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Abstract

Background: Intestinal Tuberculosis (ITB) can be difficult to distinguish 
from Crohn’s Disease (CD), especially in resource-limited areas. By combining 
independent risk factors measured at diagnosis, we aimed to construct a visual 
risk matrix model that could predict ITB.

Methods: Treatment naïve patients with ITB (n=38) and CD (n=37) were 
prospectively recruited from routine clinical practice in four Indian medical 
centres between October 2009 and July 2012.Records from case histories, 
clinical examination, endoscopy and histopathology of biopsies were collected 
prior to sampling for faecal- and serum calprotectin and C-reactive protein. 
Patients with malignancy, human immunodeficiency virus infection or age below 
18 years were excluded from the study.

Risk factors associated with ITB and CD diagnoses were identified from 
univariate analysis and entered into multiple models. The probabilities of ITB 
diagnosis were calculated for selected levels of risk factors and the results were 
arranged in a prediction matrix.

Results: Four variables were significantly associated with ITB or CD 
diagnosis and were combined in the final matrix. Predictors of ITB were 
weight loss, mucosal nodularity and faecal calprotectin ≥ 200μg/g; predictors 
of CD were multi-segment involvement and faecal calprotectin < 200μg/g. The 
probability of ITB at diagnosis ranged from 19 to 91% and for CD from 9 to 81%, 
depending of the level of the risk factors.

Conclusion: A visual matrix model in which faecal calprotectin is combined 
with clinical and endoscopic risk factors could become a rapid, easy and point-
of-care tool to differentiate between ITB and CD in clinics with limited resources.

Keywords: Intestinal tuberculosis; Crohn’s disease; Diagnosis; Risk 
factors; Calprotectin

favouring ITB diagnosis are mucosal nodularity, transverse ulcers 
and patolous ileocoecal valve, whereas longitudinal ulcers and multi-
segment involvement are typical of CD. Although granuloma with 
caseous necrosis is pathognomonic of ITB, the majority of patients do 
not present with this feature on histopathology [1-9].

“Gold standard” ITB diagnostics include expensive modalities, 
require highly qualified staff and hence, are not readily available 
in economically deprived TB endemic areas. Thus, as opposed to 
practice in developed countries where laboratory diagnosis of ITB 
can usually be achieved, clinicians in financially challenged countries 
are often left with empiric Antituberculous Chemotherapy (ATT) as 
the only available diagnostic tool [3-12]. Hence, there is a demand 
for new, sensitive, rapid, easy and affordable Point-Of-Care (POC) 
diagnostics.

Faecal Calprotectin (FC) is used as a biomarker in patients 
with CD to monitor relapse of disease and treatment response [13]. 
During the last decade, POC devices for rapid FC measurements 
have been developed [14]. These are easy to perform, less costly 
and less personnel dependent than conventional enzyme-linked 
immuno-sorbent assays. C-Reactive Protein (CRP) may be used to 
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Introduction
The presentation and pathological findings in Intestinal 

Tuberculosis (ITB) may vary, be nonspecific and can easily be 
confounded with other gastrointestinal diseases [1,2]. In Tuberculosis 
(TB) endemic areas, Crohn’s disease (CD) is recurrently mistaken 
for ITB because of similar clinical, radiological, endoscopic and 
histopathological appearance and because of limited information 
on CD epidemiology [2-4]. Conversely, in Western countries where 
CD is more frequently seen, the lack of awareness of ITB and the 
difficulty of confirming tuberculosis (TB) by bacteriological methods 
can cause ITB to be mistaken for CD [5-6]. Consequently, prescribing 
immunosuppressants with the intention to treat CD in a patient 
undiagnosed with TB could be catastrophic. Endoscopic features 
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investigate systemic inflammation in CD, in which increasing levels 
indicate a more severe disease [15]. Serum Calprotectin (SC) may be 
used to monitor CD patients on anti-TNFα therapy, in whom falling 
levels have been associated with a positive treatment response [16]. 
Recently, we found high levels of FC, SC and CRP in patients with 
ITB [17]. Because immunological mechanisms and cytokine release 
differ slightly between CD and ITB [10], calprotectin levels could vary 
between the two diseases.

The Systematic Coronary Risk Evaluation Chart (SCORE) has 
become one of the most widely used risk models in clinical medicine 
[18]. The SCORE predicts the 10-year probability of cardiovascular 
mortality by combining well-known risk factors at diagnosis, which 
are arranged into a simple visual colour matrix wherein each box 
corresponds to a specific risk profile. Similar visual risk matrix models 
have later been developed to predict the risk of advanced disease in 
patients with CD [19]. Recently, by prospectively including newly 
diagnosed patients with ITB or CD from routine clinical practice in 
Southern India, we established demographic, clinical and endoscopic 
risk factors of the two diseases [2]. By using the SCORE system as 
an example, and by combining the above independent risk factors 
with calprotectin and CRP measurements, we aimed to construct a 
visual risk matrix model, which could predict the diagnosis of ITB 
and differentiate it from CD.

Materials and Methods 
Newly diagnosed and treatment naïve ITB and CD patients 

were prospectively recruited by senior gastroenterologists at four 
South Indian medical centres in a consecutive manner from October 
2009 to July 2012 (Appendix) [2]. Diagnostic criteria for ITB and 
CD were used according to internationally published guidelines 
[1,20,21]. Demographic, clinical, endoscopic and histologic features 
were recorded by site investigators in standardized electronic 
questionnaires and collected in a database. Patients were scheduled 
for follow-up clinical visits after two and six months of treatment. 
Clinical remission after ATT was regarded confirmatory for ITB 
diagnosis. Exclusion criteria were malignancy, age below 18 years and 
human immunodeficiency virus infection. Samples for biochemistry 
were obtained prior to initiation of treatment and faeces spot samples 
were collected prior to or minimum three days after endoscopy. CRP 
was analysed in blood serum by use of CRP turbilatex assay (Spinreact, 
Girona, Spain) and automated turbidometry (Beckman Coulter 
AU480, Cal, USA) at a local ISO certified laboratory. Faecal aliquots 
and separated blood serum vials were stored at -20°C until analysis. 
FC and SC were analysed with enzyme-linked immuno-sorbent 
assays using EK-CAL and MRP 8/14 kits respectively, according to 
the manufacturer’s recommendations (Bühlmann Laboratories AG, 
Basel, Switzerland).

Statistics
 All variables included in the analyses were recorded at diagnosis. 

Due to the skewed distribution of data and limited sample size, the 
continuous variables were described with medians and ranges and 
crude differences between groups were assessed with Mann-Whitney 
Wilcoxon tests. The categorical variables were listed as counts and 
percentages and differences between groups were evaluated with Chi-
square or Fischer’s exact tests (when appropriate). The strength of 
association between continuous variables was assessed by calculating 
the Spearman rank correlation coefficient (rs). 

As our aim was to quantify probabilities of ITB or CD based on 
observed or measured variables, we constructed a prediction matrix. 
First, the following risk factors were established from the results of our 
previous study [2]: weight loss (from onset of symptoms, qualitative); 
right inferior abdominal pain (on physical examination at diagnosis); 
multi-segment involvement (endoscopically apparent lesions in ≥3 of 6 
pre-defined anatomic sub-divisions); and mucosal nodularity (round 
elevated nodules 2-6 mm in diameter detected upon endoscopy) 
(Table 1). All four variables were regarded as dichotomous. Then, 
univariate logistic regression models were fitted and variables which 
differed significantly between the groups (p < 0.05) were included 
into further analyses. Risk factors that were highly associated with 
each other were excluded to avoid multicollinearity. FC, SC and CRP 
were measured as continuous variables, followed by categorization 
into dichotomous variables. Several cut-off levels for FC were tested, 
based on both statistical properties and clinical recommendations 
[17-24]. Cut-off levels were evaluated separately as well as combined 
with the previously established predictors. The final cut-off level was 
chosen based on the most optimal separation between ITB and CD. In 
the next step, several logistic regression models were fitted. Due to the 
limited number of patients we included up to four risk factors in one 
model. The best model was chosen based on its prediction power and 
the Aikaike Information Criterion [25]. Finally, the odds computed 
with the selected logistic regression model were transformed into 
probabilities with 95% Confidence Intervals (CI) and the results 
were arranged in a risk matrix. The analyses were conducted with 
Predictive Analytics Software (Version 18.1; IBM, New York, USA).

Ethics
 The study was approved by the Ethical Committee of Sree 

Gokulam Medical College and Research Foundation, Trivandrum, 
India and by the Ethical Committee of the Norwegian South Eastern 
Regional Health Authority. Written informed consent was obtained 
after explaining the study to the participants in their preferred 
language.

Results
Demographic, clinical, endoscopic and histologic features

 Thirty-eight ITB patients (median age 33 years (range 21-68), 
22 men) and 37 CD patients (median age 33 years (range 18-76), 
24 men) were included. The demographic, clinical and endoscopic 

Variables

Univariate analysis Multivariate analysis
ITB

n/Total 
(%)

CD
n/Total 

(%)
P* OR† 95%CI P

Right inferior 
abdominal pain 15/28(54) 27/30(90) 0.002 0.10 0.02-0.51 0.005

Weight loss 27/37(73) 14/37(38) 0.002 8.6 2.1-35.6 0.003

Mucosal nodularity 17/31(55) 2/37(5) <0.001 18.9 3.5-102.8 0.001
Multi-segment 
involvement 9/31(29) 27/37(73) <0.001 0.17 0.05-0.58 0.005

Table 1: Univariate and multiple logistic regression analysis of 
selected clinical and endoscopic disease characteristics at diagnosis 
in patients with Intestinal Tuberculosis (ITB) and Crohn’sDisease (CD). 
(InpartialreproducedfromLarssonGetal.WorldJGastroenterol.2014; 20:5 017-
5024, Table5.).

*Chi-squareorFischer’sexacttests.
†OR (odds ratio)>1indicates increased odds for ITB at diagnosis; OR<1 indicates 
increased odds for CD at diagnosis. CI, Confidence Interval.
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features of both patient categories were presented in our previous 
report [2]. Upon histopathological examination of targeted intestinal 
biopsies, the granuloma detection rate in ITB was 10/30 (33%) and in 
CD 2/35 (6%), respectively. Caseous necrosis was not observed in any 
of the biopsies.

Biochemical features
 Calprotectin and CRP were analysed in the ITB and CD patients 

at the time of diagnosis. A significantly higher median FC level 
(p=0.046) was observed in ITB (320μg/g, min-max: 0- 1800μg/g, 
inter-quartile range (IQR) 942) than in CD (133μg/g, min-max: 
0-1000μg/g, IQR 274). Also, median SC and CRP levels were higher 
in ITB (SC 5.7μg/mL, min-max: 0.0- 18.0μg/mL, IQR 7.0; CRP 
10.7mg/L, min-max: 0.2-70.5mg/L, IQR 37.6) than in CD (SC 4.0 μg/
mL, min-max: 0.1-30.0μg/mL, IQR 8.3; CRP 4.3 mg/L, min-max: 0.3-
49.8mg/L, IQR 12.7). However, the differences in SC and CRP levels 
between the groups did not reach statistical significance. In the CD 
cohort, we found a moderate association between the FC and CRP 
levels (rs = 0.40, p = 0.03), and no association between the SC and 
CRP levels or between the SC and FC levels. The associations between 
FC, SC and CRP in ITB were presented recently [17]. Calprotectin 
and CRP levels were not influenced by any of the endoscopic features 
recorded at the time of diagnosis (data not shown).

Probability of ITB or CD diagnosis
 Of the four variables significantly associated with either ITB 

or CD diagnosis, we excluded the variable right inferior abdominal 
pain from further analyses because of the relatively low response 
numbers and because it strongly correlated with the variables multi-
segment involvement and weight loss (Table 1). To avoid further 
multicollinearity, CRP was also excluded from regression analyses 
because of the association with FC. SC was excluded because it 
did not differ significantly between the groups. Accordingly, four 
variables were significantly associated with ITB or CD and these were 
combined in a final visual risk matrix: weight loss, mucosal nodularity, 
multi-segment involvement and F-calprotectin ≥ 200μg/g (Figure 1). 
The highest probability was computed for ITB patients with the 
combination of F-calprotectin ≥ 200μg/g, mucosal nodularity, no 
multi-segment involvement and no weight loss. This risk factor profile 
was associated with a 91% probability of ITB diagnosis (95% CI: 
85-98%). The lowest probability of ITB diagnosis was computed for 
patients with F-calprotectin < 200μg/g, weight loss, multi-segment 
involvement and no mucosal nodularity. This risk factor profile was 
associated with a 19% probability of ITB diagnosis (95% CI: 10-28%). 
Because the outcome of not having ITB was the diagnosis of CD, 
patients with the lowest probability of ITB diagnosis were most likely 
to have CD (81% probability). We observed that the probabilities of 
ITB or CD diagnosis were very similar regardless of the values for 
weight loss or multi-segment involvement (Figure 1) and therefore, 
these two variables did not improve our ability to differentiate 
between ITB and CD.

Discussion
In this multi-centre, population based observational cohort study 

we have demonstrated that the probability of ITB or CD diagnosis 
could be predicted by a risk matrix model. The visual matrix shows 
the probability of ITB or CD diagnosis given a specific combination 

of risk factors at diagnosis. The probability of ITB at diagnosis ranged 
from 19 to 91%, depending on the level of the risk factors. Similarly, 
the probability of CD at diagnosis ranged from 9 to 81%. 

Univariate and multivariate analyses of mucosal nodularity, weight 
loss and multi-segment involvement showed significant differences 
between ITB and CD (Table 1). We expected that the combination 
of several criteria would increase the probability of the one or the 
other diagnosis. However, the transformation of odds to probabilities 
in the risk matrix revealed that only the levels of mucosal nodularity 
and f-calprotectin influenced the final diagnosis. Also, weight loss and 
multi-segment involvement, or the absence of such, hardly influenced 
the probability of ITB or CD (Figure 1). Furthermore, the variable 
weight loss depended on the patients’ availability to record their 
body weight, an objective measure practically inaccessible to most 
people. Moreover, the recording of multi-segment involvement could 
potentially be affected by inter-operator variability. Hence, excluding 
the variables weight loss and multisegment involvement from the 
probability matrix would not only simplify the assessment, but could 
also discard the effect of bias on these variables. 

The matrix showed that the evaluation of f-calprotectin and 
mucosal nodularity would be sufficient to make the most probable 
diagnosis. For patients who do not fit in the model mucosal nodularity 
could be regarded as the decisive variable as it was superior to the 
other predictors (Figure 1). Previously, FC has been well described 
in active CD, with levels ranging from moderately elevated to very 
high, depending on the severity and location of disease [26,27]. In 
this study, although the severity of disease observed in the patient 
categories was comparable, a significantly higher median FC level was 
detected in ITB than in CD. However, a significantly higher number 
of lesions and more widespread intestinal involvement were detected 
upon endoscopy in CD compared to ITB [2]. Hence, active intestinal 
inflammation seemed to be a stronger trigger of FC release than 
extensive intestinal involvement. Mycobacteria typically recruit and 
invade neutrophils, macrophages and monocytes during infection 
[9], these are important sources of calprotectin secretion [28]. 
Although granulocytes become activated and secrete calprotectin 
during CD flares [29], the immune response in CD is primarily T-cell 
mediated. In fact, greater secretion of neutrophil attractants has been 
demonstrated in ITB compared with CD [10]. These immunological 
dissimilarities could further explain the differences in FC levels 
recorded between ITB and CD. Certainly, CD patients with severe 
inflammation could have much higher FC levels than the median 
FC level recorded in our CD cohort. However, severe disease would 

Figure 1: Risk Matrix: Diagnostic predictors of intestinal tuberculosis, Red 
indicates a higher probability of intestinal tuberculosis at diagnosis, Blue 
indicates a higher probability of Crohn’s Disease at diagnosis.
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typically include the colon and hence, multi-segment involvement 
and the absence of mucosal nodularity would favour a diagnosis of 
CD, judging from the visual matrix. Therefore, the risk matrix also 
could be considered in the differential assessment of patients with 
severe disease. The elevated FC levels found in ITB were higher than 
what have previously been reported in other bacterial gastrointestinal 
infections [30, 31]. However, very high SC and CRP levels have 
been demonstrated in acute bacterial infections [28], opposed to the 
moderately elevated levels detected in our ITB patients suggestive of 
chronic inflammation. Still, the median SC and CRP levels were higher 
in ITB than in CD, thus reflecting mild systemic inflammation. This 
was further substantiated by the finding of a moderate association 
between SC and CRP levels in the ITB group. The low median SC level 
detected in our CD group was somewhat similar to the levels seen 
in patients with functional gastrointestinal disorders [17]. Future 
studies should investigate whether SC determination adds any useful 
information to the diagnostic work-up and follow-up in ITB and CD.

Certain “gold standard” diagnostic methods were unavailable 
because of the regional scarcity in economical and personnel 
resources, including computer tomography and magnetic resonance 
enterography. Furthermore, Mantoux tuberculin skin-testing and 
interferon-γ release assays were not used. These tests have proven 
unable to differentiate latent (Mycobacterium tuberculosis (M.tb)) 
infection from active TB in endemic areas, as positive results simply 
report the presence of specific T cell responses irrespective of the 
underlying clinical condition [3-32]. Also, although positive acid-
fast staining and/or culturing of M.tb from intestinal biopsies are 
predictive of TB, these methods were not applied, primarily due to 
their low yield demonstrated in previous studies [1-32]. Additionally, 
it may be unfavorable to leave a patient untreated pending the result 
of a slow growing M.tb culture. The lack of microbiological testing 
is a challenge in most TB endemic regions and was agreeably a 
limitation in this study. However, our intention was to evaluate the 
ITB and CD patients’ biochemical, clinical and endoscopic features 
within the frame of current regional clinical practice. Several authors 
have concluded that the evaluation of response to empiric ATT is an 
acceptable method in the diagnostic work-up of ITB in economically 
deprived TB endemic areas [3-12]. Although debateable, because 
of limited resources, categorizing a positive treatment response as 
confirmatory of ITB remains the only available diagnostic method for 
most cases worldwide. Moreover, TB control relies on passive case 
finding among individuals self-presenting to health care facilities. 
For many, the costs of repeated visits to health centres for recurrent 
diagnostic tests or imaging procedures are prohibitive, and patient 
dropout is a significant problem [33]. After all, the cornerstone of 
TB control is prompt treatment and this may be facilitated by the 
application of rapid diagnostic tests. In areas with a scarcity of “gold 
standard” diagnostics, tools involving POC devices could become 
important assets in routine clinical practice [33,34]. Future research 
on ITB in economically deprived areas should aspire towards 
collaboration with high tech medical institutions to further evaluate 
the diagnostic potential of these devices. Because ITB and CD may 
be of heterogeneous phenotypes, methods to predict disease severity 
and to differentiate the one disease from the other should include a 
combination of risk factors. However, the list of risk factors included 
in our model is not exhaustive, and the matrix needs to be validated 
in new studies to assess whether rearrangement of variables or fine-

tuning would be necessary. Also, the predictive values in the model 
should be confirmed in new studies to diminish resubstitution 
bias [35]. The study was limited by the sample size of altogether 75 
patients. Only crude statistical methods were applied to assess the 
associations between the continuous variables and we are aware of 
the reduced statistical power to reveal smaller but perhaps clinically 
relevant differences between the groups. Future research should 
investigate these associations further. The population based, multi-
centre, prospective study design was advantageous and diminished 
selection bias.

Conclusion
By combining FC measurements with clinical and endoscopic 

risk factors in a visual risk matrix model, we present the probability 
of ITB based on selected variables measured at diagnosis. Our model 
could be developed as a tool to distinguish between ITB and CD in 
everyday clinical practice, especially in economically challenged high 
burden TB areas.
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