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protein-induced enterocolitis syndrome in a celiac disease patient?
Silvia Furio MD a, Maurizio Mennini MD, PhD a, Marisa Piccirillo MD a, Federica Ferrari MD, PhD b,
Claudia Pacchiarotti MD a, Alessandro Ferretti MD a, Alessandro Giovanni Fiocchi MD c,
Pasquale Parisi MD, PhD a, Giovanni Di Nardo MD, PhD a,*
a NESMOS Department, Sapienza University of Rome, Pediatric Unit, Sant’Andrea University Hospital, Rome, Italy
b U.O. Pediatria Ospedale Sant’Eugenio, Roma, Italy
c Department of Allergology, Children’s Hospital Ospedale Pediatrico Bambino Ges�u-IRCCS, Rome, Italy
A R T I C L E I N F O

Article History:
Received 9 July 2023
Received in revised form 9 October 2023
Accepted 30 October 2023
*Corresponding author. Tel.: +393397267637.
E-mail address: gionvanni.dinardo@uniroma1.

https://doi.org/10.1016/j.nut.2023.112293
0899-9007/© 2023 The Author(s). Published by Els
A B S T R A C T

Cases of association between celiac disease and wheat allergy have been described in the literature. However,
to date, no reported cases have linked celiac disease with wheat food protein-induced enterocolitis syn-
drome (FPIES). We report a case of this association. A child diagnosed with celiac disease at the age of 2 years,
following a gluten-free diet, experienced uncontrollable vomiting, and subsequent hypotension within 2 h of
accidental ingestion of wheat flour. As a result, the child required hospitalization for fluid therapy. A similar
episode occurred when the child turned 5 y, again resulting from accidental gluten ingestion. This time, the
symptoms included vomiting, hypotension, and a loss of consciousness, leading to hospitalization for rehy-
dration treatment. After this second episode, on suspicion of FPIES, the patient was referred to the pediatric
allergists, who confirmed the diagnosis. To our knowledge, this is the first case of an association between
celiac disease and FPIES.
It has been hypothesized that exclusion diets in food-allergic children may lead to an increase in specific
immunoglobulin E levels for those foods and, consequently, the risk of anaphylaxis. However, FPIES is not an
immunoglobulin E�mediated condition. Hence, further investigations are warranted to elucidate the under-
lying mechanisms linking these 2 disorders.

© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Case report

We report the case of a 6-year-old girl who experienced 2 char-
acteristic episodes of food protein-induced enterocolitis syndrome
(FPIES). These episodes occurred after inadvertent wheat ingestion,
following its exclusion from her diet because of a confirmed diag-
nosis of celiac disease (CD).

The girl was born to allergic parents (father: childhood allergic
asthma; mother: pollen-induced allergic rhinoconjunctivitis). In
the context of an uneventful introduction of solid foods, the girl
was introduced to wheat at the age of 6 mo, with tolerance. At 18
mo of age, the patient began experiencing bloating, weakness, ane-
mia, and growth issues. Suspecting CD, laboratory screening tests
were conducted. The results revealed a competent total immuno-
globulin A (IgA) level, antihuman tissue transglutaminase IgG at
90.00 U/mL (negative threshold <7), and antihuman tissue trans-
glutaminase IgA at 128.99 U/mL (negative threshold <7), along
with a positive antiendomysial antibody result.

Considering that the antibody levels were more than 10 times the
normal value, in accordance with the latest guidelines, an endoscopy
with biopsy was not deemed necessary [1]. Thus, a diagnosis of CD
was established, and the patient started a gluten-free diet.

During subsequent follow-up visits, CD was clinically and serolog-
ically well-controlled, indicating adherence to the gluten-free diet.

However, at the age of 4 y, after 2 h from accidental ingestion of
wheat flour, she developed uncontrollable vomiting (20 episodes)
followed by hypotension, requiring hospitalization for fluid ther-
apy. In this instance, blood tests were performed, which showed
leukocytosis and an increase in neutrophils.

A similar episode occurred when the child turned 5 y, again
resulting from accidental gluten ingestion. This time, the symp-
toms included vomiting, hypotension, and a loss of consciousness,
leading to hospitalization for rehydration treatment.
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Table 1
Patient’s allergometric tests

Skin prick test for wheat Negative

Total immunoglobulin E 18.59 IU/mL
Specific immunoglobulin E for wheat (Triticum aestivum) <0.10 IU/mL
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After this second episode, on suspicion of FPIES, she was conse-
quently referred to pediatric allergists for further investigation.
The conducted tests, including the skin prick test, yielded negative
results. Furthermore, the specific IgE for wheat also returned nega-
tive results (Table 1).

These results effectively ruled out the existence of an IgE-medi-
ated wheat allergy but maintained the ongoing clinical suspicion
of FPIES in the context of a patient with CD.

The diagnosis of FPIES poses significant challenges, primarily
because of the absence of specific biomarkers that can definitively
confirm or exclude the condition [2]. Consequently, there is a prev-
alent diagnostic delay in many cases [2]. FPIES is primarily diag-
nosed based on clinical features, which, although not exclusive,
consistently manifest whenever the patient consumes the trigger-
ing food. Several diagnostic criteria for FPIES have been described
in the literature; however, ongoing discussions persist [2]. Cur-
rently, the most widely used diagnostic criteria are those proposed
by the International Consensus on FPIES. According to these crite-
ria, the diagnosis of acute FPIES requires the fulfillment of the
major criterion (vomiting occurring 1�4 h after ingestion of the
implicated food, without IgE-mediated allergic skin or respiratory
symptoms) along with at least 3 minor criteria.

Clinical history is often enough to diagnose FPIES with particu-
lar attention to timing of symptoms after ingestion and the trigger-
ing food; however, when history alone is not enough, especially in
the setting of chronic FPIES, supervised oral food challenges are
warranted and considered the gold standard for diagnosis.

We can therefore observe how our patient presented with the
major criterion and 6 minor criteria (Table 2).

We report on 2 episodes triggered by the same food. In our
patient, in addition to repeated episodes of vomiting approximately
2 h after consuming wheat, exhibited pallor, hypotension, lethargy,
and required a visit to the emergency room for fluid therapy.

After diagnosis FPIES, the family, school, and relatives were
alerted about the danger of possible contaminations. In the subse-
quent follow-up, the child is in good clinical condition and has not
experienced similar events again. Fortunately, in our specific case,
the clinical criteria were sufficient to make a diagnosis of FPIES. It
Table 2
Acute FPIES diagnostic criteria in comparison with our patient

Major criterion
✔ Vomiting in the 1- to 4-h period after ingestion of the suspect food and the

absence of classic immunoglobulin E-mediated allergic skin or respiratory
symptoms

Minor criteria
✔ A second (or more) episode of repetitive vomiting after eating the same

suspect food
✖ Repetitive vomiting episode 1�4 h after eating a different food
✔ Extreme lethargy with any suspected reaction
✔Marked pallor with any suspected reaction
✔ Need for emergency room visit with any suspected reaction
✔ Need for intravenous fluid support with any suspected reaction
✖ Diarrhea in 24 h (usually 5�10 h)
✔ Hypotension
✖ Hypothermia
is not possible to perform an Oral Food Challenge with wheat in a
child with celiac disease because of the potential consequences.

Discussion

The pathogenesis of CD revolves around the pivotal role of T
lymphocytes.

Wheat, as a member of the Poaceae family, primarily contains
gliadins and glutenins, which serve as the key storage proteins in
the wheat kernel, rendering wheat flour suitable for baking [3].

In CD, antibodies of the IgA and IgG classes, specifically target-
ing gliadin, bind to HLA-DQ2 or DQ8 molecules on antigen-pre-
senting cells. This binding event subsequently triggers the
activation of CD4+ T lymphocytes located in the lamina propria of
the intestinal mucosa. Activated by gliadin, these T lymphocytes
migrate from the lamina propria to the subepithelial region, initiat-
ing the production of various cytokines, including interferon
gamma, interleukin 2, interleukin 4, and tumor necrosis factor-a
[3]. The release of these cytokines leads to apoptosis (cell detach-
ment and death) and lymphocytic hyperproliferation, resulting in
the characteristic flattening of the intestinal mucosa.

Specifically, it has been shown that a-2 gliadin is a site located
within the “33-mer” T-cell reactive peptide presented by DQ2.5. The
33-mer peptide, a 33-residue peptide fragment resulting from the
normal gastrointestinal proteolysis of gluten, is a high-affinity sub-
strate for tissue transglutaminase 2, the enzyme that deamidates
three glutamines to glutamic acid [4]. Deamidated 33-mer has been
found to be an extremely potent stimulator of T cells, many times
more potent than any other known gluten peptide. It emerges as a
central player in the pathogenesis of this autoimmune disease [5].

FPIES is classified as a non�IgE-mediated food allergy, primarily
driven by cell-mediated immune responses. However, the precise
underlying mechanism by which trigger foods in FPIES elicit symp-
toms and disease remains unclear. The timing of symptom occur-
rence in FPIES (typically 1�4 h) falls between IgE-mediated
reactions (usually <2 h) and cell-mediated food reactions (often
several hours or days). The involvement of both the adaptive and
innate arms of the immune system has been proposed. It is
hypothesized that exposure to a food induces inflammation in the
gut, predominantly in the colon, leading to increased intestinal
permeability and fluid shift into the gastrointestinal lumen. None-
theless, the exact immune mechanism remains unknown, although
several cellular elements and cytokines are believed to play a role.

Initially, a T-cell�mediated response was suggested, as evidenced
by in vitro proliferation of peripheral blood mononuclear cells in
FPIES patients compared with controls on exposure to food antigens
[6,7]. This activation was associated with the release of high levels of
proinflammatory cytokines, including tumor necrosis factor-a and
TH-2 cytokines (IL-10, IL-4) [8�10]. However, more recent studies
have not consistently supported these findings. For instance, Caubet
et al. found no difference in T-cell proliferation or Th2 cytokine pro-
duction in children with cow’s milk FPIES on casein challenge [11].
However, they did identify a significant systemic innate immune acti-
vation in children with FPIES, primarily observed in CD14+ mono-
cytes, neutrophils, eosinophils, and CD56 natural killer cells. In acute
FPIES reactions, patients may have elevated peripheral neutrophil
counts, making an increase in circulating neutrophils, peaking
approximately 6 h after oral food challenge, part of the diagnostic cri-
teria. Stool examination may also reveal the presence of neutrophils
and eosinophils in both acute and chronic FPIES cases.

A reduced expression of the transforming growth factor-b type
I receptor was found in epithelial and mononuclear cells in duode-
nal biopsies of children with FPIES [12]. Because transforming
growth factor-b has various effects that enhance cell�protein



Figure 1. Overview of possibile Wheat-related diseases
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matrix interactions, its reduced activity could contribute to the
barrier-disrupting effect of T-cell cytokines, potentially leading to
increased penetration of food antigens and contributing to the
pathogenesis of FPIES. What we can see, however, is that in these
patients there may be a strong immune system reaction toward
the same element, wheat, triggering underlying immune-mediate
responses that causes different symptoms.

The remarkable aspect of this case extends beyond the mere
coincidence of 2 distinct food-related reactions. What is truly
intriguing is the onset of FPIES in this girl, who had been tolerant
of the food for a year before her CD diagnosis. Typically, FPIES man-
ifests on initial exposure to the offending food, making this a
unique case of secondary FPIES. FPIES is classified into acute and
chronic forms, with the latter often presenting progressively but
still triggered by the first ingestion of the responsible food. Amid
the current ambiguous understanding of FPIES pathogenesis, our
case raises suspicions that either prolonged food abstinence,
celiac-type immunologic reactions in the intestine, or possibly
both, can serve as pathogenic factors in FPIES.

In recent years, we can find various wheat-related disorders in
the literature. These include celiac disease, wheat-induced anaphy-
laxis reactions, and, now, as we describe, FPIES [13]. This element
causes many different reactions with different immunopathologi-
cal mechanisms that certainly need further investigation (Fig. 1).
As described in our case, these disorders can also coexist and this
causes 2 important issues.

The first is that, with this clinical case, we aim to draw attention
to this association to prevent potentially dangerous diagnostic
delays for our patients because of the necessity of strictly avoiding
certain foods. It is crucial to strictly avoid contaminations or acci-
dental ingestions in this patient. Apart from the complications
associated with the underlying condition (CD), such incidents can
lead to the patient seeking emergency care and necessitate imme-
diate treatment and support. The second important issue is we
need to increase and specify clinical diagnostic criteria for FPIES,
because in these patients, with FPIES coexisting with CD, it would
be unethical to perform an oral food challenge for the risks that the
introduction of wheat can pose in a patient with CD.

Further investigation is warranted to explore the relationship
between FPIES and CD, considering both the severity of acute
events and the challenges.
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