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ABSTRACT

Objectives: Small intestinal histology is the criterion standard for the

diagnosis of celiac disease (CD). However, results of serological tests such

as anti-endomysium antibodies and anti-tissue transglutaminase antibodies

(tTGA) are becoming increasingly reliable. This raises the question of

whether a small intestinal biopsy is always necessary. The aim of the

present study was, therefore, to investigate whether a small intestinal biopsy

can be avoided in a selected group of patients.

Patients and Methods: Serology and histological slides obtained from 283

pediatric patients suspected of having CD were examined retrospectively.

The response to a gluten-free diet (GFD) in patients with a tTGA level

�100 U/mL was investigated.

Results: A tTGA level �100 U/mL was found in 128 of the 283 patients.

Upon microscopic examination of the small intestinal epithelium, villous

atrophy was found in 124 of these patients, confirming the presence of CD.

Three patients had crypt hyperplasia or an increased number of

intraepithelial lymphocytes. In 1 patient no histological abnormalities

were found. This patient did not respond to a GFD.

Conclusions: Pediatric patients with a tTGA level �100 U/mL in whom

symptoms improve upon consuming a GFD may not need a small intestinal

biopsy to confirm CD.
Key Words: anti-endomysium antibodies, anti-tissue transglutaminase

antibodies, celiac disease, diagnosis, serology
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C eliac disease (CD) is a gluten-sensitive enteropathy charac-
terized by small intestinal damage with loss of absorptive

villi, classically leading to malabsorption, diarrhea, and failure to
thrive (1). The disease occurs in genetically susceptible individuals
upon dietary ingestion of gluten, a storage protein in wheat, barley,
and rye, and usually resolves upon its withdrawal (1,2). Although
the prevalence of CD may be as high as 0.5% to 1%, it is frequently
not diagnosed because symptoms may be minimal or aspecific
(3,4).
immunoglobulin A (IgA) auto-antibodies against endomysium, that
is, anti-endomysium antibodies (EMA), and tissue transglutaminase
(tTG), that is, anti-tissue transglutaminase antibodies (tTGA)
(5–7). tTG, a calcium-dependent thiol enzyme, has been identified
as the main, if not sole, autoantigen for both antibodies and is
thought to play a major role in the pathogenesis of CD (8–11).

To date, a small intestinal biopsy, which typically shows
villous atrophy, increased intraepithelial lymphocytes, and hyper-
plastic crypts in patients with CD on a gluten-containing diet, is the
criterion standard for the diagnosis of CD (6). Considering the
inconvenience and high costs associated with a biopsy, and because
CD is a disease with a high prevalence, there is a growing call for
less invasive tests to diagnose CD. Because both the sensitivity and
specificity of the serological tests have increased to nearly perfect
values, it is increasingly questioned whether these tests alone may
be sufficient to confirm the diagnosis and thereby avoid the
requirement for a biopsy in specific cases (12–18). Nevertheless,
the positive predictive value (PPV) of the serological tests, reflect-
ing the probability that a patient with a positive test indeed has the
disease, is far from ideal, especially in the general population
(12,19–21).

Consequently, if a biopsy is not performed in the workup of
CD, a number of patients with falsely raised serological markers
would unnecessarily follow a gluten-free diet (GFD), hitherto the
only treatment available for CD. The aim of the present study was,
therefore, to investigate whether specific factors may optimize the
PPV and thus determine whether a small intestinal biopsy can be
avoided in a selected group of patients.

PATIENTS AND METHODS

Study Population
The data of all of the patients who were referred between

1998 and 2009 to the Wilhelmina Children’s Hospital in Utrecht, the
Netherlands, suspected of having CD, were examined retrospec-
tively according to the guidelines of the medical ethics board of the
University Medical Center Utrecht, the Netherlands. Patients were
referred to us because of symptoms that are associated with CD or
because they belonged to a group at risk for CD.

All of the patients who had both a small intestinal biopsy and
serological testing, including total serum IgA levels, were included
in the study. Serological testing had been performed between
3 months before and 1 week after the initial small intestinal biopsy,
whereas patients were on a gluten-containing diet; patients in whom
the biopsy or serological testing was obtained during a GFD or a
gluten challenge were excluded from the study. Patients with an IgA
deficiency and patients with giardiasis were also excluded. For
the patients with a tTGA level �100 U/mL, we retrospectively
duction of this article is prohibited.
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TABLE 1. Results of small intestinal biopsy, EMA, and tTGA with a cutoff value of >10 and >–100 U/mL

Biopsy data

Patients n¼ 283
Patients with

CD n¼ 163 (57.6%)
Patients with normal

histology n¼ 120 (42.4%)

IgA EMA
Negative (%) 85 (30.0) 6 (3.7) 79 (65.8)
Positive (%) 198 (70.0) 157 (96.3) 41 (34.2)

IgA tTGA >10
Negative (%) 106 (37.5) 7 (4.3) 99 (82.5)
Positive (%) 177 (62.5) 156 (95.7) 21 (17.5)

IgA tTGA �100
Negative (%) 155 (54.8) 39 (23.9) 116 (96.7)
Positive (%) 128 (45.2) 124 (76.1) 4 (3.3)

glo
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Serological Assessment

IgA EMA were detected by means of indirect immunofluor-
escence using sections of distal monkey esophagus mounted on
glass slides (IMMCO Diagnostics Inc, Buffalo, NY). Serum IgA
tTGA were measured using the ELiA Celikey IgA kit (Phadia AB,
Uppsala, Sweden). As recommended by the manufacturer, the
serum samples containing an antibody titer of >10 U/mL were
considered positive. Total IgA was measured in all of the patients,
and a serum IgA concentration <0.07 g/L was regarded as
IgA deficiency.

All of the blood samples that were obtained between 1998
and 2009 had been stored at �808C. To maximize experimental
consistency, we retested all of the blood samples that had been
investigated using other test versions than the ones described here.
Because serological testing for tTGA was not available in our
hospital before 2002, the serum tTGA of all of the patients who
underwent biopsy before 2002 were measured using the stored
blood samples.

Histological Evaluation

A minimum of 2 biopsies were taken from the distal duo-
denum by upper gastrointestinal endoscopy. Histological diagnosis
for all of the patients was made by a single experienced pathologist
using the Marsh classification. The pathologist had no knowledge of
the serological results or the clinical presentation of the patients. An
increased number of intraepithelial lymphocytes (Marsh I) and
crypt hyperplasia (Marsh II), without villous atrophy, was con-
sidered insufficient for the diagnosis of CD. Only patients who had
villous atrophy in addition to crypt hyperplasia and an increased

CD¼ celiac disease; EMA¼ anti-endomysium antibodies; IgA¼ immuno
pyright 2011 by ESPGHAN and NASPGHAN. Un

number of intraepithelial lymphocytes (Marsh III) upon micro-
scopic examination were diagnosed as having CD.

TABLE 2. Sensitivity, specificity, PPV, and NPV of different screen

Sensitivity (%) Specifici

IgA EMA 96 (0.92–0.98) 66 (0.57
IgA tTGA >10 96 (0.91–0.98) 83 (0.74
IgA tTGA �100 76 (0.69–0.82) 97 (0.91

The 95% confidence intervals are given in parentheses. CD¼ celiac disease
negative predictive value; PPV¼ positive predictive value; tTGA¼ anti-tissue

www.jpgn.org
Data Analysis

The sensitivity, specificity, PPV, and negative predictive
value (NPV) of the screening tests, along with their 95% confidence
intervals (CI), were calculated using the histological evaluation as
the criterion standard. Subsequently we determined whether a
tTGA level �100 U/mL or dual positivity for tTGA and EMA
could improve the PPV. Finally, in patients with a tTGA level
�100 U/mL descriptive analysis of presenting symptoms and
responsiveness to the GFD was performed.

RESULTS
In 301 patients both a small intestinal biopsy and serological

testing were performed. Four patients with giardiasis and 14
patients with an IgA deficiency were excluded, leaving 283 patients
for analysis. Of those, 130 (45.9%) were boys and 153 (54.1%) were
girls with an age range between 0.7 and 17.8 years and a mean age
of 6 years.

A total of 163 (57.6%) patients had a biopsy diagnostic for
CD (Marsh III), whereas a normal histology was found in 120
patients (42.4%) (Table 1). False-positive EMA were found in 41
patients (34.2%) and false-positive tTGA in 21 patients (17.5%).
Twenty of these patients also had positive EMA. The clinical
characteristics of these patients did not differ from the total study
population (data not shown).

False-negative EMA were found in 6 patients (3.7%) and
false-negative tTGA in 7 patients (4.3%). In 4 patients with CD,
EMA and tTGA were both undetectable. Three of these patients
were younger than 2 years.

The resulting sensitivity was equally high for EMA and
tTGA (96%) (Table 2); however, the specificity of EMA was as
low as 66%, whereas specificity for tTGA was 83%. PPV for EMA

bulin A; tTGA¼ anti-tissue transglutaminase antibodies.
authorized reproduction of this article is prohibited.

was 79% and for tTGA 88%. Dual positivity for EMA and tTGA did
not lead to a significant improvement in the diagnostic accuracy

ing tests for CD

ty (%) PPV (%) NPV (%)

–0.74) 79 (0.73–0.85) 93 (0.85–0.97)
–0.89) 88 (0.82–0.92) 93 (0.86–0.97)
–0.99) 97 (0.92–0.99) 75 (0.67–0.81)

; EMA¼ anti-endomysium antibodies; IgA¼ immunoglobulin A; NPV¼
transglutaminase antibodies.
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TABLE 3. Symptoms in 128 patients with tTGA >–100 U/mL
and response to the GFD

Symptoms� Response to the GFD

Growth failure (n¼ 72) Responsive (n¼ 111)
Abdominal pain (n¼ 49) Not responsive (n¼ 3)
Diarrhea (n¼ 46) No follow-up data (n¼ 6)
Fatigue (n¼ 36)
Bloating (n¼ 34)

Did not start or adhere
to the diet (n¼ 4)

Constipation (n¼ 32) Asymptomatic (n¼ 4)
Anorexia (n¼ 20)
Vomiting (n¼ 17)
Behavioral changes (n¼ 10)
Asymptomatic (n¼ 5)
Nausea (n¼ 3)
Tooth enamel defects (n¼ 2)
Dermatitis herpetiformis (n¼ 1)

Mubarak et al
because PPV was 89% (CI 0.83–0.93) instead of 88% for tTGA
alone. Combining negative EMA and tTGA to exclude CD resulted
in a NPV of 95% (CI 0.87–0.98).

A total of 49 patients (17.3%) had a tTGA level between 10 and
100 U/mL. Of those, 32 (65.3%) had CD, whereas the diagnosis could
be histologically excluded in 17 (34.7%) patients. By contrast, of the
128 patients with a tTGA level�100 U/mL only 4 patients, all posi-
tive for EMA, did not have villous atrophy, and consequently did not
have CD (Table 1). The corresponding PPV was 97% (Table 2).

More important, of these 4 patients 3 had histological
changes that are compatible with but not diagnostic for CD: 2
had crypt hyperplasia and 1 had an increased number of intra-
epithelial lymphocytes (Marsh I). Only 1 of the patients with a
tTGA level �100 U/mL did not have any histological abnormality.

Presenting symptoms in the 128 patients with tTGA
�100 U/mL included growth failure, diarrhea, and abdominal pain,
as well as various other symptoms, with most patients having more
than 1 symptom (Table 3). Response to the GFD could be judged in
114 because 6 patients were lost to follow-up, 4 patients did not start
or adhere to the GFD, and 4 patients were asymptomatic at diagnosis.

One of them was diagnosed during routine screening in
Down syndrome and the remaining 3 were identified during family
screening after a sibling or parent was diagnosed as having CD. In
all of the symptomatic patients clinical symptoms improved after
the GFD started, with the exception of 3. One of these patients
turned out to have an irritable bowel syndrome, which may explain
her persisting symptoms of abdominal pain and constipation. The
second was an 11.5-year-old girl presenting with short stature, who
did not exhibit catch-up growth in the 3 years after diagnosis. The
third and final patient, who did not respond, was the patient with a
tTGA level �100 U/mL and a normal histology of the small
intestinal mucosa upon microscopic examination.

DISCUSSION
Small intestinal histology is considered the criterion standard

for the diagnosis of CD. However, with the advent of reliable
serological tests, it is being questioned whether a biopsy is really
necessary in all cases. Indeed, in patients with tTGA �100 U/mL
there is increasing evidence that serology may be sufficient to

GFD¼ gluten-free diet.�
Most patients had more than 1 symptom.
pyright 2011 by ESPGHAN and NASPGHAN. Un

diagnose CD (22–24). Barker et al (22) showed that 48 of 49
pediatric patients with a tTGA level �100 U/mL had at least Marsh
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II duodenal histology. A subsequent study, also in a pediatric
population, showed that 38 of the 38 patients with tTGA
�100 U/mL had Marsh III duodenal histology (23). More recently,
in a study conducted in a mixed adult/pediatric population, it was
shown that tTGA �100 U/mL almost exclusively occurs in the
setting of Marsh III (73/76 patients) and that the 3 cases without
villous atrophy did have minimal histological changes (Marsh I and
II) suggestive of early CD (24). By contrast, Freeman reported that 3
of 14 adult patients with tTGA �100 U/mL did not have CD (25).

In the present study, 124 of 128 patients with a tTGA level
�100 U/mL were shown to have a Marsh III lesion upon histo-
logical examination. Four patients with tTGA levels �100 U/mL
did not match the classical diagnostic criteria for CD. However,
only 1 of them had a normal biopsy. This patient also did not
respond to a GFD. The remaining 3 patients had histological
abnormalities, that is, crypt hyperplasia (Marsh II) or an increased
number of intraepithelial lymphocytes (Marsh I), which suggests
that these patients had in fact an early stage of CD. They are
reminiscent of the patients who have abnormal serology but insuf-
ficient histological evidence of CD, but who later on develop more
pronounced histological lesions, after which CD can be diagnosed
(26–32). In fact the diagnostic criteria, as recently issued by the
North American Society for Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition, state that Marsh I and II along with positive
tTGA is compatible with CD (33). In addition, histological lesions
in CD can be patchy and can therefore be missed sometimes; this
may have been the case in at least some of the false-positive patients
in the present study, for example the patient with Marsh 0 but a
tTGA level �100 and positive EMA (34). Similarly, CD may have
been missed in some of these patients because duodenal bulb
biopsies were not obtained routinely, whereas has been described
recently, this is sometimes the only site affected (35). Finally, the
patients with a false-positive serology may have potential CD and
may thus develop CD at some point in their lives. Unfortunately, our
study did not include follow-up of these patients to verify in how
many patients CD eventually developed.

Even with the current caveats, our data imply that tTGA
�100 U/mL is highly suggestive for CD because only 1 patient
would have been misdiagnosed if a biopsy would not have been
performed. Remarkably, this patient did not respond to the GFD,
whereas almost all of the other symptomatic patients with tTGA
�100 U/mL showed an excellent clinical response if they were
compliant with the diet. Therefore, it can be considered to start a
GFD in all symptomatic patients with a tTGA level �100 U/mL. If
symptoms disappear the diagnosis is final, without a biopsy being
required. The present study suggests that by applying this strategy,
no patients will be misdiagnosed as having CD, whereas the number
of biopsies performed can be reduced significantly: of the 114
patients with a tTGA level �100 U/mL in whom the response to a
GFD could be judged only 3 would have needed a biopsy.

By contrast, of the 49 patients with a positive tTGA yet with
<100 U/mL, 17 patients would have been misdiagnosed if a biopsy
would not have been performed. Obviously, in these patients a
biopsy is still necessary to confirm the diagnosis. Likewise, posi-
tivity for both EMA and tTGA did not guarantee the presence of
CD. With a PPV of 89% this combination was only slightly more
reliable than using tTGA alone (PPV 88%). When both EMA and
tTGA are negative, CD is unlikely. However, a small intestinal
biopsy should still be performed if CD is highly suspected on
clinical grounds because 4 patients in the present study were
negative for both EMA and tTGA (NPV 95%), but still had CD.
This presence of seronegative patients with CD has been reported
before, especially in children younger than age 2 years (14,36–39).

JPGN � Volume 52, Number 5, May 2011
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Indeed, in our study 3 of the 4 patients with false-negative results
were younger than age 2 years.
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The present study was performed retrospectively and patients
with a positive serology were obviously more likely to be referred to
our hospital for a small intestinal biopsy. This may have negatively
affected the reliability of the serology in the present study. In
addition, the specificity of EMA was substantially lower than the
values that are generally reported (12). This could be due to the
routine clinical setting in which the study was performed; compar-
able low values for EMA have been reported from a similar setting
(40). Under these circumstances interobserver variability in judging
the results of the semiquantative EMA immunofluorescence
method is difficult to avoid, especially if a study is performed over
a long period, such as ours.

In summary, no serological test was found to be 100%
pathognomonic for CD. Histological confirmation is still needed
in most cases. Nevertheless, in the present study all of the sympto-
matic patients with a tTGA level �100 U/mL in whom symptoms
improved on a GFD had histological lesions compatible with CD. It
can therefore be considered to omit a biopsy in this specific
subgroup.

Acknowledgment: The authors thank Eric Borst for performing
the EMA and tTGA analyses.
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