
Food protein-induced enterocolitis syndrome (FPIES):
Beyond the guidelines

Sohini Shah, M.D.,1 Rebecca Grohman, D.O.,2 and Anna Nowak-Wegrzyn, M.D., Ph.D.3,4

ABSTRACT

Background: Food protein–induced enterocolitis syndrome (FPIES) is a non–immunoglobulin E (IgE) cell mediated food
allergy that can cause severe symptoms and is considered an allergic emergency.
Objective: To describe FPIES epidemiology and appraise the approach to diagnosis and management.
Methods: A review of the relevant articles published in the peer-reviewed journals since the publication of the First

International FPIES Consensus Guidelines in 2017.
Results: FPIES is estimated to affect 0.51–0.9% of children and 0.22% of adults in the United States. It typically

presents with protracted, projectile vomiting, which occurs within 1–4 hours of ingesting culprit foods, sometimes followed
by diarrhea within 24 hours of ingestion. In ;15–20% of severe cases, patients go into hypovolemic or distributive shock.
In chronic FPIES, infants may have failure to thrive and weight loss. The most common triggers include cow’s milk, oat,
rice, and avocado, with egg and peanut being more frequently reported. Examples of other common fruit and vegetable trig-
gers include banana, apple, and sweet potato. FPIES can be classified into acute, chronic, adult-onset, or atypical subtypes.
FPIES is associated with comorbid atopic conditions of IgE-mediated food allergy, atopic dermatitis, asthma, allergic rhini-
tis, and eosinophilic esophagitis. The natural history of infantile FPIES is generally favorable, with the exception of fish
FPIES. Seafood FPIES in adults has low rates of resolution over 3–5 years. Correctly identifying FPIES can be challenging
because there are no specific biomarkers for diagnosis and the constellation of symptoms may mimic those of infectious en-
teritis or sepsis. Management relies on dietary food avoidance, periodic re-evaluations for tolerance with oral food chal-
lenges, and management of acute reactions with rehydration and antiemetic ondansetron. Although the pathophysiology of
FPIES remains poorly understood, underlying mechanisms such as cytokine release, leukocyte activation, and impaired
gastrointestinal mucosal barrier function may act as cornerstones for further research.
Conclusion: Prevention, laboratory diagnostic testing, and strategies to accelerate tolerance development are urgent unmet

needs in FPIES.

(J Food Allergy 5:55–64, 2023; doi: 10.2500/jfa.2023.5.230014)

F ood protein-induced enterocolitis syndrome (FPIES)
is a non–immunoglobulin E (IgE) cell-mediated food

allergy.1 FPIES affects ;375,000 children in the United
States (0.51% of the pediatric population) and 550,000
adults (0.22% of the U.S. adult population).2 The more
recent data from the Gastrointestinal Microbiome and
Allergic Proctocolitis birth cohort in the suburban Boston
reported the cumulative incidence of FPIES in the first 3
years of life as 0.9%, which highlights the possibility of
an even higher or increasing prevalence of FPIES in
infancy.3 FPIES can be classified into acute, chronic, adult
onset, or atypical subtypes. The most common subtype

is acute FPIES, which affects an estimated 90% of
patients.4 It typically presents with protracted, projectile
vomiting, which occurs within 1–4 hours of ingesting
culprit foods, and diarrhea, which occurs within 24 hours
of ingestion. Patients may also present with lethargy and
pallor; of note, reactions are with the notable absence of
typical cutaneous and respiratory allergy symptoms.5 In
more severe cases, FPIES can lead to significant dehydra-
tion, metabolic derangements, and inflammatory states
reflected with elevated C-reactive protein, leukocytosis
with neutrophilic predominance, and thrombocytosis.
In chronic states, patients develop low albumin and
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total protein, anemia, weight loss, and failure to thrive.6

In ;15–20% of severe cases, patients go into hypovole-
mic or distributive shock. Correctly identifying FPIES
can be challenging because there are no specific bio-
markers for diagnosis, and the constellation of symp-
toms may mimic those of infectious enteritis or sepsis.
Although the pathophysiology remains poorly under-
stood, recent studies conducted during oral food chal-
lenges (OFC) have shown a link between activation of
the purine pathway and serotonin release, with a con-
stellation of adaptive and innate immune responses
likely contributing to the predominant gastrointestinal
symptoms.7–9 FPIES is managed by dietary food avoid-
ance and emergency treatment of reactions. The aim of
this review is to provide current information about the
epidemiology, pathophysiology, diagnosis, and man-
agement of FPIES.

Brief History
FPIES was first identified in the literature starting

early in 1960s and 1970s; however, these were isolated
case reports in which the constellation of symptoms
involved in FPIES were identified.4 More specifically,
infants were found to develop acute enterocolitis after
ingestion of cow’s milk or soy milk.10,11 In 1998, the
first clinical features of FPIES were described with
solid food triggers and atypical FPIES was identified.12

In 2017, the first international consensus guidelines for
the diagnosis and management of FPIES were pub-
lished.1 Since then, substantial progress has been made
in getting FPIES recognized by the medical commu-
nity, including attaining an International Classification of
Diseases, Tenth Revision code (https://icd.who.int/), the
virtual National Institutes of Health FPIES workshop
in June 2022, and inclusion of FPIES and other non–
IgE-mediated food allergies in the National Institutes
of Health National Institute of Allergy and Infectious
Diseases funding opportunities.4

Phenotypes

Acute FPIES. Acute FPIES, which occurs in ;90% of
cases of infants, is characterized by acute onset emesis,
typically within 1–4 hours of ingesting the offending
agent. This may also be associated with lethargy, pal-
lor, hypotonia, with or without diarrhea.5 Symptoms
typically resolve within 24 hours and patients tend to
remain asymptomatic between episodes; reactions
manifest again with intermittent ingestion of trigger
foods.

Chronic FPIES. Chronic FPIES occurs in ;10% of
patients and is characterized by frequent episodes of
vomiting or diarrhea, which develop over the period
of days to weeks.13 Chronic FPIES develops when food
is ingested regularly, and symptoms resolve within

days to weeks after food elimination. Chronic FPIES is
usually diagnosed in infants < 4 months old who are
fed cow’s milk or soy formulas; to date, only one case
of chronic FPIES in an adult has been docu-
mented.10,11,14 Chronic FPIES may be associated with
weight loss or failure to thrive.

Atypical Food Protein–Induced Enterocolitis.Approximately
25% of patients have a positive skin-prick test result
and/or detectable serum IgE to the trigger agent.15,16

When patients have detectable food-specific IgE as
well as a clinical history consistent with FPIES, atypical
FPIES is diagnosed. Approximately one in three of
these patients might progress to IgE-mediated allergy,
which triggers potentially dangerous immediate reac-
tions, e.g., anaphylaxis, especially noted in those with
cow’s milk allergy. Patients with atypical FPIES may
also have a more protracted course, with longer times
until resolution.12,15

Adult Food Protein–Induced Enterocolitis. Historically,
FPIES has believed to have been a disorder that primarily
affected infants and young children; however, more
recently, FPIES has been reported in teenagers and adults.
FPIES to seafood, fish, and shellfish can start in older chil-
dren, teenagers, and adults.17,18 There have also been
reported cases of FPIES in patients attributed to dairy,
wheat, and egg.19,20 The most common presentation is
new symptoms to patients who had previously tolerated
these trigger foods. Symptoms are often dramatic, severe
abdominal pain, nausea, with vomiting and diarrhea.
Limited information remains with regard to the preva-
lence, risk factors, history, and comorbid conditions
implicated in adult FPIES.21 However, one prospective
study conducted from 2007 to 2016 at a single center in
Spain identified FPIES that occurred to seafood at a me-
dian age of 25 years (N = 25). Most of these patients pre-
sented with abdominal pain and emesis, and, notably,
all had tolerated the trigger food. Sixty percent of
these patients reacted to crustaceans as a single food
group. Another significant finding was that 88% of
these patients were female.21

The approach to adult patients remains variable.
Diagnostic modalities most often used by clinicians for
adult FPIES include skin-prick testing, OFC, or specific
IgE testing in descending order. The anticipatory guid-
ance to adults has also varied, with most patients
being told to avoid the specific foods to which they
reacted, whereas some patients are told to avoid
the whole group of foods that caused a reaction.
There is also inconsistency with regard to the progno-
sis of the condition due to limited data. Given
the variability in diagnostic testing and guidance,
there is a clear indication of the need for specific
guidelines for adults, which have not yet been esta-
bli-shed.
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Food Protein–Induced Enterocolitis Triggers
A retrospective study of ;410 members of the

International FPIES Association, which implicated
insights from the caregivers of;441 children identified
common food groups that were avoided.22 The food
groups most avoided were grains (60.0%), cow’s milk
(52.4%), vegetables (42.7%), and fruits (38.0%).22 Of
these children, 69.4% avoided multiple food groups
(median number of food groups avoided, 3), and there
was an association between those who avoided multi-
ple food groups and those who had first-degree rela-
tives with FPIES.22 Emerging food triggers in the
United States include peanut, tree nut, and egg based
on various published studies.23–25 In our unpublished
experience at New York University, egg was responsi-
ble for ;30%; peanut,15%; and tree nuts, 9.8% of the
cases in patients over the past 36 months. Similar
observations have been reported recently, with egg
and peanut being the third and fourth most common
triggers in infants in another large academic U.S. cen-
ter.26 Global triggers seem to be similar, with cow’s
milk, rice, soy, and seafood remaining common trig-
gers.27 An apparent increase in peanut and egg
FPIES raises concerns as to whether early introduc-
tion of these foods is a risk factor for developing
FPIES. This association remains speculative, and fur-
ther investigation is required. However, in our opin-
ion, weighing the risk of developing IgE-mediated
peanut and egg allergy compared with FPIES, early
introduction of peanut and egg is preferred for all
infants.

Food Protein–Induced Enterocolitis Diagnosis
Given the limited insights into the pathophysiology

of FPIES and the lack of biomarkers to confirm the di-
agnosis, FPIES is currently recognized as a constella-
tion of symptoms; this frequently leads to a delayed
diagnosis, especially in adults. Currently, patients are
required to meet one major criterion and three or more
minor criteria (Table 1) for acute FPIES diagnosis.1

FPIES is diagnosed clinically but can be confirmed by
OFC. OFC is usually performed after a period of food
avoidance to evaluate for resolution of FPIES. These
OFCs, depending on the nutritional value and social
importance of the food, are typically done 6–24 months
after the most recent FPIES reaction. The timing of
FPIES OFC involves shared decision-making between
the physician and patient. The diagnosis of chronic
FPIES is less well defined and is delineated in Table 2.
Without food challenge, the diagnosis of chronic FPIES
remains presumptive based on clinical symptoms.6,28

Of note, atypical FPIES is more likely in infants with
atopic dermatitis with IgE-mediated food allergy to
another food(s). In those patients, skin-prick or blood
testing may be considered at diagnosis and/or before

attempted reintroduction of the food; however, in
most patients’ food allergy testing is negative
because FPIES is not IgE mediated. Although not
evidence based, we would also consider testing for
those FPIES triggers that are common allergens in
IgE-mediated food allergy: egg, peanut, tree nuts,
sesame, fish, shellfish, especially in patients with
atopic comorbidities such as AD, wheezing or IgE-
mediated food allergy to other foods.
Currently, there is no universally accepted protocol

for the standardization of FPIES OFC protocol.1,29

Table 1 Diagnostic criteria for acute FPIES*

Acute FPIES Diagnostic Criteria

One major criterion: vomiting 1–4 hours after
ingestion of the suspect food and the absence of
classic IgE-mediated allergic skin or respiratory
symptoms, and

One or more minor criteria
Lethargy
Pallor
Need for an emergency department visit with any

suspected reaction
Need for intravenous fluid support with any

suspected reaction
Diarrhea in 24 hours (usually 5 to 10 hours)
Hypotension
Hypothermia
Additional or recurrent episodes of vomiting after

eating the same suspect food
Repetitive vomiting episode 1 to 4 hours after

eating a different food

FPIES = food protein-induced enterocolitis syndrome; IgE =
immunoglobulin E.
*The presence of neutrophilia and/or thrombocytosis sup-
ports the diagnosis of acute FPIES; however, these labora-
tory values are only present in ;50% of cases (from Ref.
5); these laboratory values may also be seen in other clini-
cal syndromes, such as sepsis or gastroenteritis, which
makes them less reliable as markers for acute FPIES.

Table 2 Diagnostic criteria for chronic FPIES

Chronic FPIES Diagnostic Criteria

Resolution of symptoms within days after elimination
of offending food

Acute recurrence of symptoms when food is
reintroduced

Typically with emesis within 1–4 hours of ingestion
and diarrhea within 24 hours

FPIES = Food protein–induced enterocolitis syndrome.
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OFCs usually occur under the supervision of a physi-
cian in the inpatient or outpatient setting, given that it
is a potentially high-risk procedure and requires im-
mediate availability of fluid resuscitation. Food can be
administered gradually in three equal portions over 30
minutes or with a single-dose administration of food
protein of 0.06–0.6 g/kg body weight. A total of 3 g of

food protein should not be exceeded.30 It should be
noted that this protein dose may not be relevant in low
protein foods, e.g., rice, and, in these patients, normal
portions of food should be used for OFC. In the United
States, the initial supervised OFC is followed by a grad-
ual dose increase at home, up to the full serving size for
age. Approximately 50% of positive challenges require

Table 3 Protocol for FPIES food challenge

Classic FPIES IgE-Negative Atypical FPIES IgE-Positive

Peripheral IV access* Secured before OFC Secured before OFC
Medications at

bedside
Oral rehydration solution; 0.9% NS; ondan-

setron p.o., i.m., IV; methylprednisolone;
oral analgesic (acetaminophen)

For treatment of both IgE-mediated (ana-
phylaxis) and delayed FPIES symptoms

Total dose# 0.06–0.3 mg of food protein per kg body
weight, maximum 3 g or 30% of the age-
appropriate serving size

0.06–0.3 mg of food protein per kg body
weight, maximum 3 g or 30% of the age-
appropriate serving size

Dosing increments
(% of the total
dose)

Single dose or 3 equal portions over 30
minutes

1st dose: 10%; 2nd dose: 15%; 3rd dose: 25%;
4th dose: 50%

Dosing interval Once or over 30 minutes Every 20 minutes
Observation period 4 Hours if no symptoms or longer until reso-

lution of symptoms; discharge home
when tolerating liquids by mouth and
voiding

4 Hours if no symptoms or longer until reso-
lution of symptoms; discharge home
when tolerating liquids by mouth and
voiding

FPIES = Food protein–induced enterocolitis syndrome; IgE = immunoglobulin E; IV = intravenous; OFC = oral food chal-
lenge; NS = normal saline; p.o. = per os (oral); i.m. = intramuscular.
*Peripheral IV access should be secured for patients with previous severe reactions to the challenge food, e.g., treated with IVF
in the emergency department or when/hospitalized.
#If the initial feeding was well tolerated, then the patient will gradually increase to a full serving at home; alternatively, a sec-
ond session of supervised OFC to a full serving could be scheduled; the feeding of cereal grains and foods with low protein
content should be based on the typical serving sizes for patient’s age.

Table 4 Proposed criteria for a positive supervised FPIES OFC and suggested treatment

Grade Severity
Symptoms of a Positive

Challenge Result Treatment

I Mild 1–2 episodes of vomiting, normal ac-
tivity level

Oral rehydration, oral antiemetic

II Moderate �3 Episodes of vomiting or abdomi-
nal pain and/or cramping score >
8 on a scale of 0–10 or pain inter-
fering with normal behavior and/
or appetite/activities

Oral or IV rehydration; parenteral antiemetic
oral analgesic

III Severe Hypotension with or without other
symptoms*

IV rehydration, with or without overnight ob-
servation, in addition to the above treatments

IV Potentially life-
threatening

Persistent hypotension or shock,
with or without other symptoms

Hospital admission for life support, in addition
to the above treatments

FPIES = Food protein–induced enterocolitis syndrome; OFC = oral food challenge; IV = intravenous.
*Hypotension: a systolic blood pressure (mm Hg): ages 1–10: systolic <70+(age in years x 2); �11 years: <90 mm Hg.
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treatment; the patient may be discharged 6 hours after
reaction if he or she is tolerating oral intake well. If no
reaction occurs, then the patient is usually discharged 4
hours later. Due to the delayed nature of symptoms, this
OFC procedure does not lend itself to identifying the
threshold dose for the FPIES reaction. Studies con-
ducted FPIES OFC over several days and reported
that, for many patients, the FPIES threshold was < 3

g of food protein and that OFCs with a lower partial
dose tend to induce milder symptoms.31,32 This
approach has been tested at Children’s Hospital of
Philadelphia, where supervised OFC with one third
of the typical portion of food for age occurred in the
hospital, and the patients were discharged with
instructions for a gradual home titration (Table 3).33 Of
the 169 FPIES OFCs, 30 challenge results were positive

Table 5 Empiric approach to reintroduction of the FPIES food trigger*

Factor
Home

Introduction
Office

Introduction
Hospital

Introduction Comments

Severity of the past
reaction

Mild-moderate Can be
considered

Can be
considered

Usually not
necessary

Shared decision, provide spe-
cific instructions for food
dosing and management of
FPIES acute reactions, pre-
scribe ondansetron

Severe No No Yes Not appropriate for home or
office

IgE status
IgE– (classic) FPIES Can be

considered
Can be

considered
Depends on the

severity of the
past reaction,
IV access
advisable

Typical FPIES challenge pro-
tocol in the office; home
introduction might follow a
gradual protocol, starting
from a low dose, e.g., 1/4
teaspoon and doubling the
amount every feeding until
the regular serving dose is
reached; monitor for gas-
trointestinal symptoms of
diarrhea, abdominal dis-
comfort, reflux, vomiting

IgE+ (atypical) Can be consid-
ered if low
risk of
anaphylaxis

Can be consid-
ered if low
risk of
anaphylaxis

Yes, depends on
the severity of
the past reac-
tion, IV access
advisable

No asthma and/or wheezing,
no anaphylaxis to other
food; dosing per IgE food
challenge protocol, obser-
vation per FPIES protocol,
at least 4 hours

Caregiver comfort
level with regard
to management
of FPIES reactions

Low No No Yes Shared decision
High Yes Yes Yes, if severe past

reaction
Shared decision, provide spe-

cific instructions for food
dosing and management of
FPIES acute reactions, pre-
scribe ondansetron

FPIES = Food protein–induced enterocolitis syndrome; IgE = immunoglobulin E; IV = intravenous.
*This is an empiric approach based on the clinical practice of one of us (A.N.W.); this approach has not been validated by rigor-
ous studies; in case of any doubts, proceed with a supervised food reintroduction as formal FPIES food challenge.
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(17%): 17 of these were during the initial hospital phase
and 13 were during home dose titration. Most of the
patients had tolerable reactions during the hospital OFC
phase; however, five patients had intractable vomiting
and/or lethargy and two were found to be hypotensive.
Fourteen of these patients (7.1%) received intravenous
fluids (IVF) and 12 patients (6.1%) received ondansetron.
As per the home reactions, 13 patients had reactions at
home but had tolerated the initial challenge in the hospi-
tal. The reactions seemed to be milder, with most hav-
ing delayed diarrhea. This study concluded that 1-
dose protocol followed by dose titration can be con-
sidered safe and that early IVF or ondansetron
administration may prevent progression to severe
symptoms.33 However, the frequency of reactions dur-
ing OFC that requires treatment with intravenous fluids
may be overestimated by the reports from the large, aca-
demic referral centers that attract patients with more
severe phenotype and usually secure intravenous pe-
ripheral access before OFC.34 Many mild and moderate
FPIES reactions may be successfully managed with oral
rehydration and oral or intramuscular ondansetron
(Table 4). As with any food allergy, the decision to re-
challenge is at the discretion of the physician,
patient, and caregivers, the timing of which depends
on the nutritional and social value of the food.
Prolonged avoidance of the food and delayed intro-
duction may increase the risk of IgE sensitization
and feeding difficulties.35,36 An empirical approach

to reintroduction of the FPIES food trigger is pre-
sented in Table 5.

Management of Food Protein–Induced Enterocolitis

Dietary. The key to minimizing the risk of further
episodes of FPIES is strict avoidance of the offending
food. However, there is no need for avoidance with
cross-contamination when foods are labeled as “may
contain” (Table 6).37 Patients should avoid baked milk
or egg unless tolerated. Most infants react to one or
two foods.26 In a subset of patients with mild FPIES
phenotype, baked egg and milk may be tolerated and
introduction of baked foods would improve nutri-
tional choices for the patient who is affected.38,39 If
breast-feeding, the maternal diet does not need to be
restricted unless the infant is symptomatic with acute
or chronic symptoms or not thriving. In cow’s milk
or soy FPIES, hypoallergenic formula (Extensively
Hydrolyzed Formula or Amino Acid) (up to 40%)
may be used. In rice FPIES, there are no data on the
use of extensively hydrolyzed rice formula (eHRF)
in FPIES. The eHRF is not available in the United
States; however, eHRF used widely in parts of
Europe (France and Germany). An eHRF may be an
option in milk FPIES but not for rice FPIES. Plant-
based infant formulas such as soy-based formula
are based on intact plant protein. There is ;50% co-
reactivity to cow’s milk and soy formula in infants

Table 6 Practical dietary management of FPIES

Question Guidance

Degree of dietary food
avoidance

Avoid all forms of food (cooked and raw), no need for avoidance of traces and
foods with precautionary allergy label

Introduction of baked milk or
egg

Generally under supervision, unless previously tolerated; unknown what per-
centage of infants with milk/egg FPIES tolerate baked milk/baked egg

Avoidance of the food that
cause FPIES on direct feed-
ing to the infant in the
maternal diet during
breast-feeding

Usually not necessary, unless ongoing symptoms of acute or chronic FPIES attrib-
uted to transfer of food protein via breast milk, failure to thrive

Choice of infant formula in
cow’s milk or soy FPIES or
in multiple food FPIES

Majority tolerate extensively hydrolyzed casein- or whey-based hypoallergenic
formula, all tolerate amino acid–based formula

Use of soy formula in infants
with cow’s milk FPIES

Introduce carefully, preferably under supervision, especially in the first 6 months
of life, due to ;40% co-reactivity

Choosing new foods for intro-
duction after FPIES
reaction

Generally select a food from a different food group, introduce the first food from
the food group more gradually, if well tolerated, subsequent related foods are
introduced more liberally

Timing of reintroduction of
the known FPIES food
trigger

Variable, usually between 6 and 24 months after the most recent acute FPIES reac-
tion to this food; shared decision between the physician and the patient and
family

FPIES = Food protein–induced enterocolitis syndrome.
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< 6 months of age and, therefore, soy formula is
generally not recommended as the first choice for
infants with cow’s milk FPIES.1 If soy formula is
preferable for reasons other than allergenicity, then
the introduction should be done under a physician’s
supervision. Generally, extensively hydrolyzed
casein or whey-based infant formulas are recom-
mended. So-called plant milks are not nutritionally
suitable for infants and should not be used instead of
infant formula. These plant-based beverages may be
suitable for children ages > 1 year, under registered
dietitian supervision to aid in lifestyle changes and

to ensure adequate nutrition.37 When choosing a
new food for introduction after an acute FPIES reac-
tion, it is prudent to select a food from a different
food group to minimize the risk of potential cross-
reactivity (Fig. 1). In all cases, growth charts in pedi-
atric patients should be monitored.

Emergency Management of Mild-Moderate FPIES. In
cases in which foods that caused past mild reactions
were definitely ingested or if the patient is showing
signs of an FPIES reaction, they should be monitored
for symptoms.40 If symptoms occur, then administer
ondansetron orally for patients > 6 months (dosing
0.15 mg/kg, maximum 8 mg).41 This dose may be
repeated if the patient has emesis within 10 minutes of
the first dose. In patients in whom there has been no
vomiting for 20–30 minutes, oral rehydration should
be attempted in small amounts with clear liquids or
breast milk. Patients should be carefully monitored for
dehydration through tears, saliva, and urine with oral
rehydration advanced as tolerated.

Emergency Management of Severe FPIES. In some
patients when the reaction is severe, emergency serv-
ices should be contacted immediately.1,40,42 If the
patient is found to be somnolent or unresponsive, then
they should be placed in the recovery position to prevent
aspiration. In patients who require evaluation in the
emergency department, aggressive fluid resuscitation
might occur because ;15% of patients may develop
hypovolemic shock. Intravenous fluid resuscitation may
be used in conjunction with parenteral ondansetron to
help with vomiting and methylprednisolone to alleviate
intestinal inflammation. There is currently no role for an
epinephrine autoinjector unless there is concern for
anaphylaxis.43

Food Protein–Induced Enterocolitis Comorbidities
The association of FPIES with atopic disorders

and eosinophilic esophagitis has been noted.16,44 For

Risk of Co-Reactivity in FPIES
If Reactive to: Risk of Reaction to: Risk:

Soy Cow's Milk 40%

Cow's Milk Soy 37%

Cow's Milk Solid Food 16%

Solid Food Cow's Milk 25%

Fish Shellfish
33%

Fish Solid Food 11%

Fish Other Fish
44%

Solid Food
(Cereal Grain)

Other Solid Food (Oat, Rice)
44%

Figure 1. Patterns of cross and co-reactivity in FPIES. These esti-
mates are limited by the low quality of evidence and they are most
applicable to ages < 12 months because onset of FPIES after age
12 months is generally uncommon. Exception is FPIES to seafood,
which can start in older children and adults. FPIES = Food pro-
tein–induced enterocolitis.

Table 7 Immunopathophysiology of FPIES

Immune Response in Acute FPIES

Cell-mediated response innate and adaptive
Pan activation of T lymphocytes, in particular TH17

lymphocytes
Cytokine activation (particularly IL-17A, IL-17C,

CCL20)
Monocyte activation IL-6, IL-10, oncostatin M, leuke-

mia inhibitor factor, TNF a

FPIES = Food protein–induced enterocolitis syndrome;
TH17 = T helper 17 cells; IL = Interleukin; CCL =
Chemokine Ligand 20; TNF = Tumor Necrosis Factor.
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example, the odds ratio (OR) of atopic dermatitis to
FPIES was 2 (95% confidence interval [CI], 1.5–2.7; p <
0.0001); IgE food allergy was OR 7.6 (95% CI, 5.5–10.4;
p<0.0001), asthma was OR 1.6 (95% CI, 1.2–2.2;
p<0.0001), and allergic rhinitis was OR 1.9 (95% CI,
1.9–2.6; p<0.0001). As noted previously, a small pro-
portion of patients with chronic cow’s milk FPIES also
developed IgE cow’s milk allergy, and 14 were found
to have allergies to other foods. Another study found
19.11% of eosinophilic esophagitis patients to have
FPIES.

Natural History
The natural history and progression of FPIES seems,

overall, to be favorable in infants, in whom many
patients had resolution of FPIES induced by a specific

trigger within months.5,15,31,45 Atypical FPIES (IgE+) in
infants may be associated with a more protracted
course.15 The cumulative probability of recovery from
cow’s milk FPIES at ;2 years was 89% in a prospective
population-based study in Israel.46 Most other food
groups also are tolerated well at varying ages. The
exception to this is fish FPIES, which only 30% of
patients were able to tolerate at 4 years of age.47,48 In
adults, the natural history remains less favorable, in
which < 50% are able to achieve tolerance after 2.5–3.5
years.17,21

Pathophysiology of Food Protein–Induced
Enterocolitis
The pathophysiology of FPIES remains poorly

understood. There is no detectable humoral response
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Figure 2. Metabolomics approach after OFC to identify pathways that underlie FPIES reactions. The levels of a total of 34 metabolites were
elevated in patients during OFC, including inosine and urate of the purine signaling pathway in patients with symptomatic FPIES com-
pared with patients who were asymptomatic. Inosine was found to be significantly and positively correlated with REG1A (p = 0.0004).
REG1A has previously been reported to be upregulated after OFC and acts as a regulator of mucosal barrier function. Inosine was also sig-
nificantly correlated with dipeptides isoleucoylgylcine and phenylalanine that likely represent impaired barrier function. There also was a
notable decline of expression of purine receptors (P2RX7 and P2RY10) and CD73 in peripheral blood after OFC in patients who were
symptomatic. Given that symptoms predominantly originate from the GI tract, stomach and duodenal biopsy specimens from non-FPIES
donors were stimulated in vitro with adenosine, and serotonin levels were measured by immunoassay. Correspondingly, the FPIES-free bi-
opsy specimens stimulated by adenosine also saw an increase in serotonin. There was a notable release of a serotonin metabolite also found
after OFC in patients who were symptomatic (from Ref. 9). OFC = Oral food challenge; FPIES = food protein–induced enterocolitis;
REG1A = regenerating islet-derived 1 alpha; GI = gastrointestinal.
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to the conventional food protein antigens.49 Acute
FPIES reactions in the setting of supervised OFC are
cell mediated, with the evidence of activation of TH17
lymphocytes and their cytokines as well as an innate
immune compartment, summarized in Table 7.7 The
mechanism of symptom presentation and immune
activation is poorly understood. In a recently published
study, an untargeted metabolomics approach was used to
identify pathways that underlie FPIES reactions.9 Serum
samples were obtained from 10 children with FPIES and
10 controls who were asymptomatic (outgrew FPIES) dur-
ing and after OFC. The findings are outlined in Fig. 2.
Analysis of these data suggests that purine pathway sig-
naling is involved in serotonin release, which causes clas-
sic symptoms such as vomiting.

SUMMARY/KEY MESSAGES
Despite the gradual progress made in the past 2 dec-

ades, there remain many unmet needs (Table 8). FPIES
is a condition that affects patients from childhood to
adulthood. Given the crossover between FPIES and
other clinical conditions, e.g., sepsis, as well as the lack
of biomarkers for diagnosis, FPIES remains difficult to
diagnose without delay. Although recognized decades
ago, FPIES has been gaining more recognition in the
literature over the past few years. Now with a formal
International Classification of Diseases, Tenth Revision (icd.
who.int) code and outlined diagnostic criteria, acute
FPIES may be diagnosed more frequently and with
increasing awareness. On the contrary, adult-onset
FPIES has limited information; in some studies, it is
believed to be caused more frequently by seafood and
occur at higher rates in females. The management of
FPIES remains to avoid the trigger food. Although the
pathophysiology of FPIES remains poorly understood,
underlying mechanisms such as cytokine release,
leukocyte activation, and impaired gastrointestinal

mucosal barrier function may act as cornerstones for
further research.
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