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A b s t r a c t
Tuberculosis and Crohn disease are granulomatous 

disorders affecting the intestinal tract with similar 
clinical manifestations and pathologic features. We 
evaluated the use of in situ polymerase chain reaction 
(PCR) using Mycobacterium tuberculosis complex–
specific primers for IS6110 to differentiate these 2 
disorders in archival mucosal biopsy specimens. In 
situ PCR was positive in 6 of 20 tuberculosis biopsy 
specimens and 1 of 20 Crohn disease biopsy specimens. 
Staining was localized to a site of granulomatous 
inflammation in 3 of the tuberculosis specimens and in 
the Crohn disease specimen. In the other tuberculosis 
biopsy specimens, positive staining was localized to 
inflammatory granulation tissue and to a focus of 
intact mucosa without granulomatous inflammation. 
The presence of M tuberculosis DNA in Crohn 
disease could be due to coexisting latent tuberculosis 
or indicate a role for these bacteria in triggering an 
abnormal immune response. Therefore, in situ PCR is 
potentially useful to differentiate intestinal tuberculosis 
from Crohn disease, if the sensitivity is improved.

Tuberculosis (TB) and Crohn disease (CD) are granu-
lomatous disorders of the intestinal tract that are often difficult 
to differentiate. Granulomas due to TB are classically associ-
ated with caseating necrosis and acid-fast bacilli, but these 
features are seen in only a subset of cases of intestinal TB.1 
Studies from our laboratory have shown that the size, number, 
and location of granulomas may be additional features useful 
in distinguishing intestinal TB from CD,2,3 but even these are 
not seen in all cases. Bacterial cultures, immunohistochemical 
analysis, in situ hybridization, and polymerase chain reaction 
(PCR) are different techniques used to detect mycobacteria 
in tissue and improve the specificity of the diagnosis of TB. 
PCR has the advantage of being faster than bacterial cultures 
and more sensitive than immunohistochemical analysis and 
in situ hybridization,4 but conventional PCR requires nucleic 
acid extraction and tissue destruction, making correlation 
with histologic features impossible.5 In situ PCR, however, 
enables amplification of target sequences within intact cells 
and combines high sensitivity with the ability to localize spe-
cific DNA in tissues, although its sensitivity may be less than 
that of conventional PCR.6 Earlier work from our laboratory 
used in situ PCR to demonstrate Mycobacterium tuberculosis 
in latent lung infection.7

CD is a chronic inflammatory disorder of multifactorial 
etiology. Infectious agents are one of the postulated causes, 
and measles virus particles, Mycobacterium avium subsp 
paratuberculosis, Yersinia pseudotuberculosis, and Yersinia 
enterocolitica have been shown to be present in intestinal 
samples of CD.8-10 M tuberculosis was found in 5% of 
patients with CD in 1 study, yet not found in any patients in 
another 2.11-13 The aim of the present study was to test the 
usefulness of in situ PCR and tissue localization of positive 
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staining in differentiating intestinal TB from CD on archived 
endoscopic mucosal biopsy specimens.

Materials and Methods

Study Samples
We selected 20 cases of TB and 20 cases of CD diag-

nosed on the basis of a combination of radiologic, endoscopic, 
histologic, and clinical guidelines, including response to 
treatment, as used in previous studies,2,3 from the files of the 
Department of Gastrointestinal Sciences, Christian Medical 
College, Vellore, India. The clinical records were reviewed at 
the time of selection of cases by an experienced gastroenter-
ologist (S.P.). The mucosal biopsy specimens studied in each 
case consisted of five to seven 1-mm-sized fragments that had 
been fixed in buffered formalin for 12 hours and then paraffin 
embedded. They were coded for blinding the subsequent PCR 
analysis. Paraffin-embedded blocks had been stored for 3 to 8 
years before the study.

In Situ PCR
Sections, 5-µm-thick, were mounted on silane-coated 

slides, deparaffinized for 18 hours at 60°C, and sequentially 
immersed in xylene (30 minutes at 37°C), absolute ethanol, 
75% ethanol, 50% ethanol, 25% ethanol, and water. Cells 
were made permeable by incubation at room temperature in 
0.02 mol/L of hydrochloric acid for 10 minutes, followed by 
0.01% Triton X-100 for 90 seconds. Proteins were depleted 
by incubation with 1 mg/L Proteinase K (Gibco, Paisley, 
Scotland) for 30 minutes at 37°C. The Proteinase was then 
inactivated by boiling in a microwave for 15 seconds, and sec-
tions were plunged immediately into 20% acetic acid for 15 
seconds to inactivate endogenous alkaline phosphatase. PCR 
was performed, as described previously,7 by incubation of 
the sections with 50 mL of 1× reaction buffer (Gibco, BRL), 
1.5 U of Taq polymerase, 2 mmol/L of magnesium chloride, 
40 mmol/L of deoxynucleoside triphosphates, 0.2 mmol/L 
of deoxyuridine triphosphate labeled with digoxigenin 
(Boehringer Mannheim, Lewes, England), and 60 pg each 
of M tuberculosis primers for the IS6110 insertion sequence, 
which is specific for the M tuberculosis complex.14 

The primer sequences were 59-CCT GCG AGC GTA 
GGC GTC GG-39 and 59-CTC GTC CAG CGC CGC TTC 
GG-39. The slides were sealed by using an assembly tool 
(Perkin Elmer, Cambridge, England) and placed in a thermo-
cycler (Hybaid, Ashford, England). The program consisted 
of denaturation at 95°C for 1 minute, annealing at 70°C for 1 
minute, and extension at 72°C for 1 minute, for 35 cycles. PCR 
products were detected by using alkaline phosphatase–conju-
gated sheep antibodies against antidigoxigenin (Boehringer 

Mannheim) diluted 1/500. The chromogen was 5-bromo-
4-chloro-3-3-indolyl phosphate toluidine salt tetrazolium 
nitroblue (Boehringer Mannheim) diluted 1/50. Sections were 
counterstained with nuclear fast red to avoid any interference 
with the blue signal generated by mycobacterial DNA in the 
in situ PCR. Tissue sections from patients with pulmonary TB 
were used as positive control samples and previously identi-
fied negative samples as negative controls. To control for 
false-positives due to DNA repair, sections were subjected to 
PCR without Taq polymerase.

Conventional Tube PCR
Two sections of 5 µm each were used for conventional 

PCR, according to a protocol described for identifying myco-
bacterial DNA in archaeological specimens in which extrac-
tion and amplification present difficulties similar to those 
in fixed tissues.15 Stringent precautions were taken against 
cross-contamination. Multiple sample blanks were used for 
negative controls during the DNA extraction, and water 
blanks were included in PCR amplifications to ensure there 
was no contamination. Positive control samples were not used 
in conventional PCR to avoid cross-contamination. The in situ 
PCR results were compared with those of conventional PCR 
and with the pathologic changes seen in the tissue.

Statistical Analysis
The Fisher exact test was used to compare the results of 

in situ and conventional PCR in TB and CD.

Results

In Situ PCR
Of the TB cases, 6 showed positive staining with in situ 

PCR: 3 at sites of granulomatous inflammation, 2 in inflam-
matory granulation tissue lining ulcers zImage 1z, and 1 in the 
surface epithelium and underlying lamina propria zImage 2z in 
foci with no evidence of granulomatous inflammation zTable 
1z. The cells showing positive staining in granulomas and 
granulation tissue resembled macrophages.

Of 20 cases of CD, 1 showed focal positive staining 
with in situ PCR. Positivity was seen in macrophages within 
a granuloma zImage 3z. Endoscopy revealed that the cecum 
of this patient had been grossly deformed with multiple 
polypoid lesions. The mucosal biopsy specimen had shown 
small, noncaseating granulomas suggestive of CD, and 
positive staining with in situ PCR had been localized to one 
of these granulomas in the cecal mucosa. A review of the 
records revealed a positive response to treatment with sulfa-
salazine and a weight gain of 7 kg during a year, confirming 
the clinical diagnosis of CD.
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Tube PCR

Of the 20 TB cases, 5 were positive for M tuberculosis 
using conventional PCR, of which 3 were also positive with 
in situ PCR (Table 1). Of the 20 cases of CD, 1 was positive 
with conventional PCR only. Endoscopy revealed that the 
patient had ileal aphthous ulcers and segmental colitis. The 
biopsy had shown classic features of CD, including chronic 
active ileitis with focal enhancement, small granulomas, and 
microgranulomas. Review of the records showed a history of 
response to therapy for CD during a period of 1 year, confirm-
ing the diagnosis.

The difference in the incidence of positivity in TB and 
CD was not statistically significant, as expected owing to low 
numbers, for in situ or conventional PCR.

Correlation of Histologic Findings With In Situ PCR 
Staining

Tuberculosis
Caseation or acid-fast bacilli, the classic histologic 

features of TB, were seen in 9 of 20 cases. Of these, 4 were 
positive with in situ or conventional PCR, 2 with in situ and 
conventional PCR, 1 with in situ PCR alone, and 1 with 
conventional PCR only (Table 1). Among the cases positive 
with in situ PCR, staining was found in an area of granu-
lomatous inflammation in 1 case and in granulation tissue 
lining ulcers without obvious granulomatous inflammation 
in the other 2 cases.

In 10 cases, there were histologic features suggestive but 
not diagnostic of TB, namely, large, confluent, or multiple 
granulomas without caseation or acid-fast bacilli. Three of 
these cases showed positive staining with in situ PCR at sites 
of granulomatous inflammation.

zImage 1z In situ polymerase chain reaction stain for 
Mycobacterium tuberculosis showing focal cytoplasmic 
positive staining (arrows) in granulation tissue at a site without 
obvious granulomatous inflammation but lining an ulcer in the 
colonic mucosa of a patient with tuberculosis (×1,000).

zImage 2z In situ polymerase chain reaction stain for 
Mycobacterium tuberculosis showing positive staining 
in the surface epithelium and in cells lying in superficial 
lamina propria (arrows) of the colonic mucosa of a patient 
with tuberculosis. There is no evidence of granulomatous 
inflammation in this biopsy specimen (×400).

zTable 1z
Correlation of In Situ and Conventional PCR Results With 
Histologic Features in Tuberculosis

	 Acid-Fast	  
Case No.	 Bacilli	 Caseation	 In Situ PCR	 Tube PCR

1	 –	 +	 +	 +
2	 +	 +	 –	 –
3	 –	 +	 –	 –
4	 +	 +	 –	 –
5	 +	 +	 +	 –
6	 +	 –	 –	 –
7	 –	 –	 –	 +
8	 +	 –	 –	 +
9	 –	 –	 –	 –
10	 –	 –	 +	 +
11	 –	 –	 –	 –
12	 –	 –	 +	 –
13	 –	 –	 +	 –
14	 –	 –	 –	 –
15	 +	 +	 +	 +
16	 +	 –	 –	 –
17	 –	 –	 –	 –
18	 –	 –	 –	 –
19	 –	 –	 –	 –
20	 –	 –	 –	 –

PCR, polymerase chain reaction; +, positive; –, negative.
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Only 1 clinically diagnosed case of TB from our study 
did not show any of the histologic features that distinguish TB 
from CD. This case was negative with in situ and tube PCR.

Crohn Disease
Granulomas were seen in 14 of 20 cases of CD studied. 

One of these cases was positive with in situ PCR for M tuber-
culosis, and one was positive with tube PCR.

Discussion

Our study using in situ PCR showed the presence of M 
tuberculosis DNA in 6 of 20 mucosal biopsy specimens from 
patients with intestinal TB and 1 of 20 biopsy specimens from 
patients with CD. In TB, positivity was found in sites with and 
without granulomatous inflammation. In CD, positive staining 
was localized to a granuloma. We believe this is the first study 
to demonstrate M tuberculosis DNA within a granuloma of a 
patient with CD.

Earlier studies have reported the presence of M tubercu-
losis DNA in tissue without granulomas,7,16,17 but these were 
not clinically proven cases of TB. A recent study used in situ 
PCR to demonstrate the presence of M tuberculosis DNA in 
adipose tissue from different extranodal locations in people 
with no clinical features of active TB.18 Our findings suggest 
that even in the absence of granulomatous inflammation, in 
situ PCR may be helpful in making the diagnosis of TB on 
small biopsy specimens. The increasing incidence of CD 
in countries like India with a high prevalence of intestinal 
TB2,3,13 poses a diagnostic challenge of increasing clinical 

significance that histologic and microbiologic studies avail-
able at present cannot always meet. It is possible that in situ 
PCR has the potential to be helpful in at least a subset of these 
difficult biopsy specimens in which TB and CD cannot be 
differentiated.

The low sensitivity of in situ PCR in our study could 
have had various causes. The extremely small quantity of 
tissue available in mucosal biopsy specimens and the limited 
number of sections used for DNA extraction may have been 
responsible for the presence of only low copy numbers of 
M tuberculosis DNA at the start of these experiments. The 
use of archival material is also known to decrease the yield 
in PCR.19 The recovery of DNA from fixed tissue is related 
to the extent of penetration of formalin and the length of 
time of exposure to formalin. Although exposure time to 
formalin was limited to 12 hours, the biopsy specimens 
were extremely small, and some false-negative findings are 
likely.19,20 The presence of PCR inhibitors at sites of extra-
pulmonary disease is another potential source of difficulty 
that may have caused low sensitivity.20 Another study on 
intestinal biopsy specimens had a success rate similar to 
ours, with only 21.6% of intestinal TB cases being positive 
for M tuberculosis with conventional PCR.13

Among our CD biopsy specimens, positive staining was 
seen with in situ PCR in 1 case and with conventional tube 
PCR in 1 case. Because positive staining with in situ PCR 
was found within a granuloma, this is unlikely to have been 
a focus of false positivity. In addition, the PCR negative 
control samples were satisfactory. The antigens, DNA, or 
RNA of various infectious agents such as M avium subsp 
paratuberculosis,8,21 Y pseudotuberculosis,10 and measles 

BA

zImage 3z A, In situ polymerase chain reaction stain for Mycobacterium tuberculosis showing cytoplasmic positive staining 
in cells (arrows) within an area of obvious granulomatous inflammation as demonstrated by the typical nuclei of epithelioid 
histiocytes, from the colonic mucosa of a patient with Crohn disease (×1,000). B, Negative control with no primers (×1,000).
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virus9 have been found in the tissue and granulomas in 
the intestinal wall of patients with CD. The present study 
is, however, the first to localize M tuberculosis DNA to a 
granuloma in patients with CD.

As with all other infectious agents identified in CD, it is 
possible that the presence of M tuberculosis is simply an epi-
phenomenon, owing to its wide prevalence in the population 
and incidental entry into the injured gut from contaminated 
food or water. It could also be postulated, however, that the 
mycobacterial DNA acts as a trigger for the abnormal inflam-
matory response seen. Mycobacteria are known to survive 
within granulomas in latent TB,22-24 and with the high inci-
dence of TB in India, it is possible that some of the granulo-
mas seen in patients with CD in this population may be foci of 
latent TB. The presence of cell wall–defective tubercle bacilli 
could also account for PCR positivity in the absence of overt 
clinical features of TB.22,25 The clinical response to therapy 
for CD and histologic features suggestive of CD rather than 
TB in these cases suggest, however, that the M tuberculosis 
DNA present is not contributing directly to the pathology or 
clinical manifestations.

The sensitivity of in situ PCR for M tuberculosis needs to 
be improved and studies done on larger numbers of cases of 
CD and TB before its usefulness in intestinal disorders is estab-
lished. Using thicker or greater numbers of sections to increase 
the amount of tissue examined is a suggestion for improving 
sensitivity. Avoidance of formalin fixation would be ideal, but 
this requires cryostat facilities. Modifications in the PCR pro-
tocol, such as increasing the number of cycles,26 increasing the 
amount of Taq polymerase,27 or using real-time PCR28 could 
also be useful. The role of M tuberculosis DNA in the pathol-
ogy and pathogenesis of CD needs to be further explored.

From the 1Department of Gastrointestinal Sciences, Christian 
Medical College, Vellore, India; and 2Centre for Infectious 
Diseases & International Health, Windeyer Institute of Medical 
Sciences, University College London, London, England.

Funded by a short-term travel grant from the Wellcome Trust 
(London) (Dr Pulimood).

Address correspondence to Dr Pulimood: Dept of 
Gastrointestinal Sciences, Christian Medical College, Vellore, 
Tamil Nadu, India 632004.

References
	 1.	 Shah S, Thomas V, Mathan M, et al. Colonoscopic study of 50 

patients with colonic tuberculosis. Gut. 1992;33:347-351.

	 2.	 Pulimood AB, Ramakrishna BS, Kurian G, et al. Endoscopic 
mucosal biopsies are useful in distinguishing granulomatous 
colitis due to Crohn’s disease from tuberculosis. Gut. 
1999;45:537-541.

	 3.	 Pulimood AB, Peter S, Ramakrishna B, et al. Segmental 
colonoscopic biopsies in the differentiation of ileocolic 
tuberculosis from Crohn’s disease. J Gastroenterol Hepatol. 
2005;20:688-696.

	 4.	 Park DY, Kim JY, Choi KU, et al. Comparison of polymerase 
chain reaction with histopathologic features for diagnosis of 
tuberculosis in formalin-fixed, paraffin-embedded histologic 
specimens. Arch Pathol Lab Med. 2003;127:326-330.

	 5.	 O’Leary JJ, Chetty R, Graham AK, et al. In situ PCR: 
pathologist’s dream or nightmare? J Pathol. 1996;178:11-20.

	 6.	 O’Leary JJ, Browne G, Landers RJ, et al. The importance of 
fixation procedures on DNA template and its suitability for 
solution-phase polymerase chain reaction and PCR in situ 
hybridization. Histochem J. 1994;26:337-346.

	 7.	 Hernández-Pando R, Jeyanathan M, Mengistu G, et al. 
Persistence of DNA from Mycobacterium tuberculosis in 
superficially normal lung tissue during latent infection.  
Lancet. 2000;356:2133-2138.

	 8.	 Sanderson JD, Moss MT, Tizard ML, et al. Mycobacterium 
paratuberculosis DNA in Crohn’s disease tissue. Gut. 
1992;33:890-896.

	 9.	 Wakefield AJ, Pittilo RM, Sim R, et al. Evidence of persistent 
measles virus infection in Crohn’s disease. J Med Virol. 
1993;39:345-353.

	10.	  Lamps LW, Madhusudhan KT, Havens JM, et al. Pathogenic 
Yersinia DNA is detected in bowel and mesenteric lymph 
nodes from patients with Crohn’s disease. Am J Surg Pathol. 
2003;27:220-227.

	11.	 Gan H, Ouyang Q, Bu H, et al. Value of polymerase chain 
reaction assay in diagnosis of intestinal tuberculosis and 
differentiation from Crohn’s disease. Chin Med J (Engl). 
1995;108:215-220.

	12.	 Gan HT, Chen YQ, Ouyang Q, et al. Differentiation between 
intestinal tuberculosis and Crohn’s disease in endoscopic 
mucosal biopsies by polymerase chain reaction. Am J 
Gastroenterol. 2002;97:1446-1451.

	13.	 Amarapurkar DN, Patel ND, Amarapurkar AD, et al. 
Tissue polymerase chain reaction in diagnosis of intestinal 
tuberculosis and Crohn’s disease. J Assoc Physicians India. 
2004;52:863-867.

	14.	 Eisenach KD, Sifford MD, Cave MD, et al. Detection 
of Mycobacterium tuberculosis in sputum samples 
using a polymerase chain reaction. Am Rev Respir Dis. 
1991;144:1160-1163.

	15.	 Donoghue HD, Spigelman M, Zias J, et al. Mycobacterium 
tuberculosis complex DNA in calcified pleura from remains 
1400 years old. Lett Appl Microbiol. 1998;27:265-269.

	16.	 Hirunwiwatkul P, Tumwasorn S, Chantranuwat C, et al. 
A comparative study of diagnostic tests for tuberculous 
lymphadenitis: polymerase chain reaction vs histopathology 
and clinical diagnosis. J Med Assoc Thai. 2002;85:320-326.

	17.	 Park DY, Kim JY, Choi KU, et al. Comparison of polymerase 
chain reaction with histopathologic features for diagnosis of 
tuberculosis in formalin-fixed, paraffin-embedded histologic 
specimens. Arch Pathol Lab Med. 2003;127:326-330.

	18.	 Neyrolles O, Hernández-Pando R, Pietri-Rouxel F, et al. Is 
adipose tissue a place for Mycobacterium tuberculosis persistence? 
PLoS ONE. 2006:e43. doi:10.1371/journal.pone.0000043.

	19.	 Qian L, Van Embden JD, Van Der Zanden AG, et al. 
Retrospective analysis of the Beijing family of Mycobacterium 
tuberculosis in preserved lung tissues. J Clin Microbiol. 
1999;37:471-474.

	20.	 Cheng VC, Yew WW, Yuen KY. Molecular diagnostics in 
tuberculosis. Eur J Clin Microbiol Infect Dis. 2005;24:711-720.



Am J Clin Pathol  2008;129:846-851     851
851     DOI: 10.1309/DKKECWQWMG4J23E3     851

© American Society for Clinical Pathology

Microbiology and Infectious Disease / Original Article

	21.	 Jeyanathan M, Alexander DC, Turenne CY, et al. Evaluation 
of in situ methods used to detect Mycobacterium avium subsp 
Paratuberculosis in samples from patients with Crohn’s disease.  
J Clin Microbiol. 2004;44:2942-2950.

	22.	 Seiler P, Ulrichs T, Bandermann S, et al. Cell-wall alterations 
as an attribute of Mycobacterium tuberculosis in latent infection.  
J Infect Dis. 2003;188:1326-1331.

	23.	 Chan J, Flynn J. The immunological aspects of latency in 
tuberculosis. Clin Immunol. 2004;110:2-12.

	24.	 Puissegur MP, Botanch C, Duteyrat JL, et al. An in vitro 
dual model of mycobacterial granulomas to investigate the 
molecular interactions between mycobacteria and human  
host cells. Cell Microbiol. 2004;6:423-433.

	25.	 Ulrichs T, Lefmann M, Reich M, et al. Modified 
immunohistological staining allows detection of Ziehl-Neelsen–
negative Mycobacterium tuberculosis organisms and their precise 
localization in human tissue. J Pathol. 2005;205:633-640.

	26.	 Hsiao PF, Tzen CY, Chen HC, et al. Polymerase chain reaction 
based detection of Mycobacterium tuberculosis in tissues showing 
granulomatous inflammation without demonstrable acid-fast 
bacilli. Int J Dermatol. 2003;42:281-286.

	27.	 Sutlovic D, Definis Gojanovic M, Andelinovic S, et al. Taq 
polymerase reverses inhibition of quantitative real time 
polymerase chain reaction by humic acid. Croat Med J. 
2005;46:556-562.

	28.	 Hillemann D, Galle J, Vollmer E, et al. Real-time PCR 
assay for improved detection of Mycobacterium tuberculosis 
complex in paraffin-embedded tissues. Int J Tuberc Lung Dis. 
2006;10:340-342.


