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Diagnostic accuracy of coeliac serological tests: a prospective
study
Glenn E.M. Reevesa, Marline L. Squancea, Anne E. Duggana,
Rajathurai R. Murugasua, Robert J. Wilsonb, Richard C. Wongb,
Robert A. Gibsona, Richard H. Steelec, Wendy K. Pollockd and
the Multicentre Coeliac Study Groupa–h

Objective The best way to test serologically for coeliac

disease (CD) remains controversial, with endomysial

(EMA), transglutaminase (TTG), and gliadin antibodies

(AGA) being assessed in various combinations with no

apparent standardization. The objective of this study was

to evaluate whether TTG-IgA +/– TTG-IgG could be used

as a replacement for endomysial antibodies as a reliable

screen for CD in patients presenting to a major Australian

tertiary referral hospital for assessment of symptoms

consistent with CD.

Methods Individuals referred for gastroscopic assessment

of possible CD were prospectively evaluated by duodenal

biopsy assessment. The following diagnostic methods

were compared: dual-isotype transglutaminase (TTG-dual),

combined-isotype transglutaminase (TTG-IgA + G),

TTG-IgA, combined-isotype gliadin antibodies

(AGA-IgA + G), AGA-IgA, and endomysial antibody assays.

Clinical performance characteristics (sensitivity, specificity,

area under the curve for receiver-operating characteristic

analysis; AUROC) were assessed for all kits.

Results The correlation between transglutaminase kits

was generally good, with the best transglutaminase kit

demonstrating high correlation (r = 0.86) with endomysial

antibodies. A comparison of different types of endomysial

antibody assays displayed variable diagnostic performance

(sensitivity 61.90–68.42%; specificity 80.00–98.57%;

AUROC 0.71–0.83). Sensitivity (90.48–92.31%), specificity

(80.77–82.89%) and AUROC values (0.92–0.94) for

dual-isotype transglutaminase kits displayed narrow

ranges. AGA assays were less sensitive (AGA-IgA:

42.31–46.15%; AGA-IgG: 61.54%) and less specific

(AGA-IgA: 85.09–87.73%; AGA-IgG: 82.46–84.09%).

Dual-isotype transglutaminase testing was diagnostically

equivalent to transglutaminase-IgA (AUROC 0.92 versus

0.91, P = 0.33).

Conclusions Our study suggests that transglutaminase

screening (using the IgA ± IgG isotype) is a sensitive and

specific alternative to endomysial antibody testing in the

serological assessment of CD. On the basis of our findings,

AGA antibody testing no longer appears to be an essential

part of the diagnostic strategy for adult CD. Eur J

Gastroenterol Hepatol 18:493–501 �c 2006 Lippincott

Williams & Wilkins.
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Introduction
Coeliac disease (CD) represents one of the best-under-

stood examples of an environmentally triggered auto-

immune disease, with genetic risk factors (especially

HLA-DQ2/DQ8), environmental triggers (gliadin), and

autoantigenic targets (tissue transglutaminase) being

well defined [1]. Typically, CD targets the small

intestine, and presents with malabsorption characterized

by weight loss, abdominal distension, diarrhoea and

steatorrhoea [2]. The clinical presentation of CD has

changed over recent decades, perhaps as a result of earlier

detection with improved blood tests. Diarrhoea is a less

frequent symptom than 10 years ago, and features such as

unexplained iron deficiency and osteoporosis are more

common [3]. This extension of the clinical spectrum of

disease, in concert with improved diagnosis, has led

to the revision of the prevalence of CD to approximately

1 : 100 [4]. The best way of testing for CD remains

controversial, with endomysial (EMA), transglutaminase

(TTG), and gliadin (AGA) antibodies being assessed
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in various combinations with no apparent standardization

[5,6].

The aim of the Multi-Centre Coeliac Serology Study was

to define the optimal serological screening approach to

CD in unselected patients referred for gastroscopic

assessment of symptoms consistent with CD. Specific

questions asked were: Can transglutaminase replace

endomysial antibodies as a reliable screen for CD? Does

combined or dual isotype transglutaminase testing

(TTG-IgA + G or TTG-dual) of IgA-replete individuals

enhance diagnostic sensitivity for CD compared with

TTG-IgA testing alone? And does the addition of gliadin

to the assessment of transglutaminase antibodies enhance

the diagnostic sensitivity for CD compared with trans-

glutaminase antibody testing alone?

Methods
The Multi-Centre Coeliac Serology Study was prospec-

tively undertaken through seven major teaching and

referral centres (Table 1) throughout Australia.

Sequential individuals referred to the central unit

(Hunter) for gastroscopic assessment of possible CD

between 25 March 2003 and 25 November 2004 were

invited to participate in the study. At least one of a set of

standardized clinical features consistent with CD (not

including immunological markers, see Table 2 [7,8])

needed to be met. Study design, data collection

and analysis and the reporting and interpretation of

results were performed according to the STARD guide-

lines [9].

Patients and study design

Individuals aged between 4 and 90 years referred for

endoscopic biopsy assessment of symptoms consistent

with CD were eligible for the study. Three times a week,

the endoscopy list of the John Hunter Hospital Day-Stay

Gastroenterology Unit was reviewed for the presence of

keywords consistent with a possible diagnosis of CD

(Table 2). Individuals less than 4 years old or receiving

anticoagulation treatment were excluded from the study.

Of the 2684 individuals presenting for gastroscopy during

the study period, 1879 had been referred for endoscopic

assessment of symptoms consistent with CD. Of these

individuals, 894 were approached for participation in the

study via a random selection process, and 732 agreed

to be involved. We received 551 signed consent forms;

254 individuals were included in the final study

(297 patients were excluded because of a failure to

collect appropriate blood samples, no duodenal biopsy,

or patient withdrawal). Of these individuals, 26 patients

had biopsy-confirmed CD and 228 had no biopsy

evidence of CD.

Patient consent was obtained to undergo the following

procedures: endoscopy and biopsy (baseline), venepunc-

ture for the collection of 20 ml blood (for the measure-

ment of TTG-IgA, IgG TTG (TTG-IgG), dual-isotype

TTG (TTG-dual), endomysial antibodies, total IgA, IgA

anti-gliadin antibodies (AGA-IgA) and IgG anti-gliadin

antibodies (AGA-IgG) at baseline.

This study was performed in accordance with the 1983

revision of the 1975 Helsinki declaration [10], and

accorded with local guidelines for good clinical practice.

All trial protocols, including any variations to the original

study, were reviewed and approved by the Hunter Area

Research Ethics Committee. Written informed consent

was obtained from all patients.

Enzyme-linked immunosorbent assay and luminometry

testing logistics

Enzyme-linked immunosorbent assay or luminometric

testing for TTG-IgA and TTG-IgG as well as AGA-IgA

and AGA-IgG was performed according to kit recommen-

dations, as summarised in Table 3.

An expression of interest was circulated by mail and

e-mail to all manufacturers offering kits for CD diagnosis.

All methodologies available for detecting CD in Austra-

lasia at the time of study commencement were included.

All participating kit manufacturers agreed to provide their

kits free of charge to allow the study to proceed; however,

the trial was designed and constructed independently by

the authors, and there was no influence by the companies

Table 1 Testing centres participating in coeliac study

Study testing centre Country

Hunter Area Pathology Service (HAPS), John Hunter
Hospital, New South Wales

Australia

Immunology Fremantle Hospital (FHP), Western Australia Australia
Royal Brisbane Hospital (RBH), Queensland Australia
Queensland Medical Laboratory (QML), Queensland Australia
Institute of Medical and Veterinary Science (IMVS),

South Australia
Australia

Gribbles Pathology (GPM), Victoria Australia
Royal Prince Alfred Hospital (RPAH), New South Wales Australia
Canterbury Health (CHNZ), Christchurch New Zealand

Table 2 Clinical features consistent with coeliac disease [7,8]

Unexplained weight loss Unexplained infertility
Short stature or ‘failure-to-thrive’

(in children)
Prolonged unexplained fatigue

Chronic diarrhoea Family history of CD in first-degree relative(s)
Unexplained abdominal pain Associated autoimmune conditions
Dyspeptic symptoms (type I diabetes, Sjogren’s, lupus, y)
Alternating bowel habits Dermatitis herpetiformis-like rash
Constipation IgA deficiency
Non-degenerative arthralgias Unexplained iron or folate deficiency
Idiopathic epilepsy Anaemia
Idiopathic ataxia Unexplained abnormal liver function tests
Idiopathic osteoporosis

CD, Coeliac disease.
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upon the study process, analysis or publication. All

test analyses occurred in batches of approximately 80

samples, with each batch being sent to a central centre

for aliquoting (RBH) to ensure uniform sample char-

acteristics and volumes, then forwarded to each partici-

pating laboratory. The eight teaching hospital-based

laboratories participating in sample analysis were chosen

to perform a given test based upon their experience using

the test method in question.

The data were retained and analysed by the study

coordinators in a confidential password-protected data-

base. Table 3 summarizes laboratories, testing kits and

their suppliers, along with details of the kit methods.

Endomysial antibody subanalysis

Endomysial antibodies were assessed by indirect immuno-

fluorescence using ‘primate smooth muscle’ substrate

(Immco, Buffalo, USA), with results of 1 : 10 or greater

being reported as positive. A single blinded observer

with experience in coeliac immunofluorescence read

all endomysial slides. The laboratory assessing endo-

mysial antibodies performed dual-isotype endomysial

antibody, and endomysial antibody samples were tested

for masking as a result of anti-smooth muscle anti-

bodies [11].

Because the term ‘primate smooth muscle’ has been

used generically in some publications to refer to both

monkey distal oesophagus and monkey bladder substrates

[12], it was decided that further analysis of a random

subset of 161 samples from the original sample set

would be assessed in parallel to compare IgA-endomysial

antibodies on primate distal oesophagus (EMA-ME-IgA),

IgA-endomysial antibodies on monkey bladder

(EMA-MB-IgA), and dual-endomysial antibodies on

monkey bladder (dual-EMA-MB). The trial coordinators

regarded this as an important enhancement of this study,

given the fact that the diagnostic performance of each

of these ‘endomysial antibodies’ may be different.

EMA-ME-IgA and EMA-MB-IgA were analysed using

an indirect immunofluorescent method (Euroimmun,

Luebeck, Germany).

Duodenal biopsy analysis

Three samples were taken from the second part of the

duodenum during the endoscopic assessment of patients

with possible CD. Two pathologists performed histologi-

cal assessment in a blinded fashion using modified Marsh

criteria.

Statistics

The required sample size of 23 patients with CD and 217

individuals without CD was calculated to establish a

difference in the area under curve for receiver-operating

characteristic analysis (AUROC) of 0.05 (from 0.9 toTa
b

le
3

C
o

e
lia

c
k

it
fe

a
tu

re
s

K
it

an
d

co
m

p
an

y
A

nt
ig

en
D

ilu
tio

n
In

cu
b

at
io

n
tim

es
C

al
ib

ra
to

rs
C

o
nj

ug
at

e
S

ub
st

ra
te

K
it

cu
t-

o
ff

R
O

C
cu

t-
o

ff
La

b

C
el

ic
he

ck
(A

es
ku

lis
a)

D
ia

g
no

st
ic

S
o

lu
tio

ns
T

TG
-H

R
E

1
:1

0
0

1
5

;1
5

;5
6

A
H

Ig
(A

&
G

)
to

H
R

P
T

M
B

1
5

U
/m

l
Ig

A
:

6
.1

9
Ig

G
:

9
.2

4
D

ua
l:

7.
8

3
H

A
P

S

A
es

ku
lis

a
D

ia
g

no
st

ic
S

o
lu

tio
ns

A
lp

ha
g

lia
d

in
1

:1
0

0
3

0
;1

5
;1

5
6

A
H

Ig
(A

o
r

G
)

H
R

P
T

M
B

1
5

U
/m

l
Ig

A
:

1
2

.1
Ig

G
:

1
8

.9
C

H
N

Z
B

in
d

az
ym

e
Im

m
un

o
te

ch
T

TG
-H

R
E

1
:1

0
0

3
0

;3
0

;3
0

5
R

ab
b

it
H

R
P

/A
H

Ig
(A

o
r

G
)

T
M

B
9

U
/m

l
3

.0
F

H
P

C
el

ik
ey

A
LS

T
TG

-H
R

E
1

:1
0

1
3

0
;3

0
;1

0
6

A
H

Ig
(A

o
r

G
)

to
H

R
P

T
M

B
Ig

A
:

U
/m

l
Ig

G
:

U
/m

l
6

.0
IM

V
S

D
-T

ek
D

ia
g

no
st

ic
te

ch
no

lo
g

y
T

TG
-H

R
B

1
:5

0
3

0
;3

0
;1

0
6

R
ab

b
it

H
R

P
/A

H
Ig

(A
&

G
)

T
M

B
5

0
kU

/l
Ig

A
:

1
8

.9
Ig

G
:

1
3

.6
D

ua
l:

9
.8

5
H

A
P

S

E
ur

o
sp

ita
l

V
ita

l
D

ia
g

no
st

ic
s

T
TG

-H
R

E
1

:2
5

6
0

;6
0

;3
0

1
G

o
at

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

7
kU

/l
Ig

A
:

2
.1

Ig
G

:
1

1
.3

R
B

H
E

ur
o

im
m

un
E

S
L

B
io

sc
ie

nc
e

T
TG

-H
R

B
1

:2
0

0
3

0
;3

0
;1

5
3

R
ab

b
it

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

2
0

kU
/l

Ig
A

:
3

.4
Ig

G
:

3
.5

C
H

N
Z

F
ID

IS
t

D
ia

g
no

st
ic

S
o

lu
tio

ns
T

TG
-H

R
B

1
:2

0
0

3
0

;3
0

1
G

o
at

/(
P

E
)/

A
H

Ig
A

N
/a

2
0

A
U

/m
l

1
3

G
P

M
F

ID
IS
t

D
ia

g
no

st
ic

S
o

lu
tio

ns
G

lu
te

n
(g

lia
d

in
)

1
:2

0
0

3
0

;3
0

1
G

o
at

/(
P

E
)/

A
H

Ig
A

N
/a

2
0

A
U

/m
l

1
2

G
P

M
G

en
es

is
A

b
ac

us
T

TG
-H

R
E

1
:1

0
0

3
0

;3
0

;3
0

Ig
A

-5
Ig

G
-4

R
ab

b
it

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

7
kU

/l
Ig

A
:

6
Ig

G
:

1
0

Q
M

L
In

o
va

In
te

g
ra

te
d

S
ci

en
ce

s
T

TG
-H

E
P

1
:1

0
0

3
0

;3
0

;3
0

1
G

o
at

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

2
0

U
Ig

A
:

1
0

.8
Ig

G
:

8
.1

H
A

P
S

In
o

va
In

te
g

ra
te

d
S

ci
en

ce
s

G
lia

d
in

1
:1

0
0

3
0

:3
0

;3
0

1
G

o
at

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

2
0

U
Ig

A
:

1
5

Ig
G

:
2

3
G

P
M

M
ed

ic
al

In
no

va
tio

ns
V

ita
l

D
ia

g
no

st
ic

s
G

lia
d

in
1

:1
0

0
1

5
;1

5
;1

5
1

H
R

P
(A

H
)

Ig
A

an
d

Ig
G

A
B

TS
C

hi
ld

Ig
A

<
2

5
Ig

G
<

4
6

A
d

ul
t

Ig
A

<
3

4
Ig

G
<

4
2

Ig
A

:
2

5
Ig

G
:

3
6

Q
M

L

O
rg

en
te

c
Im

m
un

o
d

ia
g

no
st

ic
s

T
TG

-H
R

M
1

:1
0

0
3

0
;1

5
;1

5
6

R
ab

b
it

H
R

P
/A

H
Ig

(A
o

r
G

)
T

M
B

1
0

kU
/l

Ig
A

:
2

.7
8

Ig
G

:
9

.5
IM

V
S

E
nd

o
m

ys
ia

l
an

tib
o

d
ie

s
Im

m
co

P
S

M
1

:1
0

+
N

/a
–

F
IT

C
g

o
at

A
H

Ig
(p

o
ly

va
le

nt
)

N
/a

N
eg

at
iv

e
Z

1
:4

0
R

P
A

H

A
H

,A
nt

i-h
um

an
;

F
ID

IS
t

,F
ID

IS
t

co
el

ia
c

Ig
A

p
an

el
;

F
IT

C
,f

lu
o

re
sc

ei
n

is
o

th
io

cy
an

at
e;

H
E

P
,h

um
an

er
yt

hr
o

cy
te

(p
ur

ifi
ed

);
H

R
B

,h
um

an
re

co
m

b
in

an
t

(b
ac

ul
o

vi
ru

s)
;

H
R

E
,h

um
an

re
co

m
b

in
an

t
(E

.
co

li)
;

H
R

M
,h

um
an

re
co

m
b

in
an

t
(m

ye
lo

m
a

ki
d

ne
y

ce
ll

lin
e)

;
H

R
P
,

ho
rs

er
ad

is
h

p
er

o
xi

d
as

e;
P

E
,

p
hy

co
er

yt
hr

in
;

P
S

M
,

p
rim

at
e

sm
o

o
th

m
us

cl
e;

R
O

C
,

re
ce

iv
er

-o
p

er
at

in
g

ch
ar

ac
te

ris
tic

;
T

TG
,

tr
an

sg
lu

ta
m

in
as

e.
A

ll
ki

ts
us

ed
3

,3
0 5

,5
0 -

te
tr

am
et

hy
lb

en
zi

d
in

e
su

b
st

ra
te

.
R

O
C

-d
er

iv
ed

cu
t-

o
ff

d
et

er
m

in
ed

us
in

g
va

lu
e

p
ro

vi
d

in
g

>
9

5
%

se
ns

iti
vi

ty
.

F
id

is
is

a
lu

m
in

o
m

et
ric

(la
se

r-
ad

d
re

ss
ab

le
-p

ar
tic

le
)

te
ch

no
lo

g
y:

o
nl

y
Ig

A
-is

o
ty

p
e

te
st

in
g

av
ai

la
b

le
fo

r
TG

A
an

d
g

lia
d

in
(A

G
A

)
o

n
th

is
m

et
ho

d
o

lo
g

y.

Diagnostic accuracy of coeliac serological tests Reeves et al. 495

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



0.95) with 95% confidence and 80% power, assuming a

ratio of non-CD : CD of 9 : 1.

Statistical analyses were performed using Stata version

8 (Stata Corporation, College Station, Texas, USA)

and JMP Version 5.1 (SAS, Cary, North Carolina,

USA). Clinical and measured variables were summarized

as means ± SD (with range) for continuous data,

and as proportions (with percentages) for categorical

information. Differences between these summary

statistics were analysed using the Student t and

Mann–Whitney–Wilcoxon tests for continuous variables

and the w2 test for categorical variables. The Fisher

exact test was employed when the minimum

expected value with w2 testing was less than 5. Linear

regression analysis was used to correlate measured

parameters. Nominal logistic regression methods

were used to calculate the combined AUROC

performance of different assays used in combination

[13]. A probability value of P < 0.05 (two-sided) was

considered significant. AUROC values for different kits

were compared using standard methodology, which

corrected for possible correlations between areas.

Kit comparisons were undertaken using Pearson’s correla-

tion, Bland–Altman analysis and Deming regression

statistics [14].

Diagnostic assay characteristics

Sensitivity was calculated as the number of true positive

results divided by the total number of individuals with

CD, with specificity equal to the proportion of true

negatives within the non-CD group. A positive likelihood

ratio (PLR) was calculated using the formula: sensitivity

C(1 – specificity), with these values derived at the

critical cut-off when the optimal diagnostic sensitivity

and specificity were achieved. Similarly, a negative

likelihood ratio was calculated as follows: (1 – sensitivity)C
specificity.

Results
Patient demographics

A total of 551 patients were recruited into the study

between March 2003 and November 2004. Of these

individuals, complete data (baseline endoscopic biopsy

results, TTG-IgA, TTG-IgG, total IgA, endomysial

antibodies (dual-isotype), AGA-IgA, AGA-IgG) were

available for 254. The basic demographics on study

participants appear in Table 4.

Assay characteristics

Kit correlation results are shown in Tables 5, 6 and 7.

Diagnostic test characteristics

Diagnostic characteristics for each of the available enzyme-

linked immunosorbent and luminometry-based assays are

listed in Table 8. A positive result on a kit with a PLR of

more than 5 indicates that the likelihood of CD is over 20%

Table 4 Features of study participants

Age [mean ± SD (range)] 47.8 ± 17.7 (6–82)
Paediatric (age 4–12) (paediatric %) 9 (3.5%)
Sex (female : male) (male %) 177 : 77 (30.3%)
Non-coeliacs : coeliacs (coeliac %) 228 : 26 (10.24%)
IgA-deficient (%) – non-coeliacs : coeliacs (%) 27 (10.6%) 24 : 3

(11.5%)

Table 5 Dual TTG (IgA + IgG) correlations

Celicheck D-Tek Endomysial
antibody

Celicheck 1.00
D-Tek 0.92 1.00
Endomysial antibody 0.81 0.89 1.00

Table 7 AGA kit correlations

AGA-IgA AGA-IgG

Inova Medical Innovations Aeskulisa Fidis Inova Medical Innovations Aeskulisa

Inova 1.00 1.00
Medical Innovations 0.62 1.00 0.72 1.00
Aeskulisa 0.90 0.74 1.00 0.55 0.90 1.00
Fidis 0.37 0.48 0.42 1.00

Table 6 TTG-IgA correlations

Aeskulisa Inova Orgentec Bindazyme Eurospital Celikey Genesis Euroimmune Fidis D-Tek

Aeskulisa 1.00
Inova 0.87 1.00
Orgentec 0.82 0.87 1.00
Bindazyme 0.83 0.75 0.82 1.00
Eurospital 0.87 0.90 0.80 0.72 1.00
Celikey 0.83 0.84 0.97 0.81 0.81 1.00
Genesis 0.79 0.73 0.74 0.88 0.74 0.75 1.00
Euroimmun 0.84 0.79 0.89 0.86 0.75 0.86 0.77 1.00
Fidis 0.84 0.81 0.74 0.76 0.80 0.78 0.68 0.75 1.00
D-Tek 0.64 0.33 0.18 0.46 0.43 0.24 – 0.02 0.40 0.54 1.00
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for an individual in whom the pre-test probability of CD is

only 5%. The best three kits obtained PLR values greater

than 5 and AUROC values greater than 0.90.

IgA-deficient individuals

Twenty-seven individuals (10.6%) had partial or total IgA

deficiency. IgA reference intervals were age specific,

according to published data [15]. Three of these indivi-

duals (11.5%) were diagnosed with CD (total IgA levels

< 0.07, 0.51, 0.73). The total IgA level was also analysed

using standard logistic regression analysis to assess whether

the measurement of total IgA levels added any diagnostic

information. Total IgA levels did not add diagnostic

information in these analyses. In IgA-deficient individuals,

the performance of TTG-IgG and AGA-IgG testing was

assessed to evaluate the role of IgG-based serology in this

setting. TGG-IgG increased diagnostic sensitivity for CD

in IgA-deficient individuals (sensitivity of 100% for dual-

isotype transglutaminase versus 66.67% for TTG-IgA).

However, despite being IgA-deficient, a significant propor-

tion of CD subjects (67%) were able to mount TTG-IgA

responses, although this was only seen in the two patients

displaying partial rather than absolute IgA deficiency.

Paediatric populations

Nine (3.5%) individuals were between 4 and 12 years of

age (inclusive). Of these patients two were IgA deficient.

There was no significant difference in the analytical

method performance in this subgroup compared

with the total cohort, although the total numbers were

small.

Endomysial antibody subanalysis

A subset of 140 individuals without CD plus 21 of

the patients with known CD was analysed. Results

(Table 9) indicated that dual-endomysial antibodies on

monkey bladder (dual-EMA-MB) performed the best of

the endomysial antibody methods tested in this study.

Comparison of generic approaches

Generic approaches to diagnosis were analysed. Table 10

displays the diagnostic characteristics for each approach,

using the results from the best performing kit. Indices of

correlation between the severity of duodenal histological

change and serological results were calculated using

Spearman’s method. Correlation coefficients for each of

these antibodies reflected a low association between

serology and histology for TTG-dual (0.45), TTG-IgA

(0.41), and endomysial antibodies (0.43).

Dual-isotype and combined-isotype transglutaminase

testing

Sensitivity, specificity and AUROC values for the best

dual isotype transglutaminase kit were 92.31%, 82.89%

and 0.92, respectively, compared with values of 88.46%,

83.77% and 0.91, respectively, for the best TTG-IgA

Table 8 Diagnostic test characteristics

Kit CD: % positive
(sensitivity)

No CD: % negative
(specificity)

AUROC (95% CI) PLR NLR

TTG kits
Celicheck dual 92.31 82.89 0.92 (0.86–0.99) 5.40 0.09
D-Tek dual 90.48 80.77 0.94 (0.87–1.00) 4.70 0.12
Aeskulisa IgA 84.62 86.40 0.89 (0.80–0.98) 6.22 0.18
Aeskulisa IgG 84.62 89.04 0.88 (0.78–0.97) 7.72 0.17
Bindazyme IgA 80.77 93.69 0.91 (0.84–1.00) 12.80 0.21
Bindazyme IgG 65.38 85.59 0.79 (0.67–0.91) 4.54 0.40
Celikey IgA 80.77 93.86 0.87 (0.76–0.98) 13.15 0.20
Celikey IgG 66.67 82.05 0.80 (0.70–0.91) 3.71 0.41
D-Tek IgA 16.67 97.08 0.62 (0.52–0.71) 5.71 0.86
D-Tek IgG 16.67 89.78 0.57 (0.48–0.67) 1.63 0.93
Euroimmun IgA 80.77 83.70 0.85 (0.75–0.96) 4.96 0.23
Euroimmun IgG 76.92 85.09 0.87 (0.80–0.95) 5.16 0.27
Eurospital IgA 92.31 81.14 0.92 (0.83–1.00) 4.89 0.09
Eurospital IgG 76.92 85.53 0.89 (0.81–0.96) 5.31 0.27
Fidis IgA 88.46 84.65 0.89 (0.81–0.98) 5.76 0.14
Genesis IgA 73.08 94.74 0.85 (0.76–0.95) 13.88 0.28
Genesis IgG 69.23 82.89 0.78 (0.67–0.90) 4.05 0.37
Inova IgA 76.92 87.22 0.88 (0.79–0.97) 6.02 0.26
Inova IgG 42.31 85.96 0.70 (0.60–0.82) 3.01 0.67
Orgentec IgA 88.46 83.77 0.91 (0.82–1.00) 5.45 0.14
Orgentec IgG 69.23 81.5 0.85 (0.76–0.93) 3.74 0.38

AGA kits
Aeskulisa IgA 42.31 87.73 0.71 (0.59–0.82) 3.45 0.66
Aeskulisa IgG 61.54 84.09 0.82 (0.74–0.89) 3.87 0.46
Fidis IgA 46.15 85.09 0.69 (0.57–0.81) 3.10 0.63
Inova IgA 46.15 85.09 0.75 (0.65–0.86) 3.10 0.63
Inova IgG 61.54 82.46 0.79 (0.70–0.88) 3.51 0.47
Medical Innovations IgA 42.31 85.53 0.66 (0.54–0.78) 2.92 0.67
Medical Innovations IgG 61.54 82.46 0.80 (0.73–0.89) 3.51 0.47

AGA, Gliadin; AUROC, area under the curve for receiver-operating characteristic; CD, coeliac disease; CI, confidence interval; NLR, negative likelihood ratio; PLR,
positive likelihood ratio; TTG, transglutaminase.
Results for sensitivity, specificity, PLR and NLR were calculated using receiver-operating characteristic-adjusted cut-offs for all kits.
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method (no significant difference, P = 0.33). The com-

bined performance of test methods offering TTG-IgA

and TTG-IgG separately was also assessed using nominal

logistic regression methods. Calculated combined AUR-

OC performances (TTG-IgA plus TTG-IgG) were as

follows: Aeskulisa 0.93; Inova 0.90; Orgentec 0.92;

Bindazyme 0.87; Eurospital 0.95; Celikey 0.91; Genesis

0.90; Euroimmun 0.91; and D-Tek 0.56.

Discussion
It is increasingly accepted that the measurement of IgA

antibodies to human tissue transglutaminase (TTG-IgA)

offers equal or superior performance to endomysial

antibody (EMA-IgA) assessment using monkey substrates

[16,17]. This is not surprising, given the fact that the

dominant target antigen of endomysial antibodies is

transglutaminase, and both methods measure ‘trans-

glutaminase antibodies’ [18]. In our study, TTG-IgA

screening was superior to endomysial antibody

testing. Some authors argue that endomysial antibody

still plays a role in view of its slightly greater diagnostic

specificity in some studies [19], and this has led to the

use of a ‘two-tier’ serological screening system in some

centres, with transglutaminase followed by endomysial

antibodies [20]. Our study does not support this

approach, which will only add to the expense and

diagnostic delay, with diagnostic sensitivity reduced by

more than 20%.

As witnessed by the imperfect sensitivity of even the best

transglutaminase kits, serological studies are not a

substitute for tissue biopsy assessment when CD is

strongly suspected. The prospective nature of this study

may partly explain why the sensitivity of serology for

diagnosing CD was only approximately 90% compared

with previous retrospective analyses suggesting figures of

95–99%.

Picarelli et al. [21] have identified an IgA-replete group of

individuals for whom CD is only diagnosed serologically

using IgG endomysial antibodies (EMA-IgG), and this

phenomenon has been replicated for IgG antibodies to

transglutaminase (TTG-IgG) [22]. This finding, in

addition to the recognition of a heightened prevalence

of IgA deficiency (IgA-D) in CD, has led to studies

exploring the incremental diagnostic utility of dual-

isotype screens (TTG-IgA plus TTG-IgG or dual EMA)

for CD.

Dual-isotype and combined-isotype testing of TTG-IgA

plus TTG-IgG offered equivalent diagnostic reliability

for CD in our study. In comparison with AGA-IgG, TGG-

IgG displayed acceptable sensitivity and specificity. For

the 10.6% of individuals with reduced IgA levels, the dual

or combined isotype-TGA testing approach was superior

to either isotype measured in isolation.

Whereas some studies suggest that IgA and IgG

antibodies to gliadin (AGA-IgA, AGA-IgG) still play a

role in CD diagnosis, increasing evidence suggests that

AGA-IgG should be discarded in view of its poor

specificity. AGA adds little to transglutaminase-based

methods in terms of diagnosing CD, although some

Table 9 Endomysial method analysis

Kit CD: % positive
(sensitivity)

No CD: % negative
(specificity)

AUROC (95% CI) PLR NLR

Dual-EMA-MB 68.42 98.57 0.83 (0.73–0.94) 47.89 0.32
EMA-ME-IgA 61.90 92.14 0.77 (0.66–0.88) 7.88 0.48
EMA-MB-IgA 61.90 80.00 0.71 (0.60–0.82) 3.10 0.67

AUROC, Area under the curve for receiver-operating characteristic; CD, coeliac disease; CI, confidence interval; Dual-EMA-MB, dual-endomysial antibodies on monkey
bladder; EMA-ME-IgA, IgA-endomysial antibodies on primate distal oesophagus; EMA-MB-IgA, IgA-endomysial antibodies on monkey bladder; NLR, negative likelihood
ratio; PLR, positive likelihood ratio.

Table 10 Diagnostic characteristics of kits assessed

Kit CD: % positive
(sensitivity)

No CD: % negative
(specificity)

AUROC (95% CI) PLR NLR

EMA 68.42 98.57 0.83 (0.73–0.94) 47.89 0.32
TTG-IgA 88.46 83.77 0.91 (0.82–1.00) 5.45 0.14
TTG-IgA (Lum) 88.46 84.65 0.89 (0.81–0.98) 5.76 0.14
TTG-IgG 84.62 89.04 0.88 (0.78–0.97) 7.72 0.17
Dual-TTG 92.31 82.89 0.92 (0.86–0.99) 5.40 0.09
AGA-IgA 46.15 85.09 0.75 (0.65–0.86) 3.10 0.63
AGA-IgA (Lum) 46.15 85.09 0.69 (0.57–0.81) 3.10 0.63
AGA-IgG 61.54 84.09 0.82 (0.74–0.89) 3.87 0.46
IgA-Def 15.79 89.47 0.53 1.50 0.94

AGA, Gliadin; AUROC, area under the curve for receiver-operating characteristic; CD, coeliac disease; CI, confidence interval; EMA, endomysial antibody; NLR, negative
likelihood ratio; PLR, positive likelihood ratio; TTG, transglutaminase.
Because of its unique characteristics, EMA has been analysed separately from other dual isotype methods. Results incorporated values for the best kit in each grouping.
D-Tek IgA was dropped because of aberrant results.
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studies suggest that gliadin antibody assessment might

add to diagnostic sensitivity for extra-intestinal forms of

gluten sensitivity, especially neurological syndromes [23].

The addition of AGA cannot be recommended on the

basis of our study results. None of our study participants

suffered from neurological manifestations as a primary

presentation of their gluten sensitivity; therefore, we

cannot comment on any role for AGA assessment in this

setting. However, given the rarity of such syndromes, our

study suggests that AGA testing can largely be abandoned

for routine CD testing.

The equivalence between endomysial antibodies and

transglutaminase is not complete, with discordances

between the two serological methods having been

attributed to a range of antigenic targets of uncertain

importance, including calreticulin [24] and F-actin. The

measurement of IgA antibodies to actin is of particular

interest currently, as some early reports suggest that titres

of this antibody, reportedly specific for CD, might be

unique among CD serologies in mirroring duodenal

histological changes [25]. This particular question is

being assessed through a subanalysis of the current study.

This study was not designed to assess the importance of

non-transglutaminase antigens in CD; however, it can be

deduced from our results that the measurement of

antibodies to such antigens does not add significantly to

the diagnostic yield for CD. This appears particularly true

given the superiority of transglutaminase methods over

the endomysial antibody assay.

This study compared a number of methods for analysing

endomysial antibodies. Previous articles suggest that dual

or combined isotype testing may penalize endomysial

antibody performance through the creation of false-

positive results by the inclusion of EMA-IgG [21]. This

was not shown to be the case in our study, with the dual-

EMA-MB approach offering high specificity for CD

(98.57%), albeit at the expense of a loss of sensitivity.

In addition, the demonstration of the superior diagnostic

performance of transglutaminase compared with endo-

mysial antibodies is not unique to our study, and adds to a

growing body of evidence favouring transglutaminase as a

diagnostic tool in CD.

Not all ‘endomysial antibodies’ are the same. Endomysial

structures are detectable in a range of tissue substrates,

including monkey bladder and human umibilical cord. It

is important to ensure that kits labelled ‘primate smooth

muscle’ actually use monkey distal oesophagus, as the

diagnostic performance of endomysial antibodies has not

been extensively validated on other tissues, such as

monkey bladder. Our study demonstrated the substrate-

dependent diagnostic performance of endomysial anti-

body serology with sensitivity ranging from 61.90 to

68.42% and specificity ranging from 80.00 to 98.57%. For

this reason we recommend caution in choosing endomy-

sial antibody tests.

As a measure of diagnostic test accuracy, the AUROC

parameter is highly useful, with values greater than 0.90

indicating a superior test performance. Cut-offs should be

validated for each laboratory performing under local

conditions on local populations, assessing patients with

CD, disease controls (especially inflammatory bowel

disease and systemic autoimmune conditions) and normal

individuals. The optimization of assay cut-offs using

receiver-operating characteristic analysis improves test

performance [26]. However, two tests may display

significantly different practical usefulness while posses-

sing identical AUROC. For example, in our study, two kits

possessed good AUROC values (0.91), but one kit would

be preferred for routine diagnosis because of its greater

specificity at a cut-off level providing high sensitivity for

detecting CD. In other words, two tests with identical

AUROC values may demonstrate different PLR values for

a given sensitivity cut-off. It was found that many kits

performed poorly, with 12 kits displaying AUROC values

of less than 0.80. In our opinion, measures of diagnostic

test performance combining such features as AUROC,

sensitivity and PLR provide a more comprehensive and

balanced picture of overall test reliability, and should be

utilized in all studies comparing different diagnostic

methodologies.

A positive result on a kit with a PLR of over 5 indicates

that the likelihood of CD is more than 20% for an

individual with a pre-test probability as low as 5%, a

reasonable threshold to justify the inconvenience of

endoscopic assessment and biopsy. This represents a

potentially powerful approach to detecting CD at a

population level, a practice that is arguably justified by

the conformance of transglutaminase testing with World

Health Organization criteria for an ‘ideal’ screening test

[27]. Given the residual potential for high numbers of

falsely positive results, population screening for CD is not

currently recommended. A ‘case-finding’ approach based

on the presence of features or syndromes associated with

CD is justified by the availability of reliable serological

methods [28].

Our study design reduced ascertainment bias, as the

inclusion criteria were broad, clinically based, and not

overtly dependent upon previous serological results. The

breadth of the criteria used for inclusion in the study

reflects the fact that CD symptoms are often non-specific

with a poor predictive value. It could be argued that

individuals who submit to a study protocol involving

endoscopy and biopsy are more likely to have significant

diseases such as CD. This risk was minimized by the fact

that our institution exercises a low threshold for biopsy

assessment of possible CD, and will explore this

possibility in a wide variety of clinical settings. The
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generally lower sensitivities of all kit methods for

diagnosing CD in our study compared with previous

publications supports this contention [29]. However,

some degree of selection bias is likely to exist in this

study. There was a high drop-out rate, related largely to

the reluctance to undertake serial venepuncture, which

may artefactually bias the patient mix towards more

severe disease and a greater likelihood of CD. Expecta-

tion bias may have existed because pathologists perform-

ing blinded analysis were aware that testing was occurring

in the context of a coeliac diagnostic study. Individuals

referred for biopsy assessment of CD are likely to have

had previous positive CD serology, introducing referral

bias. Nothing short of a general practice-based study

comparing ‘up-front’ biopsy with initial serology followed

by biopsy could attempt to address this question, and

these resources were not available to our study centres.

Given the small proportion of paediatric patients in our

study, the generalization of these recommendations

outside of adult populations should be undertaken with

caution.

All the serological methods assessed in this study were

judged against the rigid criterion of biopsy-demonstrated

duodenal histological abnormality, enhancing the unifor-

mity of the study. Despite our inclusion of subtle

histological changes, this limitation potentially excluded

a significant number of individuals with ‘latent’ CD,

dermatitis herpetiformis [30], gluten-associated steato-

hepatosis [31], and other conditions [32]. In most of the

studies of CD serology to date, positive antibody results

in the absence of demonstrable bowel pathology have

been labelled falsely positive, thus reducing the diag-

nostic specificity of serology. It is possible that many of

these patients with ‘normal’ small bowel biopsies but

high levels of endomysial or transglutaminase antibodies

could be included in the category of latent or overt CD if

other relevant clinical features are evident (e.g. unex-

plained iron deficiency or transaminitis), particularly if

these occur in the setting of an appropriate family history

or genotype, IgA deficiency, or other autoimmune

conditions such as type 1 diabetes or autoimmune

thyroiditis [33]. The potential causes of discrepancy

between small bowel histology and CD serology are well

known, and include premature dietary manipulation and

the use of concurrent immunomodulation therapy

(including prednisone) [10].

There is growing enthusiasm to include HLA-genotyping

analysis in the diagnostic work-up of suspected CD.

Although our study did not include genetic testing, the

positive likelihood values displayed by our study methods

indicate that genetic testing would have added little in

terms of diagnostic sensitivity, and current evidence only

indicates a clear role for such genetic testing in the

clarification of ambiguous serohistological results, or in

paediatric populations less than 2 years of age in which

serology is known to be less reliable [34]. Given the high

negative predictive value of testing for the DQ2/DQ8

allele [35], genetic testing may also be useful in clarifying

the status of patients who cannot undertake gluten

re-challenge, or patients receiving concurrent immuno-

modulation.

The presence of IgA deficiency has been reported to

increase the probability of CD 10-fold [7,8], in addition

to creating the potential for falsely negative IgA-based

CD serological test results. Our data indicate, however,

that total IgA measurement does not provide enhanced

diagnostic sensitivity for CD when dual-isotype transglu-

taminase testing is employed. Of interest is the fact that

a large proportion of individuals with IgA deficiency

(67%) demonstrated significant elevation of TTG-IgA

levels in the presence of CD, although this was not

witnessed in the single individual with absolute IgA

deficiency ( < 0.07). This implies that some residual

capacity for antigen-specific IgA production may persist

in the presence of partial, but not complete, IgA

deficiency.

In conclusion, our study suggests that dual or combined-

isotype transglutaminase screening can be advocated as a

sensitive and specific alternative to endomysial antibody

testing in the serological assessment of CD. On the basis

of our findings, AGA antibody testing no longer appears to

be an essential part of the diagnostic strategy for adult

CD.
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