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ABSTRACT

Food protein-induced enterocolitis syndrome (FPIES), though first reported in the 1970s,
remains poorly understood and likely underdiagnosed. It is a non-immunoglobulin E (IgE)-
mediated food allergy syndrome, most commonly identified in infancy and childhood. It
can manifest as a constellation of symptoms following food ingestion, including repetitive
and projectile emesis (1-4 hours), accompanied by pallor, lethargy, muscular hypotonia, and
diarrhea (5-10 hours). In more severe reactions, significant leukocytosis with neutrophilia,
thrombocytosis, metabolic derangements, methemoglobinemia, anemia, low albumin, and
total protein may be present. Hypotension and ultimately hypovolemic distributive shock
may occur in up to 15%—-20% of cases. The diagnosis of FPIES is challenging and providers
continue to face difficulties in management. This review article aims to highlight the most
recent updates in epidemiology, natural history, pathophysiology, potential diagnostic
markers, and guidelines for the management of FPIES.
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OVERVIEW

Epidemiology

Food protein-induced enterocolitis (FPIES) is a non-immunoglobulin E (IgE)-mediated food
allergy syndrome typically diagnosed in infancy and childhood.! FPIES, first described in
the 1970s, is often under-reported, in part due to the lack of standardized diagnostic tests.
The last several years, however, have seen some of the first population-based epidemiologic
studies published, including multiple larger studies, to determine its incidence and
prevalence. With more reliable published data, FPIES, initially believed to be rare, is in

fact the most common non-IgE mediated food allergy disorder globally.? The cumulative
incidence rates estimated in the United States, Israel, Australia, and Spain range from
0.015% to 0.7%.%° The first population-based survey in the US, accounting for more than
900,000 people based on the 2016 United States Census, reported an estimated FPIES
lifetime prevalence of 0.51% in those under the age of 18 years old and 0.22% in adults.® More

587

ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.4168/aair.2022.14.6.587&domain=pdf&date_stamp=2022-11-21
https://orcid.org/0000-0002-5454-0753
https://orcid.org/0000-0002-3270-9108
https://orcid.org/0000-0002-0960-9854
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-5454-0753
https://orcid.org/0000-0002-5454-0753
https://orcid.org/0000-0002-3270-9108
https://orcid.org/0000-0002-3270-9108
https://orcid.org/0000-0002-0960-9854
https://orcid.org/0000-0002-0960-9854

Allergy, Asthma & AA] R
Update Food Protein-Induced Enterocolitis Syndrome Immunology Research

recently, Cianferoni? estimated that the incidence of FPIES in the US ranges from 0.14% to
0.28%. A population-based study in Australia has reported lower incidence rates but relied
on voluntary reporting by pediatricians. Moreover, the Australian study only captured acute
but not chronic FPIES, also likely contributing to underestimation.* Nevertheless, acute
FPIES was significantly more reported in Australia than very early onset of inflammatory

bowel disease in the first 2 years and eosinophilic esophagitis under 18 years.

The mean age of FPIES onset varies depending on the triggering food and the timing of
food introduction. Classically, FPIES begins early in infancy, with patients presenting
within 1 to 4 weeks of cow’s milk or soy protein introduction. The age of onset of solid-food
FPIES, however, tends to be later given that these foods are first introduced at around 6
months of age, with the most commonly reported triggers of infant cereal grains (oat, rice,
wheat), vegetables (sweet potato, carrot), and fruit (avocado, banana, apple).” In an Israeli
population-based cohort study of 13,019 patients over 2 years, approximately 44 (0.34%)
had cow’s milk FPIES and developed FPIES within the first 6 months of life.> Of note, males
appear to be at a slightly increased risk of developing childhood-onset FPIES compared to
females, with the male majority ranging from 52% to 62% in multiple studies.>>’

Though FPIES typically presents within the first year of life, it has also been diagnosed in the
adult population. The US population-based survey mentioned earlier found that FPIES has

a prevalence of 0.22% in adults aged 18 years or older.® Despite similarities in presentation,
including delayed symptom onset with a predominance of gastrointestinal symptoms, there
are some noteworthy differences in adult-onset compared to childhood-onset FPIES. In
adults with FPIES, seafood is the most frequently implicated trigger rather than cow’s milk or
soy protein.®*! Moreover, unlike in childhood-onset FPIES, females are more likely than males
to be affected with adult-onset FPIES, with a median age of onset of 29 years old.”* As reports
of FPIES in adults increase, additional differences may be appreciated.

Natural history

As previously mentioned, FPIES can present as either an acute or chronic phenotype. The
acute form presents as repetitive, projectile emesis typically within 1 to 4 hours of trigger food
ingestion. Patients may also develop diarrhea within 6 to 8 hours.”? This acute onset is typically
in the setting of intermittent ingestion of the offending food protein in small amounts, with
resolution of symptoms within 24 hours. On presentation, these patients can appear ill due to
signs of pallor, hypotonia, hypotension, and/or hypothermia; however, they are usually well
between episodes, demonstrating otherwise appropriate growth and development.!

The chronic form of FPIES results in poor weight gain, weight loss, anemia,
hypoproteinemia, and hypoalbuminemia.® Typically, these patients ingest the offending food
protein frequently, i.e., daily feedings with cow’s milk- or soy-based formula. These patients
experience frequent watery diarrhea that is occasionally bloody or mucousy, as well as
worsening emesis over the course of days to weeks. They often require longer periods of food
avoidance, usually for days to weeks, prior to experiencing symptom resolution.! Given that
chronic FPIES is largely observed in formula-fed infants, it is believed to be underdiagnosed
in nations where there are numerous alternative/hypoallergenic formulas since patients are
often switched to these prior to the development of fulminant chronic FPIES.?

The median age of onset of acute FPIES is older (approximately 6 months old) compared to
that of chronic FPIES (less than 1 month old).” This, in part, can be explained by the fact that
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the acute form of FPIES can also present in the setting of chronic FPIES. Acute onset can be
seen followed by the chronic phase in the setting of reingestion of the triggering food after
it has been eliminated from the diet.” This is often the case when the trigger is solid food,
depending on the frequency of ingestion.

In general, most patients with FPIES develop tolerance to their food triggers by school age.
The age of resolution appears to be strongly influenced by food, country, and study design.
A prospective study from South Korea, in which sequential oral challenges were utilized to
confirm diagnosis and resolution of FPIES in 23 infants, reported tolerance rates to cow’s
milk 0f 27.3% and soy of 75% at 6 months of age, 41.7% and 90.9% at 8 months and 63.6%
and 91.7% at 10 months, respectively. In the Israeli cohort with an FPIES incidence of
0.34%, approximately 40/44 patients (90%) experienced complete resolution by age 3.3

Caubet et al.® found that on retrospective chart review of 160 FPIES patients, the median age
of tolerance for oat was 4 years, rice was 4.7 years, cow’s milk in those with no milk-specific
IgE was 5.1 years, and soy was 6.7 years. In contrast to the Israeli population birth cohort,
Caubet et al.” reported resolution rates among pre-selected children presenting to a tertiary
referral center. In a cohort of 81 Spanish children with FPIES whereby fish was the primary
trigger, 75% of patients experienced resolution by 5 years of age.’® In a retrospective study of
children with acute FPIES who underwent oral food challenges (OFCs) from 1995 to 2015 in
Australia, 100% of those with cow’s milk FPIES experienced resolution by age 20 months, and
90% of those with rice FPIES and 75% of those with grain FPIES experienced resolution by
age 3 years. Moreover, tolerance was achieved at a significantly younger age in patients with
rice and cow’s milk FPIES compared to those with fish and egg FPIES." These findings were
echoed in a large French multicenter retrospective study of 179 patients, whereby the median
age of resolved cow’s milk FPIES was 2 years old and the resolution of FPIES to fish occurred
later, at a median age of 2.9 years.!® Wang et al.” found that in 119 patients with FPIES in a
large referral center in the US, the mean age of tolerance to cow’s milk was 35 months, to
grains was 35.7 months, and to soy was 38.4 months. A recent six-year German retrospective
survey found that time to tolerance was significantly shorter in chronic FPIES at age 16.5
months than in acute FPIES at age 19.5 months.*

Though uncommon, cases of atypical FPIES evolving into IgE-mediated food allergy have also
been reported."®° A subset of patients with FPIES can develop positive skin prick test and/
or detectable serum levels of food-specific IgE to their FPIES trigger, termed atypical FPIES.
Approximately 25% of those with atypical FPIES can transition from an FPIES phenotype to
an IgE-mediated allergic reaction, and it is unclear what role IgE may play in the remaining
patients with evidence of sensitization.! In these cases, one can either see initial development
of tolerance to a food trigger followed by intolerance in the setting of an IgE mediated
reaction, or no development of tolerance at all.>'®?' As was appreciated by Caubet et al.,®
those with cow’s milk FPIES and detectable cow’s milk-specific IgE often do not outgrow their
FPIES. Though once believed that IgE sensitization to an FPIES trigger portended a longer
duration of FPIES and delay in achieving tolerance, emerging data shows that this may not
actually be the case.’

Food triggers

In FPIES of infancy, cow’s milk is the most common trigger, followed by soy, in countries that
utilize infant soy formulas.'>** Anywhere from 45%-55% of patients diagnosed with FPIES in
the setting of cow’s milk or soy ingestion will also react to the other.?*?* Moreover, children
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with cow’s milk or soy FPIES are at higher risk for having solid food FPIES.? Interestingly,
cow’s milk FPIES is rare in exclusively breastfed infants."** These infants typically don’t
develop the complete FPIES phenotype, suggesting a protective role of breast milk perhaps
due to the presence of pre- and partially-digested food antigens as well as transforming
growth factor-p and IgA.!

Though there is some geographic variation in common culprit foods, oat and rice are usually
the 2 most commonly reported triggers of solid food FPIES.”> Approximately 60% of all
patients with reported solid food FPIES also had milk and/or soy FPIES. Furthermore, those
with FPIES to one grain have a 50% chance of developing FPIES to another grain.* Typically,
patients with solid food FPIES tend to have more severe reactions as well as longer time to
tolerance. Moreover, the risk of multiple-food FPIES is almost 80% in infants with solid food
or soy protein FPIES. Other relatively common solid food triggers include egg and seafood.?
In regions like the eastern Mediterranean, egg is actually the most common trigger,

followed by fish and only then cow’s milk.” In Japan, the rates of egg FPIES have increased
dramatically in recent years.? In the US, peanut and tree nuts have emerged as solid food
triggers, possibly due to the encouragement of early introduction in infancy.”?

In adult-onset FPIES, the most common food trigger is shellfish.! Interestingly, adult patients
often report tolerating the offending food regularly prior to the acute development of symptoms,
making it unclear whether there is an inciting event that provokes adult-onset FPIES.!

Risk factors

Currently, there is no convincing data indicating that prenatal or perinatal maternal/paternal
risk factors are associated with the development of FPIES. The Israeli birth population cohort
0f 13,019 patients showed a weak association between Cesarean delivery and milk FPIES,

but no association with gestational age, maternal age, number of siblings, or maternal dairy
consumption.? This is further underscored by the findings of the Healthy Start study, which
examined a pre-birth cohort of mother and offspring dyads and showed that there was no
association between maternal dietary intake during pregnancy and multiple allergic diseases
in offspring.” Recently, a cross-sectional survey of parents or guardians of allergy-free infants
and infants with FPIES aged 12 months or younger demonstrated increased prenatal maternal
antibiotic use in the FPIES group.® It is possible that alterations to the maternal microbiome
could increase an infant’s risk for developing FPIES, though more data is needed to support
this hypothesis. Other interesting reports have looked at a potential association between
Down syndrome and FPIES, speculating that a surgical history of colostomy and postoperative
nutrition of cow’s milk formula might put these patients at higher risk for FPIES.*

Comorbidities

Multiple retrospective studies over the last decade showed that both personal and familial
histories of atopy are significantly associated with FPIES. Compared to healthy individuals,
up to 55% of patients with FPIES can demonstrate any form of atopy, the most common
form being atopic dermatitis (AD).">**323 After AD, the other most common co-morbid
atopic conditions in order of prevalence are IgE-mediated food allergy, allergic rhinitis, and
asthma."**3* This predilection to atopy is also reflected in adults with FPIES.°

Reports of FPIES in siblings are rare, with most cases reported in twins, both fraternal and

identical.** Though reported family history of FPIES is uncommon in patients with FPIES,
reported atopy and food allergy in extended family is very common, with up to 70% of first-
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degree relatives reporting some degree of atopy in multiple studies.”>* Certain non-atopic
medical conditions were also reported more frequently amongst first and second degree
relatives of patients with FPIES, including migraines (15%-18%), gastroesophageal reflux
disease (12%-16%), and inflammatory bowel disease (2%-5%).* Of note, the association of
FPIES with IgE-mediated food allergies often results in significant diet restriction in patients

and extends to multiple food groups.? Dietary restriction is observed more so in FPIES
patients with a first-degree relative with FPIES.>*

PATHOPHYSIOLOGY

The past decade has seen a significant expansion in our understanding of the underpinnings
of this disease, which, in turn, contributed to the first international consensus guidelines

on diagnosing and managing FPIES published in 2017." As stated earlier, though it has been
established that FPIES is not an IgE-mediated process, it is still not clear how specific food
triggers induce the symptoms with which patients present. It was initially believed that FPIES
was a type IV or cell-mediated hypersensitivity.! More recent studies, however, challenge this
notion, and perhaps point towards the innate immune system as a major driver of the FPIES
reaction.’*¥

Innate immunity

Goswami et al.*® evaluated the molecular changes associated with positive or negative OFCs
to determine whether a patient’s FPIES was active or outgrown, respectively. Through mass
cytometry, they demonstrated profound activation of the innate immune system in the
absence of an abnormal, antigen-specific T cell response in subjects with positive OFCs.
They further confirmed this pattern of activation in a larger cohort using peripheral blood
samples to build a transcriptional profile through RNA sequencing. The group’s findings

are summarized by 3 major observations. First, in samples obtained prior to performing
OFCs, there was increased monocyte activation in those with active FPIES compared to those
who outgrew their FPIES. Specifically, there was increased gene expression of CEACAMI,
primarily expressed by neutrophils, and upregulation of CD163 protein production, a
monocyte-specific membrane marker. Interestingly, there was a significant reduction in

this response post-positive OFC, highlighting that these cells are activated during food-
elicited reactions in FPIES. Second, increased activation marker expression of eosinophils,
neutrophils, and natural killer (NK) cells was appreciated, suggesting increased expansion of
those cells. Moreover, increased circulating neutrophils were not seen in those who outgrew
their FPIES, unlike in those with active FPIES. Finally, a loss of circulating lymphocytes and
upregulation of the monocyte activation maker, CD69, was noted in the positive OFC group.
This observation suggests that innate immune cell activation induces T cell extravasation
from circulation.* Though Goswami et al.*® appreciated normal levels of allergen-specific T
cells in peripheral blood samples of both groups, this does not necessarily rule out the role of
cell-mediated immunity in the FPIES reaction. The loss of lymphocytes in the circulation they
appreciated could be due to their localization elsewhere, for example the intestinal mucosa,
especially given multiple studies demonstrating mucosal barrier disruption and altered
permeability.?s4°

Mehr et al.” expanded upon these findings, highlighting the systemic immune response

as central to the FPIES reaction. The group evaluated the transcriptional profile of 36
patients with a known history of FPIES, of which 10 had active FPIES. In samples from
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those 10 patients, increased expression of genes involved innate immune signaling, namely
interleukin (/L)-10 and TREM1, as well as those involved in granulocyte adhesion and
diapedesis. Other studies have also demonstrated this pattern of increased innate immunity.
In patients with active FPIES, increased IL-8 levels have been appreciated in multiple studies,
underscoring the increased recruitment and involvement of neutrophils observed.?4%4!

Moreover, significant eosinophilia has been appreciated in the cord blood of infants

who went on to develop FPIES and eosinophil-derived products have been appreciated in
fecal samples of FPIES patients.*** Pecora ef al.** have postulated that the FPIES reaction
resembles the innate immune response to bacterial infection given that the presentation and
time course of these reactions mirror those of foodborne illnesses. It is worth considering
that those with FPIES could have an inappropriate innate response to specific foods or
exaggerated response to dysbiosis of gut microbiota, discussed further below.

Adaptive immunity

Though it may be that the innate immune response primarily drives the FPIES reaction, as
touched upon earlier, the cell-mediated response likely also contributes. The extent of this
contribution, however, is still not well understood. Goswami et al.** observed pan-T cell
activation and redistribution from circulation in those with active FPIES and not in those who
had outgrown their FPIES. In those with a negative OFC, fewer allergen-responsive T cells were
appreciated and a skewed T helper 2 (Th2) response was noted. This finding was replicated

by the increased CD4+ T cell proliferation and Th2 cytokine production in cow’s milk FPIES
patients observed in a study by Caubet et al.*° Interestingly, Berin et al.*® appreciated non-
conventional T cell populations that were preferentially activated in FPIES patients. Though it is
clear that there is a T cell response to food antigens in FPIES, this response is not significantly
different from those with IgE-mediated food allergy or those who have outgrown their FPIES,
making a cell-mediated response likely less central to the FPIES reaction.*

The importance of the cell-mediated response in FPIES could lie in the fact that it amplifies
and/or even initiates the innate immune response. Kimura et al.* reported a cytokine profile
in FPIES patients that included increased expression of IL-2 and IL-5, both of which are
secreted by activated T cells to enhance NK cell activity and promote eosinophil maturation,
respectively. Berin et al.*® observed a significant elevation in IL-17 in FPIES patients, which is
primarily released by Th17 cells and links T cell activation with neutrophil activation and de-
margination. This effect, however, likely only plays a small role peripherally as IL-23, a potent
promoter of Th17 expansion, was well below detectable levels.*® One of the more interesting
links between the innate and cell-mediated response in FPIES was demonstrated by Caubet
et al.* They found that the baseline level of IL-10, a cytokine secreted by cells implicated

in both immune responses, was higher prior to OFC in individuals with resolved FPIES
when compared to those with active FPIES.* Given that IL-10 is a potent anti-inflammatory
cytokine that limits host immune response, this finding suggests that it plays a role in
achieving tolerance to one’s FPIES trigger.

It should be noted that the humoral or antibody-mediated response appears to play little to
no role in the pathophysiology of FPIES. Goswami et al.,*® Caubet et al.,** and Berin® observed
no specific immunoglobulins to food antigens in patients with FPIES.

Autonomic dysfunction and the gut microbiome

Given the range of non-specific systemic symptoms with which FPIES patients can present,
it is thought that autonomic dysfunction might contribute to pathogenesis in some capacity.
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Signs of nausea, vomiting, hypotension, and hemodynamic instability are part and parcel of
autonomic instability.*® It is uncertain, however, whether this autonomic response in FPIES
might be secondary to gastrointestinal abnormalities or neuroimmune interactions. The use
of ondansetron, a central selective serotonin receptor antagonist, as a mainstay of symptom
management and the ability of immune cells to synthesize and/or process serotonin support
the notion of a neuroimmune-mediated response.* Moreover, serotonin can stimulate

intestinal peristalsis, vasodilation, and perception of pain and nausea in the gut as well as
serve as a chemotactic factor for eosinophils, likely partially accounting for the histological
finding of eosinophilic infiltration on intestinal biopsy in FPIES patients.>*#

As with many food allergy syndromes, there is increasing interest in the role of the intestinal
microbiome in FPIES. Boyer and Scuderi appreciated a statistically significant difference

in the constitution of the gut microbiota of FPIES infants when compared to allergy-free
infants.* Infants with FPIES had significantly more Gammaproteobacteria (primarily Escherich-
Shigella and Balneatrix) and Porphyromonadaceae (primarily Parabacteroides) whereas control
infants had significantly more Prevotella. Moreover, Boyer et al.*® subsequently appreciated that
antibiotic use was higher in infants with FPIES compared to their control counterparts.

These observations support the paradigm of a gut-immune-brain axis with the intestinal
microbiome as a key component. The proposed mechanism is that dysbiosis and a
subsequent imbalance of metabolites can stimulate enterochromaffin or enteroendocrine
cells of the GI tract to produce serotonin, resulting in gut dysmotility locally and food
aversion, nausea, and vomiting due to its central effects.*

DIAGNOSIS

Diagnostic criteria

FPIES poses a significant diagnostic challenge to providers given variability in symptom
presentation, clinical similarity to other disease processes, and lack of a clearcut diagnostic test
or biomarker. As a result, misdiagnosis and delays in diagnosis are common and often result

in patients undergoing unnecessary evaluations.” When FPIES was first identified as a unique
entity, Powell developed diagnostic criteria using a group of infants less than 3 months old and
highlighted poor growth, diarrhea, and fecal leukocytosis in the setting of cow’s milk or soy
protein ingestion that was verified on repeat oral food challenges, consistent with what is now
considered chronic FPIES.* Sicherer et al.* expanded upon Powell’s criteria to include children
up to 9 months old, patients with acute-onset symptoms, those with solid food triggers, and
those that had detectable IgE levels to their trigger. They were also the first to include the

main symptom of FPIES, repetitive vomiting, in their criteria. In addition to what Powell* and
Sicherer et al.* proposed, Leonard and Nowak-Wegrzyn® recommended additional criteria
requiring the occurrence of at least two episodes. Subsequently, Miceli Sopo et al.> were the first
to introduce the concept of an acute FPIES episode and describe the varying severity of those
episodes. They explained that in addition to repetitive vomiting, one would expect to see pallor
and lethargy, as well as potential diarrhea that often presents after vomiting. Miceli Sopo et al.>!
also maintained that two episodes were necessary to diagnose FPIES but increased the age limit
for initial presentation to up to 2 years of age. In 2015, Leonard and Nowak-Wegrzyn* revised
their criteria to remove the age limit for initial presentation and were the first to delineate major
and minor criteria. Finally, in 2017 Nowak-Wegrzyn et al.*? published the first set of international
consensus guidelines identifying one major and nine minor criteria.
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As it stands, acute FPIES is diagnosed if the one major and at least 3 minor criteria are met
(Table 1).22 Clinical features can vary between mild-to-moderate and severe acute reactions,
namely with regards to the extent of dehydration, lethargy, and the level of intervention
required. Laboratory findings that can be seen during a mild-to-moderate acute episode
include leukocytosis with a neutrophilic predominance, thrombocytosis, as well as fecal
leukocytes or eosinophils. In a severe acute episode, one can also see metabolic acidosis and
methemoglobinemia.’ For chronic FPIES, the most important diagnostic criterion is that

a patient experiences resolution of their symptoms within days of eliminating the trigger
food and experiences acute recurrence upon reintroduction. Laboratory findings could
demonstrate anemia secondary to chronic blood loss in the stools and hypoalbuminemia.>*

A major limitation of the most recent guidelines is that they may not capture variable
phenotypes of an acute FPIES reactions. In Japan, for example, fever has been noted in some
patients presenting with an acute reaction and this fever has been reproducible on oral food
challenge.” These observations do suggest a potential ethnic or geographic variation in
clinical presentation, but more global studies are needed to clarify this.

Oral food challenges

Clinical history is often enough to diagnose FPIES with particular attention to timing of
symptoms after ingestion and the triggering food; however, when history alone is not enough,
especially in the setting of chronic FPIES, supervised OFCs are warranted and considered the
gold standard for diagnosis.” Without a confirmatory OFC, the diagnosis of chronic FPIES

is only a presumptive one. The OFC is considered diagnostic for FPIES if 2 or more minor
criteria as well as the major criterion are met (Table 1). Another common use of OFC in FPIES

Table 1. FPIES diagnostic criteria

FPIES diagnostic criteria

Description

Acute FPIES: Diagnosis requires meeting the major criterion and > 3 minor criteria

Major criterion
Minor criteria

Chronic FPIES

Vomiting 1 to 4 hrs after ingestion of suspected food trigger and absence of typical IgE-mediated allergic skin or respiratory symptoms

1. > 2 repetitive episodes of vomiting after ingestion of suspected food trigger
2. Repetitive vomiting 1 to 4 hrs after eating a different food

3. Extreme lethargy with any suspected reaction

4. Need for emergency department with any suspected reaction

5.
6
7
8

Need for intravenous fluid support with any suspected reaction

. Diarrhea within 24 hrs (typically within 5 to 10 hrs)
. Hypotension
. Hypothermia

The most important criterion for diagnosis is resolution of symptoms within days of elimination of offending foods and acute
recurrence of symptoms when the food is reintroduced with:

- Vomiting within 1 to 4 hrs
- Diarrhea within 24 hrs (typically within 5 to 10 hrs)

Milder presentation: lower doses of food trigger result in intermittent vomiting = diarrhea, as well as poor weight gain/failure to thrive
Severe presentation: daily ingestion of food trigger result in intermittent but progressive vomiting and diarrhea + blood + dehydration
+ metabolic acidosis

Oral food challenge: Diagnostic of FPIES (positive) if major criterion and > 2 minor criteria are met

Major criterion
Minor criteria

Vomiting 1 to 4 hrs after ingestion of suspected food trigger and absence of typical IgE-mediated allergic skin or respiratory symptoms

1. Lethargy
2. Pallor

3.
4
5

Diarrhea within 5 to 10 hrs after suspected food trigger ingestion

. Hypotension
. Hypothermia
6.

Increased neutrophil count of > 1,500 cells/mL above baseline count

Modified from Nowak-Wegrzyn et al.”
FPIES, food protein-induced enterocolitis syndrome; IgE, immunoglobulin E.
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patients is to determine whether tolerance to a food trigger has developed. In the US, OFC
is typically performed between 12 to 18 months from the last documented reaction.? In the
aforementioned French multi-center study, Lemoine et al.*® found that performing an OFC
within a year of being diagnosed results in increased risk of failing the OFC.

Currently, there is no standardized protocol for performing OFCs in patients with FPIES
(Table 2).35161955 Moreover, there is no consensus on when to allow introduction of trigger
foods at home. Up to 45% to 95% of reported OFC reactions have required intervention
with intravenous fluids, steroids, or both.!? Given the difficulty in risk stratifying patients in
anticipation of an OFC, the international consensus guidelines recommend that peripheral
intravenous venous access be established prior to an OFC in anticipation of a severe
reaction.”? Though it is likely in the best interest of the patient to complete an OFC with
physician supervision, shared decision-making about home introduction is encouraged if
being considered.

Recently, Sultafa et al.>® proposed a modified OFC protocol where exposure to a trigger food
is conservatively up-titrated with physician supervision to allow for close monitoring of
delayed or chronic FPIES presentations. Current guidelines recommend introducing 0.06

to 0.6 g/kg of food protein in 3 equivalent doses administered every 15 to 30 minutes over
a30- to 60-minute period.” If no symptoms develop within 2 to 3 hours, a full serving is
administered, followed by another 4 hours of monitoring and subsequently continued at
home in the absence of adverse effects, of course. Sultafa et al.>® recommend introducing food
protein at 1% of the target serving followed by 4 hours of monitoring. They then recommend
that the patient continue to ingest this dose at home for 4 weeks before returning to trial 5%
of the target dose, followed by 10%, 20%, 30%, 40%, 60%, 80%, and finally 100% of the
target dose with the aim of increasing the dose every 4 weeks with physician supervision.

Table 2. Comparison of various oral food challenge protocols in FPIES

Author Country Setting Dose interval Total dose Post-OFC observation Comments
Katz et al. Israel Inpatient Dose 1-2: 10 min 385mL (11.55g) 3 hrs Median cumulative reactive dose was
(2011)° (n=24) Dose 2-3: 20 min cow’s milk 385 mL

Dose 3-4: 20 min
Dose 4-5: 45 min
Dose 5-6: 45 min
Caubet et al. USA Inpatient 3 equal doses over 45 min 0.3 g protein/kg 4-8 hrs 74/180 OFCs positive
(2014)* (n=180) with max of 3 g If subject had IgE to food trigger,
OFC administered in incrementally
increasing doses every 15 min

Vazquez-Ortiz ~ Spain Inpatient 3 equal doses every 90 min 0.3 g protein/kg - 36% reacted to 2nd dose
etal. (2017)*° (n=81)  7equal doses every 90 min 51% reacted to 3rd dose
Wang et al. USA Outpatient Single dose One third of full 4 hrs Full dose titration at home

(2019)* (n=169) serving for age 17/169 positive OFCs

13/152 reactions at home during
titration to full dose

Diarrhea and vomiting in 1 patient that
required ED evaluation

Infante et al. Spain Inpatient ~ Method 1: 4 doses given ~ Daoses of Fish: Method 1: Method 1: 95% reacted after full dose
(2019)%* (n=175) over 30 min - Dose 1: Y& - After dose 4, 2 hrs reached
Method 2: only doses 2-4 - Dose 2: ¥a Method 9: - 18.6% mild, 42% moderate, 39.5%
given, 1 dose - Dose 3: %2 - After dose 2, 4 hrs severe reactions
every 48 hrs - Dose 4: Full serving - After dose 3, 4 hrs Method 2: 81% reacted after receiving

Vs of full serving
- 69% mild, 18.8% moderate, 2.5%
severe reactions

FPIES, food protein-induced enterocolitis syndrome; OFCs, oral food challenges; IgE, immunoglobulin E; ED, emergency department.
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The stark contrast between the two proposed protocols highlights the need for international
standardization of the approach to OFCs in FPIES and the importance of identifying specific
patient characteristics that would indicate when home introduction is appropriate.

Potential diagnostic markers

As previously mentioned, no reliable serological markers currently exist for the diagnosis

of FPIES. An emerging diagnostic marker that is showing promise, however, is thymus and
activation-regulated chemokine (TARC).**® TARC is a Th2 chemokine, often seen at elevated
levels in other allergic diseases like AD, that appears to be differentially elevated in patients
presenting with symptoms of FPIES. Makita et al.>” appreciated significantly higher post-emetic
TARC levels in patients with solid food FPIES compared to those presenting with infectious
gastroenteritis. Given the high association of atopy, especially AD, with FPIES, elevated TARC
levels may not always be specific; however, the post- to pre-OFC TARC ratio might help
increase specificity. Okura ef al.>® observed in patients with FPIES, the median TARC ratio was
significantly higher in the positive OFC group than in the negative OFC group irrespective of the
presence of AD in patients. Though more studies are needed to further evaluate the sensitivity
and specificity of TARC as a biomarker for FPIES, these initial findings show promise.

Cord blood eosinophilia and fecal eosinophil-derived neurotoxin can also be used to support
a diagnosis of FPIES with the appropriate corresponding history and presentation, however,
neither alone are specific to an FPIES diagnosis.***

Differential diagnosis

Two other forms of non-IgE-mediated food allergy should be considered in patients with
high suspicion for FPIES. Food protein-induced allergic proctocolitis (FPIAP) is the least
severe form of the non-IgE-mediated syndromes and causes chronic, blood-streaked stools
that spontaneously resolve by approximately 1 year of age in otherwise normally growing
and developing infants.* Food protein-induced enteropathy (FPE) presents with chronic,
non-bloody diarrhea that results in failure to thrive and, in some, malabsorption with
spontaneous resolution by 2 years old. It can develop after infectious gastroenteritis and
result in secondary lactose intolerance causing the protracted diarrhea.®*®! FPIES is the most
severe of the non-IgE-mediated food allergy syndromes and often presents acutely or with
acute on chronic findings that can mimic both FPIAP and FPE; however, the acute FPIES
presentation involves vomiting, which is not typically seen in FPIAP or FPE. In addition, the
age of resolution tends to be later in FPIES.

Sometimes, abnormal abdominal gas patterns seen on imaging in preterm infants with
FPIES can be confused for necrotizing enterocolitis (NEC).* A study by Kim et al.* found that
symptomatic presentation of preterm infants with FPIES compared to those with NEC did
not significantly differ. In fact, they found that pneumatosis intestinalis on ultrasonography
was more common among preterm patients with FPIES than those with NEC. Qi et al.®
proposed that IL-27 can potentially be used to distinguishing between FPIES and necrotizing
enterocolitis, as IL-27 levels are significantly higher in patients with NEC. More studies,
however, are needed to validate the sensitivity and specificity that the group determined for
IL-27 as a potential biomarker for NEC.% Given these findings, radiographic testing in the
routine work-up of suspected FPIES is strongly discouraged.’

With an acute FPIES episode, the differential diagnosis frequently includes viral
gastroenteritis, sepsis, and anaphylaxis given the systemic findings on presentation. In the
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case of severe episodes, methemoglobinemia appreciated on laboratory work up can also

be seen in inborn errors of metabolism, which must be considered given that patients often
present in infancy.” Other diagnoses to consider include lactose intolerance, gastrointestinal
reflux disease, eosinophilic gastrointestinal disorders, immune enteropathies, congenital or
acquired causes of bowel obstruction, metabolic disorders, and primary immunodeficiencies
(Table 3).1259:60.63

Update Food Protein-Induced Enterocolitis Syndrome

MANAGEMENT

In the case of an acute FPIES reaction, supportive care is the mainstay of treatment." If

a reaction were to occur at home, oral rehydration should be attempted if there has been
minimal vomiting (1-2 times) and no associated lethargy; however, should vomiting be
repetitive (> 3 times) with associated moderate to severe lethargy, seeking emergency medical
care to initiate intravenous hydration and, in patients older than 6 months, ondansetron
is recommended.™ For patients with severe symptoms consistent with shock (significant
lethargy, hypotension), fluid resuscitation with intravenous fluid boluses followed by
maintenance fluids should be administered, as well as IV ondansetron.® Though there is
no evidence supporting the benefit of corticosteroid use during a severe FPIES reaction, it
is often given for presumed gastrointestinal inflammation.> Vital signs and mental status
should be monitored closely, blood pressure support should be initiated if indicated, and

Table 3. Differential diagnoses to consider in FPIES

Condition Distinguishing clinical features
Infectious
1. Gastroenteritis (viral, bacterial) 1. Fever, presence of sick contacts
2. Sepsis 2. Positive bacterial/viral cultures and tests, improvement with antibiotics, lack of spontaneous resolution

following food withdrawal
Presentation in neonatal period (particularly in preterm infants), presence of pneumatosis intestinalis, fever,
absence of peripheral blood eosinophilia

3. Necrotizing enterocolitis

Allergic/Immunologic

1. IgE-mediated food allergy/anaphylaxis 1. Immediate onset after food exposure, positive serum IgE or skin testing, associated respiratory and
cutaneous symptoms
2. FPIAP 2. Primarily blood + mucus in stool, typical resolution by 1 year of age®
3. FPE 3. Chronic non-bloody diarrhea that can be triggered by gastroenteritis, resolves by 2 years of age®*®
4. Inflammatory bowel disease 4. Chronic abdominal symptoms, often associated family history of autoimmunity
5. Primary immunodeficiency 5. Frequent, severe, and opportunistic infections
Gastrointestinal
1. Lactose intolerance 1. Gas, bloating, and diarrhea with milk exposures
2. Gastroesophageal reflux disease 2. Frequent spit up, difficulty feeding, weight loss
3. Celiac disease 3. Nutritional deficiencies from malabsorption, including anemia
4. EGID 4. Mixed IgE and cell-mediated process not related to specific food intake, likely presence of food-specific IgE,
inappropriate accumulation of eosinophils in gastrointestinal tract on biopsy resulting in organ dysfunction
i.e., dysphagia, less severe vomiting”™
Anatomic
1. Hirschsprung disease 1. Delayed passage of meconium, significant abdominal distension
2. Obstruction (i.e., volvulus, malrotation) 2. Bilious vomiting
Metabolic
1. Mitochondrial disorders 1. Developmental delay, progressive neurological deterioration, organomegaly, seizures, electrolyte
2. Pyruvate dehydrogenase deficiency derangements triggered by infection/stressors
3. Fructose intolerance
4. Ketothiolase deficiency
Behavioral
1. Food aversion 1. Associated with neurodevelopmental disorders, psychosocial stressors

Adapted from Nowak-Wegrzyn et al.”

FPIES, food protein-induced enterocolitis syndrome; IgE, immunoglobulin E; FPIAP, food protein induced allergic proctocolitis; FPE, food protein-induced
enteropathy; EGID, eosinophilic gastrointestinal disorders.
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electrolyte abnormalities should be corrected as needed.®* Counseling families on trigger

food avoidance, reviewing signs of dehydration and shock, and potentially providing a
prescription for oral ondansetron is recommended in the case of accidental ingestion

or encounter with a new trigger food in patients with FPIES. Of note, epinephrine is not
indicated for the treatment of acute FPIES treatment. Though patients with atypical FPIES
have trigger food-specific IgE, anaphylaxis in these patients is rare.*

Infants with cow’s milk or soy protein FPIES can often tolerate breastfeeding; however, for
formula-fed infants, extensively hydrolyzed casein-based formula is typically recommended."
There have, however, been cases reported of these formulas exacerbating a patient’s acute
FPIES or persistent failure to thrive in the setting of chronic FPIES.*>® Among these infants,
10%-20% require an amino acid-based formula (AAF)." A recent double-blind multi-center
randomized controlled trial found that using a synbiotic-containing AAF in patients with
cow’s milk FPIES resulted in higher levels of bifidobateria and lower ratio of Eubacterium rectale
to Clostridium coccoides in their feces, similar to those seen in healthy breastfed infants.®” For
patients with severe FPIES, an AAF might be a better initial formula choice.

In general, children with FPIES, especially those with multiple food FPIES, are at an
increased risk for developing food aversion, poor weight gain, and nutritional deficiencies.’”
The psychosocial burden of this is high for caregivers, especially in light of the coronavirus
disease 2019 (COVID-19) pandemic.®® Dietary management currently entails avoiding
allergens, advancing complementary foods to encourage normal growth and development,
and providing families with detailed individualized feeding plans to ease the burden on
caregivers when possible.® Another option that shows promise is oral desensitization,
often utilized in the dietary management of IgE-mediated food allergy. Miceli Sopo et al.”
performed oral desensitization in a 9-year-old patient with persistent, acute FPIES to egg
whose skin prick tests were negative in the setting of 6 failed OFCs. Approximately 13.5
months after initiating desensitization, the patient was able to tolerate the equivalent of
one entire raw egg. One month after the patient stopped ingesting egg upon completing the
desensitization protocol, an OFC was performed with one raw egg and was negative with no
adverse reactions. Large randomized controlled trials are needed to clarify the role of oral
desensitization in different FPIES phenotypes with various food triggers, but the possibility
of inducing tolerance sooner in FPIES provides exciting avenues for advancing management
and patient quality of life.

CONCLUSION

In summary, FPIES is a non-IgE-mediated food allergy syndrome with an incidence and
prevalence higher than was once believed.? Though a variety of foods can trigger FPIES, the

most common triggers are cow’s milk and soy protein.’>* The risk of multiple food FPIES is
significantly higher in those with solid food or soy protein FPIES.* Reassuringly, the majority

of FPIES cases resolve by school age.! The mechanism of disease appears to be primarily driven
by the innate immune response, with contributions from the adaptive immune system.>>
Emerging studies also highlight the significance of the central nervous system and the gut
microbiome in the pathogenesis of FPIES, identifying them as potential therapeutic targets.>*+

Major and minor diagnostic criteria highlighted in the international consensus guidelines
from the American Academy of Allergy, Asthma & Immunology help guide the diagnosis of
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FPIES." An FPIES episode is distinct from an IgE-mediated food allergy, mainly due to the
absence of cutaneous and respiratory findings. When clinical history and presentation alone
are not enough for diagnosis, especially given that an FPIES episode can mimic other disease
processes, oral food challenges are available as the diagnostic gold standard. Though no
diagnostic markers are officially available to diagnose FPIES, measuring TARC levels could aid
in diagnosis.”*® In addition to trigger avoidance, the mainstay of FPIES treatment is supportive
care, primarily rehydration and anti-emetics.” In the case of severe episodes with concern for

shock, intensive care with intravenous fluid deficit repletion and continuous maintenance
hydration, blood pressure support, and electrolyte corrections might be indicated.

Caring for a child with FPIES places undue burden on caregivers, especially highlighted by the
recent COVID-19 pandemic.® The need for specialized formulas and avoidance of allergenic
foods can be challenging and costly, not to mention result in poor weight gain and food
avoidance in patients.'>* Oral desensitization, often employed in the dietary management of
IgE-mediated food allergies, shows potential as a means for promoting tolerance to a food
trigger in patients with FPIES.”®

Though the last 10 to 15 years have seen a significant expansion in our understanding of
FPIES, there is still more that needs to be discovered about this unique disease process. In
addition to identifying more therapeutic targets, criteria for diagnosis and positive oral
food challenges remain controversial and require further validation and standardization.
Moreover, larger randomized clinical trials are needed to optimize current management
practices. As highlighted in this review, avenues for future research are vast and the
upcoming decade holds great promise in lifting the veil on FPIES.
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