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Crohn’s disease (CD) is a chronic intestinal disorder characterized by refractory gastrointestinal ulcerations. Intestinal tuberculosis (ITB) is one common intestinal disease in east Asia. The two diseases share similar clinical manifestations and endoscopic characteristics. Thus, it is difficult to establish a definite diagnosis of CD, CD concomitant with ITB (CD-ITB), and ITB in practice. Some enterogeneous microbiotic markers have been applied to differentiate CD and ITB, but it remains unknown how they work for the three groups of patients. The aim of our study was to explore the diagnostic values of these enterogeneous microbiotic markers (ASCA IgG, ASCA IgA, ACCA, Anti-I2 and AMCA) among CD, CD-ITB, and ITB patients. A total of 124 individuals were retrospectively enrolled in this study, namely, 103 CD patients, 10 CD-ITB patients, 9 ITB patients, and 68 healthy controls. The demographic and clinical characteristics of these patients were collected and analyzed. The values of these individual or combined enterogeneous microbiotic markers in diagnosis and classification were assessed in CD, CD-ITB, and ITB patients. ASCA IgG, ASCA IgA, and AMCA could accurately differentiate CD patients from healthy controls with an area under curve (AUC) of 0.688, 0.601, and 0.638, respectively. ASCA IgG was significantly higher in CD patients than in CD-ITB patients (P = 0.0003). The Anti-I2 antibody was appropriate for distinguishing CD-ITB from ITB patients (P = 0.039). In CD patients, ASCA IgG was higher in severe patients than in mild (P <0.0001) and inactive patients (P <0.0001), respectively. AMCA was significantly elevated in severe and moderate patients compared to inactive patients (P = 0.001, P = 0.003, respectively). AMCA was associated with a higher risk of CD-related surgery with a significant P-value of 0.0038. In our cohort, ASCAs and AMCA could accurately distinguish CD from healthy controls with an acceptable AUC. A combination of elevated ASCA IgG and AMCA antibodies established a higher sensitivity in differentiating CD from healthy controls. Elevated ASCA IgG demonstrated a differential diagnostic value between CD and CD-ITB. Anti-I2 could also distinguish CD-ITB from ITB. The level of AMCA was associated with both disease severity and CD-related surgery. Likewise, the level of ASCA IgG was also related to disease severity.




Keywords: Crohn’s disease, enterogeneous microbiotic markers, intestinal tuberculosis, diagnosis, differential diagnosis



Introduction

Crohn’s disease (CD) is a chronic intestinal inflammatory disease with remittent and progressive inflammation (1). Intestinal tuberculosis (ITB) is a second type of chronic intestinal disorder. Both CD and ITB share similar clinical manifestations such as intermittent abdominal pain and diarrhea. In addition, both of them are characterized by gastrointestinal ulcerations. Therapeutic medications such as immunosuppressants, glucocorticoids, or even biologics are recommended for CD, but they are contraindicated in ITB, because these medications can definitely aggravate ITB. Therefore, it is of great importance to make a differential diagnosis between CD and ITB before embarking on treatment.

However, it is a substantial challenge to differentiate CD from ITB in practice. Firstly, CD does not have a golden diagnostic criterium. Its detailed pathogenesis still remains unknown. Recent studies have suggested that CD results from an interaction among genetic susceptibility, commensal microorganism dysbiosis, and dysregulated immune responses (2). Its diagnosis and classification is based on the combination of clinical manifestations, laboratory data, endoscopy characteristics, radiology and histopathology (3). Secondly, ITB is caused by a tuberculous infection. In theory, a definite diagnosis of ITB can be made if the presence of Mycobacterium tuberculosis (TB) is confirmed by Polymerase Chain Reaction (PCR) or fast acid staining. Unfortunately, it is still very difficult or very rare to find TB in biopsies from patients with ITB. Thus, the diagnosis of ITB is still based on a combined evaluation of clinical, endoscopic, histologic, and radiographic findings. Thirdly, more importantly, some patients can be simultaneously affected by both CD and ITB, or affected consecutively, which makes it more difficult to make a precise differential diagnosis between CD, CD-ITB, and ITB.

Endoscopy is a critical tool to detect intestinal lesions such as erosion, ulcerations, fistulous orifices, and stricture in CD and ITB patients. Although it plays a critical role in diagnosis and differential diagnosis, it is invasive, expensive and time-consumption, making patients refuse endoscopy.

Many studies have been undertaken to explore enterogeneous microbiotic markers which can contribute to a valid differential diagnosis. Enterogenous microbiotic markers in the blood are specific serum antibodies activated by luminal antigens such as gut microbiota and food antigens (4, 5). A growing body of evidence has demonstrated that serological surrogates are additional tools for diagnosis and classification. To date, the most promising biomarkers contain anti-Saccharomyces cerevisiae (ASCA, the antibody triggered by the mannan in the cell wall of S. cerevisiae), anti-outer membrane protein C (anti-OmpC, the antibody triggered by the outer membrane porin C transport protein of Escherichia coli), anti-mannobioside carbohydrate IgG antibodies (AMCA), anti-chitobioside carbohydrate IgA (ACCA), anti-laminaribioside carbohydrate IgG antibodies (ALCA), and Anti-I2 antibody (the antibody triggered by Pseudomonas fluorescens component I2) (6–8). Fecal biomarkers, such as calprotectin and lactoferrin have also been used in the diagnosis and classification of diseases (6, 9). These biomarkers have their own specific advantages in distinguishing CD from other types of colitis, predicting disease-related surgery and assessing the risk of disease relapse (10–13). Nevertheless, few studies have estimated the expression levels of these serologic biomarkers in CD-ITB patients. To date, however, a noninvasive gold standard test for the differential diagnosis between CD, CD-ITB, and ITB has not been developed yet.

Hence, it is critical to investigate whether these microbiotic markers could be used in the diagnosis of CD, CD-ITB, and ITB, and whether these biomarkers are associated with disease severity or phenotype. In this study, we aimed to explore the expression levels of ASCA IgG, ASCA IgA, ACCA, Anti-I2, and AMCA in CD, ITB, and CD-ITB patients, and to evaluate the value of these serologic biomarkers in diagnosis, differential diagnosis, prediction of phenotype and assessment of disease severity. Our study found that some specific or a combination of enterogeneous microbiotic markers can contribute to a better differential diagnostic value between CD-ITB and CD, CD-ITB and ITB.



Materials and Methods


Patients and Study Characteristics

A total of 124 patients were retrospectively enrolled in this study, namely, 103 patients with CD, 10 patients with both CD and ITB, 9 patients with ITB and 68 healthy controls from the Department of Gastroenterology of the West China Hospital between January 2015 and February 2019 The diagnosis of CD was based on clinical history and examination, endoscopy, small bowel imaging, radiological image (CT, MRI or ultrasound), blood tests and histological evidences which based on ECCO-ESGAR Guideline (13). The diagnosis for ITB should meet either one of the following criteria: 1) the presence of acid-fast bacilli or caseating granuloma in pathological specimens, 2) the presence of mycobacterial tuberculosis in tissue culture, 3) positive TB DNA-PCR in mucosal biopsies, 4) effective response to anti-tuberculosis treatment (13). The diagnosis of CD-ITB should be content with both CD and ITB criteria. Healthy controls were volunteer individuals with no IBD and no gastrointestinal disorder. Clinical manifestations, physical examinations, and laboratory data were recorded based on the Crohn’s Disease Activity Index (CDAI) criteria. Endoscopy characteristics, radiology image, histopathology and treatment strategies were also systematically recorded in this study. Disease activity was determined by Best CDAI score. CDAI <150 was defined “inactive”, CDAI between 150 and 220 was defined “mild”, CDAI between 220 and 450 was defined “moderate”, CDAI >450 was defined “severe” respectively. Clinical phenotypes of CD patients were determined based on the Montreal Classification (14). This study was reviewed and approved by the ethical committee of the West China Hospital.



Enterogenous Microbiotic Marker Analysis

All the serum samples from patients and healthy controls were stored at −80°C refrigerator in the laboratory until analysis. All serum samples were analyzed by enzyme-linked immunosorbent assay (ELISA).



Statistical Analysis

Statistical analysis was performed with SPSS 22.0 statistical software package and GraphpadPrism 9.0 statistical software package. The Student’s t-test, Mann–Whitney, Kruskal–Wallis, and Logistic regression tests were used as appropriate. Receiver operating characteristic (ROC) curve was analyzed for the definition of the cut-off values and the assessment of the diagnostic accuracy. A P-value <0.05 was considered significant.




Results


Demographic Data and Clinical Characteristics

Overall, 103 CD patients (72 men, median age 28.7 years), 9 ITB (7 men, median age 44.2 years) patients, 10 CD-ITB (5 men, median age 28.9 years) patients and 68 (40 men, median age 31.1 years) healthy controls were retrospectively enrolled in this study. A majority of CD and CD-ITB patients were diagnosed at ages 17–40. In this study, 94 (92.3%) CD patients and all the CD-ITB patients were contented with the criteria for active disease. Of the 103 CD patients, 35(34%) represented ileocolonic lesion, 28 (27.2%) represented colonic lesion, 27 (28.2%) represented small bowel lesions, 8 (7.8%) represented terminal ileal lesion, and 3 (2.9%) represented upper gastrointestinal lesion. Of the 10 CD-ITB patients, 7 (70%) represented ileocolic lesion, 2 (25%) represented colonic lesion, 1 (10%) represented upper gastrointestinal lesion, and 1 (10%) represented small bowel lesions. Of the 9 ITB patients, 7 (77.78%) represented colonic lesion, 1 (11.11%) represented ileocolonic lesion, and 1 (11.11%) represented upper gastrointestinal lesion. According to the Montreal classification, 48 (46.6%) CD patients had a complicated behavior of structuring or penetrating, 28 (27.2%) patients had perianal disease. Almost one third CD-ITB patients had structuring or penetrating disease behavior and half of the patients had perianal disease. Almost half of both CD and CD-ITB patients suffered from surgery in the course of disease. Demographic data and baseline disease characteristics of CD patients, CD-ITB patients, ITB patients, and healthy controls are listed in Tables 1 and 2.


Table 1 | Demographic and main baseline characteristics of CD patients, CD combined ITB and controls.




Table 2 | Demographic and main baseline characteristics of ITB patients.





Serologic Markers Reactivity in CD, ITB, and Control Groups

ROC analysis was utilized to evaluate the diagnostic values of ASCA IgG, ASCA IgA, AMCA, ACCA, and Anti-I2 in CD. For differentiating CD patients from healthy controls, the AUCs were 0.688, 0.601, and 0.638 for ASCA IgG, ASCA IgA, and AMCA respectively. The cut-off parameters of ASCA IgG and AMCA were 24.65 and 80. ASCA IgG performed better than the other 4 biomarkers in distinguishing CD patients from healthy controls (Figure 1A). The combination of ASCA IgG and AMCA improved the diagnostic value with an AUC of 0.72, a sensitivity of 65% and a specificity of 72.1% (Figure 1A). For differentiating CD from ITB, AMCA and Anti-I2 demonstrated the most valuable AUC of 0.712 and 0.691, with the sensitivity of 71.8%and 64.1%, specificity of 77.8 and 77.8%, respectively (Figure 1B). The cut-off parameters of these two antibodies were 45.5 and 0.419.




Figure 1 | (A) Receiver-operating characteristics (ROC) analysis of the discrimination power of ASCA (IgA and IgG), AMCA and ASCA IgG combined with AMCA in patients with CD (n = 103) and healthy control (n = 68); (B) ROC analysis of the discrimination power AMCA and Anti-12 in patients. (C) ROC analysis of the discrimination power of Anti-I2 in patients with CD-ITB (n=10) and ITB (n=9).





Association Between Biomarkers and Disease Severity in CD Patients

We investigated the association between biomarkers and disease severity in CD patients. Based on CDAI scores, 9 (8.7%) CD patients were defined “inactive”, 33 (32%) were defined “mild”, 41 (39.8%) were defined “moderate”, and 20 (19.4%) were defined “severe”. Kruskal–Wallis analysis was performed to assess whether the biomarkers were associated with disease severity. A significant higher proportion of patients with severe disease were ASCA IgG positive patients as compared to mild patients (P <0.0001) and inactive patients (P <0.0001). The same results were also established in moderate patients as compared to mild patients (P <0.0001) and inactive patients (P = 0.002; Figure 2A). However, the level of ASCA IgG showed no difference between severe patients and moderate patients. ASCA IgA antibody only have difference between mild patients and moderate patients (P = 0.031; Figure 2B). AMCA was significantly elevated in severe and moderate patients compared to inactive patients (P = 0.001, P = 0.003; Figure 2C). In contrast, ACCA and Anti-I2 showed no significant differences in disease severity.




Figure 2 | Association between serological markers and the severity during the disease course in CD patients. (A) The titers of ASCA IgG in disease severity *P = 0.002, **P < 0.0001); (B) The titers of ASCA IgG in disease severity (P = 0.031); (C) The titers of AMCA in disease severity (sever vs inactive, P = 0.003; moderate vs inactive, P = 0.001).





Association Between Biomarkers and Disease Phenotype in CD Patients

We further explored the relationship between biomarkers and disease locations. We found that only ASCA IgG was statistically related to an increased risk of terminal ileal and small bowel lesion compared to colonic lesion (P <0.0001; Figure 3A). Unfortunately, we failed to detect significant associations between any other biomarkers and disease locations. With regard to disease behaviors, we also failed to find significant differences in these biomarkers. Besides, we further evaluated the relationship between the biomarkers and the CD-related surgery. Among all the five biomarkers, only AMCA antibody was associated with a higher risk of CD-related surgery with a significant P-value of 0.0038 (Figure 3B).




Figure 3 | Association betweeen serological markers and the disease phenotype during the disease course in CD patients. (A) The titers of ASCA IgG in disease location (*P < 0.05, **P < 0.0001); (B) The titers of AMCA in disease related surgery (P = 0.0038).





Distinguishing CD-ITB From ITB Patients, CD-ITB From CD Patients, CD-ITB Patients From Healthy Controls

We finally investigated the expression levels of these markers in CD-ITB patients. The level of ASCA IgG was significantly higher in CD patients than in CD-ITB patients (P = 0.048, Figure 4A). However, ASCA IgG expressed no difference between CD-ITB and ITB patients, CD and ITB patients. On the contrary, AMCA was notably associated with CD patients compared to ITB patients (P = 0.0341, Figure 4B). The level of AMCA showed no difference between CD and CD-ITB patients, CD-ITB and ITB patients (P = 0.071). For CD-ITB, we found that ASCA IgG antibody was the best serological marker to distinguish CD from CD-ITB patients (AUC = 0.655). In addition, Anti-I2 was the most appropriate biomarkers for distinguishing CD-ITB from ITB patients (Anti-I2, AUC = 0.767; AMCA, AUC = 0.683, Figure 1C). AMCA were also suitable for distinguishing CD-ITB patients from healthy controls with an AUC 0.668. Compared to the ITB patients, Anti-I2 were significantly higher in the CD-ITB patients (P=0.044, Figure 4C).




Figure 4 | Distinguishing CD combined ITB patients from ITB patients, CD patients and healthy controls.(A) The titers of ASCA IgG (CD vs CD-ITB P = 0.0351; CD vs Control P < 0.0001; (B) The titers of AMCA (CD vs ITB, P = 0.0341; CD vs Control, P = 0.00222; CD-ITB vs ITB, P = 0.071;CD-ITB vs Control P = 0.0022); (C) The titers of Anti-I2 (CD-ITB vs ITB, P = 0.044; CD-ITB vs Control, P = 0.0553) *P < 0.05, **P < 0.0001.






Discussion

In this study, we included a unique cohort of 103 CD individuals, 10 CD-ITB individuals, 9 isolated ITB individuals and 68 healthy controls. All five biomarkers (ASCA IgG, ASCA IgA, AMCA, ACCA and Anti-I2) were analyzed. Their diagnostic values were assessed in this well-defined Chinese cohort. We specifically identified a diagnostic role of ASCA IgG, Anti-I2 and AMCA in distinguishing CD from CD-ITB, CD from healthy controls and CD-ITB from ITB patients. In addition, the associations between biomarkers and disease behavior and also disease severity were also investigated.

Based on our results, the levels of ASCA IgG, AMCA, and Anti-I2 had the highest diagnostic value. Our data suggested that ASCA IgG antibody titers were significantly higher in CD patients than in CD-ITB patients and healthy controls. AMCA antibody titers were significantly higher in CD patients than ITB patients and healthy controls. A previous study reported the similar results that both ASCA IgA and IgG antibodies have a high specificity for patients with CD. ASCA was also confirmed to have the highest value of differentiating CD patients from healthy controls according to a meta-analysis including fourteen studies (15). Both ASCA IgA and IgG antibodies were positive in 39–70% of CD patients and 20–25% of healthy relatives (16, 17). Moreover, our study demonstrated that the levels of ASCA IgG and AMCA showed significant differences in the subgroups based on disease severity in the CD patients. According to our search, ASCA IgG and AMCA were significantly higher in both severe and moderate subgroups of patients. Regarding the disease locations, patients with small bowel lesion and terminal ileal lesion had the highest levels of ASCA IgG. AMCA and ACCA exhibited no differences in any of the subgroups based on disease locations. However, a study from Malickova et al. demonstrated that AMCA was related to small intestinal lesion in CD patients (18). Another study suggested that anti-glycan ALCA was significantly associated with an increased risk of colonic or ileocolonic lesion (19). Furthermore, a study of 1,225 IBD patients indicated that in CD patients, both ASCA and AMCA were related to a poor prognosis such as complicated behaviors (strictures or fistulas), ileal involvement, and the necessary for abdominal surgery (20). One study from Kaul et al. indicated that ACCA is the most valuable serological biomarker to be associated with complications. Not only ASCA but also ACCA was related to the need of surgery (19). However, another study has illustrated that a combination of pANCA (perinuclear antineutrophil cytoplasmic antibody, the antibody triggered by granules of neutrophil cytoplasm) and ASCA demonstrated encouraging diagnostic values that estimated a specificity of approximately 90% for CD (21). In addition, Vasiliauskas et al. revealed that CD patients with elevated ASCA and descended pANCA were associated with 100% advanced fibrostenosis, 79% internal penetrating complications and 86% bowel surgery (22). In contrast to those studies, our data indicated that ASCA IgG and ACCA showed no differences in CD-related surgery nor penetrating nor structuring complications. AMCA had the highest association with CD-related surgery. No correlation was found between the level of AMCA and small intestinal lesion in CD. Our study also illustrated that the combination of ASCA IgG and AMCA demonstrated encouraging diagnostic values with a sensitivity of 65% and specificity of 72.1%, which may provide a selectable method to differentiate CD patients from healthy controls. Therefore, ASCA IgG and AMCA could be recommended as a biomarker for some clinical features of CD. After all, our results confirmed the values of ASCA and AMCA in diagnosis, differential diagnosis, prediction of phenotype and assessment of disease severity of CD.

In most cases, the definite diagnosis of CD and its differential diagnosis from ITB could be made based on a combinational analysis of the clinical manifestations, endoscopy characteristics, medical histology, radiology and histopathology results. However, the diagnosis of CD, particularly CD-ITB, can be misled or delayed due to the similar characteristics. It is difficult to make an accurate diagnosis of tuberculosis infection in the intestine through histology or PCR technique due to their high false negative rates. It is even more challengeable to define CD-ITB diagnosis through histopathological features. Almost all of the existing studies have demonstrated that clinical variables, such as clinical symptoms, radiologic parameters and endoscopic characteristics were helpful to differentiate CD from ITB (15, 23–27). Given these challenges, it is crucial to develop some accurate noninvasive diagnostic biomarkers to pinpoint CD-ITB and to differentiate this disorder from other intestinal diseases. The ideal noninvasive diagnostic test must exhibit a high sensitivity and specificity. Unfortunately, although great advances have been made in experimental methods, no biomarker-associated methods have been reported yet to achieve this aim. A large number of studies have assessed ASCA, ACCAs, AMCA, Anti-I2 and pANCA as diagnostic markers in UC, CD and non-IBD patients. Due to the low specificity, these biomarkers showed a limited value in differential diagnosis. A prospective study which enrolled 40 CD patients and 40 ITB patients indicated that positive ASCA IgG and ASCA IgA antibodies were independent markers for differentiating CD from ITB (28). The diagnostic values of these biomarkers have not been studied in CD-ITB patients yet. It should be noted that both ASCA IgG and ASCA IgA were lower in CD-ITB than in CD in our study. More interestingly, the levels of ASCA IgG and ASCA IgA showed no difference between CD-ITB and healthy controls.

Altogether, our study suggests that Anti-I2 antibody could be a sensitive and specific tool to distinguish CD-ITB from CD patients. Compared to the ITB patients, Anti-I2 was significantly higher in the CD-ITB patients. Anti-I2 also displayed a better discriminatory capability over ASCA IgG in differentiating CD-ITB from ITB patients. Furthermore, AMCA showed no difference between CD-ITB and CD patients. AMCA was higher in CD-ITB patients than in ITB patients. Overall, our study suggests that CD-ITB patients might have normal ASCA IgG and ASCA IgA levels and higher AMCA and Anti-I2 levels. AMCA and Anti-I2 in ITB patients showed a trend for being negative.

The present retrospective study clearly highlighted the value of biomarkers in the setting of disease diagnosis between CD, CD-ITB, ITB patients and healthy controls. Nevertheless, our research has some limitations: Firstly, this was a retrospective study. Secondly, some cohorts have a small group of patients, the number of CD-ITB and ITB patients in this study limited the conclusions of the utility of these biomarkers. Finally, a longitudinal prospective study within a large number of patients must be performed to assess those findings.

In conclusion, ASCAs and AMCA could all be used to distinguish CD from healthy controls. A combination of elevated ASCA IgG and AMCA antibodies established a higher sensitivity in differentiating CD from healthy controls. Elevated ASCA IgG demonstrated a differential diagnostic value between CD and CD-ITB. Anti-I2 could also distinguish CD-ITB from ITB. The level of AMCA was associated with both disease severity and CD-related surgery. Likewise, the level of ASCA IgG was also related to disease severity
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Median age at diagnosis 44.22 (23-70)
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Current, n (%) 7 (77.78%)
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Disease location
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Disease behavior
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Penetrating, n (%) 0

Perianal disease, n (%) 0
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Upper gastrointestinal [L4], n (%)
Small bowel, n (%)
Small bowel with lleocolonic, n (%)
Small bowel with Terminal lleal, n (%)
Upper gastrointestinal with lleocolonic, n (%)
Disease behavior
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9 (8.7%)
44 (42.7%)
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