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ABSTRACT
Objectives Due to a high linkage disequilibrium of
diabetes and coeliac-specific human leucocyte antigen
(HLA) genotypes, the prevalence of coeliac disease (CD)
in children and adolescents with diabetes mellitus type 1
(T1D) is much higher than in the general population.
Recently, the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
revised new screening guidelines in which genotyping for
coeliac-specific HLA alleles is recommended for high-risk
patients as patients with T1D. The aim of our study was
to investigate the frequency and distribution of coeliac-
specific HLA genotypes in paediatric patients with T1D.
Study design HLA genotyping was performed on
paediatric patients with T1D, recruited at the Medical
University Hospital of Innsbruck and Graz. The test was
done by PCR. Statistical analysis was performed with
IBM-SPSS V.20.
Results In 121 paediatric patients with T1D (52%
male), mean age 13.3 (SD 3.9) years, mean age at
diabetes diagnosis 7.4 (SD 3.8) and mean diabetes
duration of 5.9 (SD 3.3) years, HLA genotyping was
conducted. Ninety-two per cent showed positive HLA
DQ2 and/or HLA DQ8 genotypes. Thirty-four per cent
carried HLA DQ2, 33% were HLA DQ2+DQ8 positive
and 25% of the patients showed positive results for HLA
DQ8 alone. Only 8% had no coeliac-specific HLA
markers. Four (3%) patients were diagnosed with CD.
Conclusions The majority of paediatric patients with
T1D has positive coeliac-specific HLA genotypes DQ2
and/or DQ8. Therefore, genotyping for coeliac-specific
HLA alleles as a first-line test in patients with T1D as
recommended in the ESPGHAN guidelines does not
seem reasonable. Screening for coeliac-specific
antibodies needs to be performed on a regular basis for
patients with T1D.

INTRODUCTION
Coeliac disease (CD) is an immune-mediated sys-
temic disorder elicited by the protein gluten in gen-
etically susceptible patients1 and is known to be
linked to the human leucocyte antigen (HLA) class
II.2 3 Both type 1 diabetes mellitus (T1D) and CD
have overlapping genetic risk factors.4 The main
genetic factors HLA DQ2 and/or HLA DQ8 are
well known and account for approximately 40% of
the disease heritability,5 6 whereas non-HLA
genetic contribution to CD is weak.7 Due to a high
linkage of coeliac and diabetes-specific HLA

genotypes,8 one has to expect that the genetic sus-
ceptibility of CD is much higher in T1D population
than in healthy individuals.2 The HLA-related
genes such as HLA DQ2 and DQ8 associated with
T1D that reside in HLA class II DR and DQ loci
are shared by other autoimmune diseases such
as CD.5

Although HLA DQ2 and/or HLA DQ8 mole-
cules are expressed in about 30%–40% of the
Caucasian population, only about 1% is affected by
the gluten-sensitive enteropathy which implicates
that the presence of these haplotypes does not
necessarily cause the disease.9 Approximately 90%
of patients with T1D and CD present with HLA
DQ2 heterodimers,10 called DQ2.5, encoded by
DQA1*05 and DQB1*02.4

The CD prevalence in the general population of
all ages is 0.3%–1.0%11 whereas in patients with
T1D it ranges from 1.6% to 16.4% in children4 12 13

What is already known?

▸ Genotyping for coeliac-specific human
leucocyte antigen alleles in patients at risk is
recommended by the European Society for
Paediatric Gastroenterology, Hepatology and
Nutrition to identify asymptomatic patients
with type 1 diabetes mellitus (T1D).

▸ Coeliac disease and diabetes are recognised as
associated diseases.

▸ Patients with T1D are classified as high-risk
population for the development of coeliac
disease.

What this study adds?

▸ Frequency and distribution of coeliac-specific
human leucocyte antigen (HLA) genotypes in
paediatric patients with TID in an Austrian
cohort of two centres.

▸ The majority of children with diabetes in the
Austrian population are screened positive for
coeliac-specific HLA genotypes.

▸ HLA genotyping in patients with TID is not
useful as a screening method for the
development of coeliac disease.
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and 6.0% in adults4 and varies between populations from 6.2%
(Sweden),14 8.4% (Australia)15 up to 10.0% reported in ISPAD
guidelines16 and 12.0% reported for Europe by the European
Society for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) group.17 Being aware of the association
between CD in patients with T1D and the fact that the classical
intestinal symptoms may be missing in this risk group, the rec-
ommendation of paediatric endocrinologists involves active case
identification by antibody screening tests performed annually
using anti-tissue transglutaminase (TG) two in the first instance
followed by anti-endomysial antibody (EMA)18 as they help to
confirm diagnosis of CD due to >99% specificity.19 The guide-
lines of the ESPGHAN concerning the methods in screening for
CD have recently been changed.1 HLA genotyping in paediatric
patients with T1D is recommended as these patients are charac-
terised as a risk group. The advantage of genotyping as a first-
line screening method is that only genetically susceptible
patients need further serological testing.18 Negativity for all
antibodies on an unrestricted diet and absence of both HLA
DQ2 and DQ8 strongly contradict the diagnosis of CD.

Screening guidelines for diabetes-associated diseases like CD
state that due to high linkage disequilibrium only a few patients
will benefit from the HLA screening.16 Therefore, the aim of
this study was to investigate the HLA genotypes of all patients
with T1D to verify if this screening method as a first-line test
could be of any benefit for patients with TID.

METHODS
We report on HLA DQ2 and DQ8 genotyping in a genetically
heterogeneous population of paediatric patients with T1D.
Patient recruitment took place at the diabetes outpatient services
of the Department of Paediatrics, Medical University Hospital
Innsbruck and Graz in Austria from August 2014 until March
2015. Patients with T1D were routinely genotyped for HLA
DQ2 and DQ8. The study group consists of 121 patients
(<22 years of age). Patients with other types of diabetes were
excluded. Informed consent for genetic testing was obtained by
either patients older than 14 years or their parents (<14 years).
As genotyping for HLA risk alleles is a recommended diagnostic
procedure and is classified as a routine procedure in screening
for CD, there was no explicit approval by the local ethics com-
mittee necessary for this retrospective survey. The authors were
directly involved in the diagnosis and/or treatment of the
included patients and collected and accessed participant
information.

As the genetic background might play a role in the frequency
of CD, we have considered the immigrant status in our analysis.
Immigrant background was defined as both parents born outside
of Austria/Germany.

All patients underwent tissue-transglutaminase IgA antibody
(tTGA) screening carried out on an annual or biannual basis.
Levels of tTGA >10 kU/L were considered as increased. In case
of deficiency of IgA, IgG antibodies for tTG were tested. In add-
ition, EMAs were determined in patients with elevated tTGA.

Blood samples were collected by peripheral venepuncture.
Anti-tTG IgA/IgG antibody serum concentrations were mea-

sured using an ELISA (‘Anti-Tissue-Transglutaminase IgA/IgG’

ELISA, Orgentec Diagnostika GmbH, Mainz, Germany) on a
BEP 2000 immunoanalyser (Siemens Diagnostics). The lower
limit of detection is 1 kU/L. Intra-assay and interassay coeffi-
cients of variation were determined to be 3.0%–4.3% and
4.7%–8.1%, respectively.

Anti-EMAs serum levels were determined by the ‘Anti-DGP
IgA/IgA’ ELISA (Orgentec Diagnostika GmbH) on a BEP2000

immunoanalyser (Siemens Diagnostics). The lower limit of
detection is 1 kU/L. Intra-assay and interassay coefficients of
variation are 4.0%–6.0% and 1.7%–8.7%, respectively. No
specific interferences have been reported.

Genomic DNA was extracted from peripheral blood, quanti-
fied and used for HLA DQ2/DQ8 typing by multiplex PCR
(‘Coeliac Strip’ PCR assay, Operon, Zaragoza/Spain). The main
class I and II HLA haplotypes associated with CD (DQA1*05,02,03
DQB1*02,0301,0302 and DRB1*03,11,12,07,04) are geno-
typed by using sequence-specific biotin modified primers and
subsequent hybridisation of amplified DNA fragments on
sequence-specific oligonucleotide probe bound to a nylon mem-
brane. After addition of a streptavidin-peroxidase conjugate,
detection of hybridised products is done by conversion of a per-
oxidase substrate. The pattern of bands corresponds to a specific
coeliac HLA haplotype.

A β-globin gene fragment was used as an internal PCR
control amplicon. No exceptional specific interferences or hook
effect has been reported.

To extract demographic data such as date of birth and sex as
well as age at diabetes onset and diabetes duration, the clinical
documentation data programme KIS was used. Anthropometric
data such as height and weight were not considered.

Statistical analysis was done with SPSS V20.0. Fisher’s exact
test was used to test for independence of nominally scaled vari-
ables and the Kruskal-Wallis test to calculate for differences
between phenotypes of patients regarding the age of manifest-
ation of T1D. Two-side p values lower than 0.05 were consid-
ered as statistically significant.

RESULTS
One hundred and twenty-one patients with T1D were included
in the study: 63 (52%) of them were male and 58 (48%)
female. The age of patients ranged from 5 to 22 years with a
mean age of 13 years (SD 3.9). The age at disease onset ranged
from 1 to 16 years (mean 7, SD 3.8) and the mean diabetes
duration in the patient cohort was 6 years (SD 3.3).

HLA genotyping
In 111 patients (92%), positive coeliac-specific HLA DQ
genotypes were found. The HLA DQ distribution is shown in
figure 1.

Forty-one patients (34%) carried HLA DQ2, 40 (33%) HLA
DQ2+DQ8 and 30 (25%) HLA DQ8. Ten patients (8%) had
no coeliac-specific HLA markers.

Twenty-three (19%) of the participant patients were classified
with immigrant background. They did not reveal any statistically
significant differences in the HLA distribution compared with
Austrian patients.

Antibody screening
In 17% (20 patients) of the coeliac-specific HLA-positive indivi-
duals tTGA could be detected, but one patient was tested posi-
tive for tTGA although HLA DQ2 and DQ8 were negative.
This patient revealed very low levels of tTGA (0.5 kU/L above
the upper limit) and turned negative in follow-up analysis,
whereas all patients who were diagnosed with CD had tTGA
levels >200 kU/L.

Coeliac disease
In three patients (2%) who had positive screening for tTGA and
for coeliac-specific HLA genotypes, endoscopy and diagnostic
biopsy were performed. All of them were classified as CD. One
patient was diagnosed with likely CD—because of positive
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tTGA, EMAs and coeliac-specific HLA genotypes but has not
undergone biopsy. All four patients labelled as CD were female
and were diagnosed with T1D before the age of 3 years. The
remaining patients with coeliac-specific HLA genotypes and
detected tTGA have not yet undergone biopsy.

DISCUSSION
This study was performed to investigate the presence of
HLA genotypes characteristic for CD in patients with T1D
in two Austrian paediatric diabetes centres. Until now, in the
paediatric department of the Medical University Innsbruck
and Graz annual/biannual screening for tTGA is done
according to ISPAD guidelines16 to identify patients who
have to undergo further diagnosis for CD. The current
ESPGHAN guidelines1 recommend HLA genotyping as a
first-line test in asymptomatic patients that belong to a high-
risk group, as patients with T1D do. They emphasise the cost-
effectiveness of first-line HLA genotyping because CD can be
excluded in 99% of HLA-negative individuals and no further
test would be required.1 Assuming that CD is related to HLA
DQ2 and/or DQ8 genotypes, annual laboratory tests of tTGA
could be limited to genetically susceptible patients and would
not be required in patients without HLA DQ2 or DQ8
genotypes.

We performed HLA DQ2 and DQ8 genotyping in 121 patients
with T1D. Ninety-two per cent carried either HLA DQ2 or
DQ8. This result might be explained by the high-linkage disequi-
librium between diabetes-specific and coeliac-specific HLA geno-
types2 7 and is concordant with published data.10 19

In 10 out of 121 patients (8%), neither HLA DQ2 nor HLA
DQ8 could be detected. This result leads to the question of
whether there are any advantages of HLA genotyping in patients
with T1D. Less than 10% of our patients would benefit from
these new guidelines, whereas the majority is still in need of
further antibody screening tests. Assuming the high occurrence
of coeliac-specific HLA genotypes, no saving of expenses could
therefore be expected.

Although cost analysis may differ between countries and
healthcare systems, we have calculated costs in our setting. Our
average costs for HLA genotyping are 60€ versus 10€ for tTG
screening. Given these average costs for HLA genotyping and
tTG annual screening and the fact that only 8% of our patients
with negative HLA genotyping would escape lifelong tTG
screening, economical aspects would also not be in favour for
routine HLA genotyping. Adding the costs arising from genetic
counselling—required by law in Austria—by a medical geneticist
for approximately half an hour or more would even stronger
argue against HLA genotyping being cost-effective.

Furthermore, calculations performed by a Dutch and a
Scottish research group showed that HLA genotyping is rather
expensive compared with tTGA testing.20 21 Additionally, in
smaller hospitals the availability of HLA genotyping is question-
able and sending blood samples to a specialised laboratory
would be elaborate and cost-intensive. Moreover, it is a genetic
analysis that needs patients’ and parents’ consent.

The knowledge about the additional risk of other auto-
immune diseases in patients with T1D such as CD is well under-
stood. One has to consider that the detection of certain HLA
genotypes, and therefore the predisposition for a greater risk to
develop CD could be an additional concern for patients who
suffer from T1D. This could lead to uncertainty and anxiety
with potential additional psychological burden for the vast
majority (92%) of patients while opportunity of providing
reassurance to only a few (8%).

The importance of screening for further diabetes-associated
autoimmune diseases is broadly acknowledged. It is known
that untreated CD in patients with T1D goes along with
unstable levels of blood glucose and a higher risk of hypogly-
caemia and could lead to an increased risk of developing retin-
opathy.22 23 In case of CD diagnosis, a lifelong gluten-free diet
is essential to prevent further illness and to counteract the con-
sequences of intestinal malabsorption such as iron deficiency,
anaemia, growth retardation and osteoporosis.24 Comparable
to the Dutch investigation by Elias et al,20 our study shows that
HLA genotyping in patients with T1D is not sufficiently identi-
fying patients at high risk of CD. The majority still has to
undergo regular antibody screening (tTGA/EMA) to detect
those with CD. In conclusion, cost benefit, beneficial informa-
tion and patient release cannot be expected with HLA genotyp-
ing in patients with diabetes.

Our study was performed in two University Hospitals that
treat children with T1D—one located in western and one
located in southeastern Austria. Nineteen per cent of our
patients are immigrants—the vast majority from Turkey or
southeastern European countries. No significant differences in
the HLA distribution between immigrants and the Austrian
patients could be detected. Following a Dutch20 and Scottish21

investigation with similar sample size, our observation also
shows that coeliac-specific HLA genotypes are very common in
patients with T1D. The resulting data prompt reconsideration
of the ESPGHAN screening guidelines for patients with T1D.
HLA genotyping does not seem to be appropriate for this par-
ticular population. Testing for tTGA seems to be a more prac-
tical screening method.
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Figure 1 Distribution of HLA DQ2 und DQ8 phenotypes in 121
patients with type 1 diabetes mellitus. HLA, human leucocyte antigen.
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