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ABSTRACT

Objectives: An increased frequency of celiac disease (CeD) has been reported in severe Immunoglobulin E (IgE) -mediated food allergy (FA). This observa-
tion requires confirmation, and whether CeD affects FA severity and resolution is unknown. The study aims to estimate the prevalence of CeD in patients with
FA and to investigate whether CeD affects FA severity and oral tolerance.

Methods: Consecutive patients with FA referred for allergen reintroduction, either to evaluate allergy resolution or to start oral immunotherapy (OIT), were
evaluated for CeD and for FA severity. The primary outcome was the prevalence of CeD. Secondary outcomes were the frequency of severe FA and the level
of clinical tolerance at study entry and at last follow-up in patients with isolated FA versus patients with FA + CeD.

Results: Two hundred twenty-eight patients were included. CeD was confirmed in 15 patients (6.6%) of whom, 8 patients had a previously established diag-
nosis of CeD and were on a gluten-free diet. Severe FA was observed in 12 patients with FA + CeD (80%) versus 88 patients with FA (42%) (P = 0.006). At
baseline, patients with FA + CeD had significantly higher median allergen-specific IgE levels [61.8 kU/L; interquartile range (IQR) 11.6-279.0] compared
to patients with FA (20.3 kU/L; IQR 2.9-72.7) (P < 0.001). Complete clinical tolerance was observed in 1 of 15 patients (7%) with FA + CeD versus 98 of
205 patients (48%) with FA (P = 0.002).

Consequences of Celiac Disease in Food Allergy Severity and Oral Inmunotherapy Response
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What Is Known

e In a single-center retrospective cohort study, an
increased risk of celiac disease was observed in
patients with very severe IgE-mediated food allergy
compared to the general population.

e The association between the 2 conditions needs fur-
ther clarification.

e Whether celiac disease affects food allergy severity
and resolution is unknown.

What Is New

e This study confirms a higher frequency of celiac
disease in patients with severe or persistent food
allergy compared to the general population.

e Celiac disease could negatively affect allergy severity
and response to oral immunotherapy.

Conclusions: CeD is highly prevalent in patients with FA and could affect
FA severity and response to OIT. CeD screening should be considered in
patients with severe or persistent FA.

An infographic is available for this article at: http://links.lww.com/
MPG/C948.
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gluten ingestion in genetically susceptible individuals that
ects 1 in 100 people. CeD mainly affects the small bowel resulting
in mucosal inflammation and intestinal epithelial barrier dysfunction
(1). The association between CeD and IgE-mediated allergic disor-
ders has been investigated in some studies with conflicting results
(2,3). A 5-fold increased risk of CeD in patients with very severe IgE-
mediated food allergy (FA) attempting oral immunotherapy (OIT)
has been observed in a single-center retrospective cohort study (4).
However, the association between CeD and FA has yet to be clarified
and whether the coexistence of CeD has any influence on FA severity
and resolution is unknown. FA is a common condition with preva-
lence estimates of 1%—5% of the general population. FA is thought to
result from a failure of mechanisms promoting immune tolerance to
specific food antigens that reside mainly in the gastrointestinal tract
and skin. Milk, hen egg, and peanuts allergies are the most frequently
encountered FA in children, followed by tree nuts and sesame (5,6).
Though milk and egg allergy often resolve spontaneously, 20%—-30%
of patients do not outgrow their allergy by adolescence. A number
of clinical and laboratory measures have been associated with FA
persistence or resolution, however mechanisms underlying FA per-
sistence are still poorly defined (7). FA management has historically
been based on specific food avoidance. In recent years, OIT has
emerged as an alternative approach. OIT involves the daily ingestion
of increasing doses of specific food allergens with the goal of reach-
ing a state of clinical non-reactivity, also defined as clinical tolerance
(8), so that the patient is able to eat some or a usual portion of food as
long as there is regular exposure. Whether OIT can, in the long term,
induce permanent tolerance remains to be established (9,10).
The aim of the present study was to evaluate the prevalence
of CeD in patients with IgE-mediated FA undergoing allergen rein-
troduction, either to assess allergy resolution or to start OIT, and to
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investigate whether the coexistence of CeD affects FA severity and
response to OIT.

METHODS

This was an observational cohort study conducted at a sin-
gle tertiary care pediatric allergy clinic from 2015 to 2019. Con-
secutive patients with IgE-mediated FA referred to our clinic for
allergen reintroduction, either to evaluate allergy resolution or to
start OIT, were considered for inclusion in the study. Patients with
IgE-mediated wheat allergy were excluded, representing a potential
source of bias for possible false negative results at CeD screening.

FA was diagnosed based on a history of immediate reac-
tion and/or skin prick testing or serum food-specific IgE (=0.35
kUA/L). “Severe FA” was defined as history of severe allergic reac-
tions (Clark grade = 4) (11) to any alimentary antigen at any time
and/or allergen-specific IgE levels > 85 kU/L.

Patients included in the study were screened for CeD by
determination of Immunoglobulin A (IgA)/Immunoglobulin G
(IgG) anti-endomysium antibodies and serum IgA/IgG anti-tissue
transglutaminase antibodies (normal values <7 U/I) at the time of
enrollment. Patients with an already established diagnosis of CeD
were also included. Susceptibility alleles for CeD were determined
by Polymerase Chain Reaction (PCR) with allele-specific primers
identifying HLA DQ2 and DQS8. Patients with positive CeD serology
were offered to complete the diagnostic work-up for CeD. Patients
with confirmed CeD were advised to start a gluten-free diet (GFD).

Food allergen reintroduction could be either through a
10-day in-hospital rush phase protocol, as described elsewhere
(12), or through an open oral food challenge (OFC) at the discretion
of the treating physician, based on the patient clinical history. The
10-day in-hospital rush phase was chosen in all the patients with a
history of anaphylaxis within the previous year.

Clinical tolerance was arbitrarily defined as: “none,” when the
patient had IgE-mediated symptoms with minimal food amounts that
contraindicated the continuation of OIT or that led to suspension of
OIT at follow-up, “intermediate,” when the patient could introduce
without reactions a minimal amount of food that would allow OIT
to continue at home, and “complete,” when a single usual portion
of food could be consumed without adverse events. Patients with
intermediate clinical tolerance continued OIT at home, starting from
the maximum tolerated dose during the hospital phase, followed by
home dose increases on a weekly basis, as per institutional proto-
col. Patients with a complete clinical tolerance at OFC were advised
ingesting the food without restrictions or at least periodically.

Data collected at study entry included: the occurrence of
severe allergic reactions (Clark grade = 4) to any alimentary anti-
gen and the coexistence of other food allergies on personal history,
allergen-specific IgE levels, total IgE levels, the level of clinical
tolerance at the end of in-hospital desensitization rush phase, or at
OFC. At the end of the study period, patients who continued OIT
at home were contacted by phone to assess the level of ongoing
clinical tolerance. The primary outcome was the prevalence of CeD.
Secondary outcomes were the frequency of severe FA and the level
of clinical tolerance at study entry (before hospital rush/OFC) and
at last follow-up in patients with FA versus patients with FA + CeD.

This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by Burlo Garofolo
Ethics committee, Institutional Review Board (IRB 311/2011).

Written informed parental consent was obtained from the
patient or legal guardian.

Statistical Analysis
For the primary outcome, a sample size of 203 patients was
calculated, considering an expected prevalence of CeD in patients
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with severe or persistent IgE-mediated FA of 5% and a precision
of 3%. Categorical variables were summarized by frequencies and
were compared across independent groups with Chi-square or
Fisher exact test where appropriate; numerical variables with asym-
metrical distribution were summarized by median and interquartile
range (IQR) and compared by the Kruskal-Wallis test. P values
were calculated 2-tailed, and a P value <0.05 was considered for
significance. Statistical analysis was made using Graph-pad Prism,
version 8.2.1 (LLC, San Diego, CA).

RESULTS
Study Population

A total of 232 patients were considered for enrollment during
the period from January 2015 to June 2019 (Fig. 1). After excluding
patients with wheat allergy, 228 patients were included in the analy-
sis for the primary outcome. One hundred forty-two patients (62%)
were males; the median age at study entry was 8 years (IQR 5-13).
Baseline disease characteristics of patients included in the study
are summarized in Table 1. Food allergen was reintroduced through
the 10-day in-hospital rush phase protocol in 67 patients (29%) and
OFC in 161 patients (71%). One hundred sixty-one patients (71%)
continued OIT at home. The median time to last follow-up was 3
years (IQR 1-4).

Prevalence of CeD and Characteristics of
Patients With CeD

Within the cohort, CeD was diagnosed in 15 patients (6.6%).
Among these, 8 patients already had a biopsy-proven diagnosis of
CeD and 7 patients tested positive for CeD serology at study entry.
Of the latter, 4 patients had duodenal villous atrophy (Marsh grad-
ing 2-3) and 3 patients had either normal (Marsh 0) histology or
isolated intra-epithelial lymphocytosis (Marsh 1) and were diag-
nosed as potential CeD as per European Society of Pediatric Gas-
troenterology, Hepatology and Nutrition (ESPGHAN) guidelines.
None of the patients met the ESPGHAN criteria for a serology-
based diagnosis without biopsy (13). In all of the patients, FA had
been diagnosed prior to CeD. Among the patients with a previously
established diagnosis of CeD, CeD screening had been prompted
by the presence of symptoms (failure to thrive) in 5 patients, a
family history of CeD in 2 patients, and the presence of extraint-
estinal autoimmune conditions (chronic urticaria) in 1 patient. Of
the patients who tested positive for CeD serology at study entry, 1
patient had symptoms compatible with CeD (failure to thrive). All
the patients with a previously established diagnosis of CeD were
on GFD for at median 3.5 years (IQR 2.7-6.3). Of the 7 patients
diagnosed with CeD at study entry, 6 patients started a GFD. One
patient, diagnosed with potential CeD, who had previously under-
gone OIT for wheat allergy, continued to include gluten in the diet.
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FIGURE 1. Enrollment and follow-up. CD = celiac disease; FA = food allergy; OFC = oral food challenge.



TABLE 1. Disease characteristics of patients enrolled in the study

Characteristics Patients, n =228

Median age, y (IQR) 8 (5-13)
Males, n (%) 142 (62)
Severe food allergy, n (%) 100 (44)
Multiple food allergies, n (%) 103 (45)
Food reintroduced
Milk, n (%) 121 (53)
Egg, n (%) 65 (29)
Nuts, n (%) 37 (16)
Fish, n (%) 4(2)
Legumes, n (%) 1(0.4)
Food reintroduction modality
In-hospital rush phase (%) 67 (29)
Oral food challenge (%) 161 (71)
Clinical tolerance*
None, n (%) 16 (7)
Intermediate, n (%) 161 (71)
Complete, n (%) 46 (20)

IQR = interquartile range. *At oral food challenge or at the end of the
in-hospital rush phase protocol.

Eight additional patients screened positive for CeD serol-
ogy at study entry. The finding was not confirmed on a second
serum sample in 5 patients and 3 patients refused to undergo
further evaluations and were thus excluded from the following
analyses.

FA Severity and Oral Tolerance in Patients
With FA Versus Patients With FA + CeD

A history of severe FA was observed in 12 of 15 patients
(80%) with FA + CeD versus 88 of 205 patients (43%) with isolated
FA (P = 0.006). Ten patients (67%) in the FA + CeD group and 69
patients (34%) in the FA group had a prior severe reaction (Clark
grade = 4) with the food being reintroduced (P = 0.02).

At study entry, patients with FA + CeD had significantly
higher allergen-specific median IgE levels (61.8 kU/L; IQR
11.6-279.0) compared to patients with isolated FA (20.3 kU/L;
IQR 2.9-72.7) (P < 0.001). The type of food being reintro-
duced and reintroduction modalities in patients with FA + CeD
and isolated FA are summarized in Table 2. Overall, complete

clinical tolerance was observed in 1 of 15 patients (7%) with
FA + CeD versus 98 of 205 patients (48%) with isolated FA
(P = 0.002). At baseline, the proportion of patients according
to the level of clinical tolerance did not differ significantly
between the 2 groups (Fig. 2A).

At follow-up, none of the patients (0%) with FA + CeD
achieved complete clinical tolerance versus 53 patients (45%) with
isolated FA (P =0.01; Fig. 2B).

DISCUSSION

In this cohort study, we found that approximately 7% of
patients with FA reintroducing the offending food either to evaluate
allergy resolution or to start OIT, had concomitant CeD. In addi-
tion, patients with CeD more frequently had clinical and biologic
markers of severe allergy than patients with isolated FA, and were
less likely to achieve a high level of clinical tolerance when OIT
was attempted.

This result confirms 1 previous observation by the same
group of a 5-fold increase risk of CeD in patients with very severe
FA (defined by IgE > 85 kU/L and history of severe reactions)
undergoing OIT compared to the general population (4). Other
studies have been published that evaluated the prevalence of IgE
sensitization in patients with CeD. These studies were focused on
adult individuals and failed to show consistent findings. In one
Danish cross-sectional population-based study, individuals with
biopsy-proven CeD and CeD antibody-positivity had a significantly
higher prevalence of IgE-mediated sensitization to food allergens,
dust mite, and mugwort compared to the general population. How-
ever, when analyzing serum samples from a research biobank in
the same study, the authors failed to confirm the association (2).
Also, in one large Italian cohort that included more than 1000 CeD
patients at the time of diagnosis, the prevalence of allergic disor-
ders did not differ between patients with CeD and their relatives or
spouses (3).

FA and CeD have been historically considered 2 antithetic
conditions, driven by distinct patterns of cytokine expression.
Recent experimental-based studies provided evidence of an impor-
tant role of intestinal epithelial cells (IEC) and gut resident T-reg-
ulatory cells (pTreg) in the development and maintenance of oral
tolerance. Although several studies support the notion that initia-
tion of T 2 sensitizing response to dietary antigens is mediated by
skin exposure, IEC might also have a relevant role in determining
the immunologic outcomes to food antigens. IEC mediate the trans-
location and delivery of dietary antigen from the intestinal lumen
to the immune compartment in the lamina propria and induce long-
lived antigen-specific pTreg that are essential for immune tolerance
(13,14). Moreover, under specific circumstances IEC are able to

TABLE 2. Type of food being reintroduced at study entry and reintroduction modality

FA, n =205 FA + CeD,n=15 P value

Type of food

Milk, n (%) 109 (53) 9 (60) 0.8

Egg, n (%) 55(27) 6 (40) 0.4

Nuts, n (%) 36 (17) 0 0.14

Fish, n (%) 4(2) 0 1.0

Legumes, n (%) 1 (0.05) 0 1.0
Reintroduction modality

In-hospital rush phase (%) 58 (28) 8 (53) 0.07

Oral food challenge (%) 147 (72) 7 (47) 0.07

CeD = celiac disease; FA = food allergy.
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FIGURE 2. Proportion of patients according to level of clinical tolerance at baseline (A) and after oral immunotherapy at last follow-up (B).

CD = celiac disease; FA = food allergy.

produce pro-type 2 cytokines such as IL-25, IL-33, and thymic stro-
mal lymphopoietin (13).

Small intestinal mucosal damage with villous atrophy is
the hallmark of CeD. In recent years, genome-wide transcriptomic
studies have shown that numerous genes are differentially expressed
in IEC of CeD patients compared to healthy individuals. This dys-
functional pattern of gene expression is not simply the consequence
of epithelial damage as it persists despite normalization of the duo-
denal mucosa upon long-term GFD (15). This observation suggests
that epigenetic changes in IEC of CeD patients might be present
before the development of mucosal damage.

Based on these observations, we speculate that CeD-induced
dysfunction of the IEC might prevent the development of immune
tolerance in children who are already sensitized to food antigens
and might contribute to FA persistence and severity.

Our findings have important practical implications. Given
the high prevalence, CeD screening should be considered in chil-
dren with severe or persistent FA. Also, anticipating the possibility
of OIT failure, adjuvant therapies might be evaluated in allergic
patients with concomitant CeD, especially in patients with other
risk factors for OIT failure.

Some limitations of the present study are acknowl-
edged. The sample size was calculated for the primary outcome
and the number of patients compared for the secondary out-
comes is small and may have resulted in an inflation type 1
(false-positive) error. The severity of previous reactions may
be confounded by the dose exposure however, in the absence
of a uniform definition for FA severity (16), we based our
definition of allergy severity on both clinical symptoms and

allergen-specific IgE levels. The inclusion of multiple allergens
implied that there was a significant heterogeneity in OIT proto-
cols by allergen. However, for each allergen the same protocol
has been applied at baseline and at follow-up. Follow-up was
made by phone calls; thus, we do not have biologic markers
of the degree of sensitization after OIT. Since many patients
who are referred to our clinic for OIT do not live close, we
anticipated that telephonic contact would reduce loss to fol-
low-up. Major strengths of the study are the large number of
patients with severe or persistent FA and relative high number
of patients with concomitant CeD and FA.

CONCLUSIONS

To conclude, in this large cohort study the prevalence of
CeD in patients with FA is higher than in the general population.
When the two conditions coexist, failure to achieve complete oral
tolerance with OIT may occur. CeD screening should be consid-
ered in patients with severe or persistent FA. Further studies with
an adequate sample size are needed to confirm the effect of CeD
on FA severity and to elucidate the role of CeD-induced epithelial
dysfunction in preventing allergy resolution.
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