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Pathophysiology and Symptoms 
of Food Allergy and Anaphylaxis
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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

2  Pathophysiology and Symptoms of Food Allergy and Anaphylaxis
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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].

2  Pathophysiology and Symptoms of Food Allergy and Anaphylaxis
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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 
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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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