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Anti-transglutaminase Introduction: Anti-tissue transglutaminase antibodies (tTG) have high specificity for coeliac dis-

antibodies; ease (CD). However, positive anti-tTG antibodies have been described in non-coeliac patients.

Gluten; Aim: To assess positive anti-tTG antibodies not related to gluten intake.

Cow’s milk protein; Patients and methods: Retrospective review and follow up conducted on patients with sus-

Coeliac disease; pected CD (increase anti-tTG levels and gastrointestinal symptoms) but with atypical serology

Bovine casein results, positive anti-tTG with gluten free diet and a decrease in anti-tTG levels despite gluten
intake.
Results: A total of 9 cases were reviewed in which 5 cases had Marsh 3 involvement in the initial
biopsy, and were diagnosed with CD (Group A). They began a gluten free diet and also a cow’s
milk protein (CMP) free diet because of their nutritional status. When CMP was re-introduced,
anti-tTG increased, and returned to normal after the CMP was withdrawn again. The other 4
patients had a normal initial biopsy (Group B). Gluten was not removed from their diet, but
they started a CMP free diet because a non IgE mediated CMP allergy was suspected. Symptoms
disappeared, and anti-tTG was normal after CMP free diet with gluten intake. All the patients
had susceptibility haplotype HLA DQ2/DQ8.
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Proteinas de leche de
vaca;

Enfermedad celiaca;
Caseina bovina

Introduction

Conclusions: CMP ingestion after an exclusion diet can induce an increase in anti-tTG in some
coeliac subjects. CMP can produce this immune response if there were no gluten transgres-
sions. This response has also been observed in non-IgE mediated CMP allergy patients with the
susceptibility haplotype HLA DQ2/DQ8.

© 2017 Asociacion Espafola de Pediatria. Published by Elsevier Espafia, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Anticuerpos antitransglutaminasa no relacionados con la ingesta de gluten

Resumen

Introduccidn: Los anticuerpos antitransglutaminasa (ATG) poseen alta especificidad para el
diagnostico de enfermedad celiaca (EC). Sin embargo, se han descrito anticuerpos ATG positivos
en pacientes no celiacos.

Objetivo: Valorar la presencia de anticuerpos ATG positivos no relacionados con la ingesta de
gluten.

Pacientes y métodos: Revision retrospectiva de historias clinicas y seguimiento de pacientes
con sospecha de EC y con un comportamiento seroldgico atipico, es decir, anticuerpos ATG
positivos a pesar de una dieta sin gluten y disminucion de anticuerpos ATG tomando gluten.
Resultados: Se incluyeron 9 casos. De ellos, 5 casos tenian afectacion histologica Marsh 3 en la
biopsia inicial y diagndstico de EC (grupo A). Se retir6 el gluten de la dieta y se retiraron las
proteinas de leche de vaca (PLV) por la afectacion nutricional. Al reintroducir las PLV aumen-
taron los ATG y al retirarlas se volvieron a normalizar. Los otros 4 pacientes presentaban una
biopsia inicial normal (grupo B): en estos no se retir6 el gluten, pero si las PLV por sospecha
de alergia no IgE mediada. Los sintomas desaparecieron y se normalizaron los ATG al retirar las
PLV manteniendo dieta con gluten. Todos presentan el haplotipo de susceptibilidad para EC.
Conclusiones: En algunos celiacos, la reintroduccion de PLV en la dieta tras un periodo de
exclusion induce un aumento de los anticuerpos ATG IgA. Si se han descartado transgresiones con
gluten, las PLV pueden causar esta respuesta inmune. Hemos observado también esta respuesta
en pacientes con alergia no IgE, mediada por las PLV, portadores del haplotipo de susceptibilidad
HLA DQ2/DQ8.

© 2017 Asociacion Espafiola de Pediatria. Publicado por Elsevier Espafia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

dependent on T cell help to start secreting immunoglobulin.*
Another hypothesis is that the production of transglutam-

Anti-tissue transglutaminase (tTG) antibodies are highly spe-
cific for diagnosis of coeliac disease (CD)."? In fact, thanks
to improvements in serological methods for the detection of
these markers, and according to the new diagnostic crite-
ria of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) of 2012, it may even be
possible to omit performing an intestinal biopsy to diagnose
CD under certain circumstances.’

However, despite the high specificity of anti-tTG anti-
bodies for CD, there have been reports of the presence of
these antibodies in patients without CD. The pathogenic
mechanisms by which these antibodies are produced are
not fully known, but they seem to differ between individ-
uals with CD and individuals without. One of the possible
mechanisms proposed is a ‘‘hapten-carrier model’’ by which
gliadin would complex with transglutaminase in the intesti-
nal mucosa, forming aggregates of macromolecules that
would lead to synthesis of anti-tTG antibodies after being
processed by B cells. These B cells with antibodies specific
for tTG are likely to be present in all individuals, but are

inase is upregulated in areas of inflammation and could
generate new antigenic epitopes by crosslinking or through
deamidation of native proteins or proteins from exogenous
sources, such as viruses, bacteria or food.>

There have been reports of transient anti-tTG antibody
elevation in some autoimmune diseases and in patients with
inflammatory bowel disease.® Di Tola et al.” found elevation
of anti-tTG antibodies in more than 50% of the patients with
inflammatory bowel disease in their study, all of who had
negative results in the anti-endomysial antibody (EMA) test
and low titres of anti-tTG antibodies compared to patients
with CD; furthermore, they found an association between
antibody titres and disease activity.

On the other hand, certain infectious agents can play a
role in the production of anti-tTG antibodies. In a prospec-
tive study, Ferrara et al.® found evidence of transient
anti-tTG production in the context of infectious disease
(Epstein-Barr virus and coxsackievirus infection) in patients
with and without CD. The production of anti-tTG antibodies
would reflect an immunologic process triggered by the


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Anti-tissue transglutaminase antibodies not related to gluten intake 281

overexpression of autoantigens or viral infection. None of
the patients with a positive anti-tTG antibody test result
had positive results for EMA, which supports the hypothesis
that the immunologic mechanisms underlying anti-tTA
antibody production are different in individuals with CD
compared to those without.

Lastly, there is evidence in the literature that some
dietary proteins, such as cow’s milk protein (CMP), can
cause gastrointestinal symptoms in some patients with CD.
Bovine proteins can induce an inflammatory response in
the mucosa of coeliac patients. This sensitivity to casein
in patients with CD seems to be mediated by the innate
immune response.’ These symptoms cannot be attributed
to the presence of gluten in cow’s milk, as gluten has not
been detected in the milk of cows fed wheat.'® Instead, it
seems that this response is due to the presence of epitopes
shared by gliadins and bovine caseins that are recognised
by immunoglobulin A (IgA) anti-gliadin antibodies (AGA)."""?
Casein has also been identified as a potential trigger in other
autoimmune disorders. "3

The aim of our study was to assess the presence of a
positive anti-tTG antibody level not associated with gluten
intake in a group of patients in followup for suspected CD.

Patients and methods

We conducted a retrospective observational study by
reviewing the cases of all patients managed in the outpa-
tient clinics of our hospital between 2002 and 2010 in whom
CD was initially suspected but whose serological patterns
were atypical during the followup, that is, in whom changes
in the levels of anti-tTG antibodies were not associated with
gluten intake.

The inclusion criteria were having presented with ele-
vation of anti-tTG or anti-gliadin IgA antibodies at the
beginning of followup and having undergone an intesti-
nal biopsy. We excluded patients in whom the antibody
elevation had a demonstrated infectious aetiology and
patients that did not undergo genetic testing. Group A
included patients with characteristic histologic features in
the intestinal biopsy in whom CD was diagnosed based on
the EPSGHAN 1990 criteria. In this group, the serologic
pattern was considered atypical in case of elevation of anti-
tTG antibodies despite a gluten-free diet. Group B included
patients with a normal intestinal biopsy who were placed
on a CMP-free diet for diagnostic purposes due to suspi-
cion of non-IgE-mediated CMP allergy. The diagnosis of CMP
allergy was clinical and based on improvement of symp-
toms after exclusion of CMP and subsequent recurrence on
a challenge test; the radioallergoabsorbent test (RAST) for
cow’s milk allergy was negative in all patients in whom it
was requested. In this group, the serologic pattern was con-
sidered atypical in case the levels of anti-tTG antibodies
decreased with the exclusion of CMP from the diet, despite
not excluding gluten.

Anti-tTG IgA antibodies were measured using an auto-
mated fluorescence enzyme immunoassay method (ELA
CeliKey, Phadia-Thermo Fisher; interpretation: negative
<7 U, positive >10 U). We defined a strong positive result (++)
as a titre greater than 10 times the upper limit of normal
(>100U) and a weak positive result (+) as a positive result

with a titre of less than 10 times the upper limit of normal
(>7U and >100 U). Anti-gliadin IgA antibodies were measured
by means of an in-house ELISA method. The reference range,
expressed in arbitrary units (AU), was less than 0.3 AU in
children and less than 0.6 AU in adults.™

Anti-deamidated gliadin peptide antibodies were mea-
sured using an automated fluorescence enzyme immunoas-
say method (EliA AGP Phadia-Thermo Fisher; interpretation:
negative <7U, positive >10U). The presence of EMA IgA
antibodies was assessed by indirect immunofluorescence
using sections of monkey oesophagus as substrate (Biosys-
tems). Each test included a positive and a negative control.
The serum was diluted 1:5 and incubated for 30 min in
a dark humid chamber, followed by incubation with FITC-
conjugated anti-human IgA diluted to 1:20 for 30min.
The sections were mounted in slides for performance of
blinded fluorescence microscopy examination (Motic Trinoc-
ular BA400 fitted with a Motic FITC FLUO 3 filter cube).

Human leucocyte antigen (HLA) typing was performed by
polymerase chase reaction for detection of DRB1, DQA1 or
DQB1 alleles.

Histological findings were categorised according to the
Marsh classification modified by Oberhuber.”® To detect
subepithelial deposits of anti-tTG IgA, 5um sections were
prepared from intestinal biopsy specimens, frozen fresh,
mounted on SuperFrost slides, and incubated (15 min, humid
chamber, room temperature) sequentially with: mouse mon-
oclonal anti-transglutaminase 2 antibody (1:200 dilution),
TRITC-conjugated rabbit anti-mouse immunoglobulin anti-
body (1:120 dilution) and FITC-conjugated anti-human IgA
polyclonal rabbit antibody (1:40 dilution). This was fol-
lowed by a blinded fluorescence microscopy examination
with use of image overlay software (Motic Images Plus
2.0).

We made a retrospective review of the health records
of these patients, retrieving data on the age at diagnosis,
symptoms, anti-tTG antibody levels, HLA type, histologic
features based on the Marsh-Oberhuber classification and
changes in symptoms and levels of anti-tTG, AGA and EMA
IgA antibodies based on the presence of gluten or CMP in
the diet. We also retrieved data recorded during the fol-
lowup to analyse changes in these parameters and attempt
a definitive diagnosis.

The study protocol was approved by the Ethics Commit-
tee of the Hospital Universitari i Politécnic La Fe (Valencia).

We have expressed qualitative variables as absolute fre-
quencies (n) and percentages, and summarised qualitative
variables as median and interquartile range (IQR, 25t"-75t"
percentile). We used the software SPSS® 21.0 to analyse the
data.

Results

Of the 629 patients assessed for suspected CD in the
2002-2010 period, 11 (1.7%) exhibited an atypical serologic
pattern. We excluded 2 of these patients due to confirmation
of an infectious aetiology (Giardia lamblia and Campy-
lobacter jejuni). Intestinal infection was ruled out in the 9
remaining patients (1.4%). The median duration of followup
was 10 years (IQR, 8-12.5).
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Table 1 Characteristics of the patients with an atypical In group A’ once the results Of. the intestinal biopsy
serologic pattern and without an infectious aetiology. became available and CD was diagnosed, gluten was

excluded from the diet. The patients exhibited a decrease in
Group A Group B anti-tTG antibody levels. Subsequently, once the nutritional
status of these patients had improved, CMP was reintro-

n 5 4 . ; . : .
duced in the diet, and there was an associated increase in
Age at diagnosis (months) the levels of anti-tTG antibodies that had previously become
Median 15 20.5 negative, while the levels of EMA antibodies were nega-
IQR 14.5; 19.5 18.5; 29.5 tive (Fig. 1A). Of these patients, one had diarrhoea and the
15t intestinal biopsy Marsh 3 Marsh 0 rest were asymptomatic. The results were confirmed in all
Treatment GFD and CMPED CMPFD of these patients on retesting of different specimens after

Group A: patients with abnormal histology in the first intestinal
biopsy and a diagnosis of coeliac disease.

Group B: patients with normal findings in the intestinal biopsy
and suspected non-IgE-mediated cow’s milk protein allergy.
CMPFD, cow’s milk protein-free diet; GFD, gluten-free diet; IQR,
interquartile range.

We classified the patients into 2 groups. Group A included
5 patients with Marsh type 3 lesions in the initial biopsy that
received a diagnosis of CD; a gluten-free diet was prescribed
to these patients at the time of diagnosis. Group B included
the remaining 4 patients, who had normal results in the
initial biopsy and unremarkable histologic features, these
patients were not asked to eliminate gluten from their diet.

A CMP-free diet was prescribed in both groups of patients
for different reasons. In Group A, the reason for the diet
was that the patients exhibited nutritional problems dur-
ing the diagnostic evaluation of an intestinal malabsorption
syndrome, and in group B the reason was suspicion that
the cause of the gastrointestinal symptoms was a non-IgE-
mediated allergy (Table 1).

ruling out non-adherence to the gluten-free diet (dietary
interview and negative AGA antibody levels). After exclud-
ing CMP from the diet again, serologic markers returned to
normal. After a second challenge with cow’s milk, patient 3
continued to have negative anti-tTG results, while patients
1, 2 and 4 had positive results again. Patient 5 is still under-
going evaluation. In 3 out of the 5 patients in this group, CD
was confirmed with a gluten challenge (patients 1, 2 and 3).
Of the 2 remaining patients, 1 refused to undergo the gluten
challenge (patient 4), and patient 5 is undergoing the gluten
challenge at the time of this writing. In patients 1 and 2,
sensitisation to bovine proteins persisted at 12 and 8 years
of followup, respectively (Table 2). Patient 4 consumes CMP
and her anti-tTG antibody levels continue to be negative, so
her sensitivity to CMP resolved within 5 years.

In group B, removal of CMP from the diet was followed
by resolution of symptoms, with anti-tTG and EMA antibody
values becoming negative (Fig. 1B). In 2 of these patients
(6 and 7), serologic markers remained negative and symp-
toms did not recur on reintroduction of CMP in the diet.
On the other hand, the other 2 patients (8 and 9) experi-
enced a recurrence of symptoms and elevation of anti-tTG

— CMP intake Gluten intake
A
Case 1 Case 3
2004 ——n — o —— =
1504
1004
T 504
£
=)
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\\
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Figure 1
in the diet.
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Age (months)

Changes in the levels of anti-tTG antibodies in 4 of the patients based on the presence of gluten and cow’s milk protein
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Table 2 Group A: patients with abnormal histology in the initial intestinal biopsy.

Patient Age Presentation Serologic HLA 15t intestinal Gluten Diagnosis Duration of
(months) markers biopsy challenge followup
(years)
1 20 MS AGA+ DQ2 Marsh 3B Positive; CD and sensitisation 14
Marsh 3A to CMP

2 15 MS AGA+ DQ2/DQ2 Marsh 3B Positive CD and sensitisation 10
atTG++ to CMP
EMA+

3 19 MS AGA+ DQ2 Marsh 3B Symptoms  CD and transient 13
atTG++ after sensitisation to CMP
EMA+ challenge

4 14 Weight loss AGA+ DQ2 Marsh 3C Refused CD and transient 8
atTG++ sensitisation to CMP
EMA+

5 15 MS atTG+ DQ2 Marsh 3C Undergoing Pending 8

AGA, anti-gliadin IgA antibodies; atTG, anti-transglutaminase IgA antibodies; CD, coeliac disease; CMP, cow’s milk protein; EMA, anti-
endomysial IgA antibodies; HLA: human leucocyte antigen; MS, malabsorption syndrome.

Table 3  Group B: patients with a normal intestinal biopsy and suspected non-IgE-mediated cow’s milk protein allergy.

Patient Age Presentation Serologic HLA 15t intestinal 2" Diagnosis Duration of
(months) markers biopsy intestinal followup
biopsy (years)
6 21 Weight loss  atTG+ DQ2/DQ2 No specimen Transient sensitisation to 9
AGA— CMP
7 32 Chronic atTG+ DQ2 Normal Transient sensitisation to 6
diarrhoea AGA+ CMP
EMA—
8 18 MS atTG++ DQ2 Normal Transient sensitisation to 12
AGA+ CMP
EMA+
9 20 MS atTG++ DQ2 Normal Marsh 3 B; Enteropathy susceptible 12
AGA— IgA deposits to CMP vs potential CD
EMA—

AGA, anti-gliadin IgA antibodies; atTG, anti-transglutaminase IgA antibodies; CD, coeliac disease; CMP, cow’s milk protein; EMA, anti-
endomysial IgA antibodies; HLA: human leucocyte antigen; MS, malabsorption syndrome.

antibodies on reintroduction of CMP. Patient 8 underwent a
second CMP challenge a year later, remaining asymptomatic
and with negative anti-tTG antibody levels. Patient 9 under-
went a second CMP challenge following the same procedure,
after which testing showed iron deficiency and positive anti-
tTG and EMA values. This led to performance of an intestinal
biopsy that revealed Marsh 3 B lesions and subepithelial
deposits of anti-tTG IgA in the intestinal mucosa. Despite
these findings, CMP was removed from the diet again, with
normalisation of anti-tTG and EMA values. The patient is cur-
rently scheduled for an intestinal biopsy to rule out latent
CD (Table 3).

Discussion

In the sample under study, we found that anti-tTG antibody
elevation occurred as part of an immune response to dietary
proteins other than gluten both in coeliac patients (group A)
and patients without CD (group B).

In the patients with CD, this elevation of anti-tTG anti-
bodies coincided with the reintroduction of CMP in the diet.
Having ruled out gluten intake as the cause for this elevation
by asking patients about their adherence to the gluten-free
diet in successive visits, the elevation persisted in associ-
ation with negative levels of AGA antibodies. At present,
recently introduced methods for detection of gluten pep-
tides in stool would allow us to confirm dietary compliance.'®

When patients returned to the bovine milk-free diet, the
anti-tTG antibody levels became negative again. This finding
supports our hypothesis that CMP can trigger this immune
response, as has been previously described in the literature.
Cabrera-Chavez et al. presented a hypothesis of how certain
epitopes in CMP could trigger symptoms in patients with CD.
The high homology of some peptides in the o and B chains
of bovine caseins with gluten peptides could explain this IgA
immunoreactivity.'"'?

This response was transient in 2 of the 5 patients with
CD, patients 3 and 4. However, it has persisted to date in
another 2, patients 1 and 2, currently aged 12 and 8 years,
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respectively, who have been on a gluten-free diet from
the time of diagnosis. In untreated patients with CD, this
response could be explained by the increased passage of
macromolecules through the intestinal barrier. However,
in patients with CD under a gluten-free diet with a healthy
intestinal mucosa, it is not clear whether this could be due
to the persistence of increased intestinal permeability or
to other proinflammatory factors.’

All patients with CD in whom this response was observed
had been following a CMP-free diet, which could have been
the cause of the subsequent reactivity. Furthermore, they
were all aged 2 years or less, an age band in which there
is increased reactivity to dietary antigens.'”'® Thus, we
should consider whether a CMP-free diet should be avoided
in patients in whom CD is strongly suspected.

The atypical serologic pattern in patients in group B could
be due to different mechanisms, as there was no evidence
that they had CD, although they all had HLA types associated
with a higher risk of CD. As described in the literature, some
infectious agents can also trigger this immune response,
resulting in elevation of anti-tTG antibodies in patients with-
out CD.® However, we did not find any reference in the
literature of dietary bovine proteins as a potential trigger
of anti-tTG antibody elevation in non-coeliac patients, as
was the case of the patients in group B of our study. All
of these patients were carriers of HLA-DQ2 or DQ8. Could
casein have a similar role to that of gliadin in patients with
CD, only not damaging the intestinal mucosa? As we noted
above, an immune response to casein may be involved in the
pathogenesis of some autoimmune disorders, such as Behcet
disease, through modulation of T cells and macrophages.'?

In 80% of our sample, this response was transient. How-
ever, the response persisted in patient 9, with eventual
damage to the intestinal mucosa including evidence of IgA
deposits, so that latent CD cannot be ruled out.

In addition to elevation of anti-tTG antibody levels,
patient 8 had positive AGA and EMA values that subse-
quently resolved, with no histologic evidence of CD and
permanent serologic normalisation with a diet from which
gluten was not excluded. Patient 7 also had transient pos-
itive AGA values. This could be explained by the increased
intestinal permeability exhibited by children with inflam-
mation secondary to infection or food allergies. In these
patients, the process that triggered the development of a
non-IgE-mediated allergy to CMP was probably an infectious
gastroenteritis, as both patients had previously been con-
suming CMP without problems and the intolerance appeared
at 32 and 18 months. The infection itself may have also been
the cause of the elevation of these markers, as has been
described previously. "

Adherence to a strict CMP-free diet is challenging in
today’s society, possibly more so than adherence to a gluten-
free diet. The labelling of food products is confusing. Cow’s
milk protein may be present in all types of foods in the
form of various additives that have obscure names. Thus, it
would be useful to know of a marker that could help deter-
mine whether this immune response could be due to CMP in
coeliac patients in whom non-adherence to the gluten-free
diet has been ruled out, before adding more restrictions
to the diet. On the other hand, since this seems to be an
IgA-mediated response, one would expect these patients
to have higher levels of casein-specific IgA. The published

evidence on this subject shows that I1gG and IgA antibod-
ies to bovine proteins are more elevated in patients with
untreated CD compared to patients with CD following a
gluten-free diet and with a healed mucosa, who exhibit
lower antibody levels,"” although further research is needed
to confirm this association.

The sample in our study was small, as we only included
patients that had undergone an intestinal biopsy managed
at a single hospital. However, the long duration of followup
allowed us to detect this atypical pattern.

In our experience, in some patients with CD, reintro-
duction of CMP in the diet after a period of exclusion
induced an increase in anti-tTG IgA antibody levels, which
was asymptomatic in most cases. We believe that once non-
adherence to the gluten-free diet has been ruled out, CMP
should be considered as a potential trigger of this immune
response. We also found this response in patients with
non-IgE-mediated allergy to CMP that were HLA-DQ2/DQ8
carriers.

In conclusion, anti-tTG antibodies may be found in
patients with diseases other than CD, and it is important
that clinicians consider the potential role of food antigens,
especially CMP, in these cases.
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