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Abstract

Coeliac disease is a common immune-mediated inflammatory disorder caused by

dietary gluten in genetically susceptible individuals. While the diagnosis of coeliac

disease is based on serological and histological criteria, HLA-DQ genotyping can be

useful, especially in excluding the diagnosis in patients who do not carry the relevant

DQheterodimers:DQA1*05DQB1*02, DQB1*03:02 orDQA1*02DQB1*02 (commonly

referred to as DQ2.5, DQ8 and DQ2.2, respectively). External quality assessment

results for HLA genotyping in coeliac disease have revealed concerning errors in

HLA genotyping, reporting and clinical interpretation. In response, these guidelines

have been developed as an evidence-based approach to guide laboratories undertak-

ing HLA genotyping for coeliac disease and provide recommendations for reports to

standardise and improve the communication of results.
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1 INTRODUCTION

Coeliac disease (CD) is an immune-mediated systemic inflammatory

disorder that results in intestinal damage. Gastrointestinal mucosal

injury occurs after the ingestion of gluten, proteins found in wheat,

barley and rye (Lebwohl et al., 2018). Clinical manifestations vary

according to age group: infants and young children present with diar-

rhoea, abdominal distention and failure to thrive, whereas adults that

develop CD present not only with diarrhoea but also with silent man-

ifestations such as anaemia, osteoporosis or neurological symptoms

(Koning et al., 2012). CD affects approximately 1% of the population in

European countries (Mustalahti et al., 2010; Singh et al., 2018) andesti-

mated 0.25%–2%of theworldwide population (Ludvigsson et al., 2014;

Matzaraki et al., 2017).

CD has a strong genetic susceptibility, evident by familial occur-

renceandhigh concordancebetweenmonozygotic twins (Kuja-Halkola

et al., 2016; Singh et al., 2015). Over 99% of patients with CD possess

specific HLA-DQA1 and DQB1 genes that encode the CD-associated

heterodimer proteinsDQ2and/orDQ8 (Megiorni et al., 2012; vanHeel

et al., 2007; Wolters et al., 2008). Approximately 90% of individuals

with CD, across all populations, express either HLA-DQ2 and/or -DQ8

molecules with less than 2% of CD patients lacking these HLA types

completely (Brown et al., 2019; De Silvestri et al., 2018; Tolone et al.,

2021).

The positive predictive value of HLA testing for DQ2/DQ8 is lim-

ited as these types are common in the general population, most of

whom will never develop CD. Therefore, HLA testing is generally

not considered an initial test for CD diagnosis, instead, diagnosis

relies on serological testing to demonstrate the presence of antibod-

ies (e.g., to tissue transglutaminase and endomysium), and histological

evaluation of duodenal biopsies (Husby et al., 2020). Nevertheless,

HLA testing can provide informative results in certain clinical situ-

ations; the absence of DQ2/DQ8 can be used to virtually exclude

a diagnosis of CD, which can make it a useful test to overcome
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some of the limitations for serological and histological methods

(Brown et al., 2019).

The HLA genetics of CD are complex, especially compared to other

HLA-associated diseases (e.g., HLA-B27 and ankylosing spondylitis).

CD susceptibility involves several HLA loci and multiple HLA alleles,

which are all associated with different levels of risk. It is, therefore,

critical that laboratory personnel performing HLA typing for CD have

knowledge of HLA genes, nomenclature and risk stratification to be

able to provide accurate and unambiguous reports for clinicians.

External quality assessment (EQA) plays an important role in mon-

itoring the accuracy of diagnostic laboratory test results. The UK

National External Quality Assessment Service (UK NEQAS) for His-

tocompatibility and Immunogenetics has identified wide variation in

practice, and a concerning number of discrepant results in the Coeliac

Disease EQA Scheme (Table 1). These incorrect or misleading reports

involved both HLA genotyping results and interpretative comments

(De’Ath & Rees et al., 2019), a finding also reported by other EQA

providers (Horan et al., 2018). An increase in laboratories that have

not traditionally performed HLA testing has also been observed. Rea-

sons for the discrepant results are varied; however, the majority

appear to be due to post-analytical errors. Several contributory fac-

tors have been identified, which include: (i) lack of understanding of

HLA genetics/nomenclature by personnel reporting results, (ii) overly

complicated or ambiguous reporting of HLA results and (iii) incorrect

interpretation of HLA test results to CD risk.

Numerous clinical guidelines have been produced for the diagnosis

and management of CD in adults and paediatrics, including the British

Society for Gastroenterology (Ludvigsson et al., 2014), British Soci-

ety of Paediatric Gastroenterology, Hepatology and Nutrition (Murch

et al., 2013); European Society of Pediatric Gastroenterology, Hepatol-

ogy and Nutrition (Husby et al., 2020); European Society for the Study

of Coeliac Disease (Al-Toma et al., 2019). However, specific guide-

lines covering HLA laboratory testing and reporting for CD are limited

(Núñez et al., 2018; Tye-Din et al., 2015). In an attempt to address the

issues observed from EQA testing, we have developed these guide-

lines for reporting HLA results and interpretative comments for CD.

We hope that these guidelines, along with the explanation of HLA

genetics/nomenclature will serve as a useful resource for laboratories

performing HLA CD testing and help provide consistency in reporting

between laboratories to allow optimum patient care.

2 DEVELOPMENT OF RECOMMENDATIONS

This guideline was produced by the following actions:

1. A writing committee (authors of this manuscript) from the

UKNEQAS forHistocompatibility and Immunogenetics Steer-

ing Committee and British Society of Histocompatibility and

Immunogenetics members, comprising scientists providing an

H&I clinical service for CD testing, was established.

2. A search of peer-reviewed literature to 30 June 2021 was

undertaken.

3. Recommendations were produced from evidence obtained

from the literature search and consensus of expert opinion.

(i) The evidence collected was evaluated using a modification of the

GRADE nomenclature [https://www.gradeworkinggroup.org/]. For

each recommendation, the strength of recommendation has been

indicated as one of:

Level 1 (we recommend)

Level 2 (we suggest)

Not graded (where there is not enough evidence to allow formal

grading)

Within each level, the quality of evidence has been graded as:

A (high)

B (low)

Executive Summary of HLA Genotyping Service Recommenda-

tions

Level 1 (We recommend)

Evidence GRADE−A

Guideline

Section

HLA testing for coeliac disease should be performed by an

ISO 15189 accredited laboratory. [1A]

6

Laboratories must have procedures in place for the HLA

testing, interpretation and reporting for coeliac disease.

[1A]

6

A laboratory performing HLA testing for coeliac disease

must participate in a relevant external quality

assessment scheme. [1A]

6

HLA testing should coverHLA-DQA1 andDQB1 loci, and as
aminimum, be able to detect the HLA alleles that make

up the heterodimers DQ2.5, DQ8 andDQ2.2. [1A]

6

Reports should include details of themethodology used for

testing, including any limitations of the assay impacting

on interpretation of results. [1A]

6

HLA typingmust be performed at an appropriate level of

resolution to separate coeliac disease-associated HLA

alleles from non-coeliac disease-associated alleles. [1A]

6

Evidence GRADE−B

Staff undertaking HLA genotyping result interpretation

and reporting should have specialist

knowledge/experience of HLA genetics and

nomenclature. [1B]

11

HLA results must be reported using correct HLA

nomenclature. [1B]

5

Interpretative commentsmay utilise shortened CD

nomenclature (e.g., DQ2.5, DQ2.2) in addition to official

HLA nomenclature to aid clinician interpretation of

results. [1B]

5

Level 2 (We suggest)

Evidence GRADEA

A simple summary statement for HLA results should be

included in reports to aid clinical interpretation (e.g., the

individual is positive for DQ2). [2A]

5

(Continues)
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Level 1 (We recommend)

Evidence GRADE−A

Guideline

Section

Interpretative comments should be included in reports to

clearly inform clinicians if HLA genotype results are

associatedwith coeliac disease. [2A]

11

The report should include a comment regarding utility of

HLA typing results for CD diagnosis (e.g., high negative

predictive value/limited positive predictive value). [2A]

10

Evidence GRADEB

AnHLA typingmethodology, over single nucleotide

polymorphism (SNP) kits (presence/absence result) is

recommended. [2B]

6

The zygosity status of HLA-DQ should be determined [2B] 9

Laboratories should engage with service users to ensure

report content and interpretative commentsmeet the

needs of the service users. [2B]

11

Interpretative commentsmay reference the risk of a

particular HLA genotype, to highlight the differences in

CD risk conferred by different genotypes. [2B]

11

3 DISCLAIMER

These recommendations represent consensus opinion from experts in

the field of H&I within the United Kingdom. They represent a snap-

shot of the evidence available at the time of writing. This evidence

may become superseded with time. It is recognised that recommen-

dations have been made even when the evidence is weak. The British

Society for Histocompatibility and Immunogenetics (BSHI) and the

UK National External Quality Assessment Service for Histocompati-

bility and Immunogenetics (UKNEQAS for H&I) cannot attest to the

accuracy, completeness or currency of the opinions and information

contained herein and does not accept any responsibility or liability for

any loss or damage caused to any practitioner or any third party as a

result of any reliance being placed on this guideline or as a result of any

inaccurate or misleading opinion contained in the guideline.

4 HLA COELIAC DISEASE GENETICS

The HLA complex is located on the short arm of chromosome 6, an

area that consists of multiple immune-relevant genes split into three

regions: class I, class II and class III (Dendrou et al., 2018). HLA

genes exhibit extremepolymorphism,meaning that eachHLA locus has

many known alleles, with new alleles continuously being detected. The

Immuno Polymorphism Database-ImMunoGeneTics (IPD-IMGT/HLA

database) is the official repository of HLA allele sequences (Robinson

et al., 2015). Polymorphism is required for the crucial role that HLA

class I and II molecules have in presenting a vast array of antigenic pep-

tides to T cells, enabling the immune system to discriminate between

self and non-self. HLA genes also exhibit strong linkage disequilibrium,

with a tendency for certain HLA genes to be inherited en-bloc as an

extendedhaplotype. The frequencyofHLAallele andhaplotypes varies

between populations (Gragert et al., 2013).

The major susceptibility genes for CD are found in the HLA class

II region, at the DQ locus: HLA-DQA1 and HLA-DQB1 alleles encode

α- and β-chains that form a DQ αβ-heterodimer protein on the sur-

face on antigen-presenting cells (Figure 1). One set of HLA alleles

(haplotype) is inherited from each parent and both sets of alleles are

expressed (co-dominant expression), resulting in potentially two dif-

ferent DQA1 and DQB1 alleles available to form up to 4 different

αβ-heterodimers in an individual. A heterodimer encoded byDQA1 and

DQB1 alleles on the same chromosome (inherited from 1 parent) is

encoded in cis, whereas a heterodimer encoded from alleles on differ-

ent chromosomes (1 fromeach parent) is encoded in trans. Importantly,

if compatible heterodimers are encoded in cis or trans, functional DQ

molecules will be expressed (Figure 1).

5 HLA NOMENCLATURE

There are 2 nomenclature formats for HLA (Marsh et al., 2010), which

denote either the genetic information (molecular nomenclature, e.g.,

DQB1*03:02) or the expressed proteins (serological nomenclature, e.g.,

DQ8) (Table 2). A third informal approach for referring to HLA types is

also often used in CD literature (Brown et al., 2019). This has evolved

to overcome the limitations of official HLA nomenclature, namely,

serological DQ names only reflecting the DQB protein of the het-

erodimer, and otherwise lengthy molecular nomenclature. This hybrid

nomenclature approach captures both the DQB and DQA proteins

in a shorter format, e.g., DQA1*05 DQB1*02 is shortened to DQ2.5

and DQA1*02 DQB1*02 becomes DQ2.2. Although this is not official

HLA nomenclature, we appreciate that it is widely used in publica-

tions and understood by those involved in CD diagnosis. Therefore,

while we advocate using official HLA nomenclature for reporting HLA

genotyping results, laboratories may wish to use the shortened CD

nomenclature format, in addition to the genotyping results, or in any

interpretative comments present on clinical reports. Indeed, a sim-

ple summary statement may be included alongside HLA genotyping

results, to aid clinical interpretation.

In practice, due to the polymorphism in HLA genes, molecular test-

ing forCDoftendetects groupsof alleleswith identicalDNAsequences

over the exons/single nucleotide polymorphisms (SNPs) covered by the

kit, rather than a single HLA allele. These ‘ambiguities’ are reported

in HLA molecular nomenclature either by reporting only the first field

results (e.g., DQB1*02 includes all DQB1*02 alleles in the 02 family) or

by using ‘-‘ or ‘/’ to indicate groups of alleles (e.g.,DQB1*02:01-02:03 or

DQB1*02:01/02:02/02:03would indicate it is either a DQB1*02:01 or

02:02 or 02:03 allele).

6 HLA TYPING

Molecular testing allows HLA alleles to be determined to different lev-

els of resolution, which in essence, relates to the number of exons
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PRITCHARD ET AL. 5

F IGURE 1 Genetic and protein structure for HLA-DQ heterodimers associated with coeliac disease. The genes encoding HLAmolecules are
found in theMHC complex on chromosome 6. HLAmolecules involved in coeliac disease are encoded in the class II region at the DQ loci.
HLA-DQA1 andDQB1 loci encode for a- and b-chains, respectively, that associate as heterodimers on the cell surface of antigen resenting cells,
forming a cleft that binds peptide antigens. Most patients with coeliac disease (90%) express the HLA-DQ2.5 heterodimer, which consists of
HLA-DQA1*05 andDQB1*02 alleles in either cis configuration on the same chromosome or in trans configuration, located on different
chromosomes. The remaining patients (5%−10%) express HLA-DQ8 encoded by theHLA-DQB1*03:02 allele, or HLA-DQ2.2, which consists of
HLA-DQA1*02 andDQB1*02 alleles. HLA, human leukocyte antigen;MHC, major histocompatibility complex. Figure createdwith BioRender.com.

tested and how well alleles can be differentiated from others. For CD

testing, it is important to understand the resolution provided by a

chosen technique, to ensure it is able to appropriately determine the

required CD HLA alleles. For example, DQ2 is associated with differ-

ent CD risk depending on if the alpha chain is encoded by DQA1*05

(DQ2.5) or DQA1*02 (DQ2.2); therefore, it is important they can be

separated. Furthermore, it is not sufficient for a technique to only

define HLA-DQB1*03, as this can relate to HLA-DQ7 (DQB1*03:01),

DQ8 or DQ9 (DQB1:03:03). It is necessary, therefore, to distinguish

DQ8 (DQB1*03:02) from other DQB1*03 alleles.

HLA-DRB1 has historically been included in CD HLA associations as

part of an extended haplotype (e.g.,DRB1*03-DQA1*05-DQB1*02) due

to the strong linkage disequilibrium between DR and DQ loci. How-

ever, contemporary HLA typing does not need to include HLA-DRB1

and should instead focus onDQA1 andDQB1 loci testing.

HLA testing can be challenging due to the large number of very sim-

ilar DQ alleles, which must be differentiated from each other. This is in

contrast to most molecular testing which evaluates differences to an

accepted ‘wild-type’. HLA testing for CD generally falls into two cate-

gories: (i)HLA typing todefine theDQA1 andDQB1 alleles present in an

individual and (ii) selected SNP testing to determine presence/absence

for specific CD susceptibility alleles (Koskinen et al., 2009) (Table 3;

Monsuur et al., 2008).

Full DQA1 DQB1 typing is often performed by specialist histo-

compatibility and immunogenetics laboratories who routinely per-

form HLA typing for other clinical indications, e.g., solid organ or

haematopoietic stem cell transplantation. Laboratories using this

approach are able to determine theHLAalleles in an individual, regard-

less of association with CD. The second approach for HLA testing

commonly focuses only on the detection of the CD susceptibility alle-

les using SNP-based tests. These SNP kits are unable to provide a

completeDQA1,DQB1HLA type but indicate the presence/absence of

common CD alleles. Laboratories should report the methodology used

for CD HLA testing to service users, including any limitations of the

assay used.

Full HLA typing of HLA-DQB1 and DQA1 alleles is preferential

to kit-based detection of specific alleles (Husby et al., 2020; Tye-

Din et al., 2015). HLA typing methods clearly define the alleles

present in an individual, which allows complete risk stratification,

whereas presence/absence kits are likely to have resolution limita-

tions and ambiguities that could hinder full interpretation. An HLA

typing approach also allows the determination of homozygosity or
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6 PRITCHARD ET AL.

TABLE 2 Overview of HLA nomenclature.

HLAmolecular1 (HLAAlleles)

HLA

serologic2

(HLA protein)

Commonly used

in coeliac

disease3

DQA1*05:XXa DQB1*02:XXb DQ2 DQ2.5

DQA1*03:XXc DQB1*03:02 DQ8 DQ8

DQA1*02:01d DQB1*02:XXb DQ2 DQ2.2

There are three nomenclature formats in use for coeliac disease: the official

molecular nomenclature, the official serological nomenclature and an unof-

ficial system commonly used to refer to theHLA-DQheterodimers involved

in susceptibility to coeliac disease.
1For molecular nomenclature, the HLA locus is followed by an asterisk to

denote molecular nomenclature followed by sets of numbers arranged in

colon-separated fields. The first field numbers refer to the allele family,

and second field numbers the specific allele number. DQA1 encodes the

alpha-chain protein, and DQB1 encodes the beta-chain protein of the DQ

molecule.
2For serological nomenclature, the HLA protein is followed by a number

which denotes the specific HLA antigen. For HLA-DQ, the serological name

only represents the DQB protein, and does not reflect the DQA protein of

the heterodimer. The DQ serological name usually has the same number as

theDQB1allele family (e.g., DQB1*02=DQ2), althoughdue to thewayHLA

nomenclature has evolved, exceptions exist (e.g., DQB1*03:02=DQ8).
3For the coeliac disease specific nomenclature, the serological nomencla-

ture is followed by a ‘.’ and another number to represent theDQAprotein of

the heterodimer, when it is relevant. This nomenclature captures the DQB

andDQAHLA types in a shortened format.
aRefers to any allele in the DQA1*05 family; DQA1*05:01, DQA1*05:03
and DQA1*05:05 are the most common alleles in European populations

(Gonzalez-Galarza et al., 2020).
bRefers to any allele in theDQB1*02 family; DQB1*02:01 andDQB1*02:02

are the most common alleles in European populations (Gonzalez-Galarza

et al., 2020).
cRefers to any allele in the DQA1*03 family; DQA1*03:01, DQA1*03:02
and DQA1*03:03 are the most common alleles in European populations

(Gonzalez-Galarza et al., 2020).
dRefers to any allele in the DQA1*02 family; DQA1*02:01 is the only

common allele in European populations (Gonzalez-Galarza et al., 2020).

heterozygosity status, which is important when considering CD risk.

Regardless of the method used, testing should be undertaken by a

laboratory accredited to ISO 15189, and the test must be appro-

priately validated and/or verified in the laboratory where used.

Laboratories must have written procedures in place for HLA test-

ing, interpretation and reporting for CD, and participate in an EQA

scheme.

7 HLA GENES IN COELIAC DISEASE
DEVELOPMENT

The development of CD is dependent on the presence of specific HLA-

DQ alleles that orchestrate the immunological response to dietary

gluten (Abadie et al., 2011). Detailed reviews of CD pathogenesis have

been provided by others (Abadie et al., 2011; Caio et al., 2019; Kabri

& Sollid 2006), but a brief outline of the involvement of HLA-DQ is

provided here.

TABLE 3 Different approaches to CDHLA testing.

HLA typing

Presence/absence

testing

HLA type DQA1*02:01,

03:02/03;

DQB1*02:02,

03:03

DQA1*05 absent

DQA1*02 present

DQB1*02 present

DQB1*03:02 absent

HLA type

interpretation

Patient is positive for HLA-DQ2 (DQA1*02,

DQB1*02)

Clinical

interpretation

The patient has a genotypewhich is associated

with coeliac disease

Note: Example of HLA results that may be reported using an HLA typing

method and an SNP-based presence/absence detectionmethod.

HLA-DQ heterodimers reside on the surface of antigen-presenting

cells and present peptides derived from exogenous proteins to CD4 T

cells. Each DQmolecule is capable of presenting a different repertoire

of peptides,which is determinedby the amino acid sequence present at

the peptide-binding region of the heterodimer. In CD, ingested gluten-

derivedpeptides aremodified by the enzyme tissue transglutaminase2

inaprocess calleddeamidation,which converts glutamine residues into

negatively charged glutamic acid. Unlike otherDQmolecules, DQ2 and

DQ8 have a high affinity for these negatively charged gluten peptides,

which are presented to elicit a gluten-specific T-cell response (Bajor

et al., 2019; Jabri & Sollid et al., 2006). Importantly, this pathogenic

process is not active in most individuals encoding DQ2 or DQ8 (which

are commonHLA types in the general population), indicating that other

factors besides these genes are involved in disease progression.

Indeed, a variety of genes and environmental influences are critical

to CD development. The presence of specific HLA types is necessary

but is not a sufficient factor for the development of CD.HLA genotypes

confer approximately 35%–40%of the genetic risk (Abadie et al., 2011;

Al-Toma et al., 2019), with genome-wide association studies identify-

ing numerous additional non-HLA genomic regions as being associated

with CD (Garner et al., 2014; Trynka et al., 2011).

8 HLA-DQ

There are three specific DQ heterodimers which have been found to

account for over 99% of CD cases in Europeans (Karell et al., 2003).

However, these genotypes are not all associated with the same CD

risk (Pietezac et al., 2009). This is due to differences in their ability to

present gluten-derivedpeptides toT cells (Tjonet al., 2010;Vadar et al.,

2003).

8.1 HLA-DQB1*02, DQA1*05 (DQ2.5)

The HLA-DQ2.5 heterodimer is encoded by DQB1*02 and DQA1*05

alleles (usually DQB1*02:01 and DQA1*05:01/03/05), which can be

encoded in either cis or trans. This is the most permissive heterodimer

for CD, encoded by approximately 90%–95% of patients with CD
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PRITCHARD ET AL. 7

TABLE 4 The complexity of HLA-DQB1*03.

Serological

specificity Second field alleles

DQB1*03 DQ7 DQB1*03:01, 03:04

DQ8 DQB1*03:02, 03:05, 03:10

DQ9 DQB1*03:03

DQ3 03:06, 03:07, 03:08, 03:09

+

Note: The HLA-DQB1*03 family contains many different alleles, differen-

tiated by the 2nd field HLA nomenclature. Several of these alleles are

separated into three different serological groups: DQ7, DQ8 and DQ9. The

most common alleles in these groups are DQB1*03:01, 03:02 and 03:03.

Other DQB1*03 alleles have not been classified serologically and are cat-

egorised as simply DQ3. It is important that the HLA typing methodology

used in CD testing is able to distinguish DQB1*03 alleles from other com-

mon alleles that encode forDQ7andDQ9as these are not implicated inCD.

While DQB1*03:02 is the allele which is most commonly associated with

DQ8 and has been shown to be associated with CD, other alleles are also

classed asDQ8.While DQB1*03:02 is alwaysDQ8, DQ8may not always be

DQB1*03:02, so the use of this nomenclature in reports should be carefully

considered alongside the detection capabilities of the methodology used.

The other DQ8 alleles are relatively uncommon, and the association with

CD is unknown.

(Abadie et al., 2011; Almedia et al., 2016; Liu et al., 2014). The remain-

ing CD patients (5%–10%) have been shown to carry either DQ8 or

another DQ2 heterodimer (DQ2.2).

8.2 HLA-DQB1*03:02 (DQ8)

The HLA-DQ8 heterodimer is usually encoded by DQB1*03:02 often

with DQA1*03. Importantly, DQA1*03 can be found associated with

many other DQB1 genotypes and alone is not associated with CD.

CD literature has generally used DQ8/DQB1*03:02 interchangeably;

however, it is important to note that DQ8 includes more HLA alleles

than just DQB1*03:02, e.g., DQB1*03:05, 03:10 (Table 4). There-

fore, while DQB1*03:02 is always DQ8, DQ8 may not always be

DQB1*03:02. This issue was highlighted in a sample distributed in

2022 by UK NEQAS for H&I, where 33% of participants reported

incorrect results for a sample that was DQB1*03:05. The majority of

errors were due to participants reporting the sample as DQ8 negative,

whereas if they had reported it as DQB1*03:02 negative, they would

have been correct. This highlights the importance for laboratories to

understand the detection capabilities of the HLA typing methodology

in use and to also be clear with reports.

These other DQ8 alleles are generally rare compared to

DQB1*03:02, and no specific published data could be identified

on their relevance to CD. Given the structural similarities between

DQ8 alleles (e.g. only 1 amino acid difference in the peptide-binding

domain between DQB1*03:02 and 03:05), and therefore potential

ability to present gluten-derived peptides, the authors feel that in the

absence of any data, it is safer to not exclude a diagnosis of CD if DQ8

alleles other than DQB1*03:02 are identified. These results should,

however, be carefully communicated to service users.

It is also important to distinguishDQB1*03:02, fromotherDQB1*03

alleles, as the *03 allele family includes different serologic HLA anti-

genswhich are not associatedwithCD;DQ7andDQ9,most commonly

encoded byDQB1*03:01 andDQB1*03:03, respectively (Table 4).

8.3 HLA-DQB1*02, DQA1*02 (DQ2.2)

The HLA-DQ2.2 heterodimer is encoded by DQB1*02 and DQA1*02

alleles (usually DQB1*02:02 and DQA1*02:01), which can be encoded

in either cis or trans. However, compared to the DQ2.5 heterodimer,

DQ2.2 is significantly less capable of presenting gluten-derived pep-

tides (Bodd et al., 2012; Fallang et al., 2009). Whereas the DQ2.5

heterodimer can present a large repertoire of gluten peptides, DQ2.2

can only present a subset of them (Koning et al., 2012; Ting et al.,

2020). Bergseng et al. (2015) showed that DQ2.5 and DQ2.2 differ

in their peptide-binding preferences which influenced the selection of

distinctive gluten epitopes and the development of CD. It has also been

reported that DQ2.5 has greater stability when peptides are bound

producing sustained presentation and immune response to gluten pep-

tides (Fallang et al., 2009; Lázár-Molnár & Snyder et al., 2018). This

likely accounts for the lower prevalence of DQ2.2 in CD patients, com-

pared to DQ2.5. Nevertheless, this HLA type is capable of supporting

CD and is found in approximately 2%–5% of patients who lack DQ2.5

or DQ8 (Bodd et al., 2012;Mubarak et al., 2013).

8.4 Other HLA alleles

Less than 1% of patients with a diagnosis of CD have lacked DQ2 or

DQ8 (Di Silvestri et al., 2018; Husby et al., 2012; Karell et al., 2003;

Pietezac et al., 2009). In rare cases, CD patients have been identified

with DQA1*05 only, leading to the assumption that the alpha chain

only may be sufficient for CD (Abadie et al., 2011; Karell et al., 2003;

Megiorni & Pizzuti, 2012; Pallav et al., 2014). DQA1*05 is often found

in conjunction with DQB1*03:01 (DQ7), but as DQ7 heterodimers

can be formed with other DQ alpha chains, reports relating to DQ7

should be avoided, and DQA1*05 referred to instead. However, there

is no clear evidence that DAQ1*05 alone presents a risk of CD (Brown

et al., 2019), and more recent studies suggest that the presence of

DQA1*05 alone would not be sufficient for effective antigen presen-

tation of relevant peptides (Bajor et al., 2019). Furthermore, Italian

and Brazilian studies identified DQA1*05 at higher frequencies in con-

trols compared with patients (Almeida et al., 2016; Megiomi et al.,

2009). Therefore, HLA typing should exclude individuals from a diag-

nosis of CD if they only carry DQA1*05 or any other HLA-DQ alleles

other than those that encode the heterodimers DQ2.5, DQ2.2 and

DQ8 (Erlichster et al., 2020).

9 HLA RISK STRATIFICATION

As discussed above, each of theHLA-DQheterodimers associatedwith

CD is attributedwith adifferent level of risk. Furthermore, studies have
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8 PRITCHARD ET AL.

also demonstrated a gene dose effect, where patientswho possess two

of the associated HLA-DQ heterodimers are at a greater risk of devel-

oping CD, than individuals with only one heterodimer. This leads to a

hierarchy of genetic risk for CD, classified according to HLA type and

the number of susceptibility alleles present (Karell et al., 2003; Ploski

et al., 1993).

The highest risk is consistently associated with DQ2.5 homozy-

gous individuals (Al-Toma et al., 2019; Bajor et al., 2019a; De Silvestri

et al., 2018; Lázár-Molnár & Snyder et al., 2018; Liu et al., 2014). In

these cases, all DQ molecules on the cell surface are able to present

gluten-derived peptides to T cells, whereas for DQ2.5 heterozygous

individuals, 4 heterodimers can form, reducing the total dimers able

to present gluten peptides. DQ2.5 homozygosity has been associated

with more severe disease, earlier disease onset, an increase in serol-

ogy antibody positivity, plus a higher rate of refractory CD (Airaksinen

et al., 2020; Al-Toma et al., 2006; Karinen et al., 2006; Lionetti et al.,

2014; Pietzak et al., 2009; Vader et al., 2003). Gene expression levels

may also play a role: Pisapia et al. (2016) demonstrated thatDQ2.5 had

higher expression than non-CD–associated genes which increased cell

surface protein levels which then affected the anti-gluten CD4+ T-cell

response.

Heterozygosity for DQ2.5/DQ2.2 also confers a high risk of CD

(Choung et al., 2020). Bajor et al. (2019) and Sciurti et al. (2018)

performed a meta-analysis and demonstrated that a double dose of

HLA-DQB1*02 gene (DQ2.5 homozygous, DQ2.5/DQ2.2 heterozy-

gotes) predisposed patients to developing classical CD, although it

did not impact disease severity. Individuals with DQ2.5 and DQ8 are

also at greater risk than individuals who only encode one heterodimer

(Almeida et al., 2016;Megiorni et al., 2009; Poddighe et al., 2020).

This has led many authors to create risk hierarchies for HLA geno-

typing results and the risk of CD development. As demonstrated in

Table 5, the results of risk stratification based on HLA gene dose vary.

Of importance when reviewing published studies is to fully consider

the level of HLA typing and resolution performed, to ensure complete

definition of the CD heterodimers.

10 VALUE OF HLA TESTING

Multiple studies have shown that over 99% of CD patients have one

or a combination of the DQ heterodimers that confer susceptibility

(Clouzeau-Girard et al., 2011; Donat et al., 2016; Klapp et al., 2013;

Kurppa et al., 2012; Sandstrom et al., 2013; Tucci et al., 2014; Werk-

stetter et al., 2017;Wolf et al., 2017),makingHLA testing exceptionally

useful as a test to exclude CD when the susceptibility genotypes are

absent (Tye-din et al., 2018). In other words, HLA testing achieves a

high negative predictive value for CD disease. However, as the genes

for HLA-DQ2/DQ8 are common in the general population (approxi-

mately 40% in Europeans), and only 1% of the population develops CD,

the presence of these HLA genotypes gives a poor positive predictive

value (Kang et al., 2013).

AlthoughHLA testing alone cannot yield a CDdiagnosis, it has some

crucial benefits over CD serology testing and histology, including the

need to only test patients once, non-reliance on gluten consumption

for accuracy and the ability to perform tests on blood or buccal swabs

which are less invasive. There are therefore several scenarios where

knowledge of a patient’s HLA-DQ genotype is useful and in particular

might benefit (1) infants never exposed to gluten, (2) young chil-

dren who might not make antibodies, (3) patients with indeterminate

serologies or biopsies, (4) relatives of biopsy-diagnosed individuals, (5)

patients with IgA deficiency and (6) patients on a self-imposed gluten-

free diet unwilling to undergo gluten challenge (Pietzak et al., 2009). In

these scenarios, the strong negative predicate value ofHLA testing can

be used to confidently exclude a diagnosis for CD and remove the need

for ongoing clinical monitoring.

Appropriate and accurate HLA testing for CD is therefore critical,

with its major clinical utility to exclude CD. Information on the zygosity

and particularHLA alleles detectedmay helpwith risk stratification for

CD. For example, an at-risk familymember’smonitoring frequencymay

be determined by the particular HLA genotype.

11 RECOMMENDED REPORTING AND
INTERPRETIVE COMMENTS

Due to the complexity of the HLA system and CD genetics, an HLA

genotyping service should be performed by laboratories with the

relevant knowledge/experience to enable the correct HLA genotype

and interpretation is obtained. HLA genotyping results need to be

reported in a clear and concise manner but contain adequate infor-

mation to allow full consideration by clinicians undertaking patient

diagnosis. Reports should clearly state the genotype identified and

include relevant interpretative comments.

Laboratoriesmaychoose to adoptoneof twoapproaches for report-

ing CD results. It is recommended that laboratories engage with their

service users to identify which is most appropriate:

1. A simple binary ‘risk present’ or ‘risk absent’ approach. Given the

strong negative predicative value of HLA genotyping to exclude the

diagnosis of CD, this approach is recommended and is likely to be

sufficient for themajority of laboratories.

2. A risk stratification for CD based on the HLA genotypes detected.

This approach can communicate the differences in risk for CD con-

ferred by the different genotypes but is more complex, and the

additional informationmay not be utilised clinically for themajority

of patients.

For either approach, reports must be clear that the presence of an

at-risk genotype does not confer a diagnosis and has a low positive

predictive value for CD, regardless of the HLA genotype identified.

Table 6 provides suggested reporting templates for the HLA geno-

typing results depending on (i) the test strategy used (definitive HLA

genotyping or SNP kit-based detection of specific alleles) and (ii) the

reporting approach (binary presence/absence or risk stratification).

Each result scenario contains a simple summary comment for the

HLA genotype and a choice of suggested interpretative comments
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PRITCHARD ET AL. 13

TABLE 6 Templates for reporting of coeliac HLA genotyping results. It is suggested that laboratories adopt ONE of the formats for reporting
HLA typing results (HLA genotype result or HLA coeliac disease heterodimer result) depending on their HLA typing strategy andONE of the
interpretative comments depending on the reporting approach (< 1> binary presence/absence or< 2> risk stratification).

i. DQ2.5 homozygous

HLA genotype result:

HLA-DQA1*05, DQB1*02

HLA-DQA1*05, DQB1*02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) positive

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

HLA-DQB1*03:02 (DQ8) negative

Genotype comment: Positive for DQ2.5 (homozygous)

Interpretative comment< 1> : The patient has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual has two copies of DQA1*05, DQB1*02 (HLA-DQ2.5) which have a very strong association with coeliac

disease in patients where laboratory tests or symptoms or endoscopic features suggest coeliac disease.

ii. DQ2.5 andDQ2.2 positive result

HLA genotype result:

HLA-DQA1*02, DQB1*02

HLA-DQA1*05, DQB1*02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) positive

HLA-DQB1*02, DQA1*02 (DQ2.2) positive

DQB1*03:02 (DQ8) negative

Genotype comment: Positive for HLA-DQ2.5 andDQ2.2

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual has two copies of DQ2 (DQA1*05, DQB1*02 (HLA-DQ2.5) andDQA1*02, DQB1*02DQ2.2), which have

a very strong association with coeliac disease in patients where laboratory tests or symptoms or endoscopic features suggest coeliac disease.

iii. DQ2.5 andDQ8 positive result

HLA genotype result:

HLA-DQA1*05, DQB1*02

HLA-DQA1*X, DQB1*03:02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) positive

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

HLA-DQB1*03:02 (DQ8) positive

Genotype comment: Positive for DQ2.5 andDQ8

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : The presence of both DQ2.5 andDQ8 has a strong association with coeliac disease in patients where laboratory tests or

symptoms or endoscopic features suggest coeliac disease.

iv. DQ2.5 heterozygous (cis or trans)

HLA genotype result:

HLA-DQA1*05, DQB1*02

HLA-DQA1*X, DQB1*X

OR

HLA-DQA1*05, DQB1*X

HLA-DQA1*X, DQB1*02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) positive

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

HLA-DQB1*03:02 (DQ8) negative

Genotype comment: Positive for DQ2.5 (heterozygous)

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This presence of DQA1*05, DQB1*02 (HLA-DQ2.5) has a strong association with coeliac disease in patients where

laboratory tests or symptoms or endoscopic features suggest coeliac disease.

v. DQ8 positive result (homozygous)

HLA genotype result:

HLA-DQA1*X, DQB1*03:02

HLA-DQA1*X, DQB1*03:02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

DQB1*03:02 (DQ8) positive

Genotype comment: Positive for DQ8 (homozygous)

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual has two copies of DQ8 (DQB1*03:02) which has a weak association with coeliac disease in patients

where laboratory tests or symptoms or endoscopic features suggest coeliac disease.

(Continues)
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14 PRITCHARD ET AL.

TABLE 6 (Continued)

vi. DQ8 andDQ2.2 positive result

HLA genotype result:

HLA-DQA1*02, DQB1*02

HLA-DQA1*X, DQB1*03:02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) positive

DQB1*03:02 (DQ8) positive

Genotype Comment: Positive for HLA-DQ8 andDQ2.2

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : The presence of DQ2.2 andDQ8 has a weak association with coeliac disease in patients where laboratory tests or

symptoms or endoscopic features suggest coeliac disease.

vii. DQ8 positive result

HLA genotype result:

HLA-DQA1*X, DQB1*03:02

HLA-DQA1*X, DQB1*X

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

DQB1*03:02 (DQ8) positive

Genotype comment: Positive for DQ8

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual carries DQB1*03:02 (DQ8) that has a weak association with coeliac disease in patients where laboratory

tests or symptoms or endoscopic features suggest coeliac disease.

viii. DQ2.2 homozygous positive result

HLA genotype result:

HLA-DQA1*02, DQB1*02

HLA-DQA1*02, DQB1*02

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) positive

DQB1*03:02 (DQ8) negative

Genotype comment: Positive for HLA-DQ2.2 (homozygous)

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual has two copies of DQA1*02, DQB1*02 (HLA-DQ2.2) which has a weak association with coeliac disease in

patients where laboratory tests or symptoms or endoscopic features suggest coeliac disease.

ix. DQ2.2 positive result

HLA genotype result:

HLA-DQA1*02, DQB1*02

HLA-DQA1*X, DQB1*X

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) positive

DQB1*03:02 (DQ8) negative

Genotype comment: Positive for DQ2.2

Interpretative comment< 1> : This individual has a genotypewhich is associatedwith coeliac disease

Interpretative comment< 2> : This individual carries HLA-DQA1*02, DQB1*02:02 (DQ2.2) that has a weak association with coeliac disease in patients

where laboratory tests or symptoms or endoscopic features suggest coeliac disease.

x. DQA1*05 positive result

HLA genotype result:

HLA-DQA1*05, DQB1*X

HLA-DQA1*X, DQB1*X

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

DQB1*03:02 (DQ8) negative

Genotype comment: Negative for HLA-DQ2 andDQ8

Interpretative comment< 1> : This individual does not have a genotype associatedwith coeliac disease

Interpretative comment< 2> : This individual does not have a genotype associatedwith coeliac disease.

xi. DQB1*02 only positive result

HLAGenotype result:

HLA-DQA1*X, DQB1*02

HLA-DQA1*X, DQB1*X

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

DQB1*03:02 (DQ8) negative

Genotype Comment: Negative for DQ2.5 and 2.2

Interpretative Comment< 1> : This individual does not have a genotype associated with coeliac disease

Interpretative Comment< 2> : Although this individual has the DQB1*02 variant, it is not present with DQA1*02 or DQA1*05 (tomake the DQ2.2 or

DQ2.5 heterodimer); therefore, this individual does not carry the HLA-DQ types associatedwith coeliac disease.

(Continues)
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PRITCHARD ET AL. 15

TABLE 6 (Continued)

xii. No CD heterodimers detected

HLA genotype result:

HLA-DQA1*XX, DQB1*XX

HLA-DQA1*XX, DQB1*XX

HLACD heterodimer result:

HLA-DQB1*02, DQA1*05 (DQ2.5) negative

HLA-DQB1*02, DQA1*02 (DQ2.2) negative

HLA-DQB1*03:02 (DQ8) negative

Genotype comment: Negative for HLA-DQ2 andDQ8

Interpretative comment< 1> : This individual does not have a genotype associatedwith coeliac disease

Interpretative comment< 2> : This individual does not carry the HLA-DQ types associatedwith coeliac disease.

Additional report comment

<A> The presence of an associated HLA genotype does not confer a diagnosis of coeliac disease and has a low positive predictive value for coeliac

disease.

<B> The absence of an associated genotype excludes the diagnosis of coeliac disease with a high probability (likelihood of coeliac disease< 1%).

Note: DQX, any allele, but not DQB1*02, DQA1*05, DQA1*02DQB1*03:02.

depending on the reporting approach. The comments are provided as

a suggestion for a possible way of reporting, but other reports may be

valid, following the principles that the reports have the correct inter-

pretation of the HLA genotype, are easy to understand, unambiguous

and not overly complex.
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