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Abstract: Introduction: The serological support to early diagnosis and differential diagnosis of inflammatory 

bowel diseases (IBD) is actually very limited. In this study we evaluated the performance of a promising 

multiparametric method including either well established and newly developed biomarkers. Methods: This 

multicenter retrospective observational study finally enrolled 156 patients with IBD, 100  affected by Crohn’s 
disease (CD) and 56 by ulcerative colitis (UC) recruited  at the Gastroenterology Units of Udine (Italy), Rijeka 

(Croatia) and Belgrade (Serbia). Twently age-sex matched blood donors (BD) were included as controls. 

Autoantibody profiles were determined using a mosaic cell and tissue-based indirect immunofluorescence (IIF) 

method simultaneously investigating: anti-saccharomyces cerevisiae antibodies (ASCA), anti-atypical 

perinuclear neutrophilic antibodies (P-ANCA), anti-pancreatic antigens antibodies (PAB) and anti-goblet cells 

antibodies (GAB). Results: PAB (anti-CUZD1 and/or anti-GP2 antibodies) were present in 24 CD patients 

versus none of UC patients or BD (24% sensitivity, 100% specificity). As regards CD patients, combined 

positivity of PAB and ASCA (sensitivity 84%, specificity 71.4%) performed better than ASCA alone. Colon 

involvement (87.5% vs. 60.5%; p=0.014), deep mucosal lesions (58.3% vs. 25.0%; p=0.002) and need for biologic 

therapies (79.2% vs. 46.1%; p=0.005) were significantly more prevalent in PAB-positive than in PAB-negative 

CD patients. Multivariate analysis identified PAB positivity (OR=3.67; 95%CI=1.29-10.46) and anti-CUZD1 in 

particular (OR=3.54; 95%CI=1.08-11.63) as significant risk factors for deep mucosal lesions development in CD. 

Conclusion: A multiparametric diagnostic approach appears very useful to better characterize IBD patients. 

PAB, isolated or combined with other autoantibodies, may support both differential diagnosis and selection of 

CD patients at risk for more severe disease. 

Keywords: inflammatory bowel disease; anti-pancreatic antibodies; cell based assay; Crohn’s 
disease; diagnostic biomarker 
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Introduction 

Inflammatory bowel disease (IBD) represents a chronic inflammatory condition of the 

gastrointestinal tract which includes classically ulcerative colitis (UC) and Crohn’s disease (CD). Both 
conditions display heterogeneity in inflammatory and symptomatic burden, either between patients, 

and within the same individual over time (1). 

The differential diagnosis is supported by distinct clinical presentation, involvement of different 

sections of the gastrointestinal tract and, mostly, histological features observed on biopsy specimen. 

On the other hand, the contribution given by laboratory markers is still very limited. Recently, new 

tests with promising performances have been made available on the market, but the real impact on 

clinical practice is already unclear. Anti-Saccharomyces cerevisiae antibodies (ASCA) represent an 

established biomarker of CD, while goblet cell antibodies (GAB) and anti-neutrophil cytoplasmic 

antibodies with atypical perinuclear IIF pattern (P-ANCA) have been significantly associated with 

UC (2, 3). Among the newly identified biomarkers, increasing evidence suggests a potential role of 

pancreatic autoantibodies (PAB) in CD. The first work describing the presence of PAB by IIF in the 

serum of patients with CD dates back to 1984 . Afterwards, several other studies addressed this issue 

and the prevalence of PAB in CD series varies from 15 to maximum 40% (2, 5-19), with large 

variability across the studies. Furthermore, while some authors reported a significant correlation 

between PAB and features of severe disease such as penetrating behavior or perianal localization (13), 

others did not confirm this association (9, 11). While the correlation between PAB positivity and extra-

intestinal CD manifestations, such as idiopathic chronic pancreatitis, was reported more consistently 

(11, 13, 20-22). PAB were also associated with small bowel disease and surgery (9) and early age 

disease onset (11). The discrepancies between the studies might be attributed to the lack of 

standardized methods to test PAB by IIF. More recently, the proper identification of the pancreatic 

auto-antigenic targets: glycoprotein 2 (GP2) (18, 23) and CUB/zona pellucida-like domain-containing 

protein (CUZD1) (24), allowed a more effective and reproducible identification of PAB, offering also 

a possible better explanation of the pathogenic role of PAB in CD. GP2 in particular, appears to have 

a solid link with the intestinal disease involvement in CD patients. Hase et al. identified GP2 as a 

specific receptor on M cells in the intestinal Peyer’s patches (25-27). Since then, several researchers 

provided evidence that GP2 may play an important role in keeping the balance of the intestinal 

immune system by helping to differentiate between pathogenic and commensal microbiota (28). The 

loss of tolerance to pancreatic and/or intestinal GP2 could modulate the pathophysiology of CD (29). 

Increased expression of GP2 mRNA and protein were found in intestinal biopsy samples of some CD 

patients (23, 29) and several studies conducted on CD patient series disclosed GP2, as well as CUZD1 

antibodies, associated with distinct clinical phenotypes (30-33). Although literature data were 

promising, PABs have not yet entered laboratory routine, because it is not clear what role they may 

play within the diagnostic process and above all, easy-to-use and low-cost tests are not still available. 

The main ain of this study was to evaluate the performance of a commercial multiparametric method 

for diagnosis and profiling of IBD patients, in order to support its introduction into clinical practice. 

Methods 

Patients  

This multicenter observational retrospective study was conducted on 156 consecutive patients 

with IBD enrolled between January 2017 and December 2018 at three participating units: the 

Gastroenterology of the Academic Hospital of Udine in Italy, the Gastroenterology of the Hospital of 

Rijeka in Croatia and the Gastroenterology of the University Clinic Dr Dragisa Misovic-Dedinje of 

Belgrade in Serbia. The serum samples were collected recovering the residual serum after the 

required routine analyzes for ASCA and ANCA. All the sera were anonymised and sent to the 

Euroimmun laboratory to carry out the new mosaic tests. The study has been complied with all the 

relevant national regulations, institutional policies and in accordance with the Helsinki Declaration. 

Inclusion criteria implied endoscopically and histologically confirmed CD or UC, age above 18 and 

collaborative ability. The following data were collected: demographics, lifestyle habits, age of 
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diagnosis, medical as well as surgical treatments, disease activity (evaluated according to Montreal 

classification; 34). Only patients already known and diagnosed with confirmed CD or UC for more 

than two years were finally included, and they were sampled as routinely scheduled on the occasion 

of checkups, infusions of biological drugs, hospitalizations, without subjecting them to additional 

visits or withdrawals. All patients had an established diagnosis, based on internationally accepted 

clinical, endoscopic, radiological and histological criteria. Patients with an uncertain diagnosis or 

with features suggestive of another coexisting intestinal disease were excluded. Twenty blood donors 

(BD; mean age 42.7 ±13.5 years, 7F/13M) serum samples were recruited at the Laboratory of the 

Academic Hospital in Udine recovering the rejected serum after the foreseen routine analyses and 

anonymised to be used as control group.  

Laboratory analysis 

Blood samples were collected in tubes without anti-coagulant and then centrifuged at 3500 rpm 

for 10 minutes to obtain the serum. Each serum was then aliquoted in 1ml polypropylene tubes 

identified by a unique numerical code and frozen at -20°C until shipping. Subsequently, frozen sera 

were sent to the laboratory of EUROIMMUN Medizinische Labordiagnostika AG in Lübeck, 

Germany, where they were tested blindly.  

Autoantibody profiles were determined in serum samples by indirect immunofluorescence (IIF) 

using the mosaic CIBD Profile 3 (EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, 

Germany) according to the manufacturer’s instructions. Both IgG and IgA auto-antibodies were 

tested. The BIOCHIP Mosaic comprises different IIF substrates (cell substrates, fungal smears or 

transfected cells) based on which specific autoantibodies directed against intestinal goblet cells, 

DNA-bound lactoferrin (that is the major target for anti-neutrophil perinuclear cytoplasmic 

antibodies in UC; 35), exocrine pancreas (CUZD1 and GP2), and saccharomyces cerevisiae were 

detected simultaneously (Figure 1). The samples were evaluated by experienced investigators using 

an Axio Scope A1 microscope from Zeiss (Jena, Germany). 

 
Figure 1. BIOCHIP Mosaic for chronic inflammatory bowel disease (CIBD). A schematic 

representation of the IIFT CIBD Profile 3 BIOCHIP Mosaic (EUROIMMUN). The slide contains ten 

incubation fields with different BIOCHIPs. In the upper row, each field consists of six BIOCHIPS with 

different substrates: rPAg1 (CUZD1)/rPAg2 (GP2) (BIOCHIP A), intestinal goblet cells (BIOCHIP B), 

control-transfected cells (BIOCHIP C), granulocytes fixed with ethanol (BIOCHIP D), human LFS 

granulocytes (BIOCHIP E) and human HSS granulocytes (BIOCHIP F). In the lower row, each field 

contains one BIOCHIP with fungal smear of Saccharamyces cerevisiae as the substrate (BIOCHIP G). 

Statistical analysis 

Categorical variables were compared with a χ2 test or Fisher’s exact test. Results are presented 

as odds ratios with 95% confidence interval (CI). The clinical relevance of antibodies was assessed 

with multivariate logistic regression and exact logistic regression models. P-values were considered 

significant if p<0.05. Sensitivity, specificity, positive and negative predictive values were calculated 

and compared using McNemar test. Statistical tests were performed by SPSS 16.1 statistical software 

package (SPSS Inc., Chicago, Illinois, USA). 

Results 

The study finally enrolled 100 patients with CD (57 in Udine, 23 in Rijeka, 20 in Belgrade) and 

56 patients with UC (33 in Belgrade, 23 in Udine). The demographic and clinical features of study 
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patients divided according to the recruiting center are illustrated in Table 1. CD patients disclosed 

several important differences among centers: biologic therapy, young age (<40yrs) at diagnosis and 

perianal disease were features much more present in Udine, while extraintestinal manifestations 

were apparently absent in Belgrade, where smoking was instead highly frequent; finally a 

structuring/penetrating disease was more frequent in Rijeka. Such differences were also noticed 

among the UC patients. These differences reflect the epidemiological features, but also the access to 

care modalities of each participating center. The overall distribution of the laboratory data obtained 

from the analysis of the mosaic CIBD profile 3 in patients (CD and UC) and in controls (BD) is shown 

in Table 2. PAB positivity in general (CUZD1 and/or GP2 IgG/IgA) was present in 24/100 (24%) 

patients with CD and none of the patients with UC or BD (100% specificity). Among PAB positive 

CD patients, 17 were positive for CUZD1 (only IgG: 7%, only IgA: 2%, both: 8%), 11 were positive for 

GP2 (only IgG: 7%, only IgA: 2%, both: 8%), and 4 patients were positive both for CUZD1 and GP2 

antibodies. As expected, ASCA (IgG and/or IgA) were significantly more frequent in CD patients 

than in UC (p<0.001), while GAB (IgG and/or IgA) and anti-DNA-bound lactoferrin (LFS) p-ANCA 

(IgG and/or IgA) were significantly more present in patients with UC than in CD (p<0.001 both). 

Table 1. Demographic and clinical features of patients with Crohn’s disease (CD) and ulcerative colitis 

(UC), subdivided based on center of enrollment (UD: Udine, RI: Rijeka, BE: Belgrade). 

 
CD - UD 

(57) 
CD - RI (23) CD - BE (20) 

UC - UD 

(23) 
UC - BE (33) BD (20) 

Sex (% female) 25 (43.8%) 7 (30.4%) 10 (50%) 10 (43.5%) 17 (51.5%) 7 (35%) 

mean age (yrs) 45.5 ±14.1 43 ±14.5 47.7 ±15.4 51 ±15.6 55 ±12,3 42.7±13.5 

biologic therapy 41 (71.9%) 10 (43.4%) 3 (15%) 10 (43.4%) 0 (0%)  

Extra-intestinal 

manifestations 
21 (36.8%) 12 (52.2%) 0 (0%) 10 (43.4%) 0 (0%)  

previous surgery 26 (45.6%) 12 (52.2%) 8 (40%)    

age at dx <40yrs 43 (75.4%) 7 (30.4%) 7 (35%)    

smoking 22 (38.6%) 9 (39.1%) 14 (70%) 16 (69.6%) 2 (6.1%)  

colonic disease 41 (71.9%) 16 (69.6%) 11 (55%) 23 (100%) 33 (100%)  

perianal disease 40 (70.2%) 5 (21.7%) 1 (5%)    

deep ulcers 17 (29.8%) 10 (43.4%) 7 (35%) 3 (13%) 9 (27.3%)  

stricturing/penetrating 

disease 
22 (38.6%) 17 (73.9%) 9 (45%)    

Table 2. Results of serological analysis among patients with CD (n=100), UC (n=56) and BD (n=20). 

  CD  UC  p  BD 

  N   N   CD vs. UC  N  

            

PAB (IgG and/or IgA)  24 24.0%  0 0.0%  0.000  0 0.0% 

Anti-CUDZ1 (IgG and/or IgA)  17 17.0%  0 0.0%  0.001  0 0.0% 

   Anti-CUDZ1 IgG  15 15.0%  0 0.0%  0.002  0 0.0% 

   Anti-CUDZ1 IgA  10 10.0%  0 0.0%  0.014  0 0.0% 

Anti-GP2 (IgG and/or IgA)  11 11.0%  0 0.0%  0.010  0 0.0% 

    Anti-GP2 IgG  9 9.0%  0 0.0%  0.021  0 0.0% 

   Anti-GP2 IgA  6 6.0%  0 0.0%  0.062  0 0.0% 

ASCA (IgG and/or IgA)  78 78.0%  16 28.6%  0.000  4 20.0% 

   ASCA IgG  70 70.0%  11 19.6%  0.000  0 0.0% 

   ASCA IgA  68 68.0%  7 12.5%  0.000  4 20.0% 

GAB (IgG and/or IgA)  8 8.0%  28 50.0%  0.000  0 0.0% 

   GAB IgG  8 8.0%  28 50.0%  0.000  0 0.0% 

   GAB IgA  1 1.0%  6 10.7%  0.005  0 0.0% 

Anti-LFS (IgG and/or IgA)  25 25.0%  36 64.3%  0.000  0 0.0% 
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   Anti-LFS IgG  18 18.0%  32 57.1%  0.000  0 0.0% 

   Anti-LFS IgA  13 13.0%  15 26.8%  0.031  0 0.0% 

Legend: CD= Crohn's disease; UC= ulcerative colitis; BD= blood donors PAB=antipancreatic 

autoantibodies; anti-CUZD1=anti-CUB/zona pellucida-like domain-containing protein antibodies; 

anti-GP2=anti-glycoprotein 2 antibodies; ASCA= anti-Saccharomyces cerevisiae antibodies; GAB= 

antibodies to goblet cells; anti-LFS = anti-DNA-bound-lactoferrin antibodies. 

As illustrated in Table 3, PAB were less sensitive in discriminating CD vs. UC in comparison to 

ASCA (24% vs.78%, p<0.001). However, PAB in general, as well as CUZD1 and GP2 individually, 

showed both 100% specificity and PPV in comparison to 71.4% and 83% of ASCA, respectively. On 

the other hand, GAB and anti-LFS granulocytes displayed sensitivity of 50% and 64.3% and 

specificity of 92% and 75%, respectively, in discriminating UC vs. CD (p=0.12). Of note, the combined 

testing of ASCA and PAB performed better in differentiating CD vs. UC (sensitivity=84%, 

specificity=71.4%)  than ASCA alone (p=0.014). Supplementary Tables S1, S2 and S3 illustrate the 

results of the serological analyses of each  recruiting center. Of note, CD patients recruited in 

Belgrade had significantly higher prevalence of GAB in comparison to Rijeka and Udine (30% vs. 

8.7% vs. 0.0%; p<0.001). On the other hand, LFS granulocytes IgG antibodies were significantly more 

present among CD patients recruited in Udine in comparison to Rijeka and Belgrade (24.6% vs. 17.4% 

vs. 0.0%; p=0.048).  

Table 3. Assay performance parameters for IBD-related antibodies. 

 Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR- 

CD vs .UC       

       PAB (IgG and/or IgA) 24 100 100 42.4 . 0.76 

      Anti-CUDZ1 (IgG and/or 

IgA) 
17 100 100 40.3 . 0.83 

      Anti-CUDZ1 IgG 15 100 100 39.7 . 0.85 

      Anti-CUDZ1 IgA 10 100 100 38.4 . 0.90 

      Anti-GP2 (IgG and/or IgA) 11 100 100 38.6 . 0.89 

      Anti-GP2 IgG 9 100 100 38.1 . 0.91 

      Anti-GP2 IgA 6 100 100 37.3 . 0.94 

      ASCA (IgG and/or IgA) 78 71.4 83 64.5 2.73 0.31 

      ASCA IgG 70 80.4 86.4 60 3.56 0.37 

      ASCA IgA 68 87.5 90.7 60.5 2.69 0.37 

UC vs. CD       

     GAB (IgG and/or IgA) 50 92 77.8 76.7 6.25 0.54 

     GAB IgG 50 92 77.8 76.7 6.25 0.54 

     GAB IgA 10.7 99 85.7 66.4 10.7 0.91 

     Anti-LFS (IgG and/or IgA) 64.3 75 59 78.9 2.57 0.48 

     Anti-LFS  IgG 57.1 82 64 77.4 3.17 0.52 

     Anti-LFS  IgA 26.8 87 53.6 68 2.06 0.84 

Legend: CD=Crohn's disease; UC=ulcerative colitis; PPV=positive predictive value; NPV= negative 

predictive value ; LR+= likelihood ratio positive; LR-=likelihood ratio negative; PAB=antipancreatic 

antibodies; anti-CUZD1=anti-CUB/zona pellucida-like domain-containing protein antibodies; anti-

GP2=anti-glycoprotein 2 antibodies; ASCA= anti-Saccharomyces cerevisiae antibodies; GAB= 

antibodies to goblet cells; anti-LFS=anti-DNA-bound-lactoferrin antibodies. 

Table 4 illustrates demographics, lifestyle, clinical and laboratory data in PAB-positive and PAB-

negative CD patients. The patients did not differ for age, sex and smoking. Among the several clinical 

features investigated, colon involvement (87.5% vs. 60.5%; p=0.014), development of deep mucosal 

lesions (58.3% vs. 25.0%; p=0.002) and need for therapy with biological agents (79.2% vs. 46.1%; 

p=0.005) were significantly more prevalent in PAB- positive (CUZD1 IgG/IgA and/or GP2 IgG/IgA) 
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than in PAB-negative patients. Demographics, lifestyle and clinical/laboratory data of CD patients 

positive for CUZD1 (IgG and/or IgA) and GP2 (IgG and/or IgA) separately are reported in 

Supplementary Tables S4 and S5. When tested separately, the presence of colon involvement (p=0.041 

for CUZD1 and p=0.022 for GP2, respectively), deep mucosal lesions (p=0.013 for CUZD1) and 

biological therapies (p=0.01 for CUZD1 and p=0.05 for GP2, respectively) were more elevated in 

CUZD1-positive and GP2-positive patients.  

Table 4. Prevalence of demographics, lifestyle habits, clinical and laboratory data in PAB-positive (n. 

24) and PAB-negative (n. 76) CD patients. 

 PAB-positive  PAB-negative  

 N   N  P 

Gender       

    Female 8 33.3%  34 44.7% 0.35 

Smoking 10 41.7%  33 43.4% 0.88 

Age at diagnosis       

        >40 3 12.5%  16 21.1% 

0.20          16-40 19 79.2%  45 59.2% 

         <16 2 8.3%  15 19.8% 

Clinical characteristics       

         Perianal disease 8 33.3%  21 27.6% 0.59 

         Deep mucosal lesions 14 58.3%  19 25.0% 0.002 

         Colon involvement 21 87.5%  46 60.5% 0.014 

Disease behavior       

          None 12 50.0%  40 52.6% 

0.56           Stricturing 6 25.0%  24 31.6% 

          Penetrating 6 25.0%  12 15.8% 

          Extensive involvement 10 41.7%  18 23.7% 0.09 

Previous surgery 11 45.8%  35 46.1% 0.99 

Biologics 19 79.2%  35 46.1% 0.005 

Extra intestinal manifestations 13 54.2%  33 43.4% 0.36 

Other autoantibodies       

           ASCA (positive) 18 75.0%  60 79.0% 0.68 

           GAB (positive) 1 4.2%  7 9.2% 0.43 

          Anti-LFS granulocytes (positive) 9 37.5%  16 21.1% 0.11 

The adjusted multivariate analysis (Table 5) confirmed a significant association between PAB 

positivity in general and the presence of deep mucosal lesions (OR=3.67; 95%CI=1.29-10.46), while 

association with colon involvement was borderline significant (OR=3.83; 95%CI=0.98-14.92). As for 

CUZD1 and GP2 individually, only anti-CUZD1 appeared to be a significant risk factor for deep 

mucosal lesions development (OR=3.54; 95%CI=1.08-11.63). 

Table 5. Clinical relevance of PAB according to multivariate analysis. 

 PAB (multivariate) CUZD1 (multivariate) GP2 (multivariate) 

 OR 95% CI OR 95% CI OR 95% CI 

Deep mucosal lesions 3.67 1.29-10.46 3.54 1.08-11.63 3.07 0.74-12.63 

Colon involvement 3.83 0.98-14.92 3.19 0.64-15.87 5.19 0.60-45.43 

Therapy with biologics 2.90 0.80-10.50 2.92 0.64-13.33 3.32 0.52-21.18 

Discussion 

In this multicenter study we tested the performance of the combined analysis of multiple 

antibody markers in differentiating CD versus UC patients using an IIF mosaic. Our study confirmed 
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that the presence of PAB is significantly more frequent in CD than in UC and is associated with the 

development of clinical manifestations characteristic of the most severe forms of CD, such as deep 

mucosal lesions, colon involvement and need for biologic therapies. Our study showed PAB 

positivity in general as having 100% specificity and high PPV in differentiating CD versus UC, 

making it very useful in situations when other methods (clinical picture, endoscopy, histology) 

remain with inconclusive results. 

Although the literature agrees in reporting a low (maximum 40%) prevalence of PAB in CD 

patients (2, 5-19, 30-32, 36-40), there is a great heterogeneity as regards the correlation with clinical 

features. If we consider the disease behavior, PAB have been reported to be associated with strictures 

(2, 32, 36, 41, 42). However, some authors have also reported an association with penetrating CD (13, 

40) and even a negative association with stricturing behavior (8). As regards the localization of 

disease, ileum (30, 31, 40) and ileocolon (32, 36, 39) were most frequently associated with PAB 

positivity, followed by perianal disease (13, 32, 36). Interestingly, an association between the presence 

of PAB and pouchitis has also been proposed (43), offering a possible explanation of the role of PAB 

in the pathogenic process of IBD. Another feature of CD frequently associated with PAB in the 

literature is disease onset at early age (11, 31, 32, 42). In relation to therapeutic intervention, PAB have 

been associated with need for surgery (9, 37, 38, 41) and therapy with immune suppressors (36). On 

the other hand, data on a possible association with biologic therapies is poor, except for one paper 

reporting a negative association (39). We showed PAB to be associated with deep mucosal lesions 

and colonic localization as well as a possible association with early introduction of biologic therapies. 

At our knowledge, deep mucosal lesions have not yet been associated with PAB. However, frequently 

reported associations with stricturing or penetrating behavior are in line with our findings, as deep 

mucosal lesions may precede stricture and penetrating disease. Of note, this is the first study 

reporting a strong correlation between PAB positivity and colonic localization in CD. As the majority 

of patients with colonic involvement were also affected by terminal ileal disease, probably the colonic 

extension is due more to the intensity of the histological damage than to a pathological process typical 

of the colon. Moreover, previously conducted studies suggested terminal ileum as a potential 

localization of disease activity where PAB, in particular GP2, can play a role in the pathogenic process 

of CD (30). Although our report is the first to identify the presence of PAB as a possible risk factor for 

the need of early introduction of biologic agents, several features of severe CD were already 

recognized as risk factors for biologic therapies, which is in line with our findings.  

The ideal diagnostic test has been defined as one never being positive in a control group and 

never negative in patients affected by a certain disease (44). Power et al. suggested that, for a test to 

be considered useful, the sum of sensitivity and specificity must exceed 1.5, ideally reaching 2.0 (45). 

We assessed the diagnostic accuracy of the mosaic assay comprising multiple biomarkers in 

differentiating CD and UC. Among all the markers tested, only ASCA reached a sum of sensitivity 

and specificity of 1.5. This was expected as ASCA have been previously well-recognized as a valuable 

diagnostic tool in CD (46). However, when addressing the possible role of PAB in differentiating CD 

versus UC, apart from low sensitivity (24%), we identified 100% specificity and high PPV. We should 

point out that these data refer to the combined use of CUZD1 and GP2, as our analysis found them 

to perform better than each one alone. Two recently published meta-analyses summarized data on 

diagnostic performances of GP2 in CD. Deng et al. reported that the combination of IgA and/or IgG 

GP2 antibodies have an overall sensitivity of 24% and a specificity of 96% (47). Gkiouras et al. 

reported pooled sensitivity of 20% and a median specificity of 97% (48). Diagnostic tests with low 

sensitivity and high specificity represent ideal screening tools. Therefore, PAB can be a suitable 

biomarker for CD in patients with suspected IBD or IBD related symptoms, especially in cases where 

endoscopy and histopathology remain with inconclusive results. Finally, our study also 

demonstrated an important advantage when testing PAB and ASCA together, as combined testing 

performed better than ASCA alone. Nevertheless, high quality double-blind cohort studies including 

consecutive patients with suspected CD are needed to provide more evidence on these findings. 

According to the European Crohn and Colitis Organization, serological testing is currently not 

recommended for diagnosis of CD or UC (49), but they are routinely investigated in the current 
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practice, since IBD-like symptoms are very frequent in the general population and serological tests 

together with fecal calprotectin are very effective at excluding a diagnosis of IBD. In contrast, they 

may not be sufficient to differentiate the hybrid forms involving the colon and in these cases the PAB 

appear to have a very promising role. The opportunity to tests these new biomarkers with commercial 

methods easily performed in the Laboratory is an essential step to improve the serological diagnostics 

of IBD. 

As regards the other antibodies which are included in the mosaic herein tested, our findings on 

sensitivity and specificity of GAB and anti-LFC in UC patients are in line with previously reported 

data (50). Of note, GAB positive UC patients were more prevalent among patients enrolled in 

Belgrade, which are those less treated with biological agents. One possible explanation for this 

difference may be that biological agents would have reduced GAB expression in the other series. But 

this hypothesis must be confirmed in larger studies focused on UC. 

The possibility to test simultaneously all these antibodies appears of great interest especially in 

the early phase of the diagnostic process, as may offer the most complete analysis of all the available 

biomarkers for IBD at the moment. 

Our study has some limitations. We performed a multicenter study in order to obtain in a limited 

time a sufficient number of cases, but any lack of significant association could also be explained by 

insufficient statistical power. The features of patients recruited in the three centers were different, but 

these differences eventually led to the creation of a large group of patients with a more balanced 

representation of the different phenotypic expressions of the two diseases, something that the 

collection of patients in one center during the same period of time would not have allowed. Since in 

this study we recruited not only newly diagnosed patients but also those seen during the follow-up 

and already under treatment with biologic agents, we may have reduced the sensitivity of PAB and 

GAB and their potential impact on the early diagnosis of CD and UC. However, the percentage of 

PAB positive patients was in line with previous studies. Only a study focused on early diagnosis will 

clarify if PAB and GAB are more present in this setting. On the other hand, the additional value of 

our findings is represented by the collaboration among international gastroenterologists that has 

contributed to the dissemination of the knowledge of these new IBD markers and of the current 

possibility to test them all together by an available laboratory method.  

In conclusion, PAB, either isolated, but more in combination with other new and established 

biomarkers, can be helpful in differential diagnosis of CD, especially in the cases when endoscopy 

and histopathology remain inconclusive. PAB-positive CD patients disclosed more frequently a 

severe phenotype with trend of increased need for biological therapies. However, the clinical 

relevance of our findings needs to be confirmed in larger series and hopefully prospective studies, 

which will be facilitated by the use of this new commercially available method. 
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