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Abstract
Background  China is a region with a high incidence of tuberculosis, and the incidence of IBD has also been rising 
rapidly in recent years. Differentiating Crohn’s disease(CD) from intestinal tuberculosis (ITB) has become a very 
challenging issue. We aimed to develop and assess a diagnostic nomogram to differentiate between CD and ITB to 
improve the accuracy and practicability of the model.

Methods  A total of 133 patients (CD 90 and ITB 43) were analyzed retrospectively. Univariate and multivariate logistic 
regression analysis was included to determine the independent predictive factors and establish the regression 
equation. On this basis, the nomogram prediction model was constructed. The discrimination, calibration and clinical 
efficiency of the nomogram were assessed using area under the curve(AUC), C-index, calibration curve, decision curve 
analysis (DCA) and clinical impact curve.

Results  T-SPOT positive, cobblestone appearance, comb sign and granuloma were significant predictors in 
differentiating CD from ITB. Base on the above independent predictors, a diagnostic nomogram was successfully 
established. The sensitivity, specificity, accuracy of the prediction model are 94.4%, 93.0%, 94.0% respectively. The AUC 
and the C-index of the prediction model are both 0.988, which suggest that the model had a good discrimination 
power. The calibration curve indicated a high calibration degree of the prediction model. The DCA and clinical impact 
curve indicated a good clinical efficiency of the prediction model which could  bring  clinical  benefits.

Conclusion  A nomogram prediction model for distinguishing CD from ITB was developed and assessed, with high 
discrimination, calibration and clinical efficiency. It can be used as an accurate and convenient diagnostic tool to 
distinguish CD from ITB, facilitating clinical decision-making.
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Introduction
Crohn’s disease(CD) and intestinal tuberculosis (ITB) are 
both chronic granulomatous diseases of the intestine that 
share similar clinical manifestations, endoscopic find-
ings, computed tomographic enterography (CTE) and 
histological features [1, 2]. The natural history and prog-
nosis of CD and ITB are distinct. If early diagnosis and 
treatment are proper, intestinal tuberculosis can be com-
pletely cured. On the contrary, CD is an incurable life-
long disease with alternating recurrence and remission, 
requiring long-term maintenance treatment. As for ther-
apeutic strategies, if ITB is treated with immunosuppres-
sive and biological agents after being misdiagnosed as 
CD, it may lead to tuberculosis spread infection and even 
aggravate patient’s condition. Likewise, if CD patients 
misdiagnosed as ITB, or when it is difficult to distinguish, 
empirical anti-tuberculosis therapy will delay the diagno-
sis and treatment of CD, leading to the aggravation of CD 
patient’s condition, such as intestinal perforation, fistu-
las and other serious complications [2]. Misdiagnosis or 
delayed diagnosis will not only affect the effect of treat-
ment but also increase the medical burden of patients 
and society [3]. Therefore, it is very important to make 
a correct differential diagnosis and take reasonable treat-
ment measures in the early stage.

The “gold standard” for the diagnosis of intestinal 
tuberculosis, including typical granulomas with caseous 
necrosis, positive staining of acid-fast bacilli or positive 
culture of Mycobacterium tuberculosis, has high diagnos-
tic value. However, the positive rate of these gold stan-
dard is low, which limits its value in clinical application. 
According to the literature, the positive rate of granulo-
mas with caseous necrosis, acid-fast bacilli staining and 
Mycobacterium tuberculosis culture is only about 11.1%, 
17.3% and 29.3% respectively [4]. Serological testing anti-
saccharomyces cerevisiae antibody (ASCA) is considered 
as a serological marker of CD and widely used in diag-
nosis and differential diagnosis of inflammatory bowel 
disease [5]. However, the role of ASCA in distinguishing 
CD from ITB is controversial. It has been reported that 
serum tests such as ASCA can not distinguish Crohn’s 
disease from intestinal tuberculosis [6]. In addition, it 
was reported that the rate of misdiagnosis between these 
2 diseases reaches 50–70% [7]. Epidemiological surveys 
in the Asia-Pacific region show that the incidence of 
inflammatory bowel disease is on the rise in Asia, with 
a regional incidence of 1.37 per 100,000 population per 
year in Asia.China has one of the highest incidence of 
IBD in Asia at 3.44 per 100,000 population per year, with 
the incidence of CD at 1.22 per 100,000 population per 
year [8]. According to the World Health Organization 
(WHO) report, China ranks second in the number of 
people with tuberculosis, with an incidence rate of 63.07 
per 100,000 population per year, second only to India, 

indicating that China is still a high burden country for 
tuberculosis [9].Therefore, in China, where tuberculosis 
is prevalent and the incidence of CD is increasing, the 
differential diagnosis of these two diseases has become a 
very challenging problem, which is worthy of attention.

Conventionally, CD and ITB are distinguished based on 
clinical and ileocolonoscopic features, which have great 
limitations due to lack of diagnostic accuracy. There-
fore, if we can integrate the predictive value indicators 
of clinical manifestations, endoscopic findings, CTE and 
histological features of these two diseases, and establish 
a diagnostic prediction model to distinguish CD from 
ITB, it is expected to obtain a diagnostic method with 
high accuracy and clinical maneuverability. Previously, a 
series of studies on establishing prediction model have 
been carried out, but these studies have limitations such 
as small sample size, retrospective study, including only 
parts of examination methods, complex formulas, incon-
venience in clinical use and lack of clinical utility [10–13]. 
Nomograms are widely used as prognostic devices in 
oncology and medicine based on multivariate logistic 
regression. With the ability to generate an individual 
probability of a clinical event by integrating diverse prog-
nostic and determinant variables, nomograms meet our 
desire for biologically and clinically integrated models 
with the great value in clinical practice [14].

Thus, the purpose of this study is to explore the valu-
able diagnostic indices in clinical manifestations, endo-
scopic findings, CTE and histological features between 
CD and ITB. On this basis, develop and assess a nomo-
gram prediction model to differentiate between CD and 
ITB by synthesizing the valuable diagnostic indices, so as 
to improve the accuracy and practicability of the predic-
tion model.

Methods
Patients
Patients with a definite diagnosis of CD or ITB were 
recruited for the study from the department of gastroen-
terology, the Third Affiliated Hospital of Sun Yat-sen Uni-
versity during the period from January 2011 to December 
2020. Exclusion criteria were:(i) previous history of intes-
tinal resection;(ii)definitive treatment including anti-TB 
drugs, immunosuppressive drugs, and chemotherapeu-
tic agents before their referral to the hospital; (iii)being 
younger than 15 years; (iv) The clinical data including 
clinical manifestations, laboratory examination, endo-
scopic appearances, radiological and histopathological 
features are incomplete due to various reasons;(v)diagno-
sis was uncertain or was changed from Crohn’s disease or 
ITB to another disease during follow-up.
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Diagnostic criteria for CD and ITB
The diagnosis of CD was conformed to the European 
Crohn’s and Colitis Organization guidelines, a combina-
tion of clinical evaluation,endoscopic, histological, and 
radiological features and/or biochemical investigations 
[15]. All patients with CD had been followed up for at 
least 1 year in our clinical center.

The diagnosis of Intestinal tuberculosis was based on 
at least one of the following criteria is met:(i) demonstra-
tion of caseating granuloma on histological investigation; 
(ii) positive staining for acid-fast bacilli on smear or on 
histological; (iii) positive culture for acid-fast bacilli on 
tissue; (iv) Strong suspicion of tuberculosis by both clini-
cal and histological characteristics,together with a sensi-
tive response to antituberculous treatment; (v)complete 
clinical recovery with endoscopic mucosal healing after 
6 months or longer standard antituberculosis treatment 
and no recurrence 9–12 months after the initiation of 
antituberculosis therapy in the follow-up [10, 16].

Data collection
Detailed data of the patients regarding demographics 
(age, sex, history of smoking), clinical manifestations 
(abdominal pain, diarrhea, bloody stool, constipation, 
fever, night sweats, ascites, weight loss, abdominal mass, 
intestinal obstruction, perianal lesions, extra-intestinal 
manifestations and pulmonary tuberculosis), labora-
tory examination (T cell spot test), endoscopic findings 
(longitudinal ulcers, transverse ulcers, aphthous ulcers, 
cobblestone appearance, skip lesions, patulous ileocecal 
valve, intestinal stricture, mucosal bridge, scars or pseu-
dopolyps, and location of lesion involvement), CTE fea-
tures ( morphology of involved bowel segments including 
concentric thickening, asymmetrical thickening, skip 
lesions, segmental small-bowel involvement; type of 
enhancement pattern including target sign and homo-
geneous enhancement; mesenteric changes including 
comb sign and mesenteric fibrofatty proliferation; fea-
tures of lymph nodes including central necrosis, calcifica-
tion, greater than 1 cm, inhomogeneous enhancement or 
homogeneous enhancement; Others including peritoneal 
thickening, ascites and fistula and abscess), pathological 
features(chronic active inflammation; abnormal crypt 
structure including crypt branching, budding, distortion, 
atrophy;cryptitis; crypt abscess; granuloma; transmural 
inflammation; fissure-like ulcers and caseous necrosis) 
were documented in all patients. The CTE images were 
independently analyzed by experienced abdominal radi-
ologists who were blinded to clinical, endoscopic, and 
laboratory data. The biopsies were then examined by 
pathologists with special interest in gastroenterology 
blinded about the clinical data and final diagnoses of the 
patients.

Study design
The flow chart of this study is shown in Supplementary 
Fig.  1. The study was constructed in 3 steps as follows: 
step 1, univariate logistic regression analyses were con-
ducted to determine statistically significant parameters 
potentially important in differentiating CD from ITB; 
step 2, parameters with statistical significance (P<0.05) 
were further analyzed by multivariable logistic regression 
(LR method) to further determine the independent pre-
dictive factors and establish a predictive model, displayed 
as nomogram to provide clinician with an intuitive and 
quantitative tool to predict the probability of CD; step 3, 
evaluation and validation of the nomogram prediction 
model. The study was approved by the Institutional Eth-
ics Committee of Third Affiliated Hospital of Sun Yat-Sen 
University (registration number: 02-125-01).

Statistical analysis
Statistical software SPSS 25.0 was used for statistical 
analysis. The t tests were used to compare mean values of 
appropriate parameters in the two groups. Chi-squared 
test or Fisher’s exact probability test with odds ratio was 
used to test the significance of differences in frequency 
of the various parameters between CD and ITB. In addi-
tion, parameters with statistical significance (P<0.05) 
were further analyzed by multivariable logistic regression 
(LR method) to build a predictive model. The nomogram 
is constructed by R software 4.0.2. The discrimination 
performance of the nomogram prediction model was 
evaluated by the area under the receiver-operating char-
acteristic curve (AUROC) and the consistency index 
(C-index). Calibration curves were plotted to assess the 
calibration of the nomogram prediction model. Decision 
curve analysis (DCA) and clinical impact curve was con-
ducted to determine the clinical usefulness of the nomo-
gram. DCA compared the net benefits of each prediction 
model at any threshold probability. The net benefit was 
calculated by subtracting the proportion of all patients 
who are false positive from the proportion of the patients 
who are true positive and by weighing the relative harm 
of forgoing interventions compared with the negative 
consequences of an unnecessary intervention. The nomo-
gram was subjected to bootstrapping validation (1,000 
bootstrap resamples) to calculate a relatively corrected 
C-index. The reported statistical significance levels were 
all 2-sided, with statistical significance set at 0.05.

Results
Demographic features of patients with CD and ITB
A total of 150 patients were screened for the develop-
ment of the prediction model. Of those, 17 patients were 
excluded from analysis: 1 patient with previous history 
of intestinal resection and 16 patients with inadequate 
data collection. Therefore, the remaining 133 patients (90 
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patients with CD and 43 with ITB) were finally enrolled 
and analyzed for the development group. The demo-
graphic features of patients with CD and ITB are sum-
marized in Supplementary Table  1. The male-to-female 
ratio was 69 : 21 in CD and 29 : 14 in ITB (P = 0.258). The 
mean ages ± standard deviation (SD) of patients with CD 
and ITB, respectively, were 31.2 ± 11.8 and 42.7 ± 14.8 
(P < 0.001). There was no statistically significant differ-
ence in gender ratio between the two groups. The age of 
ITB was statistically significantly older than that of CD 
and the proportion of ITB patients with a smoking his-
tory was statistically significantly higher than those of 
CD patients.

Univariate analysis for differentiation of CD and intestinal 
tuberculosis
Clinical and laboratory features
The main presenting symptoms in both CD and ITB 
patients were recurrent abdominal pain, diarrhea and 
weight loss. Diarrhea (CD:64.4% vs. ITB:44.2%, P = 0.027) 
and perianal disease (CD:15.6% vs. ITB:0.0%, P = 0.015) 
were significantly more common in patients with CD 
than in patients with ITB, while ascites (CD:0.0% vs. 
ITB:9.3%, P = 0.010), pulmonary tuberculosis (CD:0.0% 
vs. ITB:60.5%, P < 0.001) and T cell spot test (T-SPOT) 
positive (CD:7.8% vs. ITB:93.0%, P < 0.001) were found 
more often in patients with ITB than in those with CD. 
There were no significant difference between the two 
groups in abdominal pain, hematochezia, constipation, 
fever, night sweats, weight loss, abdominal mass, intesti-
nal obstruction, and extraintestinal manifestations (Sup-
plementary Table 2).

Endoscopic features: types of lesions
The endoscopic findings of longitudinal ulcer (CD: 38.9% 
vs. ITB: 2.3%, P < 0.001), skip lesions(CD: 63.3% vs. ITB: 
14.0%, P < 0.001), cobble stone appearance (CD: 31.1% vs. 
ITB: 4.7%, P = 0.001) were significantly more common in 
patients with CD than in patients with ITB. However, the 
endoscopic findings of transverse (ring-shaped) ulcers 
(CD: 4.4% vs. ITB: 67.4%, P < 0.001) were significantly 
more common in patients with ITB than in patients with 
CD. There was no statistical difference in endoscopic 

findings of aphthous ulcer, patulous ileocecal valve, scars 
or pseudopolyps, luminal stricture and mucosal bridge 
(Supplementary Table 3)(Supplementary Fig. 2).

Endoscopic features: area of involvement
Intestinal ulcers are more common in the right colon in 
both Crohn’s disease and intestinal tuberculosis, espe-
cially in the ileocecum. Involvement in the terminal 
ileum (CD: 72.2% vs. ITB: 51.2%, P = 0.017), transverse 
colon(CD: 44.4% vs. ITB: 23.3%, P = 0.018), descending 
colon(CD: 46.7% vs. ITB: 16.3%, P = 0.001), sigmoid colon 
(CD: 50.0% vs. ITB: 14.0%, P < 0.001) and the rectum (CD: 
40.0% vs. ITB: 7.0%, P < 0.001) was significantly more fre-
quent in patients with CD than ITB. There was no signifi-
cant difference in the involvement of the ileocecal valve, 
cecum and ascending colon in patients with CD and ITB 
(Supplementary Table 3).

Radiological features
The CTE features in the two groups are summarized in 
Supplementary Table 4. Seven parameters, namely asym-
metrical bowel wall thickening, skip lesion, segmental 
small-bowel lesions, target sign, the comb sign, mesen-
tery fibrofatty proliferation and homogeneous enhance-
ment of lymph nodes were significantly more common in 
Crohn’s disease patients. One parameter, namely homo-
geneous enhancement of bowel wall was more frequently 
observed in patients with ITB (Supplementary Fig. 3).

Histological features
The histological features of patients with CD and ITB 
are summarized in Supplementary Table 5. Granulomas 
were found in 37.2% of patients with ITB and in 16.7% 
of patients with CD (P = 0.009) with significant statistical 
difference. Caseous necrosis was seen in 7.0% of patients 
with ITB but in none of the patients with CD (P = 0.032). 
Moreover, the histological findings of crypt abscesses and 
crypt atrophy were not significantly different between the 
groups (Supplementary Fig. 4).

Results of multivariate logistic regression with binary 
outcome (CD vs. ITB)
On multivariate analysis, T-SPOT positive (OR 0.004, 
95%CI 0.000–0.054), cobblestone appearance ( OR 
28.589, 95%CI 1.155–707.746), comb sign (OR 84.397, 
95%CI 4.461–1596.677) and granuloma (OR 0.051, 95% 
CI 0.003–0.859) were found to be significant predictors 
in differentiating CD and ITB (Table 1).

Nomogram construction
The diagnostic equation built for model was Log-
itP = 0.340–5.457 * T-SPOT positive + 3.353 * cobble-
stone appearance + 4.436 * comb sign − 2.967 * granuloma 
based on the basis of multivariable logistic regression, 

Table 1  Independent predictors in differentiating CD and ITB in 
multivariate logical regression analysis
Variable β P OR 95% CI 

(lower)
95% CI 
(upper)

T-SPOT positive -5.457 0.000 0.004 0.000 0.054

Cobblestone 
appearance

3.353 0.041 28.589 1.155 707.746

Comb sign 4.436 0.003 84.397 4.461 1596.677

Granuloma -2.967 0.039 0.051 0.003 0.859

Constant 0.340 0.821 1.405
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and the result was displayed as nomogram shown in 
Fig. 1. In the nomogram, each variable has a correspond-
ing score according to the value, which was read out by 
drawing a line straight upward from each predictor to the 
point axis, and after calculating the total scores of the 4 
variables, the possibility of diagnosing a patient as having 
CD was intuitively demonstrated.

Assessment the performance of nomogram
The ROC curve of the nomogram prediction model was 
analyzed to evaluate the model’s diagnostic effect. The 
area under the curve of model was 0.988, which was 
superior to 0.926 in T-SPOT positive, 0.832 in comb 
sign, 0.632 in cobblestone appearance and 0.603 in 
granuloma, suggesting that the nomogram was superior 
to predict the probability of CD (Fig. 2). The sensitivity, 
specificity, accuracy, positive predictive value and nega-
tive predictive value of the nomogram prediction model 
were 94.4%, 93.0%, 94.0%, 96.6% and 88.9% respectively 
in differentiating CD from ITB(Table 2). The C-index for 
the prediction nomogram was 0.988 for the cohort, and 
was confirmed to be 0.981 through bootstrapping valida-
tion, which suggested the model’s good discrimination. 

The calibration curve was generated in this study, which 
showed that the apparent line and a bias-corrected line 
only slightly deviated from the ideal line, indicating a 
good consistency and a high degree of calibration(Fig. 3). 
Collectively, these findings show that the nomogram pre-
diction model constructed with the above four indicators 
had an accurate predictive value for differential diagnosis 
of Crohn’s disease and intestinal tuberculosis.

Clinical use of the nomogram
The net benefits between the nomogram verses each fac-
tor in predicting the probability of CD were assessed by 
the decision curve analysis for their clinical usefulness. 
In this analysis, nomogram provided a higher net benefit 
than all other factors across all ranges of the threshold 
probability, suggesting that clinical intervention guided 
by this nomogram provided a greater net benefit, this 
means that the nomogram prediction model could effec-
tively guide clinical practice (Fig. 4).

On the basis of the DCA, the clinical impact curve was 
generated to analyze the number of patients classified 
as high risk by this nomogram and the number of true 
positive patients under each risk threshold. As shown 

Fig. 1  Nomogram prediction model to differentiate between Crohn’s disease and Intestinal tuberculosis
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in Fig. 5, the red solid curve represented the number of 
patients classified as CD by this nomogram under each 
risk threshold of 1,000 patients, and the blue dashed 
curve showed the number of true CD patients under each 
risk threshold. As the risk threshold decreased, the differ-
ence between the total number of patients predicted as 
Crohn’s disease by the model and the number of patients 
with true Crohn’s disease gradually expanded, implying a 
gradual increase in false positive rates and leading to an 
increase in the number of patients receiving unnecessary 
treatment. Therefore, to strike a balance between a higher 
net benefit rate and a lower false positive rate, we com-
bined the DCA with the clinical impact curve. The align-
ment showed that when the risk of CD threshold is set at 
0.90, it provides the higher clinical benefit and the lower 
false-positive rate to the entire included population.

Discussion
CD and ITB are both chronic granulomatous diseases of 
the intestine that share similar clinical manifestations, 
endoscopic findings, CTE and histological features [1, 2]. 

In China, where tuberculosis is prevalent and the inci-
dence of CD is increasing, it is important to accurately 
identify these two diseases in a timely and accurate man-
ner. It is very important to make a correct differential 
diagnosis and take reasonable treatment measures in the 
early stage because of the distinct natural history and 
prognosis of these two disease. Thus, there is an urgent 
need to develop a better diagnostic tool to distinguish 
CD from ITB. In this research, we screened demograph-
ics, clinical manifestations, laboratory examination, 
endoscopic findings, CTE and pathological features in 
detail and searched for significant predictors for differ-
entiating CD from ITB by univariate and multivariate 
logistic regression analyses. We found some clinical man-
ifestations, laboratory examination, endoscopic findings, 
CTE and pathological features are helpful to distinguish 
CD from ITB. Among them, T-SPOT positive, cobble-
stone appearance, comb sign and granuloma are the most 
important features to distinguish CD from ITB. Cobble-
stone appearance and comb sign are the independent 
predictors of CD, while T-SPOT positive and granuloma 

Table 2  Independent predictors in differentiating CD and ITB in multivariate logical regression analysis
AUC sensitivity specificity accuracy PPV NPV

Nomogram 0.988 0.944 0.930 0.940 0.966 0.889

T-SPOT positive 0.926 0.922 0.930 0.925 0.965 0.851

Comb sign 0.832 0.967 0.698 0.880 0.870 0.909

Cobblestone appearance 0.632 0.311 0.953 0.519 0.933 0.398

Granuloma 0.603 0.833 0.372 0.684 0.735 0.516
PPV, positive prediction value; NPV, negative prediction value

Fig. 2  The ROC curve and the area under the curve of the nomogram prediction model and independent predictive factors
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are the independent predictors of ITB. On this basis, a 
nomogram prediction model for distinguishing CD from 
ITB was developed and assessment, which has high dis-
crimination, calibration and clinical efficiency. It can be 
used as an accurate and convenient diagnostic tool to 
distinguish Crohn’s disease from intestinal tuberculosis, 
facilitating clinical decision-making.

The principal clinical manifestations of CD and ITB 
are abdominal pain, abdominal mass, and weight loss, 
accounting for more than 70%. However, the difference 
was not statistically significant, indicating that these 
main clinical manifestations lacked specificity in differ-
ential diagnosis. On univariate analysis of variables, diar-
rhea and perianal disease were more common in patients 
with CD, whereas ascites and pulmonary tuberculosis 

were suggestive of ITB, which is consistent with previ-
ous reports [1, 2, 17]. In addition, it is reported that the 
T-SPOT has superior sensitivity and specificity in the 
diagnosis of ITB compared with tuberculin skin test 
because it is not affected by previous Bacille de Calmette 
Guerin (BCG) vaccination and most nontuberculous 
mycobacteria infections [10, 18]. Our results showed that 
the sensitivity and specificity of T-SPOT are 92.2% and 
93.0% in the differential diagnosis of CD and ITB, sug-
gesting a valuable laboratory examination based on its 
high sensitivity and specificity, which is similar to previ-
ous reports [19].

Endoscopy plays an important role in the differen-
tial diagnosis of CD and ITB. The endoscopic features 
favoring CD included longitudinal ulcer, skip lesions 

Fig. 3  The calibration curve of the nomogram prediction model
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and cobble stone appearance, whereas transverse (ring-
shaped) ulcers favored the diagnosis of ITB in our study, 
as previously reported [2, 10, 20]. Our study also illus-
trated that intestinal ulcers are more common in the 
right colon in both Crohn’s disease and intestinal tuber-
culosis, especially in the ileocecum. One explanation is 
that the ileocecal region is commonly involved second-
ary to the high concentration of lymphoid aggregates in 
this area and prolonged contact between the bacilli and 
ileocecal mucosa [21]. Involvement in the terminal ileum, 
transverse colon, descending colon, sigmoid colon and 
the rectum was significantly more frequent in patients 

with CD than ITB, which is also consistent with previous 
studies [12, 22].

Computed tomographic enterography (CTE) are the 
preferred imaging modalities for evaluating and differ-
entiating between patients with CD and ITB [22]. In our 
study, we found that asymmetrical bowel wall thickening, 
skip lesion, segmental small-bowel lesions, target sign, 
the comb sign, mesentery fibrofatty proliferation and 
homogeneous enhancement of lymph nodes were signifi-
cantly more common in Crohn’s disease patients, which 
could provide reference for CD and ITB differentiation, 
as previously reported [3, 23]. Inflammatory stimuli leads 

Fig. 5  The clinical impact curve of the nomogram prediction model

 

Fig. 4  The decision curve analysis of the nomogram prediction model and independent predictive factors
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to the increasing of small blood vessels around the lesion, 
which is shown as “comb sign” on CTE in patients with 
CD. Park et al. pointed out that a positive comb sign was 
the most suggestive finding of CD [24]. Mao et al. found 
that segmental small bowel involvement and comb sign 
were independent predictors of CD. Combining CTE and 
colonoscopic findings increased the accuracy of diagnos-
ing either CD or ITB [3]. Visceral fat is a component of 
mesenteric fat and mesenteric fatty proliferation is one of 
the hallmarks of CD, being recognized as early as 1932 by 
Burril B. Crohn [25]. Fat hypertrophy, fat wrapping, and 
creeping fat have been associated with active CD [22]. 
We also found that mesentery fibrofatty proliferation 
favored the diagnosis of CD in our study.

Pathological features are the key to distinguishing ITB 
from CD. The “gold standard” typical granulomas with 
caseous necrosis for the diagnosis of intestinal tubercu-
losis limits its value in clinical application due to the low 
positive rate. In our study, caseous necrosis was found 
in only 7.0% of ITB patients, which was lower than the 
reported positive rate about 11.1% [4]. Our data pre-
sented in this study demonstrated that compared with 
CD patients, granuloma was more common in ITB 
patients, and the difference was statistically significant, 
which could provide a reference for the differential diag-
nosis. Yu et al. also found that granuloma was more com-
mon in intestinal tuberculosis than in CD. Furthermore, 
night sweats, longitudinal ulcers and granulomas were 
the most important features to differentiate Crohn’s dis-
ease from intestinal tuberculosis on further multivariable 
logistic regression analysis [13]. Tubercular granulomas 
are usually large (> 200 μm), dense, confluent, located in 
submucosa, however granulomas in CD are usually small 
(microgranuloma), discrete, sparse and can be situated 
either in the mucosa or in the submucosa [1, 13, 17]. Sur-
gical specimens may reveal the presence of fissure-like 
ulcers, which are more common in CD and may extend 
till serosa, whereas they are rare in ITB, and if present 
they usually do not extend beyond the submucosa. In our 
study, fissure-like ulcers were found in a small proportion 
of CD patients about 3.3%, which are the limitation in 
clinical practice.

Although many valuable parameters of clinical mani-
festations, endoscopic findings, CTE and histological 
features discussed above help to differentiate between 
CD and ITB, the value of using a single parameter in dis-
tinguishing these two disease is very limited in clinical 
practice due to low sensitivity or specificity. Thus, estab-
lishing diagnostic model with multiple selected valu-
able parameters may be expected to obtain a diagnostic 
method with high accuracy and clinical maneuverability. 
Lee et al. established a diagnostic model base on eight 
colonoscopy parameters and showed a positive predictive 
value for CD as 94.4%, a positive predictive value for ITB 

as 88.9%, and accuracy 95.5% [20]. Li et al. established 
a model based on clinical features and an endoscopic 
model in their study. Both these models had moderate 
sensitivity and specificity of approximately 80% in differ-
entiating CD and ITB [21]. In another study from China, 
two models were established based on clinical and CTE 
features, which showed diagnostic accuracy of 91.0% and 
95.7%, respectively [12]. All above models were estab-
lished based on single or limited examination tools with 
quite different sensitivity, specificity and accuracy and no 
validation was performed.

In a study from India, Makharia et al. established a 
diagnostic model including blood in the stool, weight 
loss, histological focally enhanced colitis, and involve-
ment of the sigmoid colon recruited parameters from 
clinical manifestation, endoscopic findings, and patho-
logic features with 83% sensitivity, 79.2% specificity, and 
81.1% diagnostic accuracy [1]. Yu et al. recruited inde-
pendent predictors for diagnosis of CD and ITB included 
night sweats, longitudinal ulcers, and granulomas as vari-
ables for the predictive model, which had good diagnostic 
accuracy with an AUC of 0.86 [13]. Jung et al. formulated 
a predictive model including age, sex, ring-shaped ulcers, 
suspicion of radiological pulmonary tuberculosis, longi-
tudinal ulcers, diarrhea, and sigmoid colon involvement 
in a Korean population and showed a better performance, 
with a sensitivity of 95.9%, a specificity of 94.9%, and the 
AUC of 0.979 [2]. The above models reported the diag-
nostic yield of differential diagnosis with big variations. 
Besides, most of these models included only one or some 
examination tools and have not evaluated all the features, 
in particular lack of radiological features. Especially, the 
formulae used in these prediction models are compli-
cated and difficult to be applied in clinical practice.

Recently, He et al. establish two models based on 7 dif-
ferential variables: age, transverse ulcer, rectum involve-
ment, skipped involvement of the small bowel, target 
sign, comb sign, and interferongamma release assays 
(for model 1) or purified protein derivative (for model 
2), respectively [16]. Accordingly, two nomograms of the 
above two models were developed for clinical practical 
use respectively and the nomogram 1 with 92.4% speci-
ficity, 95.8% sensitivity, 94.7% accuracy for diagnosing 
CD, and the nomogram 2 with 90.9% specificity, 82.5% 
sensitivity, 82.1% accuracy for diagnosing CD, which can 
be conveniently used to identify some difficult CD or ITB 
cases, allowing for decision-making in a clinical setting. 
However, these models do not include pathological fea-
tures, which has an important role in differentiating CD 
from ITB, and recruit feature (age) which may not be 
applicable to other populations. Furthermore, they do 
not evaluate the calibration and clinical usefulness of the 
models.
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The present study comprehensively screened variables 
with statistical differences from demographics, clini-
cal manifestations, laboratory examination, endoscopic 
findings, CTE and pathological features. Multivariate 
logistic regression analysis showed that T-SPOT positive, 
cobblestone appearance, comb sign and granuloma were 
significant predictors in differentiating CD and ITB. Base 
on the above multivariate analysis, a nomogram predic-
tion model to distinguish CD from ITB was success-
fully established with the higher sensitivity, specificity, 
accuracy of 94.4%, 93.0%, 94.0%, respectively. The high 
C-index as well as the area under the curve showed that 
this prediction model can be widely and accurately used 
to distinguish CD from ITB. And the nomogram showed 
good internal calibration between the actual observa-
tion and the prediction in the derivation cohort. In addi-
tion, the DCA and clinical impact curves were employed 
to determine a clinical decision point that the patients 
could obtain the highest net benefit. Taken together, the 
present nomogram can be used as an accurate and con-
venient diagnostic tool to distinguish CD from ITB, facil-
itating clinical decision-making.

Our study has several strengths. First, this present 
study developed a diagnostic nomogram prediction 
model to differentiate between CD and ITB, with intui-
tive, easy-touse characteristics. Second, screening vari-
ables are more comprehensive, especially the inclusion 
of radiological and pathological features in our study. 
Third, this study employed for the first time the DCA and 
clinical impact curve to evaluate the clinical efficiency of 
diagnostic nomogram. However, there are some short-
comings in our study that this is a single-center study 
with a limited number of patients and we validated our 
model in the same data set due to the limited number of 
patients, so further studies with a larger sample size from 
multiple centers are needed to validate this predictive 
model. Besides, this model may not be applicable in other 
countries and regions, further research conducted among 
other populations is warranted to provide more evidence.

In conclusion, clinical manifestations, laboratory 
examination, endoscopic findings, CTE features and 
histological results are helpful to distinguish CD from 
ITB. T-SPOT positive, cobblestone appearance, comb 
sign and granuloma are the most important features to 
distinguish CD from ITB. On this basis, a nomogram 
prediction model for distinguishing CD from ITB was 
developed and assessed, which has high discrimination, 
calibration and clinical efficiency. It can be used as an 
accurate and convenient diagnostic tool to distinguish 
Crohn’s disease from intestinal tuberculosis, facilitating 
clinical decision-making.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12876-022-02519-z.

Supplementary Material 1.Supplementary Figure 1. The flow chart of this 
study.Supplementary Figure 2 Typical endoscopic features in Crohn?s 
disease and and intestinal tuberculosis.Supplementary Figure 3 Typical 
findings of computed tomographic enterography (CTE) in Crohn?s 
disease.Supplementary Figure 4. Pathological features in Crohn’s disease 
and intestinal tuberculosis.Supplementary Table 1. Comparison of general 
conditions of patients with CD and ITB.Supplementary Table 2. Com-
parison of clinical manifestations and laboratory examination in patients 
with CD and ITB.Supplementary Table 3. Comparison of endoscopic 
features and involved sites in patients with CD and ITB.Supplementary 
Table 4. Comparison of imaging features in patients with CD and 
ITB.Supplementary Table 5. Comparison of pathological features between 
CD and ITB.

Acknowledgements
Not applicable.

Author contributions
Study concept and design: SX Zeng, Y Lin and J Tao. Acquisition of data: JX 
Guo, X Chen, Q Liang and XM Zhai. Analysis and interpretation of data: SX 
Zeng, Y Lin and J Tao. Drafting the manuscript: SX Zeng. Critical revision of the 
manuscript for important intellectual content: SX Zeng, Y Lin and J Tao. All 
authors approved the final version of the manuscript.

Funding
This work was supported by the National Natural Science Foundation for 
Young Scientists of China (81800458).

Data availability
The datasets generated during the current study are not publicly available due 
to confidentiality of human subjects but are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the Declaration of Helsinki and 
approved by the institutional research board of the Third Affiliated Hospital of 
Sun Yat-Sen University(registration number: 02-125-01). Informed consent was 
waived due to the retrospective nature of this study and the fact that patients 
were unidentified by the institutional research board of the Third Affiliated 
Hospital of Sun Yat-Sen University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Conflict of interest
The authors declare that there is no conflict of interests in this study.

Received: 11 December 2021 / Accepted: 26 September 2022

References
1.	 Makharia GK, Srivastava S, Das P, et al. Clinical, Endoscopic, and Histological 

Differentiations Between Crohnʼs Disease and Intestinal Tuberculosis[J]. Am J 
Gastroenterol. 2010;105(3):642–51.

2.	 Jung Y, Hwangbo Y, Yoon SM, et al. Predictive Factors for Differentiating 
Between Crohn’s Disease and Intestinal Tuberculosis in Koreans[J]. Am J 
Gastroenterol. 2016;111(8):1156–64.

http://dx.doi.org/10.1186/s12876-022-02519-z
http://dx.doi.org/10.1186/s12876-022-02519-z


Page 11 of 11Zeng et al. BMC Gastroenterology          (2022) 22:461 

3.	 Mao R, Liao W, He Y, et al. Computed tomographic enterography adds value 
to colonoscopy in differentiating Crohn’s disease from intestinal tuberculosis: 
a potential diagnostic algorithm[J]. Endoscopy. 2015;47(04):322–9.

4.	 Lee YJ, Yang SK, Myung SJ, et al. [The usefulness of colonoscopic biopsy in 
the diagnosis of intestinal tuberculosis and pattern of concomitant extra-
intestinal tuberculosis][J]. Korean J Gastroenterol. 2004;44(3):153–9.

5.	 Peeters M, Joossens S, Vermeire S, et al. Diagnostic value of anti-Saccharomy-
ces cerevisiae and antineutrophil cytoplasmic autoantibodies in inflamma-
tory bowel disease[J]. Am J Gastroenterol. 2001;96(3):730–4.

6.	 Ghoshal UC, Ghoshal U, Singh H, et al. Anti-Saccharomyces cerevisiae 
antibody is not useful to differentiate betweenCrohn′s disease and intestinal 
tuberculosis in India[J]. J Postgrad Med. 2007;53(3):166.

7.	 Ng SC, Hirai HW, Tsoi KKF, et al. Systematic review with meta-analysis: Accu-
racy of interferon-gamma releasing assay and anti-Saccharomyces cerevisiae 
antibody in differentiating intestinal tuberculosis from Crohn’s disease in 
Asians[J]. J Gastroenterol Hepatol. 2014;29(9):1664–70.

8.	 Ng SC, Tang W, Ching JY, et al. Incidence and Phenotype of Inflammatory 
Bowel Disease Based on Results From the Asia-Pacific Crohn’s and Colitis 
Epidemiology Study[J]. Gastroenterology. 2013;145(1):158–65.

9.	 Jeremiah C, Petersen E, Nantanda R, et al. The WHO Global Tuberculosis 2021 
Report – not so good news and turning the tide back to End TB[J]. Interna-
tional Journal of Infectious Diseases; 2022.

10.	 Wu X, Huang H, Hou H, et al. Diagnostic Performance of a 5-Marker Predictive 
Model for Differential Diagnosis Between Intestinal Tuberculosis and Crohn’s 
Disease[J]. Inflamm Bowel Dis. 2018;24(11):2452–60.

11.	 Bae JH, Park SH, Ye BD, et al. Development and Validation of a Novel Predic-
tion Model for Differential Diagnosis Between Crohn’s Disease and Intestinal 
Tuberculosis[J]. Inflamm Bowel Dis. 2017;23(9):1614–23.

12.	 Zhao X, Wang Z, Wu Z, et al. Differentiation of Crohnʼs Disease from Intestinal 
Tuberculosis by Clinical and CT Enterographic Models[J]. Inflamm Bowel Dis. 
2014;20(5):916–25.

13.	 Yu H, Liu Y, Wang Y, et al. Clinical, endoscopic and histological differentia-
tions between Crohn’s disease and intestinal tuberculosis[J]. Digestion. 
2012;85(3):202–9.

14.	 Balachandran VP, Gonen M, Smith JJ, et al. Nomograms in oncology: more 
than meets the eye[J]. Lancet Oncol. 2015;16(4):e173–80.

15.	 Gomollón F, Dignass A, Annese V, et al. 3rd European Evidence-based Con-
sensus on the Diagnosis and Management of Crohn’s Disease 2016: Part 1: 
Diagnosis and Medical Management[J]. J Crohn’s Colitis. 2016;11(1):3–25.

16.	 He Y, Zhu Z, Chen Y, et al. Development and Validation of a Novel Diagnostic 
Nomogram to Differentiate Between Intestinal Tuberculosis and Crohn’s 
Disease: A 6-year Prospective Multicenter Study[J]. Am J Gastroenterol. 
2019;114(3):490–9.

17.	 Limsrivilai J, Shreiner AB, Pongpaibul A, et al. Meta-Analytic Bayesian Model 
For Differentiating Intestinal Tuberculosis from Crohnʼs Disease[J]. Am J 
Gastroenterol. 2017;112(3):415–27.

18.	 Ferrara G, Losi M, D’Amico R, et al. Use in routine clinical practice of two 
commercial blood tests for diagnosis of infection with Mycobacterium tuber-
culosis: a prospective study[J]. The Lancet. 2006;367(9519):1328–34.

19.	 Lei Y, Yi FM, Zhao J, et al. Utility ofin vitro interferon-γ release assay in differ-
ential diagnosis between intestinal tuberculosis and Crohn’s disease[J]. J Dig 
Dis. 2013;14(2):68–75.

20.	 Lee Y, Yang SK, Byeon JS, et al. Analysis of Colonoscopic Findings in the Dif-
ferential Diagnosis Between Intestinal Tuberculosis and Crohn’s Disease[J]. 
Endoscopy. 2006;38(6):592–7.

21.	 Li X, Liu X, Zou Y, et al. Predictors of Clinical and Endoscopic Findings in 
Differentiating Crohn’s Disease from Intestinal Tuberculosis[J]. Dig Dis Sci. 
2011;56(1):188–96.

22.	 Kedia S, Das P, Madhusudhan KS, et al. Differentiating Crohn’s disease from 
intestinal tuberculosis[J]. World J Gastroenterol. 2019;25(4):418–32.

23.	 Colombel JF, Solem CA, Sandborn WJ, et al. Quantitative measurement and 
visual assessment of ileal Crohn’s disease activity by computed tomography 
enterography: correlation with endoscopic severity and C reactive protein[J]. 
Gut. 2006;55(11):1561–7.

24.	 Park YH, Chung WS, Lim JS, et al. Diagnostic role of computed tomographic 
enterography differentiating crohn disease from intestinal tuberculosis[J]. J 
Comput Assist Tomogr. 2013;37(5):834–9.

25.	 Crohn BB. Landmark article, Oct 15, 1932. Regional ileitis. A pathologi-
cal and clinical entity. By Burril B. Crohn, Leon Ginzburg, and Gordon D. 
Oppenheimer[J]. JAMA: The Journal of the American Medical Association, 
1984,251(1):73–79.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Differential diagnosis of Crohn’s disease and intestinal tuberculosis: development and assessment of a nomogram prediction model
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Diagnostic criteria for CD and ITB
	﻿Data collection
	﻿Study design
	﻿Statistical analysis

	﻿Results
	﻿Demographic features of patients with CD and ITB
	﻿Univariate analysis for differentiation of CD and intestinal tuberculosis
	﻿Clinical and laboratory features


	﻿Endoscopic features: types of lesions
	﻿Endoscopic features: area of involvement
	﻿Radiological features
	﻿Histological features
	﻿Results of multivariate logistic regression with binary outcome (CD vs. ITB)
	﻿Nomogram construction
	﻿Assessment the performance of nomogram
	﻿Clinical use of the nomogram
	﻿Discussion
	﻿References


