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Clinical Implication : FPIES patients with multiple food triggers or inddcby
cow’s milk and banana are at risk of food aversam poor body weight gain
respectively.

Capsule summary:FPIES with multiple food triggers increased thé rié food
aversion while FPIES to cow’s milk and banana iasesl the risk of poor body
weight gain.

Key words: food protein-induced enterocolitis syndrome; fogdraion; poor body
weight gain.

Abbreviation:

Cl: Confidence interval

EMR: Electronic medical record

FPIAP: Food protein-induced allergic proctocolitis
FPIES: Food protein-induced enterocolitis syndrome
IBD: Inflammatory bowel diseases

IgE: Immunoglobulin E

IQR: Interquartile range

OFC: Oral food challenge

OR: Odds ratio

RPDR: Research patient data registry

SD: Standard deviation



Abstract

Background: Food protein-induced enterocolitis syndrome (FPIESh form of
non-IgE mediated gastrointestinal food allergy.uffisient data exist in regards to
gastrointestinal history and outcome, particulaxbmorbidity, family history, food
aversion, and poor body weight gain.

Objective: To identify the gastrointestinal outcomes andteglaisk factors in FPIES.
Methods: We analyzed the clinical features and gastroimalsbutcomes of FPIES
patients retrospectively at four hospitals in Basto

Results: Two hundred and threEPIES patients were identified, including 180 only
with acute FPIES, 8 with chronic FPIES, and 15 \eitith. Oat (34.5%), rice (29.6%),
and cow’s milk (19.2%) were the most common foadgers. The prevalence of
personal history with allergic proctocolitis (23.2%and family history with
inflammatory bowel diseases (9.4%) and celiac disd@.3%) were higher than the
general population. Compared to the FPIES patigigigered by 1 or 2 foods, the risk
of developing food aversion increased in casegérigd by 3 or more foods (adjusted
odds ratio (OR) = 3.07 [95% confidence interval)(Ql.38 — 6.82]P = .006). The
risk of poor body weight gain increased in FPIE§gered by cow’s milk (adjusted
OR =3.41 [95% CI, 1.21 — 9.63p,= .02) and banana (adjusted OR = 7.63, [95% ClI,

2.10 — 27.80]P = .002).



Conclusion: Gastrointestinal comorbidities and family histomere common in
FPIES patients. FPIES patients with 3 or more aiggvere at risk of food aversion.
Patients with cow’s milk and banana triggered FPiESe at risk of poor body

weight gain.



Introduction

Food protein-induced enterocolitis syndrome (FPIES)a unique form of
non-lgE mediated food allergy. Patients with acbBRIES typically have profuse
repetitive vomiting 1 to 4 hours after the ingestaf a trigger food. The severity of
acute FPIES varies, and severity-based managenasnbéen proposédChronic
FPIES in young infants is triggered by foods fedyd@resenting as intermittent but
progressive vomiting and diarrhea. FPIES is shighthore common in male
children** Cow’s milk and soy are the most common triggerdfoeported in the
United State$;* but recently, in Texas, grains were reported adahding trigget.As
for adult-onset FPIES, shellfish is the most comnmregger food, occurring more

commonly in female§.”

The diagnosis of FPIES is challenging and manyadisg need to be excluded
before the accurate diagnosis is made. For aculeS;Ra diagnostic criterion has
been proposed, and an oral food challenge (OFQjoisnecessary if the typical
symptoms present repeatetllfhe diagnosis of chronic FPIES still depends on a
confirmatory OFC or an acute reaction after reihiction. Without an OFC or acute

reaction, the diagnosis of chronic FPIES is pregivep

Children with FPIES are at risk of nutritional deéincy, poor body weight gain,



and feeding difficulties. These are thought to élated to diet restriction and/or lack
of adequate solid food introduction due to parerdalxiety. However, their
relationship to diet has never been reported. Esnplvement of nutritionists is
necessary and commonly used in clinical pra&id&hile FPIES patients are
commonly documented to have other allergic diseaseatopic family history;”
personal or family histories of gastrointestinadedises in FPIES patients are seldom
mentioned in literature. We therefore sought tongjtetively examine the relationship

between FPIES and gastrointestinal and nutritibealth.

In this study, we undertook a multi-hospital, refrective review of FPIES cases
to systemically analyze demographics, clinical pngéation, history of gastrointestinal
disease, and family history as well as investig&k factors for developing food

aversion and poor body weight gain.



Methods

Study design

We retrospectively reviewed FPIES cases in 2 wrti@spitals (Massachusetts
General Hospital and Brigham and Women's Hospaal) 2 community hospitals
(North Shore Medical Center and Newton-Wellesleyspital) in the Boston-based
Partners HealthCare system. FPIES patients werdifiee through theResearch
Patient Data Registry (RPDR), using the ICD-10 ddfi2.21 (food protein-induced
enterocolitis syndrome), as well as an electroredical record (EMR) keynote query
searching for the keyword, food protein-inducedeemtolitis syndrome or FPIES,
from outpatient, inpatient, and emergency departeeisits, seen from November 5,
1991, to December 31, 2018. This study was apprbydte Partners IRB (Protocol

2018P002222).

FPIES case definition

All of the records identified by the RPDR systenrevenanually reviewed. The
diagnosis of acute FPIES was made following catémi the international consensus
guidelines (Table E1).For the diagnosis of chronic FPIES, all includedes had
intermittent but progressive vomiting when the geg food was still in the diet. The

vomiting subsided within days after the eliminatminthe trigger. Confirmed chronic



FPIES cases indicate those with vomiting 1 to 4rdaiter reintroduction of the trigger
food, and the rest of the cases were enrolledtirg@nalysis as a presumptive chronic
FPIES casé.Uncertain acute or chronic FPIES cases were redey at least two

authors before inclusion in the analysis.

Adult-onset FPIES cases were categorized as patrdmise earliest age at onset
of FPIES symptoms was at 18 years of age or oldherdiagnosis of adult-onset FPIES
followed the acute FPIES criteria in the internasibconsensus guidelinés-ood
poisoning, acute gastroenteritis, and other diseeaesing vomiting or diarrhea were
excluded before the diagnosis was made. Multiptgrer FPIES cases were defined as
patients who reacted to 3 or more different foddhe resolution of FPIES was defined
by one of the two criteria: passing an OFC or ittiang the trigger food at home

without FPIES symptoms.

Data collection

Using EMR notes, we collected demographic andadirdata including the age of
onset, age of resolution, symptoms, and trigged$odVe collected mode of delivery,
gestational age, breastfeeding, comorbidity, pastoty, and family history. We
specifically collected family history on inflammaydbowel diseases (IBD), including

Crohn’s disease and ulcerative colitis. A familgthry of celiac disease was based on



physicians’ notes, excluding gluten sensitizatioglaten intolerance.

Patients with atypical FPIES were those with doautee IgE-sensitization to the
trigger foods, either by skin prick tests or bydadests. Of FPIES cases who included
any mention of food allergy, concomitant IgE-meeédafood allergy was diagnosed by
convincing IgE-mediated food allergic symptoms glavith positive allergy tests or by
histories of anaphylaxis.

Poor body weight gain was defined by body weightwethe 3¢ percentile for
age and gender presented at least two separatena@a&sts without any contributing
reasons other than FPIES. Food aversion was dedsquhtients with reluctance,
avoidance, or fear of eating or drinking, which wdscumented by pediatric
gastroenterologists in EMRs.

The severity of an acute FPIES episode was detednerccording to the
international consensus guidelih®uring a mild episode, patients had 1-2 episodes
without lethargy. Patients with moderate or seegisodes were defined as having 3
or more episodes of vomiting: a moderate case hiétllethargy and a severe case

had severe lethargy, cyanosis, hypotonia, or uorespeness to stimulus.

Statistical analysis

We reported non-parametric demographic and clindata as medians

(interquartile range [IQR]) and parametric datan@sns + standard deviation (SD). For

9



comparison of percentage or proportion, Chi-sqteseor Fisher’s exact test was used
depending on the expected cell sizes. Mood’s mettisnand the independent t-test
were used to compare the median and mean betweegrowps. The heatmap of the
correlation between different trigger foods wasisttated using an R package
“corrplot”.? The phi coefficient was used to measure the astogibetween 2 different
trigger foods in all 203 FPIES patients. Phi ca#dint equal or more than +.70 was
categorized as a very strong association, betwetht® +.69 as a strong association,
+.30 to +.39 as moderate, +.16 to +.29 as weak,egndl! or less than +.15 as no or
negligible association. The backward conditionathud was used in multivariate
logistic regression analysis. Time-to-resolutiontcome was analyzed by the
Kaplan-Meier estimator, and the resolution distiifu between the typical and
atypical FPIES groups was compared by the log-riest. The above statistical

analyses and the survival curve generation wer@meed with IBM SPSS Statistics

for Windows, version 20 (IBM Corp., Armonk, N.Y.S4).
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Results
Subjects’ characteristics

From 5,112,203 electronic medical records, we ifledt875 unique records on
the initial query of the RPDR system. From these jdentified 203 FPIES cases. The
remaining records were excluded from analysis beeduey were falsely matched or
compatible with other diseases. Two hundred and(88€)%) patients were seen at
least once at Massachusetts General Hospital, 83@%) at Newton-Wellesley
Hospital, 63 (31.0%) at Brigham and Women's Ho§paad 24 (11.8%) at North
Shore Medical Center. One hundred and ninety-f@%.600) FPIES cases were
confirmed after a referral. Only 9 cases were ifiedtduring the follow-up visits for
IgE-mediated food allergy in the Partners HealtleGasstem.

Of 203 FPIES cases, 180 had only acute FPIES amtyghad chronic FPIES. Of
the 15 with both acute and chronic FPIES, 8 expedd acute FPIES symptoms
following the reintroduction of the foods that hiagjgered chronic FPIES and 7 had
different trigger foods to acute and chronic FPIA& identified 17 adult-onset FPIES
cases, all of whom were acute FPIES cases.

In this cohort, 52.7% were male and 85.7% weretitled as white (Table I).
We found 23.2% of patients with a past medicaldnysbf physician-diagnosed food
protein-induced allergic proctocolitis (FPIAP), 238ses (11.3%) with IgE-mediated
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food allergy, and 82 (40.4%) with eczema.

In this study, the FPIES patients had a higher giodity of a family history of
IBD (9.4%) or celiac disease (7.3%), compared witiblished data (in the general
population of North American, the prevalence of i8Bnd celiac diseaSeare 0.6%
and 0.75% respectively). Three FPIES patients hddmaly history of FPIES (2
siblings and 1 cousin). The characteristics ofRREES cases were shown in Table 1.

The median ages of onset and diagnosis in 203 eeses6.0 (IQR, 4.5 — 9.0)
and 10.0 (IQR, 7.0 — 21.5) months respectively yFg@gel). In the pediatric FPIES
cohort, the median ages of onset and diagnosis 6verdQR, 4.5 — 8.0) and 9.0 (IQR,
6.6 — 15.0) months. In the adult-onset FPIES cabesmedian ages of onset and
diagnosis were 33.0 (IQR, 22.1 — 46.3) and 45.R(I8b.0 — 51.0) years (Figure E2).

The age of onset in 88.2% of the FPIES cases wlasviie years. The median
ages of onset of chronic and acute pediatric FRi&nts were 0.4 (IQR, 0.0 — 1.7)
and 6.0 (IQR, 5.0 — 7.0) months respectively. lguF¢ E3, we demonstrated the ages
of onset and diagnosis from patients younger thgaa2s of age. The major peak of
onset age occurred at 6 months of age, with a nonersoon after birth, which was

consistent with the onset ages of acute and chiRIES.

Trigger foods

Overall, oat was the most common trigger food (%4),5followed by rice
12



(29.6%) and cow’s milk (19.2%) (Figure 1). Spedflg for acute FPIES, oat was still

the most common trigger (70 of 195, 35.9%, Figudg ®hile for chronic FPIES,

cow’s milk was the most common trigger (20 of 23,086). Five chronic FPIES

cases were triggered by soy, and more interestingly of them were triggered by

rice from the rice cereal used to thicken infamtrfola. 133 of 203 (65.5%) cases had

FPIES reaction on their first ingestion. The petaga developing FPIES reaction on

their first ingestion by different triggers was #an except that 37 of 39 (94.9%)

FPIES cases triggered by milk had an FPIES reactiotheir first ingestion (94.9%

vs. 65.5%pP < .001).

We found chicken and turkey had a strongly posiigsociation while wheat

and barley had a moderately positive associatiggu(g 2; phi coefficients were +.44

and +.31 respectively, both values < .01). Cow’s milk and soy, shellfish aighf

and avocado and banana were weakly associateddefiicient +.21, +.18, and +.17,

all P < .05).

In 37 (18.2%) cases, multiple @) triggers were documented (Figure E5,

Table E2). Compared to FPIES cases with two or fetsiggers, patients with

multiple triggers were more likely to develop foastersion (43.2% vs. 16.9%,

< .001) and to have poor body weight gain (21.6%6w68%,P = .005). The patients

with multiple triggers frequently reacted to eggy,sgrains (oat, rice, wheat, and
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barley), vegetable (sweet potato, legume), fruatg€¢ado, banana), and turkey, but
were less likely to have shellfish-related FPIESRavalues < .05, Figure E6).
Risk Factors for Food Aversion and Poor Body WeighGain

Compared to FPIES cases without food aversionep&atiwith food aversion
were more likely to have multiple triggers (36.4% %4.2%P = .001), have a wheat
trigger (13.6% vs. 2.19%; = .002), and have a family history of food allei@.4%
vs. 28.4%P = .04) (Table Il). Compared to cases with normeight gain, those with
poor weight gain was associated with chronic FP{EE6% vs. 10.2%P = .008),
multiple triggers (42.1% vs. 16.8%,= .008), and triggers of cow’s milk (42.1% vs.

18.6%,P = .02) and banana (26.3% vs. 5.4%; .001) (Table II).

Cow’s milk as the FPIES trigger was associated weitihonic FPIES, and
banana was associated with multiple-trigger FPIE8h(P < .001). By multivariate
logistic regression analysis, the poor body weighin was correlated to FPIES
triggered by cow’s milk (adjusted odds ratio (ORB41 [95% confidence interval
(CI), 1.21 — 9.63]P = .02) and banana (adjusted OR = 7.63, [95% @D 2.27.80],

P =.002), not correlated to chronic FPIES or migtipigger (Table III).

By multivariate logistic regression analysis, weirfd that FPIES triggered by
multiple foods was the only risk factor for the depment of food aversion (adjusted

OR = 3.07 [95% CI, 1.38 — 6.8, = .006). With each additional trigger food, the
14



risk of developing food aversion increased by liftes ([95% CI, 1.19 — 2.29F

=.003). The logistic regression results are suriradiin Table III.

Symptoms, Severity, and Management

The mean onset of symptoms was 2.4 hours afterifgastion (SOt 1.0 hours).
The onset time was significantly longer after eatahellfish (mean + SD, 3.5 + 1.8
hours,P < .001) and egg (mean + SD, 3.1 £ 0.8 hoBrs,.01).

Of 195 acute FPIES patients, all met the majorecah of 2017 consensus
guidelines, vomiting in 1 to 4 hours after ingestiof the food without classic
IgE-mediated symptoms. Of these, 156 (80.4%) hpdtiteve episodes of vomiting
after eating the same food, and 139 (71.6%) predemith lethargy during an FPIES
reaction. The rest of the features in the acut&EBRlases were summarized in Figure
3A.

Among 23 chronic FPIES cases, all presented witisigtent and repetitive
vomiting, which subsided after the offending foodsweliminated from the diet.
Chronic diarrhea and at least one bloody stool wlezimented for 14 (61%) and 12
(52%) of those patients. Additional features insthechronic FPIES cases were
summarized in Figure 3B.

In the 2017 consensus guidelidethe severity of acute FPIES episodes was

categorized as mild, moderate, or severe basedrptsms and management. We
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reviewed 500 documented acute FPIES episodes amadfd32 (26.4%) mild

episodes, 308 (61.6%) moderate episodes, and 6f)2evere episodes.

Regarding the management of acute FPIES episodet%70f events were

treated at home with oral hydration, 23.0% manageitie emergency departments,

and 2.9% required admission to the hospital oh&imtensive care units. Regarding

the management of chronic FPIES episodes, 56.5&vaits were treated at home,

17.4% in the emergency department, and 21.7% mdj@dmission. Chronic FPIES

patients had a higher probability to be admittedh® hospital or the intensive care

units @ =.002)

Adult-onset FPIES

We identified 17 cases who experienced their &@@sode of acute FPIES after

18 years of age, and none of them presented asic¥BIES. 15 of 17 (88.2%) were

female. The majority of patients (n = 16) were CGeai@n, and one was

African-American. Among the 17 adult-onset FPIESesa 14 (82.4%) were triggered

by fish or shellfish, 1 by legumes, 1 by broccoidazucchini, and 1 by turkey and

chicken. All adult-onset FPIES cases tolerate thr@gers before the onset of acute

FPIES. The severity of the adult-onset FPIES wadsleni none of the adult-onset

FPIES episodes was severe while in pediatric FPdBSes, 60 of 458 (13.1%)

episodes were sever® € .01). Adult-onset FPIES was less frequently assed
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with lethargy, diarrhea, and visits to the emergethepartment® < .05, Figure E7).
Abdominal pain was only reported in 2 (11.8%) aduiset FPIES patients, which
was less frequently than found in a previous st(@8#6; 18/20f One adult-onset
FPIES case had repetitive vomiting, shivering, ahgpothermia, requiring
intravenous rehydration in an emergency department.
Atypical FPIES and IgE-mediated food allergy

Of 203 FPIES cases, 149 were tested by skin prickeoum assay for IgE
sensitization, and 24 atypical FPIES cases werstifoesl. Fifteen of 24 atypical
FPIES cases were demonstrated by skin prick t8dty, blood tests, and 6 by both.
The most common food related to atypical FPIES egas(7/24, 29.2%), followed by
cow’ milk (6/24, 25.0%). During follow-up, 9 of 24dtypical FPIES cases developed
IgE-mediated food allergy (5 to egg, 4 to cow’skn8 to peanut, 2 to tree nut, and 1
to wheat; 4 of them had IgE-mediated food allergaxctions to more than 1 food).

In this study, a total of 23 patients had concomitgE-mediated food allergy,
9 before and 14 after the onset of FPIES. The mostmon IgE-mediated food
allergen was peanut and egg (each with 8 case8%3}.followed by tree nut (7
cases, 30.4%), and milk (6 cases, 26.1%). Of 23ng#liated food allergy patients, 6
reacted to the same trigger food of FPIES, inclgdircases to egg, 2 to cow’s milk, 1
to peanut, and 1 to wheat. Of 6 cases with the s&igger to FPIES and

17



IgE-mediated food allergy, 2 had IgE-mediated falkbrgy first and developed
FPIES symptoms during an OFC (one with FPIES tozggars later and another to
wheat 5 years later).

Resolution of FPIES

We analyzed the resolution of FPIES in 123 casém were followed up at
least for 1 year. Thirty-three cases completelygmw their FPIES. The median
resolution age was 3 years (IQR: 1.8 — 3.5), aedntiedian resolution time was 2.5
years (IQR: 1.1 — 4.4). The Kaplan-Meier curvedoth typical and atypical FPIES
cases were shown in Figure E8. The resolution ami@ age were not different
between typical and atypical FPIES grouPs=(.35, the log-rank test).

Of 48 cases between 6 and 17 years of age, 10 (2ith&r failed an OFC or
had a convincing history of FPIES reaction in reéckryear. In those 10 cases, fish
and egg were the most common trigger foods (eael8)) followed by milk, wheat,
and scallop (n = 2, 2, and 1 respectively). Onéviddal failed OFCs to both wheat

and egg.

18



Discussion

It has long been speculated that more food triggemd longer duration of
symptoms of FPIES would potentially impose a negaitinpact on patients' lifeln
this study, we provide direct evidence that FPI&E®ered by multiple foods>(3) is
a risk factor for developing food aversion. Furthere, with the addition of each
individual trigger to patients affected by FPIEBg risk of developing food aversion
increased by 1.65 times. This association is smtitathe previous findings that
children with multiple IgE-mediated food allergids®ave an increased risk of
developing food refusal and aversign.

FPIES to cow’ milk and banana are significantlycassted with poor body
weight gain. FPIES to cow’ milk was associated vdgtitonic FPIES, and FPIES to
banana was associated with multiple triggers. Butnultivariate analysis, FPIES
patients induced by multiple triggers or chronidE® patients didn’t reach statistical
significance. Additional studies are required tari€y the mechanism of why those
patients are at risk of food aversion or poor badyght gain. As recommended, the
early, aggressive involvement of dieticians canphetildren affected by FPIES
receive healthy nutrition and prevent the developnoéfood aversiof.

Oat (34.5%) and rice (29.6%), surpassing cow’s n{il®.2%), became the
common trigger foods of FPIES in this study. Cowmidk was only predominant in
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chronic FPIES patients. Unlike previous FPIES csesies in the US,? our finding
was more similar to that in Australia, reportingigs as the predominant trigget®
Our findings are further supported by data fromeotldS-based studies. Recently,
Blackman et al. in Texas Children’s Hospital repdrtice (53%) and oats (35%) were
emerging as the leading causes of FPIESIr unpublished data also showed, of 8
FPIES cases identified in a prospective healthgnnfstudy, oat and rice (n = 3,
respectively) were more common than cow’s milk (®)=as the triggef® In this study,
the high rate of solid-food induced FPIES mighthiesed by tertiary care referrals
despite the inclusion of two community hospitalshia analysis. Since FPIES is still a
rare disease, a nationwide survey might be requadigure out the leading trigger of
FPIES in the United States.

As in other studie$? this study demonstrated that high percentagesPtES
patients have eczema, IgE-mediated food allergy, aafamily history of atopy and
food allergy. Interestingly, 23.2% of FPIES patgeim this cohort had a history of
FPIAP, which is much higher than 0.16-1% in presipopulation-based studits®
A similar finding was also noticed in a small presfive healthy infant cohotf,in
which 3 of 8 (37.5%) FPIES cases had FPIAP. Moredhe FPIES patients in this
study had a higher prevalence of family historighWBD (9.4%) and celiac disease
(7.3%) than other published data. In North Amerjctoe prevalence of IBD and
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celiac disease in the general population are appeiely 0.6% and 0.75%,
respectively. Further studies are needed to claén#yassociation between FPIES and
personal or family history of other gastrointestidiaeases.

In this study, of patients between 6 and 17 yedrage, 20.8% still had
persistent FPIES demonstrated by failing an OFCH®IES or by having a recent
convincing reaction. Fish and egg were the commigyedrs and were difficult to
resolve. In other big case series, Ruffner et escdbed that around 15% of FPIES
had persistent FPIES beyond 5 years of age, ingudine patient with an
OFC-proven FPIES reaction to soy which was persisigo adolescenckln the
study published by Caubet et al., their Kaplan-Msigvival curves showed 30-40%
of patients still not yet outgrew FPIES at 6 yesfrage” Further studies are needed to
better determine the risk factors for persistentElSPand the ways to facilitate the
resolution of FPIES.

Previous studies have noticed that FPIES-triggefomps have a clustering
pattern, such as cows’ milk and soy, rice and gratins and fruits/vegetabte® *In
this study, we also demonstrate chicken and tuhleglya strongly positive association
while wheat and barley had a moderately positisoeasation. Cow’s milk and soy,
shellfish and fish, and avocado and banana wer&lyweasociated. The association
may be associated with close taxonomic relatiorssHifurther prospective studies
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are needed to confirm the association betweeneirsyg

One of the strengths of this study is the inclus@inmultiple centers and

community hospitals. However, the limited geographifocus and retrospective

review in this study highlight the need for a presjive study with a larger cohort to

validate the findings. Another limitation is 95.68%FPIES cases were by referral and

70% of chronic FPIES cases were presumptive. Fyiusepective evaluation with

additional oral challenges will better elucidatelEE® diagnosis, triggers and the

timing of resolution.

In summary, we retrospectively identified 203 FPliBients from EMR reviews

over 27 years at 4 hospitals in the Partners HEalth system. Three or more trigger

is the risk factor for developing food aversiond&PIES to cow’s milk and banana

are associated with poor body weight gain. Theswlifgs provide valuable

information for clinical practice. Further studiese required to establish a better

nutritional and feeding care for FPIES patients.
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Figure Legends

Figure 1. Foods causing food protein-induced enterocoliygadsome (FPIES),
expressed as a percentage of patients with FPEtSae to the trigger food.

Figure 2. A heatmap shows the correlation between diffeteigger foods. Phi
coefficient is expressed in a color legend, in \uihpositive correlations are displayed
in red, negative correlations are displayed in barel color intensity is proportional
to the correlation coefficients *< .05; ** P < .01; *** P < .001).

Figure 3. Criteria and symptoms in food protein-induced msotelitis syndrome
(FPIES) patients, expressed as a percentage of SFRi&ients with a given
criterion/symptom(A) Acute FPIES patient$B) Chronic FPIES patients. (In Figure
3A, each minor criterion is from the 2017 internatil consensus guidelinkg-or
example, minor: repetitive stands for 2 or moresegeées of repetitive vomiting after
ingestion of the same trigger food. The detaileath criterion were shown in Table

El. ED: emergency department.)
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Tablel. Characteristics of the food protein-induced erdelitis syndrome patients

Characteristics Case Number Percentage
Total 203
Gender, male 107 52.7%
Race
White 174 85.7%
Black 4 2.0%
Asian 5 2.5%
Hispanic 5 2.5%
Others or unrecorded 15 7.4%
Birth and breastfeeding
Delivery mode, C-section 53 26.1%
Prematurity 6 3.0%
Perinatal antibiotics 18 8.9%
Breastfeeding ever 152 74.9%
Personal history
Allergic proctocolitis 47 23.2%
Gastroesophageal reflux 73 36.0%
IgE-mediated food allergy 23 11.3%
Eczema 82 40.4%
Asthma 27 13.3%
Hay fever/allergic rhinitis 29 14.3%
Family history
FPIES 3 1.5%
Food allergy 63 31.0%
Other atopic diseases 94 46.3%
Gastroesophageal reflux 34 16.7%
Inflammatory bowel diseases 19 9.4%
Celiac disease 15 7.3%
Eosinophilic esophagitis 1 0.5%




Table I1. Risk factor analysis of FPIES cases with food sieer and poor body weight gain
(excluding the adult-onset FPIES cases)

Food aversion

No food

Poor body Normal body

Characteristics cases aversion case$-value weight gain weight gain P-value
(n=44) (n=141) (n=19) (n=167)
Type
Acute FPIES 41(95.3%) 135 (95.7%) .91 18(94.7%) 160 (95.8%) .82
Chronic FPIES 6(14.0%) 16 (11.3%) .63 6 (31.6%) 17 (10.2%) .008
Triggers
Cow’s milk 12 (27.3%) 27 (19.1%) .25 8(42.1%) 31 (18.6%) .02
Banana 5(11.4%) 9 (6.4%) .28 5 (26.3%) 9 (5.4%) .001
Wheat 6 (13.6%) 3 (2.1%) .002 2 (10.5%) 7 (4.2%) .23
Multiple (> 3) 16 (36.4%) 20 (14.2%) .001 8 (42.1%) 28 (16.8%) .008
Demographic data
. Onset age (mo): Median (IQR.8 (4.0-7.8)6.0(4.9-8.3) .46 |6.0(4.0-6.85.0(4.5-8.0) .73
Gender, male 2%58.1%) 78 (55.3%) .75 12(63.2%) 93 (55.7%) .53
Race, white 36(83.7%) 120 (85.1%) .82 17 (89.5%) 141 (84.4%) .56
Delivery mode, C-section 1834.9%) 37 (26.2%) .27 5(26.3%) 48 (28.7%) .83
Prematurity 2 (4.5%) 4 (2.8%) .58 1 (5.3%) 5 (3.0%) .59
Perinatal antibiotics 4(9.3%) 14 (9.9%) .91 4(21.1%) 14 (8.4%) .08
Breastfeeding ever 3[86.0%) 114 (80.9%) .44 17(89.5%) 135 (80.8%) .35
Personal history
Allergic proctocolitis 14(31.8%) 32 (22.7%) .22 5(26.3%) 42 (25.1%) .91
Gastroesophageal reflux A87.7%) 47 (33.3%) .09 9(47.4%) 60 (35.9%) .33
IgE-mediated food allergy 3(6.8%) 19 (13.5%) .23 0 (0.0%) 22 (13.2%) .09
Eczema 22(50.0%) 58 (41.1%) .30 5(26.3%) 75 (44.9%) .12
Asthma 5(11.4%) 16 (11.3%) .99 2 (10.5%) 20 (12.0%) .85
Hay fever/allergic rhinitis 3 (6.8%) 16 (11.3%) .39 1 (5.3%) 19 (11.4%) .42
Family history
Food allergy 20(45.5%) 40 (28.4%) .04 8 (42.1%) 52 (31.1%) .33
Other atopic diseases 480.0%) 64 (45.4%) .59 5(26.3%) 82 (49.1%) .06
Gastroesophageal reflux 127.3%) 22 (15.6%) .08 4(21.1%) 30 (18.0%) .74
Inflammatory bowel diseases @3.6%) 12 (8.5%) .32 2(10.5%) 16 (9.6%) .90
Celiac disease 4(9.1%) 11 (7.8%) .78 1 (5.3%) 14 (8.4%) .64
Severity
Ever ED/Hospitalization/ICU 20(45.5%) 59 (41.8%) .67 9(47.4%) 71 (42.5% .68

*P-value calculated by median test. The rest is ¢atied by chi-square test

FPIES: food protein-induced enterocolitis syndroi@R: interquartile range. IgE: immunoglobulin E

ED: emergency department. ICU: intensive care unit



Tablelll. Logistic regression analysis for FPIES patienthviebd aversion and poor body weight gain

Variables Univariate analysis Multivariate analysis*
OR (95% CI) P-value OR (95% CI) P-value
Food aversion
Multiple triggers(> 3) 3.46 (1.59 — 7.51) .002 3.07 (1.38 - 6.82) .006
FPIES to wheat 7.26 (1.74 — 30.40) .007 2.60 (0.50 — 13.56) .26
Family history of food allergy 1.91 (0.94-3.90) 08. 1.79 (0.86 — 3.73) A2
Poor body weight gain
Multiple triggers & 3) 3.61 (1.32-9.79) .01 2.05 (0.63 - 6.61) .23
FPIES to cow’s milk 3.19(1.19-859) .02 3.41(1.21-9.63) .02
FPIES to banana 7.10 (2.05 - 24.62) .002 7.63 (2.10-27.80) .002
Chronic FPIES 4.07 (1.37 —12.11) .01 1.96 (0.44 — 8.83) .38

OR: odds ratio, 95% CI: 95% confidence intervallF$ food protein-induced enterocolitis syndrome

*Variables in the multivariate analydisr food aversion: gender, birth mode, prematupgyrinatal antibiotics exposure, breadfeeding, iplelt
trigger, FPIES to wheat, family history of foodeady.

Variables in the multivariate analysm poor body weight gain: gender, birth mode, pmaumrity, perinatal antibiotics exposure, breadfagdi
multiple trigger, FPIES to cow’s milk/banana, choRPIES.
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Acute FPIES criterion

Minor: repetitive

Minor: lethargy

Minor: to a different food

Minor: ED visit

Minor: diarrhea

Minor: pallor

Minor: need iv fluid

Minor: hypotension

Minor: hypothermia
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Chronic FPIES symptom

Vomiting

Resolution by elimination

Chronic diarrhea

Bloody stool

Acute FPIES after reintroducion

Poor body weight gain

Dehydration

Acidosis
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Supplementary figure legends

Figure E1. The distribution of age of onset and diagnosis in 203 food protein-induced
enterocolitis syndrome patients.

Figure E2. The distribution of age of onset and diagnosis in the adult-onset food protein-
induced enterocolitis syndrome patients.

Figure E3. The distribution of age of onset and diagnosis in the food protein-induced
enterocolitis syndrome patients younger than 2 years of age.

Figure E4. Foods causing acute food protein-induced enterocolitis syndrome (FPIES),
expressed as a percentage of patients with FPIES reaction to the trigger food.

Figure E5. The distribution of the trigger food numbers causing acute and chronic food
protein-induced enterocolitis syndrome.

Figure E6. The comparison of the trigger foods between multiple- and oligo- food
protein-induced enterocolitis syndrome (*P < .05; ** P <.01).

Figure E7. Criteria and symptoms in adult-onset versus non adult-onset acute food
protein-induced enterocolitis syndrome (FPIES) patients, expressed as a percentage of
FPIES patients with a given criterion/symptom (* P < .05; ** P < .01).

Figure E8. Kaplan-Meier survival curves for atypical and typical food protein-induced

enterocolitis syndrome (P = .35, the log-rank test).
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Probability of FPIES resolution
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Age (years) at resolution

Numbers of FPIES cases remained
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Typical 103 27 5 1 0
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Major criteria
Minor: repetitive

Minor: lethargy

Minor: to a different food

Minor: ED visit

Minor: diarrhea

Minor: pallor
Minor: need iv fluid
Minor: hypotension

Minor: hypothermia
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Table E1. Diagnostic criteria for patients with acute FPIES

The diagnosis of acute FPIES requires a patient meetsthe major
criterion and 3 or more minor criteria:

Major criterion:

Vomiting 1 to 4 hours after ingestion of the trigg@od without classic
IgE-mediated allergic symptoms and signs.

Minor criteria:

1. Two or more episodes of repetitive vomiting aftegestion of the
same trigger food.

N

Repetitive vomiting episode happened 1 to 4 hoftes sngestion
of a different trigger food.

Extreme lethargy during a vomiting episode.

Need an emergency department visit during a voggjpisode.
Need for intravenous fluid supplement during a worgiepisode.
Diarrhea in 24 hours after vomiting.

Hypotension documented during an episode.

© N O O kW

Hypothermia documented during an episode.

Adapted from the international consensus guidelioethe diagnosis and management of FPIES.



Table E2. Comparison of basic characteristics of multipigefer FPIES versus oligo-trigger

Multiple-trigger  Oligo-trigger
Characteristics FPIES ¢ 3) FPIES (< 3) P-value
(n=37) (n = 166)
Type
Acute FPIES 36 (97.3%) 159 (95.8% .67
Chronic FPIES 7 (18.9%) 16 (9.6%) A1
Adult-onset FPIES 1 (2.7%) 16 (9.6%) A7
Onset age (Mo): Median (IQR) * 55(4.8-6.5) 6.0(5.0-11.0) .04
Food aversion 16 (43.2%) 28 (16.9%) <.001
Poor body weight gain (<3'® percentile) 8 (21.6%) 11 (6.6%) .005
Demographic data
Gender, male 23(62.2%) 84 (50.6%) .20
Race, white 33(89.2%) 141 (84.9%) .50
Delivery mode, C-section 9(24.3%) 44 (26.5%) .78
Perinatal antibiotics 6(16.2%) 12 (7.2%) .08
Breastfeeding ever 27(73.0%) 125 (75.3%) T7
Personal history
Allergic proctocolitis 7 (18.9%) 40 (24.1%) .50
Gastroesophageal reflux 1848.6%) 55 (33.1%) .08
IgE-mediated food allergy 2 (5.4%) 25 (15.1%) A2
Eczema 19 (51.4%) 63 (38.0%) A3
Asthma 2 (5.4%) 25 (15.1%) A2
Hay fever/allergic rhinitis 4(10.8%) 25 (15.1%) .50
Family history
FPIES 1 (2.7%) 2 (1.2%) .20
Food allergy 15 (40.5%) 48 (28.9%) 17
Other atopic diseases 2259.5%) 72 (43.4%) .08
Gastroesophageal reflux 821.6%) 26 (15.7%) .39
Inflammatory bowel diseases 3(8.1%) 16 (9.6%) .78
Celiac disease 4(10.8%) 11 (6.6%) .38
Eosinophilic esophagitis 0 (0.0%) 1 (0.6%) .64
Severity
Ever ED/Hospitalization/ICU 11(29.7%) 72 (42.2%) .16

'P-value calculated by median test. The rest is tatied by the chi-square test.

FPIES: food protein-induced enterocolitis syndroi@R: interquartile range. IgE:
immunoglobulin E. ED: emergency department. IClemsive care unit



