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Objective: While food protein-induced enterocolitis syndrome (FPIES) was first described
approximately 50 years ago, and research is increasing, there are still significant unmet needs in
FPIES. This article catalogs areas of progress and areas for further research.

Data sources: Through our personal experiences caring for patients with FPIES, our personal
research, and review of the existing FPIES literature as indexed in PubMed, we explored what is
known and what is needed in FPIES .

Study Selections: These studies have improved knowledge of FPIES, defined phenotypes,
allowed for better informed management of FPIES, and laid the groundwork for further
research.

Results: Further research is needed in the areas of prevalence, natural history, trigger foods,
threshold doses, how and when to perform oral food challenges, and immunopathogenesis of
this disorder. Development of a biomarker and determination of the best method to treat
reactions is also needed. Furthermore, FPIES has a substantial psychosocial and economic
impact on families and more research is needed into developing and implementing
ameliorating strategies.

Conclusion: By partnering together, healthcare providers, advocacy organizations and families
can continue to advance our understanding and improve care of patients and families living
with FPIES.
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INTRODUCTION

Food protein-induced enterocolitis syndrome (FPIE$) non-IgE, cell-mediated food allergic
disorder typically manifesting with protracted vaimg, often followed by diarrhea. In some
cases, this can be accompanied by lethargy, palpotension, and metabolic derangemeénts.
Although FPIES typically is a disease of childhopaesenting in infancy and resolving by

grade-school, onset in older ages including adsifiscreasingly being recognizéd.

Accurately identifying FPIES food triggers is craicior the health of the patient, but can be
difficult in the absence of diagnostic tests. CatfePIES management relies on allergen
avoidance, treatment of reactions, and periodeviaduations with an allergist who can perform
supervised oral food challenges (OFC) to monitordésolution. Like other chronic illnesses,
FPIES requires daily management, with patientsfamilies needing to remain vigilant for food
exposures and reaction symptoms. FPIES reactionbeanpredictable in occurrence and
severity. The chronic, unpredictable, and uncemaiure of FPIES can impact patient and

family psychosocial functioning and quality of life

In this article, we will review the progress madechieving our current understanding of FPIES
phenotypes, pathophysiology, and management. Welad discuss the unmet needs and
opportunities for healthcare providers, patientsl families to partner together to expand

knowledge and search for answers.

A BRIEF HISTORY OF FPIES

Emergence of FPIESin the medical literature
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The first descriptions of FPIES in the medicalritere emerged in the 1960s and 1970s.
Reports detailed unusual cases of infants withyaelanterocolitis 1-4 hours after ingesting
cow’s milk (CM), soy, or rice>® In following decades, increasing cases of FPIE® teeen
reported to more foods'° Reports of a more protracted presentation of inéaterocolitis have

also emerged, which is now recognized as chronie&P

Getting an Inter national Classification of Diseases (ICD)-10 code

Significant progress has been made in getting FIPéESgnized in the medical community. The
first official FPIES ICD-10 code (K52.21) took eftan 2016. Attaining the ICD-10 code was
the result of a multi-year undertaking, with parsiep between the International Food Protein-
Induced Enterocolitis Syndrome Association (I-FPIEY organization and the American

Academy of Allergy, Asthma & Immunology (AAAAI) méchl organization.

This achievement was crucial to be able to perflange-scale chart review studies based on
medical coding to better define the epidemiolog¥BfES and lay the groundwork for future
prospective studies. Collaborations like these betwlay and medical organizations have been

instrumental in pushing forward critically neededas of FPIES awareness and research.

DEFINING FPIESPHENOTYPES

To be able to properly diagnose, manage, and ukisnatudy a disorder, defining diagnostic
criteria is essential. In 2017, nearly 50 yearsrédfie first FPIES cases were reported, the first
International Consensus Guidelines for the Diaga@sid Management of Food Protein—

induced Enterocolitis Syndromeas published by a workgroup of the AAAAThis landmark
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document proposed diagnostic criteria and defiiaital phenotypes for acute and chronic

FPIES.

Acute FPIES

Acute FPIES is characterized by repetitive vomitivithin 1-4 hours of culprit food ingestion,
and may be associated with lethargy, hypotonidppdlypothermia, and/or diarrhea. Acute
FPIES reactions manifest when the trigger foodgested intermittently or after a period of
avoidance. Reactions typically resolve within 24itsoand patients are healthy between

episodes:

Chronic FPIES

Chronic FPIES is characterized by frequent vomitind diarrhea over days to weeks, associated
with poor weight gain or weight loss. Chronic FPIE&ctions manifest when the trigger food is
ingested regularly. Symptoms typically resolve witlays to up to 2 weeks after elimination of

the trigger food?

Until recently, chronic FPIES was reported exclabnin infants less than 4 months old fed with
CM or soy formulas: > ® % 3To date, there are no reports of pediatric chr&RES presenting
outside of early infancy or triggered by solid fgsoé recent report describes the first known
case of adult chronic FPIES in a 20-year-old maggéred by egg, beef, and salnfdihe list

of foods causing chronic FPIES may expand as awasaincreases. As infant feeding

é?, 16

recommendations have evolved to promote earliesduiction of solid food additional

foods triggers of chronic FPIES may emerge. Furshadies are needed to characterize the
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prevalence, risk factors, natural history, andgeigfoods in chronic FPIES. Mechanistic studies
will be critical to understand why patients preseith acute versus chronic FPIES to specific
foods. Factors such as timing of food introductitypes of food introduced, and intestinal
microbiome and permeability may be important iredeining whether a patient presents with

acute versus chronic FPIES.

Atypical FPIES

Atypical FPIES is diagnosed in the setting of aickl history consistent with FPIES and

positive specific IgE (sIgE) to the trigger foodp th 25% of patients with FPIES have
detectable food slgEPatients with atypical FPIES may have a more pooéd course, with
prolonged time to resolution. Some patients mayehbgvIgE-mediated food allergy reactions,
including anaphylaxis, upon re-exposure to therulpod. Additionally, some patients with
“typical” FPIES without evidence of IgE sensitizatimay subsequently develop IgE
sensitization and convert from FPIES to IgE-medidt®d allergy. This has been described in
infants initially presenting with CM FPIES? ' “"More studies are needed to better
characterize this disease phenotype and idensikyfeictors and mechanisms for conversion from

one type of food allergy to another.

Adult FPIES

For decades, FPIES was thought to be a disordafasfts and young children. Recently, new-
onset FPIES in adults was described. The most canpresentation in adults is acute FPIES to
fish or shellfish in those who were previously tatet*®? The list of acute FPIES trigger foods

in adults is expandin®: >* A recent report describes the first known casadoft chronic
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FPIES™ These adult FPIES cases have further expanddePtiES clinical phenotype, and
challenged our understanding of epidemiology andhaeisms. To date, there have been no
reports of atypical FPIES in adults and no largelists on the natural history. We need
prospective studies to assess prevalence, riskréactatural history, triggers, and comorbid
conditions. Studies of the immunologic mechanisfredult FPIES, and genetic and

environmental factors associated with this disoederalso important.

FPIESFOOD TRIGGERS

Common food triggers

The most common FPIES triggers reported in thedlitee are highlighted in Table?1:?" 13202
2333 The differences in FPIES food triggers in theseliss are notable. Common food triggers
differ between countries as well as over time. €reee also differences between pediatric and
adult FPIES triggers. These variations may be dwstudy design, geography, racial/ethnic
differences, ages of patients, FPIES phenotypeyatitb-be discovered genetic and/or
epigenetic factor§ Factors that may affect geographic variationdeeding practices including
age of weaning and type of first food introductiand differences in microbiome. Common
FPIES food triggers may change over time due ttofasuch as increased awareness of FPIES
and potential food triggers, as well as changdeeding behaviors. With new recommendations
to introduce solid foods including peanuts intaimtt’ diets:> °it will be interesting to see if
other common FPIES food triggers emerge. Largeticeuiter studies are needed to better

define common and uncommon food triggers of bothieaand chronic FPIES in children and

adults in different geographic regions.
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Number of food triggers

Patients and families who experience an FPIESimatt one food often wonder whether they
should be concerned for developing reactions tersttStudies evaluating number of FPIES
food triggers are summarized in Table 1. Singla@fBPIES rates ranged from 31-100%, with
the majority of both pediatric and adult patiergaating to a single food* ** 2! 233%jngle

food FPIES is less common in the US compared teratbuntries. For patients with FPIES to

multiple foods, the number of additional triggeodis ranged from 2-1%310: 13,21, 2432

Few studies have evaluated risk factors for dewetppultiple food FPIES. In an Australian
infant cohort, younger age at first reaction antESPto fruits or vegetables were risk factfts.
In another Australian cohort, children with FPIESite were more likely to have multiple food
FPIES compared to those with FPIES to CM or¥dylaciag et al. reported FPIES in a first-

degree relative was associated with greaterfisk.

FPIESin breastfed infants

FPIES typically presents once CM- or soy-based @ibeshand/or solid foods are introduced into
an infant’s diet. There are rare cases of FPIEXalusively breastfed infants, triggered by
culprit food proteins present in breastnfilR> Both acute and chronic FPIES to breastmilk have
been reported, however these studies are limitedge reports and small case setiaghile

CM is the most commonly reported trigger, soy, keicand grains have also been reported, and
some causes remain unknofvit. Age of onset ranges from 15 days to 6 months, migan 3

months® A case of possible fetal-onset FPIES was reposigspected due to CM in the
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mother’s diet® Larger studies are needed to define the prevalefERIES in exclusively

breastfed infants and identify trigger foods.

Guidance for nutrition and feeding

Current recommendations for new food introductiopatients with FPIES are based solely on
expert opiniort: *° The majority of breastfed infants do not readiad proteins in breastmilk,
so routine maternal dietary elimination of trigfeods is not recommended if the infant is
thriving and asymptomatitWhile most infants are able to successfully bfeast some require

maternal elimination diet or transition to a hypeajenic formuld.

Patient with FPIES are at risk for nutritional defncies, food aversion, and poor weight gain,
even following elimination of trigger foods. Feediskills begin developing in infancy.
Disruption of normal feeding skill development BRIES symptoms or dietary interventions
such as avoidance diets can create feeding diifesylincluding aversions to various tastes and
textures and impaired acquisition of eating behavémd feeding skill3” Experiencing repeated
FPIES reactions when first introducing foods camseaeating to be regarded as an unpleasant
experience, leading to food aversions. A retrospestudy of 203 patients with FPIES found
higher rates of food aversion in patients wicompared to 1-2 food triggers (P=0.006) and

increased risk of poor weight gain in FPIES triggeby CM (P=0.02) and banana (P=0.082).

Knowledge gaps exist in defining “high-risk” an@W-risk” FPIES foods, recognizing patients
at risk for multiple food FPIES, and identifyingkifactors and developing effective

interventions for feeding and nutritional deficit$ese are important areas of unmet need, as



161 they have implications for developing evidence-bagg@dance on infant feeding, dietary and
162 nutritional recommendations, and patient and famgntal health. Large, multicenter studies
163 across a range of age groups and countries aredéeadddress these questions from a research
164 perspective. Improving access to multidisciplineagms involving Nutrition, Feeding Therapy,
165 and Psychology is needed to improve patient managem

166

167 RESOURCESFOR PATIENTS, FAMILIES, AND HEALTHCARE PROVIDERS

168 Unmet needsfor patientsand families

169 Patients and families with FPIES face many struggleluding obstacles in establishing

170 diagnosis and challenges in management due tofdERIES awareness among many medical
171  providers®® “°In a 2018-2019 survey of I-FPIES membecsyregivers indicated they felt most
172 confident getting information about their child’RIES from websites, followed by

173 pediatrician/allergist, and general practitionersedfamily doctor (unpublished data). This
174  highlights the important role of internet resourdast also an opportunity for healthcare

175 providers to become more valued sources of infdonat

176

177 Confidence and knowledge gapsfor healthcare providers

178 In a 2014 survey of AAAAI members, nearly one-thiegorted poor familiarity with FPIES,
179 and there was considerable variability in evaluatind management practicd©ne significant
180 leap forward was the publication of the 20fi#rnational Consensus Guidelinewhich was
181 created to assist healthcare professionals capaf@nts with FPIES and addressed a

182 knowledge gap by providing widely-available, evidetsbased diagnostic and management

183 guidelines. Follow up studies are needed to detexwhether this has subsequently improved
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awareness and standardized practice in the meghoaiunity. Increased FPIES programming

at allergy meetings is another method to raise emess among healthcare providers.

Resourcesfor patients, families, and healthcare providers

Selected online resources are provided in Tablé@se websites offer educational materials,
webinars, and links to consensus guidelines arehrel studies, providing useful information to
healthcare providers to increase knowledge and etanpe. These websites are also valuable
and trusted resources for patient and families WRKES, offering written and recorded
educational materials, connections to the FPIESnaanity and research studies, support groups,
and search functions for finding a local allergidte internet offers a unique platform for FPIES
providers, researchers, patients, and familie®toectogether to raise awareness, provide
support, and increase research efforts in FPIEB. dpgportunity to connect online is especially

important during the current COVID-19 pandemic, wireperson contact is limited.

UNCERTAINTIESIN DIAGNOSISAND MANAGEMENT

The footprint of FPIES in the medical literatureslexpanded (Figure 1), but our understanding
of FPIES is still in its infancy and many unansveegeiestions remain. We do not know what
factors modulate the development or resolutionRIES, or why some patients develop FPIES
to one food and others to multiple foods. Improuederstanding of various cohorts such as
mild/severe reactions, single/multiple foods, higlogver threshold doses and tolerance of foods
like CM and egg in baked forms is need&dA phenotypic assessment of individuals with acut
FPIES, chronic FPIES, atypical FPIES, FPIES dubregastfeeding, and adult FPIES may

improve understanding of the pathophysiology, f&#ors, and modulating factors. If we could
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207 accurately determine phenotype, this knowledgedcmiluence the rate and location at which
208 we introduce foods, perform food challenges, afahator avoiding the minimum number of
209 triggers for the shortest time necessary and caadce the negative nutritional and

210 psychosocial impacts of avoidance dits.

211

212 Need for adiagnostic test

213 The differential diagnosis of acute FPIES is brbatiere is no diagnostic test or procedure that
214 is pathognomonic of this diagnosis. Atopy patchingshas been evaluated in several small
215 studies as a means to identify possible food trigftfe®® “*However, due to conflicting results,
216 no specific recommendations on the utility of atgaygch tests has been madeRIES remains a
217 clinical diagnosis based on a high index of suspitiSome laboratory tests can be helpful in
218 diagnosing an acute episotm chronic FPIES, symptom resolution with triggemidance is
219 suggestive of the diagnosis, and OFC after thimgesf avoidance could be considered to
220 confirm the diagnosisGiven the lack of diagnostic testing, low awarsnesd broad

221 differential diagnosis, studies of FPIES in thetaaetting may be helpful in developing

222 validated differentiating factors and could leadiévelopment of noninvasive biomarkers with
223 the goal of establishing an early and accuratendisig.

224

225 FPIES pathophysiology

226 We need a better understanding of the pathophygi@dFPIES. FPIES has traditionally been
227 thought of as a T cell-mediated, non-IgE-mediataxtifallergy. However, some individuals
228 develop concomitant sIgE (atypical FPIESjnd sensitized individuals with initial typical

229 FPIES reactions may subsequently develop IgE-mediiabd reaction3.
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A recent study examining the role of humoral antutze responses in FPIES did not find a
difference in the T cell profiles with casein stilation in patients with active CM FPIES versus
control subjects. Casein stimulation in CM FPIE&tke higher levels of IL-9 and lower levels of
IL-10 versus those with IgE-mediated CM allergytide CM FPIES versus resolved showed
higher baseline tryptase levels and lower IL-10erEhwas no change in tryptase levels after

reactive food challenges; however, IL-9 and IL-&0els increased significantfy.

Similar to IgE-mediated food allergy, a Th2-biag@dhune response is seen in FPIES and
activation of T cells may play a role in gastrostieal inflammation. The impact of antigen
exposure on T cell activation is uncléafther innate immune cells are activated in FPIES
reactions, including monocytes, natural killer setieutrophils, and eosinophtfs*>A more
comprehensive understanding of the pathophysiobddiyPIES may help with developing
biomarkers to identify which foods a person islijk® react to, confirm diagnosis, and predict

resolution.

Standardizing FPIES OFCs

OFCs are performed when the diagnosis is uncleataassess for FPIES resolution. There is
no standard, validated protocol. Protocols in itegdture vary in regard to dosing, timing of
dose administration, duration of observation anétvér a full serving is administered after an
asymptomatic period of observatibr: “®*°As patients do not always react on the first expos

to food, there is some concern that a one-day Q&S dot suffice to confirm resolution.



253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

12

Another unresolved concern is where the OFC shioelldonducted (e.g., at home, outpatient
clinic, hospital-based ambulatory, or hospital tigya setting). This results from lack of
predictive factors for OFC outcome and severitgluding need for intravenous fluid (IVF)
resuscitatior’’ Risk is likely impacted by the reason for OF@eisince last reaction, age of the
patient, and severity of previous reactiéh®vhile up to 50% of OFC require IVE there is data
that home introduction with oral rehydration hasteuccessfuf: There is no consensus
regarding need for placement of an intravenousgiig to outpatient OFC, although IVF
should be available. It seems reasonable that sewere reactions and younger children would

direct a more conservative approach.

Ultimately, the decision to perform a food challengust include family preference, physician
resources to manage OFC reactions, severity @dlingaction, nutritional adequacy of the diet,

implicated food, and data on natural history iriveeg country*

FPIES treatments

We need further studies on FPIES treatment. Ohgldmation or breastfeeding is recommended
for mild symptoms and IVF for moderate to seveaetions® Although steroids have been
recommended for severe reactions, this has neeerfoemally studied? Ondansetron, a
serotonin 5-HT3 receptor antagonist, has been insefants >6 months old for acute FPIES
reactions during OFCs with success, however trssioa been studied in a randomized, placebo
controlled trial>* **Ondansetron has not been systematically studiglicime use in the setting

of accidental exposure or in adult FPIES.
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We do not know whether there are threshold dosesifmering acute or chronic FPIES
reactions or which patients might tolerate foodssitensively baked formsMiniscule’ to
significant exposures have been reported to leagactions™ > There are case reports of
patients with acute CM and egg FPIES toleratingeti,ems in baked forn8 Does tolerance of
baked foods portend a more favorable prognosisaacdlerate the rate of resolution as in IgE-

mediated food allergy?

PSYCHOSOCIAL IMPACT
Patients and families with FPIES face unique chagks that can lead to a psychosocial distress
(Figure 2). A 2014 article on FPIES written frorparent’s perspective discusses the

psychosocial challenges of seeking a diagrisis.

Impact on children

The only study to date evaluating psychosocial ionoof children with FPIES was conducted
by Maciag et al., with responses representing hileiren® Caregivers’ ratings of their
preschoolers’ separation anxiety, obsessive-conyeutisorder (OCD), and general anxiety
symptoms were higher than published norms (P<OH&)ever, older children’s self-reported
panic, OCD, general anxiety, and total anxiety siyms were lower than published norms (P<
0.05). Conversely, caregivers’ ratings of theiresldhildren’s separation anxiety, general

anxiety, and total anxiety were higher than puldishorms (P<0.05).

Impact on caregivers
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Greenhawt et al. performed an exploratory validastudy of the Food Allergy Quality of Life-
Parental Burden (FAQL-PB) questionnaire for usERES? Caregivers of children with FPIES
had worse HRQOL compared to those with IgE-mediéded allergy (P<0.001). Female
caregivers had worse HRQOL than male caregivesr(B01). Caregivers of children with both

solid and liquid FPIES reported worse HRQOL thawsthwith a single trigger food (P=0.01).

Maciag et al. conducted a subsequent larger stbd¥®I-FPIES caregiver-members in 2018-
2019 utilizing multiple validated measures and farhigh psychosocial burden among
caregivers and affected childré@n the FAQL-PB, caregivers reported highest lewélsurden
in restaurant choice, vacation plans, and socighgement, similar to Greenhawt ef aciag

et al. found that caregivers reported moderatsst@ad worry. Parental confidence in ability to
measure their child’s food allergy was significgridwer in caregivers of children with FPIES
compared with IgE-mediated food allergy (P<0.00dthe Maciag et al. FPIES cohort, there
was a positive correlation between caregiver HRQgMess, worry, and anxiety, and these
correlated negatively with food allergy self-effoga Avoiding a greater number of food groups
was associated with lower caregiver HRQOL and faltetgy self-efficacy, and higher total
anxiety among preschool- and elementary school-aelgigdren. CM FPIES was also associated

with lower caregiver food allergy-related self-effcy and HRQOL, and higher stréss.

Further studies are needed in more diverse popuakatas well as studies designed to improve

self-efficacy in caregivers.

FPIES and school/daycar e attendance
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In the studies by Maciag et a12°46% of families (N=187/403) reported their childngith
FPIES did not attend school/daycare, and of thosattending, 54% did not attend because of
concern for FPIES. Avoiding multiple food groupssnessociated with increased likelihood of
not attending school/daycare (P=0.081¢.aregivers whose children were not attending
school/daycare due to FPIES had poorer HRQOL, higfiness, greater worry, and higher total
anxiety among preschool-aged children, comparekl edategivers whose children were not

attending for other reasons.

We need to advocate for our patients and incredseagion for schools and daycares about
FPIES triggers, and recognition and initial managenof reaction§® This may reduce the
psychosocial burden experienced by families wittESPand allow for increased comfort
sending their children to school/daycare. The FRI&S8munity and researchers can collaborate

to identify patients and families at risk and deyelvays to alleviate this burden.

Financial burden

The economic burden to families with food allergisignificant® *° To our knowledge, there
are no studies focused on direct and indirect afSEPIES. Investigation is needed to determine
the cost burden of food allergy for families thahsiders opportunity costs, lost productivity,
direct out-of-pocket costs, dietary costs includigt of hypoallergenic formulas, and food
allergy-informed childcare arrangements. Costssifsywith dieticians, feeding specialists,
social workers and psychologists should also faatorthese calculations. This knowledge
could help develop policies to ensure adequateanse coverage for patients across the

socioeconomic spectrum and minimize disparities.
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CONCLUSION

Since half a century ago when FPIES was first desdr many advances have been made in
understanding the clinical phenotypes, epidemiglegyl pathophysiology. The establishment of
the first FPIES ICD-10 code in 2016 and publicatdthe firstinternational Consensus
Guidelinesin 2017 have laid the groundwork for further, urjg-needed FPIES research.
However, many unanswered questions remain, sumedhinzTable 3. A major challenge of
FPIES is that it is an uncommon and incompletelgenstood type of food allergy. However,

this challenge has catalyzed the establishmenpofagerful and tireless FPIES community,
joining patients, families, and healthcare proved@&y partnering together, this community is
increasing FPIES awareness through outreach arghtoln and advancing the pace of FPIES

research to address these questions urgently thafeenswers.
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TABLE AND FIGURE LEGENDS

Table 1. Common FPIESfood trigger s-selected studies.
Food triggers are listed in descending order. Guiyls reported avoided %% of the subjects

within each study are reported.

Table 2. List of suggested online resour ces.

Table 3. Assessment of unmet needsin FPIES.

Figure 1. FPIES publications by date.
A PubMed literature search was conducted usingé¢aech terms FPIES OR “food protein-
induced enterocolitis syndrome.” All publicatiomsdugh December 2020 are shown, totaling

335.

Figure 2. Psychosocial impact of FPIES on patients and families.
Summary of the psychosocial impacts of FPIES oreptt and their caregivers. FPIES is
associated with significant mental health burdéered school/daycare plans due to related to

FPIES, and increased financial burden.



Table 1. Common FPIESfood triggers-selected studies.

Number of Number of food
Reference Country | Study design patients Ages of patients Food triggers triggers
Mehr et al, Australia | Retrospective} 35 Children Rice-40% 1 food-83%
20097 single center Soy-34% 2 foods-17%
Cow’s milk-20%
Oat-6% Range 1-2 foods
Sweet potato-6%
Mehr et al, Australia | Retrospective, 230 Children Any grain-52% 1 food-68%
2017° multi-center Rice-45% 2 foods-20%
Cow's milk-33% 3 foods-7%
Egg-12% >4 foods-6%
Any meat-10%
Any fruit-10% Range 1>4 foods
Oat-9%
Any vegetable-8%
Chicken-8%
Soy-5%
Fish-5%
Tan et al, 2014 Australia | Retrospective, 31 Adults Crustacean-26% 1 food-84%
single center Mollusk-16% 2 foods-13%
Egg-16% 3 foods-3%
Fish-10%
Range 1-3 foods
Du et al, 201% Canada Retrospective,20 Adults Shellfish-65% Did not evaluate
single center Cow’s milk-20%
Wheat-20%
Egc-15%
Xepapadaki et al,| Greece Retrospective, 72 Children Cow’s milk-46% Did not evaluate
20193 single center Fish-35%
Rice-10%
Egg-7%
Sopo et al, 2012 | Italy Retrospective, 66 Children Cow’s milk-65% 1 food-85%
multicenter Fish-12% 2 foods-14%
Egg-6% 3 foods-1%
Range 1-3 foods
Vazquez-Ortiz et | Spain Retrospective, 81 Children Fish-54% 1 food-99%
al, 20172 single center Cow's milk-26% 2 foods-0%
Egg-10% 3 foods-1%
Rice-7%
Range 1-3 foods
Alonso, et al, Spain Prospective, | 8 Children Cow’s milk-50% 1 food-100%
20193 single center Fish-38%
Egg-13%
Diaz et al, 2019 | Spain Retrospective, 120 Children Cow’s milk-37% 1 food-84%
multicenter Fish-33% >2 foods-16%
Egg-11%
Rice-10% Range -8 foods
Ludman et al, UK Retrospective,| 54 Children Cow’s milk-46% 1 food-70%
2014° single center Fish-15% >2 foods-30%
Egg-13%
Soy-11% Range 1=2 foods
Wheat-11%
Chicken-7%
Banana-6%
Oat-6%
Sicherer et al, USA Retrospective, 20 Children Soy-65% 1 food-45%

1998°

single center

Cow's milk-60%
Rice-5%

2 foods-55%




Pea-5%
Turkey-5%
Chicken-5%

Range 1-2 foods

Fogg et al, 2008 | USA Retrospective| 19 Children Cow's milk-68% 1 food-42%
single center Soy-63% 2 foods-47%
Rice-16% 3 foods-5%
Oat-16% 4 foods-5%
Wheat-5%
Egg-5% Range 1-4 foods
Nowak-Wegrzyn | USA Retrospective| 44 Children Cow's milk-66% 1 food-48%
etal, 2008 single center Soy-54% 2 foods-32%
Rice-23% 3 foods-7%
Oat-20% 4 foods-2%
5 foods-2%
6 foods-2%
7 foods-2%
Range -7 food:
Ruffner et al, USA Retrospective| 462 Children Cow’s milk-67% 1-2 foods-70%
2013° single center Soy-41% 3-6 foods-25%
Rice-19% >7 foods-5%
Oat-16%
Wheat-10% Range 1=7 foods
Egg-11%
Any vegetable-11%
Corn-8%
Any fruit-8%
Any meat and/or fis-6%
Caubet et al, USA Mixed 160 Children and Cow’s milk-44% 1 food-65%
2014 prospective adults Any grain-44% 2 foods-26%
and Soy-41% >3 foods-9%
retrospective, Rice-23%
single center Oat-16% Range 1-10 foods
Fish and/or shellfi-7%
Maciag et al, USA and | Retrospective, 441 Children Any grain-60% 1 food group-31%
2020° multi- multicenter Cow’s milk-53% 2 food groups-17%
national Any vegetable-43% 3 food groups-17%
(did not Any fruit-38% 4 food groups-12%
specify Soy-37% 5 food groups-7%
other Oat-37% 6 food groups-6%
countries) Rice-34% >7 food groups-10%
Egg-23%

Any meat-18%
Sweet potato-17%
Wheat-16%
Avocado-13%
Peanut-12%
Any poultry-12%
Banana-12%
Peas-9%
Fish-9%
Beef-9%

Any tree nut-8%
Apple-8%
Corn-7%
Chicken-7%
Squash-6%
Shellfish-6%
White potato-5%

Range 1-13 food
groups




Table 2. List of suggested online resour ces.

Organization

Website

Comments

Allergy & Asthma Network

www.allergyasthmanetworigo

Educational resources, online events, and e-
newsletter. Information available in English and
Spanish.

Allergy Eats

www.allergyeats.com

Leading guideltergy-friendly restaurants in
the US. Phone app available.

American Academy of Allergy,
Asthma & Immunology
(AAAAI)

www.aaaai.org

Educational materials, practice recs) researc
updates, and search function to find a local
allergist. Information available in English and
Spanish.

American College of Allergy,
Asthma & Immunology
(ACAAI)

www.acaai.org

Educational materials, practice resesj and
research updates.

Food Allergy Research and
Education (FARE)

www.foodallergy.org

Nonprofit organization and lasg private funder
of food allergy research. Resources for childrer
teenagers, and adults about managing food
allergies.

International FPIES
Association (I-FPIES)

www.fpies.org

Nonprofit organization providing FPIES
education, support, and advocacy for patients &
families. “FPIES University” section on their
website is a free video library for the FPIES
community and healthcare providers.

Kids with Food Allergies

www.kidswithfoodallergiesg

A division of the Asthma and Allergy Foundatio|
of America (AAFA), the US’s oldest and leadin
asthma and allergy not-for-profit

organization. Online and local support groups
available.

The FPIES Foundation

www.fpiesfoundation.org

Nofiparganization offering tools for FPIES
education, support, and advocacy for families g
the medical community.

and

>



Table 3. Assessment of unmet needsin FPIES.

FPIESPHENOTYPES

Characteriz chronic FPIE!

Characterize atypical FPII

Identify risk factor: and mechanisms for conversion from FPIES tc-mediated food aller¢

Characterize acute and chronic FPIES in a

FPIESFOOD TRIGGERS

Identify prevalence of common FPIES food trigt

Understand geographic differences in FPIES foagénis

Identify risk factors for developing FPIES to siaglersus mulple food:

Determincimpact of updated infant feeding recommendationE®IES food trigge

Develop evidenc-based groupings of “hi-risk” and “low-risk” foods to guide infant feeding au
dietary expansion

Characterize nutritional burden FPIES and provide guidance for prevention and mamag

RESOURCESFOR PATIENTS, FAMILIES AND HEALTHCARE PROVIDERS

Increase ommunity educatic (e.g.,schools, daycares, ) and awarene

Develop a written FPIES Action Plan for use in sslk@nd daycar:

Increase FPIES programming at allergy confere

DIAGNOSISAND MANAGEMENT

Identify factorsthatmodulate the likelihood of developing FP

Identify factors that acceleree resolutio of FPIES

Determine FPIE pathophysiolog

Develop liomarker for diagnosis, resolution and food trigiglemtificatior

Standardize FPIES food challenges, including doaimdjlocatio

Determine eviden«-basei treatment for FPIES reactior

Develop a multidisciplinary care team appro

PSYCHOSOCIAL IMPACT

Characterize the psychosocimpact on children and adt in more diverse populatio

Develop strategies to improve sefficacy

Characterize financial burd







Figure 1. FPIES publications by date.
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Figure 2. Psychosocial impact of FPIES on patients and families.

Caregiver mental health
T anxiety
| food allergy self-efficacy
| quality of life
1 stress
T worry

Child mental health
1 anxiety

Financial burden
e cost of hypoallergenic formula
e lost job opportunities
e out-of-pocket medical expenses

Altered school/childcare plans
e concern about sending child to
school/daycare
e finding food allergy-informed
childcare




Key messages:

The number of studies and publications related to FPIES has steadily increased over the
past 50 years.

There are multiple unmet needs regarding FPIES.

Further research is needed to understand the pathophysiology of FPIES and to develop a
biomarker to aid in diagnosis, resolution and food trigger identification.

A better understanding of FPIES prevalence, phenotypes, modifying factors and
treatments is needed.

An FPIES diagnosisis associated with significant psychosocial and financial burden and
research is needed to identify ameliorating factors.

Collaboration between clinicians, researchers, families and patient and support groupsis

needed to accelerate research and knowledge acquisition regarding FPIES.



