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Abstract

Background: Food protein-induced allergic proctocolitis (FPIAP) is an early and common 

manifestation of food allergy, yet its epidemiology and relationship to other allergic diseases 

remain unclear.

Objective: To prospectively define the incidence of FPIAP as it is being diagnosed clinically in 

the community and to identify factors associated with its development.

Methods: 1003 of 1162 eligible serial healthy newborn infants recruited from a single suburban 

pediatrics practice were followed prospectively for the diagnosis of FPIAP. Investigators reviewed 

Corresponding Author: Dr. Qian Yuan, M.D.,Ph.D., Massachusetts General Hospital for Children, 55 Fruit Street, CPZS 553, Boston, 
MA 02114, qyuan@mgh.harvard.edu, p. 617-726-9471, f. 617-724-2710. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2021 August 28.

Published in final edited form as:
J Allergy Clin Immunol Pract. 2020 May ; 8(5): 1692–1699.e1. doi:10.1016/j.jaip.2019.12.029.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



each case to confirm pre-specified inclusion criteria, including documented gross or occult blood 

in the stool.

Results: 903 infants were analyzed (46% female, 89% term, 32% caesarian-section, 9% neonatal 

antibiotics). 153 cases met inclusion criteria, a cumulative incidence of 17%, while 63 (7%) had 

gross blood. Infants initially fed both breastmilk and formula were 61% less likely to develop 

FPIAP compared to those exclusively formula-fed (HR 0.39, P = .005). Breastmilk and formula 

at any point during the first 4 months was also associated with lower risk compared to exclusive 

formula or exclusive breastmilk (HR 0.44, P = .005; HR 0.62, P = .0497). Eczema (OR 1.5 [1.1, 

2.2], P = .02) or a first degree relative with food allergies (OR 1.9 [1.2, 2.8], P = .005) were among 

risk factors for FPIAP development.

Conclusion: The prospectively defined incidence of FPIAP when diagnosed clinically by 

community pediatricians without challenge is markedly higher than published estimates. 

Combination feeding of formula and breastmilk is associated with the lowest rate of FPIAP in 

this population.
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INTRODUCTION

Food protein-induced allergic proctocolitis (FPIAP) is a commonly recognized and 

burdensome form of non-IgE-mediated food allergy of early infancy whose epidemiology 

has never been prospectively evaluated.(1-6) While the prevalence of allergic disease is 

dramatically rising in the United States and other developed nations over recent decades,

(7,8) most national data on pediatric allergies either exclude non-IgE-mediated food allergy 

by design, combine it together with IgE-mediated allergy, or study the subset of non

IgE-mediated allergy exclusively triggered by milk. Furthermore, though there is broad 

consensus that FPIAP is limited to infants who are generally healthy and growing normally 

despite a food allergic reaction causing lower GI bleeding, current guidelines(9-11) vary 

considerably from common accepted practice(12) on the significance of occult blood and 

level of evidence implicating diet. With these limitations, historical prevalence estimates 

range widely.(13-23)

FPIAP is typically diagnosed clinically by the presence of bloody or mucoid stools during 

the first few months of life in a generally healthy infant that resolves with dietary restriction. 

FPIAP can be seen in both children who are breastfed and formula fed.(12) The most 

commonly implicated dietary triggers are cow’s milk protein and soy protein,(3) and 

elimination of these (either by maternal dietary restriction if breastfeeding or by use of 

hypoallergenic formulas) leads to symptom resolution in most. Most guidelines require 

gross blood for diagnosis(10) and some suggest that diagnosis requires reintroduction or 

challenge to confirm symptom recurrence after symptoms resolve with elimination(9,10,24). 

However, practice in the pediatrics community commonly utilizes fecal occult blood 

testing (reliability of which has been called into question)(25) and rarely if ever utilizes 
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confirmatory challenge with reintroduction(12,26). Historically, FPIAP was associated with 

eosinophilic inflammation on histology of rectal biopsy in a subset of those presenting 

with these symptoms;(6,27) however, sigmoidoscopy with biopsy is also no longer done in 

routine practice. There are currently no non-invasive biomarkers identified to support the 

diagnosis of FPIAP. Risk factors for the development of FPIAP are not known. Parental 

history of atopy has been suggested as a risk factor, but there are conflicting reports.(28) 

Protective factors have not been described in FPIAP, though factors such as maternal diet, 

infant diet, siblings, and pets have been associated with lower rates of other pediatric allergic 

diseases.(29,30)

Despite how little FPIAP has been studied, the burden and impact of FPIAP are quite 

significant. It is the most frequent indication for referral to pediatric gastroenterology 

subspecialists in infancy and commonly results in significant maternal dietary restrictions 

or use of more expensive and hypoallergenic infant formulas. As both the underlying disease 

pathophysiology of FPIAP itself, as well as current management by dietary restriction, 

each may increase the risk of IgE-mediated food allergy later in life, we believe that the 

prospective characterization of FPIAP is an important objective. What follows is a report of 

primary clinical outcomes from the Gastrointestinal Microbiome and Allergic Proctocolitis 

(GMAP) Study, the first prospective observational healthy infant cohort study specifically 

designed to investigate the epidemiology and clinical presentation of FPIAP as it is currently 

being diagnosed and treated by pediatricians in the community.

METHODS

Study Design and Patient Population

The Gastrointestinal Microbiome and Allergic Proctocolitis (GMAP) Study is a large 

ongoing prospective observational healthy infant cohort study in suburban Massachusetts. 

We serially recruited newborn infants at their first office visit at a single private primary 

pediatrics office (Pediatrics at Newton Wellesley) between April 2014 and February 2017. 

Any infant born into the practice during that time period was eligible and approached for 

participation in the study up to 2 months of age (median age at enrollment was 8 days). 

Infants were followed at all routine well-child visits according to the American Academy of 

Pediatrics schedule (1 week, 2 weeks, and 1, 2, 4, 6, 9, 12, 15, 18, 24, and 36 months of 

age), and at unscheduled sick visits. Current median follow-up duration is 24 months with 

a range of 2 to 45 months. Because our outcome of interest occurred at a median age of 35 

days with 95% occurring before 4 months, we excluded from this analysis any infants who 

withdrew prior to 6 months of age as we were unable to unambiguously define their case 

status (n = 30, Figure 1). The GMAP Study was approved by the Massachusetts General 

Hospital Institutional Review Board (IRB) and a parent of all enrolled infants gave written 

informed consent.

Exposure Assessment

At the time of enrollment the parents completed an initial questionnaire capturing a broad 

range of information about the pregnancy, delivery, antibiotic exposures, maternal diet, 

family structure, race (White, Black, Asian, Other, Multiple Race), ethnicity (Hispanic/
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Latino or Non-Hispanic/Latino), pets present at birth (cat, dog, other), feeding practices 

(breastmilk, formula, solid food introduction), and family history of atopic diseases (asthma, 

environmental allergies, eczema). Maternal antibiotics included any given to the mother at 

the time of delivery, perinatal antibiotics included any given to the infant prior to discharge, 

both of which were validated by chart review. Initial diet was defined as the diet the family 

reported feeding to the infant at their initial visit to the pediatrician. At each subsequent 

study visit, parents also completed questionnaires reporting on the infant’s current sleeping, 

feeding, and stooling patterns as well as any gastrointestinal or allergic symptoms. All 

data were acquired in real time and managed using a set of chart extraction forms 

and automated patient surveys within an IRB-approved and HIPPA-compliant electronic 

database. Symptoms and diagnoses of FPIAP were also recorded by their physicians in real 

time. Inconsistencies or missing data for key variables were chart reviewed by the study 

team.

Outcome Assessment

The diagnosis of FPIAP in the GMAP study was made by the pediatrician caring for 

the infant. Research study staff independently and comprehensively reviewed the charts of 

each child diagnosed with FPIAP. Pre-specified case inclusion criteria were the treating 

physician’s clinical diagnosis of FPIAP and documented guaiac positive or grossly bloody 

stool not attributable to another etiology (e.g., constipation with documented or suspected 

anal fissure, infection, inflammatory bowel disease). We defined a subgroup of infants 

with “questionable FPIAP” who did not meet inclusion criteria, usually due to lack 

of documented blood in the stool, but were clinically treated as having FPIAP. These 

questionable FPIAP cases were excluded from primary analyses (n = 16, Figure 1). The 

153 cases meeting our pre-specified inclusion criteria were used for the primary analyses. 

Sensitivity analyses combining questionable FPIAP with FPIAP cases did not change any 

of our primary findings. Because the diagnostic criteria for FPIAP diagnosis are debated, 

we also reported the cumulative incidence with more stringent inclusion criteria described 

below, which also did not change any of the primary findings. As the study design was 

observational, treatment of FPIAP was per clinician discretion. Therefore, reintroduction of 

the suspected offending food to confirm diagnosis was not routinely done and the order of 

foods eliminated was not standardized. Resolution diets were defined as the diet at the time 

of symptom resolution. Symptom resolution was based on comprehensive chart review, and 

if no clear time of resolution was mentioned, was defined as the first visit where the child 

was no longer reported to be symptomatic.

Data Management and Statistical Analysis

All data were managed in REDCap (Research Electronic Data Capture) hosted at Partners 

Heath Care. (31) To preserve the assumption of independence of observations, one infant 

from any sibling group (for those families who enrolled more than one child in GMAP) 

was randomly selected and the other sibling(s) excluded from in our final analyses (n=60, 

Figure 1). Prespecified analysis of primary and secondary outcomes was done by univariable 

logistic regression using the statistical programming language, R (v3.5.0). (32) Exploratory 

survival analysis of the impact of diet on FPIAP development was done in Stata/SE 13.1 

(StataCorp LP, College Station, TX). We used a Cox regression model for analysis of initial 
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diet and an extended Cox regression model for non-proportional hazards to analyze the diet 

over time. In both logistic and survival analyses, p-values for significance were calculated 

using the Wald test with a priori levels of significance set at P < .05. Group comparisons 

were performed using Chi square, Mann-Whitney U, and Kruskal-Wallis rank sum tests 

of significance as appropriate. Sensitivity analysis was performed by repeating the logistic 

regression analyses to assess alterations in the primary and secondary outcomes specified 

above when combining the questionable FPIAP cases with the FPIAP cases.

RESULTS

Characteristics of the GMAP Cohort

Of the 1162 infants approached, 1003 (86%) enrolled in GMAP (Figure 1). After exclusion 

of siblings, subjects with inadequate data through 6 months, and FPIAP cases not meeting 

research criteria, 903 infants were included in the final analysis (Figure 1). Over the course 

of the study, 80 (9%) infants withdrew participation, 55 (69%) of whom relocated or left 

the pediatrics practice and 25 (31%) of whom chose to no longer participate. We found no 

statistically significant differences between infants who withdrew before 6 months and the 

remainder of the cohort across any of our exposures of interest (not shown).

Of the main cohort of 903 infants, a majority were White, with a slight male predominance 

(Figure 2). Most were born at term (89%), delivered vaginally (68%), and 50% were 

exposed to intrapartum maternal antibiotics, while a small proportion (9%) were directly 

exposed to antibiotics postnatally (Figure 2). The median age at enrollment was 8 days 

(IQR: 5, 14). At their first pediatrics visit, most infants (62%) were being fed only 

breastmilk, 7% only formula, and 32% a mixed diet (both breastmilk and cow’s milk – 

based formula). 47% were first born children and 41% had pets living in their home at birth. 

45% had first degree family members with atopic diseases and 15% had first degree relatives 

with food allergies.

Cumulative Incidence of FPIAP

Of the 903 healthy infants included in the final analysis, 169 of them were diagnosed 

with FPIAP and 153 met the prespecified inclusion criteria (Figure 1). This identifies 

a cumulative incidence of FPIAP of 17% over three years in this healthy unselected 

population. The median age at symptom onset was 26 days (IQR:14, 34) and the median age 

at FPIAP diagnosis was 35 days (IQR: 26, 81).

Risk Factors for FPIAP Development

A family history in a first degree relative of food allergy (OR = 1.9 [1.2, 2.8], P = .005), 

bloody stools (OR = 4.5 [2.7, 7.4], P < .001), and diet intolerance (OR =3.5 [2.3, 5.4], P 
< .001) were risk factors for the development of FPIAP, all of which were assessed at the 

time of enrollment (prior to disease onset). FPIAP was also associated with a history of 

eczema (OR = 1.5 [1.1, 2.2], P = .02) and pets in the home at birth (OR=1.5 [1.01, 2.1], P 
= .043). We did not find mode of delivery or perinatal antibiotic exposure to be risk factors 

for the development of FPIAP (Figure 2). FPIAP development was also not associated with 

sex, race or ethnicity, gestational age, siblings, family history of atopy, or family history of 
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eosinophilic esophagitis (EoE). Sensitivity analysis using more (grossly bloody stools, n = 

63) or less (all MD diagnosed, n = 169) case definitions confirmed the findings above, with 

the exception of the association with pets, which was lost with either more or less stringent 

criteria.

Lower Rates of FPIAP in Infants Fed Both Breastmilk and Formula

In the initial logistic regression analysis of baseline variables, there was a trend toward 

association between an initial diet (infant diet reported at first visit) of mixed feeding 

(breastmilk and cow’s milk-based formula) and decreased rates of FPIAP compared to 

formula alone (OR = 0.5 [0.3, 1.1], P = .07) (Figure 2). This association was present for 

those FPIAP cases with documented grossly bloody stools as well (n = 63; mixed feeding 

OR = 0.3 [0.1, 0.8], P = .02). Recognizing that infant diet can change throughout infancy, 

we used survival analyses to explore the effect of infant diet over time on the development 

of FPIAP. Infants initially fed both breastmilk and cow’s milk-based formula were 61% less 

likely to develop FPIAP and those who were fed only breastmilk were 53% less likely to 

develop FPIAP compared to those exclusively formula-fed over the first 2 months (HR 0.39, 

P = .005; HR 0.47, P = .01) (Figure 3A). Infants fed both breastmilk and formula at any 

point during the first 4 months were 56% less likely than infants fed exclusively formula 

and 38% less likely than infants fed exclusively breastmilk to develop FPIAP (HR 0.44, P = 

.005; HR 0.62, P = .0497) (Figure 3B). Exclusively formula fed infants developed FPIAP at 

the highest rates (Figure 3) and at younger ages (median 15 days v. 26 days, P < .001) than 

those who received breastmilk.

Clinical Presentation, Treatment, and Resolution of FPIAP

Of the 153 cases of FPIAP, 63 (41%) had gross blood in their stool (either by physician 

documentation or parent report) and 56 (37%) had gross mucous in their stool (either 

by physician documentation or parent report) in addition to microscopic blood (physician 

documented), meaning that 119 (63+56) or 78% had either gross blood or mucous in their 

stool as one of their presenting symptoms. The remaining 34 had other symptoms (e.g. 

irritability, feeding difficulty, gagging, vomiting, diarrhea) which prompted and revealed 

positive occult blood testing and resulted in diagnosis of FPIAP by their treating clinician. 

Compared to unaffected infants, parents of infants diagnosed with FPIAP were more likely 

to report irritability, gagging, food refusal, and blood or mucous in the stool (Figure 

E1, online repository). Infants with FPIAP were also significantly more likely than those 

unaffected to have been treated with proton pump inhibitor or histamine H2-receptor 

antagonist medications (45% v. 14%, P < .001) for symptoms of reflux (Figure E1, online 

repository). Those symptoms and the use of acid suppression were significantly different 

even when a post hoc stricter definition of FPIAP was used, requiring gross mucous or blood 

in the stool (Table E1, online repository). The median age of infants at the time of symptom 

resolution was 123 days (IQR: 63, 174), with a median time to documented resolution (days 

from diagnosis to symptom resolution) of 50 days (IQR: 31, 99). Of the 87 infants (57% of 

FPIAP cases) whose FPIAP resolved with maternal dietary restrictions, 41 (47%) resolved 

with maternal diet restriction of milk alone, 35 (40%) resolved on maternal elimination 

of milk and soy, 11(13%) resolved on maternal elimination of milk, soy, and egg. Of the 

62 infants (41% of FPIAP cases) with FPIAP who resolved while consuming formula, 
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either exclusively or mixed feeding with breastmilk, 48 (77.4%) resolved on extensively 

hydrolyzed formulas and 14 (22.6%) resolved on amino acid-based formulas. Twenty 

resolved with a combination of maternal diet elimination and hypoallergenic formula. Of 

note, 23 infants’ parents (15% of FPIAP cases) elected not to restrict the diet at all, and 

all of those children’s FPIAP symptoms resolved with a combination of watchful waiting, 

acid suppression, and/or probiotic therapy per clinician discretion. All 23 of those infants 

continued to tolerate cow’s milk protein throughout infancy. There was no significant 

association between time to resolution of FPIAP symptoms and therapy used (maternal 

diet restriction, hypoallergenic formula, probiotics). Among all cases who restricted cow’s 

milk, the median age at which cow’s milk was successfully reintroduced in any form was 11 

months (IQR: 9, 12), with 90 infants (59%) with FPIAP tolerating milk by 12 months of age.

DISCUSSION

In this prospective observational cohort study of unselected healthy infants, we found that 

17% (153 of 903) were diagnosed by their pediatrician with food protein-induced allergic 

proctocolitis (FPIAP) and had confirmed evidence of gastrointestinal bleeding. 63 (41%) 

of the 153 infants diagnosed with FPIAP had documented gross blood and 119 (78%) had 

either grossly bloody or mucoid stools (with microscopic blood).

This cumulative incidence is higher than published estimates, though the cumulative 

incidence of FPIAP, regardless of antigenic trigger, has not been previously defined. Host 

et al.,(17) focusing solely on milk-triggered cases, but including both IgE- and non-IgE

mediated allergy, states from a review of primary sources from the 1970-90s(18-23) that, 

“symptoms suggestive of CMPA have been reported in 5 to 15% of infants. However, 

when controlled elimination/challenge procedures were used, a diagnosis of CMPA was only 

confirmed in approximately 1 of 3 of the infants resulting in an incidence of CMPA of 

approximately 2 to 5%.” We cannot ascertain what percent of infants would prove to be 

reactive to milk elimination and provocation in this observational setting, but the lack of 

confirmation by reintroduction likely led to overdiagnosis.

Prevalence estimates of this disorder vary by 100-fold in the literature, likely due to 

differences in the methodology of case identification, particularly whether one includes only 

those with milk-triggered disease, and the lack of accepted consensus on diagnostic criteria. 

Cow’s milk is thought to be the single most common culprit, and restriction followed 

by dietary provocation is recommended when FPIAP is suspected. However, similar to 

eosinophilic esophagitis, to which FPIAP has been associated(33), in some patients milk 

may not be a trigger (or it may not be the only trigger). Unlike oral food challenges for 

suspected immediate hypersensitivity or FPIES, which are routine procedures in allergy 

offices with unambiguous outcomes within minutes to hours, there is no standardized 

protocol for the conduct of (and no agreed upon endpoint for the interpretation of) food 

challenges in the setting of suspected FPIAP. While guidelines typically recommend re

introduction of the suspected food shortly after symptom resolution to confirm diagnosis 

(9-11,24), our study and others(12,26) show that this is generally not done in the pediatrics 

community. Instead, empiric diet restriction for most of infancy followed by reintroduction 

around a year of age (11 months [IQR: 9, 12] in this population) is common practice.
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Elizur et al., conducted one of the most thorough population (n > 13,000) assessments of 

both IgE- and non-IgE-mediated milk allergy, by first ascertaining any report of adverse 

reaction to milk, of which there were 381 (3%). Of those, 25 had bloody stools, 21 of whom 

were determined to have FPIAP due to milk, for an overall prevalence of 0.16%. We draw 

two observations from this study. First, the large majorty (84%) of infants with blood in 

stool were found to have FPIAP – other etiologies (FPIES, n = 2; actue gastroenteritis, n = 

1; anal fissure, n = 1) were less common and easily excluded. Second, either rectal bleeding, 

an objective and readily observed source of anxiety among parents, was very rare in their 

population (incidence not reported), or more likely it is not a presentation that families 

readily perceive (unlike immediate adverse reactions) as being a reaction to milk or another 

food. Had our study been designed similarly: first ascertaining cases with parent-reported 

adverse reactions to milk, and then following up on the most likely cause of each, we would 

also likely find a very small number of cases of FPIAP.

Some experts have restricted analysis to those with the classic presentation of visible blood, 

as is suggested by some practice guidelines(10,11), and there is literature that evaluation for 

microscopic blood may result in false positives(25) in asymptomatic healthy populations. 

However, other widely cited sources recommend testing for occult blood in suspected cases. 

(12,26) While this practice has not been validated, likely leads to overdiagnosis, and is 

not supported by formal national guidelines(9-11,24), our interest here was to prospectively 

identify cases of FPIAP as it is being done in general pediatrics clinical practice. In our 

study, restricting the analysis to only those with gross blood would decrease the estimated 

incidence from 17% to 7%, but did not change the risk factors or feeding practices 

associated with FPIAP.

In addition to classic symptoms of mucous and blood in the stool, infants diagnosed with 

FPIAP were more likely to exhibit symptoms characteristic of upper GI tract disease such 

as gagging, irritability, and feeding refusal (see Figure E1 in the Online Repository) when 

compared to unaffected infants. This remained true even when post hoc analyses restricted 

the cases of FPIAP to those with gross blood or mucous in the stool (see Table E1 in the 

Online Repository). They did not have growth failure, severe vomiting, or severe diarrhea. 

We hypothesize that either these infants had other diagnoses like reflux and were incorrectly 

diagnosed with FPIAP, or that the allergic inflammation characteristic of FPIAP is not 

limited to the distal colon. Retrospective evidence shows that symptoms of FPIAP are 

associated with increased odds of eosinophilic esophagitis(33) suggesting a potential shared 

pathophysiology, which we can now prospectively evaluate. A recent report(34) suggested 

an association between acid suppression in infancy and subsequent childhood risk of allergic 

diseases, including eczema. However, we suspect that FPIAP confounded that association, 

given that infants with FPIAP in our cohort were both more likely to have eczema and 

much more likely to have been treated with acid suppression early in infancy.(35) We 

hypothesized, based on our retrospective association of EoE with mode of delivery and 

perinatal antibiotics,(33) that these factors might also increase risk of FPIAP, but that was 

not the case. This is, however, consistent with several other prospective cohorts which have 

failed to find such an association with IgE-mediated food allergy(36,37) and other allergic 

diseases. (38)
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We found that diagnosis of FPIAP was associated with eczema and exclusive milk-based 

formula feeding. We found that infants fed a combination of breastmilk and formula were 

the least likely to be diagnosed with FPIAP. Neither restricting our analyses to those with 

the most severe findings (gross blood), nor the inclusion of the 16 questionable cases of 

MD-diagnosed FPIAP without verified GI bleeding, altered the observed associations of 

FPIAP with other atopic conditions and infant diet.

FPIAP is typically the first clinical presentation of food allergy with a median age of 

onset of one month in our cohort, often even before eczema presents or is diagnosed, 

suggesting that it may represent a first step of the allergic march for some infants. Eczema 

was associated with FPIAP in this cohort, and is a strong risk factor for IgE-mediated food 

allergies in other population-based cohorts.(38) A subset of children with FPIAP have been 

observed to develop IgE-mediated allergy to cow’s milk and other food and environmental 

allergens, though the strength of those associations is currently unclear.(17) The extent 

to which FPIAP is independently associated with IgE sensitization and/or IgE-mediated 

food allergy later in childhood can now be carefully evaluated in this cohort. Given that 

early introduction of other dietary antigens to high risk infant groups has been shown to 

lower subsequent food allergy risk and is now recommended,(38-42) the potential effects 

of sustained milk avoidance for this non-IgE-mediated food allergy should also be carefully 

studied. Growing observational data show that early exposure to cow’s milk is associated 

with lower rates of IgE-mediated milk allergy.(43,44)

There are several important limitations to this study. First, as already discussed, the 

diagnosis of FPIAP was made clinically following commonly referenced sources,(12) but 

formal national guidelines were often not followed (e.g. fecal occult blood testing was 

often used despite lack of validation for this indication, and confirmatory challenges 

recommended by the guidelines were rarely if ever performed)(9-11,24) which may have 

led to significant overdiagnosis of FPIAP. Second, the low number of infants exposed to 

perinatal antibiotics may make our study underpowered to assess this association. Third, 

the single recruitment center in a predominantly Caucasian and affluent community limits 

generalizability, however we did not find associations between disease presentation and any 

demographic variables. Finally, the study was not designed to evaluate the effect of infant 

diet on the prevention or treatment of FPIAP. Therefore, while the negative association 

between mixed feeding and FPIAP is suggestive of protection, this study should not be used 

to justify dietary recommendations. We do believe, especially given other data supporting 

a beneficial role of dietary antigen exposure on immune health,(38) that prospective and 

randomized studies to verify these findings may be warranted.

The association between mixed feeding (breastmilk and formula) and lower rates of FPIAP 

diagnosis in this cohort generates several hypotheses about the pathogenesis of FPIAP. We 

suspect that the intestinal microbiota (influenced by diet and other factors) coupled with 

significant oral exposure to dietary antigen (e.g. cow’s milk proteins in formula) promote 

infant immune development and antigen specific tolerance acquisition. The role of the 

intestinal microbiome in food sensitization, tolerance acquisition, and food allergy is being 

actively investigated,(45,46) and an early diet consisting of both breastmilk and cow’s milk 

formula has been shown to be associated with lower rates of IgE-mediated cow’s milk 
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allergy.(43,44) Longitudinal microbiome, metabolome, and immune response analyses are 

ongoing within this cohort to prospectively evaluate these hypotheses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

What is already known about this topic?

Food protein-induced allergic proctocolitis (FPIAP) is commonly diagnosed by 

pediatricians leading to dietary alterations during infancy, yet its prevalence, presentation, 

risk associations have never been prospectively defined.

What does this article add to our knowledge?

In this prospective observational cohort study of healthy newborn infants, 17% were 

diagnosed with FPIAP by their pediatrician with occult or gross blood in their stool, 

while only 7% had gross blood. Exclusive formula feeding, eczema, and a family history 

of food allergies were among statistically 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 symptoms 

and treatments in this cohort identifies a need for more discerning biomarkers and 

suggests that interventional studies to evaluate the impact of cow’s milk exposure may be 

warranted.
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Figure 1. Study population and follow-up.
*there were 6 subjects who met more than one of the analysis exclusion criteria
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Figure 2. Early life risk factors for FPIAP 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.
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Figure 3. Effect of infant diet on FPIAP development.
(A) Kaplan-Meier curves of time to FPIAP diagnosis by infant initial diet. (B) Kaplan-Meier 

curves of time to FPIAP diagnosis by infant diet as a time-varying covariate over the first 

four months (during which 95% of FPIAP cases presented).
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