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Food protein–induced enterocolitis syndrome (FPIES) is a non–
IgE-mediated gastrointestinal food allergy characterized by
delayed, protracted vomiting and accompanied by lethargy and
pallor, usually 1 to 4 hours after ingesting the food allergen. The
pathophysiology of FPIES remains unknown, and currently
there are no diagnostic biomarkers available to assess disease
activity or its resolution. Over the last 2 decades, FPIES has
become increasingly recognized in both pediatric and adult
patients. Forty years after the initial FPIES description, the first
FPIES code appeared in the International Classification of
Diseases, Tenth Revision (ICD-10), and the first international
consensus guidelines for the diagnosis and management of
FPIES were published. On June 22, 2022, the National Institute
of Allergy and Infectious Diseases (NIAID) held its first virtual
multidisciplinary workshop on FPIES. Various clinical and
translational aspects of FPIES as well as important areas of
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unmet needs were discussed as priorities for future research
during this 2-day virtual workshop. Our report provides a
summary of content of the workshop, including updated
literature on the topic areas, and also provides critical
commentary on the state of FPIES. (J Allergy Clin Immunol
2025;155:336-56.)
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response to the efforts of the International FPIES Association (I-
FPIES), which represents the community of people living with
FPIES and advocates for progress in FPIES research and clinical
care. The invited speakers discussed the currently available
evidence on various aspects of FPIES and identified the important
areas of unmet needs as priorities for future research. This report
summarizes the content of the workshop with updated literature
on the topic areas, provides a critical commentary on the state of
FPIES, and outlines directions for future investigations.
BACKGROUND OF THE FPIES WORKSHOP

Patient and caregiver perspectives
FPIES is a disorder in which symptoms present episodically;

however, living with FPIES involves daily, constant management
of the disease.1,2 While great strides have been made to represent
the full spectrum of food allergic disorders, limitations in aware-
ness and representation in the literature have contributed to the
challenges patients and families face while navigating FPIES.1,3

Over the last decade, patient advocacy efforts have given the
patient experience a platform for recognition. This has included
the recognition of so-called outliers of FPIES: FPIES in adults;
acute and chronic phenotypes, multiple food reactions, breast
milk reactions, high rates of comorbid diseases, and atypical
FPIES.3 Often the patient perspective has been denied, dismissed
as poor adherence to treatment recommendations, or, worse,
falsely attributed to factitious disorder (formerly known as Mun-
chausen by proxy).4 When the realities of living with FPIES are
not validated, it fuels patient fear and provider mistrust, resulting
in broken patient and clinician rapport. Early food introduction
guidelines may have spotlighted inadvertently FPIES, with a
rise in reports of FPIES reactions to peanut.5 This gives credence
to the dire need for further research of FPIES, which ultimately
benefits the full spectrum of food allergic disorders.

To date, studies with the largest cohorts and patient represen-
tation have come from the patient-reported data surveyed through
I-FPIES.6 Of the 410 patients and caregivers, 403 reported self-
management of their child’s most severe reactions. These reports
demonstrate how the lack of funding and research has placed the
clinical burden and decision-making, as well as the risk and detri-
ment, onto the patient and family. Additionally, recent patient-
reported data coupled with empiric clinical data reveal multiple
food FPIES and FPIES to grains and solid foods, including fruits
and vegetables, to be more prevalent than previously appreci-
ated.6-8 Patient accounts serve as a guide to reduce further delays
in clinical care and to avoid unnecessary spending of desperately
needed research dollars.

Obtaining a diagnosis may be a revolving door of specialist
appointments and invasive, unnecessary testing, with several
exposures landing patients in emergency departments requiring
resuscitation.9 Nearly 20% of FPIES patients experience hypovo-
lemic shock; the long-term effects of this episodic catastrophe are
unknown and have not been studied.10,11 More recently, the first
case of cardiac arrest was reported in the literature.12 Patients
are told they have a virus, that their symptoms are not food
related, that they can only be allergic to the top 9 allergens, or
—much worse—that they are imagining or purposely inflicting
these reactions on themselves or their children. Reliable, easy-
to-implement diagnostics would alleviate this experience. It
would also reduce the need for oral food challenges (OFCs),
which, although considered the reference standard, are not fully
standardized, and many providers report apprehension in con-
ducting this procedure as a result of the severity of these reac-
tions.13 If a provider is reluctant to conduct an OFC, the patient
and family have every right to feel the same.13-15

For those who are fortunate to find an FPIES specialist, its
diagnosis comes with assurances that they will outgrow this
disorder; however, the need remains for a longitudinal study to
confirm that this is indeed the case for all patients. Patients must
be open to several years of trial and error versus strict avoidance,
which translates to ‘‘risk versus detriment’’ to an FPIES patient
who has endured multiple rounds of profuse vomiting, bloody
stools, and shock. This is often when patients begin to express
their autonomy in their clinical care and face the choice of avoid-
ance versus exposure to food. For thosewho choose avoidance for
safety concerns, the consequences can be provider mistrust,
compromised nutrition, emergence of secondary conditions, and
a disjointed relationship with food. For those who choose expo-
sure, a decision is made to put the patient at risk of a reaction,
often with caretaker consent. When challenge reveals an allergy,
caregiver guilt can be traumatizing.16,17

This fragmented approach to management is reactionary,
episodic, and supportive, but it is not corrective or preventative,
and it does not reduce the risk or the trauma the condition
induces.18 FPIESmay become a patient- and parent-managed dis-
ease, increasing risk and placing significant financial, psychoso-
cial, and clinical burdens on patients and families.2 Patients and
providers begin to rely on anecdotal information from their peers
for clinical management. The quality of life (QOL) for FPIES pa-
tients is significantly reduced in every measured domain
compared to the same index reports in IgE-mediated food allergy
(IgE-FA), yet all of this is preventable with appropriate research
defining the pathophysiology, identifying diagnostics and prog-
nostic biomarkers, delivering effective therapeutic interventions,
and providing supportive psychologic management.17
DEFINITIONS AND EPIDEMIOLOGY OF FPIES
FPIES is a non-IgE–mediated food allergy manifesting with

repetitive, projectile emesis within 1 to 4 hours after ingesting
the offending food.10 Emesis can be accompanied by lethargy,
pallor, low muscle tone, and diarrhea, which starts within 5
to 10 hours; 15% to 20% of patients become hypotensive or
develop a hypovolemic, distributive shock, attributed to intense
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intestinal inflammation. There is striking absence of ‘‘typical’’
skin (hives, angioedema) and respiratory (coughing, wheezing)
allergic symptoms.

Laboratory testing may reveal an elevated white blood count
with predominance of neutrophils, thrombocytosis, and a modest
increase in C-reactive protein. In more severe reactions, meta-
bolic acidosis, electrolyte derangements, or methemoglobinemia
might be present.19,20

Because of our limited insights into its pathophysiology and its
lack of biomarkers, FPIES diagnosis is based on the recognition
of symptom constellation and depends on clinical expertise. This
frequently leads to a delay in diagnosis and to an extensive
diagnostic work-up to identify alternative etiologies.1,21 It also
contributes to uncertainty regarding the accuracy of current,
population-based, epidemiologic data.

FPIES usually has an onset in infancy, within the first year of
life, soon after the initial introduction of the food into the diet.
Symptoms are most commonly caused by direct feeding; how-
ever, occasionally, an infant might react to food allergens in
maternal breast milk. The majority of infants react to 1 or 2 foods,
although 1 in 10 might have reactions to multiple foods. The
specific food triggers seem to be influenced by the local dietary
patterns and age at time of food introduction. The most common
triggers are cereal grains (eg, oat, rice, wheat), cow’s milk,
vegetables (eg, sweet potato, carrot) and fruits (eg, avocado,
banana, apple).7 In the United States and South Korea, where in-
fant soy formulas are in use, soy FPIES is also seen. Recently,
peanut and egg have emerged as newer FPIES triggers, raising
the possibility that earlier introduction of allergenic foods might
be a contributing factor.5,8,22

Onset of FPIES in older children and adults is less common
than in infants, and it is usually triggered by seafood, although
other foods, including cow’s milk, egg, and wheat, have also been
reported.23-25

Since the first published report on FPIES in 1978 and until the
past decade, FPIES was considered an exceedingly rare form of
food allergy (Fig 1). In the following years, birth cohort studies
from Israel and Spain reported the incidence of FPIES between
0.3% and 0.7%.26 The US population-based study that captured
data from 2015-16 estimated the prevalence of FPIES at 0.51%
in children and 0.22% in adults (Fig 2).27 A 2014-17 birth cohort
from the suburban Boston area reported a FPIES cumulative inci-
dence of 0.92% over 3 years.28 Few studies have reported FPIES
in non-White children or in children from disadvantaged back-
grounds, raising the possibility of a disparity resulting from
limited access to specialist care.27,29

Infantile FPIES usually resolves by age 3 to 5 years, with the
exception of fish FPIES, which only resolves in a small subset by
that age.30-32 Egg FPIES also tends to have a later age at
resolution, with a median age of 5 years.33 A recent report
highlights a more protracted course of peanut FPIES, with 57%
of those challenged to peanut at a median age of 42 months
reacting with FPIES symptoms.5 Atypical FPIES is defined as
FPIES symptoms with detectable specific IgE to the FPIES
food trigger. Atypical cow’s-milk FPIES been shown to be
more persistent than classic cow’s-milk FPIES. The natural his-
tory of adult-onset FPIES is not well documented; however, the
limited data suggest a prolonged course for the majority of
affected adults.23,32

FPIES at all ages is associated with allergic comorbidities,
including atopic dermatitis, IgE-FA, asthma, allergic rhinitis, and
eosinophilic esophagitis, suggesting shared immunopathophysi-
ology.27,29,34 However, unlike IgE-FA, the typical infantile FPIES
triggers include foods with low protein content, like oat, rice, and
fruits and vegetables—traditionally considered to have a low
allergenic potential. These low-allergenicity FPIES triggers sug-
gest that host factors might be more important, potentially
including the gut microbiome, immaturity of the gut barrier,
and oral tolerance. The impact of the earlier food introduction
on increased prevalence of FPIES to peanut and egg needs to be
better understood.
Phenotypes
The 2017 International Consensus Guidelines on FPIES

identified 4 phenotypes that were based on the following: (1)
age at onset (under vs older than 9 months); (2) severity; (3)
timing and duration of symptoms resulting in ‘‘acute’’ versus
‘‘chronic’’ presentation; and (4) IgE positivity (typically negative
specific IgE for the culprit food, but also some ‘‘atypical’’ cases
that are positive).6,10,19 This report also identified the role of fre-
quency and dose of allergen ingestion on severity and chronicity,
recognized an ‘‘acute on chronic’’ phenotype, and also noted that
dietary habits and race/ethnicity may influence phenotypes.
Given that phenotypes are ‘‘observable characteristics,’’ addi-
tional examples of FPIES phenotypes not discussed in the guide-
lines could include single versus multiple foods, categories of
foods such as cereal grains versus fruits, persistence versus reso-
lution versus recurrence, and phenotypes based on symptom
pattern.

The age-related phenotypes are particularly disparate, but there
are few studies on adults.23 The usual age at onset of FPIES is 2 to
7 months. Additional characteristics in infants include the fact
that cow’s milk or soy are typically triggers under age 6 months;
those affected under age 2months experience bloody diarrhea and
growth failure more often than older infants; and older infants
more commonly have isolated vomiting.35,36 Adults, compared
to infants or children, are more commonly female, are triggered
by shellfish, have previously tolerated the culprit food, experience
more abdominal pain without vomiting, have low resolution
rates, and may have higher rates of comorbid gastrointestinal
(GI) pathologies, such as irritable bowel syndrome or celiac
disease.23,32,37,38

While FPIES is characterized as a non-IgE, cell-mediated
allergy, patients with disease fulfilling the diagnosis are some-
times noted to have detectable food-specific IgE to the trigger or
develop sensitization over time, referred to as atypical FPIES. The
frequency of IgE positivity varies among reports up to as high as
24%.39 A subset (about 1 of 3) of patients with atypical FPIES to
cow’s milk might eventually develop classic acute IgE-mediated
reactions (eg, urticaria) and are more likely to have a more persis-
tent cow’s-milk FPIES.40 As noted before, based on clinical expe-
rience, atypical FPIES can have a highly variable clinical
presentation and might involve immediate or delayed cutaneous
symptoms, in addition to delayed, repetitive emesis. Thus, atyp-
ical FPIES might represent a fluid phenotype on a spectrum of
mixed cell-mediated and IgE-mediated pathophysiology.

An important aspect of phenotyping FPIES regards eventually
determining endotypes that could then reveal pathways toward
better diagnosis, prognosis, treatment, and prevention. To pursue
endotyping, it is important to consider subphenotypes of FPIES
that could relate to differences in immune or other underlying
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mechanisms. The purest classic phenotype is arguably the acute
form of FPIES, without detectable food-specific IgE. Importantly,
there are presentations or features of FPIES that are not the
classical delayed reaction, with no evidence of IgE to the trigger
food. Given that FPIES is often associated with other atopic
disorders, it may not be surprising to have conversion/transition to
or concomitant IgE sensitization. Is IgE-positive atypical FPIES a
different endotype? In those with straightforward IgE-FA,
isolated, delayed GI symptoms sometimes (albeit rarely) occur,
which can also mimic the FPIES phenotype. Thus, in some cases,
atypical FPIES may be an artificial or circumstantial phenotype
that may not easily inform an endotype. However, considering
that the majority (2 of 3) with atypical FPIES continue to manifest
solely FPIES symptoms, it would not be appropriate to exclude
this subphenotype in studies aiming to determine endotypes.
Should severity be considered a subphenotype in FPIES?
Severity may be related to the amount of food ingested, the
robustness of the host response, or other factors. There is a need to
better define the criteria for severe and mild FPIES that considers
these factors. A patient manifesting more severe symptoms (eg,
unresponsiveness, lethargy, requirement for intravenous [IV]
fluids) after an ingestion of a very low dose of food on more
than one occasion could be considered as having a more severe
FPIES phenotype. Operationally, we might refer to severe versus
mild reactions rather than the overall FPIES phenotype.
Additionally, phenotyping by age may need to be considered.
The distinction in phenotypes by age is notable and raises
questions about environmental influences considering the
distinction in foods (ie, rice or oat compared to shellfish), among
other aspects.
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Regarding phenotyping toward a goal of endotyping, the acute
versus chronic phenotypes are particularly difficult to disen-
tangle, given that many infantile disorders may include charac-
teristics of chronic FPIES, so unless phenotyping includes OFC
showing acute responses to administration of the triggering food,
a secure diagnosis of chronic FPIES may be questioned, or a
disorder fulfilling the diagnosis of chronic FPIES may have a
different pathophysiology. For the purposes of endotyping,
lumping chronic and acute disease together could be misleading
unless patients are carefully identified by OFC after avoidance
results in amelioration of symptoms. Given the overlapping
subphenotypes of FPIES, it may ultimately be necessary to apply
agnostic approaches to explore endotypes, such as multiomic
systems biology approaches.

Are there clues among these phenotypes as to etiology/
pathophysiology? Although only noted in case reports, descrip-
tions of drug-induced enterocolitis syndrome suggests the trigger
may not always be a protein, and this may be a clue for FPIES;
perhaps toxins, carbohydrate moieties, chitin, and other chem-
icals in foods are also triggers.41 Another clue may regard timing
and a window of immunologic opportunity. Because the existing
phenotypes suggest that in infants there is a window of time when
1 ormore foods, often unrelated, become triggers, theremay be an
immunologic window or gut barrier defect window (perhaps trig-
gered by infection, dysbiosis, or other insults) at work. In adults, it
is possible that oral tolerance may get attenuated when a food is
only consumed periodically, and/or that gut barrier function
may be partly compromised when that food is coingested with
alcohol, exercise, antacid medications, or nonsteroidal anti-
inflammatory drugs, or are due to hormone changes, intestinal
infection, or inflammation. Future phenotyping and attention to
patterns of reactivity may benefit from seeking history on coin-
gestions, infections, timing of exposure, receipt of antacids or an-
tibiotics, environmental exposures, and various additional
potential cofactors.
Risk factors
There appears to be some hereditary risk to FPIES, but it has

not been well characterized. In the US population-based study,
4.9% reported multiple siblings affected, and 1.9% had an
affected parent.27 In an Australian population-based study, the
calculated risk was 15.4/100,000 per year without an affected sib-
ling versus 16.4/100,000 per year with—a marginal increase in
risk calculated from 7% of infants with FPIES having an affected
sibling.27,39 However, there are multiple case reports of affected
monozygotic twins,42-44 suggesting a modest hereditary compo-
nent and the need for genetic studies. Infants with trisomy 21
appear to be at increased risk of developing a higher severity of
FPIES.45-47 In Italian and Japanese cohorts of children with tri-
somy 21, approximately 11% were diagnosed with FPIES to
various foods—an over 10-fold higher rate than population esti-
mates of FPIES. Four genes located on human chromosome
21q22.11 encode a and b subunits of the IFN-a receptor, the b
subunit of the IL-10 receptor, and the second subunit of the
IFN-g receptor. Overexpression of chromosome 21 gene products
in patients with trisomy 21 leads to an increase of TNF-a and
IFN-g levels with a decrease in IL-10 concentration in plasma,
which can lead to exaggerated inflammatory responses. This
should be investigated as a potential mechanism of predisposition
to FPIES.48,49
Population-based studies and even some referral-based studies
in children mostly favor an even sex distribution or a slight male
preponderance, with one exception being a primary care cohort in
Philadelphia (214 with FPIES from a cohort of 158,510) having a
significant male preponderance at 64%.29 In an US adult
population-based cohort, 53.5% of the cases occurred in female
patients, whereas in a Spanish adult referral population, 93.5%
were female.23,27 In sum, there may be a weak male predomi-
nance in infants and female predominance in adults.

Multiple studies suggest high rates of comorbid atopic disease,
such as IgE-FA, atopic dermatitis, allergic rhinitis, and
asthma.27,29,34 A cohort study in children from Philadelphia noted
statistically significant higher rates of atopic disease in those with
FPIES compared to the population without FPIES, the largest dif-
ference being in IgE-FA (24% in FPIES vs 4% in the general
population).29

Several other potential risk factors have been described, but
there are few data available. A birth cohort from Philadelphia
noted 77% with FPIES were White, but diagnosis bias cannot be
ruled out, and the US population-based prevalence study showed
a higher rate of FPIES among Asian/non-Hispanic children.27 An
Israeli study suggested cesarean section delivery was a risk factor,
which may raise research interest in the role of the microbiome.50

Indeed, a small study reported longitudinal differences in gut
microbiome in infants with FPIES compared to age-matched,
nonallergic healthy infants in the first year of life.28 Another
case–control study found gut microbiome differences in older
children with fish FPIES (mean age, 7.5 6 3.2 years) compared
to age-matched, nonallergic healthy children (mean age,
6.9 6 2.7 years).51

Another potential risk factor regards timing of food introduc-
tion. Based on the timing of onset being typically within the first
9 months, and most foods involved may not be common allergens
but rather the first foreign proteins introduced, there appears to be
a window of time where an infant may be more prone to
experience FPIES. In support, an increase in peanut- and egg-
induced FPIES has been noted since guidelines for early
introduction as a means of prevention have been promul-
gated.5,8,22 However, 2 studies did not identify timing as a risk,
although there may be ascertainment issues related to a focus
on milk.33 In one of the earliest studies, egg was used as a control
allergen for infants with suspected milk or soy FPIES.52 At a
mean age of 5.5 months, 3 of 10 infants with challenge-
confirmed milk or soy FPIES developed acute FPIES symptoms
at first egg ingestion, suggesting that early introduction might in-
crease the risk of FPIES.

Ultimately, impactful modifiable risk factors have not yet been
identified, but the clear atopic disposition suggests FPIES has
some degree of allergic etiology aligned with other atopic
diseases.
PATHOPHYSIOLOGY AND MECHANISMS

Current knowledge and gaps in FPIES immunology
The role of immunoglobulins in FPIES has been carefully

examined. Initial reports indicated that infants with active FPIES
had higher levels of specific IgA and IgG to milk, soy, and
ovalbumin at baseline and an increase in food-specific IgA after
OFC than infants who had outgrown their FPIES. Subsequent
investigations have not found differences in IgA, IgG1-4, IgM,
IgD, IgE, or free light chains specific for foods or specific for
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milk components when comparing active FPIES to outgrown
FPIES or other controls.53,54 A decrease in milk-specific IgA
and IgG has been reported in FPIES, but this is in comparison
to children with nonmilk FPIES or other controls who are not
avoiding milk, and therefore differences may be due to lack of
ingestion.55 Again, food-specific IgE can be found in a subset
of individuals with FPIES, referred to as atypical FPIES, and is
associated with a prolonged time to resolution.40

The role of T cells in FPIES is more controversial. McDonald
et al reported that peripheral blood mononuclear cells from
individuals with a positive FPIES challenge result had higher
proliferation compared to individuals with a negative challenge
result.52 However, no difference in proliferation was later re-
ported by Hoffman et al.56 Recall assays examining cytokine pro-
duction from milk-restimulated peripheral blood mononuclear
cells demonstrated a predominantly TH2 profile, or an absence
of T-cell response.53,54 It is difficult to reconcile how a TH2 profile
similar to IgE-FA could play a pathogenic role in a food allergy
with such distinct clinical manifestations. On the one hand, Gos-
wami et al used a CD154-based detection assay for milk-, soy-, or
rice-responsive T cells and found no difference in T-cell fre-
quency or phenotype compared to healthy controls.57 On the other
hand, measurement of cytokines before and after FPIES challenge
clearly demonstrates a potential role for T cells. IL-2 is elevated
after challenge, as are the TH17 cytokines IL-17A, IL-17F, and
IL-22.58,59 T-cell activation can be detected after challenge by
expression of the activation marker CD69, although expression
is so widespread that it does not appear to be antigen specific.
Analysis of T-cell subsets by mass cytometry demonstrated that
CD69 was most highly upregulated on CD31CD42CD1611

cells, including gd T cells, indicative of preferential activation
of nonconventional T-cell subsets.58

In addition to pan–T-cell activation, mass cytometry analysis
demonstrated activation of multiple innate cell subsets, including
monocytes, eosinophils, neutrophils, and natural killer cells after
food challenge. RNA sequencing analysis of blood obtained
before and after OFC showed an upregulation of monocyte-
associated gene signatures during FPIES reactions.57 This is
consistent with data fromMehr et al, who demonstrated an innate
immune signature associated with FPIES reactions.60 Analysis of
signaling in whole blood by mass cytometry identified an eleva-
tion in phospho-STAT3 in myeloid cells and T cells after food
challenge. This suggests that activation of these cell subsets
was downstream of systemic release of cytokines including IL-
6, IL-10, IL-22, and oncostatin M.58 Untargeted metabolomics
of serum samples obtained before and after OFC found elevated
levels of a total of 34 metabolites, including inosine and urate
of the purine signaling pathway in those with symptomatic FPIES
compared to those without symptoms after challenge.61 Expres-
sion of the purine receptors P2RX7 and P2RY10 and the ectonu-
cleotidase CD73 in peripheral blood was significantly reduced
after symptomatic FPIES challenge, also implicating the purine
pathway in reactions. The level of the serotonin metabolite
5-hydroxyindoleacetate was significantly elevated after reaction,
suggesting a role for peripheral serotonin in reactions. Adenosine,
a purine metabolite, triggered serotonin release from gastric and
duodenal biopsy specimens from FPIES-free donors, suggesting
a link between purinergic pathway activation and serotonin
release.

Taken together, these results suggest a model (Fig 3) in which
tissue-resident memory T cells localized to the GI tract react to
OFC with a rapid release of TH17-associated cytokines. There
is subsequent cytokine-mediated activation of innate immune
cells, and an additional release of proinflammatory cytokines
and potentially ATP that could yield adenosine to drive serotonin
release, resulting in the classic symptoms of repetitive vomiting,
pallor, and lethargy.
Roles of B-cell isotypes and switching in upper GI

tract
Recent analyses of B-cell and plasma cell populations in the

blood and GI tissues of patients with IgE-FA could have relevance
to FPIES. Immunoglobulin heavy chain transcripts sequenced
from biopsy samples of esophagus, stomach, and duodenum and
peripheral blood of peanut-allergic adults at baseline showed
increased numbers of somatically mutated, clonally expanded
peanut IgE1 B-lineage cells and cells with a plasma cell pheno-
type in the stomach and duodenum.62 The observed cooccurrence
of B-cell clones between the blood and GI tissue biopsy samples
supports the idea that blood-based immunemonitoring is likely to
capture at least a fraction of the B-cell repertoires that are present
in less accessible tissue sites. The implications of these observa-
tions for FPIES include the value of obtaining GI biopsy tissues
for research, when this can be safely carried out in FPIES patients,
to test for the possibility that the pathologic mechanisms involve
immune cell populations such as B cells that may be localized to
specific GI tissue sites.63,64
Possible role of mast cells
The clinical spectrum of mast cell activation is diverse and

involves many different organ systems, including the digestive
tract with symptoms such as abdominal cramping, diarrhea,
nausea, and vomiting, which are also common symptoms in
FPIES. While mast cells are best known for their activation
through the IgE pathway, it is important to note the heterogeneity
in mast cells populating different anatomical locations.65,66 Con-
nective tissue mast cells are produced in embryonic yolk sac and
seed the tissues, where they have a long life-span. They express
tryptase, chymase, carboxypeptidase, cathepsin G, and
MRGPRX-2, a G protein–coupled receptor important in medi-
ating mast cell activation via various ligands through non-IgE re-
ceptor pathways. In contrast, mucosal mast cells are dynamically
maintained in tissues, expanding in type 2 inflammation, and re-
placed by bone marrow–derived mast cells; these cells have a
much more limited protease and mediator profile. In an animal
model exploring mast cell involvement in different manifesta-
tions of food allergy, systemic anaphylaxis was associated with
activation of connective tissue type mast cells, while GI manifes-
tations such as diarrhea without anaphylaxis was mediated by
both mucosal and connective tissue mast cells.67

There is little known about mast cell involvement in FPIES
other than they are found as part of the mixed inflammatory
infiltrate in GI biopsy samples.10 Caubet et al reported no acute
rise in tryptase levels before and after a positive OFC in children
with FPIES to cow’s milk.53 Baseline tryptase levels were within
a normal range in all patients, although patients with positive re-
sults to OFC had higher levels. This finding is unlikely to be of
diagnostic significance; the difference was small, and the tryptase
levels were overlapping between children who did not react
versus those who did react to the OFC. One possible explanation



FIG 3. Immune pathophysiology of acute FPIES. Food antigen is absorbed and activates tissue-resident T

cells to make cytokines, including IL-2, IL-17, and IL-22. OSM and IL-6 are also produced, but source may

also include tissue macrophages. IL-22, OSM, and IL-6 activate STAT3, which is observed in multiple innate

immune cell types. ATP can be released by activated immune cells and damaged epithelial cells, and its

metabolite, adenosine, acts on enterochromaffin cells to drive serotonin release, linking inflammation to

vomiting, pallor, and lethargy. OSM, Oncostatin M.
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for this finding may be reactive mast cell hyperplasia induced by
the inflammatory milieu (perhaps by cytokines, including IL-9
and stem cell factor) in patients with active FPIES.

Because of the complex and largely unknown pathogenesis of
FPIES, mast cell–directed therapies alone are unlikely to be
effective, although they may provide adjunctive treatment
options. Knowledge gaps exist in terms of quantitative and
qualitative changes in mast cells in acute and chronic FPIES,
and how they correlate with disease resolution. Single-cell RNA
sequencing experiments, similar to those investigated in other
disorders, may provide mechanistic insights into the role of mast
cells in FPIES pathogenesis. It would also be of interest to
investigate whether different food components, protein or
nonprotein, can directly activate mast cells through non-IgE–
mediated pathways.66
Possible role of GI microbiome. Microbial communities
residing in anatomic locations throughout our bodies can exert
influence on health and disease.68 Epidemiologic studies from
around the world have identified many environmental factors
associated with allergy risk (eg, birth mode, pet ownership, birth
order, farming environment) that are also linked to differential
microbiome exposure.69,70

While definitive evidence for microbial dysregulation in FPIES
is currently lacking, several studies have suggested gut dysbiosis
preceding and persisting in FPIES in infants and children.

A small study reported longitudinal differences in the gut
microbiome in infants with FPIES compared to age-matched,
nonallergic healthy infants in the first year of life.71 Another case–
control study found gut microbiome differences in older children
with fish FPIES (mean age, 7.56 3.2 years). Children with FPIES
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had significantly higher proportions of Lachnospiraceae spp and
lower proportions of Ruminococcaceae spp, Lactobacillaceae
spp, and Leuconostocaceae spp than healthy controls.51

More extensive findings about the GI microbiome in in-
dividuals with IgE-FA support the need for GI microbial features
getting more thoroughly investigated to assess their contribution
to FPIES pathophysiology. For example, in studies of an early life
cohort of 512 children from the Consortium for Food Allergy
Research, investigators examined stool and saliva samples and
identified GI microbiota associated with food allergy status, food
allergy development, and resolution of food allergy over
time.72-74 Findings from these and other studies support the
notion that individuals with and without food allergy have distinct
GI microbiota, and early-life GI microbiota might influence the
development and trajectory of disease. Recently, investigators
also identified GI microbial features associated with reaction
threshold in food allergy.73 Research in murine models has
been instrumental in uncovering mechanisms by which GI micro-
biota may modulate food allergy susceptibility. In the absence of
specific microbial signals in the GI system, TH2-promoting path-
ways are augmented. In turn, colonization by some microbiota
has been observed to influence T-regulatory cell expansion,
basophil-mediated allergic inflammation, and intestinal IgA
secretion.75

Although preliminary data raise the possibility that GI micro-
biota may also be associated with FPIES, rigorous and systematic
data addressing this particular question are needed.28,51 If distinct
microbial features are found to be associated with FPIES, then GI
microbiome manipulation by diet, probiotics, prebiotics, synbiot-
ics, postbiotics, and/or microbiota transfer could be considered as
potential modalities for prevention and/or treatment of FPIES.
GI pathology in FPIES
The pathology of FPIES has not been comprehensively

described. This is chiefly because pathology samples are difficult
to obtain in patients during an acute FPIES event; endoscopy is
often not feasible as a result of the clinical status of the patients.
Thus, our knowledge of this topic is limited to case reports and
small case series; in all these publications, the pathology is not
completely described.

Most review articles of FPIES refer to a case report in which a
6-month-old had repeated FPIES events due to chicken inges-
tion.76 The patient underwent endoscopy during one of these
events, which revealed hemorrhagic, fragile mucosa. Biopsy sam-
ples showed ‘‘severe inflammation with eosinophils,’’ with no
additional pathologic description provided.

Additional descriptions come from a small case series of 4
infants, who, in retrospect, had clinical features of FPIES.77

Endoscopy showed hemorrhagic and friable mucosa; however,
the study also noted a loss of vascular pattern. Histologically,
mild to moderate acute colitis was described, without mention
of mucosal eosinophilia.

Other descriptions include duodenal villous atrophy with
increased lamina propria inflammation.67 One article reported
increased major basic protein using immunohistochemistry; how-
ever, histology did not reveal increased lamina propria eosino-
phils.78 TGF-b1 expression was generally depressed in 28
infants diagnosed with FPIES on the bases of clinical criteria
and oral challenge. Expression of type 1 TGF-b receptor was
significantly lower in the patients who had villous atrophy
compared to patients who did not, and was negatively correlated
with the severity of atrophy. Expression of type 2 TGF-b receptor
showed no significant difference between the patients with or
without villous atrophy. The immunoreactivity for both TGF-b
receptors on lamina propria cells was low. TNF-a expression
was detected on both epithelial and lamina propria cells; it was
significantly greater in patients who had villous atrophy
compared to patients who did not.78

Given the incomplete evidence base and understanding of the
pathology of FPIES, additional studies need to be undertaken.
Possible role of GI neurophysiology
There are manyways that the nervous systemmay contribute to

the pathophysiology of FPIES, but confirmatory evidence is
lacking. The nervous system regulates or mediates nearly every
aspect of GI function, including motility, epithelial barrier
integrity, fluid/ion flux across the epithelium, gut hormone
responses, sensations of nausea or abdominal pain, and mucosal
immunity. Because these functions are fundamentally linked to
the symptoms of FPIES (nausea, vomiting, and diarrhea), the
nervous system is certain to have roles in FPIES symptomatology.
Neural circuits, furthermore, store memories of experiences and
link these memories to specific behavioral responses that can be
conscious, autonomic, or both. Thus, the GI nervous system may
also directly underlie FPIES pathophysiology, producing specific
autonomic responses in response to specific food exposures. The
digestive tract contains its own intrinsic nervous system called the
enteric nervous system; it is also extensively innervated by
projections from extrinsic neurons located outside the gut,
including vagal afferent and efferent neurons, spinal afferent
neurons, and sympathetic postganglionic neurons. All these
components of the nervous system are potential actors in FPIES.

Clinical experience and a case–control study suggest that
ondansetron, an antagonist of the serotonin type 3 receptor (aka
5HT3R) is highly effective in terminating FPIES symptoms in
many patients.79 5HT3Rs are expressed by vagal afferents, enteric
neurons, spinal afferents, intestinal epithelial cells, and mucosal
immune cells including macrophages and dendritic cells, mean-
ing that this signaling pathway could be a central node in FPIES
pathogenesis.80 In the gut, serotonin (5-HT) is primarily released
by a subset of enteroendocrine cells (EEC), a type of secretory
epithelial cell that detects mechanical and chemical stimuli
from the gut lumen, and releases 5-HT and peptides in response.
These molecules signal in paracrine fashion to cells and nerve
endings in the lamina propria, and in an endocrine fashion to
more distant targets. It will be important to determine if the den-
sity, response thresholds, or outputs of EEC are altered in FPIES
and contribute to maladaptive 5-HT signaling. EEC are diverse
and release a wide variety of potent peptide hormones, such as
peptide YY, motilin, glucose-dependent insulinotropic polypep-
tide, and glucagon-like peptide 1. Measurement of these hor-
mones at baseline and in response to food challenges in FPIES
patients may provide additional insights on the contributions of
this neurohormonal axis to FPIES pathophysiology.

There is increasing evidence that cells in the enteric nervous
system directly link immune responses to changes in motility. For
example, inhibitory motor neurons in the myenteric plexus
release vasoactive intestinal peptide and the gaseous
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neurotransmitter nitric oxide onto the cells of the smooth muscle
syncytium to regulate gut motility. Remarkably, these same
neurons were recently shown to release the cytokines IL-18 and
IL-6 to influence epithelial antimicrobial peptide secretion and T-
regulatory cell differentiation, respectively.81,82 Enteric neuronal
dysfunction could link food exposures with aberrant immune and
motility responses. Consistent with this possibility, high-affinity
IgE receptors have been reported on enteric neurons and exposure
to an antigen after preincubation with antigen-specific IgE, stim-
ulated calcium responses in these neurons.83 Glia, the abundant
nonneuronal cells of the nervous system, have also been impli-
cated in intestinal motility and inflammation.84 For example, a
recent study showed that a subset of enteric glia in the myenteric
plexus are responsive to IFN-g and play an essential role in orga-
nizing the immune response to helminth infection.85 There is a
large population of enteric glia in the mucosa that interact with
EEC-derived signals, dietary components that penetrate the
epithelial barrier, and the cellular components of the mucosal im-
mune system. Determining if these mucosal glia are altered in
FPIES and if they potentially contribute to its pathophysiology
would not only advance understanding of this disorder but may
also help us uncover new therapeutic targets.

Dedicated studies focused on identifying the contributions of
the nervous system to FPIES may be highly valuable for both
extinguishing maladaptive responses to food exposures and
relieving acute symptomatic episodes.

Role of dysautonomia
On the basis of the observed GI symptoms and severe

hemodynamic response often associated with FPIES, it is likely
that the autonomic nervous system (ANS) plays an important role
in the manifestation of these symptoms. If this is the case, it is
unknown whether dysregulation of the ANS is causal versus a
compensatory consequence to the cascade of inflammatory events
associated with FPIES. The ANS facilitates homeostasis and
regulates adaptive responses to both internal and external stim-
uli.86,87 With changes in the body’s environment, the ANS coor-
dinates compensatory responses to maintain organ perfusion and
function. When these compensatory mechanisms are over-
whelmed, symptoms of autonomic dysregulation manifesting as
suppressed or excessive activity can be the result.88,89 Further,
the GI tract is extensively integrated with the ANS. Thus, when
this delicate coordination fails, symptoms of diarrhea, abdominal
pain, nausea, or vomiting can occur.

BothANSandGI symptoms are part of FPIES reactions, but the
mechanistic relationship between the two has not been explored,
in part because of the heterogeneous nature of this conditionwith a
spectrum of clinical phenotypes. For example, it is not known
whether the autonomic response to FPIES is secondary to GI
symptoms, a consequence of the neuroimmune response, or some
combination of both (Fig 4). While the 2017 International
Consensus Guidelines have streamlined diagnostic cohorts of
acute FPIES, there remains a considerable gap in comprehen-
sively classifying clinical FPIES phenotypes. To effectively
accomplish this, it is probably important to identify disease sub-
types based not simply on GI symptoms but also on associated co-
morbidities outside the GI tract. This is exemplified in the case of
the work that led to understanding the potential causes of func-
tional nausea in children, in which defining key symptom attri-
butes and cluster analyses allowed identification of 2 distinct
patient groups necessitating distinct treatment strategies.89
To establish a framework toward defining FPIES phenotypes,
the use of clinical instruments such as comprehensive symptom
intakes and patient-reported outcomes can be extremely useful.
These tools can improve a clinician’s understanding of the patient
illness, including psychosocial and family impact, using a
structured format. In particular, the National Institute of Health
Patient Reported Outcomes Measurement System (PROMIS)
offers a diverse set of validated multisystem questionnaires that
measure patient-reported or proxy reported symptoms to assess a
patient’s disease state.90 PROMIS can also be combined with
other multidimensional assessment tools to further assess the
ANS-GI relationship in FPIES. These tools include the Compos-
ite Autonomic Symptom Score 31 (COMPASS 31) and the
Nausea Profile Questionnaire, both of which address symptoms
spanning from GI to somatic to emotional.91,92 It will also be
important not simply to choose or design the right questionnaire
but also to determine the best way to collect data.93

In the absence of distinct laboratory diagnostic tests or
radiologic findings to classify FPIES, comprehensive symptom
questionnaires, including patient-reported outcomes, offer the
potential to define distinct and clinically meaningful subgroups.
Better clinical characterization of FPIES is necessary to under-
stand its complex and multifactorial nature, particularly as this is
related to the interplay of underlying GI, immunologic, and
autonomic mechanisms.
FPIES DIAGNOSIS

Clinical diagnosis
FPIES diagnosis is made clinically; there is no confirmatory

biomarker. There is also no prognostic biomarker that allows
families and clinicians to identify trigger foods in advance of
ingestion.When the history is not sufficient tomake the diagnosis,
OFC remains the reference standard for confirmation of diag-
nosis, but this has practical limitations. Lack of diagnostic
biomarkers remains one of the most burning needs in FPIES
because the OFC experience can be unpleasant, leading to patient
and family reluctance to repeat the procedure frequently to
monitor for tolerance development.

The lack of a standardized FPIES OFC protocol, the need for
prolonged observation, and the potential for severe reactions
necessitating IV fluid resuscitation contribute to apprehension
among clinicians and the limited availability of practices
performing FPIES OFC.13,15 Clear guidance on food dose and
regimen, and the criteria for placement of peripheral venous ac-
cess before OFC are needed. Acute FPIES is the most common
type of FPIES. Current consensus guidelines suggest that patients
must have 1 major criterion and at least 3 of minor criteria.10 The
major criterion is delayed symptoms (1 to 4 hours after ingestion)
with repetitive vomiting after eating the suspected food in the
absence of IgE-mediated skin or respiratory symptoms. The mi-
nor criteria include 3 of the following: second episode of vomiting
after ingestion of same food, similar reaction with a different
food, extreme lethargy, marked pallor, need for emergency
department evaluation, need for IV fluid support, diarrhea within
24 hours of reaction, and hypotension and/or hypothermia. While
these criteria seem to work for many, a recent cohort of patients
has been described who have milder presentations and may not
meet the above strict criteria.94

Chronic FPIES occurs in infants in whom chronic exposure to
high doses of food allergen (eg, feeding with cow’s milk or



FIG 4. Potential fluid relationship between GI, immune, and ANS responses in FPIES. Reprinted with

permission from Hoffman NV, Ahmed A, Fortunato JE, ‘‘Food protein–induced enterocolitis syndrome. Dy-

namic relationship among gastrointestinal symptoms, immune response, and the autonomic nervous sys-

tem,’’ Ann Allergy Asthma Immunol 2021;126:498-505. CNS, Central nervous system.
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soy-based infant formula) leads to vomiting, diarrhea, and severe
gastroesophageal reflux symptoms daily. Progressive growth
concerns and symptoms ensue, and often these infants appear
very ill.35,36 Removal of the offending food leads to improvement,
and adding the food back in leads to an acute FPIES reaction.
Older children with chronic symptoms that suggest FPIES need
further evaluation to exclude alternative diagnoses (Table I),
which are more likely.

In adolescent and adult patients with FPIES, presentation is
more delayed in nature (up to 6 hours) after food ingestion but
often includes more severe abdominal pain and diarrhea, whereas
vomiting may be absent in a subset of patients.23 Diagnostic
criteria for FPIES in adults are needed.
Differential diagnosis
Given the delay in the onset of nonspecific symptoms after

allergen ingestion, the diagnosis of FPIES is typically only made
after repeated exposures to the allergen.95,96 In the absence of a
clear biomarker for the diagnosis of FPIES, until such time a



TABLE I. Differential diagnosis and features that distinguish these conditions from FPIES

Characteristic Features Diagnosis

Infectious gastroenteritis Fever, sick contacts, and single episode of illness and

vomiting unrelated to ingestion of the same food

Stool testing for pathogens

Sepsis (pediatric/adult) Fluid resuscitation alone not effective Laboratory abnormalities and positive blood cultures,

and/or appropriate sepsis biomarkers—eg,

procalcitonin, presepsin (soluble CD14), sTREM-1

IgE-FA or anaphylaxis (pediatric/adult) Immediate onset (<1 hour) of cutaneous, respiratory, and/

or GI symptoms; typically present with hives or lip

swelling; anaphylaxis may progress to hypotension

and responds to epinephrine

Presence of food-specific IgE on blood or skin test

Gastroesophageal reflux disease

(pediatric/adult)

Symptoms may occur after ingestion of many or all

meals and are not restricted to select FPIES trigger

foods; vomiting is less likely to be protracted or end in

bilious vomiting; there are no neurologic features

associated with GERD, and features are restricted to

upper GI symptoms.

Antacids improve symptoms, and upper GI series can

provide evidence of reflux

Obstructive GI problem (eg, pyloric

stenosis, intussusception, Meckel

diverticulum, ileus and volvulus)

(pediatric)

Each condition has a typical age at presentation, and

symptoms are not related to intake of specific foods

Evidence of obstruction on radiologic studies

Celiac disease (pediatric/adults) No temporal relationship between symptoms and food

intake, and symptoms gradually progress to

malabsorption

Celiac serologic testing, mucosal histologic testing,

and HLA marker testing positive for HLA-DQ2,

-DQ8, family history

Lactose intolerance (pediatric/adults) Abdominal bloating, flatulence, cramps, diarrhea,

nausea, and/or vomiting after ingesting dairy products

containing lactose

Positive hydrogen breath test result, lactose

elimination diet, genetic

Fructose intolerance (pediatric/adults) Bloating, flatulence, or diarrhea after ingestion of fruit

and fruit-based sweeteners

Positive hydrogen breath test result, fructose

elimination diet, genetic screening

Intolerance of short-chain fermentable

carbohydrates

FODMAPs Positive hydrogen breath test result, short-chain

fermentable carbohydrate elimination diet, genetic

screening

Inborn errors of metabolism (pediatric) Developmental delay, neurologic features with gradual

decline in physical and developmental well-being, and

specific triggers may be required to induce symptoms

Testing to examine the specific pathway deficiency or

metabolite accumulation, genetic testing

Neurologic disorders (pediatric) No relation to specific food intake Neurologic evaluation necessary for diagnosis

Eosinophilic gastroenteropathies (eg,

eosinophilic esophagitis, gastritis,

colitis) (pediatric/adult)

Typically not associated with specific food intake, and

symptoms are more chronic than episodic

Intestinal biopsy and clinical symptom history

Inborn errors of immunity (pediatric) Frequent infection history and no specific relation to food

intake

Immune phenotyping or genetic testing (eg, whole-

exome or whole-genome sequencing)

FPIAP (pediatric) Infant well appearing and thriving, exclusively breast-fed

or formula-fed, symptoms are of the lower GI tract (eg,

fresh blood and mucus in stools)

Guaiac-positive stools and elimination leads to

symptom improvement; delayed symptoms with

reexposure

Food protein–induced enteropathy

(pediatric)

Vomiting less prominent than nonbloody diarrhea, and

less severe presentation without methemoglobinemia

or acidemia

No acute reaction at reexposure

Inflammatory bowel disease (pediatric/

adults)

GI symptoms include bloody and mucus-containing

diarrhea, rectal bleeding and weight loss/failure to

thrive, perianal skin tags, or fistulas; not related to

specific food intake; systemic symptoms and/or

extraintestinal symptoms (eg, fever, arthritis,

arthralgia, folliculitis, uveitis, dermatologic

manifestations)

Tissue biopsy, highly elevated inflammatory markers

(eg, CRP and calprotectin)

Irritable bowel syndrome (adults) Abdominal pain and changes in bowel habits

(constipation and/or diarrhea) and in stool form

No specific test, but will need to exclude other GI

problems (eg, celiac disease, infection, or IBD)

SIBO (adults) Bloating, flatulence, and abdominal discomfort with

diarrhea or constipation

Small intestine aspirate and fluid culture (reference

standard); breath hydrogen test (less specific)

Food poisoning (pediatric/adults) Abdominal pain, diarrhea, and/or vomiting History of eating raw or undercooked food; positive

stool sample

Anisakiasis (pediatric/adults) Acute severe epigastric pain within few hours of

ingestion, along with nausea, vomiting, and low-grade

fever

History of eating raw or undercooked food; parasite

seen during upper endoscopy, radiography, or

surgery

CRP, C-reactive protein; FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; FPIAP, food protein–induced proctocolitis; GERD,

gastroesophageal reflux disease; HLA, human leukocyte antigen; IBD, inflammatory bowel disease; SIBO, small intestinal bacterial overgrowth; sTREM-1, soluble factor triggering

receptor expressed on myeloid cells 1.
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causal association between food ingestion and symptom onset is
clear, interim differential diagnoses are likely to focus on the
dominant presenting symptoms and signs, typically those condi-
tions that affect the GI and/or nervous systems. Table I lists poten-
tial differential diagnoses.

An additional challenge tomaking the diagnosis arises from the
wide array of allergens that may induce symptoms, which include
not only those allergens that are typically associated with IgE-FA
(eg, egg, cow’s milk), but more commonly those that rarely cause
IgE-mediated allergy (eg, oat, rice, fruit, root vegetables).

It remains common for patients to have been assessed by other
specialists before seeking care from a physician who is familiar
with the condition, such as an allergist or gastroenterologist.
Knowledge of FPIES remains low among emergency health care
professionals and pediatricians, even though the condition
frequently presents in acute-care settings.1,6
Diagnostic biomarkers
Recognition of a disease and its correct diagnosis often rely on

the availability of a biomarker—a measurable substance, the
presence of which indicates disease, infection, or environmental
exposure. However, for the diagnosis of FPIES, no biomarker has
been identified.10

Table II lists immunologic and biochemical markers that have
been evaluated in peripheral blood at baseline and during acute
FPIES reactions induced by an OFC. At baseline, none can pre-
dict the outcome of the OFC, but some change after the OFC
and differ between active FPIES and resolved FPIES, and be-
tween FPIES and IgE-FA.40,53-55,57,58,61,97-100 None of those,
however, differentiate these conditions well enough to be re-
garded as true diagnostic biomarkers.

Our ability to identify a diagnostic biomarker is seriously
hampered by the lack of understanding of the pathophysiology of
FPIES; we do not know which cells recognize and mount the
specific responses to culprit foods. This is further hindered as the
mechanisms of emesis or those of other clinical manifestations
during acute FPIES episodes remain unknown. In fact, solely
examining the immune system may limit our view because
symptoms may be caused by the nervous system through sero-
tonin pathways or other neural mechanisms of emesis, diarrhea,
and other GI symptoms.
TREATING AND MANAGING FPIES

Long-term FPIES management
Long-term management of FPIES includes prevention through

dietary management, preparation via emergency planning, and
prognosis, as well as assessing for tolerance.

There are 3 main approaches for dietary management, and
which approach is the best may depend on age and country of
origin of the patient, which food triggered the initial FPIES
reaction, if the patient has single versus multiple food FPIES, and
what other foods are already part of the diet.

One approach is to recommend avoidance of only the specific
food or foods that triggered FPIES. Up to 65% to 80% of pediatric
patients have FPIES to a single food, most often cereal grain (oat
or rice) or cow’s milk.7,8 Another approach is to also delay intro-
duction of related or potentially coreactive foods in infants This is
based on observations, for example, that approximately 50% of
patients with grain FPIES are reactive to more than one grain,
and 20% to 40% of patients in US cohorts with cow’s milk or
soy FPIES are reactive to the other.10

The more conservative approach may be appropriate for
patients at high risk for multiple food FPIES or patients with
severe symptoms. In the US cohort 5% to 10% of patients had
FPIES to >3 foods, and in another cohort 5% were reactive to >_6
foods.6-8,10 It has been observed that patients with cow’s milk/soy
FPIES can be at risk for solid food FPIES, often rice or oat. In
addition, younger infants may be more likely to have multiple
food FPIES.39 Recommending lower-risk foods for introduction
first may also help families with young infants in whom first
FPIES reactions were to some of the first solid foods introduced
to them or who have experienced severe or multiple FPIES reac-
tions. Knowing more about risk factors for multiple food FPIES
as well as the degree of coreactivity between and within food
groups will help guide dietary management.

For cow’s milk and/or soy FPIES, continued breast-feeding or
an extensively hydrolyzed casein formula is recommended; up to
10% to 20% may need elemental formula.10,101 Chronic FPIES,
which is predominantly triggered by cow’s milk and soy, usually
resolves within 3 to 10 days of switching to a hypoallergenic for-
mula. In acute FPIES, while coreactivity between cow’s milk and
soy in the United States is significant, this has not been observed
in Australia, Israel, and Italy, potentially because of the much
lower use of soy-based infant formula in these countries
compared to the United States. Thus, if one of these two foods
is a culprit, a careful introduction of the other might be consid-
ered, if preferable over a hypoallergenic formula because of taste
or cost, if FPIES symptoms were mild and the infant is older than
6 months. Empirically, the coreactivity between cow’s milk and
soy is highest in infants younger than 6 months. Similarly, avoid-
ance of the related foods from the same food group may be appro-
priate in the initial stages of new food introduction after an FPIES
reaction, but it should be modified and relaxed based on the suc-
cessful introduction of other foods.

Breast-feeding of infants with FPIES is encouraged, and
maternal avoidance of FPIES trigger or triggers is not recom-
mended if the infant is asymptomatic and growing well. While
there are mostly case reports of FPIES symptoms after breast-
feeding in the United States, higher rates of infants with FPIES
symptoms during exclusive breast-feeding have been reported in
Japanese (10%) and Australian (5%) cohorts.39,102 Additional
studies on the prevalence of acute and chronic FPIES symptoms
during breast-feeding will improve anticipatory guidance.

Reviewing an emergency treatment plan with patients and
families in case of an FPIES reaction is vital. Management of
acute reactions is primarily based on severity.10,103 If symptoms
are mild—for example, one or two episodes of vomiting and no
lethargy—oral rehydration can be attempted about 20 minutes af-
ter the last emesis (Fig 5).103 If available, ondansetron can be pro-
vided to infants aged >6 months. If there is continued vomiting
and lethargy, or if there is a concern about dehydration, it is rec-
ommended that the patient go to the emergency department for
further management, primarily with IV fluids and intramuscular
(IM) or IVondansetron. Giving FPIES patients an emergency let-
ter that explains what FPIES is and suggests treatment can help
patients receive the care that they need and avoid a misdiagnosis
and/or extensive work-up. If symptoms are severe, such as severe
lethargy, hypotonia, or a gray or ashen appearance, it is recom-
mended that emergency services are sought immediately because
there is concern for hypotension, hypovolemia, and distributive



TABLE II. Potential biomarkers described in FPIES

Characteristic Acute FPIES Diagnosis of FPIES trigger Chronic FPIES

Specific IgE to foods (SPT, sIgE) Absent by definition1 Absent by definition1 IgE to milk elevated in

persistent milk-induced FPIES

IgG1-4 Similar to general population and

IgE-FA

Similar to general population and

IgE-FA

NA

IgM Similar to general population and

IgE-FA

Similar to general population and

IgE-FA

NA

IgA Similar to general population and

IgE-FA

Similar to general population and

IgE-FA

NA

APT No Low sensitivity, specificity, PPV,

NPV

NA

T-cell activation Similar to general population and

IgE-FA

Similar to general population and

IgE-FA

NA

Neutrophil Elevated. Minor criteria of FPIES

diagnosis >1500/mm

NA NA

Eosinophil Elevated in stools NA NA

Tryptase Elevated at baseline. No

difference during acute

reaction

NA NA

TARC Elevated during acute reaction NA NA

CRP Elevated or normal during acute

reactions

NA NA

TNF-a Elevated NA NA

TGF-b Reduced NA NA

APT, Atopy patch test; CRP, C-reactive protein; NA, not applicable; NPV, negative predictive value; PPV, positive predictive value; sIgE, serum-specific IgE; SPT, skin prick test;

TARC, thymus and activation-regulated chemokine.
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shock. Studies are needed to evaluate the use of corticosteroids to
treat acute FPIES reactions; in severe reactions, corticosteroids
may be considered to treat the inflammation in the gut.

There are limited data on use of ondansetron to treat acute
FPIES reactions. Small studies of IV and IM ondansetron have
demonstrated rapid symptom resolution (<15 minutes). A larger
retrospective study reported that vomiting persisted in 19% of
children treated with IVondansetron versus 93% treated with IV
fluids and steroids, and that children treated with ondansetron
were less likely to be hospitalized.79 Only oral ondansetron can be
prescribed for patients to use at home, and data are limited
regarding its effectiveness. In one small study, oral ondansetron
worked for 5 of 7 symptomatic food challenges; the other 2
required an IV dose.104 Randomized studies on treatment with
oral versus IM versus IVondansetron are needed, as well as inves-
tigations into other possible antiemetic or GI agents.

Age at development of tolerance varies by type of food trigger
and country of origin.26 Cow’s milk and soy FPIES resolution ap-
pears to occur at an earlier age than grains or other solid foods.
Periodic evaluation is recommended, and OFC to test for resolu-
tion could be considered 12 to 18 months after the last reaction.
However, the specific food to be challenged and the severity of
previous reactions should be factored in when deciding when to
perform the OFC, as the resolution rates may vary based on these
factors. There are no data on resolution to seafood in older chil-
dren and adults, but reevaluations should be similarly considered
in adult patients. Prospective studies on the age at development of
tolerance and studies using serial OFC are needed to elucidate
prognosis. A standardized OFC protocol is necessary to properly
conduct these evaluations. Finally, studies on the potential for
desensitization, as in IgE-FA, would be a start to the conversation
about possible treatment.
Feeding practices
Dietary management of FPIES entails avoidance of the trigger

food or foods, guidance on introduction of safe and nutritious
complementary foods to support growth and development, and
advancement of skill- and age-appropriate food textures to
support feeding skill development.8,40,105 Even with only one
identified trigger food, it is common practice to delay introduction
of other foods considered higher risk thus, resulting in more
limited food choices. An analysis of surveys representing 441
children with FPIES reported that 69.4% were avoiding at least
2 food groups, most commonly cow’s milk and grains.6 Assisting
caregivers in creating an individualized, well-designed comple-
mentary feeding plan to meet the infant’s nutritional needs for
optimal growth and development is an essential management
strategy.

Children with food allergies are at increased risk of inadequate
nutrient intake and poor growth.106-108 Pooled data from an inter-
national survey of 430 children with both IgE-mediated and non-
IgE–mediated food allergy from 12 allergy centers found that
length/height was particularly impacted, with 9% of the popula-
tion stunted (length- or height-for-age z score of less than
22).108 In a retrospective chart review of 74 patients with FPIES
from one tertiary-care center, 16 (22%) had failure to thrive docu-
mented in the medical record. Ten of these patients had further
nutrition assessment; the cause of failure to thrive was attributed
to suboptimal oral intake and limited food choices (6/10), and to
knowledge deficits related to FPIES food introduction guidelines
(4/10). A retrospective multicenter study of children with FPIES
reported that patients with 3 or more triggers were significantly
more likely to develop food aversion and to have poor weight
gain than those with 2 or fewer triggers.109 Food aversion can
result in less variety and exacerbation of poor nutritional intake.



FIG 5. Management of acute FPIES reactions at home. Proposed approach to managing acute reactions at

home based on severity of symptoms. Reprinted with permission from Leonard SA et al, ‘‘Management of

acute food protein–induced enterocolitis syndrome emergencies at home and in a medical facility,’’ Ann Al-

lergy Asthma Immunol 2021;126;482-8.
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Caregivers of infants and children with FPIES report higher rates
of feeding difficulties compared to those with IgE-FA.110

The 2017 International Consensus Guidelines published guid-
ance for complementary feeding which includes a table suggest-
ing categories of foods from lower to higher risk that can
potentially trigger FPIES reactions.10 These practical protocols
have recently been updated (Fig 6).111,112 Many of the lower
risk foods are fruits and vegetables with some fortified alternative
grains, nuts and seeds, and meats. The alternative enriched grains
and meats are recommended to address nutrients of concern for
the breast-fed infant, such as iron, zinc, and protein, identified
by the Dietary Guidelines for Americans.113 The American Acad-
emy of Pediatrics also addresses the importance of iron intake in
infants and children, and notes that breast-fed infants not given
iron-rich complementary foods are at risk of iron deficiency.114

However, the practical application of these recommendations is
difficult. It is difficult to purchase grains other than rice, oat,
barley, and wheat, which are fortified with iron and zinc, and it
is not commonplace culturally in the United States to offer meats
as a first food. A recent national study on early feeding practices in
US infants reported on foods eaten in infancy and foundmeats are
infrequently fed before 9 months of age, which is too late to start
supplying nutrients that are inadequately provided in breast milk
alone.115 As a result, breast-fed infants with FPIES frequently
consume only fruits and vegetables long after 6 months of age;
they do not have good dietary sources of the nutrients vital for
appropriate growth and development.115
Children with FPIES are at increased nutritional risk
especially when avoiding multiple food groups. No studies to
date have evaluated the micronutrient intake of infants with
FPIES with altered complementary feeding practices. Addi-
tionally, no studies have evaluated whether delaying the
introduction of multiple foods, beyond the identified trigger
food, negatively affects growth. Most infants with FPIES are
reported to have just one food trigger, so is it good policy to
delay introduction of other food groups to prevent additional
triggers? If this is indeed good policy, can we encourage better
nutrition by being more specific about food group patterns to
help address the nutrients of concern in this population and
decrease the risk of poor nutrition and poor growth? Guidance
for feeding in FPIES may require a greater focus on nutrients
of concern by prioritizing variety among food groups and
individualizing recommendations based on primary milk
feeding. Understanding the prevalence and characteristics of
poor growth and feeding difficulties and assessing dietary
intake in patients with FPIES may elucidate specific areas for
targeted nutrition interventions and future research.
Food reintroduction
Food reintroduction is defined as the introduction of food into

an infant’s or child’s diet after a period of avoidance, either
directly or indirectly via maternal diet in those receiving breast
milk.



FIG 6. Empirical approach to introduction of new foods at home. This is an expert opinion–based pragmatic

approach to introducing foods at home to infants with FPIES developed during the coronavirus disease

2019 pandemic. Reprinted with permission from Groetch M et al, ‘‘Dietary management of food protein–

induced enterocolitis syndrome during the coronavirus disease 2019 pandemic,’’ Ann Allergy Asthma Im-

munol 2021;126;124-26.
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If maternal diet was modified because of a concern of possible
reactions to food allergen in breast milk in the child, home
reintroduction may be feasible after consultation with an allergist
using normal portions of food. The amounts of food allergens
present in breast milk is usually very low, irrespective of the
amounts of intake. Levels may depend on the food involved and
may differ between breast-feeding mothers.116 Among exclu-
sively breast-fed infants, <_10% of cases of FPIES reactions are
attributed to the allergen in breast milk.111,117 Clinically many
mothers prefer to put food back in their diet using a gradual ‘‘lad-
der’’ approach, as opposed to reintroduction of normal portions of
the foods, although more information is needed to understand if
graded introduction of food allergens into the mother’s diet is
required in these cases.

In a child avoiding the food because of the FPIES reaction to that
food, it is safest to perform the reintroduction under physician
supervision, usually 12 to 18months after the most recent reaction,
although the timing of the OFC can be modified based on
the nutritional value of the food and the social/economic implica-
tions of that food’s avoidance.20 Recent reports suggest that a sub-
set of children with cow’s milk and egg FPIES might tolerate
these foods in a baked form.118,119 As information about measured
levels of protein in milk and egg ladders becomes more avail-
able, this approach may become clinically more relevant.120,121
No rigorous studies have been performed to set reliable thresholds
or starting doses in children or adults with FPIES, but data pub-
lished elsewhere may provide some insights into appropriate
starting doses.50,122,123 In addition, Wang et al have provided
data on timing and severity of reactions.124 A recent rostrum in-
dicates that certain factors may be favorable indicators for milk
introduction in children with IgE-mediated cow’s milk allergies
using a ladder approach at home, but such issues remain unclear
for FPIES.120

A case series from Italy reported baked egg tolerance by 30.2
months of age in 77% of children with egg FPIES.118 However,
the 2017 FPIES guidelines suggested that OFC to baked milk
and egg should be conducted under supervision because the
long-term effect is unclear. While using a ladder approach for re-
introduction ofmilk at home, parents reported that they felt uncer-
tain recognizing potential symptoms and severity of symptoms.
Parents did, however, enjoy the convenience of introducing
food at home, which reduces the need for multiple doctors’
appointments.120

Overall, there are currently no standardized protocols for food
reintroduction defining the setting, starting dose, dose escalation,
final dose, and format of foods. There may be situations in the
management of an individual with FPIES that will necessitate
food reintroduction at home. Medical management of reactions
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during reintroduction outside of a clinical setting needs to be
addressed.
QUALITY OF LIFE (QOL)
Patients and families with FPIES face unique challenges that

can lead to a high degree of burden and psychosocial distress.1

Greenhawt et al performed an exploratory validation study of
the Food Allergy Quality of Life–Parental Burden questionnaire
in FPIES.17 This study found that caregivers of children of FPIES
had worse health-related QOL (HRQOL) compared to those with
IgE-FA, both overall and in all individual domains. Female care-
givers reported worse HRQOL than male caregivers. Caregivers
of children with both solid and liquid FPIES reported worse
HRQOL than those with a single food FPIES.

Maciag et al conducted a study of 410 I-FPIES caregiver
members utilizing multiple validated measures and found a high
degree of psychosocial burden among caregivers and their
affected children.2 Similar to Greenhawt et al, they found that
HRQOLwas negatively impacted. On the Parent Perceived Stress
Scale 10, caregivers reported a mean score of 20.6, corresponding
to moderate stress. On the Penn State Worry Questionnaire, care-
givers reported a mean score of 54.0, corresponding to moderate
worry. Notably, 77% of respondents had scores suggestive of
generalized anxiety disorder, which is much higher than the
6.6% lifetime prevalence among the general population.125

Parental confidence in their ability to assess their child’s food al-
lergy was assessed by the Food Allergy Self-Efficacy Scale for
Parents. Using a 2015 UK-based validation cohort, food allergy
management self-efficacy was significantly lower in caregivers
of children with FPIES compared to IgE-FA.126 In the FPIES
cohort, there was a positive correlation between caregiver
HRQOL, stress, worry, and anxiety, and all these correlated nega-
tively with food allergy self-efficacy. Lower household income
and avoiding a greater number of food groups due to FPIES
were associated with lower caregiver HRQOL and food allergy
self-efficacy. After adjustment for other FPIES food triggers,
caregivers whose child avoided cow’s milk because of FPIES re-
ported lower food allergy-related self-efficacy and HRQOL, and
higher stress.

The only study to date evaluating psychosocial function of
children with FPIES was conducted by Maciag et al, based on
surveys administered to caregiver members of I-FPIES and their
children, with responses representing 100 children.2 Children and
their parents were administered the Spence Children’s Anxiety
Scale, a set of validated assessments of anxiety symptoms. Care-
givers’ ratings of their preschoolers’ separation anxiety,
obsessive-compulsive, and general anxiety symptoms were all
higher than published norms. Avoiding a greater number of
food groups was associated with higher total anxiety among pre-
school- and elementary school-age children.2

In the studies by Maciag et al, 46% of families reported their
children <5 years old with FPIES did not attend school/day care,
and of those not attending, 54% did not attend because of
concerns regarding FPIES.2 Avoiding multiple food groups
because of FPIES was associated with increased likelihood of
not attending school/day care. Compared to caregivers whose
children were not attending for other reasons, caregivers whose
children were not attending school/day care as a result of FPIES
reported worse HRQOL, higher stress and worry, and higher total
anxiety among their preschool-age children.
Few studies have evaluated the psychosocial impact of FPIES.
The participants in these studies were predominantly White, non-
Hispanic, educated families with higher incomes recruited from
the I-FPIES patient support organization. Additional research is
needed into the psychosocial impact of FPIES in more diverse
cohorts of patients and families. Unmet needs include developing
FPIES-specific assessment tools, identifying risk factors associ-
ated with impaired HRQOL, and developing interventions to
improve HRQOL in FPIES.
Emotional support
Emotional support is providing care and comfort for another

person. It provides a sense of connection. It includes being
empathic and fostering a sense of security.127

Emotional support is sorely needed for families of children
with FPIES. Caregivers report being afraid to feed their child
because they fear causing FPIES reactions. They report struggling
to find accurate and reliable information, and they experience
feelings of isolation and fear of having others care for their child.

Given the stress and challenges of managing food allergies,
Marsac and Wurth recommend routine screening for all families/
patients with IgE-FA for emotional distress and providing
anticipatory coping guidance and education regarding the
emotional impact of food allergy.128 Referral to a mental health
provider may be necessary, along with more frequent follow-up
visits with their regular clinician. Emotional support, guidance,
and education for caregivers and patients with FPIES would
also be beneficial.

It is critical that clinicians managing FPIES patients are
empathetic and recognize concerns about nutritional adequacy
of the child’s diet, or when feeding has become stressful for the
caregiver or an associated feeding disorder has developed as a
result of FPIES, in order to provide the necessary guidance and
resources to support families. Furthermore, it is important to
recognize and provide the necessary support to FPIES caregivers
when there is fear of sending the child to day care or school, or
when there are concerns regarding food insecurity and financial
stress, as these issues may exist.1

It is important to recognize that there may be a disconnect
between the amount of support providers feel they are offering
and perceived support by the caregivers or patients. There is a
need for studies to examine the emotional support, QOL, and self-
efficacy in FPIES. Caregivers want a better understanding of
FPIES, increased FPIES awareness, accurate and reliable infor-
mation, and collaborative, proactive care.4 Emphasizing the
importance of and soliciting patient/caregiver concerns and chal-
lenges while communicating respectfully and working to enhance
the knowledge and understanding of this disorder will provide
emotional support for patients and caregivers with FPIES.
CURRENT PRACTICES AND UNMET NEEDS
Current needs in FPIES span the full range of the disease, from

identification of risk factors to diagnosis, management, assess-
ment, and resolution. Ideally, all of the needs listed in Table III,
including prevention of FPIES and treatments that might enhance
disease resolution, should be addressed, but right now, a few areas
should be prioritized.

First and foremost, we have the means and resources in hand to
continue to improve education about FPIES for both affected



TABLE III. Research needs in FPIES

Area of research Proposed future directions

Patients’ perspective on unmet needs d Engage patient advocacy organizations to identify the most urgent unmet needs from the patients’

perspective.

Epidemiology, phenotyping and genetics d Conduct large epidemiologic studies in economically diverse populations and populations of diverse de-

scendance, and in different areas of the world to better define the prevalence and burden of FPIES.

d Construct comprehensive FPIES registry/cohort of patients with infant, childhood, and adult onset of FPIES

involving collection of diverse biological samples to:

s Define FPIES phenotypes/endotypes.

s Examine, through long-term follow-up, factors associated with FPIES resolution and conversion/transi-

tion to IgE-FA or delayed comorbidities.

d Perform case–control or case–cohort studies within large population birth cohorts with collection of diverse

biological samples to:

s Assess risk factors associated with disease development in pediatric and adult FPIES.

s Define FPIES phenotypes/endotypes.

s Look for acute and chronic FPIES during exclusive breast-feeding.

s Assess risk of reaction at ingestion of coallergens in FPIES patients.

s Perform genetic studies of FPIES patients and their first-degree relatives.

Pathophysiology and endotypes d Acquire blood and stool multiomic data and use system biology before-and-after OFCs in patients with

FPIES and controls.

d Obtain targeted measurements of hormones like PYY, motilin, GIP, and GLP-1 to assess the role of EEC

during FPIES reactions and to identify additional mediators of acute FPIES.

d Perform GI biopsy studies in adults with FPIES and develop intestinal organoids to study mucosal immu-

nology and responses to trigger foods.

d Examine chemical/biochemical components of common FPIES foods regarding their ability to penetrate the

epithelial barrier and activate innate immune cells of the GI mucosa.

d Examine mucosal glia alterations in FPIES and whether glial cells contribute to its pathophysiology.

d Further analyze the intestinal microbiome and develop animal models of FPIES to study the role of the mi-

crobiome using fecal transplants from affected infants.

d Screen for pathogens at time of presentation as potential causes or contributors to FPIES.

d Conduct studies of intestinal permeability in FPIES patients and the role of environmental exposures (eg,

detergents).

Diagnosis d Develop diagnostic criteria for adult-onset FPIES.

d Develop and validate standardized FPIES OFC protocols focusing on total dose of the tested food, dosing

regimen, and criteria for placement of peripheral venous access before OFC.

d Perform comprehensive diagnostic biomarker analyses utilizing biosamples before and after OFC.

Management of acute reactions d Perform randomized trials of:

s The role of ondansetron administration and its effects on FPIES symptoms in adults.

s Oral versus IM versus IV ondansetron.

s Alternative antiemetic or GI agents.

Long-term management and strategies for

tolerance development

d Perform randomized trials of:

s Immunomodulatory approaches with food in pediatric and adult FPIES.

s Baked milk and egg consumption in pediatric FPIES where these foods are triggers.

s Standardized protocols for new food introduction (timing, type of food) after an initial reaction.

s Standardized OFC protocols and optimal timing for periodic evaluations to assess tolerance to the culprit

food.

Nutrition d Assess the:

s Micronutrient intake of infants with FPIES with altered complementary feeding practices.

s Impact of delaying the introduction of multiple foods beyond the identified trigger food on growth.

Surveys and follow-up d Develop and validate an FPIES-specific QOL survey.

d Identify risk factors associated with impaired QOL and interventions to improve QOL in FPIES.

d Establish optimal visit frequency for effective emotional support, QOL, and self-efficacy.

d Assess the impact of referral to dietician/feeding specialist, psychologist, and other medical subspecialists

(eg, gastroenterologist) to allow for team-based care and proactive assessment of parental concerns on

perceived support.

GIP, Glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide 1; PYY, peptide YY.
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families and clinicians. While a great deal of progress has already
been accomplished in this area over the past few decades, there is
still a need for improvement and expansion. Many infants still
present with substantial delays in diagnosis, with negative
consequences, emphasizing the need for improved education
for primary caretakers as well as specialists in both pediatric
allergy and gastroenterology.

Second, the pathophysiology of this disease remains poorly
understood. In addition, while acute and chronic FPIES are often
spoken of in the same sentence, the reality is, these labels may
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represent different conditions. After all, how could an otherwise
healthy babywith acute FPIES to rice and avocado really have the
same disease as the breast-fed infant admitted to the intensive care
unit with chronic vomiting and diarrhea, failure to thrive, and
metabolic imbalances that only improve on an elemental formula,
devoid of all intact food proteins?

Third, it is essential that new and improved diagnostic tools for
FPIES be developed, including identifying biomarkers that would
assist in the diagnosis as well as the assessment of disease
resolution. It is a huge deficiency to rely on OFC as the only
measure of resolution. This goal is fully intertwined with the
unmet need regarding pathophysiology, given that it will be
difficult, if not impossible, to develop more sophisticated
diagnostic tools and biomarkers of resolution until our under-
standing of both acute and chronic FPIES is substantially
improved.

To address and accomplish these priorities, it is essential that
longitudinal cohort studies be performed to truly unravel the
complexities of FPIES and recognize FPIES as a disorder with a
spectrum of disease manifestations that may involve multiple
mechanisms. Such studies would not only allow us to fully
describe the outcomes and natural history of both acute and
chronic FPIES, but would also provide the opportunity to
interrogate mechanisms, biomarkers, and genetics, setting the
stage for effective management approaches in the years to
come.
WORKSHOP RECOMMENDATIONS
Table III provides more specific recommendations.

d FPIES is a delayed non-IgE food allergy that presents with
protracted vomiting and can progress to dehydration and
shock if not treated promptly. FPIES food triggers and nat-
ural history vary across the globe.

d The prevalence of FPIES has increased since it was first
described in 1978, with an estimated US prevalences of
0.5% in children and 0.2% in adults.
s Develop a comprehensive FPIES epidemiologic
tracking system using standardized criteria.
d FPIES has been classically known to be a disease of in-
fancy with high rates of resolution. However, FPIES may
not always resolve in early childhood.
s Determine the natural history of FPIES for different
foods and in various regions.
d Following the guidelines for early introduction of aller-
genic foods to prevent food allergy, peanut and egg FPIES
appear to be emerging as new triggers.
s Determine the risk factors associated with peanut and
egg FPIES susceptibility.
d No reliable biomarker exists to diagnose FPIES, with
OFC remaining the standard. Conducting FPIES OFC for
diagnosis or to assess resolution should be a shared
decision-making process between the family and health
care provider.
s Develop diagnostic and prognostic biomarkers to
minimize the need for OFC.
d Several phenotypes of FPIES have been recognized—for
example, acute, chronic, atypical (IgE1), multifood, and
adult onset. It is likely that the pathophysiology varies
from one phenotype to another.
s Take phenotypes into account when conducting
studies examining the mechanisms of FPIES.
d The pathophysiology of FPIES is poorly understood despite
new knowledge.
s Investigate the role of localized GI immune responses,
neuroimmune mechanisms, and gut microbiome
dysbiosis.
d When managing acute FPIES reactions, ondansetron, a se-
rotonin receptor (5-HT3) antagonist, appears to be of value.
s Assess the benefit of ondansetron and possibly other
antiemetics that can be delivered at home.
d Management of FPIES should focus on avoidance of food
triggers and coallergens and ensuring complementary
food introduction that is age appropriate and diverse to pre-
vent nutritional deficiencies and avoid growth and develop-
mental delays.

d Assessing the family’s struggle with FPIES should be
incorporated in all visits, and various support services,
including dietetic and psychosocial therapy, should be
sought to manage the psychosocial impact of the disease
and allay its many associated stressors.

d Reintroduction guidelines after an FPIES diagnosis have
yet to be fully validated.
s Assess the starting dose and rate of escalation for
home reintroductions.

s Determine the optimal timing of food reintroduction.
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