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Abstract

Background Oral food challenges (OFCs) are considered the gold standard for diagnosis of food protein-induced
enterocolitis syndrome (FPIES), a non-immunoglobulin E mediated gastrointestinal food allergy characterized by
delayed, repetitive vomiting, lethargy, and sometimes diarrhea, primarily affecting infants and young children. Our
modified approach to OFCs involves smaller, gradually increased doses to mitigate the risk of severe reactions. We
aimed to measure the successful completion of this OFC protocol.

Methods In a retrospective chart review, patients age < 18 years, who had 1 +episode of acute FPIES between 2015
and 2023 were identified using an allergy clinic database. Patients underwent OFCs with home up dosing every 2-4
weeks. Steps included 1%, 2%, 5%, 10%, 20%, 30%, 40%, 60%, 80%, and 100% of the final serving amount. The primary
outcome was successful completion, i.e. absence of severe reactions during the OFC protocol and 1 year after. Data
were analysed using logistic regression and reported as odds ratios (OR) and 95% confidence intervals (95% Cl).
Results were adjusted for multiple allergic comorbidities, age of FPIES onset, and biological sex.

Results Among 47 patients who began the OFC protocol, 38 (80.85%) completed it without significant reactions.
Of the 9 (19.14%) who did not complete the protocol, 4 (44.4%) paused due to reactions, and 5 (55.6%) paused due
to non-FPIES symptoms. The 4 reactors paused due to mild-to-moderate reactions; there were no severe reactions
during the protocol. There were no significant associations identified between OFC completion and severity of
symptoms (OR 1.05; 95% Cl 0.24-4.71; p=0.94); age at onset of symptoms (OR 0.99; 95% C| 0.94-1.02; p=0.58); or age
of starting OFC (OR 1.00; 95% Cl 0.98-1.02; p=0.90). Patients who reacted to milk tended to be less likely to complete
the protocol than those reacting to other foods (OR 0.28; 95% Cl 0.07-1.06; p=0.06).

Conclusions This study supports the potential for a home-based gradual approach to OFCs in FPIES, evidenced by a
high completion rate and no severe reactions.
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Background

Food protein—induced enterocolitis syndrome (FPIES)
is a non-immunoglobulin E (IgE)-mediated food allergy,
predominantly affecting infants [1]. FPIES is character-
ized by reactions including vomiting, diarrhea, lethargy,
pallor, abdominal distention, and in more severe cases,
hypotension and shock [2]. Common triggers are soy,
cow’s milk, and grains, with symptoms typically emerg-
ing within 1-to-4 h of ingestion [1, 3]. A chronic form
of FPIES is also noted, where ongoing exposure to trig-
ger foods leads to persistent symptoms and failure to
thrive. The diagnosis is mainly clinical, based on a his-
tory of repeated reactions to the same food triggers and
improvement upon their removal from the diet [4].
Although most patients have outgrown their FPIES reac-
tion in the school-age years, it has also been recognized
to persist into adolescence or even present for the first
time in adulthood, underscoring the variability in its clin-
ical presentation [5].

The natural history of FPIES suggests a generally favor-
able prognosis, with most affected infants experiencing
spontaneous resolution within the first few years of life.
Approximately 60—90% of affected children achieve toler-
ance the triggering food by 3 to 5 years of age, although
the rate varies depending on the food trigger involved
[6-8]. Milk and soy are the predominant food triggers
across multiple study populations, whereas secondary
trigger foods differ among populations based on cul-
tural dietary practices—for example, fish is introduced
earlier in the Italian diet compared to North American
populations [7-10]. Observed differences in cross reac-
tivity between different FPIES triggers between popula-
tions were also hypothesized to due to the order of food
introduction and potential microbiome differences [8,
9]. Infants whose FPIES resolves tend to have excellent
outcomes, with normal growth, development, and nutri-
tional status, provided appropriate dietary management
was implemented during the active phase of the disease
[11].

Oral food challenges (OFCs) are considered the gold
standard for confirming FPIES [12]. Traditional OFCs
involve administering a food protein dose of 0.06-0.6 g/
kg in three equal doses over a 30-to-60-min period. If no
symptoms occur within 2-to-3 h, a full age-appropriate
food serving is given, followed by another 4-h monitoring
period [2]. However, this approach has been criticized for
the risk of severe reactions, including hypotension and
shock, especially since symptoms can manifest or esca-
late hours after ingestion [13, 14].

To address these concerns, we developed a modified
OFC protocol with smaller, gradually increasing doses
every 2 to 4 weeks over the course of 10-months. Patients
who underwent this OFC protocol completed up dosing
at home, with the following incremental percentages of
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a final serving amount: 1%, 2%, 5%, 10%, 20%, 30%, 40%,
60%, 80%, and 100% of an appropriate serving amount.
This new method aims to reduce the risk of severe reac-
tions and allows for monitoring of delayed or chronic
FPIES.

Several clinical and demographic factors may influence
outcomes in patients undergoing OFC for FPIEs. Previ-
ous studies suggest that a history of atopic dermatitis,
asthma, allergic rhinitis, and family history of atopy may
be associated with increased susceptibility to food aller-
gies and could potentially influence the severity of FPIES
[2, 3, 15]. Additionally, variables such as gestational age,
sex, and weight at time of first symptom onset have been
examined in prior research as potential risk modifiers of
allergic disease severity or resolution [10, 12, 16]. Under-
standing of these factors is critical in identifying children
at higher risk for persistent FPIES symptoms and guide
individualized clinical management. Considering the
previously mentioned demographic and cultural varia-
tions in food introduction practices and their impact on
FPIES triggers, the specific food allergens investigated in
this study were selected based on priority allergens iden-
tified in Canadian populations, including cow’s milk, egg,
peanut, tree nuts, fish, shellfish, soy, wheat and triticale,
mustard, and sesame [16].

This study aims to evaluate the efficacy and safety of
our modified OFC protocol specifically tailored to FPIES,
in the context of these influential factors. Identifying
demographic and clinical predictors of OFC outcomes
may ultimately refine FPIES management, improve
patient safety, and enhance our ability to predict long-
term tolerance in affected children.

Methods

Patient selection

This retrospective cohort study included 47 participants
ages 5 months to 13 years old from an allergy outpatient
clinic in Kitchener-Waterloo, Ontario, Canada. Informed
consent was obtained from parents/guardians for the use
of medical records in research. Patients selected were
those who had a diagnosis of FPIES between January
2015 and April 2024, defined as meeting one major cri-
terion and at least three of the minor criteria determined
by the AAAAI 2017 guidelines [2]. The Telus Health elec-
tronic medical record systems at the outpatient allergy
clinic was used to collect the relevant de-identified
patient data.

Inclusion criteria was defined as pediatric patients of
the outpatient clinic, who had at least 1 episode of acute
FPIES whether mild-to-moderate or severe, defined in
accordance with AAAAI 2017 FPIES guidelines [2]. (ref-
erence the website hyperlink—Table 1 of guideline).

Exclusion criteria were defined as patients demon-
strating reactions without satisfaction of acute FPIES
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Table 1 Study population participants characteristics (N=47)
Characteristic Study popula-

tion (N=47)

n %
Male 27 57.4%
Other allergic comorbidities +
Atopic dermatitis 21 44.6%
Asthma 10 21.3%
Allergic rhinitis 6 12.8%
IgE mediated food allergy diagnosis 15 31.9%
Other prescription medications during OFC* 19 40.4%
Family history of atopy 29 61.7%

n Mean+SD

Age of first FPIES reaction in months 46 12.50+£19.7
Age of starting modified FPIES OFC in months 42 40.5+34.2
Gestational age in weeks 18 383+26

*Other prescriptions noted included antihistamines, short acting beta agonists,
long acting muscarinic antagonists, inhaled corticosteroids, epinephrine
autoinjectors, proton pump inhibitors, and systemic corticosteroids

+ Not mutually exclusive co morbidities

IgE immunoglobulin E, OFC oral food challenges, FPIES food protein induced
enterocolitis

symptoms, for example, isolated IgE reactions without
vomiting. Additionally, those with diagnostic uncertainty,
such as removal of culprit food did not result in symp-
tom resolution, despite meeting other characteristics of
FPIES.

Data abstraction

From the clinic database, we extracted information per-
tinent to consider as covariates for risk factors for FPIES,
such as history of atopic dermatitis, asthma, and allergic
rhinitis. Additionally, co-variants information such as IgE
mediated reactions to food allergens, and food protein—
induced allergic proctocolitis (FPIAP) were collected.
We also collected demographic data such as sex, gesta-
tional age, weight at FPIES onset, weight at start of OFC
protocol, other medical conditions, and family history of
atopy. This information was gathered primarily through
parent-reported history during initial clinical consulta-
tions and subsequent follow-up appointments, supple-
mented by clinical examination findings where available.
Furthermore, we collected information on the comple-
tion of OFC protocol and specifics of any reaction during
the OFC protocol. Reactions during the OFC protocol
were stratified as either mild-moderate or severe acute
FPIES according to Table II in the AAAAI 2017 FPIES
guidelines [2]. By examining these factors, our goal was
to refine understanding of effective FPIES management
strategies and to enhance patient outcomes through safer
OFC protocols.
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The protocol

Figure 1 illustrates a schematic diagram of the revised
FPIES OFC protocol. The revised protocol for FPIES OFC
is implemented 1 year after initial diagnosis of FPIES with
the specialist allergist physician. There is no defined age
threshold for initiating this protocol. The OFC involves
gradually increasing doses of the culprit food every 2 to 4
weeks over the course of up to 10-months. Each up-dos-
ing step and maintenance dosing occurs at home, after
consultation and education with an allergist. The follow-
ing incremental percentages of a final serving amount are
used as the steps for each up dose: 1%, 2%, 5%, 10%, 20%,
30%, 40%, 60%, 80%, and 100% of a final serving amount.
The decision to increase the doses either every 2 weeks or
every 4 weeks is under the discretion of the parents. The
final serving amount is based on age-appropriate serving
sizes, under the discretion of the treating allergist in con-
junction with patient family input. During the protocol,
there is no specific follow-up scheduled. Patients are to
make a follow up appointment should there be a reaction.
Following this protocol, patients are seen in follow up by
the allergist.

Study outcomes

Our primary outcome was successful completion of
our modified OFC protocol, operationalized as the abil-
ity to complete the OFC in the absence of severe reac-
tions, which broadly aligns with the criteria outlined in
the American Academy of Allergy, Asthma & Immunol-
ogy (AAAAI) 2017 guidelines [2]. Long-term outcomes
and tolerability were further characterized by assessing
whether patients successfully completed the protocol and
experienced no reactions for at least 1 year afterward.
Secondary outcomes included identifying reasons for
unsuccessful completion of the protocol, distinguishing
between FPIES-related and non-FPIES-related causes, an
evaluating the severity of acute FPIES reactions occur-
ring during the OFC;

Statistical analysis

Data was described (n/N, % mean, median, standard
deviation, etc.) to understand candidate variables includ-
ing patient age, biological sex, time of first reaction, trig-
ger foods/cause of reaction, and similar. We examined
differences between types of foods or number of trigger
foods eliciting FPIES reactions. These candidate variables
were chosen based on their demonstrated relevance in
existing literature of age-specific challenges associated
with OFCs [17]. Likewise, the offending food agents cho-
sen are based on published literature priority allergens in
Canada [16] including cow’s milk, egg, peanut, tree nut,
fish, shellfish, soy, wheat and triticale, mustard, sesame
and soy.
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‘ Step 1: Initial diagnosis of FPIES with an allergist. ‘

)

| Step 2: One year waiting period following diagnosis. Patient avoids the culprit food. I

¥

Step 3: Follow up appointment the with allergist. First step of protocol initiated in office or at
home. 1% of a final serving amount* is provided to the patient.

\

Step 4: 2% of a final serving amount* is trialed at home. |

I Step 5: 5% of a final serving amount* is trialed at home. |

Any reaction

| Step 6: 10% of a final serving amount* is trialed at home. |

between Step 3

to Step 12, the

Step 7: 20% of a final serving amount* is trialed at home.

| patient should

stop or hold at

Step 8: 30% of a final serving amount* is trialed at home.

| safe dose and

make a follow up

Step 9: 40% of a final serving amount* is trialed at home. |

appointment with

the allergist.

| Step 10: 60% of a final serving amount* is trialed at home. |

| Step 11: 80% of a final serving amount* is trialed at home. |

Timing: 2to 4 |

weekst pass

between each = |

step from Step

3 to Step 12. I
|

Step 12: 100% of a final serving amount* is trialed at home. |

2

Step 13: Final follow up appointment with the allergist.

*The final serving amount is based on age appropriate serving sizes, under the discretion of the treating allergist in

conjunction with patient family input.

1 The decision to increase the doses either every 2 weeks or every 4 weeks is under the discretion of the parents.

Fig. 1 Modified FPIES OFC protocol. Abbreviations: oral food challenges (OFC), food protein induced enterocolitis (FPIES)

Comparisons were made using logistic regression (fully
adjusted OR, 95% confidence interval, standard devia-
tion) with adjustments made for confounding variables.
Multivariable logistic regression was used to adjust for
confounders and determine the independent effects of
each predictor. In our final model, we adjusted for mul-
tiple allergic comorbidities, age of FPIES onset, and bio-
logical sex. Tables 4 and 5 include both unadjusted and
fully adjusted results, whereas the text details only the
adjusted results. Data was analyzed using Stata (version
17, College Station, Texas). Ethical approval for this study
was granted by the Hamilton Integrated Research Ethics
Board (REB #17339).

Results
Among the 47 patients who initiated the protocol, 38
(80.85%) completed it without significant reactions.
There were 9 patients (19.14%) who did not complete the
protocol, 4 patients (8.5%) paused due to reactions, and
5 patients (10.6%) paused due to non-FPIES symptoms.
Our study population was majority male (57.4%;
Table 1). Many patients had a family history of atopy
(61.7%) and other allergic comorbidities, such as atopic

dermatitis (44.6%). Other prescriptions noted included
antihistamines, short acting beta agonists, long-acting
muscarinic antagonists, inhaled corticosteroids, epineph-
rine auto injectors, proton pump inhibitors, and systemic
corticosteroids.

Table 2 presents the characteristics of the nine patients
who did not complete the protocol, and Table 3 shows
the clinical characteristics of patients with acute FPIES
with positive reactions in the OFC. As noted, all (100.0%)
of the non-FPIES reactors had other IgE-mediated food
allergy diagnosis, compared to none (0.0%) in the FPIES
reactors cohort. Similarly, the non FPIES reactors 100.0%
were noted to have other allergic comorbidities such as
atopic dermatitis, asthma, and allergic rhinitis, whereas
the FPIES reactors only 25.0% endorsed these comor-
bidities. The majority (60.0%) of non FPIES reactors were
noted to have reacted to eggs.

The five non FPIES reactors stopped the protocol due
to various reasons, not in keeping with acute FPIES reac-
tions. Two of the five patients developed atypical FPIES.
Additionally, two patients developed mild rashes. One
rash developed in conjunction with amoxicillin use,
and therefore the patient is planned for reintroduction
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Table 2 Population characteristics of protocol non-completers:
FPIES type reactors versus non FPIES type reactors
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Table 3 Clinical characteristics of subjects who had positive
reactions in OFC

Characteristic FPIES reactor  Non FPIES
population reactor
(N=4) population
(N=5)
% n %

Male 2 50.0% 4 80.0%
Other allergic comorbidities: Atopic 1 25.0% 5  100.0%
dermatitis, Asthma, Allergic rhinitis
IgE-mediated food allergy diagnosis 0 0.0% 5 100.0%
Other prescription medications during 1 25.0% 2 40.0%
OFC*
Family history of atopy 3 75.0% 5 100.0%
FPIES culprit food for OFC: Egg 0 0.0% 3 60.0%
FPIES culprit food for OFC: Milk/Dairy 2 50.0% 1 20.0%
FPIES culprit food for OFC: Oats 1 25.0% 1 200%
FPIES culprit food for OFC: Tomato 1 25.0% 0 00%

n MeantSD n MeantSD
Age of first FPIES reaction in 4 11754134 5 55+32
months
Age of starting modified FPIESOFC 3 480+327 4 1694110
in months
Gestational age in weeks 1 404+0 1 36%0

*Other prescriptions noted included antihistamines, short acting beta agonists,
long-acting muscarinic antagonists, inhaled corticosteroids, epinephrine
autoinjectors proton pump inhibitors, and systemic corticosteroids

OFC oral food challenges, FPIES food protein induced enterocolitis, IgE
immunoglobulin E

of our FPIES OFC protocol in the future when no lon-
ger on antibiotics. The second patient’s rash occurred at
the first dose of the protocol, however after resolution of
the rash the OFC was re attempted. Results of the sec-
ond attempted OFC does not coincide with the timeline
of this study and is therefore not reported. Lastly, the
final non FPIES reactor developed symptoms of gagging,
not consistent with an acute FPIES reaction, but chose
not to continue further with the OFC. The decision to
stop the OFC despite non FPIES symptoms was decided
based on treating physician and parent/patient shared
decision-making.

Figure 2 compares the severity of reactions in our
study, stratified as either mild-moderate or severe acute
FPIES according to Table II in the AAAAI 2017 FPIES
guidelines [2]. The initial FPIES reactions highlight that
the majority (59.6%) of our study cohort had initial severe
acute FPIES reactions that led to their suspected diagno-
sis. This is compared to our 4 FPIES reactors who paused
the protocol, all of which paused due to mild to moder-
ate reactions during the OFC. There were none (0.0%) of
severe FPIES reactions during the OFC protocol.

As seen in Table 4, there were no significant associa-
tions identified between OFC completion and severity
of symptoms (fully adjusted OR 1.05; 95% CI 0.24—4.71;
p=0.94); OFC completion and age at onset of symptoms
(fully adjusted OR 0.99; 95% CI 0.94-1.02; p=0.58); or

Characteristic Patient number

1 2 3 4
Sex Female Male Male Female
Food Milk Oats Milk Tomatoes
Age of onset 9 7 1 25
(months)
Age undertaking 72 20 84 40
OFC (months)
Family history of ~ Yes Yes No Yes
atopy
First reaction of Diarrhea Vomiting Vomit-  Diarrhea
acute FPIES (times) Vomiting (5) 4) ing (2) Vomiting
Time to initial 0.75 1.5 0 6
reaction from
ingestion (h)
Severity of first Severe Severe Mild Mild
reaction
Treatment of initial ER visit Self- Self- Self-
reaction Ondansetron resolved  resolved resolved
athome athome athome
Protocol load 1% of final serv- 1% of 1% of 5% of
ing amount final final final
serving serving  serving
amount  amount amount
OFC reaction Vomiting Diarrhea  Diarrhea Diarrhea
Abdo Abdo
pain pain
Severity in OFC Mild Mild Mild Mild
Time to reaction 0 0 6 6
from OFC inges-
tion (h)
Treatment Self-resolved Self- Self-re-  Self-
resolved  solved  resolved
Confirmatory Acute FPIES Acute Acute Acute
diagnosis by OFC FPIES FPIES FPIES

h hours, OFC oral food challenges, FPIES food protein induced enterocolitis

Mild-Moderate Severe

30

25

20 19

15

Number of patients

Initial* FPIES reaction (N=47) FPIES reaction during OFC (N=4)
A Represents the initial reaction that led to the suspected FPIES diagnosis.

Fig. 2 Severity of initial FPIES reactions versus severity of FPIES reactions
during OFC
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Table 4 Logistic regression tables of OFC completion

Variable Severity of Age of onset of Age of

symptoms symptoms starting
OFC

Odds ratio (OR)

Fully adjusted 1.05 0.99 1.00

Unadjusted 1.13 0.99 1.00

95% confidence interval (Cl)

Fully adjusted 0.24-4.71 0.94-1.02 098-1.02

Unadjusted 0.26-4.85 0.97-1.02 098-1.01

p value

Fully adjusted 0.94 0.58 0.90

Unadjusted 0.87 0.64 0.85

Table 5 Logistic regression analysis of reaction to milk versus
other foods

Variable Reactions milk versus other foods
Odds ratio (OR)

Fully adjusted 0.28

Unadjusted 0.30

95% confidence interval (Cl)

Fully adjusted 0.07-1.06

Unadjusted 0.08-1.09

p value

Fully adjusted 0.06

Unadjusted 0.07

OFC completion and age of starting OFC (fully adjusted
OR 1.00; 95% CI 0.98-1.02; p=0.90).

Compared to foods other than milk/dairy, those who
reacted to milk tended to be less likely to complete (fully
adjusted OR 0.28; 95% CI 0.07-1.06; p = 0.06), which is
represented in Table 5.

Long term outcomes were collected based on patient/
parent reported symptoms in the 1-year period post
full dose escalation. No patients who participated in the
novel OFC protocol have contacted the office regarding
any recurrence of symptoms, we therefore assume that
these patients are symptoms free.

Discussion

This study presents a retrospective analysis evaluating
the efficacy and safety of a novel, gradual OFC proto-
col tailored specifically for pediatric patients diagnosed
FPIES. Through a cautious, incremental approach aimed
at minimizing severe reactions, our home OFC proto-
col demonstrated a high completion rate (80.85%) with-
out significant adverse events. This research highlights
potential clinical and practical benefits of a home OFC
protocol, emphasizing improved patient safety and toler-
ability compared to traditional OFC methods.

The ideal OFC protocol should be able to accurately
detect changes in patient tolerance to specific food trig-
gers, enabling providers to assess if a patient is progress-
ing safely towards tolerance and responding appropriately
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to the protocol. Our modified OFC protocol has demon-
strated a higher success rate, and a lower incidence of
adverse reactions compared to other published protocols.
Highlighted in that 80.85% of patients completed the
OFC protocol and of those who paused due to reactions,
none of the reactions were severe in nature. This suggests
that the modified protocol is likely to be successful and
safer in FPIES.

Unlike traditional OFC approaches that pose risks of
severe reactions, including hypotension and shock, our
protocol’s gradual dose escalation over a longer dura-
tion enhances patient safety. Additionally, the structured,
stepwise dose increases allow for better prediction of
long-term tolerance, reducing the need for emergency
interventions and supporting a more controlled intro-
duction of trigger foods. Given the higher safety profile
and success rates observed, incorporating this modi-
fied OFC protocol into both clinical practice and future
research could improve approaches to managing patients
with FPIES. Among the four patients who paused the
protocol due to acute FPIES reactions, only one dis-
continued due to vomiting, while the remaining three
patients stopped due to diarrhea and abdominal pain
alone. This distinction is notable, as vomiting is often a
hallmark symptom of acute FPIES, yet the majority of
patients who reacted did not experience it. This may sug-
gest that a more gradual up-dosing approach could miti-
gate the more severe emetic responses traditionally seen
in acute FPIES reactions.

Additionally, no significant associations were observed
between protocol completion and factors such as symp-
tom severity, age at symptom onset, or age at initiation.
This implies that these variables did not strongly influ-
ence whether patients completed the OFC. Moreover, the
data showed a trend where patients who reacted to milk/
dairy were less likely to complete the protocol compared
to those who reacted to other foods. Although this was
not statistically significant, it suggests that milk/dairy
may pose a higher risk for protocol non-completion.

Due to the heterogeneity of OFC protocols and incon-
sistencies in adverse reaction reporting, direct compari-
son of our safety outcomes to other studies is not feasible.
However, examining reported adverse reaction rates in
existing OFC protocols provides context for understand-
ing how our findings align with broader trends in FPIES
management. Hwang et al. utilized a protocol in which
a cumulative dose of 0.15 g protein/kg body weight was
administered as a single dose, with resulting severe reac-
tions in 33% of participants (9/27) [18]. Sicherer et al.
employed a protocol with cumulative doses administered
in increasing amounts every 45—-60 min, with mild reac-
tions in 36.3% (4/11) and moderate reactions in 63.6%
(7/11) of patients [10]. Similarly, protocols that used
equal incremental doses, such as Caubet et al., elicited
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severe reactions in 19% of patients (14/74) [15]. Examina-
tion of multi-day OFC protocols, Infante et al. compared
escalating doses (12.5%, 25%, 50%, full dose) adminis-
tered at 30-min intervals on the same day versus every 48
h. Severe reactions occurred in 39.5% of patients in the
same-day cohort compared to 12.5% in the 48-h cohort
[19]. Nishimura et al. conducted an OFC protocol over
four days, starting with a 1/50th initial dose and increas-
ing once daily if tolerated. Of the eight positive OFCs, six
resulted in moderate symptoms, with intravenous fluid
resuscitation and/or corticosteroids administered in 50%
(4/8) of the patients [20]. The modification of the current
OFC protocol, based on international consensus guide-
lines, might be required for patients with severe acute
FPIES. Our modified protocol, which begins with a first
loading dose of 1/100, elicited fewer adverse reactions in
our population.

Our study has several strengths beyond the emphasis
on patient safety, the data collection and analysis exam-
ine a wide range of demographic and clinical variables
that may impact protocol success. By exploring factors
such as age, allergic comorbidities, and specific food
triggers, the study offers insights for clinical application.
The study also differentiates between patients who suc-
cessfully completed the protocol and those who did not,
providing insights into the specific challenges faced by
non-completers. This differentiation allows for targeted
refinement of the protocol to address these challenges
and better tailor it to patient needs. Targeting specifics
into why patients would not complete the protocol could
be an avenue for future research.

One limitation of the modified OFC protocol is its
extended duration, gradually increasing doses every 2
to 4 weeks over 10 months. This slow progression could
intersect with the natural outgrowth of FPIES in chil-
dren. Therefore, it may be challenging to distinguish
whether the observed tolerance is due to the safety of the
protocol or the natural resolution of FPIES. This limita-
tion highlights the need for further research to differ-
entiate between these two factors. Another limitation is
the absence of a standardized protein measurement for
the food triggers used in the protocol. Without precise
quantification of the protein dose, it is difficult to ensure
consistency and reproducibility of the challenge doses
across different patients. This variability could impact the
interpretation of the results and the overall efficacy of the
protocol. Future studies should consider implementing
standardized protein measurements to enhance the reli-
ability of OFC protocols. We note that protein may not
be the cause of FPIES. Additionally, although the primary
aim of the protocol is to confirm tolerance to suspected
food triggers safely, there is a possibility that the gradual
increase in doses could contribute to desensitization. If
the protocol inadvertently desensitizes patients, it may
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mask the true severity of FPIES reactions, leading to
overestimation of the safety profile of the protocol. Addi-
tionally, although the primary aim of the protocol is to
confirm tolerance to suspected food triggers safely, there
is a possibility that the gradual increase in doses could
contribute to some form of desensitization. If this type
of protocol desensitizes patients, it may become a treat-
ment for FPIES. The retrospective nature of our cohort
study yields limitations, prospective studies with larger,
diverse populations are needed to validate the findings
and ensure their applicability to different clinical settings.
Furthermore, long-term outcomes were collected based
on instructions given to patients/parents to contact the
treating physician with any recurrence of symptoms dur-
ing the 1-year period post full dose escalation. No for-
mal follow up may have led to inconsistent reporting of
symptom free periods. Lastly, our strict inclusion criteria
led to 10% of the study cohort excluded from analysis due
to non-FPIES reactions, which may introduce biases to
our study sample.

Overall, our study highlights the potential benefits of a
modified OFC protocol in safely managing FPIES, but it
also underscores the need for further research to address
the identified limitations. By refining these protocols and
conducting more comprehensive studies, we can improve
the care and outcomes for patients with FPIES. This study
contributes to the growing body of knowledge on FPIES
and provides a foundation for future research aimed at
optimizing OFC protocols and enhancing patient safety.

Conclusion

The decision to implement an OFC protocol in managing
FPIES is complex, necessitating a nuanced evaluation of
risks and benefits. While current protocols for OFCs are
established, concerns arise regarding the risk of severe
reactions such as hypotension and shock. Our retro-
spective cohort study assessed the efficacy of a modified
home-based, slower OFC protocol in mitigating these
risks. We found our slower gradual approach was highly
tolerable, with 80.85% of patients completing the OFC
protocol without significant reactions. This study’s find-
ings will suggest a potential need to refine the approach
to FPIES OFC’s and management.

Abbreviations

AAAAI American Academy of Allergy, Asthma & Immunology
FPIAP Food protein-induced allergic proctocolitis

FPIES Food protein-induced enterocolitis syndrome

IgE Immunoglobulin E

OFC Oral food challenge

OR Odds ratio

95% Cl 95% confidence intervals

Author contributions

E.M designed the study, collected the study data, collated the data for
statistical analysis, wrote the main manuscript, prepared the figures and
tables, and finalized the manuscript after co author suggested edits. PH



Morris et al. Allergy, Asthma & Clinical Immunology (2025) 21:45

designed the study, applied for ethics approval, collected the study data, and
wrote the main manuscript. J.P contributed to the study design, completed
the statistical analysis , wrote the statistical analysis sections of the main
manuscript, and contributed edits to the main manuscript. L.L contributed to
the study design , provided patients for the study, and contributed edits to the
main manuscript. N.R aided in collecting the study data and contributed edits
to the main manuscript. J.A aided in collecting the study data and contributed
edits to the main manuscript. H.K designed the study, oversaw the project,
provided patients for the study, and contributed edits to the main manuscript.
All'authors reviewed and approved the manuscript.

Data availability

The data that support the findings of this study are not openly available
due to reasons of patient privacy and are not available for request due to
similar reasoning. Data is located in controlled access data storage by the
corresponding author.

Declarations

Competing interests

Emily Morris has no real or perceived conflicts of interest to report. Peter Huan
has no real or perceived conflicts of interest to report. Jennifer Protudjer is
Section Head, Allied Health; and Co-Lead, Research Pillar for the Canadian
Society of Allergy and Clinical Immunology and is on the steering committee
for Canada’s National Food Allergy Action Plan. She reports consulting for
Ajinomoto Cambrooke, Novartis, Nutricia and ALK Abell6. Competitive
research funding from CAAIF, CIHR, Research Manitoba, Health Sciences
Centre Foundation (Manitoba), Children's Hospital Research Institute of
Manitoba, University of Manitoba, and, Social Sciences and Humanities
Research Council of Canada. Lucy Li has no real or perceived conflicts of
interest to report. Natalie Rondilla has no real or perceived conflicts of interest
to report. Jeevan Abraham has no real or perceived conflicts of interest to
report. Harold Kim - Consulting Fees: Speakers'bureau and/or advisory boards:
ALK, AstraZeneca, Bausch Health, CSL Behring, GSK, Novartis, Pfizer, Sanofy,
Takeda.

Author details

‘Department of Medicine, Western University, London, ON, Canada
’Department of Pediatrics and Child Health, Rady Faculty of Health
Sciences, Max Rady College of Medicine, University of Manitoba,
Winnipeg, MB, Canada

3Children's Hospital Research Institute of Manitoba, Winnipeg, MB, Canada
“Department of Food and Human Nutritional Sciences, Faculty of
Agricultural and Food Sciences, University of Manitoba, Winnipeg, MB,
Canada

SInstitute of Environmental Medicine, Karolinska Institutet, Stockholm,
Sweden

© Division of Clinical Immunology and Allergy, Department of Paediatrics,
University of Toronto, Toronto, ON, Canada

"Western University, London, ON, Canada

SWilfrid Laurier University, Waterloo, ON, Canada

“Division Clinical Immunology and Allergy, Department of Medicine,
Western University, London, ON, Canada

‘OFacu\ty of Health Sciences, McMaster University, Hamilton, ON, Canada

Received: 19 April 2025 / Accepted: 6 October 2025
Published online: 30 October 2025

References

1. Agyemang A, Nowak-Wegrzyn A. Food protein-induced enterocolitis syn-
drome: a comprehensive review. Clin Rev Allergy Immunol. 2019;57(2):261-
71. https//doi.org/10.1007/512016-018-8722-7.

2. Nowak-Wegrzyn A, Chehade M, Groetch ME, et al. International consensus
guidelines for the diagnosis and management of food protein-induced
enterocolitis syndrome: executive summary—workgroup report of the
adverse reactions to foods Committee, American academy of Allergy, asthma

Page 8 of 8

& immunology. J Allergy Clin Immunol. 2017;139(4):1111-e11264. https://doi.
0rg/10.1016/jjaci.2016.12.966.

3. Blackman AC, Anvari S, Davis CM, Anagnostou A. Emerging triggers of
food protein-induced enterocolitis syndrome: lessons from a pediatric
cohort of 74 children in the United States. Ann Allergy Asthma Immunol.
2019;122(4):407-11. https://doi.org/10.1016/j.anai.2019.01.022.

4. Sultafa J, McKibbon L, Roberts H, Sarraj J, Kim H. Modified oral food challenge
protocol approach in the diagnosis of food protein-induced enterocolitis
syndrome. Allergy Asthma Clin Immunol. 2022;18(1):8. https://doi.org/10.118
6/513223-022-00651-9.

5. Fernandes BN, Boyle RJ, Gore C, Simpson A, Custovic A. Food protein-
induced enterocolitis syndrome can occur in adults. J Allergy Clin Immunol.
2012;130(5):1199-200.

6. Leonard SA, Nowak-Wegrzyn A. Clinical diagnosis and management of food
protein-induced enterocolitis syndrome. Curr Opin Pediatr. 2012,24(6):739—
45. https://doi.org/10.1097/MOPOb013e3283599cal.

7. KatzY, Goldberg MR, Rajuan N, Cohen A, Leshno M. The prevalence and
natural course of food protein-induced enterocolitis syndrome to cow’s milk:
a large-scale, prospective population-based study. J Allergy Clin Immunol.
2011;127(3):647-53. https://doi.org/10.1016/}jaci.2010.12.1105.

8. Ruffner MA, Ruymann K, Barni S, Cianferoni A, Brown-Whitehorn T, Spergel
JM. Food protein-induced enterocolitis syndrome: insights from review of a
large referral population. J Allergy Clin Immunol Pract. 2013;1(4):343-9. https:
//doi.org/10.1016/}jaip.2013.05.011.

9. Sopo SM, Giorgio V, lacono ID, Novembre E, Mori F, Onesimo R. A multicentre
retrospective study of 66 Italian children with food protein-induced entero-
colitis syndrome: different management for different phenotypes. Clin Exp
Allergy. 2012;42(8):1257-65. https://doi.org/10.1111/}.1365-2222.2012.04027.
X.

10.  Sicherer SH, Eigenmann PA, Sampson HA. Clinical features of food protein-
induced Enterocolitis syndrome. J Pediatr. 1998;133(2):214-9. https://doi.org/
10.1016/50022-3476(98)70222-7.

11. Venter C, Groetch M. Nutritional management of food protein-induced
Enterocolitis syndrome. Curr Opin Allergy Clin Immunol. 2014;14(3):255-62. h
ttps://doi.org/10.1097/ACI.0000000000000054.

12. Baker MG, Nowak-Wegrzyn A. Diagnosis and management of chronic FPIES.
In: Brown-Whitehorn TF, Cianferoni A, editors. Food protein induced entero-
colitis (FPIES): diagnosis and management. Springer; 2019. pp. 77-89. https://
doi.org/10.1007/978-3-030-21229-2_6.

13.  Sicherer SH. Food protein-induced enterocolitis syndrome: case presenta-
tions and management lessons. J Allergy Clin Immunol. 2005;115(1):149-56.
https://doi.org/10.1016/jjaci.2004.09.033.

14.  Sengul Emeksiz Z, Ertugrul A, Ozmen S, Cavkaytar O, Ercan N, Bostanci
IB. Is oral food challenge as safe enough as it seems? J Trop Pediatr.
2021;67(3):fmab065. https://doi.org/10.1093/tropej/fmab065.

15. Caubet JC, Ford LS, Sickles L, et al. Clinical features and resolution of food
protein-induced enterocolitis syndrome: 10-year experience. J Allergy Clin
Immunol. 2014;134(2):382-9.

16.  Ben-Shoshan M, Knoll M, Soller L, et al. Prevalence of common food allergies
in canada: targeting specific demographic groups across Canada. J Allergy
Clin Immunol. 2012;129(2):AB235. https://doi.org/10.1016/jjaci.2011.12.163.

17. Upton JEM, Bird JA. Oral food challenges: special considerations. Ann Allergy
Asthma Immunol. 2020;124(5):451-8. https://doi.org/10.1016/j.anai.2020.02.0
08.

18.  Hwang JB, Sohn SM, Kim AS. Prospective follow-up oral food challenge in
food protein-induced Enterocolitis syndrome. Arch Dis Child. 2009;94(6):425-
8. https://doi.org/10.1136/adc.2008.143289.

19. Infante S, Marco-Marti G, et al. Oral food challenge in food Protein-induced
Enterocolitis syndrome by fish: is there any room for improvement? Int Arch
Allergy Immunol. 2019;179(3):215-21. https://doi.org/10.1159/000497486.

20. Nishimura K, Yamamoto-Hanada K, Sato M, et al. Remission of acute food
Protein-induced Enterocolitis syndrome confirmed by oral food challenges
in Japan. Nutrients. 2022;14(19):NA-NA. https://doi.org/10.3390/nu14194158.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s12016-018-8722-z
https://doi.org/10.1016/j.jaci.2016.12.966
https://doi.org/10.1016/j.jaci.2016.12.966
https://doi.org/10.1016/j.anai.2019.01.022
https://doi.org/10.1186/s13223-022-00651-9
https://doi.org/10.1186/s13223-022-00651-9
https://doi.org/10.1097/MOP.0b013e3283599ca1
https://doi.org/10.1016/j.jaci.2010.12.1105
https://doi.org/10.1016/j.jaip.2013.05.011
https://doi.org/10.1016/j.jaip.2013.05.011
https://doi.org/10.1111/j.1365-2222.2012.04027.x
https://doi.org/10.1111/j.1365-2222.2012.04027.x
https://doi.org/10.1016/s0022-3476(98)70222-7
https://doi.org/10.1016/s0022-3476(98)70222-7
https://doi.org/10.1097/ACI.0000000000000054
https://doi.org/10.1097/ACI.0000000000000054
https://doi.org/10.1007/978-3-030-21229-2_6
https://doi.org/10.1007/978-3-030-21229-2_6
https://doi.org/10.1016/j.jaci.2004.09.033
https://doi.org/10.1016/j.jaci.2004.09.033
https://doi.org/10.1093/tropej/fmab065
https://doi.org/10.1016/j.jaci.2011.12.163
https://doi.org/10.1016/j.anai.2020.02.008
https://doi.org/10.1016/j.anai.2020.02.008
https://doi.org/10.1136/adc.2008.143289
https://doi.org/10.1159/000497486
https://doi.org/10.3390/nu14194158

	﻿Evaluating the efficacy of a novel home-based oral food challenge protocol for pediatric food protein induced enterocolitis syndrome
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patient selection
	﻿Data abstraction
	﻿The protocol
	﻿Study outcomes
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


