Articles |

Clinical Investigation

nature publishing group

Diagnostic screening for subclinical celiac disease using

a rapid test in children aged 2-4
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Julio Romero? Miguel Angel Lépez-Casado?, Laura Jaimez?, Juan Jiménez-Jdimez*, Alicia Ballesteros',

Javier Caballero-Villarraso® and José Maldonado?

BACKGROUND: Our aim is to study the prevalence of sub-
clinical celiac disease (CD) and analyze the diagnostic yield of a
new rapid test in children aged 2-4.

METHODS: We carried out a cross-sectional study in a sample
population of children aged 2-4 from the same metropolitan
area. We recruited apparently healthy subjects, and collected
clinical, anthropometric, analytical, and serological variables.
We also tested for anti-gliadin IgA and anti-transglutaminase
IgG and IgA using a rapid immunochromatographic test
CD1WB and CD2WB (Operon, Zaragoza, Spain).

RESULTS: One hundred and ninety-eight children were
recruited, signed the informed consent form, and completed
the protocol (mean age 32.3+9.2 mo, 53% males). CD prev-
alence according to the serological tests was 3% (Cl 95%,
1.4-6.4%). Biopsies were used to confirm the diagnosis in all
suspected cases. The sensitivity and negative predictive value
of the CD2WB immunochromatographic test strip were 100%
and 1, respectively. The sensitivity of CDTWB was 16.6% and its
specificity was high (89.1%).

CONCLUSION: The prevalence of subclinical CD in the sam-
ple group of 2-4-y old was higher than that found by other
authors. The CD2WB immunochromatographic test strip is an
excellent diagnostic screening tool with high sensitivity and
negative predictive value.

Celiac disease (CD) is a world immune-mediated disorder
caused by a reaction to the gliadins in the gluten in many
common foodstufs. It affects those with a genetic predisposi-
tion to the disease and is the most prevalent cause of diges-
tive malabsorption in the developed world. CD symptoms can
range from very severe to subclinical. It is estimated that for
every diagnosed case of CD there are five undetected cases.
The estimated global prevalence of CD is between 1 in 100 and
1 in 250, although few specific data about our study population
of 2-4-y olds are available (1-4).

Early detection of CD is a challenge for all pediatricians.
Current diagnostic methods include serological tests to
detect autoantibodies and histological tests following upper

gastrointestinal endoscopy and biopsy of the intestinal villi,
although both methods are invasive in certain degree (5). The
high estimated prevalence of subclinical CD in apparently
healthy children means that a noninvasive screening method
is required. The results of previous studies using a rapid visual
immunochromatographic bedsite test (point-of-care testing)
have been promising (6-13).

Our aim is to study the prevalence of subclinical CD in chil-
dren aged 24 living in the same Healthcare District (Maracena,
in the metropolitan district of Granada, Spain), and to assess
the validity of an immunochromatographic screening method
that detects CD antibodies in the capillary blood of apparently
healthy subjects (Operon).

RESULTS

Two hundred and fifty-two children aged between 2 and 4
at the time of recruitment were included in the study group
between May 2009 and April 2012. The final sample size
was n = 198 children (average age 32.3+9.2 mo, 53% male).
All of these children completed the study protocol. The
group’s clinical and sociodemographic variables are shown
in Table 1.

Anthropometric and nutritional variables for the 198 sub-
jects were collected to establish how similar the study group
was to the general population. All the average percentiles cal-
culated were similar to those of the general population.

Prevalence of CD
Figure 1la is a flow diagram showing the process by which
children were included in the study. Of the 198 children tested
using the point-of-care test and the auto-antibody test using
EliA (Enzyme immunoassay, Phadia, Uppsala, Sweden) or sec-
ondary immunofluorescence, 27 tested positive with at least
one of the capillary blood test strips. In six of those cases, the
serological test was also positive and the diagnosis was con-
firmed with a biopsy. In 21 cases, the serological tests did not
confirm the CD diagnosis.

Of the six children with a positive anti-transglutaminase
and anti-endomysial antibody test, in five cases (83.3%) the
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Table 1. Sample group sociodemographic and clinical variables
Total (n=198)

Male (%) 53

32.3+£9.2(13-60)

Age (months)

Digestive symptoms

Anorexia (%) 328
Abdominal pain (%) 214
Vomiting (%) 16.9
Diarrhea (%) 1.4
Weight loss (%) 16.4
Failure to thrive (%) 184
Abdominal distension (%) 18.4
Stools
Normal (%) 58.2
Soft (%) 5.5
Liquid (%) 2
Hard (%) 15.9
Constipation (%) 13.9
Alternating (%) 45
Lactose intolerance (clinical symptoms) (%) 25
Mouth sores (%) 19.4
Anemia (%) 8.5
Neurological disorders (%) 13.9
Recurrent infections (%) 31.2

Family history

CD and/or autoimmune diseases (%) 74
Diabetes (%) 31.8
Thyroid disease (%) 423
Anthropometric data
Weight-for-height percentile 58.8+27.7
Weight-for-age percentile 54.7+27.6
Height-for-age percentile 46.3+28.4
BMI-for-age percentile 59.8+28.3
Head circumference-for-age percentile 59.0+33.8
Arm circumference-for-age percentile 52.7+31.8
Triceps skinfold-for-age percentile 77.0£24.1
Subscapular skinfold-for-age percentile 65.6+29.7

biopsy confirmed CD with a Marsh score of 3 (Figure 2a).
In one case, the biopsy revealed no signs of villus atrophy in
the duodenal mucosa, with raised intraepithelial lymphocytes
(>30) and crypt hyperplasia consistent with a Marsh score of 2.
In another case, the patient tested positive with the test strips
and the serological test results were consistent with dermati-
tis herpetiformis associated with CD (Figure 2b). During the
diagnostic procedure, this child developed a pruritic rash on
the back, buttocks, and elbows but had experienced no diges-
tive symptoms.

Copyright © 2015 International Pediatric Research Foundation, Inc.

Based on the results of the serological tests for anti-transglu-
taminase and anti-endomysial IgA antibodies and the biopsies,
the prevalence of CD in the sample group was 3% (CI 95%,
1.4-6.4%, Figure 1b).

The average age of patients with CD (n = 6) was 36.1+10.1
mo. Half of them were male. All were initially asymptomatic.
Table 2 shows the variables for the six patients initially diag-
nosed with CD based on the serological tests and whose diag-
noses were later confirmed histologically.

The clinical and sociodemographic variables and family
history of the children with CD were no different to those of
the 192 healthy subjects (P > 0.05). There were no significant
differences in the digestive symptoms of the group with CD
and the group without, with very similar percentages for the
frequency of abdominal pain, vomiting, and anorexia, among
others.

The analytical and anthropometric variables for the patients
with and without CD are shown in Table 3. The blood glu-
cose, creatinine, urea, and electrolyte results were not differ-
ent between the two groups. However, the total cholesterol and
albumin levels were lower in the group with CD (statistically
significant, P < 0.05). The weight and height-for-age percen-
tiles were within the normal range according to the percentile
charts used (11), with no statistically significant differences
between the six patients with CD and the 192 without. The
height-for-age percentile comparison was not statistically sig-
nificant, but the data suggest that patients with subclinical CD
are more likely to be shorter than average.

Analysis of the Diagnostic Validity of the Point-of-Care Test
(Operon)

As Figure 1c,d shows, 27 of the subjects tested positive for CD
with at least one of the test strips used. Of these, all tested posi-
tive with the CD2WRB strip except 1, who had a weak positive
result with the CD1WB strip and was eventually confirmed not
to have CD. All of the remaining 171 subjects tested negative
with both test strips. None of these 171 patients tested positive
with the serological tests and there was no confirmed case of
CD. The sensitivity of CD2WB alone and both strips together
is therefore 100%.

Figure 1c shows the distribution of cases with positive
results with the test strips. Of the three subjects who tested
positive with CD1WB, only one was later confirmed to have
CD. Similarly, of the 27 initially positive tests with CD2WB,
only 6 were later confirmed to be CD. The positive predictive
value of both tests for diagnosing CD was therefore limited in
this study population where CD prevalence was low (3%).

However, the analysis of cases with negative capillary blood
test results revealed interesting findings in terms of the sen-
sitivity and negative predictive value of the strips. These are
shown in Figure 1d. The negative predictive value of both test
strips is high; in other words, the likelihood of a patient having
CD when the capillary test is negative is very low. The percent-
ages of true positives and negatives, false positives and nega-
tives, sensitivity, and specificity are shown in Table 4.
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Figure 1. Results. (a) Flow chart of study. (b) Prevalence of subclinical celiac disease (CD) of 3%. (c) Diagnostic validity of CD1WB and CD2WB test strips in
positive cases. (d) Diagnostic validity of CDTWB and CD2WB test strips in negative cases. Note the very low proportion of false negatives for both strips.
Cases with CD are represented in black in panels b-d, and healthy children are represented in gray.

DISCUSSION

CD is a large-scale health problem and could be considered
one of the most frequent genetic autoimmune diseases in the
Western world. CD’s high prevalence, its associated comor-
bidities in the short and long term, and the fact that an effec-
tive treatment is available mean that the disease is a good
candidate for a screening program (4,14). Screening would
not only detect “subclinical” CD patients but also atypical
patients who are difficult to diagnose because of their non-
specific symptoms (15-17). Despite this, previous studies
have argued against screening for CD because “asymptom-
atic” patients may not adhere to a gluten-free diet (18). We
have assessed a new technique for detecting subclinical CD
by testing for specific antibodies using a visual immunochro-
matographic test kit. The kit tests capillary blood, providing
a quick and simple diagnosis at the point of care, making
it suitable for use in primary care centers (19,20). Point-of-
care tests are quick to use, inexpensive, and not technically
complex. They also offer a further advantage over other tests
studied previously, in that serum IgA does not need to be
measured, and the test can therefore be used in patients with
an IgA deficiency, a frequent condition in patients under 3 y
of age. The test can be performed easily by pediatricians or
general practitioners.
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The high sensitivity of the CD2WB test found here allows us
to conclude that it is an excellent screening method, guarantee-
ing detection of CD in all patients. However, the data should be
interpreted carefully, as although the sensitivity and negative
predictive value of the CD2WB test strip were both 100%, the
negative predictive value of the CD1WB strip was 97.4%. This
is due more to the low prevalence of CD in the population ana-
lyzed than to the value of the test itself, which had a sensitivity
of just 16.6%. As the overall prevalence of CD in the sample
group was 3%, the positive predictive value could be expected
to be low (0.22), and more specific tests would be required in
order to confirm the diagnosis. According to the data collected
here, if a patient tests positive with the CD2WB strip, their
likelihood of having CD increases from 3 to 22% (likelihood
ratio positive 9); if the patient tests negative, their likelihood
of having CD does not change (likelihood ratio negative 0.8).

It is very interesting that the study population consisted of
asymptomatic subjects who would never have been tested for
CD basing on their clinical symptoms. They were only diag-
nosed and a gluten-free diet prescribed at an early stage of the
disease thanks to the new screening method studied. Previous
studies have assessed the same kit (Operon) or other similar
methods (Biocard, ANI Biotech, Finland) in subjects with
CD, suspected CD or with close family members with CD, i.e.,

Copyright © 2015 International Pediatric Research Foundation, Inc.
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Figure 2. Diagnosis of CD in two cases (a) Case 2 biopsy with hematoxylin and eosin stain showing villus atrophy (10x magnification in both panels). (b)
Case 5, a 41-mo-old male diagnosed with dermatitis herpetiformis using secondary immunofluorescence; note IgA acanthocytes on monkey oesophagus

substrate (40x magnification on the left panel, and 20x on the right panel).

Table 2. Test results for the six patients diagnosed with CD (cut-off value for IgA and IgG tTG and AGA 10 U/ml, and for EMA-IgA, using monkey

distal esophagus substrate, a cut-off value 1/5 dilution)

Age (months) Sex CD1WB CD2WB AGA-lgA  AGA-IgG tTG-IgA EMA-IgA Biopsy
Case 1 24 Female - + 13 7.2 16 + Marsh 3b
Case2 36 Male - + 69 55 91 + Marsh 3c
Case3 50 Male + ++ >200 211 >200 + Marsh 3c
Case 4 25 Female - ++ >200 475 >200 + Marsh 3b
Case5 41 Male - + 2.2 4.8 14 + Marsh 3c
Case 6 41 Female - + 53 13 57 + Marsh 2

groups with a higher prevalence of CD. In all of those stud-
ies the positive predictive value of the test was much higher
than the value found here, and the sensitivity results were also
close to 100%. However, our study supports previous evidence
to demonstrate the real value of this test kit as a CD screening
method in asymptomatic subjects (12).

The prevalence of CD in our study group of apparently
healthy patients suggests that 1 in 33 people have subclinical
CD. This is much higher than the prevalences found in previ-
ous studies, and higher than expected. This high prevalence
is even more significant given the age of the study population
(2-4 y) and the lack of initial symptoms in the cohort. To date,
the highest prevalence in a healthy, asymptomatic Spanish
population was found by Garcia Novo (1 in 220), and higher
prevalences have only been found by Maki et al. in Finland

Copyright © 2015 International Pediatric Research Foundation, Inc.

(1 in 98), and in studies in a Saharawi population (1 in 18)
(1-4,21-26). The sample group of patients with CD here was
small, so it is impossible to draw reliable conclusions about
their clinical, analytical, or nutritional status. However, the
results suggest that CD patients tend to have early biochemi-
cal markers of malnutrition, such as low albumin levels and
smaller subscapular skinfolds.

Conclusion
The prevalence of subclinical CD found in the sample group
of children aged 2-4 was higher than the prevalences found in
previous studies. The clinical, analytical, and nutritional vari-
ables for patients with and without CD were similar.

The sensitivity and negative predictive value of the CD2WB
immunochromatographic test strips in the sample group were
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Table 3. Analytical and anthropometric variables of patients with
and without CD

CcD No CD
Variables (n=6) (n=192) Pvalue
Anthropometric data (mean + SD)
Weight (kg) 14.0+2.3 14+2.55 NS
Height (cm) 943+7.7 92.8+6.84 NS
BMI (kg/cm?) 16.0£0.5 16.2+1.61 NS
Abdominal girth (cm) 49.7+24 419144 NS
Arm circumference (cm) 158+1.03 157+6.58 NS
Head circumference (cm) 494+18  492+29 NS
Triceps skinfold (mm) 9.1+1.3 104423 NS
Biceps skinfold (mm) 53+1.0 6.4+19 NS
Weight-for-age percentile 49.5+£219 55+27.8 NS
Height-for-age percentile 349+249 46.7+28.5 NS
Analytical variables
Glucose (mg/100 ml) 76.8+4.3 77.2+£95 NS
Urea (mg/100 ml) 25.1+45 28+6.5 NS
Creatinine (mg/100 ml) 0.3+£0.06 0.3+0.05 NS
Uricacid (mg/100 ml) 3.6+04 3.6+0.7 NS
Total cholesterol (mg/100 ml) 1356+9.8 163.8+30.2 0.02
Triglycerides (mg/100 ml) 72+37.0 77+41.7 NS
Calcium (mg/dl) 9.7+0.3 99+04 NS
Phosphorus (mg/100 ml) 5.1+£0.3 5.1+0.3 NS
Sodium (mEq/I) 1395+1.7 138.6+24 NS
Potassium (mEq/I) 48+0.3 47+04 NS
Ferritin (ng/ml) 67.6+£526 37.9+26.2 0.01
Total protein (g/100 ml) 6.9+0.2 6.8+0.4 NS
AST (IU) 42.1£115 36.7+94 NS
ALT (1U) 276+193 18.8+139 NS
Albumin (g/dl) 42+03 45+0.3 0.02
Prealbumin (mg/dl) 143+2.8 17.5+4.1 NS
Transferrin (mg/dl) 303.6+31.5 299+38.5 NS
CRP (mg/dl) 08+1.1 05+1.15 NS
Hemoglobin (g/dl) 11.8+2.1 126+1.2 NS
Leukocytes (x10°/mm?) 8.1+28 93+2.7 NS
MCV (fl) 76.1+7.1 74+£14.5 NS
MCH (g/dl) 243+3.7 27+6.7 NS
MCHC (g/dl) 31.9+27  338+14 NS

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CD, celiac disease;
MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; NS, not significant.

100% and 1, respectively. The sensitivity of the CDIWB test strip
was 16.6%. In conclusion, the CD2WB test strip provides excel-
lent diagnostic validity as a screening test to detect subclinical CD.

METHODS

Children between 2 and 4 y of age from the same Healthcare District
(Maracena, Granada) were recruited into a prospective cohort
between May 2009 and April 2012. Two hundred and fifty-two
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Table 4. Test strip sensitivity, specificity, and predictive values

CD1WB CD2WB
Sensitivity (TP/TP+FN) 16.6% 100%
Specificity (TN/TN+FP) 98.9% 89.1%
Positive predictive value (TP/TP+FP) 0.33 0.22
Negative predictive value (TN/TN+FN) 0.98 1
Likelihood ratio positive (LR+) 8 9.09
(sensitivity/1-specificity)
Likelihood ratio negative (LR-) 0.85 0

(1-sensitivity/specificity)

FN, false negative; FP, false positive; LR, likelihood ratio; TN, true negative; TP, true
positive.

subjects were selected using a computer-generated random sequence.
Informed consent forms were signed by the parents or guardians of
198 of the subjects, who were therefore recruited. The inclusion crite-
ria required an absence of symptoms suggestive of CD at the time of
recruitment; so, patients with suspected CD or a confirmed diagnosis
were excluded. Patients with minor, sporadic symptoms, and in no
case suggestive of CD were not excluded. This study was approved
by the Granada (Spain) Healthcare District’s Ethics Committee and
Virgen de las Nieves Universitary Hospital Ethics Committee, and an
informed consent form was signed by the subject’s parents or guard-
ians in all participants.

Data Collection

All of the patients underwent a clinical examination and their clini-
cal, anthropometric, and nutritional variables were collected. During
the same appointment, rapid test kids manufactured by Operon
were used to detect immune markers in the subjects” capillary blood
serum. These kits consist of the following two test strips: (i) SIMPLE-
CDIWB: detects antibodies (IgA/IgG/IgM) against human tissue
transglutaminase. (ii) SIMPLE-CD2WB: detects IgA-type antibod-
ies against human tissue transglutaminase and antibodies against
gliadins.

Whatever the results of those rapid tests, the following data were
then collected for all subjects: complete blood count, blood chem-
istry, nutritional variables, and growth scores (including weight,
height, arm circumference, and subscapular, triceps, and biceps skin-
fold measurements). Serological tests for CD antibodies were also
performed: anti-tissue transglutaminase IgA and IgG (tTG IgA and
tTG IgG) and deamidated gliadin peptide (DGP-IgA and IgG), using
EliA Celikey (IgA kit Phadia, Uppsala, Sweden), and anti-endomysial
antibodies (EMA-IgA) using secondary immunofluorescence, in
accordance with the manufacturer guidelines (Thermo Scientific,
Phadia for TTG with a cut-off value for IgA and IgG 0-10 U/ml and
DiaMedix, (Miami, FL) for antiendomysial antibodies (EMA) using
monkey distal esophagus substrate with a cut-off value 1/5 dilution).

In cases where CD was thought highly likely, an upper gastroin-
testinal endoscopy was performed and biopsies taken for histological
analysis, including bulb biopsies from the duodenum.

Statistical Analysis

The statistical analysis was carried out using SPSS 17.0 (Chicago). In
order to study the prevalence of subclinical CD, descriptive measures
were used calculating a CI of 95%. The clinical, analytical, and anthro-
pometric variables of subjects with CD were analyzed by calculating
central tendency (mean and median) and dispersion (SD). These
measures were compared with those of the group without CD using
the Student’s ¢-test and Fisher’s exact test. The level of significance was
setat P < 0.05.

In order to assess the validity of the new immunochromatographic
diagnostic test, a cross-sectional analysis was carried out using the
detection of anti-transglutaminase and anti-endomysial antibodies
as the gold standard. The proportions of true and false positives and
negatives were calculated. These were then used to calculate the posi-
tive and negative predictive values and specificity of the new test.

Copyright © 2015 International Pediatric Research Foundation, Inc.
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