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Sándor Sipka, professor of immunology,7 Anikó Imre, director of the health officer service,4
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ABSTRACT

Objective To evaluate the feasibility and diagnostic

accuracy of screening for coeliac disease by rapid

detection of IgA antibodies to tissue transglutaminase

performed in primary care.

Design District nurses screened 6 year old children using

rapid antibody testing of finger prick blood. They also

collected capillary blood samples for laboratory

determination of IgA and IgG antibodies to endomysium

and IgA antibodies to tissue transglutaminase. Children

withpositive rapid test resultsweredirectly sent forbiopsy

of the small intestine.

Setting Primary care in Jász-Nagykun-Szolnok county,
Hungary.

Participants2690children (77%of6 yearolds living in the

county) and 120 nurses.

Main outcome measures Positivity for antibodies to

endomysium or transglutaminase in the laboratory and

coeliac disease confirmed at biopsy.

Results 37 children (1.4%, 95% confidence interval 0.9%

to 1.8%) had biopsy confirmed coeliac disease. Only five

of these children had been diagnosed clinically before

screening.Rapid testinghada78.1%sensitivity (70.0%to

89.3%) and 100% specificity (88.4% to 100%) for a final

diagnosis of coeliac disease by biopsy. Sensitivity was

65.1% (50.2% to 77.6%) and specificity was 100%

(99.8% to 100%) compared with combined results of IgA

and IgG laboratory tests. Trained laboratory workers

detected 30 of the 31 newly diagnosed IgA competent

patients with the rapid test kit used blindly. Median time

to biopsy after a positive rapid test result was significantly

shorter (20 days, range 4-148) than after a positive

laboratory result (142 days, 70-256; P<0.001). Children

with coeliac disease detected at screening were smaller

and had worse health status than their peers but they

improved on a gluten-free diet.

ConclusionsA simple rapid antibody test enabled primary

care nurses to detect patients with coeliac disease in the

community who were not picked up in clinical care. Extra

training is needed to improve sensitivity.

INTRODUCTION

Coeliac disease is a genetically determined lifelong
intolerance to gluten from dietary cereals; most people
with coeliac disease have the human leucocyte antigen
(HLA) types DQ2 or DQ8.2 In this disease, regular
ingestion of wheat, rye, and barley induces T cell
mediated inflammation in the gut and an autoimmune
response to self proteins, mainly tissue (type 2)
transglutaminase.1 As a result, the villous structure of
the small bowel gradually deteriorates to a flat surface,3

but it can be fully restored by a gluten-free diet.2 Most
patients who are diagnosed in the clinic have a
combination of gastrointestinal symptoms and extra-
intestinal symptoms of variable severity.1 In addition,
antibodies to tissue transglutaminase are present in the
intestine and may also be deposited in other tissues.4

Evidence of malabsorption is not seen in all patients.
Instead, the presenting clinical symptom can be itchy
skin (dermatitis herpetiformis), osteoporosis, liver
disease, kidney disease, cardiomyopathy, or infertility,
and these symptoms can also be improved by diet.
Furthermore, untreated coeliac disease predisposes to
cerebellar ataxia; cancers, such as small intestinal
adenocarcinomas and enteropathy associated T cell
lymphomas; and autoimmune disorders (such as
diabetes mellitus and thyroid diseases). However,
thesecomplications cannotbe reversedbyagluten-free
diet.2Up to90%ofpatients remainundiagnosedduring
childhood, as clinical symptomsmay be absent or non-
specific for a long time.5

Detection of IgA autoantibodies in blood using
purified tissue transglutaminase or tissue sections
containing the antigen within endomysial or reticulin
structures (endomysial antibody test) is recommended
in symptomatic patients,7 in family members, and in
high risk groups.2 Antibody tests have shown the
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prevalence of coeliac disease to be 0.3-1.2% in
unselected European, North American, South Amer-
ican, and Indianpopulations.12Although the burden of
undiagnosed coeliac disease might be high13 and the
disease is treatable, screening of the general population
by venous blood sampling and conventional labora-
tory methods would be expensive, laborious, difficult
to organise, and might not be acceptable to subjects.
Rapid methods of antibody detection have recently
become available that can be performed at the point of
care using blood from finger pricks,14 and the point of
care detection of IgA antibodies in coeliac disease has
already been validated for clinical case finding in
gastroenterology settings.16 In this study, we explore
the feasibility of population screening for coeliac
disease by means of a rapid antibody test performed
by local healthcare workers in primary care.

METHODS

Subjects and screening procedure

We screened 6 year old children in Jász-Nagykun-
SzolnokCounty,Hungary,which has a total of 413 174
inhabitants. District nurses were asked to screen all
children in their care born between 1 June 1998 and 31
May 1999, whowere due to start school in 2005. These
children had a preschool physical examination with
weight and height measurements during the spring of
2005 at their primary care centre. Nurses measured
antibodies to transglutaminase on site using 10 μl of
whole blood from a finger prick and a test that gives
results in 5-10 minutes. Children with positive results
on this rapid test were referred directly for small bowel
biopsy to the paediatric gastroenterology unit of
Hetényi Géza County Hospital, Szolnok, Hungary.
At the same time, the nurses collected 80 μl of blood

for the laboratory determination of IgA antibodies to
endomysium and transglutaminase in plasma (the
reference tests). These tests each have 95-98% sensi-
tivity and 98-99% specificity for coeliac disease

compared with biopsy of the small intestine.7 To
increase sensitivity and ensure that we detected coeliac
disease in IgA deficient children, we combined both
tests andalsomeasured IgGantibodies to endomysium
in all samples. Children who were negative in all three
laboratory tests were not investigated further, as they
had a very low probability of having coeliac disease,
and biopsy was considered unethical in such children.
The samples were number coded and sent to Heim

Pál Children’s Hospital, Budapest, Hungary. To check
for correct sampling and to perform an interobserver
comparison between the nurses and the laboratory, the
nurses also submitted any diluted blood left over from
the rapid test. Parents gavewritten informed consent to
the blood sampling and screening.We sought separate
consent for the confirmatory biopsy in children with
positive test results.

Rapid coeliac antibody testing

Nurses used the Biocard coeliac disease test kit
(AniBiotech) and evaluated results after five minutes
but not later than 10 minutes, as instructed by the
manufacturer. This immunochromatographic test
detects IgA antibodies to tissue transglutaminase in
whole blood with the aid of transglutaminase antigen
contained within the erythrocytes in the sample being
tested.16 In brief, the blood sample is taken into a 10 μl
capillary, which is then inserted into a tube with
haemolysing buffer to liberate the transglutaminase
from the erythrocytes, and three drops are added to the
test cassette. If antibodies against transglutaminase are
present in the sample, they form immune complexes
with endogenous transglutaminase and anti-IgA anti-
bodies labelled with colloidal gold particles. The
complexes bind to stationary reagents in the test
membrane that capture transglutaminase to form a
visible test line. A control line is included to check that
blood and reagents have passed into the test area. The
test result is positive if both the test line and control line
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are seen, negative if only the control line forms, and
invalid if the control line is missing.
We gave the nurses written instructions for the test.

More than 90% of the nurses also attended a 45minute
teaching session on coeliac disease, where the test kits
were demonstrated using a clearly positive blood
sample and blood from volunteers.

Laboratory antibody testing of plasma

At the screening session, the nurses took an additional
80 μl of finger prick blood into a capillary tube (treated
with ethylenediaminetetraacetate) that contained 100
μl of phosphate buffered saline. The samplewas kept at
+4°Cuntil its arrival at the laboratory within 36 hours.
After centrifugation, the supernatant—comprising
plasma diluted 1:2.5 with buffer—was used to investi-
gate IgA and IgG antibodies to endomysium. The test
consisted of a double colour indirect immunofluor-
escent method (green label for IgA and red label for
IgG) that used composite blocks of monkey oesopha-
gus and human appendix.17 Sample dilutions between
1:2.5 and 1:5 are internationally accepted to ensure
high sensitivity.17An endomysial or reticulin pattern of
antibody binding on either substrate was considered to
be a positive result; the antibody titre was established
by performing further plasma dilutions.
IgA antibodies against transglutaminase were mea-

sured by the Celikey enzyme linked immunosorbent
assay (Pharmacia Diagnostics); a result of 5 U/ml or
greater was regarded as positive, as suggested by the
manufacturer. Samples with values higher than the
upper point of the standard curve were retested using
appropriate dilutions. The laboratory tests were done
without prior knowledgeof the results of the rapid tests.

Evaluation of small bowel biopsies

Biopsy samples were taken by Watson capsule or
during upper gastrointestinal endoscopy from the
distal part of the duodenum. The ratio of the villous
height to the crypt depthwas calculated17 by evaluators
whowere blinded for the nature of the samples. A ratio
of less than one was considered to be villous atrophy
with crypt hyperplasia and indicative of untreated
coeliac disease (Marsh grade III lesion).6 Frozen
sections were used to investigate numbers of CD3
positive and γδ positive intraepithelial lymphocytes
and in s i tu depos i t ion o f an t ibod i e s to
transglutaminase.18

Clinical evaluation

We determined the children’s weight and height
centiles using reference values for Hungarian
children19 and recorded any symptoms. We used
standard laboratory methods to determine blood
count and to measure serum iron, transferrin, and
ferritin. HLA-DQ alleles were determined by poly-
merase chain reaction (GenoVision SSP kit; Qiagen
Vertriebs GmbH) in children with positive antibody
tests. Parents of newly detected patients with coeliac
disease and sex matched controls with negative anti-
body results answered a generic child health ques-
tionnaire, which had previously been validated in
Hungarian children.20 We also asked the parents of
patients with coeliac disease to answer the question-
naire after the children had spent six months on a
gluten-free diet.

Statistical analysis

We calculated the sensitivity, specificity, positive
predictive value, and negative predictive value of the
rapid tests and compared themwith those obtained for
laboratory antibody tests and biopsy; 95% confidence
intervals were determined by the Wilson method. We
compared median antibody titres before and after
dietary treatment by means of the Wilcoxon signed
ranks test. Haemoglobin values and body mass index
before and after the gluten-free diet were compared by
means of the paired t test.

RESULTS

Screening results

In total, 3518 births were registered in the county
between 1 June 1998 and 31 May 1999. Of these
children, 2690 (76.5%) joined the study. Main reasons
fornon-participationwere refusal of theparents (7%)or
nurses (8%) and clashes between the nurses’ working
schedule and the children’s summer holidays (8.5%).
The participating and non-participating children had
similar demographic data. Five children (0.19%) had
previously been diagnosed with coeliac disease at 1.9,
2.3, 2.4, 2.7, and 2.8 years of age. These children were
on a gluten-free diet and were not screened. Another
nine children were not screened because in the
previous year they had tested negative for serum
antibodies to endomysium. Thus, we screened 2676
children. Each of the 120 participating nurses screened
a median of 18 children (range 4-95). Antibodies to

Table 1 | Onsite rapid test for IgA antibodies to transglutaminase comparedwith laboratory tests for IgA and IgG antibodies to

endomysiumand IgA antibodies to transglutaminase

Laboratory test result

Rapid test result

Positive Negative Total

Positive serology result in the laboratory for any of the
antibodies tested

28 15* 43

Negative antibody result in the laboratory 0 2566 2566

Sample not available for laboratory evaluation 0 67 67

Total 28 2648 2676

Sensitivity 65.1% (95% confidence interval 50.2% to 77.6%; specificity 100% (99.8% to 100%).

*One patient had selective IgA deficiency.
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transglutaminase were detected by onsite rapid testing
in 28 children (1.05%). No invalid tests were reported.
The parents of 25 of these children consented to small
bowel biopsy, and all children showed severe villous
atrophy with crypt hyperplasia indicating coeliac
disease. Median time from screening to biopsy was
20 days (4-148).
Capillary blood samples for laboratory testing were

available from 2609 (97.5%) of the screened children.
IgA and IgG antibodies to endomysiumwere found in
42 specimens, and IgA antibodies to tissue transgluta-
minase were above the 5 U/ml cut-off level in 41 of
these 42 specimens. One other sample was positive
only for IgG antibodies to endomysium, but negative
for all IgA autoantibodies. A jejunal biopsy and
measurement of plasma total IgA showed that this
patient had coeliac disease with selective IgA defi-
ciency (0.01 g/l). All 28 childrenwho screened positive
on site were also positive in laboratory tests for
antibodies to endomysium (median titre 1:40, range
1:10-1:320) and transglutaminase (median 78.6 U/ml,
range 8.3-501). Antibody values in the other 14
children with IgA antibodies to endomysium were
low or borderline (endomysium: 1:2.5, 1:2.5-1:40;
transglutaminase: 10.5, 3-63.2) (fig 1). These 14
children were also invited to have a biopsy, and villous
atrophy was found in six of the 13 children whose
parents consented (fig 1). One procedure was unsuc-
cessful by Watson capsule, and consent was not given
for a second attempt by endoscopy. The villous
architecture of the small bowel was normal in the
other six children, even though their parents reported a
normal intake of gluten. These six children had an
HLA-DQ2 background, slightly raised numbers of
intraepithelial lymphocytes (CD3 positive cells 45.3
cells/mm, range 36.6 to 53.9, normal <37; γδ positive
cells 10.5 cells/mm, 8.2 to12.7, normal <4.2), and
patchy deposition of transglutaminase antibodies in
their small bowel specimens, but they did not fulfil the
accepted diagnostic criteria of coeliac disease.
The median time from screening to biopsy was

significantly longer (142 days, 70-256, P<0.001) in the
children with positive antibody results in the labora-
tory only.
Coeliac disease was newly diagnosed in 32 (1.2%) of

the screened children, 24 girls and eight boys. Five
other childrenhadbeendiagnosedbefore screening, so
the prevalence of biopsy confirmed coeliac disease in
the investigated cohort was 1.38% (0.94% to 1.82%;

one in 73). The frequency of antibody positivity was
1.79% (1.29% to 2.30%).

Comparison of screening by nurses and in the laboratory

Nurses (untrained evaluators) identified 25 of the 31
IgA competent children with coeliac disease who had
villous atrophy. They also correctly evaluated 2566
negative samples and thus achieved 99.4% agreement
with laboratory antibody test results (table 1). The
positive predictive value of rapid testing was 100%
(99.8% to 100%) and the negative predictive value was
99.4% (99.0% to 99.7%). Table 2 compares the rapid
test results with the final diagnosis of coeliac disease by
biopsy; the positive predictive value was 100% (88.4%
to 100%). No negative predictive value for histology is
available because we did not perform a biopsy on the
2566 children with a negative rapid test and negative
laboratory antibody results. In children with a positive
laboratory test result, the rapid test had a negative
predictive value of 46.2% (23.2% to 70.9%).
The onsite rapid testing was less sensitive than the

combined laboratory antibody tests. The diagnosis of
coeliac disease could not be confirmed in 11 of the 43
antibody positive children, however, so the diagnostic
efficiency of the rapid testwas almost as high (99.3%) as
that of laboratory screening (99.6%).
We also analysed sensitivity and specificity of the

rapid test by counting the 67 samples that were not
available for laboratory analysis as all positive or all
negative—this gave a sensitivity of 34.5% (24.8% to
44.9%). Such a low sensitivity is unlikely, as the study
was performed in a normal population with an
expected 1-2% prevalence of coeliac disease. Missing
samples would not have affected specificity because all
rapid test positive samples were available.
To establish whether the rapid test kit itself was less

sensitive than the laboratory tests, we retested samples
from the 31 children with coeliac disease who were
positive for IgA antibodies to endomysium and 177
randomly selected children who were negative for
these antibodies with the Biocard kit in a blinded
fashion in two different laboratories (fig 2). All but one
coeliac sample (96.8%) were judged as positive when
read by experts, but the positive test lines were often
faint. In these cases, the line became clearer if the time
to reading was increased to 10-15 minutes. Also the
dilutionspreparedby thenursesgavepositive rapid test
results at the re-evaluation in all 27 available cases.
Specificity was again 100% compared with the

Table 2 | Onsite rapid test for IgA antibodies to transglutaminase comparedwith final diagnosis of coeliac disease on the basis of

laboratory antibodypositivity (IgA and IgG) and biopsy of small intestine

Biopsy result (all patients positive for laboratory
antibody tests)

Rapid test result

Positive Negative Total

Villous atrophy indicative of coeliac disease 25 7* 32

Normal villous structure 0 6 6

Biopsy not performed 3 (refused biopsy) 2635 2638

Total 28 2648 2676

Sensitivity 78.1% (95% confidence interval 70.0% to 89.3%); specificity 100% (88.4% to 100%).

*One patient had selective IgA deficiency.
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laboratory test results. These findings show that the
rapid test is as sensitive as the laboratory tests and that
the nurses made no major sampling errors. The lower
sensitivity on site is probably caused by the nurses
interpreting faint test lines as negative results.

Clinical findings and response to treatment

None of the 32 children diagnosedwith coeliac disease
after screening had been judged chronically ill or sent
for investigation by the doctors who performed the
routine physical preschool examination. Common
clinical problems found in untreated coeliac disease
were present in 27 of the 32 patients (table 3); 10 were
underweight (<10 centiles), seven had iron deficiency
anaemia (haemoglobin <115 g/l), eight had low iron
stores (serum ferritin <14 μg/l) without anaemia, and
two had autoimmune thyroid disease. However, most
of the other symptoms often occur in children without
chronic disease.
Mean weight, height, and body mass index of

children with screen detected coeliac disease were
lower than thoseof their peerswhowerenegative in the
laboratory antibody tests (table 4). These children also
scored lower in the generic health questionnaire for the
items global general health, bodily pain, and general
health perceptions, as reported by their parents
(table 5).
We prescribed a gluten-free diet for all 32 children

newly diagnosed with coeliac disease and re-evaluated
themafter sixmonths.Median serum titres of antibody
to endomysium decreased significantly from 1:40 to
1:2.5 (P<0.0001) and median serum antibodies to
transglutaminase decreased significantly from 56.5 U/
ml to 5.0 U/ml (P<0.001). Mean haemoglobin values
significantly increased from 120.7 g/l to 128.0 g/l;
P=0.0012) and bodymass index values increased from

14.7 to 15.3; P<0.001). These changes were similar in
children who were initially symptom free (data not
shown). Parents reported less bodily pain and better
general health compared with the period before
screening (table 5).

DISCUSSION

Main findings

Coeliac disease is still largely underdiagnosed12 or
diagnosed after a long delay, even when patients have
symptoms.22 This study shows that a rapid method for
nearpatientdetectionof coeliacdisease antibodies is an
efficient way to find new cases. Primary care nurses
identified around 80% of patients with undiagnosed
coeliac disease at the routinely performed preschool
health check-up. To screen all children in a one year
cohort in the county, each nurse performed around 20
rapid tests; this required little time and effort and fitted
in with the nurses’ normal working day. The rapid test
seemed tobe as accurate as laboratory testing andhad a
high positive predictive value and specificity. Some
training is needed, however, to enable faint test lines to
be recognised when circulating antibody concentra-
tions are low. As with all visual tests, observer
variability can affect the results, so the diagnosis should
always be verified by histology. A rapid test used in
primary care has advantages over conventional
laboratory mass screening. It is simple, easy to
organise, and the results are available at the screening
session; these factors might improve compliance and
reduce costs.23 Undiagnosed coeliac disease had
negative effects on the children’s health and develop-
ment, but these effects were improved by a gluten-free
diet.

Primary care screening for coeliac disease

These days, most patients are referred for diagnostic
endoscopy and biopsy after positive serology.6 Pri-
mary care doctors should be aware of the most
common symptoms—anaemia, delayed growth, fati-
gue, and minor gastrointestinal complaints12—and
appropriate training should increase the number of
cases diagnosed.25 Even so, most patients are still not
detected until they are adults. Autoimmunemanifesta-
tions; diabetesmellitus; osteopenia; and diseases of the
skin, liver, brain, or other organs are common, often in
the absence of gastrointestinal symptoms,1 and these
patient groups are suggested targets for clinical case
finding by serology.12 However, most of these features
develop after the intestine has been affected for a long
time, and they might be prevented if a diagnosis were
made in childhood.26 A screening study in Finland
identified coeliac autoantibodies in blood from school-
children several years before thediseasewasdiagnosed
clinically.8 Most children in our study with screen
detected coeliac disease had some symptoms. Their
parents did not seek medical help, however, and
doctorsdidnot identify themashaving increased risk at
the preschool examination, so they would not have
been detected by case finding. The rapid screening test
would identify most of these patients at an early age.

Fig 2 Retesting of screen detected patients at the laboratory

using capillary blood samples collected by nurses. The blood

sample diluted in buffer was applied to the round well on the

left. Lines in the windows were evaluated after 10minutes. The

left window is the test window and the right one is the control

window. All four samples were judged positive by a trained

observer blinded to the previous results. The nurses evaluated

the top three samples as negative and the bottom one as

positive at initial screening
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This screening test could be performed with locally
available personnel, without the need for special
screening teams.

Is population screening justified?

Antibody tests can reliably identify patients with
undiagnosed coeliac disease,8 but screening is con-
troversial because of doubts about its cost

effectiveness,28 the reluctance of asymptomatic people
pickedupby screening toundergobiopsyand to follow
dietary restrictions,28 and the lack of proof of long term
benefit to the community.23 However, the overall cost-
benefit balance may be favourable even when benefits
are only moderate if screening is simple. Screening
studies often have difficulty persuading people to
undergo biopsy after the long time needed for the

Table 3 | Clinical signs and histological findings in children diagnosedwith coeliac disease at screening

Sex Symptoms and signs

Ratio of villous height to
crypt depth on biopsy

(normal >2)

Detected by

Rapid test

IgA antibodies to
endomysium and
transglutaminase

IgG antibodies to
endomysium

F Slowweight gain, pale stools, raised free T4 0.11 Yes Yes Yes

M Diarrhoea, slow weight gain, tiredness,
behavioural problems, frequent infections

0.17 Yes Yes Yes

F Recurrent abdominal pain, raised
antibodies to thyroid antigens

0.06 Yes Yes Yes

F Tiredness, constipation, behavioural
problems

0.70 Yes Yes Yes

M Twin A. Abdominal bloating 0.25 Yes Yes Yes

F Twin B. Slow weight gain, anaemia 0.10 Yes Yes Yes

F Slow weight gain, abdominal bloating,
constipation, anaemia

0.11 Yes Yes Yes

F None 0 Yes Yes Yes

F Recurrent abdominal pain, recurrent
obstructive bronchitis, anaemia

0.08 Yes Yes Yes

M Slow weight gain, bloating 0.31 Yes Yes Yes

F Chronic headache, anaemia 0.26 Yes Yes Yes

F Diarrhoea, bloating, recurrent abdominal
pain

0.08 Yes Yes Yes

F Recurrent diarrhoea, recurrent abdominal
pain

0.24 Yes Yes Yes

F None 0.18 Yes Yes Yes

M Slowweight gain, recurrent abdominal pain 0.31 Yes Yes Yes

M Slow weight gain, bloating, steatorrhoea,
anaemia

0.25 Yes Yes Yes

F Slow weight gain, recurrent abdominal pain 0.05 Yes Yes Yes

F None 0.47 Yes Yes Yes

M Bloating, recurrent abdominal pain,
tiredness, slowweight gain, frequent airway
infections

0.33 Yes Yes Yes

F Slow weight gain, constipation, headache,
anaemia

0.17 Yes Yes Yes

F Recurrent abdominal pain, headache 0.25 Yes Yes Yes

M Recurrent abdominal pain, delayed skeletal
age

0.27 Yes Yes Yes

F Dyspepsia 0.40 Yes Yes Yes

F None 0.22 Yes Yes Yes

F None 0.20 Yes Yes Yes

M Recurrent abdominal pain, chronic iron
replacement for recurrent anaemia

0.20 No Yes Yes

F Constipation 0.35 No Yes Yes

F Abdominal bloating, raised liver
transaminases

0.33 No Yes Yes

F Slow weight gain 0.15 No Yes Yes

F Recurrent abdominal pain 0.23 No Yes Yes

F Slow weight gain 0.26 No Yes Yes

F Slowweightgain, recurrentabdominalpain,
headache, anaemia, selective IgA
deficiency

0.09 No No Yes

Anaemia was defined as haemoglobin <115 g/l.
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laboratory evaluation.2 With the rapid screening test,
nurses immediately notified the parents about a
positive test result and less than 10% refused to give
their permission. The time to biopsy was also
significantly shorter after an onsite positive result
thanafter apositive result received fromthe laboratory.
We did not ask about the patients’ preferences
regarding blood sampling methods, as nurses would
not have been able to collect venous blood samples
from the children. These young children tolerated
sampling from a finger prick, so we anticipate that this
method would be acceptable for most people.

After six months on a gluten-free diet, serum
autoantibody values fell at the expected rate in all but
two of the newly diagnosed patients, which indicates
good short term dietary compliance. Growth also
improved and haemoglobin concentrations increased
in children whose parameters were initially not
pathologically low. In addition, parents reported less
bodily pain and improved self esteem, so treatment

clearly improved the children’s health status. Chronic
gastrointestinal disorders and anaemia probably affect
academic performance, and young adults with unde-
tected coeliac disease tend to underachieve at degree
level.29 Thus, early detection of coeliac disease may be
important for both the individual and society. How-
ever, we still do not know whether people with
seropositivity butwith preserved villous structure need
treatment.8

Implications for screening policy

Thebest age for screening is debatable.Disease specific
antibodies appear in the serum around the age of
2-3 years,30 and familymembers ofHungarian patients
rarely developed seropositivity after the age of 6.31 In
our study, prevalence at age 6 (1.4%)was higher than in
most European studies of older children and adults.2

Thus,most patients canalreadybe identifiedat this age,
and dietary compliance is likely to be better in these
young children than in teenagers. Rapid testing can
also be used to retest children who develop suspicious
symptoms later.
Several combinations of antibody tests have already

been evaluated for population screening purposes.34 In
general, high sensitivity is preferred over high
specificity,23 but such tests often generate a high
number of false positive results when the condition
has a lowprobability.32 Thediagnosis of coeliac disease
requires biopsy of the small intestine, so the number of
unnecessary and costly endoscopy procedures should
be kept as low as possible. Our results indicate that one
step rapid detection of antibodies to transglutaminase
had high positive predictive value for the presence of
intestinal lesions. Rapid test results also agreed equally
well with the conventional laboratory tests as different
laboratory antibody tests agreed in clinical settings.35

The sensitivity of the rapid test was only around 80%,
and the test missed the seropositive cases without

Table 4 | Growth of 6 year old children diagnosedwith coeliac

diseaseatscreeningandtheirhealthycounterparts.Valuesare

mean (95%confidence interval)

Measure
Children with coeliac

disease (n=32)
Antibodynegativechildren

(n=2566)

Height (cm)

Boys 114.2 (110.8 to 117.6)* 120.0 (119.8 to 120.2)

Girls 116.1 (112.9 to 119.3) 119.3 (119.0 to 119.5)

Weight (kg)

Boys 18.1 (16.25 to 19.9)*** 23.4 (23.2 to 23.6)

Girls 20.7 (19.3 to 22.1) 22.7 (22.5 to 22.8)

Body mass index (kg/m2)

Boys 13.8 (12.9 to 14.8)** 16.1 (16.0 to 16.3)

Girls 15.3 (14.8 to 15.8) 15.8 (15.7 to 15.9)

*P<0.05, **P<0.01, ***P<0.001 compared with antibody negative

children.

Table5 | Resultsof childhealthquestionnaire. Valuesaremeanscore (95%confidence intervals) onascaleof0-100;highervalues

indicate better health21

Scored item

Children with coeliac disease

Children with no antibodies to
endomysium (n=80)Before gluten-free diet (n=28)

After 6 months of gluten-free diet
(n=27)

Global general health 58.9 (50.4 to 67.4)* 71.1 (64.9 to 77.3)† 75.8 (71.6 to 80.0)

Physical functioning 95.6 (91.3 to 100) 97.1 (93.5 to 100) 95.4 (93.0 to 97.9)

Role—social limitations, behavioural 85.9 (74.8 to 97.0) 84.0 (72.7 to 95.2) 94.2 (90.7 to 97.7)

Role—social limitations, physical 93.8 (87.9 to 99.8) 91.4 (83.1 to 99.5) 91.9 (87.7 to 96.1)

Bodily pain 54.3 (44.4 to 64.1)* 75.6 (68.2 to 82.9)‡ 82.2 (78.8 to 85.7)

Behaviour 65.3 (60.1 to 70.4) 67.0 (59.6 to 74.4) 70.7 (67.8 to 74.5)

Global behaviour 70.0 (61.9 to 78.1) 67.9 (60.2 to 75.5) 73.5 (69.6 to 77.4)

Mental health 85.7 (79.9 to 91.5) 86.2 (80.7 to 91.8) 88.6 (86.1 to 91.2)

Self esteem 68.2 (59.2 to 77.1) 75.3 (67.1 to 83.5) 76.9 (72.7 to 81.2)

General health perceptions 57.9 (49.1 to 66.7)* 60.5 (53.6 to 67.4)* 75.2 (71.2 to 79.2)

Parental impact, emotional 65.2 (56.0 to 74.4)§ 63.9 (54.3 to 73.6)§ 75.4 (71.0 to 79.7)

Parental impact, time 81.6 (70.1 to 93.0) 81.7 (71.9 to 94.4) 86.7 (82.3 to 91.0)

Family activities 81.7 (72.5 to 90.9) 83.7 (75.5 to 91.9) 84.2 (80.1 to 88.4)

Family cohesion 66.3 (57.0 to 75.6) 67.2 (58.6 to 75.8) 67.3 (62.0 to 72.7)

*P=0.001 compared with antibody negative peers; †P=0.02 compared with untreated children with coeliac disease; ‡P<0.001 compared with untreated

children with coeliac disease; §P=0.02 compared with antibody negative peers.
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villous atrophy. However, the nurses had not received
training and were relatively inexperienced—the data
came from the first 15-30 tests that they performed.
Most patientswhowere not picked upby the onsite test
had low antibody titres (1:2.5), which are difficult to
recognise even for many clinical laboratories. The
design of the studymay have caused further confound-
ing—nurses sent all patients with positive results
directly for endoscopy, and they may have been
reluctant to do this if the test line was faint. The expert
readers’ results show that training could greatly
improve sensitivity. In theory, this might reduce
specificity, although this did not happenhere. Selective
IgA deficiency can also complicate serological detec-
tion of some rare cases of coeliac disease, both in
clinical and screening settings.17 The rapid test would,
in principle, be suitable to measure both IgA and IgG
antibodies to transglutaminase, and this problemmight
be solved in the future by commercial kits thatmeasure
both classes of antibody.

Cost effectiveness and limitations

Screening an adult population for coeliac antibodies
would be cost saving in the long term.34 Onsite rapid
testing using blood from a finger prick does not need
complicated logistics, extra personnel for venous
blood sampling, sample transportation and blood
separation, or laboratory facilities. We anticipate that
screening protocols based on these rapid tests will be
more cost effective than the laboratory based testing,
although the cost of the test kit and that of the nurses’
time will vary in different countries.
The Biocard coeliac disease test cost around €10 (£7;

$14.5) from pharmacies in 2005 inHungary. However
prices for large scale screening might be much lower.
Further studies are needed to evaluate the costs in
relation to the prevention of late complications.

Conclusions

A simple rapid test performed in primary care at the
preschool check-up identified most undiagnosed cases
of coeliac disease in the community. Such a procedure
could easily be adopted in countries with more limited
financial resources. Early treatmentmay help improve
the quality of life of affected people in the long term.
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