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ABSTRACT

Background: Food protein-induced allergic proctocolitis (FP)AB an early and common
manifestation of food allergy, yet its epidemiolagyd relationship to other allergic diseases
remain unclear.

Objective: To prospectively define the incidence of FPIARtas being diagnosed clinically in
the community and to identify factors associatethus development.

Methods: 1003 of 1162 eligible serial healthy newborn ingarecruited from aingle suburban
pediatrics practice were followed prospectivelytfug diagnosis of FPIAP. Investigators
reviewed each case to confirm pre-specified inolusriteria, including documented gross or
occult blood in the stool.

Results: 903 infants were analyzed (46% female, 89% tefi¥ 8aesarian-section, 9% neonatal
antibiotics). 153 cases met inclusion criteriaumulative incidence of 17%, while 63 (7%) had
gross blood. Infants initially fed both breastmalikd formula were 61% less likely to develop
FPIAP compared to those exclusively formula-fed (H89,P = .005). Breastmilk and formula
at any point during the first 4 months was als@eisged with lower risk compared to exclusive
formula or exclusive breastmilk (HR 0.44~= .005; HR 0.62P = .0497). Eczema (OR 1.5[1.1,
2.2],P =.02) or afirst degree relative with food alieg(OR 1.9 [1.2, 2.8 = .005) were
among risk factors for FPIAP development.

Conclusion: The prospectively defined incidence of FPIAP wkeagnosed clinically by
community pediatricians without challenge is matiddgher than published estimates.
Combination feeding of formula and breastmilk isasated with the lowest rate of FPIAP in

this population.
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HIGHLIGHTS

What is already known about this topic? Food protein-induced allergic proctocolitis (FPIAP)
commonly diagnosed by pediatricians leading toagliealterations during infancy, yet its
prevalence, presentation, risk associations haverreen prospectively defined.

What does this article add to our knowledge? In this prospective observational cohort study of
healthy newborn infants, 17% were diagnosed wittAPRy their pediatrician with occult or
gross blood in their stool, while only 7% had grbksod. Exclusive formula feeding, eczema,
and a family history of food allergies were amotagistically significant risk factors for its
development.

How does this study impact current management guidelines? The high rate of clinically
diagnosed FPIAP and the array of associated syngpama treatments in this cohort identifies a
need for more discerning biomarkers and suggeatsriterventional studies to evaluate the

impact of cow’s milk exposure may be warranted.

KEY WORDS
Food protein-induced allergic proctocolitis, Cowidk protein allergy, non-IgE-mediated milk

allergy, formula intolerance

ABBREVIATIONS

FPIAP: Food protein-induced allergic proctocolitis

GMAP: the Gastrointestinal Microbiome and Aller§iooctocolitis Study
IRB: Institutional Review Board

IQR: Interquartile range



80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

Martin 4

TEXT, ORIGINAL INVESTIGATION
INTRODUCTION

Food protein-induced allergic proctocolitis (FPIA®R commonly recognized and
burdensome form of non-IgE-mediated food allerggarfy infancy whose epidemiology has
never been prospectively evaluated.(1-6) Whilepteyalence of allergic disease is dramatically
rising in the United States and other developetbnstover recent decades,(7,8) most national
data on pediatric allergies either exclude non-hgédiated food allergy by design, combine it
together with IgE-mediated allergy, or study thbsat of non-IgE-mediated allergy exclusively
triggered by milk. Furthermore, though there isdaorgonsensus that FPIAP is limited to infants
who are generally healthy and growing normally despfood allergic reaction causing lower
Gl bleeding, current guidelines(9-11) vary consadidy from common accepted practice(12) on
the significance of occult blood and level of evide implicating diet. With these limitations,

historical prevalence estimates range widely.(18-23

FPIAP is typically diagnosed clinically by the peese of bloody or mucoid stools
during the first few months of life in a generdfigalthy infant that resolves with dietary
restriction. FPIAP can be seen in both children wrebreastfed and formula fed.(12) The most
commonly implicated dietary triggers are cow’s nphiotein and soy protein,(3) and elimination
of these (either by maternal dietary restrictionréastfeeding or by use of hypoallergenic
formulas) leads to symptom resolution in most. Mpstlelines require gross blood for
diagnosis(10) and some suggest that diagnosisresguaintroduction or challenge to confirm
symptom recurrence after symptoms resolve withieltion(9,10,24). However, practice in the
pediatrics community commonly utilizes fecal ocdaltiod testing (reliability of which has been

called into question)(25) and rarely if ever ugkzconfirmatory challenge with
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reintroduction(12,26). Historically, FPIAP was asisted with eosinophilic inflammation on
histology of rectal biopsy in a subset of thosespn¢ing with these symptoms;(6,27) however,
sigmoidoscopy with biopsy is also no longer donsouttine practice. There are currently no
non-invasive biomarkers identified to support tregdosis of FPIAP. Risk factors for the
development of FPIAP are not known. Parental hystbatopy has been suggested as a risk
factor, but there are conflicting reports.(B8ptective factors have not been described in FPIAP
though factors such as maternal diet, infant gibtings, and pets have been associated with

lower rates of other pediatric allergic diseas&3Q)

Despite how little FPIAP has been studied, the éarahd impact of FPIAP are quite
significant. It is the most frequent indication feferral to pediatric gastroenterology
subspecialists in infancy and commonly resultdgnifcant maternal dietary restrictions or use
of more expensive and hypoallergenic infant forraulAs both the underlying disease
pathophysiology of FPIAP itself, as well as currer@nagement by dietary restriction, each may
increase the risk of IgE-mediated food allergyratdife, we believe that the prospective
characterization of FPIAP is an important objecti#hat follows is a report of primary clinical
outcomes from the Gastrointestinal Microbiome amidrgic Proctocolitis (GMAP) Study, the
first prospective observational healthy infant colstudy specifically designed to investigate the
epidemiology and clinical presentation of FPIARtas currently being diagnosed and treated by

pediatricians in the community.
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METHODS
Study Design and Patient Population

The Gastrointestinal Microbiome and Allergic Pradlitis (GMAP) Study is a large
ongoing prospective observational healthy infaitocbstudy in suburban Massachusetts. We
serially recruited newborn infants at their firffice visit at a single private primary pediatrics
office (Pediatrics at Newton Wellesley) betweeniApd14 and February 2017. Any infant born
into the practice during that time period was éligiand approached for participation in the
study up to 2 months of age (median age at enralinvas 8 days). Infants were followed at all
routine well-child visits according to the AmericAnademy of Pediatrics schedule (1 week, 2
weeks, and 1, 2, 4, 6, 9, 12, 15, 18, 24, and 3ftimsoof age), and at unscheduled sick visits.
Current median follow-up duration is 24 months vatrange of 2 to 45 months. Because our
outcome of interest occurred at a median age afays with 95% occurring before 4 months, we
excluded from this analysis any infants who withdpior to 6 months of age as we were
unable to unambiguously define their case statas38, Figure 1). The GMAP Study was
approved by the Massachusetts General Hospitalutishal Review Board (IRB) and a parent
of all enrolled infants gave written informed conse
Exposur e Assessment

At the time of enrollment the parents completednétral questionnaire capturing a broad
range of information about the pregnancy, delivantjbiotic exposures, maternal diet, family
structure, race (White, Black, Asian, Other, MU#iRRace), ethnicity (Hispanic/Latino or Non-
Hispanic/Latino), pets present at birth (cat, duer), feeding practices (breastmilk, formula,
solid food introduction), and family history of @ic diseases (asthma, environmental allergies,

eczema). Maternal antibiotics included any givetheomother at the time of delivery, perinatal
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145  antibiotics included any given to the infant priordischarge, both of which were validated by
146  chart review. Initial diet was defined as the diegt family reported feeding to the infant at their
147  initial visit to the pediatrician. At each subsenustudy visit, parents also completed

148 questionnaires reporting on the infant’s curreeéplng, feeding, and stooling patterns as well as
149  any gastrointestinal or allergic symptoms. All date acquired in real time and managed using
150 a set of chart extraction forms and automated piagigrveys within an IRB-approved and

151  HIPPA-compliant electronic database. Symptoms aagihtses of FPIAP were also recorded by
152  their physicians in real time. Inconsistencies @simg data for key variables were chart

153  reviewed by the study team.

154  Outcome Assessment

155 The diagnosis of FPIAP in the GMAP study was magléhk pediatrician caring for the
156 infant. Research study staff independently and cehgmnsively reviewed the charts of each

157  child diagnosed with FPIAP. Pre-specified caseusidn criteria were the treating physician’s
158 clinical diagnosis of FPIAP and documented gua@sitjve or grossly bloody stool not

159  attributable to another etiology (e.g., constipatiath documented or suspected anal fissure,
160 infection, inflammatory bowel disease). We defimesubgroup of infants with “questionable

161  FPIAP” who did not meet inclusion criteria, usuallye to lack of documented blood in the

162  stool, but were clinically treated as having FPIARese questionable FPIAP cases were

163  excluded from primary analyses (n = 16, FigureThe 153 cases meeting our pre-specified

164 inclusion criteria were used for the primary anaf/sSensitivity analyses combining

165 questionable FPIAP with FPIAP cases did not chamyeof our primary findings. Because the
166  diagnostic criteria for FPIAP diagnosis are debateslalso reported the cumulative incidence

167  with more stringent inclusion criteria describedole which also did not change any of the
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primary findings. As the study design was obseoveti, treatment of FPIAP was per clinician
discretion. Therefore, reintroduction of the suspeoffending food to confirm diagnosis was
not routinely done and the order of foods elimidat&as not standardized. Resolution diets were
defined as the diet at the time of symptom resmfutSymptom resolution was based on
comprehensive chart review, and if no clear timeesblution was mentioned, was defined as
the first visit where the child was no longer regpdrto be symptomatic.
Data Management and Statistical Analysis

All data were managed in REDCap (Research Eleaoata Capture) hosted at Partners
Heath Care. (31) To preserve the assumption opieridence of observations, one infant from
any sibling group (for those families who enrolladre than one child in GMAP) was randomly
selected and the other sibling(s) excluded fromunfinal analyses (h=60, Figure 1).
Prespecified analysis of primary and secondaryoroés was done by univariable logistic
regression using the statistical programming laggu® (v3.5.0). (32) Exploratory survival
analysis of the impact of diet on FPIAP developnveas done in Stata/SE 13.1 (StataCorp LP,
College Station, TX). We used a Cox regression mimdenalysis of initial diet and an
extended Cox regression model for non-proportibiazards to analyze the diet over time. In
both logistic and survival analyses, p-values fgnificance were calculated using the Wald test
with a priori levels of significance set Bt< .05. Group comparisons were performed using Chi
square, Mann-Whitney U, and Kruskal-Wallis rank gests of significance as appropriate.
Sensitivity analysis was performed by repeatingaigestic regression analyses to assess
alterations in the primary and secondary outcomesied above when combining the

guestionable FPIAP cases with the FPIAP cases.
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RESULTS
Characteristics of the GMAP Cohort

Of the 1162 infants approached, 1003 (86%) enraligdMAP (Figure 1). After
exclusion of siblings, subjects with inadequateadatough 6 months, and FPIAP cases not
meeting research criteria, 903 infants were indudehe final analysis (Figure 1). Over the
course of the study, 80 (9%) infants withdrew apation, 55 (69%) of whom relocated or left
the pediatrics practice and 25 (31%) of whom chiose longer participate. We found no
statistically significant differences between intawho withdrew before 6 months and the
remainder of the cohort across any of our exposefrgderest (not shown).

Of the main cohort of 903 infants, a majority wevhite, with a slight male
predominance (Figure 2). Most were born at tern¥dB@lelivered vaginally (68%), and 50%
were exposed to intrapartum maternal antibiotidglerna small proportion (9%) were directly
exposed to antibiotics postnatally (Figure 2). Texlian age at enrollment was 8 days (IQR: 5,
14). At their first pediatrics visit, most infan82%) were being fed only breastmilk, 7% only
formula, and 32% a mixed diet (both breastmilk eaod’s milk — based formula). 47% were
first born children and 41% had pets living in tHeme at birth. 45% had first degree family
members with atopic diseases and 15% had firsedeglatives with food allergies.
Cumulative I ncidence of FPIAP

Of the 903 healthy infants included in the finaabysis, 169 of them were diagnosed
with FPIAP and 153 met the prespecified inclusidteda (Figure 1). This identifies a
cumulative incidence of FPIAP of 17% over threergea this healthy unselected population.
The median age at symptom onset was 26 days (IQB4)4nd the median age at FPIAP

diagnosis was 35 days (IQR: 26, 81).
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Risk Factorsfor FPIAP Development

A family history in a first degree relative of foatlergy (OR = 1.9 [1.2, 2.8F = .005),
bloody stools (OR =4.5[2.7, 7.4],< .001), and diet intolerance (OR =3.5 [2.3, 5% .001)
were risk factors for the development of FPIAP ohlvhich were assessed at the time of
enrollment (prior to disease onset). FPIAP was atswciated with a history of eczema (OR =
1.5[1.1, 2.2]P = .02) and pets in the home at birth (OR=1.5 [[1201],P = .043). We did not
find mode of delivery or perinatal antibiotic expos to be risk factors for the development of
FPIAP (Figure 2). FPIAP development was also nsbeisted with sex, race or ethnicity,
gestational age, siblings, family history of atopgfamily history of eosinophilic esophagitis
(EoE). Sensitivity analysis using more (grosslydolp stools, n = 63) or less (all MD diagnosed,
n = 169) case definitions confirmed the findings\ay with the exception of the association
with pets, which was lost with either more or lsgfgent criteria.
Lower Ratesof FPIAP in Infants Fed Both Breastmilk and For mula

In the initial logistic regression analysis of bdasevariables, there was a trend toward
association between an initial diet (infant digtaged at first visit) of mixed feeding (breastmilk
and cow’s milk-based formula) and decreased rdte® AP compared to formula alone (OR =
0.5[0.3, 1.1]P =.07) (Figure 2). This association was presentifose FPIAP cases with
documented grossly bloody stools as well (n = 63ethfeeding OR = 0.3 [0.1, 0.8},= .02).
Recognizing that infant diet can change througlhtfancy, we used survival analyses to explore
the effect of infant diet over time on the devel@omof FPIAP. Infants initially fed both
breastmilk and cow’s milk-based formula were 61%slkkely to develop FPIAP and those who
were fed only breastmilk were 53% less likely te@lep FPIAP compared to those exclusively

formula-fed over the first 2 months (HR 0.397 .005; HR 0.47P = .01) (Figure 3A). Infants

10



236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

Martin 11

fed both breastmilk and formula at any point duting first 4 months were 56% less likely than
infants fed exclusively formula and 38% less likéigin infants fed exclusively breastmilk to
develop FPIAP (HR 0.44 = .005; HR 0.62P = .0497) (Figure 3B). Exclusively formula fed
infants developed FPIAP at the highest rates (Ei@)rand at younger ages (median 15 days v.
26 daysP < .001) than those who received breastmilk.
Clinical Presentation, Treatment, and Resolution of FPIAP

Of the 153 cases of FPIAP, 63 (41%) had gross hiodigeir stool (either by physician
documentation or parent report) and 56 (37%) hadsgmucous in their stool (either by
physician documentation or parent report) in addito microscopic blood (physician
documented), meaning that 119 (63+56) or 78% haéregross blood or mucous in their stool
as one of their presenting symptoms. The remaiddhigad other symptoms (e.qg. irritability,
feeding difficulty, gagging, vomiting, diarrhea) iwwh prompted and revealed positive occult
blood testing and resulted in diagnosis of FPIARH&yr treating clinician. Compared to
unaffected infants, parents of infants diagnoset #wPI1AP were more likely to report
irritability, gagging, food refusal, and blood ouoous in the stool (Figure E1, online
repository). Infants with FPIAP were also signifidlg more likely than those unaffected to have
been treated with proton pump inhibitor or histagnit?-receptor antagonist medications (45%
v. 14%,P < .001) for symptoms of reflux (Figure E1, onlimepository). Those symptoms and
the use of acid suppression were significantlyetdéht even when a post hoc stricter definition
of FPIAP was used, requiring gross mucous or blodtde stool (Table E1, online repository).
The median age of infants at the time of symptosoltgion was 123 days (IQR: 63, 174), with a
median time to documented resolution (days fromgrigis to symptom resolution) of 50 days

(IQR: 31, 99). Of the 87 infants (57% of FPIAP gsshose FPIAP resolved with maternal

11
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dietary restrictions, 41 (47%) resolved with magdhet restriction of milk alone, 35 (40%)
resolved on maternal elimination of milk and soj{1B%) resolved on maternal elimination of
milk, soy, and egg. Of the 62 infants (41% of FPI&#es) with FPIAP who resolved while
consuming formula, either exclusively or mixed fiegowith breastmilk, 48 (77.4%) resolved on
extensively hydrolyzed formulas and 14 (22.6%) ke=tbon amino acid-based formulas.
Twenty resolved with a combination of maternal @ignination and hypoallergenic formula. Of
note, 23 infants’ parents (15% of FPIAP cases)etknot to restrict the diet at all, and all of
those children’s FPIAP symptoms resolved with a loioietion of watchful waiting, acid
suppression, and/or probiotic therapy per clinicdatretion. All 23 of those infants continued to
tolerate cow’s milk protein throughout infancy. Téevas no significant association between
time to resolution of FPIAP symptoms and therapsdusnaternal diet restriction,
hypoallergenic formula, probiotics). Among all caseho restricted cow’s milk, the median age
at which cow’s milk was successfully reintroducediny form was 11 months (IQR: 9, 12), with

90 infants (59%) with FPIAP tolerating milk by 12nths of age.

12
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273  DISCUSSION

274 In this prospective observational cohort studymdalected healthy infants, we found that
275  17% (153 of 903) were diagnosed by their pediamievith food protein-induced allergic

276  proctocolitis (FPIAP) and had confirmed evidencgastrointestinal bleeding. 63 (41%) of the
277 153 infants diagnosed with FPIAP had documentedsgotood and 119 (78%) had either

278  grossly bloody or mucoid stools (with microscopioda).

279 This cumulative incidence is higher than publisestimates, though the cumulative
280 incidence of FPIAP, regardless of antigenic trigtys not been previously defined. Host et
281  al.,(17) focusing solely on milk-triggered casas, including both IgE- and non-IgE-mediated
282  allergy, states from a review of primary sourcesrfthe 1970-90s(18-28)at, “symptoms

283  suggestive of CMPA have been reported in 5 to 15¥fants. However, when controlled

284  elimination/challenge procedures were used, a dsigrof CMPA was only confirmed in

285 approximately 1 of 3 of the infants resulting ininaidence of CMPA of approximately 2 to
286  5%.” We cannot ascertain what percent of infantsld/prove to be reactive to milk elimination
287  and provocation in this observational setting,thatlack of confirmation by reintroduction

288 likely led to overdiagnosis.

289 Prevalence estimates of this disorder vary by D0@4h the literature, likely due to

290 differences in the methodology of case identifmatiparticularly whether one includes only
291 those with milk-triggered disease, and the lackaafepted consensus on diagnostic criteria.
292  Cow’s milk is thought to be the single most comneatprit, and restriction followed by dietary
293  provocation is recommended when FPIAP is suspeEtedever, similar to eosinophilic

294  esophagitis, to which FPIAP has been associated(88pme patients milk may not be a trigger

295  (or it may not be the only trigger). Unlike orabfib challenges for suspected immediate

13
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hypersensitivity or FPIES, which are routine pragedg in allergy offices with unambiguous
outcomes within minutes to hours, there is no stesided protocol for the conduct of (and no
agreed upon endpoint for the interpretation ofdfoballenges in the setting of suspected
FPIAP. While guidelines typically recommend re-attuction of the suspected food shortly after
symptom resolution to confirm diagnosis (9-11,24), study and others(12,26) show that this is
generally not done in the pediatrics communitytdad, empiric diet restriction for most of
infancy followed by reintroduction around a yeamlagk (11 months [IQR: 9, 12] in this
population) is common practice.

Elizur et al., conducted one of the most thoroughytation (n > 13,000) assessments of
both IgE- and non-IgE-mediated milk allergy, byfiascertaining any report of adverse reaction
to milk, of which there were 381 (3%). Of those, sl bloody stools, 21 of whom were
determined to have FPIAP due to milk, for an ougradvalence of 0.16%. We draw two
observations from this study. First, the large mtgj(84%) of infants with blood in stool were
found to have FPIAP — other etiologies (FPIES, 2y actue gastroenteritis, n = 1; anal fissure, n
= 1) were less common and easily excluded. Seaotier rectal bleeding, an objective and
readily observed source of anxiety among parerds,wery rare in their population (incidence
not reported), or more likely it is not a preseiotathat families readily perceive (unlike
immediate adverse reactions) as being a reactiomlikcor another food. Had our study been
designed similarly: first ascertaining cases wilnemt-reported adverse reactions to milk, and
then following up on the most likely cause of eagh,would also likely find a very small
number of cases of FPIAP.

Some experts have restricted analysis to thosethaticlassic presentation of visible

blood, as is suggested by some practice guidelifgkl), and there is literature that evaluation

14



319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

Martin 15

for microscopic blood may result in false posit{zs in asymptomatic healthy populations.
However, other widely cited sources recommendriggtir occult blood in suspected cases.
(12,26) While this practice has not been validaligdly leads to overdiagnosis, and is not
supported by formal national guidelines(9-11,24y), iaterest here was to prospectively identify
cases of FPIAP as it is being done in general pécBaclinical practice. In our study, restricting
the analysis to only those with gross blood wowddrdase the estimated incidence from 17% to
7%, but did not change the risk factors or feegtiragtices associated with FPIAP.

In addition to classic symptoms of mucous and blioathe stool, infants diagnosed with
FPIAP were more likely to exhibit symptoms chardste of upper Gl tract disease such as
gagging, irritability, and feeding refusal (seelfgE1l in the Online Repository) when
compared to unaffected infants. This remained émen when post hoc analyses restricted the
cases of FPIAP to those with gross blood or muaotise stool (see Table E1 in the Online
Repository). They did not have growth failure, sewsomiting, or severe diarrhea. We
hypothesize that either these infants had othgndises like reflux and were incorrectly
diagnosed with FPIAP, or that the allergic inflantimia characteristic of FPIAP is not limited to
the distal colon. Retrospective evidence showssyraiptoms of FPIAP are associated with
increased odds of eosinophilic esophagitis§d@)gesting a potential shared pathophysiology,
which we can now prospectively evaluate. A recepbrt(34) suggested an association between
acid suppression in infancy and subsequent childhis& of allergic diseases, including eczema.
However, we suspect that FPIAP confounded thatcgetson, given that infants with FPIAP in
our cohort were both more likely to have eczemarandh more likely to have been treated with
acid suppression early in infancy.(35) We hypotresi based on our retrospective association

of EoE with mode of delivery and perinatal antilsf(33) that these factors might also increase
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342  risk of FPIAP, but that was not the case. Thisigayever, consistent with several other

343  prospective cohorts which have failed to find sanhassociation with IgE-mediated food

344  allergy(36,37) and other allergic diseases. (38)

345 We found that diagnosis of FPIAP was associated egzema and exclusive milk-based
346  formula feeding. We found that infants fed a comalion of breastmilk and formula were the
347 least likely to be diagnosed with FPIAP. Neithestrieting our analyses to those with the most
348 severe findings (gross blood), nor the inclusiothef16 questionable cases of MD-diagnosed
349  FPIAP without verified Gl bleeding, altered the eb&d associations of FPIAP with other

350 atopic conditions and infant diet.

351 FPIAP is typically the first clinical presentatiohfood allergy with a median age of

352  onset of one month in our cohort, often even bedomema presents or is diagnosed, suggesting
353 that it may represent a first step of the allergarch for some infants. Eczema was associated
354  with FPIAP in this cohort, and is a strong riskttador IgE-mediated food allergies in other
355 population-based cohorts.(38) A subset of childveh FPIAP have been observed to develop
356 IgE-mediated allergy to cow’s milk and other foowlanvironmental allergens, though the

357 strength of those associations is currently undl&@y The extent to which FPIAP is

358 independently associated with IgE sensitization@ndE-mediated food allergy later in

359 childhood can now be carefully evaluated in thisard. Given that early introduction of other
360 dietary antigens to high risk infant groups hasnt&®own to lower subsequent food allergy risk
361 andis now recommended,(38-42) the potential effetsustained milk avoidance for this non-
362 IgE-mediated food allergy should also be carefsilydied. Growing observational data show
363 that early exposure to cow’s milk is associatedhwotver rates of IgE-mediated milk

364 allergy.(43,44)
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There are several important limitations to thiggturirst, as already discussed, the
diagnosis of FPIAP was made clinically followingnemonly referenced sources,(12) but formal
national guidelines were often not followed (eagdl occult blood testing was often used
despite lack of validation for this indication, acwhfirmatory challenges recommended by the
guidelines were rarely if ever performed)(9-11,2jch may have led to significant
overdiagnosis of FPIAP. Second, the low numbenfzrits exposed to perinatal antibiotics may
make our study underpowered to assess this agsacidthird, the single recruitment center in a
predominantly Caucasian and affluent communitytBngeneralizability, however we did not
find associations between disease presentatioamndemographic variables. Finally, the study
was not designed to evaluate the effect of infagtt@h the prevention or treatment of FPIAP.
Therefore, while the negative association betwemmafeeding and FPIAP is suggestive of
protection, this study should not be used to jystietary recommendations. We do believe,
especially given other data supporting a benefroil@ of dietary antigen exposure on immune
health,(38}hat prospective and randomized studies to ven#gé findings may be warranted.

The association between mixed feeding (breastmitkfarmula) and lower rates of
FPIAP diagnosis in this cohort generates sevenabtineses about the pathogenesis of FPIAP.
We suspect that the intestinal microbiota (infliehby diet and other factors) coupled with
significant oral exposure to dietary antigen (eay’s milk proteins in formula) promote infant
immune development and antigen specific toleracqgeiaition. The role of the intestinal
microbiome in food sensitization, tolerance acduasj and food allergy is being actively
investigated,(45,46) and an early diet consistinigoth breastmilk and cow’s milk formula has

been shown to be associated with lower rates oimgHiated cow’s milk allergy.(43,44)
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387 Longitudinal microbiome, metabolome, and immun@oese analyses are ongoing within this
388 cohort to prospectively evaluate these hypotheses.

389
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FIGURE TITLESAND LEGENDS

Figure 1. Study population and follow-up. *there were 6 subjects who met more than one of

the analysis exclusion criteria

Figure 2. Early liferisk factorsfor FPI AP development. * denotes hazard ratio reference
group for polytomous variables. Reference group chosen was the largest by default,
except for infant initial diet for which, given our a priori hypothesis that any breastmilk

would be protective, formula is the appropriate reference.

Figure 3. Effect of infant diet on FPIAP development. (A) Kaplan-Meier curves of time to
FPIAP diagnosis by infant initial diet. (B) Kapl&feier curves of time to FPIAP
diagnosis by infant diet as a time-varying covariater the first four months (during

which 95% of FPIAP cases presented).
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Demographics
Female
Gestational Age
>37 weeks
25-32 weeks
33-37 weeks
Race
White
Black
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Delivery Characteristics
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Maternal Antibiotics at Delivery
Infant Perinatal Antibiotics
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Formula
Breastmilk
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First child
Pets
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Family History of Atopy
Family History of Food Allergies
Family History of EoE
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Figure E1. Symptoms and use of acid suppression in infantswith FPIAP vs. unaffected
infants. Parent-reported symptoms and use of acid suppressing medications in infants with

FPIAP (n=153) compared to unaffected infants (n=750), * denotes P < .05 *** denotes P < .001

Table E1. Symptoms and use of acid suppression in infantswith FPIAP vs. unaffected
infants using a priori caseinclusion criteria vs. a post hoc stricter definition. Significantly
different parent-reported symptoms as shown in Figure E1, comparing the a priori case inclusion
criteria (FPIAP cases n=153) with amore stringent post hoc definition of FPIAP requiring

documentation of gross blood or mucous in the stool (FPIAP cases n=119).

Using a priori caseinclusion criteriafor FPIAP

Unaffected infants FPIAP cases
(n=750) (n=153) p-value
[rritability 41% 73% <0.001
Gagging 40% 51% 0.024
Food Refusal 13% 28% <0.001
H2 use 10% 34% <0.001

PPl use 3% 17% <0.001

Using stricter post hoc FPIAP caseinclusion criteriafor FPIAP

Unaffected infants FPIAP cases
(n=784) (n=119) p-value
[rritability 43% 70% <0.001
Gagging 40% 53% 0.012
Food Refusal 14% 29% <0.001
H2 use 11% 32% <0.001
PPI use 4% 17% <0.001

FPIAP: Food protein-induced allergic proctocolitis; H2: Histamine H2-receptor antagonists; PPI: Proton-pump inhibitor
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