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Abstract

Objectives—Distinguishing intestinal tuberculosis (ITB) from Crohn's disease (CD) is difficult,
although studies have reported clinical, endoscopic, imaging, and laboratory findings that help to
differentiate these two diseases. We aimed to produce estimates of the predictive power of these
findings and construct a comprehensive model to predict the probability of ITB vs. CD.

Methods—A systematic literature search for studies differentiating ITB from CD was conducted
in MEDLINE, PUBMED, and EMBASE from inception until September 2015. Fifty-five distinct
meta-analyses were performed to estimate the odds ratio of each predictive finding. Estimates with
a significant difference between CD and ITB and low to moderate heterogeneity (/2 <50%) were
incorporated into a Bayesian prediction model incorporating the local pretest probability.

Results—Thirty-eight studies comprising 2,117 CD and 1,589 ITB patients were included in the
analyses. Findings in the model that significantly favored CD included male gender, hematochezia,
perianal disease, intestinal obstruction, and extraintestinal manifestations; endoscopic findings of
longitudinal ulcers, cobblestone appearance, luminal stricture, mucosal bridge, and rectal
involvement; pathological findings of focally enhanced colitis; and computed tomographic
enterography (CTE) findings of asymmetrical wall thickening, intestinal wall stratification, comb
sign, and fibrofatty proliferation. Findings that significantly favored ITB included fever, night
sweats, lung involvement, and ascites; endoscopic findings of transverse ulcers, patulous ileocecal
valve, and cecal involvement; pathological findings of confluent or submucosal granulomas,
lymphocyte cuffing, and ulcers lined by histiocytes; a CTE finding of short segmental
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involvement; and a positive interferon-y release assay. The model was validated by gender,
clinical manifestations, endoscopic, and pathological findings in 49 patients (27 CD, 22 ITB). The
sensitivity, specificity, and accuracy for diagnosis of ITB were 90.9%, 92.6%, and 91.8%,
respectively.

Conclusions—A Bayesian model based on the meta-analytic results is presented to estimate the
probability of ITB and CD calibrated to local prevalence. This model can be applied to patients
using a publicly available web application.

Introduction

Methods

Differentiating intestinal tuberculosis (ITB) from Crohn's disease (CD) remains a
challenging clinical problem in regions where ITB is prevalent and CD incidence is
increasing. This differentiation is also increasingly a problem in countries where ITB is not
common, but rapidly growing immigrant populations from areas of high ITB prevalence
make ITB an important diagnostic possibility. A definite diagnosis of ITB depends on
methods that have unsatisfactorily low sensitivities, including 5.3-37.5% for acid-fast bacilli
tissue staining (1-3), 23-46% for mycobacterial culture (4,5), and 36.4-67.9% for PCR
(3,4,6-8). Therefore, ITB still cannot be confidently excluded even when all the above
results are negative, thus the current Asia-Pacific guidelines recommend 8-12 weeks of
empirical antituberculosis treatment for patients with diagnostic uncertainty, owing to the
potentially fatal complications if immunosuppressive agents are wrongly prescribed to ITB
patients (9). However, antituberculosis treatment can cause many side effects and facilitate
the development of Mycobacterium tuberculosis drug resistance. Additionally, 8-12 weeks
of empiric antituberculosis treatment can delay proper CD treatment and lead to severe
flares and complications. Therefore, many studies have been undertaken to identify features
that can differentiate between these two diseases, and have found that individual clinical,
endoscopic, imaging, and serologic laboratory findings help to guide physicians in selecting
empirical treatment (1,4,6,10-17). However, the results of these studies are heterogeneous
with inconsistent findings and recommendations. Thus, physicians need a better model to
differentiate ITB from CD. Here we report the results of 55 meta-analyses of factors
predictive of ITB or CD based on published data, and we present a Bayesian model for
discriminating ITB from CD using these factors and the local pretest probability in a
publicly available web application.

Search strategy and study selection

To obtain all studies related to differentiating between CD and ITB, we searched with the
term “intestinal tuberculosis” AND “Crohn's disease” for studies published in PubMed,
Medline, and Embase from the origination of each database up to September 2015. We
included studies that used any of the following to differentiate CD from ITB: clinical
manifestations, inflammatory markers such as erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP), colonoscopic findings, pathologic findings, computed tomography
(CT) findings, serological tests including anti- Saccharomyces cerevisiae antibody and
interferon-vy release assay (IGRA), or a PCR-based assay performed on either tissue biopsies
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or stool. We included all studies without language restriction. In cases where there was a
suspicion of overlapping study populations, the larger study population was selected for
inclusion. Duplicate articles were manually deleted. We excluded (i) studies that did not
report the number of patients (e.g., reported only the number of mucosal biopsies), (ii)
studies that included only complicated cases requiring surgery, and (iii) studies published
before the year 2000 that used imaging, owing to the potential for relatively poor imaging
quality.

Data extraction and quality assessment

Eligible articles were reviewed independently by two investigators (J.L. and A.B.S.).
Disagreements were resolved by consensus and, as necessary, involvement of a third
reviewer (P.D.R.H.). All variables to distinguish CD from ITB were recorded. We selected
the variables that were included in at least three studies in our analyses. In total, we included
age, gender, 14 clinical manifestations, 3 inflammatory markers, 18 colonoscopic findings
(10 for lesion characteristics, 8 for location of involvement), 11 pathologic findings, 5 CT
findings, and 2 serological findings (anti-Saccharomyces cerevisiae antibody and IGRA).
These 55 variables included the 52 dichotomous variables shown in Table 1, and five
continuous variables including age, duration of symptoms, ESR, CRP, and albumin; ESR
and CRP were reported in both dichotomous and continuous variables. The definition
criteria of all variables are provided in Supplementary Table S1 online in the Supplementary
Documents. A separate random-effects meta-analysis was performed for each predictor
variable.

We assessed for bias in the studies using the QUADAS-2 tool. The tool comprises of four
domains: patient selection, index test, reference standard, and flow and timing. The risk of
bias was judged as “low,” “high,” or “unclear.” The “unclear” category was used only when
insufficient data were reported to permit a judgment. A sensitivity analyses including only
low-bias studies was performed.

Statistical analyses and development of a Bayesian model to predict the probabilities of

ITBs

Meta-analysis of each finding was carried out using a random-effects model to combine
estimates from each study. For the predictor variables with dichotomous results, the
diagnostic odds ratio (OR) and corresponding 95% confidence interval (CI) for CD were
calculated to determine the findings that significantly favored CD vs. ITB. Heterogeneity
was determined by the /2. Positive and negative likelihood ratios (LRs) for both ITB and CD
were calculated to determine the effect size of each finding. For example, to calculate the
positive LR for ITB for a particular finding, the percentage of ITB patients with the positive
findings was divided by the percentage of CD patients with that positive findings. For the
continuous variables, the results were reported in mean difference and 95% CI.

The significant variables with dichotomous results were selected to build the Bayesian
model, which calculated the probability of ITB based on the relative prevalence of ITB vs.
CD (the pretest probability of ITB) and LR for ITB of each predictor variable in the model.
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The pretest probability is converted into odds, then multiplied by each of the LRs, and then
converted back into a probability. The formula used is

, Pyx LR
P=
(1— Py)+ (Py x LR)

where Ay is the pretest probability of ITB, which is the relative prevalence of ITB, and ~’ is
the post-test probability, which is the probability of diagnosis of ITB. For any findings
without available results, the model defaults to an LR of 1 for that finding.

For variable selection, because of uncertain cutoff values of heterogeneity and effect size to
determine which variables should be included to obtain the best model, three models with
different cutoff s of the variables' heterogeneity and LR were generated. The first model
comprises of all variablesthat significantly favored either CD or ITB with low to moderate
heterogeneity (2<50%) and strong effect size (LR=>2). The second model included all
significant variables with low to moderate heterogeneity, regardless of LR. The third model
included all significant variables regardless of heterogeneity and LR. The model with best
performance for differentiating ITB from CD was selected to be the final model.

To assess the performance of the models, we did a retrospective cohort review of all newly
diagnosed CD and ITB patients in Siriraj Hospital, Bangkok, Thailand from January 2012 to
December 2015. The criteria for diagnosis of ITB was any of the following: (i) presence of
acid-fast bacilli or caseating granuloma in pathological specimens, (ii) tissue culture
growing mycobacterial tuberculosis, (iii) presence of proven tuberculosis elsewhere in the
body, and (iv) clinical and endoscopic response to antituberculosis treatment without
subsequent recurrence. CD was diagnosed based on clinical, endoscopic, and pathological
findings with clinical response to CD treatment with at least 6 months follow-up period. The
clinical manifestations and laboratory data were manually reviewed in medical records
(CH.L. and R.B.). The endoscopic findings and pathological findings were reviewed by a
gastroenterologist (J.L.) and a gastrointestinal pathologist (A.P.), respectively, who were
blinded from final diagnosis and any other predictive data. The data from this cohort was
applied to all models. The performance of the model was determined by area under the curve
of receiver operating characteristic curves, sensitivity, specificity, positive predicted value
(PPV), and negative predicted value (NPV) to differentiate ITB from CD. This protocol was
approved by an independent ethics committee according to local requirements in Bangkok.

All analyses were performed in R version 3.2.2. The package metaforwas used for meta-
analysis. The package OptimalCutpointswas used to create ROC curves and define the cut-
point providing the best performance of the model. The Bayesian model web application
was built in the Shiny web application framework (shiny.rstudio.com).
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Results

Studies selected for inclusion

One thousand and fifty articles were found in the systematic literature search. Of these, 59
articles (43 full text, 16 abstracts) met the inclusion criteria. Eleven full-text articles were
excluded; four of these contained potentially duplicated subjects (18-21), two reported only
the number of biopsy specimens (22,23), three did not provide the desired data (5,24,25),
one relied on outdated CT techniques (26), and one included only complicated surgical cases
(27). However, we decided to include two other studies with only surgical cases: one where
the indication for surgery was for diagnosis in some cases, and the other one was from 1981
when the efficacy of medical treatment was poor and early surgery may have been indicated
(28,29). The severity of disease in these two studies appeared comparable to the other
studies included. Ten abstracts were excluded because they did not report sufficient detailed
data. Finally, 38 articles (32 full-text articles and 6 abstracts) comprising 2,117 CD and
1,589 ITB patients were included in the analyses (Figure 1). Among these studies, most
were published in English. There were two studies published in Chinese and one study
published in Korean, and these were translated for this analysis. A summary of all of the 38
analyzed studies is available in Supplementary Table S2 online in the Supplementary
Documents.

Significant predictor variables for differentiating ITBs from CD selected to build the
Bayesian model

The diagnostic OR for CD and corresponding 95% ClI, the /2 measure of heterogeneity, and
the positive and negative LR of each predictor variable are shown in Figure 2 and Table 1.
The variables with an OR >1 and the lower bound of the 95% CI >1 significantly favored
CD, whereas the variables with an OR <1 and the upper bound of the 95% CI <1
significantly favored ITB. The forest plots for each of the 55 predictors are included in
Supplementary Figures online.

Demographic data—The proportion of males was significantly higher in CD patients
(62.9% in CD vs. 49.8% in ITB, OR=1.63, 95% CI=1.28-2.08). Gender was selected to
build the model. CD patients trended younger than ITB patients, but the difference was not
statistically significant. The mean age difference was —1.71 (-3.96 to 0.55) years when CD
was compared with ITB (Supplementary Figures online).

Clinical manifestations—The duration of disease was longer in CD (Table 2). Seven
studies reported the median and seven studies reported the mean duration of symptoms. The
median duration in CD (6-53.3 months, range 0.3—300 months) was significantly greater
than that in ITB (3-23.4 months, range 0-120 months) in five of the studies (1,6,12—
14,16,30). In the other studies, the reported mean duration of symptoms in meta-analysis
was 26.5 months (95% C1=15.7-37.3) longer for CD compared with that for ITB
(2,11,15,31-34). Although the studies reporting means had a very high heterogeneity with /2
of 97.7%, all of the studies showed a longer duration in CD (Supplementary Figures online).
However, our Bayesian model based on LRs requires significant dichotomous differences.
Therefore, duration of disease could not be included in the model.
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Diarrhea, hematochezia, presence of perianal disease, and extraintestinal manifestations
significantly favored CD, whereas fever, night sweats, lung involvement, and ascites
significantly favored ITB. All of them were selected to build the model. Abdominal pain,
abdominal mass, presence of intestinal obstruction, weight loss, and anemia were not
significantly different between CD and ITB.

Inflammatory markers—ESR was reported in continuous values in six studies (four for
mean and two for median) (1,11,12,15,17,34) and in dichotomous results (normal vs.
abnormal value) in four studies (2,33,35,36). Meta-analyses were performed separately.
There was no difference between the proportion of patients with high ESR among the
studies reporting dichotomous results. Patients with ITB had higher ESR level than patients
with CD among the studies reporting mean, but the mean difference was quite small, at 4.09
(2.22-5.96) mm/h (Supplementary Figures online). Therefore, ESR was not included in the
model.

CRP was reported in continuous value in seven studies (five for mean and two for median)
(2,12,13,35-38) and in dichotomous results in three studies (11,15,34). The proportion of
patients with high CRP was significantly higher in CD in the studies reporting dichotomous
results; however, CRP level tended to be higher but not statistically significant in ITB among
the studies reporting CRP in mean (Supplementary Figures online). Owing to these
conflicting results, CRP was not included in the model.

Albumin level was reported in six studies (1,11,12,15,34,35). There was no significant
difference in the albumin level between CD and ITB, and it was not included in the model.

Endoscopic findings—The following endoscopic findings significantly favored CD:
longitudinal ulcers, aphthous ulcers, cobblestone appearance, luminal stricture, mucosal
bridge, and skip lesions. Transverse ulcers and a patulous ileocecal (IC) valve significantly
favored ITB. All of them were selected to build the model. Pseudopolyps did not distinguish
the two diseases. Mucosal nodularity was found more of en in ITB, but this was not
statistically significant.

For the site of involvement, rectal and sigmoid colon involvement were significant predictors
of CD, while involvement of the IC valve and cecum significantly favored ITB. Involvement
of rectum, sigmoid colon, and cecum were selected to build the model. Involvement of IC
valve may be correlated with patulous IC valve. To avoid the possibility of including
potentially interdependent variables in the model, patulous IC valve that has been reported
as a significant predictor in many studies was selected. Involvement of ileum, ascending
colon, transverse colon, and descending colon was not significantly different between CD
and ITB.

Pathologic findings—Granulomas were found more frequently in ITB. Some
characteristics of the granulomas were significantly associated with ITB such as confluent
granuloma, large granuloma, multiple granulomas per section, submucosal granuloma, and
granuloma with surrounding cuffing lymphocytes. An ulcer lined by histiocytes also
significantly favored ITB, while focally enhanced colitis significantly favored CD. All of
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these findings had low heterogeneity and were initially selected to build the model.
However, the presence of a confluent granuloma may be correlated with the presence of
large or multiple granulomas/section. Only conf uent granuloma, which had the least
heterogeneity and highest positive LR was selected for the model. Microgranulomas and
disproportionate submucosal inflammation were observed more commonly in CD and ITB,
respectively, but the differences were not significant. They were not included in the model.

Imaging findings—Four studies using CT were included; all used the CT enterography
technique. The presence of wall stratification, comb sign, and f brofatty proliferation
significantly favored CD, while short segmental involvement significantly supported the
diagnosis of ITB. These predictors were selected to build the model. Asymmetrical wall
thickening was found more commonly in CD, but the difference was not statistically
significant. The presence of necrotic intra-abdominal lymph nodes was found only in ITB.
Because we considered this as a diagnostic finding for ITB, we did not include it as a
predictive variable.

Serological testing results—IGRA has a pooled sensitivity of 84% and a specificity of
86% for diagnosis of ITB. Its positive result strongly favored ITB (/£ =35.3%, positive LR
for ITB=5.87), and it was selected to build the model. A positive anti-Saccharomyces
cerevisiae antibody favored CD, but it was not statistically significant, and was not included
in the model.

Sensitivity analysis by QUADAS-2 bias level—The evaluation of bias with the
QUADAS-2 tool is shown in Supplementary Table S3 online. Sensitivity analyses using only
the studies with low bias were carried out and are summarized in Supplementary Table S4
online in the Supplementary Documents. Sensitivity analyses were not performed for some
predictor variables because very few studies qualified after the exclusion of studies with high
or unclear bias. The results of the sensitivity analyses largely confirmed the results of the
initial meta-analyses with the following exceptions: the clinical manifestation of intestinal
obstruction and the presence of asymmetrical bowel wall thickening on computed
tomographic enterograph became significant in favoring CD with low heterogeneity, and
these predictors were added to the model development. The heterogeneity was reduced for
the presence of night sweats and the presence of comb sigh on computed tomographic
enterograph.

Development of the Bayesian model for predicting the probability of ITBs

The predictor variables with significant OR were selected to build the model. Three models
using different criteria for the heterogeneity and LR of predictor variables as we described in
the Methods section were shown in Table 3. In the models, we retained the LR from the
original analysis for most predictor variables. We used the LR from the low bias sensitivity
analysis for the predictor variables that became significant or had reduced heterogeneity in
the low bias sensitivity analysis. The model uses local relative prevalence of ITB vs. CD for
the pretest probability, and calculates the probability of ITB based on the measured predictor
variables. Predictor findings that are not assessed are assigned an LR of 1.

Am J Gastroenterol. Author manuscript; available in PMC 2017 August 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Limsrivilai et al.

Page 8

To compare the performance of each of the three models, a validation cohort was identified
in Bangkok, Thailand. The three models were applied to the data of 27 CD patients and 22
ITB patients. Because the differences between each model were found only in the gender,
clinical manifestations, and endoscopic findings parameters (only these had predictors with
low LRs or high heterogeneity) (Table 3), the calculated probability of ITB based on these
parameters was selected for the three model comparison. The ROC curves of all three
models are shown in Figure 3. The sensitivity, specificity, PPV, NPV, false positive
(misdiagnosis of ITB in CD patients), and false negative (misdiagnosis of CD in ITB
patients) for the cut-point to obtain the best model performance and the cut-point to obtain
the NPV of 100% for diagnosis of ITB (avoiding a potentially fatal outcome from wrongly
prescribing immunosuppressive agents to patients with ITB) of each model are shown in
Table 4. The area under the curve of receiver operating characteristic curves of Model 1,
Model 2, and Model 3 were 0.870, 0.920, and 0.921, respectively. Both Model 2 and Model
3 appear to be quite accurate. When we evaluated the best cut-point to obtain an NPV of
100% for diagnosis of 1TB, the number of false positives were 15, 15, and 17 for Model 1,
Model 2, and Model 3, respectively. Model 2 was selected as the final model because it had
an area under the curve of receiver operating characteristic curve comparable to Model 3,
but had fewer false positives using a cut-point to obtain an NPV of 100%. When the
pathological data was added to this model, the area under the curve of receiver operating
characteristic curve of Model 2 increased to 0.943 (0.875-1.011) (Figure 4). At the cut-point
of 85.83% of the probability of ITB, the sensitivity, specificity, PPV, NPV, and accuracy for
differentiating ITB from CD were 90.9%, 92.6%, 90.9%, 92.6%, and 91.8%, respectively.
Moreover, when the cut-point of 49.04% was used to obtain a NPV of 100% for diagnosis of
ITB, the number of patients with CD who would be misdiagnosed with ITB decreased to
5/27 (18.5%). The data for predictors of CT enterography and IGRA was available in only
16 patients and one patient, respectively, in our cohort. Therefore, the full model
performance could not be assessed in this validation cohort.

Model access

Readers with estimates of the local prevalence of ITB vs. CD can access and use the model
in an individual patient with the Shiny web application at https://
www.pathology.med.umich.edu/shiny/tbcrohns/orbit.ly/ITBvsCD. Users with an estimate of
the pretest probability of ITB can choose for each predictor whether the finding is present,
absent, or not assessed, and estimate the probability of ITB and CD in their patient.

Discussion

T is meta-analysis and Bayesian model summarizes the reported factors helpful in
differentiating CD and ITBs. We selected predictor variables with a significant OR and low
heterogeneity, and built a Bayesian model incorporating pretest probability and diagnostic
LRs to produce estimates of the probability of ITB and CD that are calibrated to local
prevalence. The model was validated and demonstrated a high accuracy in differentiating
ITB from CD in our validation cohort from Bangkok, Thailand.
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Regarding the differentiation of ITB from CD, different diagnostic scoring systems have
been developed, but unfortunately there is little agreement on which factors to include.
Recently, Jung et al. (39) proposed a model with good performance based on the results of a
large retrospective cohort in seven centers in Korea, but the model has not been validated
outside of Korea. There have been three recent published meta-analyses carried out to
determine the utility of pathologic findings and single serological tests such as anti-
Saccharomyces cerevisiae antibody and IGRA (40-42). This meta-analysis integrates data
from all published studies from inception to September 2015 on 55 distinct predictors and
summarizes the findings that have proven useful in differentiating these two conditions.

This study confirms that common clinical manifestations infrequently help to make a
diagnosis between ITB and CD. Abdominal pain, weight loss, or anemia was not
significantly different between the two diseases. Some other common manifestations were
found to be significantly different, but their diagnostic value was limited because of their
small effect size, such as fever for ITB. The significant manifestations with high positive LR
that are strong predictors, such as the presence of perianal disease, extraintestinal
manifestations for CD, night sweats, lung involvement, and ascites for TB, are uncommon
findings; all were present in less than half of patients. Furthermore, some endoscopic
findings that are strong predictors, such as longitudinal ulcers, cobblestone appearance, and
rectal involvement for CD, and transverse ulcers and patulous I1C valve for ITB, are also
uncommon findings; none of these findings were reported in more than half of the patients.
Moreover, while the pathologic finding of granulomas, whether confluent, large, or present
in high numbers, strongly favors the diagnosis of 1TB, granulomas were found in only 38%
of CD and 64% of ITB in this meta-analysis. All of these findings indicate that conventional
tools are useful, but that integration of multiple parameters is necessary to produce a strong
positive or negative diagnostic probability. Our study results showed that integration of
significant clinical manifestations, endoscopic, and pathological findings could accurately
diagnose ITB and CD in 91.8% of patients in a validation cohort. These results need more
validation in larger studies.

Owing to the limited value of clinical, endoscopic, and pathologic findings in distinguishing
these two diseases, new tools have been developed for this purpose. The IGRA has
performed well in differentiating CD and ITB in previous studies. Its pooled sensitivity and
specificity were 84% and 86%, respectively, in this meta-analysis. These data are consistent
with another recent meta-analysis (41). However, this test is not available in all centers, and
can be positive in either active or latent tuberculosis (43), which can lead to a misdiagnosis
of ITB in CD patients who have been exposed to tuberculosis. Imaging with CTE has shown
some promising findings. Demonstration of peritoneal thickening or ascites or short
segmental involvement support the diagnosis of ITB. The comb sign, f brofatty proliferation,
asymmetrical wall thickening, and wall stratification support the diagnosis of CD. However,
there is risk of kidney injury from contrast and additional risks of radiation exposure, thus
selecting the patients who will obtain the most benefit based on pretest probability is
warranted.

This study developed a Bayesian model that comprised of the significant parameters based
on meta-analytic results to calculate the estimated probability of either ITB or CD in an
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individual patient. This model considers the effect of each variable independent of whether
the results are positive or negative. Furthermore, physicians are able to use the model by
selecting only the variables available in their center or in each particular case (unmeasured
variables have an LR=1). In addition, this model may help to decrease unnecessary
additional testing. For example, physicians can calculate the probability of ITB or CD based
on clinical, endoscopic, and pathologic predictors. With this estimate in hand, they can then
calculate whether adding CT enterography or IGRA results will change the probability
enough to change their treatment decision.

The main strength of this study is that it is the largest series of meta-analyses evaluating
predictor variables that have been reported to help differentiate CD from ITB. We collected
all published studies without language restriction, most of which have been performed in
Asia; therefore, the results should be generaliz-able to populations in which ITB prevalence
is fairly high. Sensitivity analyses were performed in different criteria of variable selection,
and the model with best performance was selected. The model demonstrated a high accuracy
in differentiating ITB from CD in our validation cohort. However, the results were based on
a small number of patients, and we have not validated the model when the CT enterography
findings and IGRA are included. We would hope that additional predictor data would
enhance the performance of the model, but that remains to be proven in a larger data set.
Future studies with larger and different populations, and with the availability of all
parameters are needed.

This study has several limitations. We included studies with large heterogeneities. Across
studies, there is significant heterogeneity in sample populations by ethnicity, race, and
disease severity. There may be local variation in subjectively evaluated findings such as
endoscopic lesions, pathologic findings, and imaging characteristics. We tried to reduce this
variance by excluding some studies that have a high potential for bias. For instance, we
excluded the studies with a high potential for bias in subject selection by excluding studies
that recruited only complicated cases requiring surgery. We also excluded studies using older
generation imaging techniques as these results may not be comparable to those using current
imaging techniques. Furthermore, we performed sensitivity analyses including only the
studies with low bias that confirmed the significance of the parameters we selected to build
the model.

Another limitation is that the structure of our Bayesian model is based on LRs, thus we
could only incorporate dichotomized variables, such as the presence or absence of a finding.
Continuous variables were not incorporated. Furthermore, our model is based on the
assumption that each variable is independent of the other variables in the model, as many of
these variables have been reported as independent predictors for differentiating 1TB from
CD in previous studies (6,11,33). We also did deliberately exclude three potentially
interdependent variables from the model when they were, by definition, likely to be highly
correlated with other predictors. For example, we selected confluent granuloma and
excluded large granulomas and high numbers of granulomas, and we selected patulous IC
valve and excluded the finding of IC valve involvement. Next, the model can be applied only
for the differentiation of CD and ITB in patients where other potential diagnoses have been
already excluded. Moreover, we did not include abstracts that did not provide adequate
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information, thus there may be other data that could affect our results. Last, this model relies
on the availability of an estimate of the local pretest probability of ITB to calculate the
probabilities, thus it needs external validation in various populations. We invite other groups
to validate the model in their local population.

This study addresses a common clinical problem by summarizing the findings of 55 meta-
analyses to identify estimates for the predictors that differentiate between CD and ITB and
by providing a Bayesian model to help physicians calculate the estimated probability of CD
or ITB to make treatment decisions with greater confidence in cases of diagnostic
uncertainty.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Current Knowledge

v/ Multiple clinical manifestations, endoscopic findings, pathological findings,
computed tomography findings, and the interferon-y -releasing assay are helpful
in differentiating intestinal tuberculosis (ITB) and Crohn's disease (CD).

v’ The significant findings vary widely across individual studies.

What is New Here

v/ Meta-analyses including

endoscopic, pathological, and computed tomography (CT) enterography findings,
and interferon-y-releasing assay to differentiate ITBs from CD.

v A Bayesian model that integrates these significant findings and can calculate
the probability of the diagnosis of ITBs and CD.

v/ The model is publicly available at https://www.pathology.med.umich.edu/shiny/

tbcrohns/orbit.ly/ITBvsCD.

Study Highlights

all significant findings of clinical manifestations,
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Figure 1.

Flow diagram of study selection. CD, Crohn's disease; IGRA, interferon-y-releasing assay;

ITB, intestinal tuberculosis.

Am J Gastroenterol. Author manuscript; available in PMC 2017 August 10.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Limsrivilai et al. Page 17

Variables (@ Favor intestinal tuberculosis (@) Not significant (@ Favor Crohn's disease

Number of patients ® 500 @ 1,000 . 1,500

Demographic data | Iz
Male gender - F—i 48.1
Clinical manifestations
Abdominal pain - & 432
Diarrhea - m 69.9
Hematochezia - 57.3
Perianal disease - o 0
Intestinal obstruction* - }J—ﬁ—{ 69.4
Abdominal mass - 0
Fever - }—'—| 41.0
Weight loss - — 73.4
Night sweat - —e— 53.7
Anemia - —e1+— 70.2
Lung involvement - —e— 36.2
Ascites - —o— 15.2
Extraintestinal manifestations - — 0
Endoscopic findings
Longitudinal ulcers - = = 0
Transverse ulcers - = 2 0
Aphthous ulcers - —e— 60.6
Cobblestone appearance - o 26.2
Patulous IC valve - —e— 48.0
Pseudopolyps - H—e— 62.1
Stricture - = & 0
Mucosal bridge - f——e—A 0
Skip lesions - —e— 64.2
Nodularity - ——— 82.3
Rectal involvement - —o— 45.7
Sigmoid involvement - ——e— 84.7
Descending colon involvement - H——e—— 84.3
Transverse colon involvement - —1——- 85.4
Ascending colon involvement - —e1— 67.0
Cecal involvement - —e—| 0
IC valve involvement - 0
lleal involvement - —— 433
Pathological findings
Presence of granuloma - —e— 57.0
Confluent granuloma - —e—— 0
Large granuloma - = 59.8
Multiple granulomas/section - ] 11.6
Mucosal granuloma - 1 0
Submucosal granuloma - e 0
Microgranuloma - H———— 51.4
Lymphocyte cuffing - ——— 0
Ulcer lined by histiocytes - E—— 29.2
Disproportionate submucosal inflammation - [ | 81.7
Focally enhanced colitis - —e— 0
CT enterography findings
Short segmental involvement - ——e— 30.0
Wall stratification - T 42.6
Asymmetrical wall thickening* - | { 82.3
Comb sign - ——eo—— 811
Fibrofatty proliferation - —e— 35.7
Serology
Positive IGRA-  —&— 35.3
Positive ASCA - | 53.4
|
0.1 10.0

Odds ratio (log scale)

Figure 2.
Forest plot presenting odds ratios, 95% confidence intervals, and £ of all predictor variables.

“Clinical manifestation of intestinal obstruction” and “CT enterography finding of
asymmetrical wall thickening” became significant in sensitivity analyses using only the
studies with low bias. ASCA, anti-Saccharomyeces cerevisiae antibody; CT, computed
tomography; IC, ileocecal valve; IGRA, interferon-y-releasing assay.
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Sensitivity

Figure 3.

Receiver operating characteristic curve for three models for differentiating intestinal
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1-Specificity
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tuberculosis from Crohn's disease based on gender, clinical manifestations, and endoscopic
findings. Model 1 includes the significant parameters with low heterogeneity (/2<50) and
likelihood ratio (LR) =2, Model 2 includes the significant parameters with low heterogeneity
(#<50), and Model 3 includes the significant parameters, regardless of heterogeneity and

LR. AUC, area under the curve.
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Figure 4.

Receiver operating characteristic curve of the final Bayesian model for differentiating
intestinal tuberculosis from Crohn's disease based on gender, clinical manifestation,

endoscopic, and pathological findings.
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Table 3
The models with different criteria for the cutoff values of variables' heterogeneity and

likelihood ratio

Parameters Model 1  Model 2  Model 3

Demographic data and clinical manifestations

Variables with 2 <50% and LR>2 Yes Yes Yes

Variables favoring Crohn's disease

Perianal disease

Intestinal obstruction

Extraintestinal manifestations

Variables favoring Intestinal tuberculosis

Night sweats

Pulmonary involvement

Ascites

Variables with 2 <50% and LR<2 Yes Yes

Variables favoring Crohn's disease

Male gender

Hematochezia

Variables favoring intestinal tuberculosis

Fever

Variables with £ >50%, any LR Yes

Variables favoring Crohn's disease

Diarrhea

Endoscopic findings

Variables with 2 <50% and LR=2 Yes Yes Yes

Variables favoring Crohn's disease

Longitudinal ulcers

Cobblestone appearance

Mucosal bridge

Rectal involvement

Variables favoring intestinal tuberculosis

Transverse ulcers

Patulous ileocecal valve

Variables with 2 <50% and LR<2 Yes Yes

Variables favoring Crohn's disease

Luminal stricture

Variables favoring intestinal tuberculosis

Cecal involvement

Variables with # >50%, any LR Yes
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Parameters Model 1 Model 2

Model 3

Variables favoring Crohn's disease

Aphthous ulcers

Skip lesion

Sigmoid colon involvement

Pathological findings

Variables with 2 <50% and LR>2 Yes Yes

Yes

Variables favoring Crohn's disease

Focally enhanced colitis

Variables favoring intestinal tuberculosis

Confluent granuloma

Submucosal granuloma

Lymphocyte cuffing around granuloma

Ulcers lined by histiocytes

Computed tomography enterography findings

Variables with 2 <50% and LR>2 Yes Yes

Yes

Variables favoring Crohn's disease

Asymmetrical wall thickening

Intestinal wall stratification

Comb sign

Fibrofatty proliferation

Variables favoring intestinal tuberculosis

Short segmental involvement

Serological tests

Variables with 2 <50% and LR>2 Yes Yes

Yes

Variables favoring intestinal tuberculosis

Interferon-vy release assay

LR, likelihood ratio.
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