Ye et al. Allergy, Asthma & Clinical Imnmunology (2023) 19:87 A||ergy, Asthma & Clinical
https://doi.org/10.1186/s13223-023-00843-x Immun O|Ogy

Check for
updates

Using the canadian egg ladder in children
with food protein-induced enterocolitis
syndrome: a case series
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Abstract

Background Current management of food protein-induced enterocolitis syndrome (FPIES) involves strict avoidance
of the offending food for 12-18 months, followed by oral food challenge (OFC) under physician supervision. OFCs
are resource-intensive and there is a lack of a universal standardized protocol for FPIES. Prolonged avoidance

may increase the risk of IgE-mediated allergy, particularly in atopic patients. Food ladders have shown success in
promoting accelerated tolerance in patients with IgE-mediated allergy. Our case series evaluated the safety of use of
the Canadian Egg Ladder in patients with mild-to-moderate FPIES to egg.

Methods From May 2020 to November 2021, patients with mild-to-moderate FPIES to egg, defined as no history
of lethargy or intravenous fluid administration, were started on the Canadian Egg Ladder. Instructions for advancing
up the ladder were identical to using the Canadian Egg Ladder in patients with IgE-mediated allergy. Patients

were followed every 3-6 months, at which time information was collected regarding progression up the ladder,
symptoms while on treatment and interventions required. Treating allergists completed a survey to capture baseline
demographic characteristics and prior tolerance to egg. Descriptive statistics were analyzed using MS Excel.

Results Twenty-one patients with mild-to-moderate FPIES were started on the Canadian Egg Ladder. Median age

at initiation of the ladder was 10 months (IQR, 9-11). Nineteen (90.5%) patients completed the ladder, tolerating a
serving size amount of cooked egg, over a median duration of 7 month (IQR, 4-9 months). Four patients (19.0%) had
mild symptoms including vomiting (9.5%), pallor (9.5%), belching (4.8%), irritability (4.8%) and small spit up (4.8%). In
three of the four patients, symptoms were the result of accidental exposure to a higher step of the ladder. There were
no reports of lethargy. No patients required health care presentation or intravenous fluid administration. No patients
discontinued the ladder.

Conclusions The Canadian Egg Ladder can safely guide the dietary advancement of egg-containing foods in
patients with mild-to-moderate FPIES to egg, without the need for prolonged avoidance and resource-intensive OFCs.
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Background and rationale

Acute food protein-induced enterocolitis syndrome
(FPIES) is a non-IgE-mediated allergy characterized
by delayed, repetitive vomiting 1-4 h after ingestion of
the suspect food in the absence of classic IgE-mediated
symptoms [1]. Profuse vomiting can be followed by
delayed diarrhea and pallor. Most cases are mild-moder-
ate, with a few episodes of intermittent vomiting, pallor,
and mild lethargy which resolve at home. Severe cases
may involve lethargy and hypotension requiring intrave-
nous (IV) fluid support and hospitalization.

Traditional management of FPIES involves eliminat-
ing the trigger food from the diet, with subsequent rein-
troduction under physician supervision in the form of
an oral food challenge (OFC), typically 12-18 months
after the most recent reaction [1]. There is no consen-
sus regarding OFC protocol for FPIES and practices vary
greatly [2]. Moreover, OFCs are labour-intensive and
costly for the healthcare system and patients [3]. Recent
studies are evaluating alternative approaches to manage-
ment, shifting away from invasive procedures and con-
serving resources [4].

Prolonged food avoidance could be harmful, par-
ticularly in atopic patients who are at increased risk of
developing IgE-mediated food allergies [5]. Caubet et
al. described children with FPIES, and also detectable
specific IgE antibodies to the food that triggered FPIES,
developing IgE-mediated allergy following strict allergen
avoidance [6]. Early and regular consumption of aller-
genic foods significantly reduces the risk of developing
allergies in high-risk infants compared to strict avoidance
[5,7].

The Canadian Egg Ladder is used to guide families
in introducing increasingly allergenic forms of egg to
children with IgE-mediated egg allergy, starting with
extensively heated products which most children with
IgE-mediated allergy can consume without an allergic
reaction. [8] Studies have reported that children with
FPIES to egg were able to tolerate egg in baked form
without severe adverse reaction, providing precedence
for our hypothesis that patients with FPIES can be safely
started on the Canadian Egg Ladder [9].

This is the first study to evaluate the safety of using the
Canadian Egg Ladder in patients with mild-moderate
FPIES to egg.

Methods

From May 2020 to November 2021, pediatric patients
under 5 years of age with mild-moderate FPIES to egg,
were started on the Canadian Egg Ladder [8]. The diag-
nosis of acute FPIES was based on the 2017 American
Academy of Allergy, Asthma and & Immunology inter-
national consensus guidelines [1]. All patients had two
or more stereotypic reactions to hen’s egg. Patients with
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severe FPIES, defined as lethargy, hypotension, need for
IV fluid rehydration or hospitalization were excluded.

Treating allergists completed a survey to capture base-
line patient demographic characteristics and prior tol-
erance to egg. Our study protocol was identical to the
Canadian Egg Ladder used to guide patients with IgE-
mediated allergy to egg [8]. All patients were provided
with a copy of the Canadian Egg Ladder that included
detailed instructions on how to gradually progress up
the ladder from Step 1 to 4. All patients were given a pre-
scription for sublingual ondansetron, counselled on how
to treat nausea/vomiting and when to present to emer-
gency care. Patients were followed every 3—6 months, at
which time information was collected regarding progres-
sion up the ladder, symptoms while on treatment and
interventions required. During each visit, patients were
counselled on how to move up or hold the ladder if they
experienced symptoms [8].

Descriptive statistics were analyzed using Microsoft
Excel.

Results

Patient characteristics

Table 1 shows baseline patient characteristics. Twenty-
one infants, thirteen males (61.9%) and eight females
(38.1%), were included. There were no patients with
severe FPIES that were included. The median age at initial
reaction was 6 months (IQR, 5-7 months). All patients
had a subsequent adverse reaction. 95% of patients were
high-risk for IgE-mediated food allergy, defined as hav-
ing a personal history of atopy or a first-degree relative
with an atopic condition [5]. A third of the patients had a
first-degree family member with non-IgE-mediated food
allergies including three patients (14.3%) with family his-
tory of FPIES.

Eliciting doses for initial reactions ranged from % tea-
spoon to greater than 2 tablespoons of cooked egg. A
third of the patients (33.3%) described pallor, another
third (33.3%) reported to have appeared tired but respon-
sive, and two patients (9.5%) described diarrhea. Eigh-
teen infants (85.7%) were observed at home, while three
presented to emergency care, with one requiring sublin-
gual ondansetron.

Safety of using Canadian Egg Ladder [8]

Prior to starting the ladder, nine (42.9%) and two (9.5%)
patients had previously tolerated Step 1 and Step 2 foods,
respectively. Five patients (23.8%) had reacted to Step 1
or 2 foods, while seven patients (33.3%) had never been
exposed to egg from any step of the ladder.

The median age at initiation of the ladder was 10
months (IQR, 9-11 months) (Table 2). Nineteen (90.5%)
patients completed the egg ladder over a median dura-
tion of 7 month (IQR, 4—9 months). The remaining two
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Table 1 Baseline Characteristics Prior to Starting Canadian Egg Ladder
Patient No. Sex Age at Initial Re-  Risk Factor for IgE-  Multi-food FPIES  Prior Tolerance to Prior Toler-
action (months)  Mediated Allergy* Ladder step 1 foods ance to
Ladder step
2 foods
1 Male 6 Yes No Yes Never tried
2 Female 6 Yes No No Never tried
3 Male 7 Yes Yes - avocado Yes Never tried
4 Male 7 Yes No Yes Yes
5 Male 8 No No Yes Never tried
6 Male 6 Yes No Never tried Never tried
7 Male 6 Yes No Never tried No
8 Male 5 Yes No Yes Never tried
9 Female 4 Yes No Never tried Never tried
10 Female 7 Yes No Yes Yes
11 Male 5 Yes No No Never tried
12 Male 5 Yes No Never tried Never tried
13 Male 6 Yes No Never tried Never tried
14 Female 7 Yes No No Never tried
15 Male 8 Yes No Yes Never tried
16 Female 5 Yes No Yes Never tried
17 Female 4 Yes No Yes Never tried
18 Female 6 Yes No Never tried Never tried
19 Male 5 Yes No Never tried Never tried
20 Female 5 Yes Yes - oat Never tried No
21 Male 6 Yes No Never tried Never tried

*Risk factors for IgE mediated allergy include atopic dermatitis, allergic rhinitis, asthma, first degree family history of atopy (parents or sibling with eczema, allergic

rhinitis, asthma, IgE-mediated food allergy), diagnosis of IgE-mediated food allergy

patients are currently on step 2. Four patients (19.0%)
had mild symptoms including vomiting (9.5%), pallor
(9.5%), belching (4.8%), irritability (4.8%) and small spit
up (4.8%). Of these, three patients had symptoms fol-
lowing accidental exposure to a higher step of the ladder
and were instructed to return to the previously tolerated
step, with respect to volume and form of egg. One patient
had a reaction while adhering to the ladder protocol.
This patient had never tried baked egg prior to starting
the ladder and developed vomiting and pallor after con-
suming 2 teaspoons of baked egg. The reaction was man-
aged with sublingual ondansetron at home. No patients
required health care presentation or IV fluid administra-
tion. No patients discontinued the ladder.

Discussion

Our study demonstrated that the Canadian Egg Ladder
can safely guide the advancement of egg-containing foods
in patients with mild-to-moderate FPIES to egg. Most
patients successfully completed the Canadian Egg Lad-
der, tolerating a serving size of cooked egg. No patients
required healthcare presentation. Three of the four
patients who experienced mild symptoms had acciden-
tal exposure to a higher step of the ladder, highlighting
the importance of counselling on the hidden forms of egg
in common foods. All four of these patients successfully

completed the ladder. These promising results provide
support for using food ladders, which may reduce the
healthcare burden associated with OFCs and increase
access to treatment for patients. Gradual introduction of
egg-containing foods may also be safer than consuming
large doses at once in OFCs. The rate of acute, adverse
reactions requiring intervention for hospital-based OFCs
has been reported to range from 10 to 41%, although
these studies include patients with severe FPIES [6, 10—
12]. Furthermore, reducing the need for strict dietary
elimination may alleviate stress and improve quality of
life for families [13].

The literature reports variable median age of acquir-
ing tolerance to the FPIES trigger food ranging from 18
to 63 months [14—16]. Sopo et al. demonstrated earlier
rate of resolution to cooked egg compared to raw egg and
proposed a shorter duration between last reaction and
OFC for cooked egg [9]. Similarly, participants regularly
consumed cooked egg in this case series andthe median
age of resolution was 17 months, which is earlier com-
pared to the current literature. Furthermore, there were
no severe adverse reactions to baked egg in both our case
series and the study led by Sopo et al. .

Study limitations include recall bias; however, patients
were followed every 3—6 months, limiting the reporting
timeframe. Excluding patients with a history of severe
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Table 2 Summary of Patient Experiences with Canadian Egg Ladder

Patient Age atInitia- Step Duration Reaction on Ladder Intervention Com-

No. tion of Ladder started on Ladder pleted vs.

(in months) at (months) Current
Step

1 7 1 7 Step 4, pallor and fussy due to exposure to  Reduced volume of food given Completed
larger volume of food

2 9 1 Ongoing No None Step 2

3 10 1 9 No None Completed

4 11 2 3 No None Completed

5 10 1 4 No None Completed

6 10 1 5 No None Completed

7 12 1 9 Step 3, belching and small spit up due to Reviewed avoidance after accidental ~ Completed
unintended exposure to Step 4 foods exposure to a higher step food

8 9 1 9 Step 1, vomiting due to unintended expo-  Reviewed avoidance after accidental ~ Completed
sure to Step 4 foods exposure to a higher step food

9 13 1 3 No None Completed

10 1 2 5 No None Completed

1 27 1 Ongoing No None Step 2

12 10 1 11 No None Completed

13 11 1 7 No None Completed

14 8 1 7 No None Completed

15 9 1 7 No None Completed

16 11 1 4 No None Completed

17 7 2 8 No None Completed

18 10 1 4 No None Completed

19 11 1 10 No None Completed

20 10 1 8 No None Completed

21 12 1 12 Step 1, vomiting and pallor Paused the ladder for 3 months, then  Completed

successfully reinitiated it

FPIES reaction may have impacted participants’ toler-
ance and degree of reactions while undergoing treatment
with the Canadian Egg Ladder. Lastly, results were based
on a small sample size of participants from a single Cana-
dian province and may not be generalizable to patients
in other regions. Further evidence is required to support
daily allergen exposure in the management of FPIES.

This novel approach encourages safe expansion of the
diet, minimizes the duration and burden of food avoid-
ance, eliminates the need for costly and time consuming
OFCs, and may contribute to earlier delabelling of FPIES.
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