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Abstract
Recent guidelines suggest non-biopsy serology–based approach for the diagnosis of celiac disease; however, there is no 
evidence-based data regarding noninvasive follow-up of mucosal healing. The aim of this study is to investigate the efficacy 
of serology in reflecting mucosal status in the follow-up of pediatric patients with celiac disease. This is a validation study 
conducted at a university hospital. Patients who had biopsy proven celiac disease (Marsh III) at diagnosis, and had been 
followed-up for at least 12 months, were prospectively evaluated with duodenal biopsies. tTG-IgA and EMA tests were per-
formed on the day of endoscopy. One hundred four patients with a mean age of 7.4 ± 4.02 years were included in the study. 
The sensitivity and specificity of tTG-IgA were 85.2% and 61% respectively, with a high negative predictive value (NPV) 
of 92.2% but a very low positive predictive value (PPV) of 43.4%. We found that a cutoff value of 68.5 U/mL for tTG-IgA 
had a sensitivity, specificity of 85.2% and 85.7% respectively. The AUC was 0.891. The sensitivity and specificity of EMA 
was 77.8% and 87% respectively, with a high NPV of 91.8% but low PPV of 67.7%.

Conclusion: This study suggests that negative tTG-IgA and/or EMA can be used as an indicator of mucosal improvement 
in the follow-up of pediatric patients with celiac disease. However, positive serology (i.e., < 10 × ULN) may be misleading 
in reflecting mucosal status in the follow-up of pediatric patients with celiac disease.

What is Known:
• The tissue transglutaminase IgA (tTG-IgA) and endomysium IgA (EMA) tests are widely used, sensitive and reliable diagnostic tests, but 

their role in monitoring adherence to dietary treatment in celiac patients has not yet been demonstrated.
• There is still no reliable and non-invasive marker of persistent villous atrophy or mucosal recovery.
What is New:
• Negative celiac serology detected in the follow-up of pediatric patients with celiac disease was successful in demonstrating histopathological 

mucosal healing.
• Positive celiac serology, which is highly reliable in the diagnosis of celiac disease, has not been successful in reflecting mucosal status when 

used in the follow-up of pediatric patients with celiac disease.
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Abbreviations
AUC​	� Area under curve
CD	� Celiac disease
EMA	� Endomysium IgA
ESPGHAN	� European Society of Pediatric Gastroenter-

ology, Hepatology, and Nutrition
GFD	� Gluten-free diet
HT	� High titer
LT	� Low titer
NPV	� Negative predictive value
PPV	� Positive predictive value
ROC	� Receiver operating curve
tTG-IgA	� Tissue transglutaminase IgA

Introduction

Celiac disease (CD) is a multi-systemic autoimmune disease 
triggered by exposure to dietary gluten in genetically predis-
posed individuals [1]. The prevalence of CD is around 1% in 
the general population [2–4]. The definitive diagnostic test 
for CD is still based on examination of endoscopic biopsies 
of the proximal small bowel [5]. The development of highly 
sensitive and specific diagnostic tests for CD, namely tis-
sue transglutaminase IgA (tTG-IgA) and endomysium IgA 
(EMA) tests allow a reliable and cost-effective screening [6]. 
In the revised diagnostic guidelines for pediatric CD, it has 
been stated that the likelihood for villous atrophy (Marsh 
III) is high in symptomatic children with a high anti-tTG2 
titer (i.e., > 10 × upper limit of normal) [1]. Furthermore, a 
positive EMA test in a second blood sample confirms the 
diagnosis of CD, and a gluten-free diet (GFD) can be initi-
ated even in the absence of an endoscopic biopsy according 
to this guideline [1]. Moreover, current guideline published 
in 2020 perpetuated this advice also in asymptomatic chil-
dren [7].

Treatment of CD is still limited to life-long exclusion of 
dietary gluten, and the major goal of gluten free diet is ame-
lioration of symptoms as well as complete mucosal remis-
sion. Therefore, growth and nutritional biomarkers are moni-
tored during follow-up. Several gastroenterology societies 
recommend using the serological tests as a marker of dietary 
adherence and mucosal status; however, serum tTG-IgA and 
EMA tests have not yet been validated for monitorization of 
dietary compliance in patients with CD [8–10]. In clinical 
practice, tTG-IgA is usually measured 6 and 12 months after 
the initiation of GFD. Regarding the diagnosis and treatment 
of CD, recently European Society of Pediatric Gastroenterol-
ogy, Hepatology, and Nutrition (ESPGHAN) CD working 

group proposed certain clinical scenarios in which diagnos-
tic small intestinal biopsy can be omitted [1, 7]. But they did 
not make any recommendations regarding the follow-up of 
mucosal healing in those who were diagnosed and treated 
without an intestinal biopsy.

Recent data, analyzing serology as a marker of mucosal 
recovery is equivocal [5, 6]. It has been demonstrated that 
mucosal recovery was usually incomplete in adult patients 
with CD, and it was poorly correlated with serum titers of 
serologic tests [11–15]. Moreover, a recent meta-analysis 
of follow-up biopsies of patients with CD on GFD demon-
strated that celiac serology (tTG-IgA and EMA) had a low 
sensitivity in detecting persistent villous atrophy [16]. In 
this meta-analysis, it was concluded that duodenal biopsy 
remains the only appropriate test for the assessment of 
mucosal recovery in the follow-up of both pediatric and 
adult patients with CD [16]. Furthermore, only 6 of 26 stud-
ies in this meta-analysis were performed in pediatric age 
group, and only one study involving of 53 celiac children 
evaluated both tTG-IgA and EMA [16, 17].

Although the primary goal of gluten-free diet is mucosal 
recovery, there is currently no validated non-invasive test to 
monitor mucosal recovery in the follow-up of patients with 
CD. Studies evaluating the reliability of serological testing 
for the assessment of dietary adherence and mucosal heal-
ing in adult patients with CD reported conflicting results. 
Few pediatric reports on this topic are limited to retrospec-
tive data and studies done with a small number of patients. 
In this prospective study, we aimed to investigate whether 
tTG-IgA and EMA accurately reflect mucosal status in the 
follow-up of pediatric patients with CD in a relatively large 
group of patients. The secondary aim of the study was to 
investigate a reliable cutoff value for tTG-IgA in reflecting 
mucosal status.

Materials and methods

Study design and patients

This study conducted between July 2017 and July 2019 at 
a tertiary care university hospital. Patients, who had biopsy 
proven celiac disease with Marsh III histopathology at diag-
nosis, were retrieved from the celiac database. Patients with 
CD between 2 and 17 years of age at diagnosis who had been 
followed-up for at least 12 months or longer were included 
in the study. Patients with selective IgA deficiency were 
excluded. Eligible patients were invited to participate in the 
study regardless of the presence of any symptom or dietary 
adherence. Those who consented prospectively underwent 
a repeat endoscopy between July 2017 and July 2019. A 
written informed consent was obtained from all parents, and 
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a written assent was also obtained from patients older than 
14 years. Local Ethics Committee of Marmara University 
School of Medicine approved the study (Reference number: 
09.2020.539).

Measurement of serum tTG‑IgA and EMA antibodies

Serum IgA (SPA plus, The Binding Site Group Ltd, Bir-
mingham, UK) and IgA-based serologic tests including 
tTG-IgA antibodies (Euroimmune AG, Germany) and 
EMA (Euroimmune AG, Germany) were performed on the 
day of the endoscopy. tTG-IgA antibodies were tested by 
using commercial enzyme-linked immunosorbent assay kits, 
and a titer of > 19 U/ml was regarded as positive as per the 
manufacturer’s guidance. EMA was measured by indirect 
immunofluorescence method using monkey esophagus, at 
an initial dilution of 1:10 and when positive, titrated up to 
the end point.

Patients with positive serum tTG-IgA were reclassified 
according to their serum titer of tTG-IgA antibodies. A titer 
of tTG-IgA greater than 10 times the upper limit of normal 
was defined as “high titer (HT) tTG-IgA”, while a titer of 
tTG-IgA less than 10 times the upper limit of normal was 
defined as “low titer (LT) tTG-IgA”.

Specificity, sensitivity, and positive and negative predic-
tive values for tTG-IgA and EMA tests were calculated sep-
arately. Then, sensitivity and specificity were recalculated 
considering patients who were positive or negative for both 
serological tests.

Endoscopy and histopathologic evaluation

All upper gastrointestinal endoscopies were performed under 
deep sedation applied by an anesthesiologist in the endos-
copy unit. At least four biopsies were obtained from the sec-
ond part of the duodenum and two biopsies from the bulb in 
each patient. The same expert gastrointestinal pathologist, 
who was blind to the clinical and serological information of 
the patients, evaluated these biopsies. Intestinal histological 
findings were classified according to the modified Marsh 
(Oberhuber) classification [18]. Patients with CD whose 
small intestinal biopsies were compatible with Marsh 0 or 
Marsh I histopathology on repeat endoscopy were consid-
ered as mucosal recovery.

Statistical analysis

Statistical analyses were performed using SPSS software 
version 22. Data were summarized by descriptive statistics, 
including counts and percentages for categorical data and 
medians and ranges for continuous variables. The sensitivity, 

specificity, and positive and negative predictive values of 
serology, measuring against duodenal histopathology as the 
reference standard were calculated in order to investigate the 
accuracy of serology in assessing mucosal status. Pearson 
chi-square statistic test were used to compare categorical 
data. For comparisons, a p value < 0.05 were considered as 
significant. Receiver operating curve (ROC) analysis was 
used to determine the optimal cutoff value for tTG-IgA; 
area under curve (AUC), sensitivity, and specificity were 
calculated.

Results

During the study period, an endoscopy was recommended to 
202 patients with CD with follow-up for at least 1 year, and 
those 104 (51.5%) accepting the procedure were included 
into the study. Patients were 7.4 ± 4.02 years old (range 
2–16.7 years) at diagnosis, and 65.4% (68) were girls. All 
of those 104 patients had Marsh III lesions at diagnosis (65% 
of them had Marsh IIIc). The duration of median follow-up 
was 3 years ((interquartile range) [IQR]: 1–6 years).

Histopathology of the follow‑up biopsies

At the follow-up endoscopy, at least 6 biopsies (range: 6–9) 
were collected from the bulb and the second part of duo-
denum in each patient. The histopathologic findings of the 
follow-up biopsies were consistent with Marsh 0 in 40 and 
Marsh 1 in 37 patients, mucosal recovery was observed 
in a total of 77 (74.1%) patients. In the follow-up biop-
sies, 24 (23%) patients had partial/complete villous atro-
phy (Marsh III), and the remaining 3 (2.9%) had Marsh II 
histopathology.

tTG‑IgA serology at the time of follow‑up endoscopy

At follow-up endoscopy, 53 out of 104 (51%) patients with 
CD had positive tTG-IgA. Twenty-three patients (43.4%) 
with positive tTG-IgA serology also had mucosal injury (i.e., 
Marsh II/III lesion) while 30 (56.6%) patients had mucosal 
recovery (i.e., Marsh 0/I lesion) in follow-up biopsies.

Twenty-one out of 53 (39.6%) patients with CD with pos-
itive serum tTG-IgA had high titer (HT) tTG-IgA. Mucosal 
injury was detected in 18 out of 21 (85.7%) patients with HT 
tTG IgA, while remaining 3 (14.3%) patients had mucosal 
recovery. Besides, 5 out of 32 (15.6%) patients having low 
titer (LT) tTG-IgA had mucosal injury, while remaining 27 
(84.4%) patients had mucosal recovery (Fig. 1).

At follow-up endoscopy, 51 out of 104 (49%) patients 
with CD had negative tTG-IgA. In this group, 47 (92.2%) 
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patients had mucosal recovery, while 4 (%7.8) patients still 
had mucosal injury on their follow-up biopsies.

The sensitivity and specificity of tTG-IgA as a marker of 
mucosal recovery was 85.2% (95% CI: 79–92%) and 61% 
(95% CI: 53–69%), respectively, with a high negative predic-
tive value (NPV) of 92.2% (95% CI: 87–97%) but a very low 
positive predictive value (PPV) of 43.4% (95% CI: 35–51%). 
However, when HT tTG-IgA was tested as a predictor of 
mucosal injury in the follow-up of patients with CD, the 
PPV increased to 85.7%.

Furthermore, ROC analysis was used to determine a cut-
off value for serum tTG-IgA as a marker of mucosal recov-
ery in the follow-up of patients with CD. A value of 68.5 U/
mL (i.e., 3.6 × ULN) for tTG-IgA had a sensitivity, specific-
ity of 85.2% and 85.7%, respectively. The AUC was 0.891 
(Fig. 2).

EMA serology

At follow-up endoscopy, 31 out of 104 (29.8%) patients 
with CD were positive for EMA. Mucosal injury was found 
in 21 (67.7%) of these patients, and mucosal recovery was 
observed in follow-up biopsies of the remaining 10 (32.3%) 
patients despite positive EMA. Seventy-three (70.2%) 
patients with CD had negative EMA. Mucosal healing was 
detected in 67 (91.8%) of these patients whereas 6 (8.2%) 
patients still had mucosal injury despite negative EMA.

As a marker of mucosal recovery, sensitivity and specific-
ity of EMA was 77.8% (95% CI: 71–85%) and 87% (95% CI: 
81–93%) respectively, with a high NPV of 91.8% (95% CI: 
87–97%) but low PPV of 67.7% (95% CI: 59–77%). There-
fore, EMA per se was an important predictor of mucosal 

recovery with a specificity of 87% and a NPV of 91.8% in 
this study. The follow-up histopathology and concurrent 
serology of all patients with CD were depicted in Table 1.

In order to evaluate the predictive value of both concord-
ant serological tests, 22 patients with CD having discordant 
serologic test results were excluded for the analysis. Those 

Fig. 1   At the time of follow-up endoscopy, tTG-IgA levels in patients 
with negative and positive histopathology

Fig. 2   Receiver operating curve (ROC) for tTG-IgA test. The sensitiv-
ity and specificity of a cutoff value ≥ 68.5 U/ml were 85.2% and 85.7% 
respectively. Area under the curve (AUC) = 0.89 (95%CI: 0.82–0.97)

Table 1   Follow-up histopathology and concurrent serologies of 104 
patients with celiac disease

Serology Histopathology

Marsh 0
(n = 40)

Marsh I
(n = 37)

Marsh II
(n = 3)

Marsh III 
(n = 24)

tTG-IgA
   Negative 24 23 1 3
   Positive 16 14 2 21

Positive tTG-IgA
   Titer < 10 × ULN 15 12 1 4

Positive tTG-IgA
   Titer > 10 × ULN 1 2 1 17

EMA
   Negative 36 31 1 5
   Positive 4 6 2 19
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remaining 82 patients with CD having either positive or 
negative results for both tTG-IgA and EMA were analyzed 
separately. Thirty-one out of 82 (37.8%) patients with CD 
had positive results for both serological tests, and 21 out of 
31 (67.7%) had mucosal injury in their control endoscopic 
biopsies. Still, mucosal healing was observed in 10 out of 31 
(32.3%) patients with CD despite positive serology in both 
tests. Furthermore, those 31 patients with CD were subdi-
vided according to the serum titer of tTG-IgA (21 HT and 
10 LT). While 18/21 patients with CD having HT tTG had 
mucosal injury, 3/10 patients with CD LT tTG had mucosal 
injury. Of the 82 patients with CD, 51 (62.2%) tested nega-
tive for both serological tests. Mucosal healing was detected 
in 47 (92.1%) of them, whereas 4 (7.9%) patients with CD 
had mucosal injury (Table 2).

Sensitivity and specificity of concordant results for both 
serologic tests were analyzed, and sensitivity and specificity 
were 84% (95% CI: 76–92%) and 82.5% (95% CI: 74–90%), 
respectively. PPV of the concordant results was 67.8% (95% 
CI: 61–75%). Concordant results for both serological tests 
increased the specificity and PPV of tTG-IgA from 61 to 
82% and from 43.4 to 67.8%, respectively. Nevertheless, 
concordant results for both serologic tests did not further 
improve NPV (92.2%) (95% CI: 36–98%).

Discussion

The serum tTG-IgA and EMA antibodies are widely used,  
sensitive, and reliable diagnostic tests for CD. In the recent  
ESPGHAN guidelines, it has been stated that non-biopsy 
approach for diagnosis of CD is safe in children with a high  
serum titer of tTG-IgA combined with a positive EMA in 
the second serum sample [7]. Despite the widespread use 
of these non-invasive serological tests in the follow-up of 
patients with CD, there is no instruction in the guidelines 
regarding this issue. However, it was recently reported 
that serum tTG-IgA and EMA are poorly correlated with 
mucosal outcomes [19–23]. Most of these studies are ret-
rospective, and have been performed in adult patients with 
CD, and there are only a few pediatric studies [6, 17]. Our 
study was conducted in pediatric patients with CD, and 

both serological (tTG-IgA and EMA) tests and endoscopy 
were performed on the same day. Our findings showed that 
a positive tTG-IgA was not an accurate marker of mucosal 
status in the follow-up of patients with CD. A negative 
tTG-IgA serology is more informative in the follow-up of 
patients with CD, and can be interpreted as an indicator 
of mucosal recovery. Regardless of serum titer, positive 
tTG-IgA per se is not informative; however, high serum 
titer of tTG-IgA is rather helpful in reflecting persistent 
villous atrophy compared to low titer tTG-IgA. Contrary 
to our study, a meta-analysis, including 26 studies reported 
that serum tTG-IgA levels had high specificity (83%) and 
low sensitivity (50%) [16]. The authors argued that a nega-
tive tTG-IgA is much less informative and should not be 
interpreted as an indicator of mucosal recovery or as a 
proxy for GFD adherence. However, only 6 out of 26 stud-
ies in this meta-analysis included pediatric patients, and 
only 2 publications were regarded high in quality. Fur-
thermore, adult and pediatric studies were not analyzed 
separately; hence, the conclusion should be interpreted 
with caution [16]. In our study, a negative tTG-IgA test 
predicted mucosal recovery with a high efficiency. Fur-
thermore, the high NPV (92.2%) value we found revealed 
that negative test results could be more reliable. Similarly,  
Leonard et al. [6] found that tTG-IgA was a poor predic-
tor of persistent enteropathy in children with CD receiv-
ing GFD regardless of the presence or absence of symp-
toms whereas a negative serology was closely correlated  
with mucosal recovery. We also searched for an optimal 
cutoff value for tTG-IgA using ROC analysis in order to 
increase the accuracy of this serologic test, and determined 
a cutoff value of 68.5 U/Ml (3.6 × ULN) with the high-
est sensitivity and specificity. This cutoff value increased 
the specificity of tTG-IgA from 61 to 85.7%. This means 
that if we had used this new cutoff value, false positiv-
ity would decrease, and we would have a higher positive 
predictive value in detecting mucosal injury. In a recently 
published adult study, the authors calculated an optimal 
cutoff value of 13.4 U/mL for tTG-IgA using ROC curve 
to increase sensitivity, specificity, and NPV in predicting 
persistent villous atrophy [24]. They argued that this new 
cutoff improved the accuracy of the test in distinguishing 

Table 2   The correlation between the follow-up histopathology and concurrent positive or concurrent negative serology of 82 patients with celiac 
disease

Serology Histopathology

Marsh 0 (n = 28) Marsh I (n = 29) Marsh II (n = 3) Marsh III (n = 22)

Both negative 24 23 1 3
Both positive 4 6 2 19
Low titer tTG 3 4 1 2
High titer tTG 1 2 1 17
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villous atrophy by increasing the NPV of tTG-IgA to 
90.8% compared to the manufacturer’s diagnostic cutoff 
value. Our study demonstrated that positive EMA cannot 
be used as an indicator of mucosal injury in the follow-
up of pediatric patients with CD. Several studies, mostly 
done in adult patients have reported that the sensitivity of 
EMA is very low in demonstrating mucosal injury in the 
follow-up of patients with CD receiving GFD [19, 20]. 
In our study, NPV of both EMA and tTG-IgA were high, 
indicating that the negative serological tests detected in 
patients with CD receiving GFD correlated very well with 
mucosal recovery. Similar to our results, Vécsei et al. [17] 
found that among the serologic tests they examined, the 
negative likelihood ratio of EMA alone was low enough 
(0.097) to effectively rule out mucosal injury. Hence, our 
findings indicated that the use of EMA along with tTG-
IgA in the follow-up of patients with CD increased the 
specificity of tTG-IgA in detecting mucosal recovery. Nev-
ertheless, analysis of the concordant results for both sero-
logic tests did not further improve the negative predictive 
value (92%). On the account of these data, we can suggest 
that negative serological tests are significantly associated 
with mucosal recovery in follow-up of pediatric patients 
with CD. Interestingly, there were many patients whose 
serological tests were still positive despite mucosal recov-
ery in our study. Positive serological tests are much less 
informative in the follow-up of patients with CD, and may 
not always be an indicator of mucosal injury.

In contrast to our study, a meta-analysis of patients with 
CD undergoing follow-up biopsy while on a GFD concluded 
that the majority of patients with villous atrophy on GFD 
had normal levels of tTG-IgA or EMA. Thus, a negative 
antibody test is much less informative, and should not be 
interpreted as an indicator of mucosal recovery [16]. To our 
knowledge, there is only one prospective study comparing 
both tTG-IgA and EMA with follow-up biopsies in 53 pedi-
atric patients with CD receiving GFD [17]. Consistent with 
our results, they found that negative EMA was the most reli-
able test predicting mucosal healing, but they did not analyze 
concordant results for both serological tests in their study.

One of the major strengths of this study was that, it 
included a larger group of pediatric patients with CD and 
serological tests were performed on the day of endoscopy 
in each patient. tTG-IgA and EMA were evaluated both 
together and separately in the assessment of mucosal status 
in patients with CD. Another strength of our study was that 
duodenal biopsies were taken from all patients regardless of 
celiac serology results or dietary compliance, which allowed 
the inclusion of false negative cases into the analysis of sen-
sitivity and specificity of serologic tests.

According to the results of our study, we concluded that a 
negative tTG-IgA and/or EMA results can be used as proxy 
markers of mucosal healing in the follow-up of children with 

CD. However a positive tTG-IgA, especially at a low titer 
can be misleading in terms of mucosal damage, and may 
cause unnecessary close follow-up and dietary intensifica-
tion in patients with positive celiac serology despite mucosal 
healing. Hence, serum tTG-IgA titer should be taken into 
consideration in the follow-up of patients with CD. The 
results of our study gain more importance today, when the 
diagnosis of CD with serological tests without endoscopic 
biopsy is discussed. False negative and false positive sero-
logic test results in patients, who will be diagnosed without 
biopsy, will complicate the serologic follow-up of those 
patients.

Authors' contributions  Ozlem Kalaycik Sengul gathered and analyzed 
the data and wrote the manuscript for publication; Bilge Sahin Akkelle: 
gathered and analyzed the data; Pınar Ay: gathered and analyzed the 
data; Burcu Volkan: gathered and analyzed the data; Engin Tutar: 
drafted and revised the work; Cigdem Ataizi Celikel: revised the work; 
Deniz Ertem: designed the work, revised the manuscript, and approved 
the final version of work for publication. All authors read and approved 
the final manuscript.

Availability of data and material  The datasets analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Code availability  Not applicable.

Declarations 

Ethics approval  Approval was obtained from the ethics committee of 
the Marmara University School of Medicine. The procedures used in 
this study adhere to the tenets of the Declaration of Helsinki (9022.78).

Consent to participate  Informed consent was obtained from the par-
ents.

Consent for publication  Informed consent was obtained from the par-
ents.

Competing interests  The authors declare no competing interests.

References

	 1.	 Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips 
A, Shamir R, Troncone R, Giersiepen K, Branski D, Catassi C, 
Lelgeman M, Mäki M, Ribes-Koninckx C, Ventura A, Zimmer KP 
(2012) ESPGHAN working group on coeliac disease diagnosis; 
ESPGHAN Gastroenterology Committee; European Society for 
Pediatric Gastroenterology, Hepatology, and Nutrition. European 
Society for Pediatric Gastroenterology, Hepatology, and Nutrition 
guidelines for the diagnosis of coeliac disease. J Pediatr Gastro-
enterol Nutr 54(1):136–60

	 2.	 Rubio-Tapia A, Ludvigsson JF, Brantner TL, Murray JA, Everhart 
JE (2012) The prevalence of celiac disease in the United States. 
Am J Gastroenterol 107(10):1538–1544

	 3.	 Dalgic B, Sari S, Basturk B, Ensari A, Egritas O, Bukulmez A, 
Baris Z (2011) Turkish Celiac Study Group. Prevalence of celiac 

3288 European Journal of Pediatrics (2022) 181:3283–3289



1 3

disease in healthy Turkish school children. Am J Gastroenterol 
106(8):1512–7

	 4.	 Singh P, Arora A, Strand TA, Leffler DA, Catassi C, Green PH, 
Kelly CP, Ahuja V, Makharia GK (2018) Global prevalence of 
celiac disease: systematic review and meta-analysis. Clin Gastro-
enterol Hepatol 16(6):823–826

	 5.	 Bannister EG, Cameron DJ, Ng J, Chow CW, Oliver MR, Alex G, 
Catto-Smith AG, Heine RG, Webb A, McGrath K, Simpson D, 
Hardikar W (2014) Can celiac serology alone be used as a marker 
of duodenal mucosal recovery in children with celiac disease on a 
gluten-free diet? Am J Gastroenterol 109(9):1478–1483

	 6.	 Leonard MM, Weir DC, DeGroote M, Mitchell PD, Singh P, Silvester 
JA, Leichtner AM, Fasano A (2017) Value of IgA tTG in predicting 
mucosal recovery in children with celiac disease on a gluten-free diet. 
J Pediatr Gastroenterol Nutr 64(2):286–291

	 7.	 Husby S, Koletzko S, Korponay-Szabó I, Kurppa K, Mearin ML, 
Ribes-Koninckx C, Shamir R, Troncone R, Auricchio R, Castillejo 
G, Christensen R, Dolinsek J, Gillett P, Hróbjartsson A, Koltai T, 
Maki M, Nielsen SM, Popp A, Størdal K, Werkstetter K, Wessels 
M (2020) European Society Paediatric Gastroenterology, Hepatol-
ogy and Nutrition guidelines for diagnosing coeliac disease 2020. 
J Pediatr Gastroenterol Nutr 70(1):141–156

	 8.	 Kagnoff MF (2006) AGA institute medical position statement on 
the diagnosis and management of celiac disease. Gastroenterology 
131(6):1977–1980

	 9.	 Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ, 
Green PH, Hadjivassiliou M, Holdoway A, van Heel DA, Kaukinen 
K, Leffler DA, Leonard JN, Lundin KE, McGough N, Davidson 
M, Murray JA, Swift GL, Walker MM, Zingone F, Sanders DS 
(2014) BSG Coeliac Disease Guidelines Development Group; 
British Society of Gastroenterology. Diagnosis and management 
of adult coeliac disease: guidelines from the British Society of 
Gastroenterology. Gut 63(8):1210–28

	10.	 Bai JC, Ciacci C, Corazza GR, Fried M, Olano C, Rostami-Nejad M, 
González A, Green P, Gutierrez-Achury J, Schultz M, Verdú E, Barada 
K, Gibson P, Koletzko S, Coton T, Mulder C, Makharia G, LeMair A 
(2016) Celiac disease. World Gastroenterol Organ Glob Guidel 1–35

	11.	 Bardella MT, Velio P, Cesana BM, Prampolini L, Casella G, 
Di Bella C, Lanzini A, Gambarotti M, Bassotti G, Villanacci V 
(2007) Coeliac disease: a histological follow-up study. Histopa-
thology 50(4):465–471

	12.	 Wahab PJ, Meijer JW, Mulder CJ (2002) Histologic follow-up of 
people with celiac disease on a gluten-free diet: slow and incom-
plete recovery. Am J Clin Pathol 118(3):459–463

	13.	 Kaukinen K, Peräaho M, Lindfors K, Partanen J, Woolley N, 
Pikkarainen P, Karvonen AL, Laasanen T, Sievänen H, Mäki 
M, Collin P (2007) Persistent small bowel villous atrophy 
without sypmtoms in coeliac disease. Aliment Pharmacol Ther 
25(10):1237–1245

	14.	 Lanzini A, Lanzarotto F, Villanacci V, Mora A, Bertolazzi S, 
Turini D, Carella G, Malagoli A, Ferrante G, Cesana BM, Ricci 
C (2009) Complete recovery of intestinal mucosa occurs very 
rarely in adult coeliac patients despite adherence to gluten-free 
diet. Aliment Pharmacol Ther 29(12):1299–1308

	15.	 Rubio-Tapia A, Rahim MW, See JA, Lahr BD, Wu TT, Murray 
JA (2010) Mucosal recovery and mortality in adults with celiac 
disease after treatment with a gluten-free diet. Am J Gastroenterol 
105(6):1412–1420

	16.	 Silvester JA, Kurada S, Szwajcer A, Kelly CP, Leffler DA, Duerksen 
DR (2017) Tests for serum transglutaminase and endomysial anti-
bodies do not detect most patients with celiac disease and persistent 
villous atrophy on gluten-free diets: a meta-analysis. Gastroenterol-
ogy 153(3):689–701

	17.	 Vécsei E, Steinwendner S, Kogler H, Innerhofer A, Hammer K, 
Haas OA, Amann G, Chott A, Vogelsang H, Schoenlechner R, Huf 
W, Vécsei A (2014) Follow-up of pediatric celiac disease: value 
of antibodies in predicting mucosal healing, a prospective cohort 
study. BMC Gastroenterol 13:14–28

	18.	 Oberhuber G, Granditsch G, Vogelsang H (1999) The histopathol-
ogy of coeliac disease: time for a standardized report scheme for 
pathologists. Eur J Gastroenterol Hepatol 11(10):1185–1194

	19.	 Kaukinen K, Sulkanen S, Mäki M, Collin P (2002) IgA-class 
transglutaminase antibodies in evaluating the efficacy of glu-
ten-free dies in coeliac disease. Eur J Gastroenterol Hepatol 
14(3):311–315

	20.	 Vécsei AK, Graf UB, Vogelsang H (2009) Follow-up of adult 
celiac patients: which noninvasive test reflects mucosal status 
most reliably? Endoscopy 41(2):123–128

	21.	 Lau MS, Mooney PD, White WL, Rees MA, Wong SH, Kurien 
M, Trott N, Leffler DA, Hadjivassiliou M, Sanders DS (2017) The 
role of an IgA/IgG-deaminated gliadin peptide point-of-care test 
in predicting persistent villous atrophy in patients with celiac dis-
ease in a gluten-free diet. Am J Gastroenterol 112(12):1859–1867

	22.	 Biagi F, Vattiato C, Agazzi S, Balduzzi D, Schiepatti A, Gobbi P, 
Corazza GR (2014) A second duodenal biopsy is necessary in the 
follow-up of adult coeliac patients. Ann Med 46(6):430–433

	23.	 Coleman SH, Rej A, Baggus EMR, Lau MS, Marks LJ, Hadjivassiliou 
M, Cross SS, Leffler DA, Elli L, Sanders DS (2021) What is the optimal 
method assessing for persistent villous atrophy in adult coeliac disease? 
J Gastrointestin Liver Dis 30(2):205–212

	24.	 Packova B, Kovalcikova P, Pavlovsky Z, Bartusek D, Prokesova 
J, Dolina J, Kroupa R (2020) Non-invasive prediction of per-
sistent villous atrophy in celiac disease. World J Gastroenterol 
26(26):3780–3791

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

3289European Journal of Pediatrics (2022) 181:3283–3289


	Evaluation of mucosal status in the follow-up of pediatric patients with celiac disease: the role of serology
	Abstract
	Introduction
	Materials and methods
	Study design and patients
	Measurement of serum tTG-IgA and EMA antibodies
	Endoscopy and histopathologic evaluation
	Statistical analysis

	Results
	Histopathology of the follow-up biopsies
	tTG-IgA serology at the time of follow-up endoscopy
	EMA serology

	Discussion
	References


