development will likely have significant 
clinical applications in the near future.
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Management of Food Allergy 
in the School Setting: 
The Clinician’s Role

Michael Pistiner and Julie Wang

�Introduction

Food allergies are a significant national concern 
affecting an estimated 7.6% of US children [1]. 
With a growing number of school-age children 
carrying the diagnosis of food allergy, schools are 
tasked with providing safe learning environments 
while these children are under the school’s over-
sight. It is critical that clinicians are proactively 
involved in preparing patients and their families as 
well as participating in the creation of safe school 
environments for food-allergic children because 
allergic reactions are not predictable. Potentially 
life threatening reactions can occur anytime and 
anywhere at school [2, 3].

�Clinician Roles

A number of clinicians participate in managing 
school-aged children with food allergies, includ-
ing pediatricians, family physicians, pediatric 
specialists, nurse practitioners, and physician 

assistants. The pillars of food allergy manage-
ment are prevention of and emergency prepared-
ness to manage allergic reactions. These must be 
maintained at all times and in all circumstances. 
The school environment is no exception and 
necessitates thoughtful planning and support of 
students with food allergy. Clinicians play an 
important role whether directly or indirectly in 
the management of food allergies in school [4].

The clinician’s role can be approached as (1) 
patient/student specific and (2) school wide/pol-
icy driven. Clinicians play an important role in 
their specific patient’s care by providing patient/
family medical education and management that is 
specific to their particular food allergies, comor-
bidities, and developmental capabilities. Some of 
these responsibilities include providing medical 
orders such as allergy and anaphylaxis emer-
gency plans [5], prescriptions for epinephrine 
auto-injectors [6], and participation in the estab-
lishment of individual health care plans or 504s. 
In addition, many clinicians participate in school 
wide/policy-driven activities and not only take 
responsibility for their own patients in school, but 
also work and volunteer directly with schools and 
government agencies where they play key roles 
in creating and guiding food allergy policies. 
They prescribe stock epinephrine, provide school 
community education, and can work on the cre-
ation and implementation of school policy and or 
legislation pertaining to school policy [4, 7].

All clinicians, whether involved in the care of the 
individual student or general school health-related 
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issues, will need a solid understanding of prac-
tical food allergy management. Clinicians set 
and establish expectations that patients and their 
schools will count on. Their teachings and guid-
ance will affect and shape future relationships with 
their school community [4, 7].

�Food Allergy Management 
in School

�Facilitate Communication Between 
the Family and the School

Effective food allergy management in school 
requires clear communication related to allergen 
avoidance and preparation in case of allergic reac-
tions. The clinician’s first and most important role 
is to provide patients and families with accurate 
diagnoses of food allergy. It is the clinician’s role 
to provide up to date information for individual-
ized allergy and anaphylaxis emergency plans 
(see below for further detail) [5], prescriptions 
for epinephrine auto-injectors, and assistance in 
creating school plans to address managing in case 
an allergic reaction occurs. Older students should 
be encouraged to take responsibility for self-care 
that is developmentally appropriate (for exam-
ple, self-carry, self-administer). Open discussion 
with patients and their families that is on-going 
with the school is important, and adjustments to 
management plans should be considered at least 
yearly based on medical and/or developmental 
changes and realistic requests for the school envi-
ronment [8]. All staff that interact with students 
with food allergies should be aware of their stu-
dents’ diagnoses and know their role in students’ 
management plans and the school’s policy regard-
ing food allergy management [9].

An important tool that facilitates communica-
tion is the Allergy and Anaphylaxis Emergency 
Plan. Be aware that there are several ways to name 
such a plan including but not limited to anaphy-
laxis emergency care plan, anaphylaxis action plan, 
food allergy action plan, etc. [5]. This document is 
written and presented in a way that non-licensed 
staff can read and understand and often can serve 
as a medical order [10]. The form provides space 
for clinicians to clearly indicate which allergens 

need to be avoided by the child and guidance on 
which symptoms would require treatment with the 
epinephrine auto-injector. Clinicians should ensure 
that families understand the importance of these 
documents and encourage that they are submitted 
to the school in a timely manner. Select staff will 
have direct access to the individualized allergy and 
anaphylaxis emergency care plan per discretion 
of school health/administration [9]. These plans 
should be updated at least yearly and whenever 
there is a change to the medical status [5].

�Collaborate with School Nurses, 
School Nutrition Services, 
and Allergists

�School Nurses
School nurses are key partners/collaborators as 
they have the necessary skills and leadership 
to create and implement food allergy policies, 
train and educate school staff, bring awareness 
to the school community, and respond to aller-
gic emergencies. Also, they are aware of the 
resources and culture of their schools in addi-
tion to the school staff that they work with. 
They are instrumental in the management of 
anaphylaxis in both those with known allergies 
and those whose allergies are unknown to the 
school. School nurses create individual health 
care plans and play important roles in the imple-
mentation of 504s if needed. Additionally, they 
can facilitate positive interactions between the 
parents of children with food allergies and the 
rest of the school community [4, 7].

�School Nutrition Services
School nutrition services are also integral mem-
bers of the school community who should be 
informed of the student’s allergy. Students with 
food allergy that is documented with a written and 
signed statement from a state-licensed healthcare 
professional are eligible for dietary substitutions 
[7, 11–13]. Health care professionals must spec-
ify the food allergen in addition to alternate foods 
to be given [11, 13]. As for all medical informa-
tion provided to schools, updates in food allergy 
status and needed meal accommodations should 
be provided to the school at least yearly [7, 11].
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�Board-Certified Allergists
Utilize allergists for confirmation of allergy 
diagnosis, further management, appropriate 
reassessment, and reevaluation to offer the least 
restrictive diet possible. Establish open commu-
nication and seek support when there are unrea-
sonable expectations on the part of the family 
or school, or when school allergy management 
strategies are either not effectively keeping the 
student safe or are overly restrictive and impact-
ing quality of life, the ability to learn, or the 
other students [7].

�Support Education/Training: Staff 
and School Community Education/
Training

Even in schools with full-time registered school 
nurses, building layout and distance make it chal-
lenging for them to always be immediately acces-
sible. Unfortunately, full-time school nurses are 
not available in all US schools. Regardless of the 
presence of a full-time school nurse, staff training 
is needed; but in schools without a school nurse, 
staff training becomes even more critical. In cases 
when a school nurse is unavailable, staff will 
need to be trained to implement student-specific 
and school-wide food allergy management strate-
gies. There should be staff who have been trained 
appropriately in managing children with food 
allergies. Therefore, school staff food allergy edu-
cation and training is necessary. It is important 
for staff responsible for the care of food-allergic 
children to follow necessary avoidance strategies 
and school policies, have familiarity with and 
access to the emergency plans, and for some, have 
access and training to administer the epinephrine 
auto-injector. All school staff should be trained 
to recognize allergic reactions and anaphylaxis 
and know their role in their schools’ food allergy 
emergency protocol. All members of the school 
community (including but not limited to staff, par-
ents, and students) should to be aware of school 
food allergy–related policies [9]. Additionally, all 
members of the school community should have 
food allergy education and awareness as recom-
mended by CDC, state, or local guidelines, and 
tailored to their specific role. In most states, select 

staff (with appropriate training) may be trained to 
administer epinephrine to those without a known 
history of allergic reactions when the school nurse 
is not immediately available. Staff play important 
roles in the care of students with food allergy, 
making their education and understanding abso-
lutely critical [7].

�Understand Allergen Avoidance (See 
Table 15.1)
Allergen avoidance can be challenging in the 
school setting and requires an understanding of 
the potential for hidden ingredients, comfort and 
skill in interpreting ingredient labels, and preven-
tion of cross-contact during food preparation. 
Allergen avoidance measures are necessary to 
minimize the chance of allergic reactions, with 
the focus on preventing oral allergen exposure, 
which is the primary route by which severe reac-
tions are triggered. In contrast, exposure by skin 
contact or inhalation is unlikely to trigger severe 
reactions [14–17]. Label reading, implementing 
effective cleaning strategies, avoiding outside 
food, no sharing policies, in addition to effective 
hand cleaning are approaches that have been suc-
cessfully implemented to reduce the chances of 
allergen exposure [8]. Also, hidden ingredients 
in school supplies or use of food in other activi-
ties (science experiments, art) may be sources of 
allergen exposure (Table 15.1). State and Federal 
Guidelines have been developed to help guide 
schools and discuss strategies to approach aller-
gen avoidance.

Allergen restriction is an approach that has 
been part of many school policies and a poten-
tial cause of controversy. Allergen avoidance has 
typically focused on peanuts and tree nuts [18]. 
Peanut-free policies can lead to decreased pea-
nut in schools but does not eliminate all peanut 
from being brought into the school [19]. “Nut-
free” policies are, at times controversial, and 
effectiveness of such approaches has not been 
proven [20]. When considering specific allergen 
restriction policies, the developmental capabili-
ties of affected students should be considered. 
For example, young children have increased 
mouthing behaviors. Tulve et  al. [21] reported 
that children ages 1–2  years old put hands or 
objects in their mouth 80 times an hour and for 
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children ages 2–5  years old, 40 times an hour. 
As children get older they can start participating 
in more self-management responsibilities, and 
many health care providers expect some level of 
self-management by the high school years [22].

Clinicians have the opportunity to provide edu-
cation and address misconceptions in addition to 
offering resources from evidence-based recom-
mendations that take into account the student’s 

age, developmental level, and school-specific 
situations [8]. Clinicians should direct families 
and schools to resources such as The Voluntary 
Guidelines for Managing Food Allergies in 
Schools and Early Care and Education Programs 
(CDC Food Allergy Guidelines) [9] in addition to 
state guidelines and other guidance documents, 
which are excellent resources to guide implemen-
tation of food allergy management in school [4].

Table 15.1  Types of routes of exposure to food allergens in the school setting

Type of exposure Relevant concepts/facts/studies Practical challenges

Practical interventions (see 
CDC, NSBA, and/or state 
guidelines)

Oral exposure Unable to visualize allergens; 
they can be “hidden ingredients”
Labels and ingredients can 
change without warning [24]
Items with advisory labels can 
contain allergens [25]
Trace amounts can cause severe 
allergic reactions
Allergens can be detectable in 
saliva [26]
Cross-contact of food allergen 
can occur from one surface to 
another, food to food, and with 
transfer of saliva. If a person is 
then exposed to these allergens, 
especially by mouth, it may be 
enough of an exposure to cause 
a serious allergic reaction.

Without labels, it is 
impossible to know avoidance 
practices of those responsible 
for preparation of foods 
brought in to school
Classroom celebrations are 
common source of outside 
food and high risk for 
cross-contact
In schools, the majority of 
allergic reactions that occur 
start in classroom [27]
Resources and manpower in 
schools to read labels will 
vary among schools

If food is not from home 
then all labels must be 
accurately read by an 
assigned reader
Classrooms should have 
safe non-perishable snack or 
celebration items available 
if needed
Cafeterias should pre-
publish menus and offer 
meal options without known 
allergens
Food-allergic children who 
are eating from the cafeteria 
should be assisted in 
selection of safe food
No sharing of food, drinks, 
utensils, etc., anywhere
No unlabeled food in 
classroom or cafeteria
Non-food celebrations and 
rewards are optimal/safest

Additional consideration for pre-school/early elementary
Young children can pass saliva 
to each other via 
developmentally appropriate 
exploration
Some schools children eat in 
their classrooms/learning 
environments
Supervision during meal/
snack time dependent on 
resources and staff

If meal/snack will be in the 
learning environment then 
effective strategies must be 
in place to clean and prevent 
accidental exposure/
cross-contact
In some cases, food-free 
classrooms or selective 
allergen restriction (lower 
age groups) may be 
appropriate and practical if 
label reading is not possible

Additional consideration for adolescent/teenage students
Older students under less 
supervision and more reliant 
on self-management
Increased risk taking, peer 
pressure, bullying, etc. [5, 6], 
kissing with salivary exchange

Periodic check ins to ensure 
continued self-management 
and safety from bullying
Discussion of intimate 
kissing and allergen 
exposure, and evidence-
based preventive measures
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�Ensure Readiness to Treat Allergic 
Reactions
Unfortunately, allergen avoidance is not always 
fool-proof; therefore, readiness to treat allergic 
reactions is also essential. School staff must be 
able to recognize anaphylaxis, have epinephrine 
available, and be capable of administering it. 
All states have passed/pending policies to allow 
and encourage stock epinephrine auto-injectors 
in schools [31]. Epinephrine prescriptions from 
health care providers are still necessary at 

school. Helping schools obtain epinephrine and 
training on how to use it is essential. Data from 
school nurses demonstrated that most schools 
have stock epinephrine (81.7%) and training 
(96.7%) in place [32]. Significant reactions can 
occur very quickly after allergen exposure, and 
rapid, early epinephrine use is associated with 
improved outcomes, such as decreased risk of 
hospitalization and of requiring multiple doses 
of epinephrine [33, 34]. In a national survey of 
over 5000 schools, 11% reported at least one 

Table 15.1  (continued)

Type of exposure Relevant concepts/facts/studies Practical challenges

Practical interventions (see 
CDC, NSBA, and/or state 
guidelines)

Skin exposure Anaphylaxis can occur without 
skin reactions
Isolated skin contact on intact 
skin did not cause severe or 
systemic reactions in two small 
studies although skin reactions 
did occur [14, 15]
Soap and water, and commercial 
hand wipes are effective in 
cleaning hands; alcohol and 
non-alcohol-based hand 
sanitizers are not [16]
Soap and water, commercial 
cleaners, and commercial wipes 
were effective in cleaning table 
tops [16]
Young children frequently place 
their hands and objects in their 
mouth (age 1–2:80x/h; age 
2–5:40x/h) [21]
Adults touch their eyes, nose, 
and mouth regularly (15x/h) [28]

Handwashing in young grades 
can take 20–30 minutes
Resources and manpower 
available to clean allergens 
and prevent cross-contact will 
vary school by school and 
classroom by classroom
Some non-edible items 
contain some food
Allergens; finger paint, play 
dough, shaving cream, paste, 
bean bags, furniture, pet food, 
bird feed, as well as others 
[29]
Skin exposure can result in 
mucosal exposure in adults 
and children

Hand washing with soap/
water or wipes before and 
after eating is optimal
Appropriate cleaning of 
eating areas decreases risk
Curricular activities can be 
food free, or comparable but 
alternate activities can be 
provided for children with 
life-threatening food 
allergies attention to avoid 
allergens with crafts/
lessons/pets is optimal
Establish a cleaning 
protocol to avoid 
cross-contact

Additional consideration for pre-school/early elementary
Skin exposure that can quickly 
turn into mucosal exposure or 
oral ingestion
Less effective cleaning skills 
(hands or eating surfaces)

In some cases food-free 
classrooms or selective 
allergen restriction in lower 
age groups may be 
appropriate and practical
Adult supervision of hand 
cleaning is optimal
Adult have responsibility 
for cleaning surfaces, toys, 
etc

Inhalation 
exposure

Aerosolized proteins in cooking 
are the most common cause of 
allergic reactions by inhalation 
[30]
Odors are caused by volatile 
organic compounds, not protein, 
and odors alone do not cause 
allergic reactions

Experiments involving 
burning/heating of allergens 
create risk
Some field trips are in areas 
where foods are actively 
cooking or aerosolized
Some activities involve using 
food powders or grinding/
crushing fresh foods

Use caution with cooking 
foods, flours, powders, and 
other small particles of food 
that can go up in the air
Avoid food in curricular 
science experiments or 
classroom activities. All 
field trips to have prior 
assessment from school 
nurse to determine need for 
special accommodations

Adapted with permission from Pistiner, AllergyHome.org/schools [23]. Also published in Pistiner and Devore [4] and 
Pistiner et al. [7]
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instance of anaphylaxis in the 2013/14 school 
year and 1% reported three or more cases [35]. 
Data from the US Peanut and Tree Nut Allergy 
Registry indicates that 16% (of ~4500) reported 
reactions happened at school, with the major-
ity of reactions occurring in the classroom 
and 12% in lunchrooms [29]. Reactions also 
occurred in other settings such as field trips in 
addition to the school playground, with nearly 
25% of reactions occurring during special occa-
sions such as a birthday celebration [8]. Several 
studies suggest that this is a significant prob-
lem warranting attention as rates of epinephrine 
use in schools has reported to be increasing in 
recent years [36, 37].

Food-induced anaphylaxis can be life threat-
ening and deaths have occurred in schools. 
However, this is rare. The primary risk factor for 
poor outcomes in anaphylaxis is the delay or lack 
of administration of epinephrine [38–40].

Recognition of reactions can be difficult at 
times. Not all cases of anaphylaxis present with 
skin symptoms [41]. Young children lack of self-
awareness or may be unable to verbalize what 
they are feeling; symptoms may not be specific 
for anaphylaxis. For children with asthma, symp-
toms of an allergic reaction may be mistaken for 
an asthma exacerbation.

Another pitfall that schools must contend with 
is that the first allergic reaction for a child may 
occur at school so the child and family is unaware 
of the allergy risk. Close to 25% of administra-
tions of epinephrine are to those without an 
allergy history that was known by the school [42]. 
Adults on school premises can also have food-
allergic reactions, so schools need to be prepared 
to treat both children and adults. Plans must be in 
place to treat both those with and without known 
food allergies and other potentially severe aller-
gies (Table 15.2).

Table 15.2  School strategies for management of allergic emergencies

Strategies for KNOWN history of food allergy Strategies for UNKNOWN food allergy
  Identification of students with life-threatening 
allergies via medical documentation
  Food Allergy Emergency Care Plan based on 
medical orders
    Updated at least annually, reviewed 
periodically, always accessible
    Shared on a need to know basis with all staff 
in a supervisory role, with education in its use 
given by an appropriate health professional
    Child-specific dual pack auto-injectors kept 
with supervising adult, or in a known and secure 
but accessible, location
 � Delegate medication administrationa

    School nurse trains non-licensed staff to 
administer auto-injector and arrange immediate 
transportation to ED when school nurse is not 
immediately available

 � Designee stock epinephrine administrationa

    School nurse trains select non-licensed staff to administer 
auto-injector to those with no known history of potentially 
life-threatening allergy and arrange immediate transportation 
to ED when school nurse is not immediately available
 � Full-time school nurse
    In some states currently only licensed professionals can 
administer epinephrine to those experiencing anaphylaxis 
without a prior known allergya

    Standing epinephrine ordersa

 �   Stock epinephrinea

  Supervisory staff trained to rapidly identify allergic 
reactions and immediate contact of school nurse and/or 911 
(especially if nurse not immediately available) and/or give 
non-patient specific epinephrine auto-injector if appropriately 
trained

Strategies for ALL students and staff (with known and unknown history of life-threatening allergies)
 � School physician in every district, full-time school nurse in every building
 � Universal staff training
 � Include anaphylaxis emergency in periodic school/staff-wide emergency preparedness drills
  Written non-patient specific medical orders and emergency procedures or emergency action plans familiar to all 
staff to include when and how to give epinephrine auto-injectors, importance of keeping child from raising to an 
upright position, calling 911
  Communication access for all staff in supervisory roles available to contact 911 for ambulance transport to 
emergency department and school nurse, if available

Adapted with permission from Pistiner, AllergyHome.org/schools [23]. Also published in Pistiner and Devore [4] and 
Pistiner et al. [7]
aRegulations and guidance will vary state by state. Confirm that school practices conform with state and local regula-
tions and guidance
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�Understand Individualized Healthcare 
Plans (IHCPs) and 504s
Individualized healthcare plans (IHCPs) and 
504s are created for the individual student and 
help ensure that food allergy management strat-
egies are implemented. IHCPs are documents 
created by a school nurse to manage individual 
students’ school health needs. These plans are 
based on the healthcare provider’s diagnosis, 
medications, medication orders, and treatment/
management plans given to the specific patient 
that they manage. IHCPs are nursing tools that, 
while not a legal document, are best practice 
[4, 7].

A 504 is a legally binding care plan that can be 
utilized when a medical diagnosis may interfere 
with a student’s ability to learn. It serves to delin-
eate necessary accommodations according to a 
health care provider’s recommendation. These 
plans are particularly useful in situations where a 
lack of resources, such as lack of a school nurse, 
may necessitate a student-specific plan that will 
ensure adequate food allergy management and 
allow for an equal education. Initial steps in cre-
ating a 504 are taken by the parents by submit-
ting a request to the school district in writing. 
In the Chicago Public School system, only half 
of children with food allergy had a plan in place 
with their schools [43]. Clinicians caring for the 
patient provide the medical documentation com-
municating the student’s needs [4, 7].

�Support the Social and Emotional 
Well-Being of Students with Food 
Allergy
Increasingly, more data demonstrate the impact 
of food allergy on the social and emotional 
development of school-age children. Due to the 
concerns about allergen exposure, children and 
family can experience (or choose to place) limi-
tations on social activities and feel anxiety about 
the possibility of reactions. Peanut-allergic chil-
dren demonstrate lower quality of life in school 
compared to their non-food-allergic siblings [8, 
44]. In a survey of 251 families, food-related 
bullying, teasing, or harassing was reported by 
nearly one-third, with 60% of events occurring in 
school [45]. The incidents noted not only include 

verbal acts, but also include physical acts such as 
having the allergen waved in the face. Of note, 
perpetrators are not only classmates and other 
students, but include teachers and school staff 
as well [46]. Awareness of these and other social 
and emotional impacts is important to ensure 
safe environments for food-allergic learners [8]. 
Clinicians should ask patients and families about 
food allergy-related teasing, harassment or bul-
lying and should be prepared to provide educa-
tional resources [8].

Clinicians should provide guidance and 
empower children to engage in developmen-
tally appropriate food allergy management. 
Their gradually increasing participation, while 
still supervised by knowledgeable adults, allows 
for age-appropriate practice and skill develop-
ment. As children mature, they can begin taking 
increased responsibility for their food allergy 
management. The ultimate goal is for the child 
to self-manage with skill and confidence when 
not under the care of an adult. Multiple resources 
for schools and students have been developed 
through research to support students and their 
peers in understanding and managing food allergy 
[47]. Organizations working to help schools with 
training and resources for their staff and students 
such as AllergyHome and Code Ana should also 
be encouraged.

Sound and practical school-wide policies 
coupled with school community education and 
awareness serve to keep students with food aller-
gies safe and maintain quality of life without neg-
atively impacting them or their peers [9].

�Additional Roles of the Clinician

All clinicians have an opportunity to advocate for 
students with food allergies. Advocacy occurs at 
the individual, school/district, and state and fed-
eral levels. Clinicians support individual patients 
by partnering with families and schools to ensure 
that students are thriving. In addition, clinicians 
can help intervene and facilitate appropriate 
evaluation and resource allocation when needed. 
At the school/school district level, clinicians can 
support sound food allergy school policies by 
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sharing of evidence-based resources and assist-
ing in training school staff.

Clinicians who are interested in advocacy at 
the state and federal levels can provide support 
to the department of public health, department 
of education, and/or state legislatures to develop 
guidelines and policies. Medical societies includ-
ing the AAP, AAAAI, and ACAAI have councils 
and committees focused on advocacy on all levels 
by improving access to available data that can be 
used to establish and implement sound policy and 
improve school management of students with food 
allergies. Furthermore, non-profit organizations 
and other advocacy groups assist in evidence-
based policy creation and implementation and 
advocate for increased school nurse presence.

�Conclusion

Clinicians play a key role in food allergy man-
agement in schools. This starts with providing 
students and their families with accurate diag-
noses and evidence-based recommendations 
regarding allergen avoidance and preparedness to 
treatment of allergic reactions. Collaboration and 
open communication between clinicians, fami-
lies, and schools are essential. Clinicians have the 
opportunity to support not only their individual 
patients when it comes to food allergy manage-
ment, but also serve students in their school dis-
tricts and beyond. Participation in education and 
advocacy can extend the reach of the clinician 
into the school environment, supporting their 
patients where they spend vast amounts of time 
and giving them the opportunity to learn in safe 
learning environments.
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Oral Tolerance and Prognosis 
in Food Allergy

David R. Stukus

�Introduction

A diagnosis of IgE-mediated food allergy is 
life altering. As discussed in detail earlier in 
this book, children with food allergies need 
to strictly avoid their allergen at all times. 
Successful avoidance requires communication 
with food handlers and caregivers and reading 
labels on packaged products. In addition, fami-
lies with food-allergic children need to be well 
versed in the recognition and treatment of aller-
gic reactions. This can result in significant bur-
den, cost, psychosocial impact, and decreased 
quality of life [1].

While the overarching themes surrounding 
successful management of IgE-mediated food 
allergies are similar regardless of specific food, 
the prognosis differs greatly. A deeper under-
standing of IgE-mediated food allergies dem-
onstrates that prognosis can differ greatly for 
one child compared with another. This is an 
important area for physicians and families to 
understand as a diagnosis of food allergy dur-
ing childhood should not be communicated as an 
absolute need for lifelong avoidance. As with any 
chronic medical condition, food allergies should 

be monitored routinely with at least annual office 
visits to review management strategies, acciden-
tal exposures, and to discuss anticipatory guid-
ance, which varies based upon age, specific food 
allergen, and circumstances specific to each fam-
ily (Table 16.1). In addition, repeat skin prick or 
serum food-specific IgE testing should be per-
formed over time to help determine prognosis 
and identify those children who will naturally 
develop oral tolerance.

This chapter discusses specific aspects that 
can help predict which child may develop tol-
erance to their food allergen over time. Most 
of the research surrounding this topic has been 
conducted for a few specific highly allergenic 
foods including peanut, milk, and egg, but gen-
eral concepts can be applied to children with 
other food allergies.

�Case Study

A 9-month-old boy developed facial hives and 
two episodes of emesis after eating scrambled 
egg for the first time. Symptoms resolved with-
out any treatment. Follow-up skin prick testing 2 
months later revealed a 10-mm wheal to egg and 
his family was instructed on avoidance measures. 
He returns for follow-up evaluation at 24 months 
of age. Parents report successful avoidance of 
any egg-containing foods, and he has not had 
reactions suggestive for food allergy to any other 
foods. At this visit, parents inquire about ongoing 
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avoidance of all egg products, or if they can try to 
introduce baked egg into his diet. They also have 
questions about repeat skin prick testing and if 
he will ever be able to eat egg without having a 
reaction.

•	 What is the best advice regarding baked egg in 
a child with egg allergy?

•	 What is the natural history of egg allergy in 
the majority of children?

�Differences Between Food 
Allergens

While any food can potentially cause an IgE-
mediated food allergy, the eight most common 
allergenic foods (cow’s milk, hen’s egg, soy, 
wheat, peanut, tree nut, finfish, and shellfish) 
account for more than 90% of all reactions. 
Food allergies can be transient for many chil-
dren, particularly to milk, egg, wheat, and soy 
[2]. Approximately 85% of children with these 
food allergies will naturally develop oral toler-
ance, often by school age. Recent research has 
demonstrated that egg and milk allergies may 
be more persistent than previously believed, and 
some children are not developing tolerance until 
adolescence [3]. Additionally, milk seems to per-
sist into adolescence and adulthood frequently 
and is reported to be the second most common 
food allergy among both children and adults [4]. 
Unfortunately, only about 20% of children with 
peanut, tree nut, or seafood allergy will develop 
tolerance with age [3]. There are limited, if any, 
data surrounding most other foods, or adults who 
develop food allergies later in life. Thus, the 
prognosis for a child diagnosed with allergies to 
foods including seeds, fruits, vegetables, grains, 
poultry, and red meat remains largely unknown.

�Factors Associated with Prognosis

While it is generally accepted that milk, egg, 
wheat, and soy allergies are the most likely to 
be transient, and peanut, tree nut, fish, and shell-
fish allergies are more likely to remain lifelong, 
the ability to predict which child may or may 
not develop tolerance remains challenging. In 
general, children with a history of severe early-
onset atopic dermatitis, multiple food allergies, 
and severe anaphylactic reactions to their food 
allergen are most likely to have persistent food 
allergies [2]. At the time of initial food allergy 
diagnosis, it is important to discuss prognosis 
with every family. Thus, an understanding of how 

Table 16.1  Food allergy discussion topics at annual phy-
sician visits

Age Topic
All Accidental ingestion or reactions since last 

visit
Prior test results and consideration for 
repeat testing
Challenges in management, including 
exclusion from social interactions, reading 
labels, dining out at restaurants
Signs/symptoms of an allergic reaction
Indications for using epinephrine
Proper epinephrine auto-injector technique 
with hands-on-practice through a training 
device
Misconceptions surrounding epinephrine
Update written food allergy/anaphylaxis 
treatment plan

Infant/
toddler

Allergen exposure in the home
Normal development/exploration of 
environment with mouths
Discussion points with caregivers, 
babysitters, family members
Comorbid conditions such as atopic 
dermatitis

School age Management in the classroom and 
cafeteria
Preparation for new school year, teachers, 
nurses
Classroom celebrations with food
School bus, field trips

Teenagers Self-carry of epinephrine
Peer pressure, communication with friends 
and significant others
Common occurrence and risks of not 
having epinephrine available at all times
Practice scenarios involving dining out, 
dating, alcohol
Preparation for transition to independent 
living
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the natural history differs by food allergen and 
factors associated with development of tolerance 
is useful. Physicians should anticipate questions 
from families regarding long-term prognosis, 
future need for repeat testing, and the manner of 
determining whether tolerance has occurred.

The specific size of initial skin prick and serum 
food-specific IgE testing that predicts future tol-
erance have not been established for any food 
allergen. However, in general, when the initial 
IgE test result is very elevated, this suggests that 
it is less likely for tolerance to develop over time. 
Ongoing assessment is useful to detect trends 
in IgE levels. For milk, egg, peanut, and tree 
nuts, skin prick wheal diameter >15 mm and/or 
serum IgE >25 kU/L suggests persistent allergy. 
Conversely, some children only demonstrate 
mild elevations in IgE testing, regardless of the 
severity of their reaction, and maintain persistent 
food allergy for years. As discussed in the sec-
tion regarding food allergy diagnosis, the clinical 
history is the most important “test” to consider 
and can also help guide discussion regarding the 
potential for developing tolerance. Children who 
experience severe reactions (respiratory distress, 
anaphylaxis, need for epinephrine) are less likely 
to develop tolerance in the future compared with 
those who have mild symptoms such as skin rash 
or who have never experienced a clinical reaction 
but were diagnosed through testing alone.

The monitoring of serum IgE testing over 
time is more indicative of prognosis and future 
tolerance compared with skin prick testing [3]. 
Several studies have evaluated the usefulness of 
comparing food-specific IgE levels with prior test 
results to determine suitability for reintroduc-
tion. It merits mention that the research studies 
evaluating this concept vary widely according to 
population, methodology, cutoff points, and use 
of oral food challenges. In an ideal research set-
ting, every child with food allergy would be fol-
lowed longitudinally and undergo a supervised 
oral food challenge at specific intervals as they 
age along with skin prick and serum food-spe-
cific IgE testing at the time of challenge. This is 
the best way to not only determine prognosis and 

acquisition of tolerance, but to develop predictive 
cutoff values that may offer benefit on a popu-
lation level. Unfortunately, this approach is not 
feasible for many reasons.

The HealthNuts study, a large prospective lon-
gitudinal cohort of thousands of food-allergic chil-
dren in Australia, offers one of the best attempts 
at this approach and has revealed useful informa-
tion about the natural history of peanut, egg, and 
milk allergy [5]. HealthNuts researchers evalu-
ated patients longitudinally through serial IgE 
measurements and oral food challenges. Among 
1-year-old infants with challenge-confirmed pea-
nut allergy (n = 156) enrolled in this cohort, 103 
underwent repeat oral challenge and IgE mea-
surements at 4 years of age [6]. They found that 
peanut allergy resolved in 22% of children by age 
four and a decreasing wheal size on skin testing 
predicted tolerance, whereas an increasing wheal 
size predicted unsuccessful challenge on persis-
tent allergy. Thresholds for 95% positive predic-
tive value (PPV) of peanut allergy at 1-year of age 
were a ≥13 mm wheal and serum IgE ≥5 kU/L. At 
4 years of age, these 95% PPV thresholds were 
wheal size ≥8 mm and serum IgE ≥2.1 kU/L.

The HealthNuts researchers took a similar 
approach for children with egg allergy (n = 140) 
who were challenged at both 1 and 2 years of 
age [7]. They found that egg allergy resolved in 
47% of children by 2 years of age. Interestingly, 
the development of tolerance varied according 
to the ability to ingest baked egg, which will be 
discussed later in this chapter. At 1 year of age, 
infants with a skin prick wheal size ≥4  mm or 
serum IgE ≥1.7 kU/L were more likely to have 
persistent egg allergy at age 2.

A large research network in the United States 
employed a similar approach in determining the 
natural history of milk and egg allergy [8, 9]. The 
Consortium of Food Allergy Research enrolled 
293 children with milk allergy between 3 and 
15 months of age and followed them longitudi-
nally. In this cohort, milk allergy resolved in 53% 
of participants at a median age of 63  months. 
Smaller skin prick (<5  mm compared with 
≥10  mm) and serum IgE (<2  kU/L compared 
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with ≥10  kU/L) milk levels at baseline were 
associated with higher likelihood for develop-
ing tolerance. Among infants enrolled with egg 
allergy (n = 213), 49% experienced resolution at a 
median age of 72 months. Similar to milk, smaller 
skin prick (<5 mm compared with ≥10 mm) and 
serum IgE (<2 kU/L compared with ≥10 kU/L) 
egg levels at baseline were associated with higher 
likelihood for developing tolerance.

�Diagnostic Testing

The most commonly used and widely available 
food-specific IgE tests use commercial extracts that 
contain combinations of multiple proteins within 
each food. However, not all proteins are associ-
ated with the same risk for clinical food allergy 
reaction. Both over diagnosis and misdiagnosis of 
food allergies occur based upon IgE testing alone, 
particularly through the use of widely marketed 
food allergy panel testing, which includes various 
numbers of unrelated foods which can be analyzed 
through one blood sample [10]. Newer component 
testing can isolate the specific protein that IgE is 
directed towards and is available for a few specific 
foods. The most widespread example of compo-
nent testing is for peanut. Patients who have IgE 
directed towards the proteins Ara h 1, 2, or 3 are 
at highest risk for clinical allergy compared with 
those who are sensitized towards Ara h 8, which 
represents cross-sensitization with birch tree pol-
len [11]. As component testing becomes more 
widely available for peanut and other foods, these 
tests must be used and interpreted in the proper 
context [12]. For instance, it is not useful to obtain 
peanut component testing on a patient who has 
already had clear anaphylaxis from peanut inges-
tion as the component test will not predict future 
tolerance or severity of future reactions. Most 
importantly, component testing should not be 
routinely obtained in the diagnosis or follow-up 
of food allergy. Use of these tests warrants care-
ful consideration of their cost, limitations, perfor-
mance characteristics, differing results in various 
populations, and always must be interpreted in the 
proper clinical context.

The proteins in cow’s milk and egg offer two 
examples of how testing beyond the routine com-

mercial testing reagents may offer insight into 
prognosis. Markers for persistent cow’s milk 
allergy include children with higher IgE bind-
ing towards casein as compared with whey [13]. 
Markers for persistent egg allergy include chil-
dren with higher IgE towards ovomucoid com-
pared with egg white, egg yolk, ovalbumin, and 
lysozyme [14]. In addition, patients may react 
to three-dimensional conformational epitopes, 
whereas others react to linear segments which 
are much more resistant to degradation through 
cooking or food production. It is well estab-
lished that egg and milk allergic children may 
only react to conformational epitopes, which 
can be destroyed through extensive heating [15]. 
Recent research conducted in infants with peanut 
allergy found that those with persistent allergy 
developed specific IgE towards linear epitopes, 
as opposed to conformational epitopes [16]. At 
this time, there are no commercially available 
tests to distinguish conformational versus linear 
epitopes, but this concept is important to under-
stand for future applications and individualized 
management options.

�Can the Natural Development 
of Oral Tolerance Be More Rapidly 
Acquired?

Other chapters in this textbook address the use 
of immunotherapy to assist the development of 
tolerance to food allergens. However, the ques-
tion that many parents and researchers have 
asked is: Can we help a child who will naturally 
develop tolerance to a food allergen achieve this 
more rapidly? The alternate question that may 
be asked is: Are there factors that may slow the 
development of tolerance? To answer the second 
question, there do not appear to be any factors 
that will hasten natural resolution. As discussed 
at the end of this chapter, oral food challenges are 
the best predictors for resolution of food allergy. 
However, not all food challenges are successful 
and may induce reactions in children with ongo-
ing allergy. Fortunately, there is no evidence that 
unsuccessful food challenges, or reactions to 
foods through accidental ingestion, will cause 
someone to “hold onto” their food allergy any 
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longer than they would through strict avoidance. 
This is useful information to share with parents 
who may be concerned that they harmed their 
child through a supervised challenge or acciden-
tal exposure at some point. One study demon-
strated that the mean age of reported outgrown 
food allergy is 5.4  years old and children that 
experienced earlier allergy onset were more likely 
to report developing food allergy tolerance com-
pared to later onset [17]. While it is discouraged 
to counsel patients they have a “mild” allergy due 
to concern they will not follow stringent avoid-
ance measures, patients with a milder phenotype 
exist [11]. These are likely the same patients that 
have transient IgE-mediated food allergies and 
naturally develop oral tolerance over time. Given 
our limitations in reliably identifying these indi-
viduals at this time, we are relegated to offer the 
same management strategies of strict avoidance 
for anyone with a diagnosis of IgE-mediated food 
allergy. However, as our understanding of mech-
anisms involved in the pathogenesis and mani-
festations of food allergy continues to evolve, a 
more individualized approach to management 
may be applicable in the near future.

�Baked Milk and Baked Egg

Milk and egg allergies are two of the most common 
IgE-mediated food allergies in young children. 
Dietary avoidance can be challenging given the 
ubiquitous nature of these food proteins as ingre-
dients in a wide variety of products. As discussed 
previously, the natural history of milk and egg 
allergy is favorable with most patients developing 

oral tolerance by later in childhood. However, the 
ability to incorporate these foods into the diet in 
some form has many positive advantages.

Interestingly, approximately 70% of children 
with milk and egg allergies can tolerate these 
proteins in the baked, or extensively heated, form 
[18]. As introduced earlier, some food allergies 
are caused by three-dimensional conformational 
epitopes as opposed to linear structures. These 
conformational epitopes are subject to degra-
dation through heating. This change in confor-
mation alters the recognition by the immune 
system and in many cases no longer causes an 
IgE-mediated reaction. It is recommended that 
only foods cooked at high enough temperatures, 
such as 350 degrees Fahrenheit, in an oven for 
30  minutes be considered safe for ingestion. 
Stove top preparation, boiling, or frying has not 
been demonstrated to sufficiently heat or dena-
ture these proteins. In addition, the interactions 
with other ingredients involved in the food matrix 
that constitutes a food product appears to be of 
significance, thus boiling milk alone is not likely 
enough to denature the proteins rendering it safe 
for consumption.

The predominant protein in egg allergy is 
ovalbumin, which is a heat-labile conformational 
epitope. The other major allergen is ovomucoid, 
which is a heat-resistant linear epitope. Similarly, 
whey proteins in cow’s milk allergy are heat labile 
whereas casein is heat resistant. Interestingly, the 
level of specific IgE towards these specific proteins 
may predict which child is more likely to have 
persistent allergy but have not been shown to be 
as reliable at predicting which child may tolerate 
baked milk (Table 16.2) or baked egg (Table 16.3). 

Table 16.2  Predictors of baked milk tolerance [18]

Specific IgE (kU/L) NPV Specific IgE (kU/L) PPV
Skin prick test wheal 
(mm) NPV

Skin prick test wheal 
(mm) PPV

[19] Cow’s milk <0.35, 100% Cow’s milk ≥0.35, >50% Cow’s milk <5, 100% Cow’s milk ≥15, >5 0%
[20] casein <0.35, 100%
Casein 0.94, 95%
Casein 4.95, 89%
Cow’s milk 1.21, 94%
Cow’s milk 9.97, 86%

Casein 20.2, 69%
Cow’s milk 24.5, 69%

N/A N/A

[21] casein 0.9, >90%
Cow’s milk 1.0, >90%

Casein >10.3, 100%
Cow’s milk >20.6, 100%

Casein <9, 92%
Cow’s milk <7, 100%
Cow’s milk <13, 91%

Casein >15, 100%

Reprinted from Leonard et al. [18], with permission from Elsevier
NPV negative predictive value, PPV positive predictive value
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In addition, the size of skin prick wheal or serum 
IgE testing to egg or milk also does not reliably 
predict which children may tolerate in the baked 
form, i.e., children with very large skin test reac-
tions may tolerate and vice versa.

Given the limited predictive capabilities of 
available testing and the potential for approxi-
mately 30% of children with milk or egg allergy 
to react upon ingestion of baked forms, there 
is debate as to whether it is safe to introduce at 
home or if it should always be done in an office 
setting through an oral food challenge. For chil-
dren who have already eaten and tolerated baked 
forms, they should be encouraged to continue to 
expand their diet with these foods at home. Other 
considerations for at home versus in office intro-
duction include the severity of prior reactions, 
size of IgE testing, comorbid conditions such as 
severe atopic dermatitis that may make interpre-
tation of potential reaction difficult, and parental 
comfort. Any child with a history of anaphylaxis, 
respiratory or severe gastrointestinal symptoms, 
or underlying asthma should have baked milk or 
egg introduced under physician supervision in 
the office setting.

Once a child is tolerating baked milk or egg, 
parents should be instructed to maintain it in the 
child’s diet. There are several published recipes 
[7] that ensure sufficient amounts of baked pro-
tein both during challenge and once at home. 
Store-bought baked products can be included 
in the diet as well, so long as milk or eggs are 

not the first or second ingredient listed. Parents 
should be counseled to continue to read labels 
and avoid stove top or raw forms of milk and egg 
to prevent reactions from occurring.

In addition to liberalizing the diet and afford-
ing additional choices for feeding children with 
milk and egg allergy, inclusion of baked milk 
and egg into the diet may offer additional ben-
efits. Tolerance of baked milk and egg is safe and 
does not increase the risk of reaction for children 
with milk or egg allergy. In addition, studies have 
shown that this may accelerate development of 
tolerance to unheated milk and egg. Whether the 
inclusion of baked milk and egg acts as a form of 
immunotherapy or marks children who are “less 
allergic” to begin with, this discussion should be 
a routine part of management of all children with 
milk and egg allergy [27]. Ongoing evaluation of 
existing milk and egg allergy should continue to 
occur in children who tolerated baked milk and 
baked egg along with the same provisions for 
repeat testing and consideration for supervised 
oral food challenge to determine future tolerance.

�Case Study

A 12-month-old boy develops rapid onset 
emesis and generalized hives after ingestion of 
yogurt. Skin prick testing 1 month later reveals 
an 11-mm wheal diameter. The family is coun-
seled regarding milk avoidance and he does well 

Table 16.3  Predictors of baked egg tolerance [18]

Specific IgE (kU/L) NPV Specific IgE (kU/L) PPV
Skin prick test wheal 
(mm) NPV Skin prick test wheal (mm) PPV

[22] OM <0.35, 10% OM 50, 90%
EW 25, 30%
EW 50, 40%
EW 75, >50%

N/A EW 0, 5%
EW 15, 60%

[23] EW 0.85, 96%
OM 1.16, 97%

EW 30.7, 84%
OM 10.8, 88%

N/A N/A

[24] EW 2.5, 89%
EW 5, 77%
EW 10, 71%

EW 10, 60% N/A N/A

[25] N/A N/A N/A OM ≥11, 100%
[26] EW 6, >90%
OM 0.35, >90%

EW 9.65, 59%
OM 3.38, 42%

EW <3, 100%
EW <11, >90%

N/A

Reprinted from Leonard et al. [18], with permission from Elsevier
NPV negative predictive value, PPV positive predictive value, OM ovomucoid, EW egg white
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without any accidental ingestion or subsequent 
reactions. Follow-up skin prick testing at 2, 3, 
and 4 years of age reveals a slightly declining 
wheal diameter of 9 mm, 8 mm, and then 6 mm. 
He is now 5 years old and parents would like to 
clarify his milk allergy diagnosis prior to starting 
kindergarten.

•	 What other tests can be considered to help 
determine his need to continue milk 
avoidance?

�Long-Term Follow-Up

Every child who is diagnosed with IgE-mediated 
food allergies should have at least annual follow-
up visits to discuss food allergen avoidance, 
challenges with management, and to repeat test-
ing (Table  16.1). There are no well-established 
guidelines regarding the use of repeat skin prick 
or serum IgE tests in patients who have estab-
lished food allergy but it is important to consider 
the utility and limitations of both types of tests. 
In general, the trends of IgE values over time are 
useful in predicting the likelihood that allergy 
may be dissipating. If skin prick and/or serum 
IgE levels increase over time, this indicates per-
sistent allergy. If these levels decrease over time, 
or if they are relatively low at baseline and remain 
low with increasing age, this indicates possible 
tolerance.

As discussed previously in this book, neither 
skin prick or serum IgE tests by themselves are 
diagnostic for food allergy. Neither test result can 
predict the severity of future reactions. Both tests 
are associated with high rates of falsely elevated 
results and must be used and interpreted with 
caution and in the proper clinical context. The 
availability and use of each test will vary by phy-
sician, access to allergists, and parental prefer-
ence. The positive and negative predictive values 
for skin prick and serum IgE tests have not been 
well established other than for the most highly 
allergenic foods and also vary significantly by 
food. Most clinicians who manage food allergy 
use established 95% PPV cutoffs to determine 
not only the likelihood of a food allergy being 

present at the time of diagnosis, but also whether 
tolerance may be possible over time (Table 16.4) 
[28, 38]. Unfortunately, cutoff values have only 
been established for a few select foods. A general 
approach to long-term monitoring of children 
with food allergy is highlighted in Fig. 16.1.

There are several nuances to the data sur-
rounding cutoffs that must be appreciated prior 
to application in clinical practice [39]. Previous 
studies have significant limitations in methodol-
ogy including lack of food challenges to confirm 
diagnosis, retrospective application of cutoff 
levels, and variances in study population, age of 
participants, and length of time between follow-
up visits. In addition, the diagnostic cutoffs were 
established in children of different ages, and 
clinical applicability will vary by age. Studies 
investigating PPV and NPV of skin prick and 
serum IgE testing to peanut, egg, and milk found 
variable results or no correlation of test results 
with the development of tolerance. Most studies 
reliably determined the persistence of allergy to 
these foods through higher skin prick/serum IgE 
values but could not reliably identify cutoff val-
ues that demonstrated tolerance. Ultimately, this 
circles back to the need for longitudinal studies 
that incorporate serial food challenges and skin 
prick/serum IgE testing at various ages. In the 
meantime, skin prick and serum IgE tests can 
be utilized to determine trends over time and 

Table 16.4  Predictive values of IgE testing [28–36]

Food

>95% PPV ~50% NPV

Serum IgE

Skin 
prick 
(mm) Serum IgE

Skin 
prick 
(mm)

Egg 
white

≥7 ≥7 ≤2 ≤3
≥2 if age <2 
years old

Cow’s 
milk

≥15 ≥8 ≤2
≥5 if age <1 
years old

Peanut ≥14 ≥8 ≤2 = prior 
reaction

≤3

≤5 = no prior reaction
Fish ≥20

Reprinted from Sampson et al. [37], with permission from 
Elsevier [28]
PPV positive predictive value, NPV negative predictive 
value
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patients with decreasing values should be con-
sidered the best candidates to develop tolerance 
with age.

�Oral Food Challenges

The only manner to truly determine if oral tolerance 
has developed is through ingestion of the food. For 
children who have had prior clinical reactions and/

or IgE testing that highly suggests likelihood for 
clinical reaction, reintroduction of the food is saf-
est through a physician-supervised oral challenge. 
During this procedure, small amounts of the food 
are ingested with gradual increases in the amount 
given until a cumulative dose of 6–10 grams (or 
1–2 servings) are eaten. Medical supervision is 
important in case signs or symptoms of an aller-
gic reaction occur. Physicians who administer oral 
food challenges must be versed in the recognition 

Clinical history
and/or IgE

testing
consistent
with food
allergy

diagnosis

Repeat IgE
testing one
year after

initial
diagnosis

IgE levels are
low and

remain similar
or have
declined

significantly

Consider oral
food challenge

or at home
introduction
(negative
testing/no

prior reaction)

Repeat levels
in one year
and follow
over time

Repeat levels
in 3-5 years

IgE levels are
indeterminate
/moderately
elevated and

similar to prior
testing

IgE levels are
very elevated

or have
increased
from prior

testing

Fig. 16.1  Approach to long-term follow-up and repeat IgE testing
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and treatment of anaphylaxis, have resuscitation 
equipment immediately available in their office 
including epinephrine, and should obtain informed 
written consent from families prior to administra-
tion of the first dose.

Reasons to consider an oral food challenge 
include determining if a prior food allergy has 
resolved, as suggested by reassuring and declin-
ing repeat IgE testing over time. Oral food chal-
lenges are useful at the time of initial diagnosis as 
well, particularly when the clinical history and/
or IgE test results are indeterminate. At times, 
patients who are likely to react with ingestion 
may still wish to undergo an oral food challenge. 
An example is an adolescent who has not ingested 
or reacted to a food for years but desires to better 
understand if they are still allergic or what signs/
symptoms may occur during a reaction.

In clinical practice, most oral food challenges 
are open with both the patient and provider know-
ing what food is being ingested. This is the easiest 
method for conducting a challenge. The potential 
downside for the open challenge is the develop-
ment of subjective symptoms in a patient who is 
very anxious. Children and families should be 
counseled ahead of time that anxiety is a normal 
and expected occurrence during oral food chal-
lenges, as well as what to expect during the chal-
lenge. Blinded challenges mask the food being 
ingested so the patient is not aware of what they 
are ingesting. If symptoms occur after ingestion of 
a placebo dose, this can assist the patient and fam-
ily in better understanding the role that anxiety is 
contributing to their suspected reactions. Double-
blind oral food challenges are considered the gold 
standard but are often limited to research studies 
due to the technical demands of preparation and 
lack of necessity for the majority of patients.

Consideration of whom and when to perform 
an oral food challenge varies, and conversa-
tions should be individualized. See Table  16.5 
for talking points to consider in this discussion 
with patients and their families. There are many 
benefits to oral food challenges. If no symptoms 
occur, then the patient can incorporate the food 
back into their diet and no longer needs to fol-
low strict avoidance measures. Even when symp-
toms occur, including anaphylaxis and the need 

for epinephrine, patients and families benefit by 
increasing their understanding of how a reaction 
will present, observing how rapidly symptoms 
improve with proper treatment, and confirming 
that they need to continue ongoing avoidance of 
that food. When done properly under medical 
supervision with small starting doses and gradual 
escalation, the oral food challenge is a safe and 
beneficial procedure to consider and is the gold 
standard method to determine the development of 
oral tolerance.

�Summary

IgE-mediated food allergies have a heteroge-
neous clinical presentation, severity, and prog-
nosis. The majority of children with milk, egg, 
wheat, and soy allergies are expected to develop 
oral tolerance as they age, whereas those with 
peanut, tree nut, and seafood allergies are more 
likely to have persistent allergies. Unfortunately, 
our ability to accurately predict which children 
with existing food allergy have developed toler-
ance is limited by current research and imperfect 
performance characteristics of IgE testing. Each 
child who has been diagnosed with food allergy 
should be monitored longitudinally with repeat 
IgE testing and consideration of an oral food 
challenge when results indicate that their food 
allergy may no longer be present. An informed 
and comprehensive approach can assist families 
in better understanding their child’s food allergy, 
prognosis, and ongoing management.

Table 16.5  Discussion points to determine readiness for 
an oral food challenge

How severe was the prior reaction?
How long has it been since the last reaction?
Has there been accidental ingestion and if so, what 
happened?
What do the most recent IgE results predict?
Is the patient interested and/or willing to ingest the 
food and incorporate it into their diet?
Does the family have significant anxiety or decreased 
quality of life due to food avoidance?
How much of a burden is it to avoid the food(s)?
What are the patient/family reasons for wanting or not 
wanting to pursue an oral food challenge?

16  Oral Tolerance and Prognosis in Food Allergy
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Oral Immunotherapy (OIT)

Jay A. Lieberman and Julie Wang

�Introduction

Food allergy has become a global health burden 
in recent years [1]. The true prevalence is difficult 
to ascertain as studies use various methods and 
definitions for food allergy, but it is clear that in 
industrialized nations, such as the United States, 
the prevalence appears to have increased in the 
last few decades [2]. Unfortunately, to date, there 
is no approved therapy for the treatment of food 
allergy. Current guidelines continue to recom-
mend avoidance of known allergens and to have 
epinephrine readily available for the treatment 
of severe reactions in the case of ingestion of 
an allergen [3, 4]. To that end, there has been a 
large amount of research conducted over the past 
few decades attempting to develop therapies for 
food allergy. The majority of this research has 
focused on IgE-mediated food allergies, with 
most studies examining differing forms of desen-
sitization strategies. This chapter focuses on oral 
immunotherapy (OIT) as a treatment strategy for 

IgE-mediated food allergies, examining the his-
tory and evolution of the treatment, its possible 
mechanisms of action, the data from the larger, 
randomized trials for individual foods including 
efficacy and adverse effects, and possible novel 
strategies and adjuvants that have been investi-
gated in order to improve efficacy or to decrease 
adverse effects.

�History

Since the first report by Noon, allergen-specific 
immunotherapy has been a mainstay of therapy 
for IgE-mediated allergies [5]. For respiratory and 
venom-induced allergies, immunotherapy is clas-
sically given by the subcutaneous route. Often 
overlooked, this route was actually reported to 
be effective for IgE-mediated food allergies by 
Noon’s successor, John Freeman, as early as 1930 
[6]. There was little immunotherapy research for 
food allergy reported in the literature unfortunately 
for the next several decades, and it was not until the 
1990s when this therapy was re-examined in well-
designed trials. In that decade, two studies sug-
gested that peanut subcutaneous immunotherapy 
(SCIT) could be beneficial for the treatment of pea-
nut allergy [7, 8]. These studies suggested that pea-
nut SCIT could increase the peanut-reactive dose 
during challenges. Unfortunately, the subcutane-
ous route led to frequent and often severe adverse 
reactions and, thus, was not pursued as a reason-
able therapy for food allergy. As an alternative, 
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other routes of allergen delivery have since been 
examined with well-designed trials examining oral, 
sublingual, and epicutaneous routes of immuno-
therapy [9]. All forms have been shown to be effec-
tive in desensitizing patients with IgE-mediated 
food allergy, presumably with a similar mechanism 
of action. Currently available data suggest that the 
oral route likely provides the highest degree of 
desensitization but may be associated with a higher 
frequency of adverse events when compared to the 
sublingual and epicutaneous routes [9].

No matter the route of exposure, there are 
specific themes and terms used when examin-
ing efficacy of food allergy immunotherapy. 
Desensitization typically refers to the state 
achieved when the individual on therapy can 
tolerate the therapy without limiting side effects 
and ingest a certain amount of antigen (typically 
assessed by an observed food challenge) with-
out a reaction as long as they are maintained on 
the therapy. This may be a temporary state that 
is lost if the patient stops the therapy. Sustained 
unresponsiveness (SU) typically refers to the 
ability to tolerate the food without a reaction 
after completing the desensitization protocol and 
then stopping the immunotherapy regimen for 
a prolonged time. Typically, SU is determined 
after discontinuing the therapy for 1–2  months 
after achieving desensitization (although varying 
durations have been used). SU may or may not be 
a permanent state.

�Mechanism of Action

The mechanism of action of OIT to foods is 
thought to be similar to that of SCIT for inhalant 
allergens [10] For example, like with SCIT for 
inhalant allergens, food OIT leads to a gradual 
increase in food-specific IgG4 and concomitant 
decrease in food-specific IgE [11]. While this 
change in humoral immune response to the anti-
gen is associated with OIT, it is unclear whether 
the IgG4 plays a mechanistic role or simply 
reflects increased exposure to the antigen. Data 
from mouse models suggest that the IgG induced 
by OIT can suppress IgE-mediated responses and 
is indeed functional [12]. However, there is at 

least some human data to suggest that respond-
ers and non-responders to OIT both have similar 
increases in OIT-specific IgG4, and thus this may 
not be functional or play an actual role in toler-
ance development [13, 14].

Examination of basophil reactivity in patients 
undergoing OIT suggests that both spontaneous 
and allergen-induced basophil histamine release 
and expression of CD63 are suppressed during 
OIT [15]. Much of this was transient however, 
and thus it is not clear if differing mechanisms 
are involved in transient (desensitization) ver-
sus a more permanent response (sustained 
unresponsiveness).

To date, there are few studies that have exam-
ined sustained unresponsiveness, and no defini-
tive mechanistic studies in this group of patients. 
One study examining SU after a peanut OIT pro-
tocol found no differences in peanut IgG4 levels 
or peripheral T-regulatory cells between treat-
ment responders and non-responders. The only 
difference between the groups was that respond-
ers had lower peanut IgE levels, smaller peanut 
skin test responses, and lower ratios of peanut-
specific IgE/total IgE at baseline and end of study 
[14]. Another study of SU to peanut OIT showed 
no difference in peanut-IgE, -IgG4, or basophil 
reactivity in responders versus non-responders 
[13]. In that study, the only parameter able to 
differentiate sustained responders was demethyl-
ation of forkhead box protein 3 (FOXP3) CpG 
sites in antigen-induced regulatory T cells, sug-
gesting that perhaps T-regulatory cells play a role 
in SU, although the numbers of patients analyzed 
in this study was small [13].

�Clinical Studies of Oral 
Immunotherapy

While the exact mechanism of action of desen-
sitization and sustained unresponsiveness remain 
unclear, the clinical results from multiple trials 
consistently show that clinical efficacy can be 
achieved in the majority of patients, no matter 
the food. Achieving desensitization has been 
accomplished with various protocols. One com-
mon food OIT protocol involves starting with 

J. A. Lieberman and J. Wang



229

a very small dose of the food (typically a dose 
lower than the patient has reacted to during a 
challenge or a dose lower than would be expected 
to lead to a reaction). The patient then ingests that 
dose daily at home, increasing the dose (usually 
by 50–100%) every 1–2 weeks. Dose increases 
are performed under supervision in a health care 
setting. Once the patient reaches a pre-defined 
maintenance dose, the patient continues to ingest 
that dose daily. The more rigorous research 
protocols will perform oral food challenges at 
baseline and after at least 3–6  months of daily 
maintenance therapy to assess efficacy.

The first reported case series of oral immu-
notherapy that included patients with challenge-
proven food allergies were from a single center 
and included various foods [16, 17]. Since that 
time, the most well-designed and informative 
studies have focused on single foods (or major 
food allergens).

�Milk

In the earliest cohort of milk OIT that enrolled only 
clinically reactive patients with a positive baseline 
double-blind placebo-controlled food challenge 
(DBPCFC), 71% of the subjects were able to toler-
ate a daily dose of 200 mL of cow’s milk daily at 
the end of a 6-month desensitization protocol [18].

Since that time, several studies have examined 
milk OIT utilizing randomized studies [19–23]. 
Details of these studies are outlined in Table 17.1. 
The maintenance doses in these studies varied 
greatly and ranged from 500 to 7000 mg of cow’s 
milk protein. In all but one of these studies, the 
majority (67–100%) of subjects were considered 
responders and were able to complete the proto-
col and ingest the goal dose of milk (or milk pro-
tein) on a daily basis.

The majority of the protocols utilized a desen-
sitization regimen that slowly increased the daily 

Table 17.1  Select milk OIT studies

Study Design Subjects Form Updosing
Goal 
dose

Adverse 
events Clinical outcomes

Meglio 
et al. [18]

Open label 21 subjects
Ages 
5–10 years

Cow’s 
milk

Every 7 days up 
to 2 ml then 
every 16 days

200 mL 10/21 had AEs 
during 
updosing
3/21 dropped 
out of protocol

71.4% achieved 
desensitization to 
200 mL cow’s 
milk

Longo 
et al. [24]

Randomized 
open label 
(1/2 subjects 
enrolled 
randomized 
to 1 year 
milk-
avoidance 
diet)

60 subjects 
enrolled
30 
randomized 
to OIT
Ages 
5–17 years
Positive 
challenge to 
0.8 mL of 
milk at 
baseline

Cow’s 
milk

10 day 
in-hospital rush 
updosing to 
20 mL cow’s 
milk
Increasing by 
1 mL at home 
every second 
day after rush 
updosing

150 mL Almost all 
subjects 
experience 
AEs
3/30 in active 
treatment 
dropped out of 
protocol
4 subjects 
received 
epinephrine 
during rush 
updosing and 
1 during home 
dosing

36% achieved 
desensitization to 
150 mL of cow’s 
milk
54% were able to 
tolerate lower 
daily doses, 
ranging from 5 to 
150 mL

Staden 
et al. [25]

Open label 9 subjects
Ages 
3–14 years
Positive 
DBPCFC

Cow’s 
milk

Rush OIT in 
hospital with 
doubling doses 
every 2 hours 
(3–5 doses per 
day)

120 mL All subjects 
experienced 
AEs
No subject 
required 
epinephrine

67% achieved 
desensitization to 
120 mL of cow’s 
milk in 3–7 days

(continued)
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dose over months. However, some protocols uti-
lized a rush desensitization (e.g., doubling the 
dose every 2 hours in a hospital setting with 3–5 
doses per day, achieving 120 mL of cow’s milk 
in 6–7 days), suggesting that this is an alternative 
requiring close observation due to the concern for 
higher risk of adverse events [24, 25].

One study of milk-allergic subjects examined 
milk-OIT versus milk sublingual immunother-

apy (SLIT). In that study, subjects were initially 
treated with a minimum of 4 weeks of SLIT and 
then randomized to SLIT or to one of two doses 
of OIT [22]. That study suggested that OIT was 
more efficacious for desensitization to milk than 
SLIT alone but was accompanied by more sys-
temic side effects. Sustained unresponsiveness 
was examined for those who passed an 8 g chal-
lenge after 60 weeks of maintenance therapy. Six 

Table 17.1  (continued)

Study Design Subjects Form Updosing
Goal 
dose

Adverse 
events Clinical outcomes

Skripak 
et al. [19]

Randomized, 
double-blind, 
placebo-
controlled

20 subjects 
enrolled
13 
randomized 
to OIT
Ages 
6–21 years
Positive 
DBPCFC

Dry 
nonfat
powdered 
milk

0.4–50 mg in 
study center on 
day 1
Weekly or every 
2-week dose 
increase at 
study center

500 mg 
protein

35% of doses 
led to reaction 
in the active 
group (1% in 
placebo 
group)
4 subjects 
required 
epinephrine

100% tolerated 
2540 mg at 1 year 
randomized 
double-blind 
placebo-
controlled food 
challenge 
(RDBPCFC)
31% tolerated 
max dose 
challenge at 
1-year DBPCFC

Pajno 
et al. [20]

Randomized, 
single-blind

30 subjects 
enrolled
15 
randomized 
to OIT
Ages 
4–10 years
Positive 
DBPCFC

Cow’s 
milk

Weekly 
updosing in 
clinic
No-daily home 
dosing

200 mL 10/13 had 
adverse events
3/13 had 
protocol 
terminated 
due to AE

77% in per-
protocol (67% in 
intention-to-treat) 
analysis achieved 
desensitization to 
200 mL of cow’s 
milk

Martorell 
et al. [21]

Randomized 
open label 
(1/2 subjects 
enrolled 
randomized 
to 1 year 
milk-
avoidance 
diet)

60 subjects 
enrolled
30 
randomized 
to OIT
Ages 
2–3 years
Positive 
DBPCFC

Cow’s 
milk

2-day in 
hospital 
updosing to 
2.5 mL
Weekly 
updosing in 
clinic

200 mL 80% of 
subjects had 
AE in active 
group
15% of doses 
led to reaction 
in active group
2 subjects 
required 
epinephrine

90% achieved 
desensitization to 
200 mL of cow’s 
milk
10% in avoidance 
group tolerated 
200 mL after 
1 year during 
challenge

Salmivesi 
et al. [23]

28 subjects 
enrolled
18 
randomized 
to OIT
Ages 
6–14 years

Cow’s 
milk

Starting at 
0.06 mg protein 
and increasing 
every 2–4 days 
on average
All doses given 
at home except 
eight doses once 
a week at start 
of OIT regimen

200 mL All subjects in 
active arm 
experienced 
AE
2/18 subjects 
dropped out 
due to AE

78% achieved 
desensitization to 
200 mL of cow’s 
milk

J. A. Lieberman and J. Wang
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of 15 subjects experienced some loss of desen-
sitization, with two having regaining reactivity 
after 1 week off OIT.

�Egg

Soon after the publication of the initial milk 
OIT trials, data from trials examining egg OIT 
followed, with the first open-label trial being 
published in 2007 [26]. Since then, numerous 
well-designed studies have examined egg OIT, 
with some examining sustained unresponsiveness 
after cessation of therapy [27–35] (Table 17.2). 
Similar to studies for milk, these trials have var-
ied in course (rush versus non-rush), egg prepa-
ration (raw egg, egg powder, etc.), maintenance 
dose, and duration of immunotherapy; however, 
they have all shown that desensitization to egg 
can be achieved in the majority (~56–100%) of 
subjects who can complete the protocol.

Two studies utilized a randomized, double-
blind, placebo-controlled study design and fol-
lowed subjects who achieved desensitization to 
assess sustained unresponsiveness by challenge 
after stopping egg consumption for 2 or 3 months 
[30, 32]. These studies perhaps give the best 
assessment of effectiveness of the therapy and the 
likelihood of achieving sustained unresponsive-
ness in egg-allergic children. The first study, out 
of the United States, reported that desensitization 
was achieved in 22/40 (55%) at 10 months and 
30/40 (75%) at 22 months, and the second study, 
reported from Italy, desensitization was achieved 
by 16/17 (94%) at 4 months [30, 32]. Following 
the children that achieved desensitization, the 
US study had children avoid egg for 2  months 
and then challenged them to assess for sustained 
unresponsiveness. With this protocol, 11/40 
(28%) assigned to egg OIT passed the challenge 
after stopping egg ingestion and were considered 
to achieve sustained unresponsiveness [30]. The 
Italian study had children stop egg ingestion for 
3  months, and 5/17 (29%) achieved sustained 
unresponsiveness [32]. Thus, from these well-
designed, yet small studies, it appears that about 
25–30% of subjects who start an egg OIT pro-

tocol can achieve sustained unresponsiveness. 
However, one must realize that there is no way 
to assure that the participants did not ingest egg 
on their own during the timeframe that they were 
supposed to be avoiding all egg, and, thus, mea-
surements of sustained unresponsiveness will 
always carry the caveat that it is possible that at 
least some of these subjects continued to only be 
desensitized.

�Peanut

Data from select peanut OIT trials are detailed in 
Table 17.3. The original open-label studies were 
published from 2009 to 2010 and all showed high 
rates of desensitization, 64–93%, depending on 
the study and the definition used [36–38]. The first 
randomized, double-blind, placebo-controlled 
study was published in 2011 [39]. In that study, 
19 subjects (3–10 years of age) were randomized 
to peanut OIT and 9 subjects (2–9 years of age) 
were randomized to placebo. Out of those ran-
domized to peanut, 3/19 (16%) dropped out due 
to adverse effects. Of the 16 remaining, all com-
pleted the study and passed the 5000 mg peanut 
protein challenge at the end of the study. None of 
those randomized to placebo tolerated 5000 mg 
at study end (median tolerated dose in placebo 
group was 280 mg).

There has been one study specifically examin-
ing peanut OIT in younger children [40]. In that 
open-label study, 40 subjects with a median age 
of 28.5  months were enrolled, and 37 of them 
were randomized to peanut OIT with a goal 
daily dose of either 300  mg/day (low dose) or 
3000 mg/day (high dose) of peanut protein. Five 
subjects dropped out of the study (three due to 
adverse effects and two due to non-adherence). 
In the intention-to-treat analysis, 17/20 (85%) 
of subjects in the low dose and 13/17 (76%) in 
the high dose were considered desensitized. The 
investigators then had subjects discontinue OIT 
and avoid peanut for 4 weeks to assess for sus-
tained unresponsiveness. In the low-dose group, 
17/20 (85%) achieved sustained unresponsive-
ness and 12/17 (71%) achieved sustained unre-

17  Oral Immunotherapy (OIT)



232

Ta
bl

e 
17

.2
 

Se
le

ct
 e

gg
 O

IT
 s

tu
di

es

St
ud

y
D

es
ig

n
Su

bj
ec

ts
Fo

rm
U

pd
os

in
g

G
oa

l d
os

e
A

dv
er

se
 e

ve
nt

s
C

lin
ic

al
 o

ut
co

m
es

B
uc

ha
na

n 
et

 a
l. 

[2
6]

O
pe

n 
la

be
l

7 
su

bj
ec

ts
 

en
ro

lle
d

A
ge

s 
1–

7 
ye

ar
s

Po
w

de
re

d 
eg

g 
w

hi
te

In
iti

al
 1

-d
ay

 r
us

h 
up

do
si

ng
 in

 
ho

sp
ita

l u
p 

to
 2

00
 m

g 
eg

g 
pr

ot
ei

n
H

om
e 

do
si

ng
 w

ith
 in

-c
lin

ic
 

up
do

si
ng

 e
ve

ry
 2

 w
ee

ks

30
0 

m
g 

eg
g 

pr
ot

ei
n

A
ll 

su
bj

ec
ts

 h
ad

 m
ild

 
sy

m
pt

om
s 

du
ri

ng
 

1-
da

y 
ru

sh
 u

pd
os

in
g

10
0%

 o
f 

su
bj

ec
ts

 w
er

e 
ab

le
 to

 
re

ac
h 

th
e 

30
0 

m
g 

da
ily

 d
os

e
57

%
 p

as
se

d 
8 

g 
bl

in
de

d 
an

d 
op

en
 

eg
g 

ch
al

le
ng

es
 a

t 2
4 

m
on

th
s

2/
4 

of
 th

e 
su

bj
ec

ts
 p

as
si

ng
 th

e 
24

-m
on

th
 c

ha
lle

ng
e,

 a
ls

o 
pa

ss
ed

 
SU

 c
ha

lle
ng

e 
3 

m
on

th
s 

of
f 

th
er

ap
y

B
ur

ks
 e

t a
l. 

[3
0]

R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d

55
 s

ub
je

ct
s 

en
ro

lle
d

40
 

ra
nd

om
iz

ed
 

to
 e

gg
 O

IT
A

ge
s 

5–
11

 y
ea

rs
Po

si
tiv

e 
D

B
PC

FC

Po
w

de
re

d 
eg

g 
w

hi
te

In
iti

al
 1

-d
ay

 u
pd

os
in

g 
up

 to
 

50
 m

g
H

om
e 

do
si

ng
 w

ith
 in

-c
lin

ic
 

up
do

si
ng

 e
ve

ry
 2

 w
ee

ks
 u

p 
to

 
20

00
 m

g
M

ai
nt

en
an

ce
 u

p 
to

 4
0 

w
ee

ks
O

pe
n-

la
be

l m
ai

nt
en

an
ce

 f
or

 
ad

di
tio

na
l 1

2 
m

on
th

s
A

dd
iti

on
al

 c
ha

lle
ng

e 
at

 
2 

m
on

th
s 

of
f 

th
er

ap
y 

in
 

de
se

ns
iti

ze
d 

su
bj

ec
ts

20
00

 m
g 

eg
g 

w
hi

te
 p

ow
de

r
25

.0
%

 o
f 

ac
tiv

e 
do

se
s 

le
d 

to
 A

E
3.

9%
 o

f 
pl

ac
eb

o 
do

se
s 

le
d 

to
 A

E
5/

40
 in

 a
ct

iv
e 

tr
ea

tm
en

t d
ro

pp
ed

 o
ut

 
of

 p
ro

to
co

l
4 

su
bj

ec
ts

 r
ec

ei
ve

d 
ep

in
ep

hr
in

e 
du

ri
ng

 
ru

sh
 u

pd
os

in
g 

an
d 

1 
du

ri
ng

 h
om

e 
do

si
ng

55
%

 o
f 

su
bj

ec
ts

 w
ho

 r
ec

ei
ve

d 
eg

g 
O

IT
 p

as
se

d 
th

e 
bl

in
de

d 
5 

g 
eg

g 
O

FC
 a

t 1
0 

m
on

th
s

75
%

 o
f 

su
bj

ec
ts

 w
ho

 r
ec

ei
ve

d 
eg

g 
O

IT
 p

as
se

d 
th

e 
bl

in
de

d 
10

 g
 e

gg
 

O
FC

 a
t 2

2 
m

on
th

s
28

%
 o

f 
su

bj
ec

ts
 r

an
do

m
iz

ed
 to

 e
gg

 
O

IT
 p

as
se

d 
10

 g
 b

lin
de

d 
O

FC
 a

nd
 

op
en

 c
ha

lle
ng

e 
at

 2
4 

m
on

th
s 

w
hi

le
 

of
f 

th
er

ap
y 

su
gg

es
tin

g 
su

st
ai

ne
d 

un
re

sp
on

si
ve

ne
ss

M
eg

lio
 

et
 a

l. 
[3

1]
R

an
do

m
iz

ed
, o

pe
n 

la
be

l
20

 s
ub

je
ct

s 
en

ro
lle

d
10

 
ra

nd
om

iz
ed

 
to

 e
gg

 O
IT

10
 

ra
nd

om
iz

ed
 

to
 o

bs
er

va
tio

n
A

ge
s 

4–
15

R
aw

 h
en

’s
 

eg
g

A
ll 

do
se

s 
at

 h
om

e
D

os
in

g 
st

ar
te

d 
at

 1
 d

ro
p 

ra
w

 
he

n’
s 

eg
g 

(y
ol

k 
an

d 
w

hi
te

) 
m

ix
ed

 w
ith

 w
at

er
 (

1:
10

0)
D

os
es

 in
cr

ea
se

d 
at

 h
om

e 
ev

er
y 

fe
w

 d
ay

s 
ac

hi
ev

in
g 

a 
do

ub
lin

g 
ev

er
y 

8 
da

ys
 u

nt
il 

da
y 

80
, t

he
n 

ev
er

y 
16

 d
ay

s 
up

 to
 2

5 
m

l r
aw

 e
gg

 o
ve

r 
6 

m
on

th
s

25
 m

l r
aw

 
eg

g
70

%
 o

f 
su

bj
ec

ts
 in

 e
gg

 
O

IT
 r

ep
or

te
d 

sy
m

pt
om

s 
du

ri
ng

 
do

si
ng

1/
10

 s
ub

je
ct

s 
in

 e
gg

 
O

IT
 d

ro
pp

ed
 o

ut

80
%

 o
f 

su
bj

ec
ts

 e
nr

ol
le

d 
to

 e
gg

 
O

IT
 a

ch
ie

ve
d 

de
se

ns
iti

za
tio

n 
to

 
25

 m
l r

aw
 e

gg
20

%
 in

 o
bs

er
va

tio
n 

gr
ou

p 
to

le
ra

te
d 

25
 m

l i
n 

D
B

PC
FC

 to
 e

gg
 a

t 
6 

m
on

th
s

J. A. Lieberman and J. Wang



233

C
am

in
iti

 
et

 a
l. 

[3
2]

R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d

31
 s

ub
je

ct
s 

en
ro

lle
d

17
 

ra
nd

om
iz

ed
 

to
 e

gg
 O

IT
A

ge
s 

4–
11

Po
si

tiv
e 

D
B

PC
FC

D
eh

yd
ra

te
d 

eg
g 

w
hi

te
W

ee
kl

y 
up

do
si

ng
 (

~d
ou

bl
in

g 
ea

ch
 w

ee
k)

 in
 c

lin
ic

G
oa

l d
os

e 
of

 4
00

0 
m

g 
in

 
16

 w
ee

ks
N

o 
ho

m
e 

do
se

s
6-

m
on

th
 e

gg
-c

on
ta

in
in

g 
di

et
 

fo
r 

th
os

e 
w

ho
 p

as
se

d 
D

B
PC

FC
 a

t 1
6 

w
ee

ks
3-

m
on

th
 e

gg
 a

vo
id

an
ce

 a
ft

er
 

6-
m

on
th

 in
ge

st
io

n

40
00

 m
g 

de
hy

dr
at

ed
 

eg
g 

w
hi

te

18
%

 s
ub

je
ct

s 
in

 a
ct

iv
e 

gr
ou

p 
ha

d 
A

E
 d

ur
in

g 
de

se
ns

iti
za

tio
n

N
o 

A
E

 in
 p

la
ce

bo
 a

rm
1 

su
bj

ec
t r

ec
ei

ve
d 

ep
in

ep
hr

in
e 

du
ri

ng
 

de
se

ns
iti

za
tio

n
1/

17
 s

ub
je

ct
s 

in
 a

ct
iv

e 
ar

m
 d

ro
pp

ed
 o

ut
 d

ue
 

to
 A

E

94
%

 o
f 

su
bj

ec
ts

 e
nr

ol
le

d 
to

 e
gg

 
O

IT
 a

ch
ie

ve
d 

de
se

ns
iti

za
tio

n 
to

 
40

00
 m

g 
de

hy
dr

at
ed

 e
gg

 w
hi

te
94

%
 in

 a
ct

iv
e 

gr
ou

p 
an

d 
0%

 in
 

co
nt

ro
l g

ro
up

 p
as

se
d 

D
B

PC
FC

 a
t 

16
 w

ee
ks

29
%

 e
nr

ol
le

d 
to

 e
gg

 O
IT

 a
ch

ie
ve

d 
su

st
ai

ne
d 

un
re

sp
on

si
ve

ne
ss

A
ka

sh
i 

et
 a

l. 
[3

4]
R

an
do

m
iz

ed
, o

pe
n 

la
be

l
36

 s
ub

je
ct

s 
en

ro
lle

d
18

 
ra

nd
om

iz
ed

 
to

 e
gg

 O
IT

18
 

ra
nd

om
iz

ed
 

to
 o

bs
er

va
tio

n
A

ge
s 

3–
15

D
ry

 
po

w
de

re
d 

eg
g

A
ll 

do
se

s 
at

 h
om

e
St

ar
tin

g 
at

 0
.1

 m
g 

dr
y 

po
w

de
re

d 
eg

g
D

os
es

 in
cr

ea
se

d 
at

 h
om

e 
ev

er
y 

3–
4 

da
ys

 to
 a

 g
oa

l d
os

e 
of

 4
00

0 
m

g 
ov

er
 ~

6 
m

on
th

s

40
00

 m
g 

dr
y 

po
w

de
re

d 
eg

g

94
%

 in
 O

IT
 g

ro
up

 
ex

pe
ri

en
ce

d 
A

E
s

3/
18

 w
ith

dr
ew

 f
ro

m
 

st
ud

y
N

o 
su

bj
ec

ts
 r

ec
ei

ve
d 

ep
in

ep
hr

in
e

56
%

 a
ch

ie
ve

d 
de

se
ns

iti
za

tio
n 

to
 

40
00

 m
g 

dr
y 

po
w

de
re

d 
eg

g
44

%
 in

 e
gg

 O
IT

 g
ro

up
 p

as
se

d 
ch

al
le

ng
e 

at
 6

 m
on

th
s

0 
in

 o
bs

er
va

tio
n 

gr
ou

p 
pa

ss
ed

 
ch

al
le

ng
e

Pe
re

z-


R
an

ge
l 

et
 a

l. 
[3

5]

R
an

do
m

iz
ed

, o
pe

n 
la

be
l (

w
ith

 c
ro

ss
ov

er
 

fo
r 

th
os

e 
in

 
ob

se
rv

at
io

n 
gr

ou
p)

33
 s

ub
je

ct
s 

en
ro

lle
d

19
 

ra
nd

om
iz

ed
 

to
 e

gg
 r

us
h 

O
IT

14
 

ra
nd

om
iz

ed
 

to
 o

bs
er

va
tio

n
A

ge
s 

5–
18

D
eh

yd
ra

te
d 

eg
g 

w
hi

te
5-

da
y 

ru
sh

 O
IT

 d
on

e 
on

 
ou

tp
at

ie
nt

 b
as

is
St

ar
tin

g 
0.

04
 m

g 
de

hy
dr

at
ed

 
eg

g 
w

hi
te

G
oa

l d
os

e 
36

00
 m

g 
by

 th
e 

en
d 

of
 d

ay
 5

M
ai

nt
en

an
ce

 w
as

 in
ge

st
io

n 
of

 1
 u

nd
er

co
ok

ed
 e

gg
 a

t 
ho

m
e 

2–
3 

tim
es

 p
er

 w
ee

k 
(~

5 
m

on
th

s)

36
00

 m
g 

de
hy

dr
at

ed
 

eg
g 

w
hi

te

97
.5

%
 r

ec
ei

vi
ng

 O
IT

 
ex

pe
ri

en
ce

d 
A

E
s

68
.8

%
 e

xp
er

ie
nc

ed
 A

E
 

du
ri

ng
 r

us
h 

bu
ild

-u
p 

ph
as

e
2/

19
 r

an
do

m
iz

ed
 to

 
eg

g 
O

IT
 w

ith
dr

ew
 

fo
rm

 s
tu

dy
2 

su
bj

ec
ts

 r
ec

ei
ve

d 
ep

in
ep

hr
in

e

90
%

 in
 a

ct
iv

e 
gr

ou
p 

(0
 in

 
ob

se
rv

at
io

n 
gr

ou
p)

 a
ch

ie
ve

d 
de

se
ns

iti
za

tio
n

17  Oral Immunotherapy (OIT)



234

sponsiveness in the high-dose group [40]. Data 
from this trial suggests several things. Efficacy 
may be impacted by age at starting OIT and/or 
baseline peanut IgE levels. In addition, low-dose 
OIT (at least in young children) may be as effec-
tive as high-dose OIT.

Finally, there is a single report to date exam-
ining the safety and efficacy of a peanut OIT 
product (AR101), which is characterized and 

manufactured so that it could meet US Federal 
Drug Administration standards for a biologic 
if effective [41]. In this phase II randomized, 
double-blind, placebo-controlled trial, 56 sub-
jects ages 4–21 years were randomized to AR101 
(n  =  29) or to placebo (n  =  27). After initial 
dose escalation to 3 or 6  mg peanut protein in 
1 day, subjects took daily home doses with 
dose increases occurring in the office setting  

Table 17.3  Select peanut OIT studies

Study Design Subjects Form Updosing
Goal 
dose

Adverse 
events Clinical outcomes

Varshney 
et al. [39]

Randomized, 
double-blind, 
placebo-
controlled

28 subjects 
enrolled
19 
randomized to 
peanut
Ages 
2–11 years

Peanut 
flour

1 day 
updosing 
from 0.1 to 
6 mg
In-clinic 
updosing 
every 
2 weeks 
with daily 
home 
dosing

4000 mg 1.2% of home 
doses led to 
AE
2/19 subjects 
in active 
treatment 
received 
epinephrine 
(all on initial 
updosing day)
1/9 subjects in 
placebo arm 
received 
epinephrine 
during home 
dosing

16/19 subjects in 
active group reached 
4000 mg
16/19 subjects in 
active group passed 
5000 mg OFC
0 placebo subjects 
tolerated 5000 mg 
OFC 
(median = 280 mg)

Vickery 
et al. [40]

Randomized, 
double-blind, 
dosing study

37 subjects 
enrolled
20 
randomized to 
low-dose IT 
(300 mg)
17 
randomized to 
high-dose IT 
(3000 mg)
Ages 
9–36 months

Peanut 
flour

1 day 
updosing
Home 
dosing with 
in-clinic 
updosing 
every 
2 weeks up 
to 300 or 
3000 mg
Off product 
× 4 weeks 
for SU 
challenge

300 vs. 
3000 mg 
peanut 
protein

95% of 
subjects 
experienced 
AEs
0.8% per dose 
rate
1/20 withdrew 
from LOW 
dose
4/17 withdrew 
from high 
dose

85% in the low-dose 
group tolerated 5 g 
challenge at the end 
of treatment
76% in high-dose 
group tolerated 5 g 
challenge at the end 
of treatment
85% in low-dose 
group achieved SU
71% in high-dose 
group achieved SU

Bird 
et al. [41]

Randomized, 
double-blind, 
placebo-
controlled

56 subjects 
enrolled
29 
randomized to 
peanut
Ages 4–21
Had to react to 
<144 mg 
cumulative 
peanut protein 
in OFC

AR101 
(peanut 
flour)

1 day 
updosing 
from 0.5 to 
6 mg
In-clinic 
updosing 
every 
2 weeks 
with daily 
home 
dosing

300 mg 
peanut 
protein

96.6% of 
subjects in 
active group 
had AE
84.6% of 
subjects in 
placebo group 
had AE
6/29 in active 
group 
withdrew

79% in active group 
tolerated 443 mg 
cumulative dose at 
end of study
19% in placebo 
group tolerated 
443 mg cumulative 
dose at end of study
62% in active group 
tolerated 1043 mg 
cumulative dose at 
end of study
0 in placebo group 
tolerated 1043 mg
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every 2  weeks to a goal maintenance dose of 
300 mg peanut protein over 24–30 weeks. In the 
intention-to-treat analysis, 23 (79%) randomized 
to AR101 tolerated the goal dose of 443 mg pea-
nut protein during blinded challenge at the end 
of the study compared to 5 (19%) in the placebo 
group (p  <  0.01). In addition, 18 (62%) in the 
AR101 group and 0  in the placebo group toler-
ated the maximum dose (1043 mg peanut) during 
the exit challenge (p < 0.01). Six subjects (21%) 
in the active group dropped out (four due to 
adverse events). The phase III results have only 
been reported in abstract form at this time but 
suggest similar outcomes.

�Other Foods

Because the mechanism of action for OIT 
appears to be the same no matter the food stud-
ied, OIT theoretically should work for all IgE-
mediated food allergies. The largest amount 
of data for other foods has come from case 
series and open-label trials examining wheat 
OIT [42–45]. These reports suggest that wheat 
OIT can successfully lead to desensitization 
similar to other foods. However, none of these 
studies were placebo controlled and some did 
not have a post-treatment challenge. The only 
randomized, placebo-controlled study of wheat 
OIT has only been published in abstract from 
to date [46]. This multi-center study enrolled 
46 wheat-allergic subjects 4–22 years of age to 
wheat OIT (with a goal dose of 1445 mg wheat 
protein) or placebo. After 1 year of OIT, 12/23 
(52.2%) of those in the active group achieved 
desensitization (tolerating ≥4443  mg wheat 
protein during challenge) versus 0/23 (0%) in 
the placebo group. After 2 years of wheat OIT, 
only 7/23 (30.4%) subjects were desensitized 
and 3/23 (13.0%) achieved sustained unrespon-
siveness. Those in the placebo were then given 
1 year of a higher dose of wheat OIT (goal dose 
of 3870 mg wheat protein), and 14/21 (66.7%) 
achieved desensitization [46]. Thus, based on 
limited data, wheat OIT appears to be slightly 
less effective than other foods, however due to 
the limited data, it is difficult to draw definitive 
conclusions.

�Long-Term Studies

There are very few long-term (e.g. >2  years) 
outcomes studies of OIT [14, 33, 47, 48]. One 
study followed subjects enrolled in one of the 
early, open-label peanut trials for up to 5 years 
with questionnaires [14]. In that follow-up study, 
24/39 (62%) of the originally enrolled subjects 
had evaluable data for follow-up. Twelve of the 
original 39 (31%) achieved sustained unrespon-
siveness based on challenges 4  weeks off of 
therapy. Following the subjects who achieved 
sustained unresponsiveness with questionnaires 
over a median of 40  months, the investigators 
found that the majority incorporated peanut 
into the diet ad lib a few days per week with-
out reactions. However, one of the subjects that 
achieved sustained unresponsiveness stopped 
eating peanut for “personal reasons,” which was 
associated with increases in both his peanut skin 
test size (0.5–16 mm) and his serum peanut IgE 
level (3.56–11.5), suggesting that sustained unre-
sponsiveness is not permanent in at least some 
patients. In addition, 57% of parents reported dif-
ficulty in getting their child to willingly eat pea-
nut in their diets.

Following subjects in a long-term study of egg 
OIT, Jones et  al. showed that rate of sustained 
unresponsiveness increased with the duration of 
egg OIT, increasing from 27% at year 2, 45% at 
year 3, and 50% at year 4 [33]. However, this was 
offset in some ways with increased drop-out rates 
over time, with seven subjects withdrawing from 
the study in years 0–2 (most due to allergic reac-
tions) and another eight withdrawing in years 2–4 
(most due to “patient decision”).

Finally, in a long-term follow-up study of milk 
OIT subjects, Keet et  al. followed 32 subjects 
who had completed one of two prior OIT studies 
[19, 22, 48]. Subjects were followed a median of 
3.2 years and 4.5 years after completion of their 
original study using questionnaires and clinic 
visits. In this report, 22% reported limiting their 
consumption because of symptoms, 9% because 
of anxiety, and 13% because of taste. In addition, 
25% limited milk ingestion with exercise and 6% 
with illness. In examining risk factors for poor 
outcomes, they found subjects who were not able 
to consume at least one serving of milk without 
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symptoms had either a baseline milk IgE levels of 
greater than 75 kU/L, respiratory symptoms with 
more than 2% of doses, or a posttreatment food 
challenge threshold of less than 4 g was [48].

Thus, there is still much to be learned about 
how this therapy will actually be incorporated in 
lives of patients on a long-term basis in the real-
world setting.

�Multi-Food OIT

Though the exact prevalence of patients with 
more than one food allergy is not known, vari-
ous studies suggest that about one-third of food-
allergic patients are avoiding more than one food 
[49]. In addition, quality of life for patients with 
food allergies appears to be lower for multiple 
food allergies compared to single food allergy 
[50]. Since food OIT appears to be food-specific, 
[51] undergoing OIT to a single food will not 
protect against exposures to the other foods to 
which the patient is allergic, and it is question-
able whether single food OIT will improve the 
patients’ quality of life, if they remain allergic to 
other foods.

There are little data published to date assess-
ing the safety and efficacy of performing OIT to 
multiple foods at the same time. The first multi-
food OIT study published compared peanut OIT 
to multi-food OIT [52]. This was an open-label 
study in which patients who had confirmed pea-
nut allergy were then challenged to other foods. 
Those with only peanut allergy were assigned 
to open-label peanut OIT, and those with other 
foods allergies were assigned to peanut + other 
food OIT based on challenge results (up to five 
total foods). A total of 25 subjects were assigned 
to multi-food OIT, and 15 were assigned to pea-
nut OIT. Results suggested that multi-food OIT 
was as safe as peanut OIT, showing similar reac-
tion rates both at home and during updosing. 
However, one patient in the multi-food OIT arm 
did have to drop out due to worsening eczema, 
while none in the peanut group dropped out due 
to side effects. Interestingly, the study did not 
report on efficacy, but reported data suggested 
that fewer subjects in the multi-food OIT arm 

reached the goal maintenance dose of 4000 mg 
of allergen as compared to those in the peanut-
only OIT arm [52].

The same group also reported data on long-
term outcomes of subjects undergoing their 
multi-food OIT regimen [53]. This study was 
observational in that it allowed subjects to essen-
tially choose between a “lower” or “higher” 
maintenance dose of allergen, there was no pla-
cebo group, and there was no set time for follow-
up challenges to determine desensitization. Thus, 
these results are difficult to interpret, but based 
on reported data, it appears that all participants 
on the long-term maintenance dosing of multi-
food OIT were able to tolerate challenges with 
2 g of each food allergen at the end of the follow-
up (median follow-up of 48 months on mainte-
nance dose) [53].

From a mechanistic standpoint, multi-food 
OIT seems like a reasonable approach to patients 
with multiple food allergies. Clearly, more data 
will be needed to know if it is a reasonable 
clinical approach however, and many questions 
remain regarding its implementation.

�Adverse Events

One common finding in almost all studies of 
food OIT is that adverse events are frequent 
during the course of OIT. Unfortunately, there is 
no uniform reporting system for adverse events, 
and thus a quantitative analysis is difficult. 
From pooled analysis of milk OIT studies, 97 
out of 106 (92%) subjects treated with milk OIT 
experienced at least one symptom. While most 
adverse events (~60–90% of those reported) 
were local and mild, for every 11 patients 
receiving milk OIT, one required intramuscular 
epinephrine [54]. Pooled analysis of egg OIT 
suggested slightly lower rates of adverse events, 
with 69% of the participants reporting adverse 
events and 5 of the 100 participants receiving 
egg OIT requiring epinephrine [55]. Finally, 
pooled analysis from a single center on peanut 
OIT reported that 80% of subjects experienced 
at least one adverse event and 12% of subjects 
received epinephrine [56].
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Examining randomized, placebo-controlled 
studies of food OIT, it is clear that adverse events 
are more common in the active group. For exam-
ple, for egg OIT, adverse events were associated 
with 25.0% of active doses and only 3.9% of 
placebo doses in the largest trial [30]. For milk 
OIT, adverse events were associated with 45.4% 
of active doses and 11.2% of placebo doses [19]. 
In addition, drop-out rates due to reactions have 
been higher in active groups as compared to pla-
cebo groups [30].

There have been various attempts to evaluate 
risk factors associated with adverse events. These 
can be best summarized as follows.

�Baseline Characteristics Predicting 
Those with Adverse Events

In a pooled analysis of peanut OIT from a single 
center, there were two baseline factors associ-
ated with a higher frequency of adverse events. 
Baseline allergic rhinitis predicted a higher rate of 
adverse events and a higher rate of systemic reac-
tions, and baseline peanut skin prick test wheal 
size predicated a higher rate of adverse events 
and, specifically, a higher rate of gastrointestinal 
adverse events [56]. One other group has exam-
ined baseline characteristics in children undergo-
ing egg and milk OIT groups, looking for factors 
associated with more persistent symptoms [57, 
58]. For milk, higher milk-specific serum IgE lev-
els (≥50 kU/L), larger milk skin prick test wheal 
size (≥9 mm), and more severe reactions at base-
line challenge were independent risk factors for 
persistence of adverse events [57]. For egg allergy, 
a baseline diagnosis of asthma, higher egg-spe-
cific serum IgE levels, and lower threshold of 
egg leading to reaction at baseline challenge were 
all associated with early discontinuation or more 
severe adverse events during OIT [58].

�Factors Associated with Adverse 
Events During Home Dosing

There have been various findings associated 
with adverse events to doses at home, i.e., reac-

tions to doses formerly tolerated. These risk 
factors include concurrent illness (typically ill-
nesses associated with fever), suboptimal con-
trol of concomitant asthma, taking doses on an 
empty stomach, exercise or physical exertion 
after dosing, and dosing during menses [25, 59]. 
Therefore, some protocols call for changes in 
dosing to accommodate for these conditions and 
suggest decreased adverse event rates with these 
precautions [59].

�Factors Associated with Severe 
Adverse Events

Two groups have reported that baseline asthma 
is associated with more severe adverse events 
during OIT [60, 61]. In one study of milk OIT, 
patients with asthma, regardless of severity, 
had more anaphylactic reactions, ED visits, and 
hospital admissions as compared to patients 
without asthma. Another study of milk and egg 
OIT reported three life-threatening adverse 
events due to OIT, and all three were in adoles-
cents with moderate-severe asthma. Two of the 
three required invasive mechanical ventilation 
and the other required non-invasive mechanical 
ventilation [60]. Thus, it appears caution should 
be taken when considering OIT as a treatment 
option for asthmatics, or at least asthmatics that 
are poorly controlled or that require higher doses 
of inhaled corticosteroids to control their symp-
toms. Interestingly, some of the larger, random-
ized controlled trials added uncontrolled asthma 
as an exclusion criterion.

�Persistent Gastrointestinal (GI) 
Symptoms and Eosinophilic 
Esophagitis (EoE)

Gastrointestinal adverse events are frequent in 
studies of OIT and appear not to be dependent 
on the food studied [62]. In one pooled analysis 
of peanut OIT studies, half of the subjects that 
dropped out did so due to GI symptoms [56]. Of 
interest, some of the subjects with persistent GI 
symptoms have been diagnosed with EoE while 
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being on treatment. In a meta-analysis examining 
this phenomenon, it was estimated that approxi-
mately 2.7% of subjects developed EoE after ini-
tiating OIT, and it occurred to a variety of foods 
[63]. It is unknown if these subjects had EoE 
prior to being enrolled in the study (as endoscopy 
is not performed at enrollment); however, symp-
toms developed while in the study, EoE was con-
firmed with biopsy, and resolution of symptoms 
occurred with cessation of therapy. Interestingly, 
one group has suggested that peripheral eosino-
philia can be a marker of persistent GI symptoms, 
suggesting values of absolute eosinophil counts 
that can help predict those who have GI symp-
toms from a single cohort of subjects [62]. Thus, 
if OIT becomes a more mainstream treatment 
option for food allergies, practitioners will have 
to be aware of GI symptoms and, hopefully, bio-
markers will be identified that are able to predict 
who will be at risk and who may need to stop 
therapy.

�Adjuvants

Given the frequency, and possible severity, of 
adverse events, studies have examined the util-
ity of adjuvants to OIT regimens. Not only could 
adjuvants allow for improved safety of OIT, but 
this could, in turn, allow for a more rapid updosing 
phase. In addition, adjuvants have been added in 
an attempt to further modulate immune response 
to increase the efficacy of the therapy. The two 
main adjuvants studied in food OIT clinical trials 
to date are anti-IgE therapy and probiotics.

�Anti-IgE Therapy

Several studies have examined the utility of adding 
the anti-IgE monoclonal antibody omalizumab to 
OIT protocols [64–68]. These studies have added 
omalizumab (dosed per package insert for asthma) 
8–12 weeks prior to initiating either a milk or pea-
nut OIT protocol and stopped the omalizumab dur-
ing the updosing or maintenance phase. All studies 
used different updosing protocols and control 
groups (if used at all). The initial report examined 

omalizumab in an open-label, pilot study with a 
milk OIT protocol [64]. This study enrolled 11 sub-
jects (median age 8 years) and showed that 10/11 
tolerated an initial 1-day, rush updosing schedule 
up to 1000  mg of milk protein. Those subjects 
then continued dosing at home with increases in 
the research unit every 2 weeks. Nine out of those 
10 subjects achieved desensitization to the goal 
dose of 2000 mg (over 7–11 weeks), suggesting 
that omalizumab could facilitate a rapid updosing 
schedule. Since that time, two controlled studies 
have examined the utility of omalizumab in food 
OIT protocols. The first study randomized 57 sub-
jects to omalizumab or placebo starting 4 months 
prior to initiating a milk OIT desensitization pro-
tocol over 22–40  weeks [66]. Omalizumab was 
continued throughout the OIT treatment. Results 
from this study showed that subjects in the omali-
zumab arm reached the goal maintenance dose of 
milk in fewer doses (i.e., it allowed for a shorter 
updosing phase), and omalizumab-treated subjects 
had a higher percentage of symptom-free doses 
during updosing (91.5%) as compared to placebo-
treated subjects (73.9%). However, there was no 
significant difference in the percentage of subjects 
that passed the desensitization challenge or the 
sustained unresponsiveness challenge between the 
groups.

One study has examined omalizumab in con-
junction with peanut OIT in a randomized and 
blinded fashion [67]. In this study, 37 subjects 
were randomized to omalizumab or placebo 
(4:1) for 12 weeks prior to a rapid 1-day updos-
ing to a maximum dose of 250 mg peanut pro-
tein. This was followed by weekly updosing to 
2000  mg (stopping study drug at either week 
19 or week 25) with eventual challenge around 
week 26. Those subjects randomized to omali-
zumab were able to tolerate a higher dose during 
the 1-day rush updosing (250 mg versus 22.5 mg 
in the placebo arm) and were more likely to pass 
a 2000 mg challenge at ~week 26 (79% versus 
12% in the placebo arm). There was a non-sig-
nificant trend to suggest that reactions occurred 
less frequently in the omalizumab-treated group 
(7.8% of doses) versus the placebo group (16.8% 
of doses) despite the omalizumab group ingest-
ing higher doses of peanut on average.

J. A. Lieberman and J. Wang



239

Based on the available data, omalizumab 
appears to be able to facilitate a more rapid 
updosing protocol and may decrease adverse 
effects associated with OIT. However, whether it 
allows for increased efficacy or a change in the 
mechanism of OIT is unclear. After all, data from 
prior studies have shown that anti-IgE therapy 
alone can increase the threshold of reaction to 
peanut [69, 70]. Thus, perhaps addition of omali-
zumab simply allows for higher tolerated doses 
early in therapy, which, in turn, allows for earlier 
maintenance dosing only, but no change in long-
term outcomes.

�Probiotics

Adjuvants can be added to allergy immunother-
apy to help potentiate immune response and shift 
immune response from a Th2 phenotype to a 
Th1 phenotype, thereby augmenting the efficacy 
(and possibly the safety) [71]. Probiotics are one 
candidate adjuvant in this regard, having been 
shown to induce Th1 and/or regulatory T cells 
when administered with allergy immunotherapy 
in various murine models [71].

There has been a single report to date on the 
utility of adding probiotics to an OIT regimen 
for food allergy [72]. In this study, 62 children 
(1–10  years of age) were randomized 1:1 to 
receive either peanut OIT + Lactobacillus rham-
nosus (2  ×  1010 colony-forming units) or pla-
cebo. They were treated for a total of 18 months 
(maintenance dose of 2000  mg peanut protein 
in the active group) and then challenged while 
on therapy, and again within 2–5  weeks off 
therapy to assess for sustained unresponsive-
ness. Desensitization was achieved in 89.7% of 
those in the active arm and in 7.1% of those in 
the placebo arm. Sustained unresponsiveness 
was reported to occur in 82.1% of those in the 
active arm and 3.6% of those in the placebo arm. 
Adverse events were common in this study with 
at least one severe AE being reported in 45.2% of 
children in the active arm and in 32.3% of those 
in the placebo arm. From this single study, it is 
clear that addition of a probiotic to a food allergy 
OIT regimen has no negative effects on the effi-

cacy of the OIT regimen. However, whether it 
augments OIT can only be answered with a pro-
tocol comparing OIT to OIT plus a probiotic.

�Quality of Life

In the studies discussed above, the efficacy of 
the therapy was determined by desensitization or 
sustained unresponsiveness. For many patients 
and parents though, another important outcome 
may be quality of life (QoL). While likely influ-
enced by the clinical efficacy of the therapy, 
improvement in QoL can be independent of “cur-
ing the allergy.” For example, even if the patient 
is not able to tolerate ingestion of the goal dose 
upon food challenge while on therapy, if they 
can tolerate more allergen, or enough that would 
give families confidence of protection in the case 
of accidental ingestion of small amounts of the 
allergen, this may be enough impact QoL. In fact, 
about one-third of parents of food-allergic chil-
dren reported willingness to undergo OIT trials 
with the desired outcome of protection against 
accidental ingestion, not ability to eat the food 
ad lib [73].

Surprisingly, very few of the food OIT stud-
ies to date have included QoL as an outcome 
measure. In one crossover study of peanut OIT, 
parents filled out a standardized QoL question-
naire for any 7–12-year-old subject in the study 
[74]. After completion of the OIT regimen, there 
was a significant improvement in QoL based on 
parent reported scores. However, as there was no 
placebo group, it is difficult to know if just under-
going any treatment at all could have this affect. 
After all, evidence exists to suggest that QoL 
can improve even after a child fails an oral food 
challenge [75]. Thus, perhaps the challenge pro-
cedures, alone or frequent, and regular contact 
with health care providers at study visits could 
positively impact QoL.

There are a few reports specifically examin-
ing QoL before and after open OIT regimens [76, 
77]. These reports both showed overall improve-
ment in QoL scores in subjects undergoing food 
OIT. However, very interestingly, not all subjects 
had improvement, and some even had a decrease 
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in QoL after undergoing OIT. One report showed 
that QoL improved significantly in those with 
poor QoL scores at baseline, and that this drove 
the overall change in the cohort. However, in 
those patients with better QoL scores at baseline, 
many had deterioration in QoL [77]. This would 
suggest that the overall daily burden and adverse 
effects of OIT may actually make QoL worse 
in some patients who are less impacted by their 
food allergy at baseline.

Other aspects of OIT may play a role when 
considering the impact it may have on patients’ 
QoL.  For example, the goal dose, updosing 
schedule (length of time it takes to reach main-
tenance), the maintenance target dose, and the 
maintenance dosing schedule (daily, every 
other day, three times per week, etc.) may all 
contribute to QoL.  In addition, the frequency 
and severity of adverse events effect drop-out 
rates, and thus may impact QoL. From a clinical 
standpoint, it is important to take patient/parent 
preference into account when considering the 
option of OIT.

�Conclusion

Over the past few decades, oral immunotherapy 
has increasingly been researched as a possible 
treatment strategy for IgE-mediated food aller-
gies. From these trials, it is clear that the majority 
of patients can achieve desensitization and that a 
portion of these can achieve sustained unrespon-
siveness. In addition, the therapy may improve 
quality of life at least for some. However, adverse 
events are common in all studies with a small 
number of these being severe and some leading 
to cessation of therapy. Unfortunately, there is no 
known set of parameters or risk factors that can 
predict who will achieve desensitization and/or 
sustained unresponsiveness and who will expe-
rience dose-limiting adverse effects. In addition, 
there is no standardized OIT protocol or food 
material, and thus there is little unity among the 
studies for comparison and understanding. These 
issues will be important to facilitate the transition 
to clinical practice.
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Epicutaneous Immunotherapy

Allison G. Hicks and David M. Fleischer

�Introduction

Food allergy is defined by the National Institute 
of Allergy and Infectious Diseases expert panel 
as an adverse health effect arising from a spe-
cific immune response that occurs reproduc-
ibly on exposure to a given food [1]. True food 
allergy prevalence in the United States is diffi-
cult to assess, as food challenges have not been 
performed in US prevalence studies to confirm 
IgE-mediated food allergy; rather food allergy is 
patient or parent reported. Self-reported preva-
lence in adults approaches 19% [2], but using 
stricter diagnostic criteria, adult food allergy is 
estimated to be nearly 11% [2] while food allergy 
among children is estimated to be between 4% 
and 8% [1, 3–6]. Prior studies have also indicated 
that the prevalence is increasing [3].

Current treatment measures for food allergy 
are limited to strict avoidance, which is known 
to have a negative impact on quality of life [7] 
and is also often hard for patients to adhere to, 
leading to accidental exposures to known food 
allergens [8, 9]. Fortunately, emerging treatment 
options are nearing FDA approval for the treat-

ment of peanut allergy, including epicutaneous 
immunotherapy (EPIT), discussed in this chap-
ter, and oral immunotherapy (OIT), which will be 
discussed in another chapter.

�Proposed Mechanism 
of Epicutaneous Immunotherapy

EPIT was first studied as a method to treat aller-
gic rhinitis [10], but given the increasing prev-
alence and attention to the treatment of food 
allergy over the last several decades, efforts were 
shifted to EPIT for food allergy, starting within 
a murine model. Mouse models have shown that 
applying an antigen via an epicutaneous route 
modulates TH2 immune responses. This occurs 
via antigen-driven activation of dendritic cells 
that then prompt further immune modulation in 
draining lymph nodes (Fig. 18.1) [11].

�Current EPIT Products

Most animal models, as well as all human tri-
als, have used a product developed by DBV 
Technologies called Viaskin. Viaskin consists 
of a central, translucent polyethylene mem-
brane surrounded by an adhesive polyester 
crown for adherence to the skin (Fig.  18.1). 
The delivery system creates an occlusive cham-
ber on the skin which creates moisture, allow-
ing a dry layer of the allergenic material to be 
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released. This allergenic material then diffuses 
across the skin [11] and is primarily absorbed 
by the epidermis but in a small amount by the 
dermis as well. The Viaskin patch (hereafter 
referred to as the patch) is applied in a rotat-
ing fashion every 24 hours to six sites on the 
interscapular space in children younger than 
11 years of age and in past peanut clinical tri-
als on the upper arm in participants 12  years 
and older [12].

�Treatment Regimens

As opposed to other emerging treatment options, 
including OIT, increasing doses of the allergen in 
question within the patch are not used. Instead, 
patches contain a fixed amount of protein in 
micrograms (μg), and the amount of time wear-
ing the single-dose patch is increased at home to 
the maintenance goal of a 24-hour application; 
this is notably different than updosing that occurs 
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Fig. 18.1  Viaskin patch (a) Illustration of patch layers 
and its application on the skin (b) Schematic of the sol-
ubilization of allergen leading to epicutaneous release 

of the allergen and uptake by Langerhans cells in the 
epidermis. (Figure used with permission of DBV 
Technologies)
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in OIT every 2 weeks under medical supervision 
until a maintenance dose is achieved after sev-
eral to many months depending on the amount 
of protein desired for maintenance dosing. The 
patch is first applied for 3 hours under medical 
supervision, and then patients wear the patch for 
6 hours a day during the first week, followed by 
12 hours during the second week, and then from 
the third week onward, the patch is applied for 
24  hours every day. Some patients may have 
more skin reactivity at the initiation of treat-
ment; these local skin reactions usually decrease 
over time, but some patients may have difficulty 
with intense itching. In these cases, the patch can 
be removed and titration to the goal of 24-hour 
wearing can be longer than the 2  weeks pro-
posed. Antihistamines or topical corticosteroids 
can be used to treat significant pruritus or local 
skin reactions. For persistent patch-site reactions, 
patients are instructed to remove the patch and 
to return to the last duration that was tolerated 
for 3 days. The patient could then increase patch 
duration every 3–4  days until they were again 
tolerating 24  hours per day [12]. Patches may 
fall off or may be removed by patients purpose-
fully before 24 hours; the patch is only reapplied 
to the same site if it fell off within 2  hours of 
application.

�Current Evidence in Humans

Clinical trials have been performed assessing 
the use of EPIT in cow’s milk (CM) and peanut-
allergic patients. The current evidence, including 
information from available manuscript publica-
tions as well as abstracts presented at scientific 
meetings, is presented for each below.

�Cow’s Milk

A pilot study using EPIT for cow’s milk allergy 
(CMA) by Dupont et al. was published in 2010 
[13]. Nineteen children between the ages of 
3 months to 15 years were randomized to a pla-
cebo or a CM EPIT. To be included, participants 
had to have a history of systemic symptoms to 

CM protein, serum-specific IgE to CM >0.35 
kilounits per liter (kU/L), and/or a skin prick test 
(SPT) to CM protein with a wheal greater than 
3  mm. Prior to randomization, patients had to 
have a positive oral food challenge, with a cumu-
lative tolerated dose of less than 10 mL of CM.

Treatment consisted of three 48-hour applica-
tions of the patch per week for 3 months applied 
to the interscapular area. Active patches con-
tained 1 mg of skimmed CM powder, and placebo 
patches contained 1 mg of glucose. Patients in the 
active EPIT group had a non-statistically signifi-
cant increase in their cumulative tolerated dose. 
The study’s failure to demonstrate a statistically 
significant improvement was felt to be due to the 
short duration of the study, 3 months, and they 
proposed future studies with an extended treat-
ment period, i.e., 12 months, to demonstrate an 
effect. As discussed in more detail in the safety 
section, they were able to demonstrate patient 
tolerability and safety of the patch, encouraging 
further studies.

Recently, a Phase I/II safety and efficacy 
study was completed for EPIT in IgE-mediated 
CM-allergic children (MILES study) [14]. Per 
DBV’s press release of the initial results, the 
study enrolled 198 participants in two age groups: 
children aged 2–11  years and adolescents aged 
12–17 years [15]. Participants were randomized 
1:1:1:1 into four treatment arms comparing pla-
cebo to 150, 300, and 500 μg patches. Patients 
underwent a double-blind, placebo-controlled 
food challenge (DBPCFC) at screening and again 
after 12 months of treatment.

The primary efficacy endpoint of the study was 
the percentage of patients who responded to treat-
ment, which was defined as either (1) a 12-month 
cumulative reactive dose (CRD), defined as 
the total dose of allergen administered in the 
DBPCFC prior to occurrence of an allergic reac-
tion, of ≥1444 mg (approximately 45 mL of CM) 
or (2) a tenfold or greater change in baseline in 
DBPCFC CRD and tolerance of at least 144 mg 
(4.5 mL) of CM protein. The study found a statisti-
cally significant response in the 300-μg arm of the 
2–11 years of age group, with a response rate of 
57.9% compared to 32.5% in placebo (p = 0.042). 
There was not a statistically significant response 
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in any dosage level in the adolescent age group or 
at other dosage levels in the younger group. An 
open-label extension with conversion of all par-
ticipants to the 300-μg dose and active treatment 
for up to 3 years has been proposed, with a Phase 
III clinical trial being planned.

�Peanut

Initial studies were performed at multiple sites 
in France, entitled the Arachild study. Dupont 
et  al. enrolled 54 pediatric participants (ages 
5–17  years, median 10.5) with a peanut IgE 
level greater than 5 kU/L and SPT greater than 
8  mm to peanut who reacted during a screen-
ing DBPCFC to a CRD dose of <300  mg pea-
nut protein. Patients were randomized 1:1 to 
either a 100-μg peanut protein patch for a total 
of 18 months vs. 6 months of placebo followed 
by 12 months of active treatment. Desensitization 
was monitored by DBPCFCs every 6  months. 
Treatment response was defined as a ≥tenfold 
increase in the CRD from baseline or a dose 
threshold of ≥1000  mg. Patients in the arm 
receiving 18 months of active treatment showed 
a treatment response of 40% overall, with the 
subpopulation of children aged 5–11  years (15 
children) showing a 67% response rate. In this 
subpopulation, the mean CRD increased over 
time: baseline: 24.27  ±  29.98  mg; 6 months: 
122.6 ± 239.2 mg; 12 months: 308.3 ± 673.9 mg; 
18 months: 357.7 ± 542.9 mg, with a p value of 
<0.001 between serial measurements of partici-
pants CRD.  Peanut IgG4 levels showed a pro-
gressive increase over time, with a mean value of 
5.13 ± 5.9 mg/L at 18 months (p < 0.001) [16].

A follow-up study by Sampson et al. assessed 
different dosages of the peanut patch, entitled the 
VIPES randomized controlled trial [17, 18]. Two 
hundred twenty-one participants aged 6–55 years 
were randomized 1:1:1:1 to 1  year of patches 
at either 50-μg, 100-μg, 250-μg, or placebo. 
Inclusion criteria were similar, with participants 
having to demonstrate an allergic reaction to pea-
nut during a screening DBPCFC to an eliciting 
dose (ED) of ≤300  mg. The primary endpoint 
was the proportion of respondents with a ≥ten-

fold increase in their ED, defined as the last single 
food challenge dose administered prior to devel-
opment of objective clinical symptoms, or achiev-
ing a posttreatment eliciting dose of ≥1000 mg. 
CRDs were also measured but were not the pri-
mary endpoints as in the Arachild Study.

The overall primary endpoint was met but 
only with the 250-μg dose (total 56 participants, 
28 children). After 12  months of treatment, 
50.0% of participants in the 250-μg dose were 
responders vs. 25% (n = 14) in the placebo group 
(difference in response rates 25%, p = 0.01); this 
corresponded to a number-needed-to-treat of 4. 
Again, the younger subpopulation, children aged 
6–11  years, demonstrated the only statistically 
significant response; in this age group, 53.6% 
(n = 15) of those on the 250-μg patch responded 
vs. 19.4% for the placebo participants of the same 
age range (difference in response rates 34.2%, 
p  =  0.008). Adolescents and adults showed no 
difference between any active dose and placebo. 
The mean CRD at month 12 was greater for the 
250-μg dose (1117.8  mg) compared to placebo 
(469.3 mg) (least squares [LS] mean difference, 
336.2 mg); for the children subpopulation, mean 
CRDs were 1211.9  mg and 239.2  mg, respec-
tively (LS mean difference 333.7).

The placebo response rate was much higher 
than the study’s projected 10% and higher 
than that reported in other studies. The authors 
argue this could have been due to the use of 
PRACTALL DBPCFC guidelines, which initiate 
food challenges as very small doses [19]. Given 
these small starting doses, it was proposed that 
more placebo arm patients were able to meet the 
primary endpoint of a tenfold increase from their 
baseline challenge than if higher initiating doses 
were used. A progressive increase in IgG4 was 
again noted over the 12-month period, but the 
increase was only statistically significant for the 
250-μg group and was most robust in the young-
est age range. At month 12, mean peanut IgG4 
levels were greater for the 250-μg patch than for 
placebo (LS mean difference 2.2, p  <  0.001). 
Compliance with patch application was greater 
than 95%, and dropout for adverse events was 
less than 1%, with no serious adverse events 
occurring related to treatment.
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Sampson et al. then completed an open-label 
24-month extension of the participants in the prior 
dose-range study, the Open-Label Follow-up 
Study or OLFUS-VIPES [18, 20]. Of the 207 
participants who completed the VIPES trial, 171 
(82.6%) entered the open-label extension, 97 chil-
dren (85.8%) and 74 adolescents/adults (68.5%). 
All participants were transitioned to the 250-μg 
patch within 6 months of completing the Phase 2b 
trial. All patients underwent DBPCFCs at months 
12 and 24 of the extension, and the primary end-
point was unchanged from the Phase IIb blinded 
trial. For the overall study population, per-pro-
tocol response rates after 12 and 24  months of 
additional therapy were 63.3% and 68.4% in chil-
dren, respectively, and 54.2% and 57.8%, respec-
tively, in adolescents/adults. The mean CRD of 
21 children originally on the 250-μg patch in 
the blinded Phase IIb trial continued to increase 
from mean of 1067.8 mg at 12 months of treat-
ment to 1883.5  mg at 24  months (OLFUS-year 
1) and to 2453.9 mg at 36 months (OLFUS-year 
2) of treatment. Furthermore, of the 18 of these 
21 participants who were challenged at 36 months 
of active treatment, 39 (7/18) were able to con-
sume a CRD of ≥5040 mg. Of note, 31.7% of the 
patients in the open-label extension discontinued 
for various reasons, with only two patients (1.2%) 
discontinuing due to adverse events, one of which 
was a treatment-emergent adverse event (TEAE). 
Compliance rates and rate of patch-related adverse 
reactions in the 24-month extension were similar 
to the initial 12-month study.

While previous trials discussed to date have 
only focused on efficacy related to desensitiza-
tion, defined as a transient, reversible state of 
decreased threshold reactivity while receiving 
therapy, one of the efficacy analyses in OLFUS-
VIPES investigated sustained unresponsive-
ness (SU), defined as sustained reduced clinical 
reactivity determined by a food challenge after a 
period of cessation of therapy [21]. Participants 
in the OLFUS-VIPES trial who tolerated a cumu-
lative dose of ≥1440 mg of peanut protein during 
the month 24 DBPCFC were invited to enroll in 
a SU assessment with another DBPCFC at month 
26 after stopping EPIT treatment for 2 months. 
Twenty-nine participants, 21 children and 8 

adolescents/adults, completed 24–36  months of 
EPIT with 250-μg and were unresponsive to a 
cumulative dose of ≥1440 mg peanut protein at 
the month 24 OLFUS DBPCFC.  Of the 29, 25 
participants, 19 of which were children and 6 
were adolescents/adults, completed the 2-month 
period without treatment and underwent the 
subsequent DBPCFC.  Eighty percent (20/25) 
were able to consume the cumulative dose of 
≥1440  mg at 26  months without reaction, thus 
being labeled as developing SU to this cumula-
tive dose. Further studies investigating SU with 
EPIT are required, but this initial report is prom-
ising in regard to its ability to induce a more last-
ing response.

A concurrent Phase II study was conducted 
by Jones et  al. within the Consortium of Food 
Allergy Research (CoFAR) group [12]. Seventy-
four participants between the ages of 4–25 years 
(median age 8.2 years) were randomized to either 
a placebo patch, a 100-μg patch, or a 250-μg 
patch for a period of 52 weeks. Inclusion criteria 
varied slightly compared to the previously dis-
cussed studies, requiring a peanut-specific IgE 
of >0.35 kU/L, a SPT wheal size ≥3 mm greater 
than the saline control, and a positive baseline 
DBPCFC to a cumulative dose of 1044 mg or less 
of peanut protein.

The primary endpoint was the proportion of 
participant responders after 52  weeks of treat-
ment, defined as either passing a DBPCFC 
with 5044  mg of peanut protein at week 52 or 
by a ≥  tenfold increase in the successfully con-
sumed dose (SCD). At 52  weeks, compared to 
placebo, in which three placebo arm participants 
(12%) met the primary endpoint, treatment suc-
cess was obtained in 11 100-μg patch participants 
(46%, p  =  0.005) and 12 250-μg patch partici-
pants (48%, p = 0.003). There was a statistically 
significant difference in the median change of 
SCDs in both the 100-μg and 250-μg patches, 
43 mg and 130 mg of protein, respectively, com-
pared to placebo (0 mg change). Similar to the 
studies previously discussed, treatment success 
was higher among younger children (4–11 years 
of age): compared to placebo, treatment success 
was achieved in 1 (6%) placebo-treated partici-
pant, 10 (59%) 100-μg treated participants, and 
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11 (61%) 250-μg treated participants (p < 0.001 
and p < 0.001, respectively). A statistically sig-
nificant increase in peanut-specific Ig4 levels 
over time between treatment groups (p < 0.001) 
was again noted among the 100-μg patch and 
250-μg patch groups compared to placebo.

DBV is now completing Phase III trials regard-
ing their peanut patch, titled Peanut EPIT Efficacy 
and Safety Study (PEPITES) and Real Life Use 
and Safety of EPIT (REALISE). PEPITES was a 
multi-center, international, randomized, double-
blind, placebo-controlled study where pediatric 
participants ages 4–11 years were randomized 2:1 
to either a 250-μg peanut patch or placebo patch 
[22]. Participants underwent a baseline DBPCFC, 
and the primary combined endpoint was based on 
responder analysis after 12  months of treatment. 
For participants who had a baseline ED of ≤10 mg, 
a responder was labeled as a participant with an 
ED of ≥300 mg of peanut protein after 12 months 
of treatment. In patients who had a baseline ED 
>10 mg, a responder was defined as a 12-month 
ED of ≥1000 mg. To assess the degree of benefit in 
favor of peanut-patch, a threshold of ≥15% on the 
lower bound of a 95% confidence interval around 
the responder rate difference was prespecified.

PEPITES Topline results found a statistically 
significant response, with 35.3% of participants 
in the 250-μg patch arm responding vs. 13.6% 
of participants in the placebo arm (difference 
in response rate 21.7%; p  <  0.001; 95% confi-
dence interval (CI)  =  12.4%-29.8%) [23]. The 
lower bound of the 95% CI of the difference 
extended below the prespecified lower limit of 
15%. CRD was a secondary endpoint and showed 
that participants treated with the 250-μg patch for 
12 months reached a mean CRD of approximately 
900 mg vs. 360 mg in the placebo arm. The mean 
baseline CRD was 210 mg in both groups, and 
the 250-μg patch arm’s increase was statistically 
significant compared to placebo (p < 0.001).

An open-label extension trial, titled the 
PEPITES Open Label Extension Study 
(PEOPLE), is following the participants from 
PEPITES for a 36-month open-label treatment 

period: 300 of the 323 (93%) participants from 
the 12-month blinded trial have enrolled in the 
open-label extension [24]. Participants who 
had received the 250-μg patch for the initial 
12 months continue for an additional 24 months 
of treatment, while those initially on placebo will 
complete a total of 36 months of open-label treat-
ment with the 250-μg patch. DBPCFCs will be 
performed after 36 months of treatment.

The REALISE study was initiated in 2016 to 
assess the safety and efficacy of the peanut patch 
in routine clinical practice [25]. It is a multi-
center, randomized, double-blind, placebo-
controlled Phase III study where participants 
age 4–11 years initially were randomized 3:1 to 
a 250-μg patch or placebo for a 6-month blinded 
period. After 6 months, participants in both arms 
were invited to join an open-label extension 
with the plan to monitor participants for a total 
of 36  months of active treatment. Serological 
markers were followed over time as well as 
scores from a Food Allergy Quality of Life 
Questionnaire (FAQLQ). Given its intent to mir-
ror clinical practice, no entry oral food challenge 
was required to enroll in the REALISE study. 
Participants were selected based on medical his-
tory of IgE-mediated reactions to peanut as well 
as baseline peanut-specific immunologic mark-
ers. The blinded portion of the study was com-
pleted in 2017, and of 393 participants enrolled, 
383 (97.5%) continued into the open-label por-
tion of the study, which is ongoing [26]. The 
initial results from the blinded portion showed 
a similar safety profile of prior studies, which is 
discussed further below [27].

A summary of the different phase trials using 
the peanut patch is provided in Table 18.1.

�Safety

The primary objective of many of the initial stud-
ies previously outlined has been to assess safety 
and tolerability of EPIT in humans. Evidence is 
again outlined for both CM and peanut below.
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Table 18.1  Summary of the different phase trials using the peanut patch

Phase Study name Reference Design N
Age 
(y)

Peanut 
treatment 
arm dose(s) 
(μg) Duration

Results of primary 
outcome

Phase 
I

Jones [28] Randomized, 
double-blind

100 5–60 20, 100, 
250, 500

2 weeks 52% of patients in 
treatment arms had at 
least one TEAE, 41.3% 
mild severity, 11.3% 
moderate severity, no 
severe TEAES

Phase 
II

CoFAR Jones [12] Randomized, 
double-blind

74 4–25 100, 250 12 months 46% in 100 μg and 48% 
in 250 μg patch with 
either tenfold increase 
in SCD or passed 
DBPCFC of 5044 mg

ARACHILD Dupont 
[16]

Randomized, 
double-blind

54 5–17 100 18 months 40% of 18-month 
treatment group had 
a ≥ tenfold increase in 
CRD or a dose 
threshold of ≥1000 mg

VIPES Sampson 
[17]

Randomized, 
double-blind

221 6–55 50, 100, 
250

12 months 50% of the 250 μg 
group had a ≥ tenfold 
increase in ED and/or 
reached ≥1000 mg 
peanut protein vs. 25% 
of placebo (p = 0.01)

OLFUS-
VIPES

Sampson 
[20]

Open-label 
extension

171 6–55 250 24 months 68.4% of children and 
57.8% of adults had 
a ≥ tenfold increase in 
ED and/or reached 
≥1000 mg peanut 
protein after 24 months 
of additional treatment

OLFUS-
VIPES – SU

Brown-
Whitehorn 
[21]

Sustained 
unresponsiveness 
extension

29 6–55 2 months 
off 250

2 months 80% (20/25) tolerated a 
DBPCFC of ≥1440 mg 
off of therapy for 
2 months

Phase 
III

PEPITES DBV [22, 
23]

Randomized, 
double-blind

323 4–11 250 12 months 35.3% responders 
(either increase from 
≤10 mg to ≥300 mg or 
from >10 mg to 
≥1000 mg) vs. 13.6% 
of placebo (p < 0.001)

PEOPLE DBV [24] Open-label 
extension

300 4–11 250 36 months Results pending

REALISE DBV [26] Blinded, 
followed by 
open-label

393 4–11 250 36 months Data from initial 
6 month blinded period 
with adverse events 
mostly mild/moderate. 
3 SAEs in treatment 
group vs. 2 in placebo

EPITOPE DBV [29] Randomized, 
double-blind

331 1–3 100, 250 15 months Results pending
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�Cow’s Milk

Dupont et  al.’s initial pilot study [13] of CM 
patches defined local adverse events as local reac-
tions exceeding simple erythema, with or without 
local pruritus, and associated erythema, edema, 
and infiltration using the International Contact 
Dermatitis Research Group classification grade I 
[30]. Of the 19 participants, local adverse events 
were reported for 4 of 10 children in the active 
group and 2 of the 8 participants in the placebo 
group. In the intention-to-treat population, 24 
systemic adverse reactions occurred in the active 
group and 8  in the placebo group. However, no 
reactions were classified as anaphylaxis, and 
reported symptoms, including bronchitis, diar-
rhea, and fever, were unlikely to be due to treat-
ment, and no participant interrupted treatment 
because of an adverse event.

Interim safety reports from the MILES study 
have also had minimal significant safety concerns 
[14]. In Part A, an initial 18 participants, with a 
median age of 8 years at entrance, were random-
ized to receive either a placebo patch or a 150, 300 
or 500 μg CM patch to assess safety before open-
ing the trial for further recruitment. At time of the 
interim report, no serious adverse events had been 
reported, and no epinephrine had been required 
for a drug-related adverse event. Most participants 
reported local itching (83.3%), redness (83.3%) or 
swelling (72.2%) with at least one patch applica-
tion. One case of erythema and papules required 
treatment with 2% topical hydrocortisone. Three 
other cases of drug-related adverse reactions were 
reported and were all skin reactions of mild to 
moderate intensity, i.e., application site urticaria or 
bruising. Preliminary results from Part B, which 
looked at the safety and efficacy of the three doses 
of a CM patch in 198 patients, also reported no 
treatment-related serious adverse events [15]. 
Most reported adverse events were mild to moder-
ate application site reactions, and there was a low 
dropout rate of 1.5% due to adverse events.

�Peanut

Initial Phase 1 safety trials in peanut involved 
100 participants ages 6–50  years with peanut 

allergy, including 30 adult participants deemed 
to have severe peanut allergy [28]. A severe pea-
nut allergy was defined as positive SPT with a 
wheal greater than or equal to 8 mm, a serum IgE 
greater than 0.7 kU/L and a history of allergy to 
peanuts with anaphylaxis of grade 4 or 5 using 
a standardized food-induced anaphylaxis grading 
scale [31]. Participants were randomized 4:1 to 
receive peanut patches in doses of 20, 100, 250, 
and 500 μg or placebo. The patch was applied to 
the upper arm or interscapular space at either 24- 
or 48-hour periods during a 2-week period fol-
lowed by a 1-week follow-up period. Safety and 
tolerability were assessed by evaluating the pres-
ence and severity of TEAEs and local- treatment-
emergent adverse events (L-TEAEs), which were 
limited to the patch site. TEAEs were overall 
mild, and there were no differences in TEAEs 
between treatment groups. In those on active 
treatment, 52.5% (42/80) reported at least one 
TEAE, 41.3% of which were mild in severity and 
11.3% were moderate. In the placebo arm, 45% 
(9/20) reported at least one TEAE, 30% of mild 
severity, and 15% of moderate severity. There 
was no statistical difference in the proportion of 
participants reporting a TEAE in the placebo vs. 
active treatment arms or when comparing partici-
pants with severe vs. non-severe peanut allergy. 
There were no reports of severe TEAEs, severe 
adverse events or epinephrine use. The product 
and study were also well tolerated, with only 4 
of 100 participants discontinuing, 3 because of 
TEAEs, and 2 of which were participants on 
active treatment.

The CoFAR Phase II EPIT trial assessed 
safety as well as clinical response over a 52-week 
period [12]. Participants were monitored for 
patch-site reactions during scheduled visits and 
as needed. Skin changes at the patch site were 
scored as grade 0–4. Extension of symptoms 
outside the patch site or involvement of systemic 
reactions was recorded using the CoFAR grad-
ing system for allergic reactions [12]. Overall, 
14.4% of placebo doses resulted in a reaction 
vs. 79.8% in active doses (100-μg and 250-μg). 
The majority of reactions were mild and limited 
to the patch site. Grade 2 or greater patch-site 
reactions occurred with 1.6% of placebo doses 
vs. 18.7% of 100-μg doses and 23.4% of 250-μg 
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doses. There was report of one grade 4 reaction 
in a 12-year-old participant, resulting in discon-
tinuation of this participant by predetermined cri-
teria. Reactions that extended beyond the patch 
occurred in 1.5% of placebo participants, 8.9% 
of 100-μg patches, and 16.2% of 250-μg patches. 
Non-patch-site reactions were uncommon, being 
reported in 0.2% of placebo and 100-μg doses 
and 0.1% of 250-μg doses. No participants had 
a severe or life-threatening reaction. Treatment 
of reactions most commonly consisted of topical 
corticosteroids, followed by oral antihistamines. 
The median percentage of doses per participant 
with a treated reaction was 0% for the placebo 
group compared to 8.9% for the 100-μg patch 
and 16.2% for the 250-μg patch. No epinephrine 
was used for treatment of symptoms. High com-
pliance of 97.1% demonstrated good tolerance of 
the product.

The VIPES and OLFUS-VIPES studies pre-
sented further reassuring safety data for peanut, 
similar to that found in the CoFAR trial and with 
those of CM [18]. Participants graded applica-
tion site skin reactions (i.e., erythema, pruritus, 
and edema) or cutaneous symptoms on a daily 
basis with a scale from 0 (absent) to 3 (severe) 
for the first 3 months of the study and whenever 
symptoms occurred for the remaining 9 months. 
Occurrence of all TEAEs and event rates were 
balanced between all peanut patch groups (50-, 
100-, or 250-μg). TEAEs related to the inves-
tigational product occurred twice as often in 
the peanut-patch groups compared to placebo 
(96.2% for 250, 94.6% for 100, 96.4% for 50, 
and 48.2% for placebo), primarily during the first 
months of treatment. Local skin reactions were 
the most common adverse symptoms reported, 
and symptoms of grade 1–3 occurred during the 
first month of treatment in most participants, but 
such symptoms lasted less than 3 months in half 
of the participants. The rate of more generalized 
reactions was approximately 25%, including 
mostly cutaneous reactions extending beyond 
borders of patch (18%) There was one case of 
non-serious, moderate anaphylaxis possibly 
related to treatment, and 20 serious AEs were 
recorded in 17 participants, none related to study 
drug. The patch was overall well tolerated, with 
only 3 in 165 discontinuing because of an AE, 1 

for an unrelated AE and 2 for local dermatitis, 4 
and 9  months after initiating the patch. Similar 
results were seen during the open-label extension 
period.

In the REALISE study [27], the most com-
monly reported adverse events were local appli-
cation site reactions that were mostly mild or 
moderate in nature. A similar number of serious 
adverse events were observed in the active and 
placebo arms (3 events vs. 2 events, respectively): 
1 episode in the treatment arm was labeled as 
moderate anaphylaxis probably related to treat-
ment. In the 6-month blinded period, the dis-
continuation rate was 2.5% with a 1.0% dropout 
related to adverse events, with a mean participant 
compliance above 95%.

Overall, data collected thus far regarding the 
safety of the patch for EPIT have been reassur-
ing. Although the rate of local erythema and pru-
ritus is quite high, especially at the initiation of 
EPIT, studies to date have shown a decrease in 
severity and frequency of symptoms over time 
with prolonged use, a high level of tolerability 
and compliance, and a low risk of more serious 
side effects. Furthermore, increased reactions 
have not been seen with exercise or patch appli-
cation while the participant is ill with an infection 
(e.g., URI, influenza); an increased risk of reac-
tion during these scenarios has been noted in OIT 
studies [32–35]. Families should also be con-
sulted on proper application of the patch product 
as some of the more systemic adverse events in 
the trials previously outlined may have been due 
to accidental transfer of allergen from the patch 
to mucous membranes during application as 
opposed to a reaction from the patch itself [28].

�Comparison of Other Treatment 
Methods

EPIT is not the only emerging treatment for 
IgE-mediated food allergy, and thus before start-
ing any new therapy, a consideration of EPIT 
compared to other immunotherapy methods is 
warranted. Clinical trials to date have focused 
on other forms of food immunotherapy, primar-
ily OIT and sublingual immunotherapy (SLIT) 
(Note: the safety and efficacy of OIT will be 
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covered in greater detail in Chap. 17) [5, 36]. 
This section will focus more on the general dif-
ferences with respect to advantages and disad-
vantages among the therapies with respect to 
efficacy, safety, and practicality.

�Oral Immunotherapy

OIT has been studied most extensively in the 
form of single-allergen therapy, primarily with 
CM, egg, and peanut, although multi-allergen 
OIT is also under investigation [37]. With respect 
to efficacy, OIT studies have reported ranges 
of desensitization at rates ranging from 40% to 
90% and a rate of SU of 27%–50%, with varying 
doses of maintenance therapy, length of treatment 
on therapy, and with amount of time off therapy 
[38]. Studies to date, in general, demonstrate 
increased desensitization and SU in OIT com-
pared to EPIT.  However, this higher degree of 
efficacy is not unexpected when orally consumed 
doses are commonly given at a maintenance dose 
of 300 mg of protein (or in previous non-industry 
studies in 2–4 gram daily doses) compared to 
250–300 μg of protein applied topically. To put 
this into scale, 250–300 mg is the protein content 
of approximately one peanut; 250 μg is a 1000-
fold less difference in daily protein amounts. In 
fact, over the course of a 3-year study of daily 
application of a 250-μg patch, the total dose of 
this daily application, approximately 273 mg, is 
less than 1 day of 300 mg protein taken orally.

However, with the higher doses taken orally 
comes a higher side effect profile, resulting in 
higher dropout rates in OIT compared to EPIT. As 
seen in EPIT where local skin reactions occur in 
over 90% of patients, overall approximately 90% 
of participants in clinical trials for OIT experi-
enced mild, localized adverse events [36]. The 
most common symptoms with OIT are oral pru-
ritus and abdominal pain that are generally mild 
and do not require treatment. However, more 
moderate symptoms occur with OIT in a small 
percentage of patients, such as wheezing, vomit-
ing, and urticaria; while these may only occur in 
a small percentage of patients, the fact that larger 
doses are given orally over an extended period of 

time makes this risk for each patient more signifi-
cant. More severe reactions requiring treatment, 
including epinephrine, have been reported with 
OIT, especially during dose escalation (build-up 
to maintenance dose), although they can occur as 
well during maintenance dosing. Gastrointestinal 
side effects are most common in OIT and can be 
intolerable in up to 20% of receiving active ther-
apy, leading to a much higher rate of therapy dis-
continuation in OIT compared to EPIT or SLIT: 
15–20% withdrawal rate in OIT studies compared 
to 1–5% in EPIT and SLIT studies. Also concern-
ing is that patients on OIT who have previously 
been tolerating therapy can unpredictably and sud-
denly have a severe reaction with certain cofactors 
such as exercise or infection, e.g., febrile illnesses.

Another area of concern for OIT is the reported 
incidence of eosinophilic esophagitis (EoE). 
EoE is an immune-mediated chronic disease 
with wide-ranging symptoms, most commonly 
abdominal pain, vomiting, reflux, dysphagia, and 
food impaction, as well as eosinophilic infiltra-
tion of the esophagus on biopsy [39]. A recent 
review of OIT clinical trials attempted to quan-
tify the rate of EoE [40]. Direct correlation is 
difficult given endoscopy with biopsies are not 
performed prior to initiation of OIT, and thus 
presence of EoE at baseline cannot be ruled 
out. Furthermore, most patients who develop 
GI-related symptoms that may be attributed to 
EoE do not undergo endoscopy with biopsy 
to prove the presence of it, but rather stop OIT 
with resolution of symptoms. This review both 
assessed symptoms that could be concerning for 
the presence of EoE, which can be difficult given 
their prevalent and vague nature as well as con-
firmed cases of EoE. Overall rates of symptoms 
possibly related to EoE were 34% for general GI 
symptoms, 32% for abdominal pain, and 12% for 
vomiting. In 18 studies, there were confirmatory 
endoscopies with biopsies performed when there 
was concern for EoE in 35 cases, making a rate 
of developing EoE of 5.3% in patients receiving 
OIT.  A systematic review with meta-analysis 
performed in 2014 found a lower prevalence of 
EoE of 2.7% [41], but a prospective study of 128 
patients undergoing OIT reported a prevalence of 
4.69% [42]. Given the chronic nature of EoE and 

A. G. Hicks and D. M. Fleischer



255

its impact on nutrition and quality of life, this risk 
should be discussed with potential patients and 
families considering treatment options for IgE-
mediated food allergy.

Another consideration in the clinical set-
ting is the titrating protocol in OIT vs. EPIT. 
OIT protocols have varied but usually consist of 
three phases: initial day escalation, build-up, and 
maintenance. Initial day escalation consists of 
escalating doses of the allergen until attainment 
of a prespecified minimum dose, usually 3–6 mg 
[43]. The build-up phase follows with incremen-
tal increases of allergen every 2  weeks until a 
maintenance dose is reached. This build-up can 
take nearly a year to achieve if daily maintenance 
doses of 2–4 grams are desired, which can be dif-
ficult if moderate to severe symptoms develop 
with up-dosing that can result in prolongation 
of the build-up phase. More recent studies have 
used lower maintenance doses of 300  mg, thus 
shortening the build-up time. As opposed to the 
fairly quick and simple increasing at-home time 
over several weeks to wear the fixed dose of EPIT 
patch for 24 hours, the dose escalation of OIT is 
more time intensive, with observation time in a 
medical office usually of 1–2 hours if no symp-
toms develop, with longer observation periods 
if they do. If more than two doses in a row are 
missed during the build-up phase, patients are 
recommended to return to have the current dose 
given under medical supervision or a decreased 
dose if 5–7 days are missed. Patients taking doses 
of OIT are instructed to take the dose as part of 
a meal and preferably in the evening, but not 
within 2 hours of bedtime, when a patient can be 
supervised for several hours by a parent/guard-
ian. They are also instructed not to exercise or 
take a hot shower or bath within 3 hours of tak-
ing the dose and are warned about possible aller-
gic reactions when patients are sick with upper 
respiratory infections or other potentially febrile 
illnesses. Thus, the possibly earlier and greater 
clinical desensitization seen with OIT vs. EPIT 
must be balanced by the relative increased safety 
and overall convenience of EPIT, and different 
patients and families will likely prefer different 
treatments depending on their child’s school and 
sports commitments and treatment goals.

�Sublingual Immunotherapy

SLIT for IgE-mediated food allergy has also 
focused on single allergen treatment, includ-
ing CM, peanut, tree nuts, and fresh fruits [5]. 
Studies to date have demonstrated clinical effi-
cacy with a moderate allergen-specific desensi-
tization. Two double-blind, placebo-controlled 
studies of peanut SLIT have been published. In 
a double-blind, placebo-controlled single-center 
study by Kim et al., 18 children age 1–11 years 
completed 12  months of SLIT followed by a 
DBPCFC [44]. At the end of 12 months, partici-
pants in the treatment group were able to ingest 
20 times more peanut protein than placebo group 
(median mg ingested of 1710 mg vs. 85 mg in 
placebo group, p = 0.011). In a randomized, dou-
ble-blind, placebo-controlled multi-center trial of 
patients aged 12–40 years, the CoFAR group was 
able to demonstrate responders in 14 of 20 (70%) 
participants in the active treatment arm after 
44 weeks of SLIT compared to 3 of 20 (15%) of 
participants in the placebo arm (p < 0.001), with 
responders defined as those who could consume 
either a cumulative dose of 5 grams of peanut 
powder or a tenfold increase in the amount of 
peanut powder compared with baseline DBPCFC 
[45]. The median dose tolerated increased from 
3.5 to 496 mg in the peanut SLIT responders. In 
the open-label extension of the study participants, 
4 of 37 (10.8%) were fully desensitized to 10 g 
of peanut powder after 3 years of SLIT [46]. This 
group of participants was also able to achieve 
SU, defined as the ability to consume 10 grams of 
peanut powder, followed by an open-feeding of 
peanut without dose-limiting symptoms 8 weeks 
after discontinuing SLIT [44].

SLIT has also been noted to have a low 
side effect profile, with dosing symptoms lim-
ited to mostly oropharyngeal pruritus. In the 
CoFAR study, 59.9% of peanut SLIT doses 
were symptom-free during the study’s first 
44  weeks blinded phase, and with exclusion 
of oral-pharyngeal symptoms, 94.7% of doses 
were symptom free. Only 127 (1.1%) of the total 
11,854 doses required treatment during the first 
phase, 125 of which required oral antihistamines 
only, with one requiring albuterol only, and the 
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other antihistamine and epinephrine. However, 
adherence over time in the CoFAR trial of ado-
lescents and adults was difficult for participants, 
with greater than 50% of participants discontinu-
ing therapy, resulting in limited interpretation of 
its effectiveness [45].

A summary of the advantages and disadvan-
tages among EPIT, OIT, and SLIT is provided in 
Table 18.2.

�Clinical Approach to Use

As new treatment methods become avail-
able for IgE-mediated food allergy, clinicians 
must be comfortable with their use and which 
patient populations would be best served as pos-
sible candidates. As previously summarized, the 
most promising use of EPIT may be in younger 
patients, likely prior to the age of 11 years, and 
possibly most effective under 1–3 years of age, 
which will be studied in the EPIT in Toddlers 
with Peanut Allergy (EPITOPE) trial [29]. Prior 
confirmatory testing for an IgE-mediated food 
allergy as well as supporting clinical history con-
sistent with a food allergy should be obtained 
as is discussed in more detail in other chapters 
of this book. In clinical practice as opposed to a 
clinical trial, an oral food challenge may not be 
required prior to initiation of EPIT.

Prior to initiation of any food allergy immu-
notherapy, medical providers must discuss 
patient and family goals of treatment. It should 
be discussed with families that the use of EPIT, 

or other therapies including OIT and SLIT, is 
unlikely to “cure” an individual of their IgE-
mediated food allergy. Their primary indication 
for FDA approval will be as treatments that can 
induce a level of desensitization to the allergen 
of concern over that of SU and possibly true 
tolerance. This desensitized state may prevent 
patients from either any allergic reaction or pos-
sibly a less severe reaction due to a cross-con-
tamination or other small accidental exposure to 
an allergen; its primary intended use would not 
allow a patient to eat a larger amount of an aller-
gen. The decreased risk of any or a less severe 
reaction due to a cross-contamination may be 
very appealing to families, as the risk of these 
types of reactions can cause a significant amount 
of stress, and the ability to open the diet to these 
precautionary labeled products may improve 
patient and family quality of life [47]. Along 
this line, a recent study by Baumert et al. deter-
mined that achieving thresholds of 300  mg of 
peanut protein was clinically relevant, and that 
the risk for peanut-allergic patients who achieve 
this increased threshold via immunotherapy had 
a decreased risk of an allergic reaction due to 
cross-contamination of about 99% [48]. Longer 
treatment may result in SU or possibly toler-
ance, but longer-term follow-up of patients will 
be needed to determine this.

The length of treatment should also be dis-
cussed with patients and families prior to initia-
tion. Studies to date show an improved response 
to treatment with prolonged use of EPIT, with 
significant increases in amount of peanut protein 

Table 18.2  Summary of the advantages and disadvantages among EPIT, OIT, and SLIT

Advantages Disadvantages
Oral immunotherapy 
(OIT)

Can achieve larger doses (grams) than SLIT/
EPIT (mg/μg)
Relatively greater efficacy after 1 year of 
treatment compared to SLIT/EPIT

Increased risk of systemic reactions
Not tolerated in 15–20% of subjects
Risk of inducing EoE (2–5%)
Less convenient than EPIT (time and 
labor-intensive dosing/up-dosing)
Compliance: ↑ risk of rxn with missed 
doses and with concomitant exercise/
illnesses

Sublingual 
immunotherapy 
(SLIT)

Relatively fewer side effects than OIT: more 
local oropharyngeal symptoms but less systemic 
reactions

Only able to reach small doses (<10 mg 
daily)
Not tolerated in 5% of subjects
Relatively less efficacy than OIT
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tolerated with 24–36 months of total treatment; 
thus, families should be aware that in order to 
achieve effectiveness in most patients, EPIT (and 
other therapies) may need to be a longer-term 
therapy than just 12 months. The exact duration 
of treatment that will be recommended has yet 
to be determined, and it will vary from patient to 
patient, but it may be many years to a lifetime, 
especially in peanut-allergic patients since they 
less commonly outgrow their peanut allergy. 
Lastly, the side effect profile and relative conve-
nience of EPIT compared to the other therapies 
under investigation must be discussed with fami-
lies. As discussed earlier, EPIT is overall well tol-
erated, but local, mild skin irritation is common 
and should be expected. Discussing side effects 
prior to treatment initiation will likely better pre-
pare a family of what to expect and may increase 
tolerability and compliance.

Once treatment with EPIT is initiated, follow-
up may initially be quite frequent at 3–6-month 
intervals based on previous clinical trials, but this 
may eventually be spaced to 6–12 months unless 
concerns arise. Monitoring of effectiveness may 
include food-specific IgE and IgG4 levels to 
peanut as well as intermittent repeat skin prick 
testing. When a food challenge should occur to 
clinically assess effectiveness is also yet to be 
determined, but mechanistic data that may pre-
dict a response to therapy or signal when to per-
form a food challenge are being investigated.

Finally, it should be noted that none of these 
food immunotherapies are intended to replace 
the current standards of care for management 
of patients with food allergies. Patients who are 
placed on food immunotherapy should continue 
to read food product labeling for their allergens 
and always carry emergency medicines, such as 
epinephrine auto-injectors, at all times in case 
of an accidental ingestion leading to an allergic 
reaction. While these therapies, and the sub-
sequent desensitization induced by them, may 
potentially reduce the risk of any allergic reaction 
or its severity from occurring upon accidental 
ingestion of a trigger food, the same precaution 
patients and families instituted prior to starting 
immunotherapy must remain intact.

�Future Directions and Conclusions

Given the initial clinical success of EPIT, new 
uses are being explored. Initial trials have been 
performed for peanut and CM as discussed 
above, but EPIT will likely extend to other 
common allergens, including egg and possibly 
other foods in the near future. EPIT’s future 
use also extends beyond IgE-mediated food 
allergy. Initial studies in non-human models 
have found that after piglets were induced to 
have EoE, use of EPIT for 3  months reduced 
the median IgE and significantly reduced gas-
tric mucosal lesions and eosinophil counts 
compared to placebo [49]. Similarly, studies 
in mice with induced esophageal eosinophilia 
demonstrated that EPIT reduced Th2 immuno-
logic responses as well as esophageal eosino-
philia (p = 0.05) [50].

A double-blind placebo-controlled, ran-
domized pilot trial in human patients aged 
4–17 years with milk-induced EoE to study the 
efficacy and safety of CM EPIT has been com-
pleted and awaiting publication of results; if 
results are promising, further phase trials may be 
performed [51]. Initial studies have also found 
utility of EPIT in vaccines, with evidence of 
reactivated vaccine-induced pertussis immunity 
with a single application of a patch containing 
detoxified pertussis toxin [52]. There has also 
been collaboration between DBV technologies 
and Nestle Health Science regarding use of EPIT 
as a standardized diagnostic tool in non-IgE-
mediated CMA [53].

Future questions remain regarding EPIT and 
other forms of food immunotherapy, includ-
ing targeting the optimal patients for its use, the 
length of treatment, and monitoring parameters. 
However, given EPIT’s demonstrated efficacy, 
safety, and practicality of use in peanut- and 
CM-allergic patients, its future is promising as 
a treatment method for IgE-mediated allergy. 
Its use in other non-IgE mediated diseases, such 
as EoE and non-IgE-mediated food allergy, and 
its use in vaccinations are also promising future 
directions for this relatively new treatment 
modality.
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�Introduction

IgE-mediated food allergy is a rapidly growing 
health problem affecting millions of individuals, 
both children and adults alike, worldwide. In the 
United States alone it is estimated that 15 mil-
lion Americans, of which 5.9 million are chil-
dren under 18 years of age, are affected by food 
allergy. Epidemiologic studies suggest that there 
has been an increase in prevalence over the past 
two decades that mirrors the increase in other 
atopic diseases like atopic dermatitis [1–5].

Food allergy is thought to be caused by a loss 
of oral tolerance or a delay in the development of 
oral tolerance, or both. There are likely genetic 
and environmental factors that play a role in the 
development of atopic disease [6, 7]. Current 
standard therapy for the management of IgE-
mediated food allergies involves strict avoidance 
of the offending food(s) and immediate treatment 
of allergic reactions, including the use of epi-
nephrine, due to accidental ingestion. This can be 

anxiety provoking to patients and their families 
and quality of life can be significantly affected [8, 
9]. Prevention and treatment of allergic reactions 
can also place a financial burden on patients, 
families, and society (estimated at $24.8 billion 
per year) as the maintenance of strict avoidance 
can prove difficult [10]. Unfortunately, there are 
no FDA-approved treatments for food allergy to 
date and significant resources are being directed 
towards finding potential preemptive treatments 
and cure [11–13].

In this chapter, we first focus on reviewing 
food-allergen-specific treatment techniques that 
are under clinical investigation. Several types 
of immunotherapy are actively being studied for 
the treatment of food allergies, including oral 
immunotherapy (OIT), sublingual immunother-
apy (SLIT), and epicutaneous immunotherapy 
(EPIT). As OIT and EPIT have been covered in 
depth in prior chapters, the current chapter will 
begin with a focus on SLIT. A number of other 
food-specific therapies will also be discussed 
including peptide-based vaccines, recombinant 
allergen vaccines, allergen DNA vaccinations, 
and transgenic plants, which have less supportive 
clinical study data available but which present 
exciting possible treatment modalities that war-
rant further investigation. Finally, non-allergen-
specific therapies including anti-IgE treatment, 
traditional Chinese medicine, and probiotics will 
then be reviewed.
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�Concepts of Desensitization, 
Sustained Unresponsiveness, 
and Tolerance in Immunotherapy

Although allergen avoidance is an effective form 
of management of food allergy, it is not equivalent 
to a true treatment or cure. To mitigate the risk of 
reacting to allergens, several investigational ther-
apies are currently being studied. Currently, the 
most-studied form of disease-modifying treat-
ment is allergen immunotherapy, which for the 
purposes of treatment in food allergies, is admin-
istered via three main routes: sublingual (SLIT), 
oral (OIT), and epicutaneous (EPIT) [12–15]. 
Treatment regimens consist of daily, incremen-
tal doses of whole-allergen extracts which are 
administered over the course of months to sev-
eral years (Fig. 19.1). The over-arching goal of 
immunotherapy is to induce sustained immuno-
logic and clinical tolerance to an allergen follow-
ing cessation of therapy.

In order to evaluate immunotherapy and 
other emerging therapies for food allergy, it is 
important to understand the concepts of clinical 

desensitization, sustained unresponsiveness, and 
tolerance. Desensitization is defined as a tempo-
rary increase in the dose threshold required to 
trigger an allergic reaction while receiving active 
therapy. Desensitization may confer a level of 
protection in case of accidental ingestion but is 
usually achieved only after months of therapy 
and is dependent upon continued treatment. Loss 
of desensitization is not unusual, either in food 
allergy therapy or in the treatment of other aller-
gic diseases, such as environmental allergies or 
hymenoptera venom allergy. The ideal therapy 
would, of course, be curative and allow an indi-
vidual to ingest any amount of allergen without 
symptoms even in the presence of activating fac-
tors (such as acute illness or exercise). This is 
termed tolerance, which is not thought to depend 
upon continued allergen exposure. Clinical stud-
ies often assess whether an increased threshold 
of reactivity to an allergen is lost during a period 
off therapy or whether a temporary remission or 
sustained unresponsiveness (SU) can be main-
tained. Achieving SU appears to require years of 
therapy and has only been evaluated and identi-

Phase 1:
Initial Dose Escalation &

Build Up

Screening &
Baseline OFC

Weeks to Months Months to Years

OFC OFC

Allergen avoidance

Phase 2:
Maintenance Dose

Phase 3:
Hold Therapy

Fig. 19.1  General food immunotherapy administration 
protocol used in clinical studies. Subjects are first screened 
and have a baseline oral food challenge (OFC) performed 
to verify allergy and evaluate for threshold reactivity. 
Treatment begins with the build-up phase (+/− initial dose 
escalation with OIT) involving daily home dosing with 

observed dosage increases every 1–2  weeks. Once the 
maintenance dose is achieved, dosing continues for months 
to years and concludes with an OFC to evaluate for desen-
sitization. Certain protocols then include a period of treat-
ment avoidance lasting up to several months followed by 
an OFC to evaluate for sustained unresponsiveness

L. Yang and E. H. Kim



263

fied in subsets of treated individuals [16–19]. The 
biologic mechanisms underlying desensitization, 
sustained unresponsiveness, and tolerance are 
not well understood, and the achievement of true 
clinical and immunologic tolerance following 
active treatment of food allergy requires further 
investigation [12, 17, 20].

�Allergen-Specific Immunotherapies

�Sublingual Immunotherapy

The sublingual route of allergen administration is 
of significant interest given its success in achiev-
ing tolerance in individuals suffering from envi-
ronmental allergies [21]. SLIT in food allergies 
involves administration of an allergen extract in 
liquid form to the sublingual space where it is 
held for 2–3 minutes to promote absorption and 
then swallowed. Dosing protocols for SLIT do 
not include the initial multi-dose escalation day 

commonly seen in OIT protocols. Rather, sub-
jects begin treatment in the biweekly dose esca-
lation phase receiving their first dilution of SLIT 
under clinical observation. If the dose is well 
tolerated, then subjects repeat the dose daily at 
home with dose escalations every 2 weeks until 
maintenance dosing is reached. Some SLIT pro-
tocols allow for weekly updosing and for some 
updosing to be performed at home, which offers 
a significant advantage over OIT in decreas-
ing the time and cost associated with frequent 
clinic visits. This type of dosing schedule is in 
contrast to EPIT where only a single dose patch 
is required. The dose is instead controlled by a 
prescribed patch application time which is gradu-
ally increased over a few weeks until application 
for 24 hours/day is reached and only intermittent 
clinical monitoring is needed. Notably, dosing in 
SLIT is usually on the order of micrograms to 
milligrams, which is higher than with EPIT but 
much lower than with OIT dosed in milligrams 
to grams (Table 19.1). Maintenance SLIT therapy 

Table 19.1  Comparison of food immunotherapies under current clinical investigation

OIT SLIT EPIT
Allergens 
studied

Peanut, milk, egg, wheat, and 
multi-food regimens

Peanut, milk, hazelnut, 
peach

Peanut, milk

Observed dosing Updosing under observation Updosing under 
observation

Initiation and periodically 
afterwards

Typical 
maintenance 
dose

300–4000 mg 2–7 mg 50–500 μg

Typical protocol Initial dose escalation over 
1–2 days, then build-up with dose 
increases every 2 weeks until 
maintenance

Build-up with dose 
increases every 1–2 weeks 
until maintenance

Increasing patch application 
duration every 1–2 weeks until 
24 hrs/day maintenance 
administration

Restrictions 
around dosing

Administer with food; avoid 
physical activity for 2 hours; do not 
take within 2 hours of bedtime; hold 
during acute illness

No eating for 30 minutes 
following dosing; hold 
during acute illness

Administer to intact skin; hold 
during acute illness

Immune 
modulation

↑ Food-specific IgG4
↓ Food-specific IgE
↓ Skin testing and basophil 
reactivity

↑ Food-specific IgG4
↓ Food-specific IgE
↓ Skin testing and 
basophil reactivity

↑ Food-specific IgG4
↓ Food-specific IgE
↓ Skin testing

Common side 
effects

Gastrointestinal (abdominal pain, 
nausea), oral (local)

Oropharyngeal (local) Skin (local)

Advantages Higher reaction thresholds achieved 
compared to SLIT and EPIT

Moderate reaction 
thresholds, less frequent 
adverse effects

Simple administration, no taste 
aversion, strong safety profile

Disadvantages Frequent office visits for updosing, 
common GI adverse events, risk of 
EoE, restrictions around dosing

Wider range of responses 
than OIT, medicinal taste, 
lack of phase III studies

Lower median reaction 
thresholds than OIT and SLIT 
after 12 months
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then continues for a period of months to years 
and has been associated with clinical desensiti-
zation and changes in antigen-specific immune 
responses [15].

It is believed that SLIT works through aller-
genic interaction with Langerhans cells, which 
are the major dendritic cell population in oral 
mucosal tissues. Evidence suggests that aller-
gen binding of oral Langerhans cells displays 
saturation kinetics that are dependent on both 
the allergen dose and exposure time, which is 
further supported by prior studies performed in 
mouse models and humans evaluating the safety 
and efficacy of sublingual immunotherapy in the 
treatment of allergic rhinitis [22–24]. Following 
antigen binding, Langerhans cells migrate to local 
lymph nodes where interactions with T-cells pro-
mote immune modulation through enhanced pro-
duction of immunosuppressive cytokines, TGF-β 
and IL-10, and induction of Tregs [25].

The study of SLIT in clinical trials for the 
treatment of food allergy has primarily focused on 
peanut, although a few other foods including milk, 
hazelnut, peach, and kiwi have been evaluated 
with promising results [26–29]. In a multicenter, 
randomized, double-blind, placebo-controlled 
trial looking at the efficacy of 44 weeks of peanut 
SLIT, 14 of 20 subjects (70%) were able to con-
sume either 5 g or had at least a tenfold increase 
in the amount of peanut powder they could con-
sume compared to baseline [29]. Subjects were 
subsequently followed in a long-term extended 
maintenance phase where SLIT demonstrated 
a good safety profile. More than 98% of doses 
were administered without reported side effects 
aside from mild oropharyngeal tingling/itch-
ing. No doses of epinephrine were required. 
Immunological changes suggesting modulation of 
the allergic response including decreased peanut-
specific basophil activation and skin prick testing 
persisted for the duration of study [14].

These results suggest that SLIT therapy may 
be an efficacious and safe treatment option for 
food allergy in the future, but larger clinical trials 
are still ongoing to try to answer additional ques-
tions regarding its use. For now, SLIT remains an 
investigational therapy and is not yet available to 
the public in the United States.

�Sublingual Versus Oral 
Immunotherapy

Studies looking at direct comparisons of OIT 
versus SLIT in terms of efficacy and safety are 
limited. A retrospective comparison of SLIT 
versus OIT in peanut allergy in children found 
more significant changes in peanut-specific IgE 
and IgG4 levels in those treated with OIT. These 
patients were also three times more likely to pass 
a desensitization food challenge compared to 
those undergoing SLIT therapy [30].

A double-blind, placebo-controlled study 
evaluated 21 patients with confirmed peanut 
allergy who were randomized to either peanut 
SLIT with placebo OIT or peanut OIT with pla-
cebo SLIT.  Following dose build-up, the daily 
maintenance dose (3.7 mg of peanut protein for 
SLIT and 2000  mg of peanut protein for OIT) 
was continued for 12  months. Oral food chal-
lenges were performed after 6 and 12  months 
of maintenance therapy at which time the sub-
jects and investigators were unblinded. Those 
individuals that completed the 12-month chal-
lenge with mild or no symptoms discontinued 
therapy for 4 weeks and were then re-challenged. 
Subjects who were symptomatic at the 12-month 
challenge proceeded to an unblinded study phase 
where they were offered peanut OIT or SLIT 
for another 6  months. Subjects that were able 
to consume 5–10 grams of peanut protein prior 
to developing symptoms continued their prior 
therapy (either SLIT or OIT) for 6 more months. 
Those subjects that developed symptoms at less 
than 5 grams of peanut protein continued their 
prior treatment and had either active OIT or SLIT 
added on. At the end of this unblinded phase, a 
cumulative 10,000  mg oral food challenge was 
performed and those who successfully completed 
the challenge with minimal or no symptoms 
were taken off therapy for 4 weeks before being 
re-challenged.

Out of 21 enrolled subjects, 16 completed 
12 months of therapy followed by an OFC. All 
subjects, regardless of treatment group, demon-
strated increased challenge thresholds, and seven 
subjects (78%) of the active SLIT group and 
seven subjects (100%) of the active OIT group 
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exhibited at least a tenfold increase in the amount 
of peanut protein they could tolerate compared to 
baseline. However, the OIT group had a greater 
threshold increase compared to the SLIT group 
(141-fold versus 22-fold) after 12  months of 
therapy. Following unblinding, all nine patients 
on active SLIT continued on their therapy and 
had OIT added on, but two were unable to com-
plete OIT build-up due to side effects. The other 
seven individuals completed 6 months of active 
OIT add-on treatment and were re-challenged, 
demonstrating a significantly increased toler-
ated dose (median OFC dose of 10,000  mg) 
compared to the amount tolerated following 
12  months of SLIT alone. Out of the patients 
on active OIT, one individual passed the OFC at 
the end of 12 months and was taken off therapy, 
three individuals stayed on OIT alone for 6 more 
months, and three individuals continued OIT 
and had active SLIT added on for 6 months. All 
three patients that were on extended OIT therapy 
alone passed the 10,000 mg challenge at the end 
of treatment. For those on OIT with SLIT added 
on, a median tolerated OFC cumulative dose of 
10,000 mg was achieved which was not signifi-
cantly different compared to the amount tolerated 
following 12 months of OIT alone.

Although this study is limited in its sample 
size, the results suggest that both OIT and SLIT 
are effective at inducing desensitization with 
a greater level of desensitization achieved with 
OIT compared to SLIT.  However, the potential 
advantage in efficacy afforded by OIT should be 
weighed against safety concerns. In this study, 
the proportion of doses administered that were 
associated with adverse reactions was signifi-
cantly higher in the OIT versus the SLIT group 
(43% versus 9% of doses, respectively). A total 
of five doses of epinephrine were required to treat 
systemic reactions in four patients in the active 
OIT group while none were needed in the SLIT 
group [13, 31].

The dosing and efficacy of SLIT can be limited 
by the volume that can be held in the small sub-
lingual space, but at the same time, lower dosing 
can confer the advantages of better tolerability 
and safety while still maintaining an acceptable 
level of desensitization [32]. These data support 

that SLIT, with its balance of safety and efficacy, 
may provide a viable alternative to OIT.

�Peptide-Based Vaccines

One disadvantage of immunotherapy using 
whole native allergens in the treatment of food 
allergy (as is the case with OIT, SLIT, and EPIT) 
is the risk of anaphylaxis due to the food aller-
gen binding and cross-linking IgE. By utilizing 
small peptide fragments containing short (usu-
ally ~8–16 amino acids in length), synthetic pep-
tides made up of allergen-derived T-cell epitopes, 
one theoretically avoids the risk of cross-linking 
IgE on mast cells or basophils which can elicit 
immediate-type adverse reactions [33]. A T-cell 
epitope is the specific part of an antigen or aller-
gen that is immunogenic and antigenic, so these 
peptides are still able to stimulate T-cell responses 
and lead to suppression and/or downregulation 
of the Th2 pathway, which is the primary goal 
of allergen immunotherapy. Peptide-based food 
allergy vaccination is a proposed method of treat-
ment of food allergies that is still under early 
investigation but may offer an improved safety 
profile compared with classic immunotherapy 
techniques [34, 35].

In order to manufacture a peptide vaccine, all 
potential T-cell epitopes must first be identified. 
Epitope mapping requires the ability to sequence 
an allergen and to identify allergen-specific T-cell 
lines from large donor cohorts. These T-cell lines 
are screened for reactivity against synthetic pep-
tides modeled after the target allergen. Once iden-
tified, precise epitope sequences are evaluated for 
their ability to stimulate T-cells, and those with 
the strongest immunogenicity are selected for 
immunotherapy. Peptide modification is some-
times required to improve solubility and stability 
in manufacturing of the final product. The effi-
cacy of peptide immunotherapy has been dem-
onstrated in studies of perennial and bee venom 
allergies, but its use in food allergy has not been 
widely explored [36–38].

Yang et  al. investigated the therapeutic 
potential of peptide immunotherapy using syn-
thetic peptides manufactured from three epitope 
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sequences that were identified in a previous study 
in a BALB/c mouse model of allergy to ovalbu-
min (Gal d2), which is one of the major allergens 
associated with egg allergy [39, 40]. In this study, 
mice were sensitized to ovalbumin with repeated 
oral feedings and then stratified into treatment or 
placebo groups. The treatment groups were given 
single synthetic peptide doses (AG-15, AI-15, or 
SL-15) or a mixture containing all three peptides. 
Following a three-week treatment period of sub-
cutaneous immunotherapy where injections were 
administered three times a week, the mice were 
given oral challenges with high doses of ovalbu-
min to trigger anaphylaxis. Mice given multiple 
epitope-containing peptides achieved lower ana-
phylaxis scores and lower serum histamine and 
OVA-specific IgE levels compared to single-
peptide treated or placebo-treated mice. The co-
administration of three OVA T-cell epitopes also 
produced significantly higher mRNA expression 
of FOXP3 and TGF-beta in intestinal tissues 
compared to placebo or single-peptide treated 
mice. FOXP3 expressing T-cells are known for 
their inhibitory effects on Th2-allergic responses 
while TGF-beta inhibits effector T-cells and acts 
as a regulator in the induction of FOXP3 expres-
sion in regulatory T-cells. This suggests a poten-
tial modulatory effect of the T-cell response [40]. 
The authors concluded that ovalbumin peptide 
immunotherapy utilizing the administration of 
multiple T-cell epitopes led to suppressive effects 
in egg allergy in a mouse model that may be 
used to better understand mechanisms of peptide 
immunotherapy in food allergy in humans.

Similar research is being conducted in peanut 
allergy where Ara h 1, Ara h 2, and Ara h 3 are 
the major peanut allergens that have been identi-
fied as potential targets for peptide immunother-
apy. Ongoing research into the identification of 
T-cell epitopes in these peanut allergens is cru-
cial to isolating peptide targets for eventual use in 
peptide-based immunotherapy [41–44].

�Recombinant Allergen Vaccines

The use of recombinant native allergens has 
also been considered for use in immunotherapy 

for food allergy, but the major concern in their 
use is the risk of inducing severe hypersensitiv-
ity reactions due to reactivity of the allergens 
with IgE.  The best designed recombinant food 
allergens have a decreased or eliminated abil-
ity to bind IgE while retaining the ability to 
stimulate T-cell responses that is comparable to 
native proteins. The use of recombinant allergens 
in immunotherapy has the potential to induce 
desensitization with shorter courses of treatment 
as higher doses can be administered with little 
or no dose escalation required. In the produc-
tion of recombinant allergens, IgE reactivity is 
mitigated through denaturation of the recombi-
nant wild-type allergen, production of recombi-
nant fragments, or formation of mosaics through 
reassembly of allergen fragments that leads to 
reduced IgE binding and decreased allergenic 
potential [45]. On the other hand, the allergen 
T-cell epitopes are preserved, which allows for 
IgG antibody production and promotion of reg-
ulatory and Th1 immunomodulatory effects. 
Support for the use of recombinant allergens in 
immunotherapy primarily stems from prior stud-
ies looking at the safety and efficacy of their use 
in treatment of environmental allergies to various 
allergens including Birch and Timothy grass pol-
lens [46, 47].

Ara h 1, Ara h 2, and Ara h 3 are three major 
peanut allergens whose T-cell epitopes have 
been mapped out using synthetic peptides and 
sera from a large cohort of peanut-allergic indi-
viduals. Additionally, the amino acid sequences 
needed for IgE binding by these epitopes have 
been identified, allowing for the production of 
recombinant hypoallergenic variants of Ara h 
1, Ara h 2, and Ara h 3 in Escherichia coli. In 
vitro studies have shown that modified peanut 
allergens exhibit decreased IgE binding com-
pared to wild-type allergens while still retain-
ing the ability to stimulate T-cell proliferation 
[48, 49].

Bacterial adjuvants are potent stimulators 
of the Th1 immune response and can be co-
administered with hypoallergenic peanut pro-
teins to help bolster the desensitization effect. 
The efficacy and safety of this technique has 
been explored in several studies. The effects of 
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three times weekly subcutaneous administration 
of heat-killed Listeria monocytogenes (HKLM) 
with a combination of three modified peanut 
allergens (mAra h 1, mAra h 2, and mAra h 3) 
over a period of 4  weeks was investigated by 
Li, et  al. in a murine model of peanut allergy. 
Mice given the combination of modified aller-
gens plus HKLM not only had reduced serum 
histamine and peanut-specific IgE levels, but 
when undergoing a peanut challenge, they had 
decreased incidence and severity of anaphylaxis 
compared to placebo mice. The incidence and 
severity of anaphylaxis in mice treated with 
mAra h 1–3 proteins alone were also reduced 
but to a lesser degree than the mAra h 1–3 plus 
HKLM group [50].

Another study utilized heat-killed Escherichia 
coli that produced engineered Ara h 1, 2, and 
3 proteins (HKE-MP123) and administered 
this mixture rectally to mice and, following an 
intragastric peanut challenge, found that mice 
treated with HKE-MP123 exhibited significantly 
reduced plasma histamine levels and anaphylac-
tic symptoms compared to sham-treated mice. 
This protective effect lasted up to 10 weeks after 
treatment was discontinued [51].

Given these encouraging results, a suspension 
comprised of three recombinant peanut allergens 
(Ara h 1, 2, and 3) encapsulated within inacti-
vated E. coli was developed for human use and 
named EMP-123. Its safety and efficacy were 
assessed in a phase I non-randomized, open-label 
trial. EMP-123 was given rectally in weekly dose 
escalations from 10 to 3063 μg over 10  weeks 
in 10 peanut-allergic adults followed by three 
biweekly doses of 3063 μg. Of the 10 patients, 
5 patients (50%) experienced adverse reactions 
severe enough to prevent them from completing 
the trial. The other five patients experienced mild 
or no symptoms. Assessing immunologic differ-
ences between the two patient groups revealed 
that that median baseline peanut-specific IgE 
and Ara h2-specific IgE levels were significantly 
higher in those individuals who were unable to 
complete the trial. Due to the high frequency of 
adverse reactions, the trial authors concluded that 
additional modifications to the allergens or dos-
ing regimen would be needed [52].

�DNA-Based Vaccines

Another distinct therapeutic approach is to 
completely discount the administration of pro-
tein altogether in favor of allergen exposure in 
the form of DNA. The concept of vaccinations 
using genetic material came about from stud-
ies showing that injections with a plasmid DNA 
(pDNA) vector could induce humoral and cellu-
lar responses to the encoded antigen. The pDNA 
sequence is taken up by antigen-presenting cells 
(APCs) which transcribes and translates the 
antigen-specific DNA into protein product and 
presents it on the cell surface to T-cells via MHC 
complexes [53, 54]. Since genetic vaccination 
preferentially induces a Th1 immune response, 
its use in allergic disease has been investigated in 
different mouse models since a weighted imbal-
ance towards a Th2 immune response has been 
thought to be a major causative factor in the 
development of atopic disease [55, 56].

In a murine model, oral gene delivery 
using Ara h 2 pDNA complexed with chito-
san, which is a nonimmunogenic polysaccha-
ride that improves gene adhesion and transport 
in the gut, led to gene expression in intestinal 
epithelium. Immunized AKR mice showed a 
significant reduction in peanut-induced hyper-
sensitivity symptoms following a period of sen-
sitization and subsequent challenge with Ara h 2 
protein compared to controls as observed using 
specific symptom measurements of anaphylaxis, 
serum peanut-specific IgE levels, and serum his-
tamine levels. The study authors concluded that 
chitosan-pDNA nanoparticles could represent an 
oral option for the prevention of the development 
of food allergies [57]. In another study by Li 
et al., different mouse strains were administered 
intramuscular injections of plasmid DNA encod-
ing Ara h 2. Following three weeks of immuniza-
tion, injections of Ara h 2 elicited anaphylactic 
reactions in C3H/HeJ mice while immunized 
ARK/J and BALB/c mice remained asymptom-
atic. These studies highlight concerns that there 
is a strain-dependent response to pDNA-based 
immunizations which may translate to significant 
interindividual variations in efficacy in the treat-
ment of food hypersensitivity in humans [58]. 

19  Emerging Food Allergy Therapies



268

Additionally, results from human trials using 
DNA-based vaccines have suggested somewhat 
disappointing immunomodulatory effects [59].

In an attempt to enhance the efficacy of 
DNA vaccines, lysosomal-associated membrane 
protein-1 (LAMP-1) has been included in DNA 
plasmids to elicit enhanced immunomodulatory 
effects via greater production of antibodies and 
cytokines. In a study of Japanese Red Cedar 
(JRC) allergy, the DNA sequence of either CryJ1 
or CryJ2, which are the immunodominant aller-
gens to JRC, were fused to LAMP-1 and admin-
istered to BALB/c mice. Resulting data showed 
high IgG2a and low IgE titers as well as high IFN-
gamma production, suggesting an enhanced Th1 
response [60]. This suggests that LAMP-DNA 
vaccines may have therapeutic potential in the 
treatment of allergic disease. An ongoing phase 1 
randomized, placebo-controlled trial is currently 
underway to assess the safety and efficacy of 
ASP892 (ARA LAMP Vax), a multivalent peanut 
(Ara h1, h2, h3) LAMP-DNA plasmid vaccine, in 
peanut-allergic adults (NCT02851277).

�Transgenic Plants

One proposed method of combating the increas-
ing incidence of food allergy is through reduction 
or abolishment of allergen expression in plants, 
which has been made possible with advances in 
biotechnology. In 1996, using antisense RNA 
technology, the expression of allergenic pro-
teins found in seeds from several transgenic rice 
plants was found to be significantly lower than 
wild-type rice [61]. Herman et  al. was able to 
completely suppress the accumulation of Gly m 
Bd 30 K, which is the major identified allergen 
in soybean, in soybean plants and their seeds 
through the use of transgene-induced gene silenc-
ing. There were no observed differences in com-
position, development, structure, or phenotype 
in the transgenic plants compared to controls 
[62]. In another study, RNA interference (RNAi) 
technology was used to decrease expression of 
the allergenic protein Lyc e 3 in tomatoes. There 
was decreased skin reactivity with prick-to-prick 
skin testing using fruits harvested from first- and 

second-generation transgenic plants compared to 
wild-type controls, suggesting decreased aller-
genic potential [63].

But the difficulty with attempts to produce 
hypoallergenic plants, even with utilization of 
the aforementioned approaches, lies in the fact 
that several allergenic proteins are oftentimes 
involved in IgE binding. Alteration in enough 
allergens to make the target food less likely to 
cause an allergic reaction may affect aspects of 
plant health and viability or even characteristics 
that would make the food less palatable, like taste 
and texture [64].

�Nonspecific Allergen 
Immunotherapies

�Anti-IgE

Non-allergen-specific approaches to the treat-
ment of food allergy have been discussed, includ-
ing the use of anti-human IgE IgG1 antibodies, 
which can be advantageous over traditional 
immunotherapies in being able to treat indi-
viduals who may be allergic to multiple foods 
or possess allergies to foods for which targeted 
immunotherapy has not yet been studied. Anti-
IgE therapy is based on the concept that anti-
IgE antibodies bind to the constant region of 
IgE molecules which prevents their binding to 
high-affinity FcεRI receptors on the surfaces of 
mast cells and basophils. This leads to a reduc-
tion in free IgE molecules and inhibition of IgE-
mediated hypersensitivity reactions [12, 32, 46].

The first study looking at anti-IgE therapy 
in food allergy was a double-blind, placebo-
controlled trial using TNX-901, a humanized IgG1 
monoclonal antibody against IgE, performed by 
Leung, et al. in 2003. Results showed that subcu-
taneous administration of TNX-901 every 4 weeks 
for 4 doses in subjects with confirmed peanut 
allergy increased the mean reactivity threshold to 
peanut during oral challenge compared to placebo 
in a dose-dependent manner; however, the increase 
was only statistically significant in the group 
receiving the highest monthly dosing of 450 mg. 
Additionally, about 25% of treated subjects in the 
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450 mg monthly group showed no change in the 
threshold dose, suggesting that a subset of patients 
may not benefit from anti-IgE therapy or would 
require more frequent or higher doses to see a pro-
tective benefit [65].

Further studies using TNX-901 were discon-
tinued following an agreement between phar-
maceutical companies involved in developing 
anti-IgE therapies [66]. Subsequent studies uti-
lized omalizumab (Xolair), a humanized mono-
clonal anti-IgE antibody that has shown promise 
in human studies of asthma and has been approved 
for treatment of severe, persistent allergic asthma. 
A phase II, double-blind, placebo-controlled trial 
performed in 2011 looked at the use of omali-
zumab in the treatment of peanut allergy. The 
study intended to randomize 150 subjects with 
confirmed peanut allergy and to compare changes 
in peanut tolerability thresholds before and after 
therapy. Unfortunately, the study was terminated 
early due to two severe anaphylactic reactions 
that occurred during the initial screening and 
enrollment process before omalizumab was actu-
ally initiated. Prior to trial discontinuation, 26 
subjects had been randomized to omalizumab or 
placebo with 14 subjects completing 24  weeks 
of therapy followed by a double-blind, placebo-
controlled oral peanut challenge. Four (44.4%) 
of omalizumab-treated subjects could tolerate at 
least 1 gram of peanut flour following comple-
tion of therapy compared to one (20%) placebo-
treated subject. A large proportion of subjects did 
not achieve the primary endpoint, experiencing 
reactions at <1 gram of peanut flour; however, 
there was a shift towards greater peanut tolerabil-
ity in omalizumab-treated subjects compared to 
those receiving placebo [67].

In addition to its limited clinical efficacy data 
as a monotherapy, anti-IgE therapy poses some 
significant disadvantages including the need for 
regular clinic administered injections and the high 
cost associated with treatment. Given the recent 
dramatic increase in studies examining immu-
notherapy protocols for food allergies, the use 
of anti-IgE therapy as an adjunct to other food-
specific therapies has gained increasing attention 
[66]. In particular, administration of omalizumab 
with OIT may offer protective effects against 

IgE-mediated reactions, allowing for safer dose 
escalation and better treatment tolerability. In a 
randomized, placebo-controlled study, 37 pea-
nut-allergic children were initially treated with 
either 12 weeks of omalizumab or placebo. They 
then underwent rapid one-day desensitization 
up to a cumulative dose of 490.5 mg of peanut 
protein, which represented a dramatic increase 
from the 6  mg maximum dose more typical of 
OIT protocols. The highest tolerated dose was 
administered daily at home followed by weekly 
updosing up to 2000 mg of peanut protein rather 
than the usual biweekly dosing schedule. The 
anti-IgE study drug was then discontinued and 
subjects continued on 2000  mg of peanut pro-
tein daily, if tolerated. An oral food challenge 
with a cumulative dose of 4000 mg peanut pro-
tein was performed 12 weeks following anti-IgE 
study drug discontinuation and, if tolerated, the 
4000  mg daily dose was continued thereafter. 
The median peanut dose tolerated during rapid 
one-day desensitization was 250  mg for omali-
zumab-treated patients compared to 22.5 mg for 
placebo-treated patients. There were 23 out of 
29 (79%) subjects in the omalizumab group that 
tolerated 2000  mg of peanut protein following 
omalizumab discontinuation compared to one out 
of eight subjects (12%) on placebo, which was a 
statistically significant difference. All 23 subjects 
on omalizumab passed the 4000 mg open chal-
lenge compared to only one subject on placebo. 
This suggests that the addition of omalizumab 
may allow for rapid OIT desensitization and 
offer protective benefits up to 6 weeks after the 
drug is discontinued [68]. Several other studies 
on the use of omalizumab with desensitization 
protocols to various foods have been performed 
with encouraging results [69–72], but one impor-
tant question to consider is whether the rate of 
adverse reactions with continued OIT increases 
at some point after omalizumab has been discon-
tinued. In a study by Nadeau et  al., there were 
two reported adverse reactions graded “moder-
ate” in severity and treated with epinephrine 
autoinjectors following omalizumab cessation 
in two patients (out of a total of 11) who were 
receiving cow’s milk maintenance OIT [70]. This 
is a concern that requires further investigation.
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�Traditional Chinese Medicine

Herbs and herbal mixtures have been utilized in 
traditional Chinese medicine for centuries for the 
treatment of various ailments. Western countries 
have also developed interest in the use of alterna-
tive or complementary therapies including herbs 
for different diseases, such as asthma, but no 
prior research into the use of herbal remedies in 
food allergy had been conducted until relatively 
recently [46, 73].

The first study on the use of herbs to treat food 
hypersensitivity in a murine model of peanut 
allergy utilized Food Allergy Herbal Formula-1 
(FAHF-1), which is a formulation containing 11 
different herbs. Mice were started on 7 weeks of 
therapy with FAHF-1 after being sensitized to 
peanut. Following therapy, the mice were chal-
lenged to peanut and had anaphylactic symptoms, 
body temperatures, plasma histamine, and pea-
nut-specific IgE levels measured. Results showed 
that FAHF-1 completely blocked peanut-induced 
anaphylactic symptoms and reduced mast cell 
activation and histamine release. Serum IgE lev-
els were also significantly reduced compared to 
controls. There were no observed toxic effects on 
the liver or kidneys, even at high doses [46, 74].

Following this study, FAHF-1 was reformu-
lated to a nine-herb regimen after two herbs were 
removed to improve safety as they had potentially 
toxic properties if processed incorrectly. This 
simplified formula was named FAHF-2, and its 
safety was demonstrated in a study where mice 
were administered 24 times the effective daily 
dose. Several blood tests were obtained 2 weeks 
after the dose was given with no abnormalities 
noted in blood counts and renal or hepatic func-
tion. Histology of all major organs was normal 
as well [75]. The efficacy of FAHF-2 was then 
assessed using a murine model of multiple food 
allergy. Mice were orally sensitized to peanut, 
codfish, and egg and given daily orally adminis-
tered FAHF-2 for 7 weeks afterwards. Following 
the completion of therapy, the mice underwent 
separate oral food challenges with peanut, cod-
fish, and egg. Mice treated with FAHF-2 were 
completely protected from anaphylaxis based on 
symptom scores, body temperature, and serum 

histamine levels after challenge with each aller-
gen, suggesting that FAHF-2 offers protection 
from anaphylaxis in an allergen non-specific 
manner [76].

Based on the encouraging data from mouse 
models displaying effective and safe protec-
tion from anaphylaxis with FAHF-2, a phase II, 
double-blind, placebo-controlled trial to examine 
its safety and efficacy in humans was recently 
conducted. Sixty-eight subjects with a history of 
peanut, tree nut, sesame, fish, or shellfish allergy 
were assigned randomly to either treatment with 
FAHF-2 or placebo. Although many subjects had 
allergies to multiple foods, only one food aller-
gen was studied during the trial for each partici-
pant. After 6 months of therapy, an oral challenge 
with 5 grams of allergen protein was performed. 
Although treatment with FAHF-2 was well toler-
ated, significantly more placebo-treated subjects 
had improvements from baseline in the amount of 
allergen able to be consumed following treatment 
compared to FAHF-2 treated subjects. In con-
trast, in vitro studies looking at FAHF-2 effects 
on cytokine levels in peripheral blood mono-
nuclear cells (PBMCs) showed that incubation 
with FAHF-2 and food allergen produced sig-
nificantly less IL-5, greater IL-10, and increased 
regulatory T-cells compared to untreated cells, 
suggesting favorable immunomodulatory effects. 
The study authors suggested that further research 
into optimization of the treatment dose and 
duration of FAHF-2 and consideration of com-
bination therapy with concurrent allergen expo-
sure (such as with OIT) may result in improved 
clinical efficacy [77]. A phase II, double-blind, 
placebo-controlled clinical trial investigating the 
use of FAHF-2 as an adjunct to multi-food OIT 
and omalizumab is currently underway (NCT 
02879006).

�Probiotics

The “hygiene hypothesis” suggests that a lack 
of early childhood exposures to infections or 
microorganisms may contribute to the abnormal 
development of immune tolerance, leading to 
an increasing incidence of allergic disease [78, 
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79]. Support for this hypothesis comes from 
studies performed on germ-free mice that reveal 
that immune tolerance does not develop appro-
priately in the absence of a gut microbiota. The 
microbiome of the GI tract is a major source of 
microbial exposure and differences in bacterial 
colonization, which can be affected by geograph-
ical or other environmental factors, may play a 
role in observed differences in disease preva-
lence throughout the world. This has prompted 
researchers to study the use of probiotics as a 
potential solution to the allergic epidemic.

Several clinical studies have been conducted 
to evaluate the efficacy of probiotics for the pre-
vention or treatment of different allergic diseases 
with conflicting results [78, 80–86]. There have 
been few trials looking at the use of probiotics 
in the treatment of food allergy that utilize oral 
food challenges in their study design. A trial 
looking at the use of Lactobacillus casei and 
Bifidobacterium lactis on the acquisition of oral 
tolerance in milk allergic children did not show a 
difference between children treated with probiot-
ics for 12 months versus children on placebo [87]. 
However, treatment with Lactobacillus rhamno-
sus combined with extensively hydrolyzed casein 
formula increased the rate of milk allergy resolu-
tion in children compared to control subjects that 
received only hydrolyzed formula alone [88, 89].

The use of probiotics as an adjuvant to OIT has 
also been evaluated. In a double-blind, placebo-
controlled trial, Lactobacillus rhamnosus was 
administered with peanut OIT in children with 
confirmed peanut allergy. Subjects were treated 
for approximately 18 months and had sustained 
unresponsiveness (SU) assessed with 4 g oral 
peanut challenge performed 2–5 weeks after the 
completion of therapy. About 82% of subjects 
treated with OIT and probiotics achieved SU 
compared to 3.6% in the placebo group, which 
was statistically significant. However, due to the 
lack of an OIT-only or probiotic-only control 
group, it is unclear through this trial alone how 
much additional effect the use of probiotics adds 
to the use of OIT alone [90].

If a benefit to the use of probiotics exists, it 
is likely that the benefits of supplementation are 
strain specific, but there is insufficient evidence 

to support the use of one particular bacterial 
strain over another at this time. Other factors 
that could influence responsiveness to treatment 
include individual differences in bacterial colo-
nization or immune development which can be 
affected by things like genetics, susceptibility to 
bacterial colonization, maternal flora, or diet [78, 
91]. More research into these individual differ-
ences in food allergic patients could aid in the 
development of future randomized clinical trials 
that can focus on the appropriate probiotics to use 
in people with food allergy.

�Considerations for Future Use 
of Immunotherapy in Clinical 
Practice

Food allergen immunotherapy is not currently a 
recommended part of routine clinical care, given 
persistent safety concerns, questions regard-
ing appropriate dosing and treatment schedules, 
accurate identification of responders, and ulti-
mately the lack of an FDA-approved product. 
However, as more information is being gathered 
and questions clarified through ongoing research, 
the landscape of food allergy treatment is chang-
ing and immunotherapy in the form of OIT, SLIT, 
and EPIT to treat IgE-mediated hypersensitivity 
reactions to major food allergens seems likely to 
be a standard part of food allergy management in 
the near future.

An important inclusion in treatment guide-
lines should be recommendations on how to 
select appropriate patients to undergo therapy. 
Currently, no strict criteria exist to help provid-
ers determine which patients might be too high 
risk to receive treatment, but factors like extreme 
sensitization to a food or a history of anaphylaxis 
would need to be taken into consideration prior to 
starting treatment. Immunotherapy trials almost 
always exclude individuals with a history of 
severe anaphylaxis, uncontrolled asthma, or other 
conditions that would place them at increased 
risk for a serious adverse reaction, and so data on 
immunotherapy response is not available in this 
subset of patients and individuals that fall in this 
category may not be appropriate to undergo food 
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immunotherapy. Other factors that may increase 
the risk for more frequent and severe adverse 
reactions include a lower tolerated threshold dose 
at initial study screening, higher food-specific 
serum IgE levels, higher food-specific serum 
IgE to total IgE ratios, larger skin prick testing 
wheal diameter, and a personal history of asthma 
or allergic rhinitis. Studies have shown that these 
factors can affect treatment adherence and attain-
ment of desensitization and SU [92, 93]. But not 
enough is known at this point to provide spe-
cific recommendations on how immunotherapy 
dose or schedule adjustments should be made in 
patients with these associated risk factors.

Individual patient preferences will also need 
to be taken into consideration when deciding 
whether or not immunotherapy is appropri-
ate. Some patients and their families may find 
the risks associated with immunotherapy to be 
unacceptable. Other individuals may be hesitant 
or unwilling to treat potential reactions with an 
epinephrine autoinjector or be unwilling to avoid 
cofactors around the time of dosing that can lower 
the reactivity threshold, like exercise. For safety 
reasons, these patients should be excluded from 
treatment. Other potential roadblocks to treat-
ment could include issues with adherence due to 
patient or family anxiety about dose administra-
tion, taste or food aversions, or a lack of resources 
for appropriate monitoring and follow-up.

With the possibility that multiple forms of 
immunotherapy will eventually be available for 
public use, clinician knowledge about the risks 
and benefits of different delivery routes for 
immunotherapy and how they compare with each 
other will be key to selecting the appropriate 
type of treatment for each patient. Combination 
therapy, such as having a patient start with SLIT 
and transitioning to OIT at a later time, or the 
use of adjunctive therapies like omalizumab may 
also be viable strategies to improve tolerability 
and adherence. It will be important that an open 
discussion about personal and family goals, abil-
ity to adhere to therapy, appropriate expectations, 
potential outcomes, and possible adverse effects 
be conducted with each patient while taking into 
consideration each individual’s specific history 
and preexisting risk factors.

�Future Directions

While the availability of an FDA-approved, read-
ily accessible, safe, and effective treatment for 
food allergy appears to be on the near horizon, 
standardized protocols are needed to guide clini-
cians on implementation of such therapies into 
daily practice. Nearly 40% of children with per-
sistent food allergies are also allergic to multiple 
foods, so the development of treatments for other 
common food allergens including milk, egg, 
wheat, fish, and shellfish are needed in addition to 
a safe approach to combine therapies to concomi-
tantly address these issues [4]. Ways to improve 
safety and enhance efficacy of immunotherapy or 
achieve permanent oral tolerance through the use 
of DNA-based vaccines, recombinant allergen 
vaccines, adjunctive therapies, or combination 
therapy need to be further studied. Current clini-
cal trials on food allergy therapies also exclude 
patients with a history of severe anaphylaxis, but 
it could be argued that this subset of patients is 
in most need for a safe and effective treatment. 
Although much progress has been made, further 
research into desensitization and tolerance needs 
to be performed to find a permanent cure for food 
allergy.
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