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Introduction
Celiac disease (CeD) is a systemic immune-mediated disorder 
caused by the ingestion of gluten-containing grains in geneti-
cally susceptible individuals. The diagnosis of CeD can be made 
by positive celiac serology [anti-transglutaminase IgA (TTG) an-
tibodies] and endoscopy showing an increase in intra-epithelial 

lymphocytes, crypt hyperplasia, and villous atrophy in duodenal 
biopsies (Marsh 2–3), or by a “no-biopsy” approach dependent on 
a high level of TTG antibodies (above 10 times the upper limit 
of normal (ULN)) and anti-endomysial antibody (EMA) positivity 
in a second serum sample.1 Patients with positive celiac serology 
who undergo an upper gastrointestinal endoscopy due to suspected 
celiac, and whose duodenal biopsies demonstrate preserved small 
intestinal mucosa in the absence of villous atrophy (Marsh 0–1), 
are diagnosed with potential celiac disease (PCD).1 Previous stud-
ies have shown that PCD is found in approximately 10–20% of 
patients undergoing endoscopic investigation for CeD, and that it 
is more common in younger children.2–5

Several studies have examined the rate at which PCD progress-
es to CeD over various time periods. Lionetti et al.6 followed 23 
pediatric patients with PCD who continued consuming a gluten-
containing diet (GCD) for more than 10 years and found that only 
three (13%) developed CeD. In a recently published meta-anal-
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ysis,7 which included 17 studies comprising 1,010 patients with 
PCD, the prevalence of PCD was 16% (95% confidence interval 
(CI) 10% to 22%). Villous atrophy, confirming CeD, developed 
over time in roughly a third of the patients with PCD, while a simi-
lar proportion of patients showed normalization of serology de-
spite remaining on a GCD.

Predictive factors for the development of villous atrophy 
have been previously reported; however, they are still not well 
defined. Auricchio et al.8,9 found that the amount of γδ intraepi-
thelial lymphocytes, age (older than three years), and HLA 
DQB1*02 homozygosity are the strongest predictors for villous 
atrophy development. However, γδ staining and HLA testing are 
not available for most patients. The most recent study by Au-
ricchio et al.10 showed that asymptomatic children with PCD 
who are likely to progress to mucosal damage and develop CeD 
present markers of immune response activation at diagnosis: in-
creased serum expression of inflammatory proteins involved in 
lymphocyte activation, JAK-STAT signaling, and intestinal stem 
cell proliferation.

There is still controversy among physicians about the best way 
to follow patients with PCD. When the decision to continue a GCD 
is made, it is still unknown how often serology should be tested 
and when a repeat intestinal biopsy should be obtained. These 
questions remain unanswered.

In our previous study on pediatric patients with PCD,11 we 
showed that after a mean follow-up time of 18 months, CeD was 
diagnosed in 12/90 (13.3%) pediatric patients, based on repeated 
serology tests and repeated biopsies obtained in 20/90 patients. Al-
though older age and elevated TTG titers were found to be predic-
tors of CeD development, 38% of patients normalized their TTG 
levels, including 29% of those with initial TTG levels over 10× 
ULN.

In this study, we continued the follow-up of patients previously 
diagnosed with PCD from our medical center and included newly 
diagnosed patients up to 10/2024. Our primary aim was to charac-
terize the outcomes of PCD in patients consuming a GCD with a 
longer follow-up time. Our secondary aim was to study the prev-
alence of PCD and the characteristics of patients in whom TTG 
normalized over time, versus patients whose TTG levels remained 
high or were later diagnosed with CeD.

Materials and methods

Study design
A retrospective cohort study reviewing the medical records of 
pediatric patients diagnosed with PCD at Kaplan Medical Center 
in Israel, ages one to eighteen years old, consuming a GCD be-
tween December 2018 and October 2024.

Inclusion and exclusion criteria

Inclusion criteria
(1) Children who underwent endoscopy while on a GCD. The 
pediatric gastroenterologists confirmed with the child and family 
before the endoscopy and at each follow-up that they were con-
suming a GCD. (2) In families with other members diagnosed with 
CeD, the child was eating at least one portion of gluten daily (above 
15 g per day). (3) The availability of six duodenal biopsies taken at 
the time of endoscopy, at least one of which was obtained from the 
duodenal bulb. Pathology findings compatible with Marsh score 
0 or 1. (4) Confirmation of the diagnosis of PCD was done by an 
unblinded review of all biopsies by a pediatric gastroenterologist 

and by an experienced pathologist.

Exclusion criteria
(1) Missing follow-up testing. (2) IgA deficiency. (3) Patients who 
initiated a gluten-free diet (GFD). (4) Children diagnosed with 
CeD with a no-biopsy diagnosis.

Data collection and study variables

Data at baseline
Presenting signs and symptoms, CeD family history, gender, and 
age. Serology levels (TTG IgA antibody) were tested using the 
Multiplex TTG (Bioplex 2200) assay.12 Maximal levels of TTG 
were defined according to the manufacturer’s guidelines as > 250 
µ/mL, while normal levels were defined as 0–15 U/mL. TTG lev-
els were collected as absolute values but presented as relative mul-
tiples to the ULN (1–3× ULN, 3–10× ULN, or above 10× ULN).13 
Deamidated gliadin peptide (DGP) antibody testing was not avail-
able and was not performed. EMA assay results are presented as 
positive or negative, omitting titer or extent of elevation. This is 
due to the fact that not all tests underwent the same EMA assay in 
a single laboratory. The initial serological assessments were con-
ducted less than three months prior to the endoscopy.

Follow-up data
Collected at six- and twelve-month intervals while patients re-
mained on a GCD. Data collected included repeat serology and in-
formation on the type of diet consumed, confirming that the child 
was consuming gluten. In patients who had a second endoscopy, 
data were collected on the indication for endoscopy, TTG levels at 
the time of endoscopy, and the pathology results.

Outcomes
The primary outcome was the change in TTG levels over time in 
patients who continued a GCD, while the secondary outcome was 
the proportion of patients who were diagnosed with CeD during 
follow-up. To measure these outcomes, we collected follow-up 
data at six- and twelve-month intervals, including repeat TTG se-
rology tests and confirmation of gluten consumption. For patients 
who underwent a second endoscopy, data were also collected on 
the indication for the procedure, TTG levels at the time of endos-
copy, and the results of the pathology report.

Statistical analysis
Since no comparison between groups was done, only descriptive 
statistics were utilized in the study. Continuous variables were 
summarized using means and ranges, while categorical variables 
were summarized as counts and percentages. An exploratory strati-
fied analysis of baseline EMA positivity across TTG categories 
and by sex and family history was conducted. Cross-tabulations 
were summarized with counts and row percentages. We applied 
chi-square tests (or Fisher’s exact when expected counts < 5) and, 
for ordered TTG categories, a linear-by-linear trend test. Analyses 
were descriptive.

Ethical approval
The research was conducted in accordance with the Declaration 
of Helsinki and received approval from the Regional Ethics Com-
mittee at Kaplan Medical Center (Protocol Number: KMC-0041-
21). Due to the retrospective nature of the study and the use of 
anonymized patient data, the ethics committee waived the need for 
informed consent.

https://doi.org/10.14218/JTG.2025.00032


DOI: 10.14218/JTG.2025.00032  |  Volume 00 Issue 00, Month Year 3

Laxer B. et al: PCD in children J Transl Gastroenterol

Results

Baseline characteristics and clinical presentation
During the study period, 517 children had an upper gastrointesti-
nal endoscopy for suspected CeD, of whom 75 (14.5%) were di-
agnosed with PCD (Fig. 1). The mean age at diagnosis was 7.0 
years (range 1.3–16.4 years), with 53 (70.6%) females. Clinical 
symptoms at the time of PCD diagnosis included gastrointestinal 
symptoms in 26 (34.6%), growth delay (postponed onset of puber-
ty, short stature, inadequate weight and height gain) in 20 (26.6%), 
and iron-deficiency anemia in five (6.6%). Eighteen patients 
(24%) were asymptomatic. Among the asymptomatic patients, 
10/18 (55.6%) were from high-risk groups: nine with first-degree 
relatives with CeD and one with insulin-dependent diabetes mel-
litus. Baseline clinical and laboratory data are presented in Table 
1. EMA was available in 68/75 children (57/68, 83.8% positive; 
11/68 negative; seven not tested). EMA positivity increased across 
TTG categories: 50% for <3× ULN (2/4), 80% for 3–10× ULN 
(36/45), and 100% for ≥10× ULN (19/19) (χ2(2) = 7.53, p = 0.023; 
linear by linear trend p = 0.007). No significant differences were 
observed by sex (EMA: Fisher p = 0.486; TTG: χ2 p = 0.262) or by 
family history (EMA: Fisher p = 0.137; TTG after combining first/
second degree: χ2 p = 0.894).

Histological findings were consistent with Marsh 0 in 39 (52%) 
and Marsh 1 in 36 (48%) cases.

Follow-up and outcome
During the follow-up period, all children included in the study re-
mained on a GCD and had at least one TTG test performed. The 
mean follow-up time was 29.1 months (range 5–72). Forty-eight 
children (64%) had at least one repeat TTG level at the 12-month 
follow-up period (Fig. 1). At this time, TTG normalized in 26 
(54.1%), declined to <3× ULN in 13 (27.1%), was between 3–10× 
ULN in six (12.5%), and was above >10× ULN in three (6.3%) 
(Fig. 2). At 12 months, among 37 children with data on TTG lev-
els and EMA positivity, TTG was <3× ULN in 59.5%, 3–10× in 
29.7%, and ≥10× in 10.8%.

Among the whole cohort, nine children underwent a repeat en-
doscopy: five due to TTG elevation and the remaining four be-
cause of clinical symptoms requiring a repeat endoscopic evalua-
tion. In 6/9 (66.7%) children, the repeat biopsies exhibited a Marsh 
2–3 lesion, and therefore CeD diagnosis was established. In four 
of these patients, EMA was positive. In three patients, the repeat 
biopsy demonstrated Marsh 0–1; two continued a GCD, and one 
started a GFD due to clinical symptoms. Thus, at the end of follow-
up, 7/75 patients (9.3%) converted to a GFD, with CeD confirmed 
by repeat endoscopy and biopsy in six patients. Among these six 
children, baseline TTG was greater than 10× ULN in two (33.3%) 
and 3–10× ULN in four (66.6%).

Table 1.  Baseline characteristics of 75 patients with potential celiac dis-
ease

Baseline clinical and laboratory data - 75 patients

Age (years) (mean, range) 7.0 (1.3–16.4)

Sex (female) 53 (70.6%)

Symptoms leading to diagnosis

  Gastrointestinal 26 (34.6%)

  Growth delay 20 (26.6%)

  Iron-deficiency anemia 5 (6.6%)

  No symptoms 18 (24%)

Family history of CeD

  1st degree 14 (18.6%)

  2nd degree 9 (12%)

Baseline laboratory values

  Hemoglobin level (g/dL (mean, range) 12.32 (6.8–15.8)

  Ferritin (ng/mL) (mean, range) 27.3 (2.8–176)

  Positive anti-endomysial antibody 57 (76%)

  Anti-TTG titer (before endoscopy)

    >10 ULN 18 (24%)

    3–10 ULN 52 (69.3%)

    <3 ULN 5 (6.66%)

CeD, celiac disease; TTG, transglutaminase; ULN, upper limit of normal.

Fig. 1. Flow chart of 517 children undergoing UGE for suspected CeD. 
CeD, celiac disease; PCD, potential celiac disease; UGE, upper gastrointes-
tinal endoscopy.

Fig. 2. TTG levels of 48 patients with PCD and at least 12 months’ follow-
up. CD, celiac disease; PCD, potential celiac disease; TTG, tissue transglu-
taminase; ULN, upper limit of normal.
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There were 18 children with an initial TTG > 10× ULN and 
EMA positivity. These patients may have been diagnosed with 
CeD according to the no-biopsy approach as stated by the latest 
ESPGHAN guidelines.7 However, following parental preference 
(after an explanation of the no-biopsy versus biopsy approach by 
the case-managing gastroenterologist), endoscopy was performed. 
Eleven of the 18 children had at least a one-year follow-up. Among 
them, TTG normalized in three (27.2%), declined in five (45.4%), 
and increased or remained >10× ULN in three (27.2%). Two 
of these children underwent repeat endoscopies after 33 and 41 
months; however, only one was diagnosed with CeD on repeat bi-
opsy.

Discussion
The risk and predictors of PCD progressing to CeD, and the optimal 
way to follow patients with PCD, are still areas of debate.6–9,14,15 
In our cohort, which analyzed the baseline characteristics of 75 
children with PCD, of whom two-thirds had at least 12 months of 
follow-up, CeD was diagnosed in less than 10%. The diagnosis of 
CeD was made based on a significant rise in TTG levels during 
follow-up and repeat biopsies done in nine children. The biopsies 
were consistent with CeD in only six. During follow-up, TTG nor-
malized in more than half of the patients, and in almost 30%, it 
decreased to below 3× ULN. In these two subgroups of patients, a 
repeat biopsy was not performed, as there was no indication, due 
to the very low risk of villous atrophy with normal or low levels 
of TTG. However, we recommended that all patients with PCD 
continue clinical and serological follow-up.

Based on our current and previous studies, and other studies on 
the natural history of PCD patients, we believe that an anticipatory 
approach is justified, particularly in asymptomatic patients.3,7,16–19 
In the most recent and largest systematic review and meta-analysis 
on PCD,7 which included 17 studies and 1,010 patients, the authors 
showed that 16% of patients with positive celiac serology were 
diagnosed with PCD. About one-third of patients with PCD who 
consume a GCD were subsequently diagnosed with CeD during 
follow-up. However, a similar proportion of patients normalized 
their TTG levels. Many of the studies included in the meta-analysis 
had a relatively small sample size. Eight out of 17 studies were 
from Italy, and ten were pediatric studies. The rate of progression 
to villous atrophy was lower in children (28%; 95% CI 10% to 
45%) than in adult patients (39%; 95% CI 13% to 65%). Neverthe-
less, the variation was not statistically significant (p = 0.50).

The ability to differentiate and predict at diagnosis which pa-
tients are likely to develop villous atrophy, as opposed to those 
who are unlikely to progress to CeD, would be extremely helpful 
in making decisions concerning the initiation of the GFD. Previ-
ously described predictors included the amount of γδ intraepithe-
lial lymphocytes, older age, and HLA DQB1*02 homozygosity.8,9 
Recently, proteomic biomarkers in the serum of children with PCD 
have been helpful in predicting the development of villous atrophy 
at diagnosis.10 Our study did not aim to identify predictors of pro-
gression to CeD, but only to describe the natural history in children 
remaining on a GCD. However, using a descriptive analysis, we 
confirmed the expected concordance between higher TTG levels 
and EMA positivity, while showing no detectable differences by 
sex or family history. Interpretation is limited due to small cell 
counts and missing EMA in seven children, so these findings 
should be viewed as exploratory.

In recent years, the diagnosis of CeD based on elevated celiac 
serology (the no-biopsy approach) has become more prevalent. 

The current ESPGHAN guidelines1 enable the diagnosis of CeD 
in both asymptomatic and symptomatic children with TTG lev-
els equal to or above 10 times the ULN, performed twice, with 
EMA positivity confirmed in a second test. Due to this approach, 
PCD may be diagnosed as CeD, wrongly prescribing patients to a 
GFD for life. Though rare, false-positive celiac serology may be 
caused by Giardia lamblia, which may be an incidental finding 
in children investigated for CeD or may be the cause of elevated 
TTG levels, which normalize after treatment with metronidazole.20 
False-positive TTG elevation has also been associated with other 
infections, such as Helicobacter pylori and HIV.21,22 There are rare 
reports of TTG elevation in immune-proliferative small-intestinal 
disease.23–25

It is well known that while TTG levels increase, the risk of diag-
nosing PCD decreases9,26–30; yet, patients with TTG levels above 
10× ULN without diagnostic mucosal damage are still found. In 
our current cohort, among 11 children with an initial TTG > 10× 
ULN and at least one year of follow-up, TTG normalized in three 
(27.2%), declined in five (45.4%), and increased or remained 
above 10× ULN in three (27.2%). The omission of biopsies in 
these patients would have misdiagnosed CeD in at least three chil-
dren.

The strengths of our study include the comparatively large num-
ber of pediatric patients with PCD at our center, as well as the abil-
ity to establish the proportions of patients with PCD in relation to 
the total number of CeD patients diagnosed by endoscopy during 
the study period. The majority of children had one or more follow-
up visits that included serology levels 12 months after diagnosis. 
This enabled the evaluation of changes in CeD serology and the 
natural history of PCD among our cohort who continued consum-
ing gluten.

Our real-world retrospective study has several limitations that 
need to be addressed. The follow-up period of one to five years is 
relatively short. In addition, the retrospective design is a notable 
limitation. In the study, only TTG antibodies (Bioplex 2200) were 
used, as DGP antibodies were unavailable. HLA testing for DQ2/
DQ8 positivity was not analyzed in our patients. The lack of data 
on infection screening for patients with very high TTG levels re-
mains an additional gap. The confirmation of gluten consumption 
at endoscopy and follow-up was done by questioning the child and 
family at limited times. In addition, repeated routine biopsies were 
not executed in all patients. However, in more than 80% of pa-
tients, TTG normalized or declined to <3× ULN, a level at which 
the risk of CeD is considered low. Thus, we believe there was no 
justification for performing additional biopsies. Repeat endoscopy 
should be performed during follow-up if indicated clinically or 
when TTG levels remain greater than 3× ULN over time.

Future follow-up of PCD patients and future studies on PCD 
could benefit from including DGP antibody testing, especially for 
children under two years, where TTG sensitivity is lower. Incor-
porating infection screening data for patients with very high TTG 
(>10× ULN) would improve diagnostic accuracy and understand-
ing of false positives.

Conclusions
PCD is common and occurs in approximately 15% of children un-
dergoing upper endoscopy for suspected CeD. It may occur in pa-
tients with serology levels above 10× ULN. Pediatric patients with 
PCD can and should be followed while consuming a GCD, given 
that the majority of patients will not progress to CeD. Approxi-
mately 50% of PCD patients will normalize TTG levels, and close 
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to 30% will decrease levels to below 3× ULN. All PCD patients 
should have regular serological testing and clinical follow-up by 
a pediatric gastroenterologist, with the option of repeated biopsy 
when indicated. CeD may be overdiagnosed if endoscopy and bi-
opsy are not performed at the time of diagnosis.

Acknowledgments
None.

Funding
This research received no external funding.

Conflict of interest
All authors declare no conflict of interest related to this publica-
tion.

Author contributions
Data collection and analysis, assistance with statistical analysis, 
interpretation of data, approval of the final manuscript (BL), data 
analysis, assistance with statistical analysis, interpretation of data, 
approval of the final manuscript (AH), conceptualization and de-
sign of the study, data analysis and interpretation, drafting and crit-
ical review of the manuscript, and approval of the final manuscript 
(MK). All authors have read and agreed to the published version 
of the manuscript.

Ethical statement
The research was conducted in accordance with the Declaration 
of Helsinki (as revised in 2024) and received approval from the 
Regional Ethics Committee at Kaplan Medical Center (Protocol 
Number: KMC-0041-21). Due to the retrospective nature of the 
study and the use of anonymized patient data, the ethics committee 
waived the need for informed consent.

Data sharing statement
The dataset used in support of the findings of this study are avail-
able from the corresponding author at korifamily@yahoo.com 
upon request.

References
[1]	 Husby S, Koletzko S, Korponay-Szabó I, Kurppa K, Mearin ML, Ribes-

Koninckx C, et al. European Society Paediatric Gastroenterology, 
Hepatology and Nutrition Guidelines for Diagnosing Coeliac Disease 
2020. J Pediatr Gastroenterol Nutr 2020;70(1):141–156. doi:10.1097/
MPG.0000000000002497, PMID:31568151.

[2]	 Lionetti E, Castellaneta S, Pulvirenti A, Tonutti E, Francavilla R, Fas-
ano A, et al. Prevalence and natural history of potential celiac dis-
ease in at-family-risk infants prospectively investigated from birth. 
J Pediatr 2012;161(5):908–914. doi:10.1016/j.jpeds.2012.05.008, 
PMID:22704250.

[3]	 Biagi F, Trotta L, Alfano C, Balduzzi D, Staffieri V, Bianchi PI, et al. 
Prevalence and natural history of potential celiac disease in adult pa-
tients. Scand J Gastroenterol 2013;48(5):537–542. doi:10.3109/0036
5521.2013.777470, PMID:23506211.

[4]	 Lionetti E, Castellaneta S, Francavilla R, Pulvirenti A, Tonutti E, Am-

arri S, et al. Introduction of gluten, HLA status, and the risk of ce-
liac disease in children. N Engl J Med 2014;371(14):1295–1303. 
doi:10.1056/NEJMoa1400697, PMID:25271602.

[5]	 Tosco A, Salvati VM, Auricchio R, Maglio M, Borrelli M, Coruzzo A, et 
al. Natural history of potential celiac disease in children. Clin Gastro-
enterol Hepatol 2011;9(4):320–325. doi:10.1016/j.cgh.2010.09.006, 
PMID:20851213.

[6]	 Lionetti E, Castellaneta S, Francavilla R, Pulvirenti A, Naspi Catassi G, 
Catassi C, SIGENP Working Group of Weaning and CD Risk. Long-Term 
Outcome of Potential Celiac Disease in Genetically at-Risk Children: 
The Prospective CELIPREV Cohort Study. J Clin Med 2019;8(2):186. 
doi:10.3390/jcm8020186, PMID:30764503.

[7]	 Shiha MG, Schiepatti A, Maimaris S, Nandi N, Penny HA, Sanders 
DS. Clinical outcomes of potential coeliac disease: a systematic re-
view and meta-analysis. Gut 2024;73(12):1944–1952. doi:10.1136/
gutjnl-2024-333110, PMID:39153845.

[8]	 Auricchio R, Tosco A, Piccolo E, Galatola M, Izzo V, Maglio M, et al. Po-
tential celiac children: 9-year follow-up on a gluten-containing diet. 
Am J Gastroenterol 2014;109(6):913–921. doi:10.1038/ajg.2014.77, 
PMID:24777149.

[9]	 Auricchio R, Mandile R, Del Vecchio MR, Scapaticci S, Galatola M, 
Maglio M, et al. Progression of Celiac Disease in Children With Anti-
bodies Against Tissue Transglutaminase and Normal Duodenal Archi-
tecture. Gastroenterology 2019;157(2):413–420.e3. doi:10.1053/j.
gastro.2019.04.004, PMID:30978358.

[10]	 Auricchio R, Mandile R, Samsom J, Esposito C, de Cegli R, Greco L, et 
al. Proteomic Biomarkers in Serum Predict Villous Atrophy Develop-
ment in Asymptomatic Potential Celiac Disease Children at Time of 
Diagnosis. Gastroenterology 2025;168(1):157–159.e2. doi:10.1053/j.
gastro.2024.09.001, PMID:39251165.

[11]	 Kori M, Topf-Olivestone C, Rinawi F, Lev-Tzion R, Ziv-Sokolovskaya 
N, Lapidot Alon N, et al. Characterization and Short-Term Out-
come of Potential Celiac Disease in Children. Medicina (Kaunas) 
2023;59(7):1182. doi:10.3390/medicina59071182, PMID:37511994.

[12]	 Guz-Mark A, Kori M, Topf-Olivestone C, Weinberger R, Morgen-
stern S, Ziv-Sokolovskaya N, et al. Real-life Performance of Multiplex 
Celiac Antibody Test in the Diagnosis of Pediatric Celiac Disease. J 
Pediatr Gastroenterol Nutr 2022;74(4):490–494. doi:10.1097/
MPG.0000000000003378, PMID:34984986.

[13]	 Guz-Mark A, Feldman BS, Ghilai A, Hoshen M, Cohen HA, Shka-
lim Zemer V, et al. High rates of serology testing for coeliac dis-
ease, and low rates of endoscopy in serologically positive children 
and adults in Israel: lessons from a large real-world database. 
Eur J Gastroenterol Hepatol 2020;32(3):329–334. doi:10.1097/
MEG.0000000000001613, PMID:31834051.

[14]	 Kröger S, Kallio L, Aitokari L, Repo M, Huhtala H, Kähkönen O, et al. 
Persistent antibody positivity and gastrointestinal symptoms pre-
dicted progression of potential celiac disease to celiac disease. Dig 
Liver Dis 2025;57(6):1209–1215. doi:10.1016/j.dld.2025.04.004, 
PMID:40288915.

[15]	 Lonoce L, Ferraro S, Lalli L, Abbattista L, Hruby C, Cocuccio C, et al. 
Potential coeliac disease in children: a single-center experience. Clin 
Chem Lab Med 2025;63(9):1814–1822. doi:10.1515/cclm-2025-
0098, PMID:40272886.

[16]	 Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips A, 
Shamir R, et al. European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition guidelines for the diagnosis of coeliac dis-
ease. J Pediatr Gastroenterol Nutr 2012;54(1):136–160. doi:10.1097/
MPG.0b013e31821a23d0, PMID:22197856.

[17]	 Waisbourd-Zinman O, Hojsak I, Rosenbach Y, Mozer-Glassberg Y, 
Shalitin S, Phillip M, et al. Spontaneous normalization of anti-tissue 
transglutaminase antibody levels is common in children with type 
1 diabetes mellitus. Dig Dis Sci 2012;57(5):1314–1320. doi:10.1007/
s10620-011-2016-0, PMID:22173747.

[18]	 Kurppa K, Ashorn M, Iltanen S, Koskinen LL, Saavalainen P, Koskinen 
O, et al. Celiac disease without villous atrophy in children: a pro-
spective study. J Pediatr 2010;157(3):373–380.e1. doi:10.1016/j.
jpeds.2010.02.070, PMID:20400102.

[19]	 Sakhuja S, Holtz LR. Progression of pediatric celiac disease from poten-
tial celiac disease to celiac disease: a retrospective cohort study. BMC 
Pediatr 2021;21(1):149. doi:10.1186/s12887-021-02625-z, PMID: 

https://doi.org/10.14218/JTG.2025.00032
mailto:korifamily@yahoo.com
https://doi.org/10.1097/MPG.0000000000002497
https://doi.org/10.1097/MPG.0000000000002497
http://www.ncbi.nlm.nih.gov/pubmed/31568151
https://doi.org/10.1016/j.jpeds.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22704250
https://doi.org/10.3109/00365521.2013.777470
https://doi.org/10.3109/00365521.2013.777470
http://www.ncbi.nlm.nih.gov/pubmed/23506211
https://doi.org/10.1056/NEJMoa1400697
http://www.ncbi.nlm.nih.gov/pubmed/25271602
https://doi.org/10.1016/j.cgh.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/20851213
https://doi.org/10.3390/jcm8020186
http://www.ncbi.nlm.nih.gov/pubmed/30764503
https://doi.org/10.1136/gutjnl-2024-333110
https://doi.org/10.1136/gutjnl-2024-333110
http://www.ncbi.nlm.nih.gov/pubmed/39153845
https://doi.org/10.1038/ajg.2014.77
http://www.ncbi.nlm.nih.gov/pubmed/24777149
https://doi.org/10.1053/j.gastro.2019.04.004
https://doi.org/10.1053/j.gastro.2019.04.004
http://www.ncbi.nlm.nih.gov/pubmed/30978358
https://doi.org/10.1053/j.gastro.2024.09.001
https://doi.org/10.1053/j.gastro.2024.09.001
http://www.ncbi.nlm.nih.gov/pubmed/39251165
https://doi.org/10.3390/medicina59071182
http://www.ncbi.nlm.nih.gov/pubmed/37511994
https://doi.org/10.1097/MPG.0000000000003378
https://doi.org/10.1097/MPG.0000000000003378
http://www.ncbi.nlm.nih.gov/pubmed/34984986
https://doi.org/10.1097/MEG.0000000000001613
https://doi.org/10.1097/MEG.0000000000001613
http://www.ncbi.nlm.nih.gov/pubmed/31834051
https://doi.org/10.1016/j.dld.2025.04.004
http://www.ncbi.nlm.nih.gov/pubmed/40288915
https://doi.org/10.1515/cclm-2025-0098
https://doi.org/10.1515/cclm-2025-0098
http://www.ncbi.nlm.nih.gov/pubmed/40272886
https://doi.org/10.1097/MPG.0b013e31821a23d0
https://doi.org/10.1097/MPG.0b013e31821a23d0
http://www.ncbi.nlm.nih.gov/pubmed/22197856
https://doi.org/10.1007/s10620-011-2016-0
https://doi.org/10.1007/s10620-011-2016-0
http://www.ncbi.nlm.nih.gov/pubmed/22173747
https://doi.org/10.1016/j.jpeds.2010.02.070
https://doi.org/10.1016/j.jpeds.2010.02.070
http://www.ncbi.nlm.nih.gov/pubmed/20400102
https://doi.org/10.1186/s12887-021-02625-z


DOI: 10.14218/JTG.2025.00032  |  Volume 00 Issue 00, Month Year6

Laxer B. et al: PCD in childrenJ Transl Gastroenterol

33781221.
[20]	 Hoofien A, Kori M. Giardia lamblia Diagnosed During Upper Gastroin-

testinal Endoscopy: Clinical Manifestation, Histopathologic Findings and 
the Association With Celiac Disease. Pediatr Infect Dis J 2024;43(3):194–
197. doi:10.1097/INF.0000000000004171, PMID:37963271.

[21]	 Kurien M, Chalkiadakis I, Evans K, Sanders DS. False-positive tissue 
transglutaminase antibody levels occur in HIV-positive patients: HLA 
typing is essential. J Clin Gastroenterol 2012;46(4):346. doi:10.1097/
MCG.0b013e31823b3baf, PMID:22064557.

[22]	 Akkelle BS, Sengul OK, Tutar E, Volkan B, Celikel C, Ertem D. Low Ti-
ter Tissue Transglutaminase Antibodies: A Link to Helicobacter py-
lori Infection? Dig Dis 2022;40(2):168–174. doi:10.1159/000516479, 
PMID:33895735.

[23]	 Mohta S, Agarwal A, Banyal V, Singh A, Bagchi S, Das P, et al. Falsely 
elevated anti-tissue transglutaminase antibodies in patients with im-
munoproliferative small intestinal diseases: A case series. Indian J 
Gastroenterol 2023;42(5):713–717. doi:10.1007/s12664-023-01365-
5, PMID:37166700.

[24]	 Suh-Lailam BB, Davis KW, Tebo AE. Immunoassays for the detection 
of IgA antibodies to tissue transglutaminase: significance of multi-
ples of the upper limit of normal and inter-assay correlations. Clin 
Chem Lab Med 2016;54(2):257–264. doi:10.1515/cclm-2015-0348, 
PMID:26172170.

[25]	 Clemente MG, Musu MP, Frau F, Lucia C, De Virgiliis S. Antitissue 

transglutaminase antibodies outside celiac disease. J Pediatr Gastro-
enterol Nutr 2002;34(1):31–34. doi:10.1097/00005176-200201000-
00008, PMID:11753161.

[26]	 Wolf J, Petroff D, Richter T, Auth MKH, Uhlig HH, Laass MW, et al. 
Validation of Antibody-Based Strategies for Diagnosis of Pediatric Ce-
liac Disease Without Biopsy. Gastroenterology 2017;153(2):410–419.
e17. doi:10.1053/j.gastro.2017.04.023, PMID:28461188.

[27]	 Mubarak A, Wolters VM, Gmelig-Meyling FH, Ten Kate FJ, Houwen 
RH. Tissue transglutaminase levels above 100 U/mL and celiac dis-
ease: a prospective study. World J Gastroenterol 2012;18(32):4399–
4403. doi:10.3748/wjg.v18.i32.4399, PMID:22969205.

[28]	 Pacheco MC, Fink SL, Lee D, Dickerson J. Tissue transglutaminase 
immunoglobulin A exceeds endomysial antibody in specificity of 
celiac diagnosis at ≥10 times the upper limit of normal. J Pediatr 
Gastroenterol Nutr 2024;79(6):1164–1171. doi:10.1002/jpn3.12382, 
PMID:39359173.

[29]	 Vermeersch P, Geboes K, Mariën G, Hoffman I, Hiele M, Bossuyt 
X. Defining thresholds of antibody levels improves diagnosis of 
celiac disease. Clin Gastroenterol Hepatol 2013;11(4):398–403. 
doi:10.1016/j.cgh.2012.10.025, PMID:23103822.

[30]	 Barker CC, Mitton C, Jevon G, Mock T. Can tissue transglutaminase 
antibody titers replace small-bowel biopsy to diagnose celiac disease 
in select pediatric populations? Pediatrics 2005;115(5):1341–1346. 
doi:10.1542/peds.2004-1392, PMID:15867045.

https://doi.org/10.14218/JTG.2025.00032
http://www.ncbi.nlm.nih.gov/pubmed/33781221
https://doi.org/10.1097/INF.0000000000004171
http://www.ncbi.nlm.nih.gov/pubmed/37963271
https://doi.org/10.1097/MCG.0b013e31823b3baf
https://doi.org/10.1097/MCG.0b013e31823b3baf
http://www.ncbi.nlm.nih.gov/pubmed/22064557
https://doi.org/10.1159/000516479
http://www.ncbi.nlm.nih.gov/pubmed/33895735
https://doi.org/10.1007/s12664-023-01365-5
https://doi.org/10.1007/s12664-023-01365-5
http://www.ncbi.nlm.nih.gov/pubmed/37166700
https://doi.org/10.1515/cclm-2015-0348
http://www.ncbi.nlm.nih.gov/pubmed/26172170
https://doi.org/10.1097/00005176-200201000-00008
https://doi.org/10.1097/00005176-200201000-00008
http://www.ncbi.nlm.nih.gov/pubmed/11753161
https://doi.org/10.1053/j.gastro.2017.04.023
http://www.ncbi.nlm.nih.gov/pubmed/28461188
https://doi.org/10.3748/wjg.v18.i32.4399
http://www.ncbi.nlm.nih.gov/pubmed/22969205
https://doi.org/10.1002/jpn3.12382
http://www.ncbi.nlm.nih.gov/pubmed/39359173
https://doi.org/10.1016/j.cgh.2012.10.025
http://www.ncbi.nlm.nih.gov/pubmed/23103822
https://doi.org/10.1542/peds.2004-1392
http://www.ncbi.nlm.nih.gov/pubmed/15867045

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Materials and methods﻿

	﻿﻿Study design﻿

	﻿﻿﻿Inclusion and exclusion criteria﻿

	﻿﻿﻿﻿Data collection and study variables﻿

	﻿﻿﻿﻿Statistical analysis﻿

	﻿﻿﻿Ethical approval﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿Baseline characteristics and clinical presentation﻿

	﻿﻿﻿Follow-up and outcome﻿


	﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


