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Summary

National Institute of Clinical Excellence (NICE) and European Society for
Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guid-
ance for the diagnosis of coeliac disease has been published. However, there
is some controversy regarding the advice on the use of stratifying levels of
immunoglobulin (IgA) tissue transglutaminase antibody (TG2) test positiv-
ity in the absence of test standardization and the vagueness of the indication
to test equivocal samples. Using repeat service audit, we demonstrate that a
combination of TG2 followed by IgA endomysial antibodies (EMA) is the
best strategy for all degrees of mucosal abnormality using our test combina-
tion. Reliance upon immunoassay titre is not as effective, and cannot be
applied consistently across populations in the absence of assay standardiza-
tion. Guidelines advocating the use of tests should involve experts in labora-
tory diagnostics and external quality assurance to ensure that errors of
generalization do not occur and that test performance is achievable in
routine diagnostic use.
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Introduction

National Institute of Clinical Excellence (NICE) guidance
CG36 has been produced for the diagnosis of coeliac disease
in the United Kingdom [1] and the European Society
for Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) have produced guidance for diagnosis in
paediatric practice [2]. Both suggest different strategies for
coeliac screening. We therefore re-audited the performance
of all the gating strategies suggested using data collected
over the years 2008-09. We compared this to the results
from the same laboratory reported in 2004-06 [3].
This was performed in order to:

1. determine if our results were reproducible;

2. determine if the performance of the tests was stable
across time and across reagent batches;

3. test the wunverified hypothesis in the NICE and
ESPGHAN guidance that ‘equivocal’ immunoglobulin
(Ig)A tissue transglutaminase (TG2) results (undefined
within NICE and less than 3Xx upper limit of normal
(ULN) in ESPGHAN) could be used as a criterion for

determining the need for further IgA endomysial (EMA)
testing [1,4]; and

4. determine the relative performance of each strategy
for detecting lesser degrees of mucosal abnormality,
where TG2 assays are reputed to have a slight advantage
[4-6].

Methods

A retrospective review of the clinical diagnosis, biopsy and
test results in patients referred for endoscopic biopsy across
the 13-month period April 2008—May 2009 was performed
and compared to a published study on the same cohort cov-
ering 26 months (January 2004—April 2006) [3]. Biopsy and
serology was performed on 1475 adult patients; 473 patients
were excluded, as only one of the serological results was
available (47 TG2 only; 425 EMA only). Fourteen of these
patients with incomplete serology were new cases of coeliac
disease that could not be included in our final data set.
Thirteen had EMA tested and were all positive; one had
TG2 which was >300 U/ml. A further 187 patients were
excluded, as the tests were not performed within 12 weeks
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of the biopsy and therefore a direct link between concurrent
serology and biopsy could not be established. Fifty-nine
patients were being monitored for pre-existing coeliac
disease and were removed from the audit. All new patients
who had been tested for TG2 plus EMA and duodenal
biopsy performed were included in the audit (756 patients).
The decision to biopsy was made on clinical grounds and
the results represent the screening performance of the
tests in a hospital endoscopy referral service in the United
Kingdom and replicated the cohort reported previously [3].
They do not represent the performance in unselected popu-
lation screening.

Where samples were not taken on the same day as the
biopsy, results were stratified according to the time-periods
between biopsy and blood test, as follows: within 2 weeks of
the biopsy (before or after), within 6 weeks of the biopsy
and within 12 weeks of the biopsy. These were analysed to
determine if there was any difference in pickup rates due to
fluctuating serological positivity. No difference was seen
and the final serological data set was established using any
serology performed up to 12 weeks prior to biopsy until
6 weeks after biopsy.

Statistical analysis

Contingency tables were generated for each testing strategy
for Marsh grades 1-3, 1-2 and 3. Sensitivity, specificity and
positive predictive value (PPV) between testing strategies
were compared by * analysis.

Serological assays

All assays were performed as part of routine diagnostic
evaluation. TG2 antibodies were analysed using an enzyme-
linked immunosorbent assay (ELISA) (Aeskulisa; Aesku
Diagnostic, Wendelsheim, Germany). Results were inter-
preted as: negative <15 U/ml, equivocal 15-50 U/ml or
positive >50 U/ml. All units are arbitrary and assay-
specific; there is no international standard to ensure compa-
rability between assays. Two levels of internal quality
control material (IQC) with equivocal and positive results
and kit controls are assayed on each run to assess the valid-
ity of the results.

IgA EMA was assessed by indirect immunofluorescence
on monkey oesophagus tissue (The Binding Site, Birming-
ham, UK). EMA results were interpreted as negative, weak
positive, positive or strong positive. A weak positive and
negative EMA internal quality control materials and regular
review of consistency of reading thresholds are used to
maintain stable reporting practices and assay sensitivity
over time.

The laboratory participates in national and regional
external audit and quality assurance (EQA) schemes [UK
National External Quality Assessment Service (NEQAS),
North of England Clinical Immunology Audit Group
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(NECIAG) and Northern Autoimmunity External Quality
Assurance Group (NAEQAG)] for both TG2 and EMA with
good performance.

Histology

Histology reports were reported routinely via the diagnostic
histopathology service.

Changes indicative of intraepithelial lymphocytes or
villous atrophy had been graded according to the Marsh cri-
teria. Marsh grades 1-2 are generally accepted as coeliac
disease only in the presence of positive serology, the correct
human leucocyte antigen (HLA) type (DQ2 or DQ8) and
the subsequent clinical and histological improvement on
a gluten-free diet [5-9]. Therefore, the data were split to
compare grades 1-2, grades 1-3 and grade 3 results versus
serology for comparison. All patients were on a gluten-
containing diet at the time of biopsy and sampling.

Results

Positive and negative predictive values, sensitivity and spe-
cificity were calculated from the data set. A total of 756
patients fitted into our selection criteria. Of these, 23 had
Marsh grade 3 biopsy (3-04% of all samples). This is similar
to the prevalence of 3-9% in the Sheffield cohort reported
by Hopper et al. [3]. Marsh grades 1-3 lesions were found
in 30 of 756 cases (3:97% of all samples). Where the final
clinical diagnosis was unclear (e.g. negative serology but
positive biopsy, 25 cases) the case-notes were reviewed by
colleagues from the Gastroenterology Department (IA/DS)
to determine the probable clinical diagnosis.

Upon investigation, we confirmed that three patients
were seronegative for both EMA and TG2. IgA deficiency
was excluded in all these patients. Two had a Marsh grade
3 biopsy, one was Marsh grade 1. All three had a final
diagnosis of coeliac disease. The patient with grade 1
biopsy was diagnosed on the basis of clinical presentation
and both clinical and histological improvement on gluten-
free diet.

Performance characteristics of different
screening strategies

Strategy 1: TG2 testing alone

The results are similar to those produced by the Hopper
study (Table 1); 12:96% (98 of 756) were TG2-positive.
When an equivocal range (15-50 U/ml, 1-3-3x ULN) was
applied, 38 (5-03%) were positive and 60 equivocal (7-93%).
The results apply to this assay and are not necessarily repre-
sentative of the performance of all TG2 assays; there are
considerable differences between the calibration curves of
different methods.
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Table 1. Summary of the different screening strategies that could be used for coeliac disease diagnosis.

Serological tests used to refer for biopsy

Sensitivity
% (95% CI)

Specificity
% (95% CI)

PPV
% (95% CI)

NPV
% (95% CI)

Using biopsy as TG2 only
EMA only

NICE 2-step strategy

reference (Marsh
1-2 = positive) —
Grade 3 omitted;

2008—9 data Biopsy if positive for both TG2 and EMA
Using biopsy as TG2 only
reference (any Marsh ~ EMA only

1-3 = positive);
2008-09 data

NICE 2-step strategy
Biopsy if positive for both TG2 and EMA

TG2 only (2008-09 data)

TG2 only (2004-06 data)

EMA only (2008-09 data)

EMA only (2004-06 data)

NICE 2-step strategy (2008—09 data)

NICE 2-step strategy (2004—06 data)

Biopsy if positive for both TG2 and
EMA (2008-09 data)

Biopsy if positive for both TG2 and
EMA (2004-06 data)

Using biopsy as
reference (Marsh 3
only as positive);
2008-09 data and
2004-06 data
produced by Hopper
etal. [11]

75 (35-6-95-5)
42:9 (11-8-79-8)
57-1 (20-2-88-2)
429 (11-8-79-8)

87-1 (69-2-95-8)
73-3 (53-8-87-0)
80-0 (60-9-91-6)
733 (53-8-87-0)
875 (66-5-96-7)
90-9 (82-4-94-5)
82:6 (60-4-94-3)
87-0 (77-7-92-8)
87-0 (65-3-96-6)
92:2 (84-0-96-4)
82-6 (60-4-94-3)

85-7 (76-2-91-8)

90-1 (87-6-92-1)
995 (98-5-99-8)
97.3 (95-7-98-3)
99.5 (98-5-99-8)
90-1 (97-6-92-1)
99-5 (98-5-99-8)
97.3 (95-7-98-3)
99.5 (98-5-99-8)
895 (87-0-91-6)
90-9 (89-5-92-1)
99-1 (98-0-99-6)
98-2 (97-4-98-6)
969 (95-3-98-0)
90-3 (88-9-91-6)
991 (98-0-99-6)

986 (98-0-99-0)

77 (3-2-166)
42:9 (11-8-79-8)
16-7 (5-5-38-2)
42-9 (11-8-79-8)

27-3 (19-0-37-3)
84-6 (64-3-95-0)
54-6 (39-0-69-3)
84-6 (64-3-95-0)
21-4 (14-0-31-1)
286 (23-3-34-5)
73-1 (61-9-87-6)
663 (64-4-73-0)
465 (31-5-62-2)
27-6 (22-5-33-4)
73-1 (61-9-87-6)

71-7 (61-8-79-9)

99-7 (98-8-99-9)
99-5 (98-5-99-8)
99-6 (98-7-99-9)
99-5 (98-5-99-8)

994 (98-3-99-8)
98-9 (97-8-99-4)
99:2 (98-1-99-7)
98-9 (97-8-99-4)
995 (98-6-99-9)
996 (99-2-99-8)
995 (98-5-99-8)
995 (99-0-99-7)
996 (98-7-99-9)
99.7 (99-3-99-8)
99:5 (98-5-99-8)

994 (99-4-99-0)

Sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV) of the different screening strategies using the biopsy

result as the gold standard. 95% confidence intervals (CI) shown in parenthesis. Results from this audit compared to data from Hopper et al. [3].

NICE: National Institute of Clinical Excellence; EMA: endomysial antibodies; TG2: transglutaminase 2.

Strategy 2: EMA testing alone

EMA alone remains one of the most effective strategies
(Table 1). It showed a positivity rate of 3:44% (26 of 756).
The PPV of EMA remains significantly higher than that of
the TG2 assay for Marsh grade 3 biopsies (73-1% versus
21-43%; P <0-0001) (significance is defined as P < 0-05),
with sensitivity being not statistically different to that of the
TG2 assay in this cohort (P> 0-6). The EMA test remains
more specific than the TG2 assay for grade 3 lesions (99-1%
versus 89-5%; P < 0-0001). There were five false negative
EMA (excluding seronegative patients) (biopsy grades 1-3)
assays in this cohort, with three in the equivocal range
(1 grade 3; 2 grades 1-2).

Strategy 3: NICE CG86 two-step strategy:
EMA if ‘TG2 equivocal’

Data were analysed using the two-step strategy suggested by
NICE (Table 1); i.e. biopsy to be performed if TG2 is posi-
tive (> 50 U/ml), or if TG2 is ‘equivocal’ (15-50 U/ml) in
the presence of a positive EMA. We confirm that this strat-
egy has an improved specificity compared to TG2 testing
alone (P < 0-0001). However, the PPV is inferior to EMA
testing, 47% versus 73% (P <0-03), but better than TG2
alone (21%) for grade 3 lesions (P < 0-0025). The PPV for
all Marsh grades is worse than EMA alone (PPV 55% versus
85% for EMA, P<0-01), or TG2 and EMA (strategy 4)
(85%, P < 0-01) at all levels of positivity. However, it is an
improvement on TG2 alone (27% (P < 0-001)].

Strategy 4: TG2 and EMA: biopsy if positive for both TG2
and EMA irrespective of titre

Hopper et al. [3] demonstrated that biopsy of those patients
who were positive for both serological assays was the most
cost-effective for the Sheffield cohort. This resolves two
issues; (i) the use of an undefined ‘equivocal’ range for TG2
which will vary between laboratories and assays and (ii) a
reduction in biopsy of patients with high but false positive
TG2 results. Our data show that the PPV of this method is
the same as the EMA assay (P = 1) (Table 1), as all EMA and
biopsy positives were also TG2-positive in this cohort. The
use of this strategy would not detect the five EMA false
negative cases. All strategies will miss some cases, with most
of these being at the lesser degrees of mucosal damage. It
should, however, be noted that there were an additional 13
EMA positive cases which were excluded from the audit
because they only had EMA testing, thus the audit probably
overestimates the degree of false negativity for EMA. It is
also the case that the confidence intervals for the perform-
ance of EMA alone and EMA plus TG2 and the NICE strat-
egy are similar and much better than the others across the
board.

Relationship between level of TG2 and Marsh grade or
EMA result

Figure 1 shows that even at low titre positivity for TG2
the biopsy-positive cases are usually EMA-positive when
using our assay combination. It is clearly a better strategy to
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Fig. 1. The number of biopsy-positive/
endomysial antibodies (EMA)-negative (circles),
biopsy-negative/EMA-positive (triangles) and 160
biopsy-positive/EMA-positive (squares) results

are plotted against the corresponding TG2 140
results. It shows that the predictive value of
transglutaminase (TG2) increases with titre, as 120
expected, with 61% (14 of 23) of the Marsh

%)
grade 3 cases being in the high titre region E 100
(>300 U/ml). Many patients with TG2 >300 §_
U/ml are Marsh grade 3 biopsy and 5 80
EMA-positive, but even at this level 30% are g
false positive results. The predictive value of g 60
TG2 for Marsh grades 1 and 2 lesions does not z
appear to be as strong as for Marsh grade 3, as 40

more of the low-grade lesions have equivocal
TG2 results. We observed false negative EMA 20
results in the equivocal TG2 ranges. Correlation

of positive EMA and biopsy was 93% (14 of 15) 0 oo

Quality not quantity for TG2

Serological and biopsy data (Marsh grades 1-3)
15 50 150

Negative biopsy (TN Negative biopsy (FP |Negative biopsy (FP| Negative biopsy (FP

TG2) = 655 TG2 =54 TG2=5 TG2=13
Grades 1&2 = 1 Grades 1&2 =3 Grades 182 =2 Grades 1&2 =1
Grade 3 =2 Grade 3=3 Grade 3 =3 Grade 3 =15
FNTG2=3 TPTG2=6 TPTG2 =5 TPTG2 =16
FNEMA=3 FNEMA=3 FNEMA =2 FNEMA=0
FPEMA =0 FPEMA =3 FP EMA =0 FPEMA =1
TPEMA=6 TP EMA=3 TP EMA = 16
TN EMA =51 TN EMA =5 TN EMA =12

- TTG result

1 Positive biopsy and
EMA-positive

A EMA-positive and
biopsy negative

Positive biopsy and
EMA-negative

> .

at TG2 > 300 U/ml TP: true positive; TN: true 1
negative; FP: false positive; FN: false negative.

classify all levels of TG2 greater than the cut-off as positive
when considering secondary tests, rather than trying to
gate using an ‘equivocal’ range or TG2 titres at arbitrary
thresholds of 3x ULN or 10x ULN, as recommended by
ESPGHAN [2]. There were very few biopsy-positive
cases (five cases) with TG2 between the ranges of 51 and
250 U/ml. As expected with any immunoassay, correlation
between TG2, EMA and biopsy appears to improve at the
high-level TG2 range, with 70% (14 of 20) of TG2
> 300 U/ml being biopsy-positive patients and all having a
positive EMA. The remaining 30% with TG2 > 300 U/ml
were false positives, five having both negative EMA and
negative biopsy, one having a weak positive EMA and nega-
tive biopsy. There were 54 false positive TG2 results in
the equivocal range (15-50 U/ml) and 12 in the positive
range of 51-300 U/ml, in addition to the five which were
> 300 U/ml.

For our TG2 assay there was no apparent threshold for
employing EMA as a confirmatory test that would improve
the performance of the TG2 assay, as there are some false
positives even at high titres (Fig. 1). The best strategy for
detecting lesser degrees of mucosal abnormality remains
endomysial alone or TG2 (any level of positivity) followed
by EMA.

Eight patients were biopsy-positive (Fig. 1) but EMA-
negative. Three of eight had confirmed TG2 seronegative
coeliac disease. Of the other five, three had borderline posi-
tive TG2 (2 grades 1-2, 1 grade 3 biopsy) and two were in
the range of 3-3-10x ULN (one grade 1, one grade 3
biopsy). HLA-DQ testing would allow us to focus on these
cases and avoid biopsy if applied to patients seronegative
but yet still thought at risk of coeliac disease. Four patients
were biopsy-negative despite double-positive serology in the
low to moderate TG2 ranges. Most clinicians would suspect

10 100 300
TG2 result (U/ml)

a false negative biopsy in these cases and would keep the
patient under review. Thus, conclusions about the relative
performance of the assay in the equivocal range should be
tempered by this uncertainty.

All strategies involve a balance between false positivity
and false negativity, i.e. if as many cases as possible are
detected use TG2 plus EMA (increased false positivity), or if
one is prepared to forego earliest detection of a few cases
with predominantly lesser degrees of mucosal abnormality
and wait for symptoms to appear use EMA alone (increased
false negativity) (Table 2). If avoiding biopsy is wished, a
different strategy is required [10].

Those with negative serology should still need to be rec-
ognized on the basis of clinical presentation with or without
HLA-DQ typing and referred for biopsy regardless [11].
False negatives remain a problem for all serological screen-
ing strategies that wish to avoid biopsying everyone;
however, HLA-DQ testing after negative serology with
appropriate indicators for further testing offers the tantaliz-
ing prospect of minimizing these. Four cases had positive
TG2 and EMA but were biopsy-negative (one with TG2
>300U/ml); they may represent false negative biopsy or may
be considered at high risk for future disease. They were as
common in this cohort as truly seronegative cases. It also
shows that the predictive value of high TG2 is not as high
as might be hoped in this assay and cohort and that
truly seronegative cases for both EMA and TG2 remain a
minority problem with both assays.

In this cohort, 11 of 27 (41%) of TG2-positive confirmed
coeliac cases had TG2 < 10x ULN. ESPGHAN recommend
that all patients with positive TG2 <10x ULN go on to
biopsy without EMA or HLA testing, therefore many more
unnecessary biopsies would have been performed. It is likely
to be more cost-effective and less invasive for the patient to

© 2012 British Society for Immunology, Clinical and Experimental Inmunology, 171: 100-106 103



K. Swallow et al.

Table 2. Outcomes of each screening strategy.

Screening threshold for biopsy positivity ‘Unnecessary’ biopsy

Any grades 1-3 (756 biopsied; 30 cases of coeliac disease) (false positive) Missed cases (false negatives)

TG2 alone (all positivity) 72 3 (confirmed seronegative)
TG2 alone (>10 x ULN) 12 3 (confirmed seronegative)
TG2 alone (>3-3 x ULN) 17 3 (confirmed seronegative)
EMA alone 4 8 (3 confirmed seronegative)
NICE (TG2 alone if positive and EMA if TG2 equivocal =3-3 x ULN) 20 6 (3 confirmed seronegative)
TG2 then EMA for all levels of positive TG2 4 8 (3 confirmed seronegative)
TG2 1-1-10 x ULN biopsied and avoid biopsy if EMA-positive and >10 x ULN TG2 60 3 (3 confirmed seronegative)

(ESPHGAN scheme for symptomatic patients)
TG2>3 x ULN biopsied and conduct EMA on those 1-1-3 X ULN (confirm with biopsy if
EMA-positive) (ESPHGAN scheme for asymptomatic relatives)

22 (31in 1-1-3 x
ULN group)

7 (3 confirmed seronegative)

The number of cases which underwent an ‘unnecessary’ biopsy and those who were ‘missed’ as a result of false negative serology in our cohort.
Transglutaminase 2 (TG2) testing alone (all positivity) gave the highest number of false positive results but also missed the fewest cases (all three con-
firmed as seronegative). Using a strategy of endomysial antibodies (EMA) alone or TG2 and EMA gave the least number of patients going for unnec-
essary biopsy, but eight patients appeared as false negatives (three confirmed doubly seronegative); it should, however, be remembered that there were
four additional biopsy-negative and serology-positive patients who most clinicians would consider very likely to have coeliac and would repeat or
monitor long-term, and that 14 EMA-positive cases were excluded from analysis because they did not have a TG2 result recorded. If following
National Institute of Clinical Excellence (NICE) or European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guid-
ance, all suspected coeliac cases should be followed-up by biopsy even if serology is negative [including immunoglobulin (IgG) TG2 and IgG EMA] in

order to avoid ‘missing’ seronegative patients [1-3]. ULN: upper limit of normal.

have confirmatory secondary testing at all positive levels
prior to biopsy to overcome the problem of false positive
TG2 results.

Discussion

We demonstrate the relative performance of various sug-
gested testing strategies on a predominantly adult cohort
of greater than 750 patients referred for assessment for
coeliac disease. We show that the predictive values of the
test strategy remained stable over time [3]. NICE guidance
will work for all TG2 assays only if EMA is used routinely as
a staged screening test. The definition of equivocality and
the problem that different non-standardized TG2 assays will
have different dose-response curves has not been addressed.
In the absence of standardization, any focus on the level
of positivity will work only if laboratories reference their
interpretation threshold to locally derived audit data, as
shown here.

In our cohort, the EMA assay becomes less sensitive in
low-titre TG2 cases, as expected. Thus the EMA needs to be
supplemented with biopsy or HLA-DQ2/DQ8 typing if
there remains a suspicion of coeliac disease, despite negative
serology, to sweep up the seronegative cases and the lesser
degrees of mucosal abnormality.

The problem with all screening strategies is false negativ-
ity in a small number of patients. The corollary is that TG2
strategies result in false positivity far in excess of the size of
the false negative cohort, even when confirmatory testing is
applied to the lesser degrees of TG?2 titres. False positivity is
not only seen in our cohort, but is well documented in the
literature [3,6,12-24]. In the absence of standardization

between assays there is no possibility of selecting a single
threshold recommendation for reflex second-test use, which
is applicable to all test variants. All testing strategies assessed
using our test combination will have a small number of
false negatives and false positives unless everyone is biop-
sied. Application of HLA testing, as suggested in ESPGHAN
guidance, offers the tantalizing prospect of detecting those
still at risk [2]. However, it remains to be seen if one can
improve upon the performance of the serology alone in
avoiding biopsy and if this would be a cost-effective
approach.

We have shown that the best strategy for selecting
patients to avoid unnecessary biopsy using our assays in our
cohort is to use TG2 plus EMA testing on all patients.
Maximal sensitivity is always provided by the least specific
test, but only at the cost of up to fourfold higher biopsy
rates. This study demonstrates that there are considerable
efficiency gains in applying EMA testing to all levels of TG2
positivity because false-positivity with strong TG2 titres are
more common than is generally realized. In the high-titre
TG2 cases in this cohort the EMA is a fully reliable discrimi-
nator to avoid biopsy.

There is inappropriate focus in the guidelines on the size
of the apparent signal rather than positivity or negativity at
a threshold. There is much confusion about the significance
of high, moderate and equivocal signals and an assumption
that all assays are equivalent [1,4,21,22]. All TG2 assays
are not equivalent [12-14,21,23,24]. They have different
dose-response curves and different performance in EQA
with individual samples [9,21,24-26]. Although attempts to
compensate for this have been proposed by adopting cut-
offs based on multiples of the upper limit of normal, this is
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entirely inappropriate without local evaluation of the most
appropriate threshold. The measurement of complex mix-
tures of antibodies introduces biological variability in per-
formance between immunoassays which can only be
compensated for by developing local thresholds for the
screened population and re-auditing over time.

Our results apply to our assay combination in our
cohort. We must be cautious about extrapolating the con-
clusions to other cohorts and other assays using different
TG2 substrates. However, the performance characteristics
are similar to most other published studies of TG2 assays.

It is well recognized among laboratory practitioners that
there are major differences between assay performance
which are not revealed by published paper data and EQA
schemes. EQA alone cannot evaluate local diagnostic per-
formance, but can detect method-related changes, quality
issues and major differences between methods. Review of
the EQA data for EMA and TG2 tests from all manufactur-
ers over the last 2 years demonstrate probable biological
variation in responses in different assays for individual
patient materials [10,26]. There is, however, no obvious
advantage in terms of ease of quality control or quality
assurance of one test over another when qualitative
responses are compared.

The results validate the use of a two-stage strategy
or the use of EMA alone, but do not support the NICE
strategy of TG2 positivity as essentially a single screening
test without a defined and standardized definition of
what constitutes an ‘equivocal’ test requiring EMA, or
the ESPGHAN strategy of stratifying the intensity of TG2
signals for biopsy avoidance.

Guidelines should incorporate appropriate input from
EQA providers to ensure that recommendations about
testing are valid and achievable. NICE guidance should be
revisited at the earliest opportunity to modify the sugges-
tion that equivocality in an enzyme immunoassay can be
utilized as a surrogate for the decision to use EMA testing.
ESPGHAN guidance should be clarified to ensure that inap-
propriate use of multiple ULN thresholds are not utilized
and that local evaluation of performance is mandatory. No
UK coeliac screening programme should operate without
annual audit and establishment of the most appropriate
local threshold. Laboratories should also evaluate the most
cost-effective testing strategy in collaboration with their
clinical services.
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