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Background: Gastroenterologists still raise concerns about adopting a non-biopsy strategy for diagnosing 

celiac disease (CeD) in adults. 

Aim: To assess the performance of the concurrent detection of two autoantibodies targeting two inde- 

pendent antigens, tissue transglutaminase (tTG) and deamidated gliadin peptides (DGP). 

Methods: This prospective, multicenter, binational study collected consecutive patients with a high pre- 

test probability for CeD. Between 2018 and 2020, adults were enrolled at four Italian and one Argentinian 

center. Serology was also blindly analyzed by a central laboratory (Werfen, San Diego, USA) for tTG IgA 

and DGP IgG by Aptiva Particle-based multi-analyte technology (PMAT) assays. CeD diagnosis required 

histological confirmation of Marsh 3 damage. 

Results: 181 adult patients with suspected CeD were enrolled (134 with histological diagnosis of CeD and 

47 not histologically confirmed as CeD). Patients positive for both tTG IgA and DGP IgG (double positive) 

were predictive of CeD in 92.5 % of patients at > 1x upper limit of normal (ULN). Double positivity for 

tTG IgA and DGP IgG, both at > 10x ULN, had a 100 % positive predictive value for the presence of Marsh 

3 histology. 

Conclusions: Incorporating DGP IgG alongside tTG IgA in a single-step approach can be considered a valid 

confirmatory strategy for definitive non-biopsy diagnosis of CeD. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Over the past 25 years, celiac disease (CeD) diagnosis has pre- 

ominantly relied on detecting serum antibodies such as IgA anti- 
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ndomysial (EMA) and IgA anti-tissue transglutaminase (tTG) in 

onjunction with intestinal biopsy, which was long considered the 

old standard [ 1 ]. Introducing these serology tests has led to a 

otable increase in the detection and diagnosis of CeD over this 

eriod [ 2 ]. Recently, there has been renewed interest in anti- 

liadin assays targeting synthetic deamidated gliadin-related pep- 

ides (DGP). Studies have demonstrated the high sensitivity and 

pecificity of DGP IgG for CeD diagnosis, particularly in patients 
rologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND license 
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ith IgA deficiency [ 3 ]. Therefore, we can utilize several highly 

ensitive tests for CeD diagnosis, the tTG IgA and EMA IgA, which 

oth target the tissue transglutaminase, and the anti-DGP antibod- 

es, which target the gluten itself, precisely the immunogenic frac- 

ion of gliadin [ 4 ]. EMA IgA is an extremely precise test in an ex-

ert setting; however, it is operator-dependent and costly. EMA IgG 

oes not have the same sensitivity and specificity. TTG IgG has also 

een shown to have low sensitivity. Several studies have demon- 

trated that DGP IgG has specificity and sensitivity comparable to 

hat of TTG IgA in predicting mucosal damage [ 4 ]. 

Despite accumulating evidence over the past three decades [ 5 ], 

t was only in 2012 that the European Society for Pediatric Gas- 

roenterology, Hepatology, and Nutrition (ESPGHAN) [ 6 ] proposed 

 two-step protocol for non-biopsy serological CeD diagnosis in 

hildren, resulting in increased specificity and minimal false pos- 

tives. Children showing concentrations of tTG IgA ≥ 10x the upper 

imit of normal (ULN), subsequent positivity of EMA in the pres- 

nce of predisposing HLA and classic symptoms, could safely be 

iagnosed with CeD without duodenal biopsy. The two-step serol- 

gy testing increased the specificity of the protocol, minimizing 

alse-positive results and inappropriate diagnosis of CeD. In 2020, 

pdated ESPGHAN guidelines further simplified the two-step diag- 

osis, removing the presence of symptoms and the HLA testing as 

equirements for omitting the biopsy in children [ 7 ]. 

While widely accepted in Europe, extending this protocol to 

dult patients has faced resistance [ 5 ] due to concerns that with- 

ut biopsy other diseases or complications might be missed, de- 

pite evidence suggesting otherwise [ 8 , 9 ]. 

The present study aimed to evaluate the positive predictive 

alue (PPV) of combining tTG IgA and DGP IgG for predicting CeD 

n adults. The study tested the hypothesis that combining tTG IgA 

nd DGP IgG may provide augmented evidence for relying solely 

n serology to diagnose CeD in a high-risk population. 

. Methods 

Consecutive patients attending CeD clinics in five centers (four 

rom Italy: Padua, Palermo, Salerno, and Pavia) and one from Ar- 

entina (Buenos Aires) for suspicion of CeD gave their informed 

onsent to participate in a prospective study. The cases and con- 

rols reported here are part of a post hoc novel data analysis from 

he recently published Bi.A.CeD study [ 10 ]. 

In the current study, we analyzed novel data obtained by cen- 

ral laboratory testing from the five centers mentioned above. In- 

ividuals with high suspicion of CeD were recruited from February 

018 to December 2020 if they were > 18 years old and signed a 

ritten consent. The suspicion of CeD was defined in the Bi.A.CeD 

tudy based on the report of at least one of the following find- 

ngs: weight loss, gastrointestinal symptoms (diarrhea, constipa- 

ion, vomiting, irritable bowel syndrome-like symptoms, dyspep- 

ia, bloating), anemia, vitamin deficiency, fatigue, infertility, osteo- 

orosis, depression, neurological problems, hypertransaminasemia, 

ashimoto’s thyroiditis, type I diabetes mellitus, autoimmune liver 

isease or other autoimmune disorder, or family history of CeD. 

xclusion criteria were IgA deficiency, previous CeD diagnosis, 

reatment with gluten-restricted diet, diagnosis of cancer, the lack 

f local data on serum tTG IgA, the lack or the withdrawal of the 

ritten consent, unreadable duodenal histology, or duodenal vil- 

ous atrophy with negative tTG IgA and negative HLA - DQ2/DQ8. 

.1. Endoscopic procedure and biopsies 

Upper gastrointestinal endoscopy to obtain duodenal biopsies 

as performed at the local centers. Specifically, two samples were 

aken from the duodenal bulb, and four samples were taken from 

he second portion of the duodenum. The mucosal samples were 
610
hen fixed in formalin and subsequently transferred to the local 

athology department for further processing and diagnosis [ 10 ]. 

.2. Diagnosis of celiac disease for categorization of patients and 

ontrols 

In each local institution, the diagnosis of CeD was established 

sing conventional histologic criteria and CeD-specific tTG IgA 

erology [ 11 ]. For the purposes of this study, we required histo- 

ogic evidence of damage consistent with a Marsh 3 lesion [ 12 ] or

rade B enteropathy according to the Corazza/Villanacci [ 13 ] cat- 

gorization. Patients with Marsh 1 or Marsh 2 lesions or grade A 

nteropathy were not considered to have a diagnosis of CeD in this 

tudy and considered as controls for all assay performance calcu- 

ations. 

.3. Definition of patients with discrepancies between histology and 

ocal or central serology 

Patients with positive serum tTG IgA, but who did not show 

uodenal villous atrophy, as well as those who tested negative for 

erum tTG IgA, but exhibited duodenal villous atrophy, were cate- 

orized as discordant cases based on the local test results. To en- 

ure an unbiased assessment, pictures of the duodenal histology 

lides from the discordant cases were re-evaluated by a central ref- 

rence pathologist (VV) who was blinded to the patient’s clinical 

istory and test results. However, the non-discordant cases did not 

ndergo re-evaluation by the central reference pathologist as they 

ere considered consistent with the initial diagnoses made by the 

ocal institutions. For the aim of this study, we only used histolog- 

cal results after central revaluation. 

.4. Clinical categorization of participating patients 

In terms of clinical presentation, the patients were divided into 

hree groups [ 14 ]. The first group consisted of patients with a clas- 

ical presentation of CeD, characterized by symptoms such as ane- 

ia, weight loss, or diarrhea, which are considered indicative of 

alabsorption. The second group included patients with a non- 

lassical presentation, exhibiting symptoms other than those typi- 

ally associated with classical presentation (fatigue, fertility issues, 

or example). Lastly, there were asymptomatic patients who were 

uspected to have CeD based solely on their family history of the 

ondition or the presence of associated autoimmune diseases. 

.5. Serology testing at the central laboratory 

Two frozen serum aliquots were prepared by the local cen- 

er’s laboratory from a venous blood sample. These aliquots were 

hen sent to Werfen (San Diego, CA, USA). The blind central lab- 

ratory testing involved the measurement of serum tTG IgA and 

GP IgG by particle-based multi-analyte technology (PMAT) using 

he FDA-cleared Aptiva instrument (Werfen, San Diego, CA , USA , 

DA K193604). Only central laboratory tests were evaluated in this 

tudy. 

.6. Ethics, processing of data, and statistics 

The study was approved by the Ethical Committee of the Uni- 

ersity of Salerno (Approval Number 21, February 15, 2018), as well 

s by the local Ethical Committees of all participating centers. For 

he present study, the analysis used data exclusively from the five 

enters listed above, as indicated ( Fig. 1 ). Notably, data on the cen- 

ral IgG DPG testing presented here has not been used in previ- 

us analyses. The teams of the local centers collected and recorded 
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Fig. 1. Flowchart of patients included in the study. 
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ata online, ensuring anonymity by using a unique code for each 

atient. 

The data collection process included key variables such as gen- 

er, age, anthropometry, local serum antibody concentrations, and 

he results of the duodenal histology. Serum tTG IgA and DGP IgG 

oncentrations were expressed as multiples of the assay-specific 

LN. Positive serology of a given test was defined as a value above 

he ULN, while negative serology was defined as a value below 

hat. The reliability of serum tests for the prediction of duodenal 

arsh 3 damage was evaluated by analyzing the following: true 

ositive cases, false positive cases, true negative cases, and false 

egative cases for different cut-offs (1xULN, 3xULN, 5xULN, and 

0xULN). Thus, we derived sensitivity, specificity, positive predic- 

ive value (PPV), and negative predictive value (NPV). We also esti- 

ated the area under the receiver operating characteristic curve 

ROC) for each test. All analyses were done after the central 

e-evaluation of serology. Categorical variables were reported as 

ounts or % prevalence, numerical variables as mean ± standard 

eviation (SD). Comparisons among groups were done using chi- 

quare analyses for categorical variables and ANOVA t- test for nu- 

erical variables. Median tTG IgA and DGP IgG values of patients 

y Marsh scores were plotted and compared by t -test (Mann Whit- 

ey) or 1-way ANOVA (Krustal-Wallis) using GraphPad Prism 5, 

ersion 5.0 (San Diego, CA) or DataLab (Werfen, San Diego, CA). All 

he authors had access to the study data and approved the final 

anuscript. 

. Results 

Among the 436 subjects composing the study population, 280 

ad a central laboratory analysis (both tTG IgA and DGP IgG), and 

f these, 181 were from the five centers taking part in this study 

 Fig. 1 ). As reported in Table 1 , our study population (mean age:

8.7 ± 13.7 years; 70.7 % females) was composed of 134 patients 

ith confirmed Marsh 3 histological diagnosis of CeD and 47 sus- 

ected but, not confirmed as CeD (non-confirmed CeD). No differ- 

nces in age, gender and symptoms were reported ( p > 0.05) be- 

ween the two groups. All CeD patients had a Marsh 3, while 38 

ndividuals not confirmed as CeD had Marsh 0 and 9 individuals 

arsh 1 ( p < 0.0 0 01). 

Table 2 presents the sensitivity, specificity, and PPV for each test 

t different cut-offs (1x, 3x, 5x, and 10x ULN). As expected, increas- 

ng the cut-off value resulted in a progressive reduction in sensi- 

ivity, but an increase in specificity and higher PPV. Higher cut- 

ffs improved the ability to correctly identify true positive cases, 
611
hile minimizing false positive results. The central laboratory test- 

ng showed that 98.5 % (132/134) of the confirmed (Marsh 3 re- 

uired) CeD patients had positive tTG IgA tests ( > 1xULN), indicat- 

ng high sensitivity. Twenty-three CeD patients scoring Marsh 3 at 

istology had positive tTG IgA with a concentration < 10x ULN, but 

ix of these (6/23, 26.1 %) had strong positive DGP IgG values at 

 10x ULN. The IgG DGP test was positive at 1xULN in 93.3 % (125

ut of 134) of the CeD patients and 12.8 % (6 out of 47) of the

on-confirmed CeD. Supplementary Figures 1 and 2 show the ROC 

or tTG IgA and DGP IgG for CeD (Marsh 3). 

The analyses of patients with two positive tests showed that 

ouble positive tests at > 1xULN cut-off were predictive of Marsh 

 histology in 92.5 % (124/134). When using the > 10x ULN cut- 

ff, 60 of the 134 patients (44.7 %) had double positive results and 

ll had Marsh 3 histology, giving the combination assays a PPV of 

00 % ( Table 1 ). 

Compared to the diagnostic strategy of using only positive tTG 

gA as an indicator of CeD, the double positive test strategy iden- 

ified a similar number of CeD patients across all cut-off values 

xamined (1x, 3x, and 5x ULN). However, at the ≥10x ULN cut- 

ff, the double positive testing approach demonstrated an absolute 

PV of 100 %, indicating that all patients identified as positive truly 

ad CeD. 

When we considered the combination of the two tests (tTG IgA 

nd DGP IgG), we found high accuracy for higher cut-offs indepen- 

ently of the clinical presentation ( Table 3 ). 

.1. Potential CeD patients 

Among the non-confirmed CeD (Marsh < 3), only 4.3 % (2 out of 

7) had positive tTG IgA tests, indicating high specificity ( Fig. 2 ). 

egarding the 2 non-confirmed CeD patients, one had > 10xULN 

f tTG IgA, 5xULN IgG DGP, and had a family history of CeD. The 

econd non-confirmed CeD was ∼6xULN for tTG IgA and10xULN 

gG DGP. These patients are considered “potential CeD” as they had 

ositive serology and negative histology ( Fig. 2 ). 

.2. Seronegative CeD patients 

One patient with Marsh 3 enteropathy was only positive by 

PG IgG. One CeD patient (Marsh 3) had double negative serol- 

gy . This patient was considered a truly seronegative CeD case, as 

t was confirmed as CeD based on the response to the gluten-free 

iet (GFD) and the exclusion of IgA deficiency as established by the 

rotocol. 

.3. Serology trend by intestinal abnormalities 

Levels of tTG IgA varied with levels of intestinal abnormality 

nd are graphically illustrated in Figure S3. As expected, mean lev- 

ls of tTG IgA were very low in patients with Marsh 0 or 1 and

bout 50x higher in patients with Marsh 3 histology. There was a 

ignificant trend of increasing median levels of tTG IgA from Marsh 

 to Marsh 3c (Figure S3). Similar to tTG IgA, DGP IgG levels in- 

reased with increasing histological abnormality from Marsh 0 to 

c (Supplementary Figure 4). 

. Discussion 

The results of the present study indicate that the combined 

erology testing for two different gluten-related antigens (tTG 

gA + DGP IgG) is highly sensitive in predicting mucosal damage 

nd allows a safe CeD diagnosis in adults. The combination of tTG 

gA and DGP IgG at 1xULN has a 98.3 % PPV and reaches a PPV

f 100 % when both tests are > 10x UNL. The results indicate that 

bout 45 % of adults in our series could have reasonably avoided 
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Table 1 

Demographic and some clinical characteristics of patients and controls enrolled in the study. 

Characteristic All subjects Celiac disease (M3) Non-confirmed celiac disease (M0, M1) 

Overall number of cases (%) 181 134 47 

Female sex. Number (%) 128 (70.7) 92 (68.7) 36 (76.6) 

Mean age at entry, years 

Mean (SD) 

38.7 ± 13.7 39.8 ± 13.5 36.1 ± 14.1 

Mean body mass index. Kg/m2 

Mean (SD) 

22.9 ± 3.8 23.2 ± 4.1 22.0 ± 2.9 

Clinical presentation N. of cases (%) 

Classical 86 (47.5) 58 (43.3) 28 (59.5) 

Non-classical 78 (43.1) 62 (46.3) 16 (34.1) 

Asymptomatic 17 (9.4) 14 (10.4) 3 (6.4) 

Mucosal histology. N of cases (%) 

Marsh 0 38 (21) – 38 (80.9) 

Marsh 1 9 (5.0) – 9 (19.1) 

Marsh 2 – – –

Marsh 3 134 (74) 134 (100) –

Fig. 2. Logarithmic representation of the concurrent determination of tTG IgA and DGP IgG concentrations in biopsy-confirmed (Marsh 3) celiac disease and non-confirmed 

celiac disease (M0 & M1, high pre-test probability) patients. Green Dots: Marsh 0, Red Dots: Marsh 1, Black Dots: Marsh 3. Dotted lines indicate concentrations above the 

upper limit of normal (xULN) for each antibody test (1x, 10x, and 100xULN). 
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uodenal biopsy with strong confidence in the presence of mucosal 

trophy. 

The results could encourage those clinicians who remain un- 

omfortable with a non-biopsy strategy for diagnosing adult CeD 

ased on just one test to use the double-test strategy. The present 

ndings align with previous literature that explored the omission 

f biopsy for the diagnosis of CeD [ 15 ]. In particular, our multina-

ional study showed that tTG IgA at > 10x ULN correctly predicted 

illous atrophy in 97.5 % of the patients [ 10 ]. The results of the

resent study showed that using the concurrent determination of 

TG IgA and DGP IgG, the accuracy became absolute in our cohort. 

onsequently, concurrent testing of both tTG IgA and DGP IgG, in- 

tead of sole tTG IgA testing, may guide and accelerate treatment 

ecisions with less diagnostic delay, a problem frequently reported 

n literature [ 16 , 17 ]. 

The recent systematic review and meta-analysis reported above, 

upported the option of non-biopsy diagnosis of celiac disease in 

atients with moderate to high pre-test probability [ 15 ]. The ac- 

ompanying editorial confirms that such a strategy can be an ac- 

eptable choice for patients with high pretest probability [ 18 ]. 

The present data provides a novel and practical application of 

igh-quality serology for diagnosis of CeD. The observation that we 

an confidently use a combination of two tests to diagnose CeD 

n high-risk individuals should be seen as an opportunity to ease 
612
he economic and the emotional burden of the diagnosis and po- 

entially importantly reduce the delay in diagnosis resulting from 

ome patient’s reluctance to undergo the biopsy procedure. 

Since the first study by Valdimarsson et al. [ 19 ] exploring the 

on-biopsy diagnosis of CeD, the primary concern with the omis- 

ion of the biopsy in CeD diagnosis has been the possibility of 

false-positive” results (i.e. patients with positive serology and neg- 

tive histology, thus potential CeD, leading to the imposition of a 

ifelong gluten-free diet and its impact on an individual’s, as well 

s their family’s quality of life. In our study, 2 out of 181 partici- 

ants (3.6 %) had positive serology and negative histology and thus 

ere considered potential CeD. The destiny of the patient classi- 

ed as potential CeD is still a matter of debate; in this case, both 

atients had gastrointestinal symptoms that reverted by adopting 

FD. Similarly, a previous study from Penny reported that 5/740 

otential CeD patients were all symptomatic, and the tTG titers 

ecreased after GFD [ 20 ]. Moreover, a very recent study showed 

hat in CeD patients with mucosal damage limited to the duodenal 

ulb, tTG IgA levels were lower compared to those with conven- 

ional CeD (1.8x ULN) [ 21 ], further potential CeD is rarely found at 

igh levels of tTG IgA. 

Another concern with adopting a non-biopsy strategy is pos- 

ibly missing another disease that could be discovered only by 

ndoscopy. Several studies have demonstrated that endoscopy 
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Table 2 

Performance (Sensitivity [Sens], Specificity [Spec] and positive predictive value [PPV]) of individual tests and double positive tests by the Aptiva assay for detecting confirmed Marsh 3 damage calculated at different cut-offs 

(xUNL: times above upper normal limit). 

tTG IgA DGP IgG tTG IgA + DGP IgG 

Sens Spec PPV Sens Spec PPV Sens Spec PPV 

> 1 x UNL 98.5 (96.7–100) 95.7 (92.8–98.7) 98.5 (96.7–100) 93.3 (89.6–96.9) 87.2 (82.4–92.1) 95.4 (92.4–98.5) 92.5 (88.7–96.4) 95.7 (92.8–98.7) 98.4 (96.6–100) 

> 3 x UNL 94.0 (90.6–97.5) 95.7 (92.8–98.7) 98.4 (96.6–100) 77.6 (71.5–83.7) 95.7 (92.8–98.7) 98.1 (96.1–100) 75.4 (69.1–81.6) 95.7 (92.8–98.7) 98.1 (96.0–100) 

> 5x UNL 91.0 (86.9–95.2) 95.7 (92.8–98.7) 98.4 (96.5–100) 64.2 (57.2–71.1) 95.7 (92.8–98.7) 97.7 (95.6–99.9) 60.4 (53.3–67.6) 95.7 (92.8–99.7) 97.6 (95.4–99.8) 

> 10 x UNL 81.3 (75.7–87.0) 97.9 (95.8–100) 99.1 (97.7–100) 48.2 (42.0–56.5) 97.9 (95.8–100) 98.5 (96.7–100) 44.8 (37.5–52.0) 100 (100–100) 100 (100–100) 

Table 3 

Performance (Sensitivity [Sens], Specificity [Spec] and positive predictive value [PPV]) of double positive tests by the Aptiva assay for detecting confirmed Marsh 3 damage calculated at different cut-offs (xUNL: times above 

upper normal limit), according to clinical presentation. 

Classical Presentation ( N = 86) Non classical Presentation ( N = 78) Asymptomatic ( N = 17) 

tTG IgA + DGP IgG tTG IgA + DGP IgG tTG IgA + DGP IgG 

Sens Spec PPV Sens Spec PPV Sens Spec PPV 

> 1 x UNL 94.8 (90.1–99.5) 100 (100–100) 100 (100–100) 88.7 (81.7–95.7) 87.5 (80.1–94.8) 96.4 (92.4–100) 100 (100–100) 100 (100–100)) 100 (100–100)) 

> 3 x UNL 77.6 (68.8–86.4) 100 (100–100) 100 (100–100) 74.2 (64.5–83.9) 87.5 (80.1–94.8) 95.8 (91.4–100) 71.4 (49.9–92.9) 100 (100–100) 100 (100–100) 

> 5x UNL 69 (59.2–78.7) 100 (100–100) 100 (100–100) 58.0 (47.1–69.0) 87.5 (80.1–94.8) 94.7 (89.8–99.7) 35.7 (12.9–58.5) 100 (100–100) 100 (100–100) 

> 10x UNL 47.5 (36.9–58.0) 100 (100–100) 100 (100–100) 48.4 (37.3–59.5) 100 (100–100)) 100 (100–100) 21.4 (1.9–40.9) 100 (100–100) 100 (100–100) 
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ndings other than CeD are mostly limited to benign diseases 

uch as gastroesophageal reflux, peptic diseases, lymphocytic and 

utoimmune gastritis but not serious CeD complications or other 

ossible associated cancers [ 8-10 , 22 , 23 ]. Recently a real-world 

cottish analysis reported that a no-biopsy strategy using a cut- 

ff of TGA-IgA ≥10 × ULN is safe to diagnose CD and that no 

mportant pathology would be missed [ 24 ]. 

The present study has several strengths that contribute to the 

eliability and robustness of the findings. First, the study design 

as prospective, allowing for data collection in a systematic and 

ontrolled manner. This design enhances the quality of the evi- 

ence generated and provides a strong basis for drawing conclusive 

nformation. Furthermore, the serological results analyzed in the 

tudy were obtained from a central laboratory, ensuring standard- 

zed and blinded testing procedures. This approach minimizes po- 

ential biases and increases the objectivity of the results. A relevant 

spect of our study is the observation of different performances 

hen comparing tTG IgA vs. IgG DGP tests, particularly at inter- 

ediate cut-off values. It should be noted that the population ex- 

mined in our study had a high pre-test probability of CeD and all 

ad histological evaluation. The present study’s findings align with 

arlier publications that prospectively assessed the concurrent de- 

ection of the same tests in children and adults [ 25–27 ]. More- 

ver, the finding of 100 % PPV at > 10xULN found in our study can

elp overcome the reluctance of some clinicians to abandon the 

iopsy as the required final step for CeD diagnosis at any patients’ 

ge. Infact, the dual target—TTG IgA as an autoantigen against tis- 

ue transglutaminase and DGP IgG as an antibody against gluten—

ould strengthen the dual testing approach. A similar finding was 

eported by a recently published Italian study, however in this case 

he authors used the combination of two IgA antibodies [ 28 ]. The 

rimary limitation of our prospective study relates to the study 

esign, which focused on patients with a high pre-test probabil- 

ty, collected at tertiary centers specializing in CeD diagnosis. This 

pproach introduces some selection bias into the study cohort. Ad- 

itionally, our sub-analysis has a limited sample size, and patients 

ith IgA deficiency were excluded. Therefore, we cannot, partic- 

larly for this latter point, assess the predictive power of serol- 

gy alone in IgA-deficient patients. Data from primary care settings 

re still lacking. However, to our knowledge, both our previous 

tudy [ 10 ] and the present one are the first prospective multina- 

ional studies to evaluate the sensitivity and specificity of TTG IgA 

nd DGP IgG in adult patients with suspected CeD. Future stud- 

es should be conducted in primary care settings. Regarding con- 

erns about lower adherence in those diagnosed solely by biopsy, 

his can only be assessed through a prospective study involving 

atients diagnosed with CeD based solely on serology. Lastly, the 

resent data are based on tests performed in a central laboratory, 

o variability across different antibody kits was not an issue. In 

ur previous multinational study, various kits were used, but we 

emonstrated that this did not affect the significance of the results. 

In conclusion, our study demonstrated high sensitivity and 

pecificity of the simultaneous assessment of tTG IgA and IgG DGP 

n predicting CeD in individuals with a high pre-test probability. 

e hypothesize that concurrently detecting tTG IgA and DGP IgG 

ay be particularly useful in non-expert settings, where the clini- 

ian could rely on the 100 % prediction of Marsh 3 intestinal dam- 

ge in the presence of dual positivity at > 10x ULN. 
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