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Objective: To explore the relationship between gastrointestinal (Gl) symptoms, immune
response, and autonomic nervous system (ANS) in food protein-induced enterocolitis syndrome
(FPIES) in relation to current understanding of disease phenotype and pathogenesis.

Data sources: Relevant studies related to FPIES, Gl symptomatology, and ANS were reviewed.
Literature search was performed using PubMed, with keyword combinations including but not
limited to FPIES, allergic Gl disorders, ANS, autonomic dysfunction, dysautonomia, Gl, diarrhea,
vomiting, neuroimmune, clinical phenotyping tools.

Study selections: Peer-reviewed case-control studies, observational studies, reviews and
guidelines, and systematic reviews related to FPIES and the ANS were selected for review.

Results: There is limited research directly relating Gl symptoms and FPIES to the ANS and
immunologic response. To support proposed mechanisms of action related to patient
symptoms, studies relevant to co-existing Gl-autonomic processes and FPIES immunologic
triggers were examined. These related disease processes were extrapolated to FPIES based on
current knowledge of FPIES phenotype and pathogenesis.

Conclusion: The etiology of FPIES and the underlying mechanisms triggering symptoms is not
well understood. Based on the exaggerated Gl symptoms and hemodynamic response
observed, the ANS likely plays an important role in FPIES possibly as a compensatory response.
The trigger for this cascade of symptoms may be related to disruption of immunologic
homeostasis that typically contributes to immune tolerance. To more accurately assess FPIES
pathophysiology necessitates understanding the diverse spectrum of presenting symptoms. A
consistent and comprehensive symptom assessment tool may improve our understanding of
this dynamic relationship.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Introduction

FPIES is a non-IgE-mediated allergic disorder mal an apparent food antigen triggers
an inflammatory cascade. This can result in profog@strointestinal (Gl) symptoms and
hemodynamic instability.? Its etiology is not well understood, and the mexi$ras precipitating
symptoms are not defined. Cumulative incidencafarits ranges from 0.015% to 0.7%, while
prevalence in US infants is estimated at 0.3T%/hile the age of presentation varies, FPIES
typically manifests in previously healthy infaitBractitioners must therefore be attentive
towards recognizing early symptoms after ingeséilmmg with a high index of suspicion for a
food trigger. Diagnosis requires a thorough histagjuding recognition of key characteristic
clinical symptomg. Further, recognition of a wide and diverse spewtai presentations has led
to the now well-described entity of FPIES in oldhildren and adult8 To better understand
potential associations among the multiple sympton#&PIES necessitates a consistent and
comprehensive method of defining symptoms and ityemg potential underlying co-
morbidities.

Gl symptoms in FPIES can progress rapidly to inelodrdiovascular decompensation
and mental status changes. The inciting eventeigkalown of immunologic tolerance to a food
antigen™ % "While it is difficult to predict the timing of syptom development, FPIES has been
associated with history of atopy, FPIES to anotbed, and family history of allergic disea$é.
Laboratory abnormalities during an acute episodg imelude leukocytosis with neutrophilia,
thrombocytosis, metabolic acidosis, and methemaggéohia® Although supportive of FPIES,
laboratory markers remain non-diagnostic. Radiaalgstudies and histologic analysis of
endoscopic biopsies have similarly proven non-djpetiesulting in an absence of effective

diagnostic biomarkers. FPIES thus remains a cliniizaggnosis. Despite this, prognosis is
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excellent, as most children develop immune tolezdndheir specific food antigen trigger by
three years of ade.

The inflammatory cascade from the presumptive fexubsure can be accompanied by
systemic symptoms of vomiting, diarrhea, hypotemsiethargy, and pallor. These symptoms
can be associated with autonomic dysreguldfiand raise the question of a role of the
autonomic nervous system (ANS) in FPIES. The spmptrofile of FPIES, specifically the
hemodynamic response, may be driven in part byAtS. This may be related to the need to
maintain homeostasis in the face of an immune respto a food antigen trigger. In this review,
we aim to discuss Gl symptoms in FPIES as theyaétathe immune response and ANS. We
will explore how inflammatory triggers mechanistigampact the Gl tract and ANS resulting in
the cascade of symptoms described in FPIES. Towhisiend, we will emphasize the need for
a comprehensive clinical assessment tool in FPEtfSonstrating the value of transdiagnostic
guestionnaires used for other difficult to defiti@ical conditions.

Role of Clinical Assessment of Symptoms

FPIES is considered a heterogeneous disorder vaipfeetrum of clinical phenotypes.
Diagnosis is based on a thorough history includeapgnition of key characteristic clinical
symptoms, as defined by international consensuetjines® Laboratory tests, imaging, and
histologic findings on endoscopic biopsy are sugige®ut non-specific, and are therefore not
recommended for diagnostic purposes. The gold atdrtd confirm FPIES diagnosis is
provocative testing with an oral food challengeetnational consensus guidelines suggest oral
food challenge only be considered in the initi@giostic work up if the clinical history or time
course are atypical, if the food trigger is unablée identified, or if symptoms persist despite

elimination of the suspected trigger food from dhet
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Current FPIES clinical phenotypes are based ofolleving: (1) timing and duration of
symptoms along with clinical signs of hemodynanampromise, (2) age of presentation, and (3)
IgE positivity? This has led to a classification system that idetiacute, chronic, adult, and
atypical FPIES (Table 1, Figure 1). Acute FPIESe&smost widely described and has specific
criteria for diagnosié.Typically, acute FPIES occurs with intermittengéstion of the food
antigen trigger. It is characterized by onset ofpund Gl symptoms 1-4 hours after ingestion
followed by acute hemodynamic compromise. ChroftES occurs with recurrent ingestion of
the food antigen trigger. Symptoms are insidiougriget with days to weeks of watery diarrhea,
worsening emesis, and failure to thrive. Both aeuné chronic FPIES can progress to
hypovolemic shock. Re-exposure to the food triggerhronic FPIES after a period of
avoidance elicits an acute FPIES reaction, sugggatialogous mechanisms along a phenotypic
spectrum.

Less well defined FPIES subtypes include adult BPARd atypical FPIES. Adult FPIES
is an entity of FPIES-like symptoms described iteoichildren and adulfsAtypical FPIES is
characterized by the development of food-specéras IQE antibodies (sIgE) to the identified
FPIES triggef It has been associated with a protracted courtesymptom resolution at a later
age® ° Twenty-five percent of patients with atypical FBI&ill evolve to develop IgE-mediated
food allergic reactions, suggesting that both psees may evoke closely related immunologic
mechanismé&.**

While the advent of acute FPIES guidelines hasstlieed diagnostic and research
cohorts of acute FPIES, there remains considerabtk to be done to more accurately classify
clinical FPIES phenotypes. Delineation of distiditease subtypes, especially in relation to

associated symptoms outside of the Gl tract, magirazk our understanding of disease
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pathogenesis and targeted management strategieisaCbhenotyping instruments are useful in
disorders that are clinically and genetically hegeneous, especially those with involvement of
multiple organ systems and without a clear diagodsbmarker.

In conditions with symptoms suggestive of autonon@ovous system dysregulation,
there is demonstrated value in the use of multidstanal symptom intake instruments. As an
illustrative example, there is a high burden obaoimic dysregulation in children with
functional nausea. Up to 80% of patients with fiorel nausea have concomitant orthostatic
intolerance as measured by head upright tilt tesieng*> **Tilt table testing provides
information about the ANS response to orthostdtallenge, and is used as a proxy measure of
an appropriately regulated ANSWagoner et al utilized the Nausea Profile Questing™ to
better understand the relationship between symptdmausea with orthostatic intolerance in
comparison to hemodynamic findings demonstratetiltaable testing'® Unlike standard Gl
symptom questionnaires, the Nausea Profile Queasion evaluates characteristics of nausea in
3 domains—Gl, somatic, and emotional distress.gresence of higher somatic Nausea Profile
Questionnaire scores helped identify patientsgttdr risk for autonomic dysregulation as
supported by subsequent tilt testing. Once papibahotypes were better defined, investigators
were able to identify neurohormonal profiles foesific patient groups towards better
understanding potential underlying mechanisfm&hile functional nausea and FPIES represent
two distinct conditions, similarities including disling GI symptoms and hemodynamic
compromise may support a similar model of invesiogain FPIES.

Overall, the use of comprehensive symptom intakepatient-reported outcomes (PRO)
measures improve providers’ and researchers’ utadetimng of the patient illness experience in a

structured format. The National Institutes of Hedtatient-Reported Outcomes Measurement



93 Information System (PROMIS) offers a framework teasure patient-reported or proxy-
94 reported symptoms with validated instruments to ma@hensively assess a patient’s state of
95 health and diseasB PROMIS instruments have been used in both adnttshildren across a
96 multitude of chronic diseases to provide measufgtobal, physical, mental, and social health
97 across several domaiffs.As a further example related to functional naugiea combination of
98 the Composite Autonomic Symptom Score 31 (COMPASS 2nd PROMIS instruments
99 helped identify high rates of concomitant cardi@dar, psychological, neurologic, and

100 constitutional symptoms in this patient population.

101 As in FPIES, when laboratory markers or radioldgidings are unable to

102 comprehensively capture the patient symptom prafilé illness experience, PRO measures

103 offer the potential to discriminate between diffdrelinical meaningful subgroups. Better

104 definition of the clinical characteristics of FPIEShecessary to thoroughly understand the

105 multifactorial nature of FPIES as it relates to ertging Gl, immunologic, and autonomic

106 mechanisms. Comprehensive characterization ofcalimihenotype, including further

107 investigation of serum neurohormones that are &s®ocwith both autonomic dysregulation and

108 Gl symptoms?® **may be of great benefit to further define FPIESmmitypes.

109 FPIESandthe ANS

110 The exaggerated cardiovascular response with aiedds| symptoms observed in

111 FPIES suggests potential involvement of the ANSheWer ANS dysregulation is a cause or

112 consequence of the cascade of events in FPIES daav. The ANS functions to maintain

113 homeostasis and coordinate adaptive responseseimalor internal stimufi* As an

114 involuntary motor/effector system, outflow occuither independently or via integration within

115 a central autonomic netwofk The ANS is composed of three divisions: the syimgit,
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parasympathetic, and enteric nervous system. Tinpathetic and parasympathetic divisions
have a central and peripheral component, whiletiteric nervous system is housed within the
walls of the gut and functions relatively autonomsigd® Central autonomic areas, located
throughout the cerebral cortex, diencephalon, aathstem, receive visceral afferent inputs and
integrate signals to initiate autonomic reflexesof@inated responses include the maintenance
of appropriate blood pressure, heart rate, respiraGl motility, thermoregulation,
osmoregulation, energy metabolism, pain modulatmad, emotional and social behavibiThe
nucleus of the solitary tract and hypothalamus\aceareas that play essential roles in
coordinating integrated responses from viscera@gmeurons via the vagus nefte.

With any perturbation in the body’s internal orexxial environment, the ANS regulates
compensatory mechanisms to maintain organ perfusidrfunctiorf? Interactions between the
ANS and the immune system via reciprocal signaiing widespread connections across organ
systems are crucial to maintaining homeostdsi/hen the compensatory mechanisms of the
ANS are overwhelmed or dysregulated, autonomicufyfon ensue¥’ This can result in
suppressed or excessive activity of the ANS. Itlead to a variety of clinical symptoms due to
the widespread integration of ANS regulation acarsgn system&: For instance, the
cardiovascular system has robust autonomic cororecto regulate cardiac output and cerebral
perfusion. Dysregulation or overstimulation of te@diovascular autonomic response can result
in symptoms of hypotension, arrhythmias, dizzinesgdache, or syncope/loss of consciousness.
The GI system additionally houses extensive autémopnnections to maintain bowel motility
and digestive function. When this orchestrated leggpun of digestion fails, symptoms of

diarrhea or constipation, abdominal pain, nauseapmiting can result.
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While several symptoms of autonomic dysfunctionfatmd in FPIES reactions, the
ANS response during an FPIES reaction has never é&qdored. It remains unknown whether
the ANS response to an FPIES reaction is secordd®y symptoms, a direct result of the
immune response via neuroimmune interactions,amngbination of both processes. Profound
Gl losses and hypovolemia may overwhelm compengatechanisms of the ANS, resulting in
hypotension and lethargy. On the other hand, infiahory mediators may act systemically to
directly contribute to symptoms of autonomic dysilagjon. Given the pervasiveness of
autonomic connections throughout the body, andipaty the dense innervation of the Gl
tract, the autonomic response in FPIES may encasripzth appropriate compensatory
mechanisms, as well as influence from neuroimmatexactions (Figure 2).
Immune Response

It is well established that the immune system ahtBAare tightly integrated and function
to maintain physiologic homeostasis when challeriged foreign antigen. Coordinated
responses and cross-talk between immune cellseumdms occur via inflammatory mediators,
neurotransmitters, and neuropeptiéfEShe Gl tract specifically is an immunologicallycan
neurologically rich barrier to the external envinment. Downstream effects of the immune
response in FPIES, specifically the ANS responss;, significantly impact the unique clinical
phenotype of this disorder.

In the last decade, our understanding of the imnm@ehanisms underlying FPIES has
expanded. Though several important questions reraajrowing body of literature is now
helping build a framework to identify key immune chanisms related to this disease process.

An improved understanding of the mechanistic dev&rFPIES, specifically in relation to
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clinical phenotype and multisystem involvementhis next step towards target therapeutics and
preventative strategy. Several aspects of immutieasion have been identified:
Innate Immunity

Recent studies have helped formulate a model fatenimmune activation in the setting
of acute FPIES. Mehr et al performed systemic tapsonal profiling of peripheral blood
following positive FPIES challengé8 Their study identified clusters of genes assodiatith
immune pathways regulating granulocyte adhesiondzaqedesis as well as other genes related
to innate immune activaticfi.This finding can potentially explain the neutrdjzhthat is
detected in acute FPIES reactions. In additionwaos et al used mass cytometry or CyTOF
(Cytometry by Time-of-Flight) analysis to demonstraroad innate immune activation of
monocytes, neutrophils, eosinophils and CD56dimMKsdn the setting of positive FPIES
challeng€’’ Marked increase in tissue mast cells have also freed in patients with acute
FPIES as well as elevated baseline tryptase |Isuglgesting a role for localized mast cell
activation in this diseas&.?° Numerous studies have identified increased nehirapd
eosinophils in the lamina propria as well as fewatus following a positive FPIES challeride.
30 Higher concentration of eosinophil-derived neuxaidhas been seen in fecal extracts
suggesting eosinophils are not only present, butatfeilating®* Their exact role remains to be
further elucidated, but as recent studies have shmmate immune pathways are activated
during acute FPIES.
Humoral Immunity

Humoral immune responses in FPIES remain unclegm e not completely absent.
Circulating food specific sIgE is typically absémtFPIES, but is detected in atypical FPIES.

Patients with atypical FPIES have a protractedadiseourse and may develop subsequent IgE



183 mediated reactions which suggests that there mayrbke for IgE production in disease

184 pathogenesi§.*? The production of localized IgE responses has bgpnthesized though not
185  consistently demonstratéd? **Increased numbers of IgA and IgM producing plaseis were
186 found on jejunal biopsies of patients with FPIBfugh that has not translated into consistent
187 detectable increase in antibody producticfiin contrast, many studies demonstrated decreased
188 levels of IgG, IgA and IgG4 antibodies, specifigah response to caseif>* *The data

189 regarding humoral responses in acute FPIES rernoaimfficting and the seemingly small role of
190 humoral immunity in acute FPIES may be explainedbloi of adequate B and T lymphocyte
191 interaction, altered antigen processing or B aadirgy?°

192  Cdlular immunity

193 Cell mediated immunity is thought to be the predwant immune mechanism

194  contributing to this disease, though many cruceails remain unclear. T cells have long been
195 implicated in the pathogenesis of FPIES becauseesiudies demonstrated that challenge with
196 the protein component of an implicated food (foample, casein) resulted in symptoms. In
197 addition, increased number of lymphocytes have eted on jejunal biopsi&sand

198 preliminary studies show that these intestinal ljogytes may be activated T ceffRecently,
199 activation and redistribution of lymphocytes froeripheral circulation during acute FPIES has
200 been demonstratéd suggesting lymphocytes may home to the Gl tract$ponse to antigenic
201 stimuli. These studies highlight central role adapimmunity, specifically T cell responses
202 have in disease pathogenesis. However, the meoh&misT-cell activation remains to be

203 characterized. Antigen specific T-cell responsegtseen very difficult to identify, despite

204 utilizing various experimental technique$’ ** **This may be due to a few reasons: the

205 activated lymphocytes could be localized to thergasmucosa or require longer time for



10

206 activation, factors which have been limitationgabr studies. Alternatively, it has been
207 postulated that the trigger antigen may underggraazic modification, similar to gliadift. 3

208 Specific T cell populations have been observedairepts with FPIES. There are high
209 rates of co-atopy (up to 40%), which can be expldiby Th2 cytokine profile (IL 4, 5, 9, 13) in
210 this patient populatioff **3°Th1 and Th17 activation in acute FPIES is eviddrmeinterferon
211 gamma and IL-22 expression in patients during aBBIES reaction®’ Increased regulatory T
212 cells and IL-10 are also noted in patients who galierance” >’

213 Cytokines

214 A series of studies have now helped develop a Bpegiokine signature found in

215 patients with active FPIES versus those that hageieed tolerance, suggesting a disrupted

216 homeostasis between pro and anti-inflammatory ay&sk The source of these cytokines is

217 unclear though many are thought to be secreteddsfl3. Decreased IL-10 and increased IL-9
218 levels have been noted in patients with active B#Blong with increased tumor necrosis factor
219 alpha (TNR) and decreased transforming growth factor betaFgJ& 3 26 3% “4nterestingly,

220 the TG receptors correlate with degree of villous atraffHipcrease in other pro-

221 inflammatory cytokines such as IL-6 has also besrd The altered immune homeostasis and
222  skewing towards pro-inflammatory conditions likédads to innate and adaptive immune

223 responses noted in acute FPIES. This is furtheiddted in particular in immune dysregulatory
224 conditions such as Down’s Syndrome which have $ipgmio-inflammatory cytokine profile

225 (decreased IL-10, increased Té&yFand has now been associated with protracted F&iease

226 courset

227  Proposed Mechanism
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The immunologic milieu that typically contributesitnmune tolerance and homeostasis
is disrupted in FPIES (Figure 3). Activation of h@ate immune system by improper
recognition of food antigen launches a unique inftaatory cascad®.This may lead to a pro-
inflammatory milieu due to cytokine production, trephil migration, eosinophil degranulation
and mast cell activation. Resultant lymphocytidlirstion and inflammation may follow, with
significant disruption in mucosal barrier permeiyilWith this breakdown in mucosal immunity,
there can be increased antigen uptake, and codtinnate immune activation, initiating
development and amplification of dised8€® This model has demonstrated direct effect of
increased TN& on barrier disruption and lymphocyte activatfdn.

Elevated C-reactive protein (CRP) and plateletendypositive oral food challenges
provides evidence for an acute inflammatory proc¢e$sinterestingly, CRP level was
associated with disease prognosis, with increasesl hssociated with delayed acquisition of
tolerance®® This further supports the hypothesis that praaimimatory cytokines play a role in
this disease. Conversely, there was a negativelation of eosinophilia and tolerance
acquisition, which questions whether eosinophilayractually be a protective mechanism in
FPIES® Decreased regulatory T cells can contribute tos/atull and Th2 skewintf.The
association of FPIES and atopy is supported bothH&/cytokine signature and elevated thymus
and activation-regulated chemokine (TARC), botkvbfch are implicated in other atopic
conditions®
Neuroimmune Interactionsin FPIES

The ANS plays a role in modulating immune functiomesponse to inflammatidfi All
three divisions of the ANS—sympathetic, parasymgigthand enteric nervous systems—

receive input from immune cells and release neanstnitters that regulate the immune



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

12

responsé” The intestinal neuroimmune barrier consists ofstamt interactions among immune
cells, enteric neurons, enteric glia, enteroendectells, and microbiota. Inflammatory signals
reach the central nervous system via humoral diggnatagal sensory afferents, and dorsal root
ganglion neurons. The ANS modulates immune funatiarsympathetic nervous system
activation of lymphoid organs, including gut-assoed lymphoid tissue, producing a pro-
inflammatory respons&.The neuroimmune response may play a central nafesi unique
symptom profile of FPIES.

The use of ondansetron during acute FPIES reacsigmsorts the possibility of
neuroimmune-mediated symptofm®ndansetron is a selective serotonin or 5-
hydroxytryptamineg (5-HTs) receptor antagonist that acts on both centralp@nigpheral nerves to
attenuate symptoms of nausea and vomitiigacts centrally by inhibiting 5-HFeceptors in
chemoreceptor trigger zones of the brain, and peradly by acting on 5-Hjreceptors on vagal
afferents, thus dampening the nociceptive respfrosestimuli within the Gl tract! Data
supporting the use of serotonin-antagonist ondems&t FPIES is promising but limited. Three
case series have demonstrated resolution of vagrdtiming oral food challenge with intravenous,
intramuscular, or oral ondansetr8ft° A larger retrospective review showed significant
reduction in vomiting, pallor, and lethargy withrpateral ondansetron compared to
corticosteroids and fluid®. There have been no prospective, randomized stodiéise use of
ondansetron in acute FPIES reactions to definitivalidate its effectiveness, although
management guidelines suggest its use in appreppéatents.

Further investigation into the role of serotoninritestinal inflammation may provide
insight into the neuroimmune response in FPIESh&Igh a neurohormone, serotonin is

primarily synthesized by enterochromaffin cellghie intestinal mucos&. In the Gl tract
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serotonin mediates intestinal motility, secretio@sodilation, and perception of pain and
nausea Studies have demonstrated that serotonin signaialjered in intestinal inflammatory
conditions, including inflammatory bowel diseas®l¥), celiac disease, infectious enteritis, and
irritable bowel syndrome (IBS).Immune cells, including T cells, macrophages, déndells,
and mast cells, express machinery to synthesize®aprbcess serotonfi.Furthermore,

mucosal serotonin has been implicated in activatigoroinflammatory mediators, and
generation of innate and adaptive immune respofis@sher than the use of ondansetron, there
are no published investigations of the role of s@rim in FPIES.

There are a few disease models that highlightrtipoitance of the neuroimmune
response in modulating intestinal homeostasis anction. These models suggest possible
mechanisms through which the inflammatory cascattiated in acute FPIES may contribute to
a dysregulated ANS response. For example, patétiidBS have increased tryptase on colonic
biopsies as well as increased numbers of masttéfiwhich are known to activate myenteric
and submucosal neurons. Perhaps a similar mechamsgnaccount for the abnormal neuronal
activation in FPIES. Additionally, patients with@Bhave altered sympathetic innervatfdmhe
constant state of inflammation results in sproubhgensory neurons and is thought to
contribute to visceral hypersensitivity in IBD 2 One can surmise that the inflammatory milieu
that results from disrupted immune homeostasidiEB could also promote a hyperresponsive
ANS response. Though many mechanisms have beeasadpthe dysregulated cytokine profile
found in FPIES is likely an important contributarthe neuroimmune-intestinal response and
disease pathogenesis. Cytokine signaling in thie lsantributes to fever, fatigue, confusion, and
activation of the neuroendocrine resporisBysregulated or hyperresponsive interactions can

result in neuronal tissue damage and neuroinflammpabnditions. Other disease processes
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such as stress-induced depression, West Nile ealitphand cognitive decline have all been
linked to abnormal neuronal synapse resulting fimflammatory cytokine productioff.
Conclusion

FPIES is a disorder of immune intolerance to djeftod antigens, primarily affecting
infants but shown to occur across all ages. Iharacterized by immune dysregulation leading to
profound Gl symptoms and an exaggerated hemodyn@asponse that is not seen in other
allergic Gl disorders. The ANS functions to regalabmpensatory mechanisms to maintain
organ perfusion and function and may play a ciitioke in the symptomatology of FPIES.
Whether there is a dysregulated ANS response iEERéquires more detailed clinical
phenotyping from symptom onset throughout the disgaocess. Comprehensive clinical
assessment of the FPIES phenotype would enhanesstadding of the dynamic relationship of
the immune system, Gl tract, and ANS in FPIES. $tigation into neuroimmune interactions
and neurohumoral profiles of FPIES patients mayipifurther insight into the relationship
between the immune response and the ANS. Theseaezal unmet needs in the field of FPIES
research including mechanistic understanding, ptiedi biomarkers, and targeted therapeutic
interventions. To optimally address these needsiresja multidisciplinary team approach that

recognizes the constant interplay between the inensystem, Gl tract, and ANS.
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Table 1. Diagnostic criteria and defining features of FPIES subtypes based on international

consensus guidelines for the diagnosis and management of FPIES.*©

Acute FPIES
Diagnostic | Requires major criterion and 3 or more minor criteria:
Criteria Major Criterion:

1. Vomiting 1-4 hours after ingestion without symptoms of IgE-mediated
allergic reaction

Minor Criteria:

Prior episodes of repeated vomiting after exposure to food

Repetitive vomiting 1-4 hours after eating another food

Lethargy

Pallor

Need for emergency department care

Need for intravenous fluids

Diarrhea within 24 hours of ingestion

Hypotension

Hypothermia

WoONOUR®ONPR

Additional
Features

Intermittent exposure to offending food trigger

Asymptomatic unless exposed to food trigger

Normal growth and development

Optional lab findings: leukocytosis with neutrophilia, thrombocytosis;
electrolyte derangements, metabolic acidosis, methemoglobinemia;
stool with leukocytes, eosinophils, reducing substances

Chronic FPIES

Defining » Days to weeks of progressive vomiting +/- watery diarrhea (can be

Features bloody) with poor weight gain or failure to thrive

* Typically presents in infants <4 months of age

 Daily, repeated exposure to offending food

e Common triggers: cow’s milk or soy-based formula

* Dehydration, metabolic acidosis, hypotension, and hypovolemic shock
can occur

Adult FPIES

Defining * Older age of onset: adolescents and adults

Features * Symptoms of vomiting, diarrhea, severe abdominal pain develop 1-4
hours after food ingestion

e Common triggers: shellfish, dairy, wheat, egg

* Hypothermia, lethargy, pallor, weakness, dizziness, blurred vision, and
loss of consciousness have been reported at presentation and during
oral food challenge

Atypical FPIES

Defining * Development of food-specific IgE to identified FPIES trigger
Features * Protracted course with symptom resolution at an older age
* |gE-mediated allergic reactions to FPIES food trigger can develop




Journal Pre-proof

1

Figurel.




Journal Pre-proof

Figure 2.

Humoral signaling,
vagal sensory and
dorsal root afferents
transmit signals to CNS

Improper
recognition of food
antigen

Activation at intestinal
neuroimmune barrier

ANS activation to
maintain
homeostasis

Inflammation at
intestinal
mucosal barrier

Disrupted
mucosal barrier
integrity

Hypovolemia

Vomiting and
diarrhea



Figure3.

Cellular
responses
(Th1/2/17),
decreased T
regs

Innate
Immune
activation

Barrier
disruption

and antigen
uptake

Pro-
inflammatory
Cytokine
production

Humoral
responses

(localized
antibody
production)




Figure Legend

Figure 1. Relationship among clinical subtypes of FPIES. Current characterization may be
incomplete to capture the dynamic interactions of the immune, gastrointestinal, and autonomic
NErvous system response.

Figure 2. Proposed fluid rel ationship between the immune, gastrointestinal, and autonomic
nervous system (ANS) responsein FPIES. (CNS, central nervous system)

Figure 3. Proposed immune mechanisms for acute FPIES. Activation of innate, cellular and
humoral immune pathways with resultant pro-inflammatory cytokine production leads to

gastrointestina barrier disruption and increased permeability. (Tregs, T regulatory cells)



Key Messages:

e Food protein-induced enterocolitis syndrome (FPIES) is characterized by immune
dysregulation incited by afood antigen trigger leading to profound gastrointestina (Gl)
symptoms and an exaggerated hemodynamic response.

e The autonomic nervous system (ANS) functions to regul ate compensatory mechanismsto
maintain organ perfusion and function, and may play acritical rolein the
symptomatol ogy of FPIES.

e Comprehensive clinical assessment of FPIES phenotype may enhance understanding of
the dynamic relationship of the immune system, Gl tract, and ANS.

e |nvestigation into neuroimmune interactions and neurohumoral profiles of FPIES patients
may provide further insight into the relationship between the immune response and the

ANS.
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