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Background. The causal relationship between Crohn’s disease (CD) and Mycobacterium avium subspecies paratuberculosis 
(MAP) remains controversial.

Methods. This multicenter observational study, conducted across 7 tertiary care centers in India, enrolled newly diagnosed, 
treatment-naive patients with CD as cases and treatment-naive patients with intestinal tuberculosis (ITB) or ulcerative colitis 
(UC) and healthy individuals undergoing sigmoidoscopy for hemorrhoids as controls. MAP detection was performed using 
serology for MAP antibodies, polymerase chain reaction (PCR), real-time quantitative PCR, and solid/liquid cultures of blood 
and colonic biopsy specimens. In situ PCR and immunohistochemistry were also applied to paraffin-embedded tissue sections 
to evaluate the presence of MAP across groups.

Results. A total of 889 participants were recruited (148 with CD, 288 with ITB, 251 with UC, and 202 controls without inflammatory 
bowel disease) were included. The seropositivity of MAP was significantly higher in patients with CD than in controls (20.6% [13 of 63] vs 
16.2% [12 of 74] for healthy controls, 7.8% [9 of 116] for patients with ITB, and 4.8% [4 of 84] for patients with UC; P < .01). With 
tissue PCR analysis using a IS900-specific sequence with colonic biopsy specimens, a significantly higher number of patients with CD 
were positive for MAP compared with controls (11% [9 of 82] vs 7.1% [5 of 70] for healthy controls, 1% [2 of 188] for patients with UC, 
and 0.5% [1 of 198] for patients with ITB; P < .01). On solid culture of biopsy samples, MAP was detected in 10% of patients with CD 
(5 of 50), compared with 4.1% (4 of 97) for ITB and 0% (0 of 78) for UC (P = .02). However, this difference was not observed with 
analysis using liquid culture, immunohistochemistry, in situ PCR, or PCR of blood samples.

Conclusions. Our study findings suggest an increased association between MAP and CD. Future studies should explore the 
possible causal role of MAP in CD and potential therapeutic options to target MAP.
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Crohn’s disease (CD) is a complex immune-mediated condition 
affecting intestines characterized by diverse manifestations and 
long-term debilitating complications [1]. The exact etiological 
agent responsible for CD remains unidentified, but CD is hy
pothesized to result from a complex interaction between envi
ronmental factors, the microbiota, and genetic predisposition. 

Various microbiological agents including Listeria monocyto
genes, Pseudomonas maltophila, Mycobacterium kansasii, 
Bacteroides fragilis, and Chlamydia pneumoniae, as well as viral 
agents such as measles virus and cytomegalovirus have been 
proposed as potential causes of CD.However, none have been 
definitively proven due to insufficient evidence [2–4].

The etiological roles of microorganisms such as Mycobacterium 
avium subspecies paratuberculosis (MAP) and adherent-invasive 
Escherichia coli remain controversial. MAP is an acid-fast, 
gram-positive bacillus responsible for Johne disease, an intesti
nal ileocolonic ulceroconstrictive disease affecting ruminants 
and causing significant economic losses. In human tissues, 
MAP exists in a cell wall–deficient form known as a spheroplast. 
Paratuberculosis has a wide geographic distribution and has 
been reported on almost every continent, in virtually every 
country engaged in animal agriculture. Herd prevalence of 
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MAP in animals ranges from 20% to 70% in the United 
Kingdom and the United States [5, 6].

The association between MAP and CD was first suggested by 
Dalziel [7] in 1913, who noted Johne disease–like features in 
patients with CD. Since then, considerable research has ex
plored this potential link. Although many studies have reported 
an association between MAP and CD, conclusive evidence sup
porting a causative role remains lacking. Due to its fastidious 
and slow-growing nature, isolating MAP in culture is challeng
ing. While molecular techniques such as polymerase chain re
action (PCR) assays have improved detection sensitivity, they 
cannot distinguish between live and dead organisms. The 
IS900 genetic sequence, specific to MAP, is commonly targeted 
in PCR-based identification [8].

MAP is widely prevalent in cattle, and its ability to resist pas
teurization and transmit via the fecal-oral route likely explains 
its high prevalence in the general population. However, factors 
such as the absence of disease worsening following immuno
suppression, lack of response to antitubercular therapy, and 
no increased incidence of CD among individuals closely work
ing with animals, argue against a direct causal role of MAP in 
CD. To date, there is no definitive evidence establishing an as
sociation between MAP and CD.

There is growing evidence suggesting that treatment 
strategies directed against MAP may have a role in CD man
agement. A recent phase 3 randomized trial [9]of the MAP 
directed antibiotic regimen RHB-104 (clarithromycin, 
950 mg/d; rifabutin, 450 mg/d; and clofazimine, 100 mg/d) 
showed improved clinical remission (Crohn’s disease activity 
index <150) at week 26 compared with placebo (in 36.7% vs 
22.4%). Newer approaches such as fecal microbial transplan
tation, vaccines [10], bacteriophages [11 ], and host-directed 
therapies [12] are actively being investigated.

The etiological mechanism of MAP in CD has been specu
lated. Several studies have suggested MAP as an environmen
tal trigger for multiple human autoimmune diseases, such 
as multiple sclerosis, Type 1 diabetes, CD, and sarcoidosis 
through molecular mimicry [13, 14]. To date the association 
between MAP and CD remains an unanswered question. 
To address this gap, we designed a multicenter, pan-India 
study to assess the association of MAP using molecular and 
serological markers in a large cohort of patients with CD, 
compared with disease controls (patients with intestinal tu
berculosis [ITB] or ulcerative colitis [UC]) and apparently 
healthy controls.

METHODS

Study Objective

The primary objective of this study was to explore the associa
tion between MAP with CD using biochemical, molecular, and 
microbiological methods.

Participants

In this prospective study, blood and stool samples were collect
ed at 6 centers across India (All India Institute of Medical 
Sciences, New Delhi; Post Graduate Institute of Medical 
Education and Research (PGIMER), Chandigarh; SRM 
Institutes for Medical Academics, Chennai; KEM Hospital, 
Mumbai; and SMS Medical College, Jaipur, IPGMER 
Kolkata). Blood and tissue samples were analyzed at 4 centers 
(All India Institute of Medical Sciences, New Delhi; SMS 
Medical College, Jaipur; NIRT, Chennai; and PGIMER, 
Chandigarh) from August 2016 to May 2019. Ethical approval 
was obtained from the respective institutional ethical commit
tees. Adult patients (aged ≥18 years) with newly diagnosed and 
treatment-naive ileocolonic CD were included. Patients with 
newly diagnosed and treatment-naive UC or ITB were prospec
tively included as disease controls. Apparently healthy adults 
undergoing sigmoidoscopy for hemorrhoidal bleeding without 
previously diagnosed gastrointestinal diseases were considered 
controls without inflammatory bowel disease (IBD). Patients 
with HIV infection, previous exposure to steroids, or severe 
UC, pregnant women, and those not willing to consent were 
excluded.

Definitions
Diagnosis of CD
The diagnosis of CD was established by the presence of charac
teristic clinical manifestations and endoscopic, radiological and 
histological features per consensus guidelines from the 
European Crohn’s and Colitis Organisation [15].

Diagnosis of ITB
The diagnosis of ITB was considered in patients with clinical, 
radiological, endoscopic, microbiologic, or histopathological 
features consistent with ITB [16, 17].

Diagnosis of UC
The diagnosis of UC was made per consensus guidelines from 
the European Crohn’s and Colitis Organisation [15].

Healthy Controls
Adult patients with hemorrhoidal bleeding and no other colon
ic disease undergoing sigmoidoscopy were included as healthy 
controls.

Sample Collection

Peripheral blood samples (5 mL) were collected in ethylenedi
aminetetraacetic acid vials for qPCR for MAP DNA. (At 4 cen
ters where culture of buffy coat was done, 10-mL blood samples 
were obtained.) Serum was separated from 2 mL of blood for 
enzyme-linked immunosorbent assay (ELISA) for MAP anti
gens. Six biopsy specimens were taken from an area of active ul
ceration present in the ileocolonic segment during colonoscopy. 
Three specimens were preserved in formalin for histopathology, 
and the remaining 3 were collected in sterile normal saline 
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for microbiological tests and transported to the laboratory, pref
erably on ice, as early as possible; chemical preservatives were 
avoided. The samples were frozen at −70°C until testing. 
Details about sample collection, processing, and molecular 
methods are presented in the Supplementary materials.

Detection of MAP

Seropositivity was assessed by detection of antibodies to MAP 
antigens with ELISA. PCR and real-time quantitative PCR 
(qPCR) were performed on peripheral blood and colonic biop
sy specimens. In situ PCR was performed on formalin-fixed tis
sue/paraffin-embedded tissue blocks containing adequate 
tissue. A set of primers (BA5 and BA6) flanking a region of 
124 base pairs was synthesized for detection of IS900-specific 
sequence. Both solid cultures (Lowenstein-Jensen and 
Herrold’s egg yolkmedium) and liquid cultures (MGIT 960 
with or without mycobactin J supplement) were performed 
for MAP. In addition, immunohistochemistry (IHC) staining 
was performed on paraffin-embedded sections of colonic tissue 
slides. Further details of techniques are presented in the 
Supplementary materials.

Statistical Analysis

Data were summarized as frequency (percentage) for categori
cal variables and mean (SD) or median (interquartile range) for 
continuous variables, and χ2 tests were used to compare differ
ences in proportions among different groups. Differences were 
considered significant at 2-way P < .05.

Ethical Clearance

Informed signed consent was obtained from participants. 
Approval was granted from the respective ethical clearance 
committees for all centers (IEC/NP-452/12.12.2014).

RESULTS

A total of 889 participants were recruited from 7 centers across 
India (148 with CD, 288 with ITB, 251 with UC, and 202 
healthy control).

Baseline Characteristics of Included Participants

Baseline characteristics of study participants are presented in 
Table 1. Among the participants 59.9% (n = 533) were male, 
and 46.3% (n = 412) of participants had a rural background. 
The median disease duration for participants with CD or UC 
was 12 months, and the median symptom duration in partic
ipants with ITB was 7 months (interquartile range, 3–12 
months). The most common disease location for both pa
tients with CD and those with ITB was ileocolonic. The pre
dominant symptom in participants with CD or ITB was 
abdominal pain (in 73% and 85%, respectively). Diarrhea, 
blood in stools, and extraintestinal manifestations were 
more frequent in participants with CD than in those with 
ITB, whereas, weight loss, loss of appetite, fever, and intesti
nal obstructive symptoms were more frequent in participants 
with ITB (Table 2). Among the histological features, ulcera
tion, cryptitis, crypt abscess, and crypt branching were 
more frequent in CD than in ITB, whereas granulomas 
were more frequent in ITB.

Detection of MAP With Serological Methods

The seropositivity of MAP, assessed by the presence of antibod
ies to MAP antigens in peripheral blood, was 20.6% (13 of 63) 
in CD, compared with 16.2% (12 of 74) in non-IBD controls, 
7.8% (9 of 116) in ITB, and 4.8% (4 of 84) in UC. The differenc
es among all groups were statistically significant (P < .01) 
(Table 3).

Table 1. Baseline Characteristics of Included Study Participants

Characteristic

Participants, No. (%)a

CD (n = 148) UC (n = 251) ITB (n = 288) Healthy Controls (n = 202)

Male sex 87 (58.7) 158 (62.9) 160 (55.5) 128 (63.4)

Rural background 59 (39.8) 131 (52.1) 134 (46.5) 88 (43.3)

BMI, mean (SD)b 24.2 (6) 24.4 (6) 22.2 (5) 24.9 (5)

Age at onset, mean (SD), y 36.2 (13) 34.2 (12) 33.5 (14) …

Vegetarian diet 48 (32.4) 97 (38.6) 110 (38.1) 47 (23.1)

Disease/symptom duration, median (IQR), mo 12 (5–24) 12 (6–24) 7 (3–12) …

Socioeconomic status, mean (SD) 13.22 (7.35) 14.01 (5.77) 13.66 (5.98) 11.15 (6.58)

Current smoker 4 (2.7) 12 (4.7) 14 (4.8) 4 (1.9)

Current alcohol consumer 4 (2.7) 9 (3.6) 4 (1.4) 1 (0.5)

Segment of bowel involved

Ileum 33 (24.3) 0 (0) 46 (17.1) …

Colon 41 (30) 251 (100) 85 (31.6) …

Ileocolonic 48 (35.3) 0 (0) 126 (46.8) …

Abbreviations: BMI, body mass index; CD, Crohn’s disease; IQR, interquartile range; ITB, intestinal tuberculosis; SD, standard deviation; UC, ulcerative colitis.
aData represent no. (%) of participants unless otherwise specified.
bBMI calculated as weight in kilograms divided by height in meters squared.
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Detection of MAP Using Molecular Methods

On PCR analysis of IS900-specific sequence in peripheral blood 
samples, 1.8% of patients with CD (1 of 55) was positive for 
MAP, compared with 5.7% of healthy controls (4 of 70), 1.4% 
of patients with ITB (2 of 140), and 2.9% of patients with UC 

(4 of 140). On PCR analysis of IS900-specific sequence in biop
sy samples, 11% of patients with CD (9 of 82) were positive, 
compared to 7.1% (5 of 70), 0.5% (1 of 198), and 1.1% (2 of 
188) of healthy controls, patients with ITB, and patients with 
UC, respectively. With real-time qPCR analysis of biopsy 

Table 2. Comparison Between Patients With Crohn’s Disease and Patients with Intestinal Tuberculosis

Parameter

Patients, No. (%)a

P ValueCD (n = 148) ITB (n =288)

Age at onset, mean (SD), y 36.2 (13) 33.5 (14) .07

Duration of symptoms, median (IQR), mo 12 (5–24) 7 (3–12) .003

Clinical symptoms

Diarrhea 96 (65) 107 (37) <.001

Constipation 15 (10) 43 (15) .16

Abdominal pain 108 (73) 245 (85) .002

Blood in stools 77 (52) 47 (16.3) <.001

Obstruction 8 (5.4) 50 (17.4) <.001

Fever 43 (29) 111 (38.5) .050

Weight loss 77 (52) 192 (66.7) .003

Loss of appetite 43 (29) 126 (43.8) .003

Extraintestinal manifestations 31 (22.8) 24 (9.2) <.001

Histopathological features

Ulceration 85 (63.43) 146 (55.73) <.001

Cryptitis 60 (44.78) 107 (41.00) <.001

Crypt abscess 40 (29.85) 67 (25.57) <.001

Crypt branching 27 (20.15) 37 (14.12) <.001

Goblet cell depletion 17 (12.69) 39 (14.89) <.001

Paneth cell metaplasia 6 (4.48) 4 (1.53) .30

Granuloma 8 (5.97) 62 (23.66) <.001

Caseation 0 (0.00) 2 (1.01) .07

Laboratory values, mean (SD)

ESR (mm/hr) 33.00 (17.75) 40.25 (25.96) .001

TLC (cells/microliter) 7848.87 (3149.29) 7945.06 (5012.35) .82

Hemoglobin (gm/L) 10.84 (2.36) 11.21 (1.95) .14

CRP (mg/L) 24.51 (32.25) 27.69 (43.50) .002

Abbreviations: CD, Crohn’s disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IQR, interquartile range; ITB, intestinal tuberculosis; SD, standard deviation; TLC, total 
leukocyte count.
aData represent no. (%) of participants unless otherwise specified.

Table 3. Detection of Mycobacterium avium subspecies paratuberculosis With Various Methods

Method of Detection

Study Participants, No./Total (%)

P Value
Controls 
(n = 202)

CD 
(n = 148)

UC 
(n = 251)

ITB 
(n  = 288)

ELISA (blood) 12/74 (16.2) 13/63 (20.6) 4/84 (4.8) 9/116 (7.8) <.01

PCR (blood) 4/70 (5.7) 1/55 (1.8) 4/140 (2.9) 2/140 (1.4) .35

PCR (biopsy specimen) 5/70 (7.1) 9/82 (11.0) 2/188 (1.1) 1/198 (0.5) <.01

Real-time qPCR (biopsy specimen) 7/202(3.4) 11/144 (7.6) 2/247 (0.8) 12/282 (4.3) <.01

In situ PCR (biopsy specimen) 0/202(0.0) 1/148 (0.7) 1/251 (0.4) 3/288 (1.0) .53

Liquid culture (blood) … 1/31 (3.2) 0/27 (0.0) 2/50 (4.0) .80

Liquid culture (biopsy specimen) 9/111 (8.1) 8/138 (5.8) 6/232 (2.6) 14/263 (5.3) .12

Solid culture (biopsy specimen) … 5/50 (10.0) 0/78 (0.0) 4/97 (4.1) .02

IHC 2/202 (1) 2/148 (1.3) 2/251 (0.8) 6/288 (2) .58

Abbreviations: CD, Crohn’s disease; ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemistry; ITB, intestinal tuberculosis; PCR, polymerase chain reaction; qPCR, 
quantitative PCR; UC, ulcerative colitis.
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samples, there were significant differences (P < .01) among all 
groups, with the highest positivity rate observed in patients 
with CD (7.6% [11 of 144]). However, with in situ PCR of biop
sy samples, only 1 sample was positive for MAP (Table 3).

Detection of MAP Using Microbial Cultures

With liquid cultures of the biopsy samples, MAP was detected 
in 5.8% of CD samples (8 of 138) compared to 8.1% (9 of 111), 
5.3% (14 of 263), and 2.6% (6 of 232) for non-IBD controls, pa
tients with ITB, and patients with UC, respectively. However, 
these differences were not statistically significant (P = .12). 
With solid culture of biopsy samples, MAP was detected in 
10% of patients with CD (5 of 50), compared to 4.1% (4 of 
97) for ITB and 0% (0 of 78) for UC (P = .02) (Table 3)

Detection of MAP Using IHC

With IHC staining of biopsy samples, MAP was detected in 
1.3% (2 of 148) of patients with CD, and there was no statisti
cally significant difference among the all groups (P = .58) 
(Table 3).

DISCUSSION

In this large, multicenter, nationwide study conducted across 
various regions of India, we observed that MAP was more com
monly detected in patients with CD than in healthy controls as 
well as patients with UC and ITB, based on findings from sero
logical assays, molecular techniques, microbial culture, and 
IHC.

The role of MAP in the pathogenesis of CD has been debated 
for many decades. MAP is a known causative agent of Johne 
disease in cattle, and, due to the morphological and histological 
similarities between Johne disease and CD, a causal relation
ship between MAP and CD has been hypothesized [7]. 
However, high-quality data supporting this hypothesis are still 
lacking. Although culture isolation remains the reference stan
dard for MAP diagnosis, the fastidious and slow-growing na
ture of the organism makes this challenging. In addition, the 
presence of acid-fast MAP bacilli in patients with CD is rarely 
reported because MAP can exist in a cell wall–deficient form. In 
the 1980s, Thayer et al[18] isolated an acid-fast mycobacterium 
with features similar to MAP from 2 patients with CD. Given 
these challenges, surrogate markers such as PCR, IHC, and se
rological detection of antibodies are often used to identify ex
posure to MAP.

A meta-analysis by Abubakar et al [19], which included 47 
observational studies, showed that MAP detected by PCR or 
in situ hybridization techniques was more frequently associated 
with CD than with non-IBD controls and patients with UC. 
However, many studies in this meta-analysis were limited by 
small sample sizes and lack of blinding. Another meta-analysis 
by Feller et al [20], examining 28 case-control trials, reported 

pooled odds ratios of 7.01 (95% confidence interval, 3.95– 
12.4) for PCR-based detection in tissue samples and 1.72 
(1.02–2.90) for ELISA in serum samples. This meta-analysis 
has been criticized for excluding studies in which MAP was 
not detected in any patients with CD or controls [20].

PCR amplification using biopsy samples is highly sensitive 
for detecting MAP. Many observational studies have reported 
high MAP prevalence in biopsy specimens; however, false- 
positives due to laboratory contamination cannot be ruled 
out. Reported MAP prevalence in biopsy samples ranges 
from 47% to 92% [21–24]. For example, Sanderson et al 
[25] detected MAP-specific IS900 DNA in 65% of patients 
with CD compared with 12.5% of controls and 4.3% of 
patients with UC, while Bull et al [24] demonstrated a preva
lence of 92% in patients with CD compared with 26% in 
non-IBD controls.

Serological evaluation of antibodies against MAP-specific 
antigens such as p35 or p36 suffers from a lack of specificity 
and may instead reflect intestinal epithelial barrier dysfunction 
and subsequent bacterial translocation. A meta-analysis includ
ing 13 studies found that 10 reported higher seroprevalence 
against MAP antigens in patients with CD compared with con
trols, with a pooled odds ratio of 1.72 (95% confidence interval, 
1.02–2.90) [20]. However, Brunello et al [26] found no signifi
cant differences in immunoglobulin G antibody titers against 
MAP protoplasmic antigen between patients with CD (3.7%) 
and those with UC (5%), and Bernstein et al [27] reported sim
ilar seropositivity rates for anti–purified protoplasmic antigen 
among patients CD (37.8%), patients with UC (34.7%), and 
healthy controls (33.6%). In our study, the seroprevalence of 
MAP antibodies in patients with CD was 20.6%, which may re
flect impaired intestinal barrier function with increased bacte
rial translocation. This is supported by elevated antibody titers 
against other bacteria such as E. coli, aerobes, anaerobes, and 
enteric pathogens in CD.

PCR offers advantages over bacterial cultures by being faster 
and more sensitive than IHC and in situ hybridization; howev
er, conventional PCR requires nucleic acid extraction and tis
sue destruction, which precludes correlation with histological 
features. In situ PCR allows amplification within intact cells, 
combining sensitivity with spatial localization of specific 
DNA in tissues, although its sensitivity may be lower than 
that of conventional PCR [28]. In our study, MAP prevalence 
assessed by in situ PCR (0.7%) was lower than that detected 
by qPCR (7.6%) or ELISA (20.6%). Our findings highlight var
iability among different detection methods. Few patients were 
positive for MAP by IHC staining, likely due to its low sensitiv
ity, especially when the bacterial burden is low, and because 
IHC often fails to detect intracellular MAP antigen. Positivity 
rates were higher in biopsy samples than in blood samples, 
with PCR and real-time qPCR of biopsy samples showing better 
detection rates than in situ PCR.
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The presence of MAP DNA may not indicate viable bacteria 
but could reflect residual DNA from environmental exposure 
and immune responses. Frequent detection of MAP DNA in 
healthy controls is likely due to its widespread environmental 
distribution, fecal-oral transmission, and resistance to pasteur
ization. Singh et al [29] conducted the first large-scale screening 
of the Indian population, reporting a 34% ELISA positivity rate 
in 23 196 individuals and an 8.4% IS900 PCR positivity rate in 
3093 blood samples.

When compared with herd-level MAP prevalence data, our 
findings highlight the contrast between widespread environ
mental exposure and relatively low detection rates in humans. 
Multiple epidemiological studies show that MAP is highly 
prevalent in cattle herds; often 20%–60% of herds test positive, 
depending on the region [30], and even in settings with low 
animal-level seropositivity (1%–5%), herd-level positivity re
mains high [31, 32]. In contrast, in our cohort, positivity across 
culture and molecular methods was generally <10%, with only 
serology showing a modestly higher signal in patients with CD 
(20.6%) compared with controls. This discrepancy suggests 
that although environmental exposure to MAP is frequent, hu
man detection rates are far lower, supporting the notion that 
MAP may act as one of several contributing factors rather 
than a ubiquitous agent in CD pathogenesis. It also underscores 
the complexity of translating high environmental prevalence 
into disease-specific associations in humans, particularly in re
gions where both tuberculosis and MAP are endemic.

Despite advances in understanding IBD pathogenesis and 
the development of biologics and small molecules, therapeutic 
progress appears to have plateaued [33]. Therefore, elucidating 
the pathogenesis of CD and identifying new therapeutic targets 
remain crucial. The pathogenic role of MAP in CD has been de
bated extensively; unique features of MAP (fastidious culture 
requirements, extremely slow growth, phenotypic variability, 
and intracellular survival) and its culture requirements have 
hindered research. MAP is hypothesized to contribute to CD 
development through mechanisms such as disruption of 
intestinal epithelial integrity, triggering gut immune responses, 
and causing dysbiosis [34]. Future research exploring 
MAP’s pathogenic role could facilitate the development of nov
el therapies, such as newer combination antimicrobials [35], 
microbiome manipulation strategies like fecal microbial trans
plantation, vaccines [10], bacteriophages [11], and host- 
directed therapies [12].

Our study has several strengths. It was conducted across di
verse centers covering a wide geographic area in India and, to 
the best of our knowledge, includes the largest sample size to 
date, incorporating both active disease controls and apparently 
healthy controls. Since MAP detection varies with sample type 
and detection method, we analyzed both peripheral blood and 
colonic tissue samples using serological, molecular, and micro
biological culture techniques. However, we also acknowledge 

limitations, such as the unavailability of culture samples from 
some patients due to limited culture facilities at some centers, 
and we prioritized biopsy specimens for PCR. In addition, bi
opsy samples from healthy controls were taken from the sig
moid colon, while those from patients with CD were 
obtained from the right colon; the implications of this differ
ence remain unclear. We did not specifically exclude patients 
with a history of earlier antituberculosis treatment for tubercu
losis. which may have had an impact on MAP detection. 
However, MAP differs from Mycobacterium tuberculosis in its 
biology and antibiotic susceptibility, and standard tuberculosis 
regimens do not reliably eradicate MAP. Therefore, prior tu
berculosis treatment cannot be considered equivalent to 
MAP-targeted therapy.

In conclusion, there is an increased association between 
MAP and CD as detected by molecular and culture methods, 
compared with findings in healthy controls and patients with 
ITB or UC. Future studies should further investigate the poten
tial causal role of MAP in CD and explore therapeutic strategies 
targeting MAP. Ultimately, a deeper understanding of MAP’s 
involvement could pave the way for novel treatment strategies, 
including antimicrobial therapies, microbiome modulation, 
and vaccination approaches, thereby improving outcomes for 
patients with CD.
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