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Abstract
Background

Crohn's disease (CD) and intestinal tuberculosis (ITB) have overlapping clinical, endoscopic, radiologic,
and histopathologic features, complicating diagnosis when confirmatory microbiologic or characteristic
histopathologic evidence is unavailable. We developed a practical prediction model using routinely
available diagnostic information.

Methods

A multivariable logistic regression model was developed in 132 complete cases (82 with CD and 50 with
ITB) and evaluated using a fixed formula and cutoff in a same-center temporal validation cohort (n=117)
and an independent external validation cohort (n = 65). Discrimination, calibration, and classification
performance were assessed.

Results

The final model included age at symptom onset, interferon-gamma release assay, and the numbers of
endoscopic features supporting CD and ITB. The AUC was 0.970 (95% Cl, 0.947-0.994) in development,
0.9994 (95% CI, 0.9980-1.0000) in temporal validation, and 0.9995 (95% Cl, 0.9981-1.0000) in external
validation. Accuracy was 97.4% and 95.4% in the two validation cohorts, respectively. The model
generally underestimated ITB probability.

Conclusions

The concise model combining age at symptom onset, IGRA, and structured endoscopic features showed
promising discrimination and classification performance in the validation cohorts and may assist CD-ITB
differentiation. Prospective multicenter studies should evaluate calibration, clinical utility, and
generalizability.

Key Message

« What is already known? Crohn’s disease (CD) and intestinal tuberculosis (ITB) share overlapping
clinical and endoscopic features, making accurate differentiation challenging in routine practice.

* What is new here? A concise model combining age, IGRA, and structured endoscopic features showed
high discrimination in same-center temporal and independent external validation.
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* How can this study help patient care? This model may provide a practical adjunct to support the
differentiation of CD from ITB and facilitate more informed diagnostic decision-making.

Introduction

Crohn's disease (CD) and intestinal tuberculosis (ITB) may both present with chronic granulomatous
intestinal inflammation and show substantial overlap in clinical symptoms and endoscopic, radiologic,
and histopathologic findings. The burden of inflammatory bowel disease, particularly CD, continues to
increase in Asia, while Asia remains a region with substantial epidemiological overlap between
inflammatory bowel disease and tuberculosis, resulting in persistent epidemiologic overlap between the
two diseases [1-5]. A long-term Korean cohort reported that 17.9% of patients with CD had initially been
diagnosed with ITB and that 10.8% of patients with ITB had initially been diagnosed with CD [6]. Because
the treatment pathways differ substantially, misdiagnosis may result in unnecessary antituberculosis
therapy, delayed appropriate treatment for CD, or tuberculosis progression after corticosteroids,
immunosuppressants, or biologic agents are administered to patients with unrecognized ITB [2, 6].
Reliable differentiation before the initiation of disease-specific treatment is therefore clinically important.

Differentiation between CD and ITB generally requires integration of evidence from multiple sources. The
eight endoscopic features proposed by Lee et al. provide a basis for structured assessment [7], but the
discriminatory value of endoscopic features alone may be limited in patients with early or mild disease
and when lesions extend beyond the reach of colonoscopy. Routine markers such as complete blood
count parameters, C-reactive protein, and erythrocyte sedimentation rate reflect systemic inflammation,
but abnormalities occur in both diseases and lack specificity. Positive tuberculosis-related immunologic
or microbiologic test results increase the likelihood of ITB; however, paucibacillary disease, sampling
error, and the inability of some immunologic tests to distinguish latent infection from active disease
mean that negative results do not exclude ITB [1-2, 8-9]. Imaging and histopathology can provide
extramural and histologic clues, respectively, but their diagnostic performance remains limited by
examination quality, reader expertise, and sensitivity. No single source of evidence is therefore sufficient
for reliable differentiation, and findings from multiple domains must be interpreted together. Previous
research has progressed from individual features and endoscopic scores to prediction models that
integrate multidimensional information [10-23]. Candidate biomarkers, including serum proteins, anti-
Saccharomyces cerevisiae antibodies (ASCA), immune-cell subsets, and microRNAs, have also been
investigated [24-27].

Existing models support the value of multidimensional integration, but they differ considerably in the
number of predictors, model structure, and validation strategy. A multicenter Asian validation study
further showed that the high AUC and classification performance observed at the original cutoff in a
development cohort may not be fully reproduced at a new center [17]. We therefore aimed to integrate
diagnostic indicators into a parsimonious, easy-to-calculate model for differentiating CD from ITB and to
evaluate the model through same-center temporal validation and independent external validation. We
also compared the model with IGRA and the Lee endoscopic score, analyzed misclassified cases, and
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performed independent repeat interpretation of endoscopic images to further assess the model's
classification characteristics and practical implementation considerations.

Materials and Methods
Study Design and Participants

The study comprised retrospective model development, bootstrap resampling to assess coefficient
stability, same-center temporal validation, and independent external validation. Clinical data were
retrospectively collected from patients with a final diagnosis of CD or ITB at Shenzhen Third People's
Hospital between January 1, 2018, and December 31, 2024. The same-center temporal validation cohort
continuously included patients from the same hospital between January 1, 2025, and June 30, 2026.The
independent external validation cohort included patients with CD or ITB identified at Shenzhen Second
People's Hospital between January 1, 2022, and June 30, 2026. All data were coded and de-identified
after extraction.

The size of the development cohort was determined by the number of eligible patients available during
the study period. A total of 345 patients with suspected CD or ITB were initially identified during model
development. After eligibility assessment and exclusion of patients with incomplete clinical data or other
reasons for ineligibility, 132 patients were included in model development, comprising 82 with CD and 50
with ITB. For same-center temporal validation, 172 patients with CD and 169 with ITB were initially
identified; after screening, 56 patients with CD and 61 with ITB were included. At the independent
external validation center, 163 patients with CD and 59 with ITB were initially identified, and 40 patients
with CD and 25 with ITB were ultimately included. The screening process for all three cohorts is shown in
Supplementary Fig. 1, Supplementary Data Content 1, which details participant screening and
exclusions.

Reference Diagnosis, Inclusion Criteria, and Exclusion Criteria

Diagnostic Criteria

No single diagnostic gold standard is available for CD. In accordance with the ECCO-ESGAR guideline
and its updated recommendations for the diagnosis of inflammatory bowel disease [28-29], the
reference diagnosis integrated the clinical course, laboratory findings, ileocolonoscopic and biopsy
histopathologic findings, imaging findings, treatment response, and follow-up data. For typical cases that
clearly met guideline-based criteria, the final diagnosis and treatment plan were jointly determined by the
treating gastroenterologist and a senior gastroenterologist. Atypical or diagnostically difficult cases were
reviewed at a department conference or multidisciplinary consultation.

ITB was classified as microbiologically or histopathologically confirmed when at least one of the
following was present: (1) positive acid-fast bacillus staining of lesion tissue or a relevant specimen; (2)
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positive culture of Mycobacterium tuberculosis from tissue; (3) a positive Xpert MTB/RIF, Xpert MTB/RIF
Ultra, or other nucleic acid test for M. tuberculosis in intestinal or other involved tissue; or (4)
histopathologic evidence of typical caseating necrotizing granulomas. In the absence of these
confirmatory findings, a clinical diagnosis of ITB required improvement in clinical symptoms after
standard antituberculosis therapy, improvement of endoscopic lesions on repeat examination, and no
evidence of relapse or progression during 9-12 months of follow-up after treatment [2-3, 30].

CD was classified as pathologically supported when typical histopathologic findings, noncaseating
granulomas, or surgical pathology supported the diagnosis. Otherwise, a clinically adjudicated diagnosis
of CD was based on the composite framework above, including exclusion of ITB, improvement after CD-
directed treatment, and no new evidence supporting ITB or another disease during follow-up. Patients in
both disease groups received disease-specific treatment and were generally reassessed with laboratory,
endoscopic, or other objective examinations after 3—6 months to evaluate early treatment response [2-
3,23, 29].

Inclusion Criteria

Patients were required to meet all of the following criteria: (1) a final diagnosis of CD or ITB according to
the reference-diagnosis criteria above; (2) availability of the pretreatment clinical data and model
predictors required for the study, including age at symptom onset, IGRA, and endoscopic features; (3)
completion of colonoscopy before the initiation of antituberculosis therapy, corticosteroids,
immunosuppressants, biologic agents, or other treatments that could alter examination findings.

Exclusion Criteria

Patients meeting any of the following criteria were excluded: (1) inability to establish a final diagnosis of
either CD or ITB, or coexistence of CD and ITB; (2) receipt of standard antituberculosis therapy,
corticosteroids, immunosuppressants, or biologic agents for 1 consecutive week or longer before
examination; (3) absence of the pretreatment baseline data required for the study; (4) a history of
intestinal resection or another surgical procedure that could alter the endoscopic phenotype.

Candidate Predictors

Candidate variables included demographic characteristics, routine laboratory tests and tuberculosis-
related tests, endoscopic features, and histopathologic findings.

Demographic variables included sex and age at symptom onset. Age at symptom onset was defined as
the patient's age when symptoms attributable to the disease first appeared, determined retrospectively
from the medical history documented at the time of the initial diagnosis.
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Laboratory data were collected according to their availability during the initial diagnostic evaluation and
mainly included serum biochemical measurements, tuberculosis-related tests, and other tests used in
the differential diagnosis. Tuberculosis-related candidate predictors included the interferon-gamma
release assay (IGRA), acid-fast bacillus smear microscopy, M. tuberculosis culture, Xpert MTB/RIF, M.
tuberculosis PCR, and other nucleic acid tests for M. tuberculosis.

Endoscopic features were coded in a structured manner according to the eight colonoscopic features
proposed by Lee et al. for differentiating CD from ITB [7]. Disease extent was recorded across six
intestinal segments: the ileocecal region, ascending colon, transverse colon, descending colon, sigmoid
colon, and rectum. Lesions involving the ileocecal valve were assigned to the ileocecal region. Features
supporting CD included anorectal lesions, longitudinal ulcers, aphthous ulcers, and a cobblestone
appearance. Features supporting ITB included involvement of fewer than four intestinal segments,
transverse or circumferential ulcers, scars or pseudopolyps, and a patulous ileocecal valve. Each feature
was coded as 1 if present and 0 if absent, and the total numbers of features supporting CD and ITB were
calculated separately.

To assess the reproducibility of the endoscopic features, 32 cases with complete endoscopic images
were selected using a random number generator, including 18 from Shenzhen Third People's Hospital
and 14 from Shenzhen Second People's Hospital. A second endoscopist, blinded to the patients' final
diagnoses, independently reassessed all eight endoscopic features. Case-level complete agreement,
item-level agreement, and Cohen's kappa for each feature were calculated. The second endoscopist's
assessments were then entered into the fixed formula to compare individual classifications before and
after reassessment.

Model Development and Validation

During model development, demographic characteristics, tuberculosis-related laboratory tests, the eight
endoscopic features, the Lee endoscopic score, and histopathologic findings were compared between
patients with CD and ITB, with ITB coded as 1 and CD as 0. Candidate predictors were evaluated
according to previous evidence, clinical plausibility, univariable associations, data availability, and
feasibility of implementation. Multivariable logistic regression models were fitted using different
combinations of candidate predictors, and their discrimination was compared. Predictor selection also
considered clinical feasibility and model simplicity to avoid unnecessary predictors.

Model equation: Y = - 5.603 + 0.070X, - 2.520X, + 1.163X; + 3.955X,; P(ITB) = 1/[1 + exp(- Y)I.

In this equation, X, is age at symptom onset; X, is the number of endoscopic features supporting CD,
with 1 point added for each feature present; X, is the number of endoscopic features supporting ITB,
with 1 point added for each feature present; and X, is the IGRA result, coded as 1 for positive and 0 for
negative. The regression coefficient, standard error, odds ratio (OR), and 95% confidence interval (Cl) for
each predictor are shown in Table 2.
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During validation, P(ITB) > 0.359 was classified as ITB and P(ITB) < 0.359 as CD. For each patient, age at
symptom onset, IGRA, and the eight endoscopic features were entered into the development formula. All
117 patients in the same-center temporal validation cohort and all 65 patients in the independent
external validation cohort were included in baseline comparisons, ROC analysis, classification at the
fixed cutoff, calibration assessment, Brier score calculation, and comparisons with individual indicators.
Regression coefficients were not re-estimated, variables were not reselected, and the cutoff was not
modified during validation.

Statistical Analysis

Continuous variables were summarized as medians (interquartile ranges) and compared using the
Mann-Whitney U test. Categorical variables were presented as counts and percentages [n/N (%)] and
compared using the Pearson chi-square test, continuity-corrected chi-square test, or Fisher's exact test,
as appropriate according to expected cell counts. The outcome was coded as ITB =1 and CD = 0. Exact
95% Cls for proportions were calculated using the Clopper-Pearson method. In the validation cohorts,
discrimination was assessed using receiver operating characteristic (ROC) curves and AUC. AUCs and
their 95% Cls, as well as paired differences between the full model and IGRA, the Lee endoscopic score,
and individual indicators, were assessed using the DeLong method. At the fixed cutoff, sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy were reported with 95% Cls.
Paired classification results from the model and the fixed IGRA rule were compared using the exact
McNemar test. Calibration assessment included the Brier score, observed-to-expected (O/E) ratio,
calibration-in-the-large intercept, calibration slope, and grouped calibration plots. Confidence intervals
were estimated from 2,000 bootstrap resamples stratified by outcome. When complete or near-complete
separation occurred, the calibration slope was reported as not stably estimable. Except for the
prespecified primary model performance measures, all comparisons between indicators were
considered exploratory, and no adjustment for multiple comparisons was performed.

The Hosmer-Lemeshow test was used to assess goodness of fit in the development sample. To assess
coefficient stability, 1,000 bootstrap resamples were generated, and the original regression coefficients
of the final model and bootstrap percentile 95% Cls were reported. This bootstrap procedure did not
repeat predictor selection or estimate optimism-corrected model-level performance. The classification
cutoff was selected in the development cohort using the Youden index, calculated as sensitivity +
specificity - 1.

After model development, the fixed formula, regression coefficients, and original cutoff of 0.359 were
applied to the same-center temporal validation and independent external validation cohorts. Model
predictions were compared with the final diagnoses to evaluate discrimination, calibration, and
classification performance at the fixed cutoff in each validation cohort.

Model development and bootstrap analyses were performed using IBM SPSS Statistics 27.0. Validation
cohort analyses were performed using Python 3.12, SciPy 1.17.0, and scikit-learn 1.8.0. All tests were
two-sided, and P < 0.05 was considered statistically significant.
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Results

Cohort Characteristics

In the development cohort, 63 patients with CD (76.8%) and 28 patients with ITB (56.0%) were male, and
the sex distribution differed significantly between the groups (P = 0.012). The median ages at symptom
onset were 29.5 years (interquartile range, 24.0-37.0) in patients with CD and 40.0 years (interquartile
range, 34.0-51.0) in those with ITB; patients with ITB were older at symptom onset (P < 0.001). IGRA
positivity, involvement of fewer than four intestinal segments, transverse or circumferential ulcers, and
scars or pseudopolyps were more common in ITB, whereas anorectal lesions, longitudinal ulcers, and a
cobblestone appearance were more common in CD (Table 1).
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Table 1

Demographic, Laboratory, Endoscopic, and Histopathologic Characteristics of the Development Cohort

Variable

Patient characteristics

Age at symptom onset, years

Male sex, n (%)
Laboratory tests

Xpert MTB/RIF positive, n (%)
IGRA positive, n (%)
M. tuberculosis nucleic acid test positive, n (%)

Acid-fast bacillus smear positive, n (%)
M. tuberculosis PCR positive, n (%)

M. tuberculosis culture positive, n (%)
Endoscopic features

Longitudinal ulcers, n (%)

Aphthous ulcers, n (%)

Cobblestone appearance, n (%)
Anorectal lesions, n (%)

Transverse/circumferential ulcers, n (%)
Scars or pseudopolyps, n (%)
Patulous ileocecal valve, n (%)

Involvement of fewer than four intestinal segments,
n (%)

Histopathology

Granuloma, n (%)

CcD
(n=82)

29.5 (24.0-
37.0)

63 (76.8)
0/73 (0.0)
11 (13.4)
0/51 (0.0)

0/16 (0.0)
0/1 (0.0)
0/29 (0.0)

17 (20.7)

5(6.1)
16 (19.5)

45 (54.9)

5(6.1)
14 (17.1)
6(7.3)
47 (57.3)

19/78 (24.4)

ITB
(n=50)

40.0 (34.0-
51.0)

28 (56.0)
19/40 (47.5)
40 (80.0)
11/47 (23.4)

5/26 (19.2)
3/9 (33.3)
13 (26.0)

0(0.0)

0 (0.0)
0 (0.0)

6 (12.0)

10 (20.0)
21 (42.0)
8 (16.0)

45 (90.0)

27/46 (58.7)

P
value

<
0.001
0.012

<
0.001
<

0.001

<
0.001
0.138
1.000
0.002

<
0.001
0.156

<
0.001

<
0.001
0.015
0.002
0.116

<
0.001

<
0.001
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Note: Categorical variables are presented as n (%); when data were missing, they are presented as n/N
(%), where N is the number of patients who underwent the corresponding test.

Final Model

Xpert MTB/RIF, M.tuberculosis nucleic acid testing, acid-fast bacillus smear microscopy, M.tuberculosis
PCR, and M.tuberculosis culture were also evaluated as candidate indicators during model development.
Acid-fast bacillus smear microscopy and M. tuberculosis PCR did not differ significantly between the CD
and ITB groups (P = 0.138 and P = 1.000). Although Xpert MTB/RIF, M. tuberculosis nucleic acid testing,
and M. tuberculosis culture differed significantly between the CD and ITB groups (all P < 0.002), adding
them to the candidate models did not further increase the AUC, and they were therefore not retained in
the final model. Among the candidate models, the model comprising age at symptom onset, IGRA, the
number of endoscopic features supporting CD, and the number supporting ITB yielded the highest AUC
and was selected as the final model (Table 2).

For each 1-year increase in age at symptom onset, the odds of ITB increased by 7.3% (OR, 1.073; 95% Cl,
1.005-1.145). A positive IGRA result was associated with an OR of 52.217 (95% Cl, 11.315-240.972).
Each additional endoscopic feature supporting CD was associated with lower odds of ITB (OR, 0.080;
95% Cl, 0.014-0.474), whereas each additional feature supporting ITB was associated with higher odds
of ITB (OR, 3.198; 95% Cl, 1.027-9.960). The AUC of the development model was 0.970 (95% Cl, 0.947-
0.994), and the Hosmer-Lemeshow test yielded P = 0.667. Results from 1,000 bootstrap resamples
showed that the percentile 95% Cls for age at symptom onset, IGRA, and the number of endoscopic
features supporting CD did not cross zero, whereas the interval for the number supporting ITB crossed
zero (-0.350 to 3.217), indicating comparatively limited stability of this coefficient. Because complete or
near-complete separation may have occurred in some resamples, the bootstrap coefficient distributions
were markedly skewed. The results were therefore interpreted primarily using the percentile 95% Cls
(Supplementary Table 1).

Table 2
Results of the Multivariable Logistic Regression Model

Variable B P OR Lower Upper 95%  Standard

value 95% CI Cl error
Age at symptom onset 0.070 0.036 1.073 1.005 1.145 0.033
IGRA positive 3.955 < 52.217 11.315 240.972 0.780

0.001
CD-supporting endoscopic  -2.520 0.005 0.080 0.014 0.474 0.905
feature count
ITB-supporting endoscopic  1.163 0.045 3.198 1.027 9.960 0.580
feature count
Intercept -5.603  0.001 0.004 - - 1.688
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Note: The outcome was coded as ITB =1 and CD = 0. B denotes the unstandardized regression
coefficient; OR, odds ratio; Cl, confidence interval.

Model Performance in the Validation Cohorts

In the same-center temporal validation cohort, patients with ITB were older at symptom onset and more
frequently had a positive IGRA result, transverse or circumferential ulcers, and involvement of fewer than
four intestinal segments. Longitudinal ulcers, aphthous ulcers, a cobblestone appearance, and anorectal
lesions were more common in patients with CD. Patients with CD had more endoscopic features
supporting CD, whereas patients with ITB had more features supporting ITB. A broadly similar pattern
was observed in the independent external validation cohort (Table 3).
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Table 3
Main Characteristics of the Validation Cohorts

Variable Same- Same- P External External P
center center value Ccbh ITB value
CDh ITB

(n=56) (n=61) (n=40)  (n=25)

Age at symptom onset, years 27.5 37 (29- < 25.5 47 (37- <

(24-34)  50) 0.001 55) 0.001
(20.75-
32.25)

Male sex, n/N (%) 45/56 35/61 0.008 31/40 12/25 0.014
(80.4) (57.4) (77.5) (48.0)

IGRA positive, 2/56 59/61 < 5/40 25/25 <
(3.6) (96.7) 0.001 (12.5) (100.0) 0.001

n/N (%)

Longitudinal ulcers, n/N (%) 14/56 2/61 < 9/40 0/25 0.029
(25.0) (3.3) 0.001 (22.5) (0.0

Aphthous ulcers, 35/56 17/61 < 40/40 19/25 0.005
(62.5) (27.9) 0.001  (100.0) (76.0)

n/N (%)

Cobblestone appearance, n/N 11/56 0/61 < 15/40 1/25 0.002

(%) (19.6) (0.0) 0.001 (37.5) (4.0)

Anorectal lesions, 38/56 5/61 < 30/40 1/25 <
(67.9) (8.2) 0.001 (75.0) (4.0 0.001

n/N (%)

Transverse/circumferential 1/56 15/61 < 3/40 9/25 0.011

ulcers, n/N (%) (1.8) (24.6) 0.001 (7.5 (36.0)

Scars or pseudopolyps, 15/56 22/61 0.281 17/40 12/25 0.664
(26.8) (36.1) (42.5) (48.0)

n/N (%)

Patulous ileocecal valve, n/N (%)  1/56 8/61 0.051 0/40 12/25 <
(1.8) (13.1) (0.0) (48.0) 0.001

Involvement of fewer than four 19/56 58/61 < 6/40 22/25 <

intestinal segments, n/N (%) (33.9) (95.1) 0.001 (15.0) (88.0) 0.001

CD-supporting endoscopic 2 (1-3) 0(0-1) < 2 (2-3) 1(1-1) <

feature count 0.001 0.001

ITB-supporting endoscopic 1(0-1) 2(1-2) < 1(0-1) 2 (2-2) <

feature count 0.001 0.001

In the same-center temporal validation cohort of 61 patients with ITB and 56 with CD, the model correctly
classified 58 patients with ITB and all patients with CD. Three patients with ITB were classified as CD,
and no patient with CD was classified as ITB. The AUC was 0.9994 (DeLong 95% Cl, 0.9980-1.0000),
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sensitivity was 95.1% (95% Cl, 86.3%-99.0%), specificity was 100.0% (95% Cl, 93.6%-100.0%), positive
predictive value was 100.0% (95% Cl, 93.8%-100.0%), negative predictive value was 94.9% (95% Cl,
85.9%-98.9%), and accuracy was 97.4% (95% Cl, 92.7%-99.5%).

In the independent external validation cohort, the model correctly classified 22 patients with ITB and all
patients with CD; three patients with ITB were classified as CD. The AUC was 0.9995 (DeLong 95% Cl,
0.9981-1.0000), sensitivity was 88.0% (95% Cl, 68.8%-97.5%), specificity was 100.0% (95% Cl,
91.2%-100.0%), positive predictive value was 100.0% (95% Cl, 84.6%-100.0%), negative predictive value
was 93.0% (95% Cl, 80.9%-98.5%), and accuracy was 95.4% (95% Cl, 87.1%-99.0%) (Table 4 and Fig. 1).

Table 4

Diagnostic Performance of the Model in the Validation Cohorts

Indicator Same-center temporal validation Independent external validation
(n=117) (n=65)

Cohort composition ITB, 61; CD, 56 ITB, 25; CD, 40
AUC (95% ClI) 0.9994 (0.9980-1.0000) 0.9995 (0.9981-1.0000)
Sensitivity (95% Cl) 95.1% (86.3%-99.0%) 88.0% (68.8%-97.5%)
Specificity (95% CI) 100.0% (93.6%-100.0%) 100.0% (91.2%-100.0%)
Positive predictive value ~ 100.0% (93.8%-100.0%) 100.0% (84.6%-100.0%)
(95% Cl)
Negative predictive value  94.9% (85.9%-98.9%) 93.0% (80.9%-98.5%)
(95% Cl)
Accuracy (95% Cl) 97.4% (92.7%-99.5%) 95.4% (87.1%-99.0%)

Note: AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV,
negative predictive value.

Comparison with Individual Indicators

In the same-center temporal validation cohort, the AUCs of the full model, IGRA, the Lee endoscopic
score, age at symptom onset, the number of endoscopic features supporting CD, and the number
supporting ITB were 0.9994, 0.9657, 0.9486, 0.7285, 0.8431, and 0.8293, respectively. The AUC of the full
model was higher than that of IGRA (DeLong P = 0.044) and the Lee endoscopic score (P =0.002). In the
independent external validation cohort, the corresponding AUCs were 0.9995, 0.9375, 0.9875, 0.8870,
0.9370, and 0.9370, respectively. The AUC of the full model was higher than that of IGRA (P = 0.018) but
did not differ significantly from that of the Lee endoscopic score (P = 0.218) (Supplementary Table 3 and

Fig. 1).
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When IGRA positivity was used to classify patients as having ITB, sensitivity, specificity, and accuracy
were 96.7%, 96.4%, and 96.6%, respectively, in the same-center temporal validation cohort and 100.0%,
87.5%, and 92.3%, respectively, in the independent external validation cohort. By comparison, the full
model had a specificity of 100.0% in both cohorts and accuracies of 97.4% and 95.4%, but sensitivities of
95.1% and 88.0%, respectively. Compared with IGRA alone, the full model increased specificity but
reduced sensitivity. Exact McNemar tests comparing paired classifications at the fixed cutoff showed no
significant difference in either cohort (P = 1.000 and P = 0.727). Notably, all seven IGRA-positive patients
with CD across the two cohorts were correctly classified by the model.

Calibration Performance

In the same-center temporal validation cohort, the Brier score was 0.0476 (95% Cl, 0.0297-0.0691), the
calibration-in-the-large intercept was 1.930 (95% Cl, 1.497-2.457), and the calibration slope was 4.009
(95% Cl, 2.721-5.336). In the independent external validation cohort, the Brier score was 0.0424 (95% Cl,
0.0139-0.0779), the calibration-in-the-large intercept was 2.473 (95% Cl, 1.651-3.485), and the slope
could not be stably estimated because of near-complete separation. The positive calibration-in-the-large
intercepts in both cohorts indicated that the original model generally underestimated the probability of
ITB. A high AUC does not necessarily indicate that individual predicted probabilities are adequately
calibrated (Supplementary Fig. 2 and Supplementary Table 2).

Reproducibility of Endoscopic Assessment

Among the 32 cases included in the blinded reassessment, complete agreement at the case level was
78.1% (25/32; 95% Cl, 60.0%-90.7%), item-level agreement was 97.3% (249/256; 95% Cl, 94.4%-98.9%),
and Cohen's kappa values for individual features ranged from 0.671 to 1.000. Entering the second
endoscopist's assessments into the fixed formula changed two classifications from CD to ITB.
Classification accuracy in the reassessment sample was 90.6% (29/32) using the original assessments
and 96.9% (31/32) using the reassessed features.

Discussion

The treatment strategies and disease outcomes of CD and ITB differ substantially, making early and
reliable differentiation directly relevant to treatment selection and patient safety. In difficult cases
without sufficient microbiologic or characteristic histopathologic evidence, a diagnostic trial of
antituberculosis therapy is still sometimes included in the diagnostic process. However, this approach
may cause drug-related adverse events, delay treatment for CD, and yield nonspecific short-term
symptomatic improvement; its value as the sole basis for diagnosis is therefore limited [2-3, 30]. The
difficulty in differentiating CD from ITB does not arise from a lack of potential indicators, but from
overlap and conflict among different sources of evidence. The value of a clinical prediction model
therefore depends not only on overall discrimination but also on its ability to integrate these findings
across different case spectra. Using information routinely available during the initial diagnostic
evaluation, we developed a parsimonious model comprising age at symptom onset, IGRA, and two
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structured endoscopic feature counts. The model maintained high discrimination in both the same-
center temporal and independent external validation cohorts, while providing an interpretable framework
for integrating demographic, immunological, and endoscopic information during clinical evaluation.

Interpretation of the Predictors

Age at symptom onset, IGRA, and endoscopic morphology represent the disease spectrum, evidence of
tuberculosis infection, and the intestinal mucosal phenotype, respectively. Previous Korean and Chinese
multicenter studies both found that patients with ITB were older than those with CD and incorporated
age into their prediction models [11, 14]. An Asian multicenter external validation study also suggested
that age at symptom onset may provide important information for improving the discrimination of basic
models [17]. Although age at symptom onset is not disease-specific, when combined with other
predictors it may alter the prior probability for patients with otherwise similar IGRA and endoscopic
findings.

In addition to IGRA, Xpert MTB/RIF, M. tuberculosis nucleic acid testing, acid-fast bacillus smear
microscopy, M. tuberculosis PCR, and M. tuberculosis culture were examined in the development cohort,
although they were not uniformly available. A positive microbiologic result provides strong support for
ITB, but meta-analyses have reported a pooled sensitivity of only 23% and a specificity of 100% for Xpert
MTB/RIF on intestinal tissue, and a pooled sensitivity of 47% and specificity of 95% for MTB-PCR. Their
principal limitation is therefore low sensitivity, and a negative result does not exclude ITB [2, 8—9]. IGRA
was available for all 132 patients included in the final development analysis and is relatively
standardized and readily available during the initial diagnostic evaluation. A meta-analysis of 11 studies
involving 1,081 Asian participants reported a pooled sensitivity of 81%, specificity of 85%, and AUC of
approximately 0.92 for IGRA in differentiating ITB from CD [31]. In a prospectively and consecutively
enrolled Chinese study, T-SPOT.TB had a sensitivity of 84.2%, specificity of 75.4%, and negative predictive
value of 94.2% [32]. In the present study, the AUCs of IGRA alone were 0.9657 and 0.9375 in the same-
center temporal and independent external validation cohorts, respectively, further supporting its
discriminatory value. However, a study conducted in a high-tuberculosis-burden setting reported a
sensitivity of 40.7%, specificity of 75.5%, and AUC of 0.66 for IGRA [33], indicating that performance may
vary across populations and clinical settings. IGRA reflects the immune response to M. tuberculosis, but
it does not identify the site of infection or reliably distinguish latent infection from active ITB. It should
therefore be interpreted together with other evidence and should not be used alone to confirm or exclude
ITB [31-33].

Endoscopy plays an important role in differentiating CD from ITB. Longitudinal ulcers, aphthous ulcers, a
cobblestone appearance, and anorectal lesions favor CD, whereas transverse or circumferential ulcers,
limited disease extent, scars or pseudopolyps, and a patulous ileocecal valve favor ITB. These patterns
are consistent with the general direction of the Lee endoscopic score and subsequent studies [7, 10-12,
15]. In this study, the numbers of endoscopic features supporting CD and ITB were calculated separately,
and logistic regression was used to estimate the relative weight of each count. This approach retained

Page 15/21



the convenience of structured recording, avoided an indeterminate classification when the two feature
counts were equal, and produced a continuous probability of ITB. The bootstrap interval for the
coefficient of the ITB-supporting feature count crossed zero, indicating that this coefficient requires
further evaluation in a larger sample.

Comparison with Other Diagnostic Models

The discriminatory performance of individual clinical, laboratory, or endoscopic indicators is generally
limited and may vary across case spectra. Combining several important parameters in a multivariable
model can preserve the direction of each source of evidence while producing an individualized
continuous probability [10-17]. Makharia et al. incorporated clinical, endoscopic, and histopathologic
features into a weighted score. Jung et al. subsequently developed a seven-marker model that included
age, symptoms, ulcer morphology, and radiologic evidence of pulmonary tuberculosis. Both models
showed good discriminatory performance in their original studies, but later validation suggested that
performance could decline with changes in the case spectrum and study center [10-11, 17]. Bae et al.
added ASCA, IGRA, proximal small-bowel involvement, and radiologic evidence of pulmonary
tuberculosis to the Lee endoscopic score, increasing diagnostic accuracy in the development cohort
from 81.2% to 96.3% and demonstrating that information from different diagnostic modalities may
complement one another [12]. In a prospective six-center study, He et al. developed a nomogram
incorporating age, IGRA, endoscopic findings, and computed tomography enterography features and
validated it in an independent cohort. However, the model depends to some extent on complete imaging
and specialist interpretation [14]. Lu et al. used a classification and regression tree approach to convert
IGRA, disease extent, and ulcer morphology into an intuitive decision pathway. Zeng et al. developed a
nomogram combining T-SPOT.TB, endoscopic, radiologic, and histopathologic features, but relied mainly
on internal validation and lacked independent external validation [15-16]. Notably, Limsrivilai et al.
externally validated several previous models in the same cohort across five Asian centers and reported
AUROCSs of 0.862 for the Jung model and 0.853 for a clinical-endoscopic model, whereas the AUROC of
the Lee endoscopic score was only 0.713 [17]. Although some studies have performed temporal or
independent-cohort validation, cross-center studies indicate that both AUC and classification
performance at the original cutoff may still decline [12, 14-15, 17].

Together, these studies show that multivariable integration may address some limitations of individual
indicators. However, as the number of predictors increases, a model becomes more dependent on
complete testing, equipment, and specialist interpretation, which may limit its use in settings with
different resources. The present study used four routinely available predictors to construct a
parsimonious and clinically interpretable model and assessed its performance across different time
periods and centers through same-center temporal validation and independent external validation
(Supplementary Table 4).

Misclassification by the Model
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The clinical relevance of a model depends not only on its AUC but also on which patients are
misclassified. These false-negative classifications are clinically important because inappropriate
immunosuppressive treatment in unrecognized ITB may lead to adverse consequences. Across the
validation cohorts, six patients with ITB were classified as having CD. Some IGRA-positive patients with
ITB fell below the cutoff because of a younger age at symptom onset, a greater number of CD-
supporting endoscopic features, or fewer ITB-supporting features. This indicates that the model can
integrate conflicting information but may assign a low probability to patients with atypical ITB. A
predicted probability below the cutoff should therefore not be used as a basis for discontinuing
microbiologic testing for tuberculosis, chest or abdominal imaging, or specialist assessment, or for
initiating immunosuppressive therapy.

Reproducibility of Endoscopic Interpretation

Structured endoscopic features are important model inputs and are also the component most likely to
be influenced by observer experience. Among the 32 cases included in the blinded reassessment
showed high overall item-level agreement, but small differences in feature interpretation moved two
patients across the fixed classification threshold. This finding highlights the need for standardized
definitions, structured endoscopic assessment, and reader training before broader implementation.

Strengths and Limitations

The main strengths of this study include the use of only four commonly available predictors, with an
explicit formula and cutoff. In addition to overall performance, we reported cases misclassified at the
fixed cutoff and conducted a second blinded image review to provide an initial assessment of the
reproducibility of the endoscopic inputs. We also performed same-center temporal validation and
independent external validation, providing preliminary evidence of temporal stability and transportability
across centers.

This study also has several limitations. First, complete-case analysis was used during model
development, which may have introduced selection bias and shifted the case spectrum. Second,
candidate predictors were evaluated in the development cohort, and predictor selection was not
repeated within the bootstrap resamples; overfitting and performance overestimation remain possible
[34]. IGRA and endoscopic findings may have contributed to the final diagnostic assessment while also
serving as model predictors; incorporation bias and review bias therefore cannot be completely
excluded. Third, the validation cohorts consisted of patients with established final diagnoses and may
not represent the full case spectrum of consecutively presenting patients requiring initial differentiation.
The independent external validation cohort was relatively small and derived from a single external center,
and both centers were located in the same region. Future studies should prespecify the sample size for
external validation and assess the model in prospectively and consecutively enrolled multicenter cohorts
across different geographic regions and levels of care.

Conclusions
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We developed a parsimonious model comprising age at symptom onset, IGRA, the number of
endoscopic features supporting CD, and the number supporting ITB. The model showed promising
discrimination and classification performance in the validation cohorts at the fixed cutoff in the same-
center temporal and independent external validation cohorts and correctly classified some cases with
discordant tuberculosis-related test results and endoscopic findings. The model may serve as an
adjunctive stratification tool within a comprehensive diagnostic pathway, supporting decisions regarding
further microbiologic sampling, imaging assessment, specialist consultation, or multidisciplinary
discussion. Its probability calibration, clinical net benefit, and generalizability across regions require
further evaluation in prospectively and consecutively enrolled multicenter cohorts.
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