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INTRODUCTION

Gastrointestinal Tuberculosis (GITB) is a major health 
problem in developing countries like India and is a 

rising threat in countries heavily infected with AIDS and 
due to trans global migration.[1] GITB mimics many other 
conditions like inflammatory bowel disease such as Crohn’s 
disease (CD) and malignancy.[2] There is increase in incidence 
of  CD in TB endemic countries such as India and Southeast 
Asian countries.[3] The diagnosis is often difficult to establish 
immediately and accurately. This is primarily due to its 
widely‑varying colonoscopic profiles, limitation of  traditional 
microbiological methods and often non‑conclusive 
histopathology reports.[4] The course of  these two disorders 
is different, as intestinal TB is entirely curable, if  diagnosed 
and treated early whereas, in CD is a progressive disease and 
treated by steroids.[5] The treatment modalities for both the 
conditions are poles apart, it is mandatory to establish the 
diagnosis as accurately as possible.
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Nucleic acid based amplification tests  (NAA) emerged 
as promising tools for diagnosing extra‑pulmonary TB. 
A  meta‑analysis of  NAA test used in diagnosis of  TB 
concludes that commercial tests yielded results with high 
specificity and low sensitivity while heterogeneity and 
low diagnostic accuracy were concern with the in‑house 
PCR test. Conventional microbiological methods like 
AFB smear and culture are quite inadequate for rapid 
diagnosis of  GITB.[6,7] Most of  the PCR based studies 
have used single target for amplification.[8] However, 
single gene target can result in false negative results and 
more reliable results are obtained by using more than 
one target gene for amplification.[9,10] The sensitivity of  
studies using amplification of  two target genes is much 
better.[11] Most of  the studies have used IS6110 as target 
for amplification in PCR with varying degree of  success. 
However, IS6110 is absent in 10‑15% of  M. tuberculosis 
isolates from India,[12] which argues against its utility as 
a sole target for amplification in PCR. An alternative 
approach is to use multiplex PCR (MPCR) in which several 
target genes are amplified simultaneously. Various targets 
have been used alone or in combination in diagnosis of  
Mycobacterium tuberculosis infection (MTB). We have chosen 
IS6110 primers because of  multiple copy numbers (6-24) 
in the Mycobacterium genome.[11] MPB64 primer has shown 
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good sensitivity for diagnosis of  CNS TB.[13] To the best 
of  our knowledge, this is one of  the first few studies in 
which role of  multiplex PCR using IS6110 and MPB64 for 
early diagnosis of  GITB has been evaluated. Therefore, 
in the present study, we share our experience of  multiplex 
PCR using IS6110 and MPB64 for rapid diagnosis of  
M.  tuberculosis in endoscopic biopsy samples of  patients 
of  GI tuberculosis.

MATERIALS AND METHODS

A total of  70 endoscopic ileocecal biopsy received for acid 
fast staining and culture were tested from December 2008 
to March 2010. The patients were in the age range of  19 to 
68 years. Out of  these 70 cases, 11 were confirmed GITB 
cases, 29 were clinically suspected GITB cases, 20 were 
Crohn’s disease cases and 10 were non TB cases, who 
also acted as control group. In the control group we have 
included patients of  CD and non TB cases. The relevant 
history and other details of  the patients were noted and 
they were divided into two groups on the basis of  following 
criteria.[14]

Group I: GITB (n = 40)
a.	 Confirmed GITB cases  (n  =  11): Culture/smear 

positive/Histopathology Positive
b.	 Suspected GITB cases  (n  =  29): Smear/culture/

Histopathology negative but suspected of  having 
GITB on clinical grounds and endoscopic findings 
and response to ATT

Group II: Control Group (n = 30):
a.	 Crohn’s disease (n = 20)
b.	 Non TB cases (n = 10)

Specimen collection

Endoscopic ileocecal biopsy samples were collected by 
taking full aseptic precautions and sent to laboratory with 
in 1 hour in normal saline for AFB staining, culture and 
Multiplex PCR and part of  endoscopic biopsy was kept in 
10% formalin and sent for histopathology.

Sample processing

All samples were processed in class II biosafety cabinet. 
The endoscopic biopsy samples were decontaminated 
and concentrated by using N‑acetyl‑L‑cystine sodium 
hydroxide  (NALC‑NaOH) method followed by mixing 
with equal amount of  decontamination solution and kept 
for 15‑20 minutes at room temperature. The samples were 
vortexed for 5‑20 seconds. Equal volumes of  phosphate 

buffer were added to the samples and were centrifuged at 
3000 rpm for 20 minutes. The supernatant was discarded 
and the sediment was re-suspended in 1‑3 ml of  phosphate 
buffer. The re‑suspended sample was processed for 
preparation of  smear, culture and, MPCR and part of  
sample was stored at −20°C.

AFB staining and culture

Decontaminated samples were examined for AFB by 
Ziehl‑Neelsen method and culture was done on two 
LJ slants using standard procedures and incubated for 
6 weeks.

Histopathology

Paraffin‑embedded tissue section were prepared and stained 
with Hematoxylin‑eosin and examined for granulomatous 
reactions suggestive of  Mycobacterial tuberculosis.

Multiplex PCR

DNA was extracted from tissue samples as previously 
described by Van Soolingen[15] using Chloroform: Isoamyl 
alcohol extraction method and was stored at −20°C. 
Multiplex PCR was standardized and was found to have 
quantitative sensitivity to detect the DNA equivalent to 
2‑3 organisms. It  tested positive with standard strain of  
M. tuberculosis, H37RV. In each independent MPCR assay, 
test results were compared with the results for one positive 
and one negative control. The positive control included 
was the DNA of  H37Rv and negative control included 
was the PCR grade water. Identification of  M. tuberculosis 
was done using a specific pair of  primers designed to 
amplify IS6110 and MPB64 in the M. tuberculosis complex 
and the expected band size was about 123bp for IS611O, 
and 240 bp for MPB64. The sequence of  primers used 
for IS6110 was ISI: 5′‑CCTGCGAGCGTAGGCGT 3, 
IS2:  5′‑CTCGTCCAGCGCCGCTTCGG 3′. Primers 
used for MPB64 were MPB1:5′‑TCC GCT GCC AGT 
CGT CTT CC‑3′, MPB2:5′‑GTC CTC GCG AGT CTA 
GGC CA‑3′.

Following components were added to eppendrof   (for 
50 µl reaction). PCR buffer 10X, dNTPs (Mix) 10 mM, 
Primer IS1 (10 pm/µl), IS2 (10 pm/µl), MPB1 (10 pm/µl) 
and MPB2  (10  pm/µl), Taq polymerase 5  U/µl, DNA 
template and water. DNA amplification was performed for 
40 cycles following an initial denaturation step at 95°C for 
5 minutes in thermo cycler by using the following program: 
Denaturation at 94°C for 1 minutes, annealing at 65°C for 
1.5 minutes, extension at 72°C for 1.5 minutes and final 
Extension: 72°C for 10 minutes.
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The amplified product was stored at 4°C till the detection. 
For detection of  amplified products, samples were run 
on 1.5% agarose gel stained with ethidium bromide. The 
stained gel was examined under UV light to look for bands 
123 bp of  IS611O, and 240 bp of  MPB64 using molecular 
weight marker of  100bp ladder. The samples showing the 
presence of  these bands under ultraviolet transilumination 
were considered positive [Figure 1].

Specificity and sensitivity of  the MPCR assay

In agreement with Eisenach et  al., [16] MPCR was 
highly specific for M.  tuberculosis in a preliminary study. 
No amplification product was produced with other 
mycobacterium species, such as M. avium, M. fortutium, or 
M. kansasii (data not shown). Sensitivity was estimated by 
serial dilutions of  M. tuberculosis DNA. The MPCR detected 
10 fg, which is equivalent to two mycobacterial genomes.

MPCR quality control

To avoid contamination during DNA extraction and 
amplification strict precautions were taken, including 
separate areas for DNA extraction, reagent preparation, 
amplification and product detection, and regular meticulous 
cleaning of  surfaces with 10% hypochlorite. In addition all 

the reagents were aliquoted upon arrival in the laboratory. 
Positive and negative control was included with each set 
of  reaction. The positive control was DNA extracted from 
H37RV whereas negative control was PCR grade water. 
To demonstrate the presence of  inhibitors in MPCR all 
negative samples were spiked with positive control DNA 
and no inhibitors were detected on spiked samples as all 
were positive with spiked DNA.

Statistical methods

The sensitivity, specificity, positive predictive value and 
the negative.

Predictive value was calculated using the standard formulae. 
This study was part of  study approved by the institute 
ethics committee.

RESULTS

The present study evaluated the role of  Multiplex PCR, 
histopathology, culture and AFB smear for diagnosis of  
GITB in 40 patients. In the control group, we have included 
20 patients of  CD and 10 of  non TB cases. Out of  40 cases 
of  GITB, 11 were confirmed GITB cases, and 29 were 
clinically suspected GITB cases, who also responded to 
ATT. Figure  1 shows the gel photograph of  Multiplex 
PCR. (MPCR is considered as positive if  band is present 
for both MPB64 and IS6110 or band is there for any of  
two i.e., MPB64 or IS6110).

Out of  11 confirmed GITB cases, culture was 
positive one patient, 8  patients were diagnosed on 
histopathology  [Table  1], AFB smear was positive in 
2 cases, and MPCR was positive in 10 cases respectively. 
Culture and smear positive cases were also positive by 
MPCR. Out of  8 histopathology positive cases, 7 were 
positive by MPCR [Table 1].

In 29 clinically suspected cases of  GITB, MPCR was 
positive in 21 (72.41%) cases, and out of  these 21 cases, 
MPB64 bands were present in 20  (68.96%) cases  and 

Table 1: Comparison of mPCR with smear culture and histopathology
Type Subtype Smear+N (%) Culture+N 

(%)
Histopath+N 

(%)
MPCR+N 

(%)
MPB64+N 

(%)
IS6110+N 

(%)
Only MPB64+N 

(%)
Only IS6110+N 

(%)

Group‑1 Confirmed GITB cases (n=11) 2 (18) 1 (9) 8 (72.21) 10 (90.90) 10 (90.90) 10 (90.90) ‑ ‑

Suspected GITB 
cases (n=29)

‑ ‑ ‑ 21 (72.41) 20 (68.96) 18 (62.20) 2 (6.8) 1 (3.4)

Total (n=40) 2 (5) 1 (2) 8 (20) 31 (77.50) 30 (75) 28 (70) 2 (5.0) 1 (2.5)

Group‑2 Crohn’s disease (n=20) ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

Non‑TB cases (n=10) ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

mPCR: multiplex PCR; GITB: Gastrointestinal tuberculosis; MPB: Mycobacterial protein fraction from BCG of Rm 0.64 in electrophoresis target genes

Figure 1: Gel photograph of multiplex PCR
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IS6110 bands were present in 18  (62.20%) cases 
respectively. MPCR was negative in control group thus 
giving specificity of  100%. A final diagnosis of  GITB was 
made for 40 patients based on result of  culture, microscopy, 
histopathology and response to ATT. MPCR was positive 
in 31 cases, histopathology in 8 and culture in 1 and AFB 
smear in 2 cases respectively. Thus sensitivity of  MPCR, 
histopathology, culture and microscopy was 77.5%, 20%, 
2% and 5% respectively. However, the sensitivity of  MPCR 
in confirmed GITB cases and suspected GITB was 90.90% 
and 72.41% respectively. There were total 2 (5%) cases out 
of  40, which were missed by IS6110 but were diagnosed by 
MPB64. Similarly there was 1 of  70 cases which were only 
IS6110 positive [Table 1]. By using two primers together in 
MPCR there was an increase in the sensitivity to 77.5% for 
MPCR whereas sensitivity of  MPB64 and IS6110 alone was 
75% and 70% respectively. In the control group all the tests 
were negative thus giving specificity of  100% [Table 2].

DISCUSSION

GITB is mostly based on clinical, radiological and 
endoscopic features as histological and microbiological 
results are often inconclusive due to paucibacilliary nature 
of  the disease. In the recent years, there is increase in 
incidence of  CD in Indian Population[4] moreover Crohn’s 
disease mimics GITB in clinical presentation, radiological, 
colonoscopy, and histological features.[16] Treatment 
modalities for two disease is totally different, therefore 
it is important to establish the diagnosis as accurately as 
possible as GITB is potentially curable with anti tubercular 
treatment.[17,18]

The most promising new approach to this problem is 
NAA technique such as PCR. In this study, we evaluated 
MPCR using two target together i.e., IS6110 and MPB64 
for diagnosis of  M. tuberculosis complex in patients of  GITB 
and compared it with histopathology, culture and ZN smear 
examination. In our study, histopathology, microscopy and 
culture were positive in 20%, 5% and 2% cases of  GITB 
confirming the paucibacilliary nature of  the disease, as 

earlier studies[19,20] also reported sensitivity in the range of  
22‑30%, 7‑10% and 0‑20% for histopathology. AFB smear 
and culture respectively. The factors responsible for low 
sensitivity in this study and also stated by other studies[21,22] 
such as, the paucibacilliary nature of  GITB, granulomas 
in deeper layer, inadequate biopsy material, unequal 
distribution of  organism, limitation of  microbiological 
techniques or early lesions that may not show caseation 
necrosis.

Most of  the PCR based studies had reported use of  single 
target like IS6110 for the diagnosis of  MTB. However, 
IS6110 is missing in 10-15% of  Indian population.[12] 
Use of  two or more gene targets for amplification has 
been demonstrated to increase the diagnostic yield of  
MTB infection in other clinical setting.[20,22] We evaluated 
the role of  MPCR using two different target specific 
for Mycobacterium tuberculosis complex for diagnosis of  
GITB in proven and clinically suspected cases of  GITB. 
The overall sensitivity of  this MPCR was 77.5% and 
specificity was 100%. Whereas sensitivity in proven cases 
which were histopathology, culture, and smear positive 
cases was 90.90%, and in clinically suspected cases 
who also responded to ATT was 72.41%. There was 
one histopathology positive case which was missed by 
MPCR; the reason could be inadequate biopsy material. 
The single target PCR target based studies had reported 
sensitivity varying between 21.6‑64.1%.[4,5] The overall 
sensitivity of  MPCR in our study is higher as compared 
to earlier studies. The other studies have also reported 
similar factors for low sensitivity of  PCR in the diagnosis 
of  MTB infection.[23]

In our study, IS6110 bands were present in 90.90% of  
confirmed cases and 62.20% of  clinically suspected cases. 
The findings of  our study are similar to that reported by 
Moatter et al.[24] MPB64 bands were positive in 90.90% of  
confirmed cases and 68.96% of  suspected cases which is 
similar to the study reported by Jin XJ et al.[25] There were 
two cases which were missed by IS6110 and one case was 
missed by MPB64.

Table 2: Sensitivity and specificity of multiplex PCR compared to other tests for diagnosis of GITB
Test Test results GITB cases (N=40) Control group (N=30) Sensitivity % Specificity % PPV % NPV %

MPCR Positive 31 0 77.5 100 100 76.92

Negative 9 30

MPB 64 Positive 30 0 75 100 100 75

Negative 10 30

IS6110 Positive 28 0 70 100 100 71.42

Negative 12 30

Histopathology Positive 8 0 20 100 100 48.38

Negative 32 30

PCR: Polymerase chain reaction; GITB: Gastrointestinal tuberculosis; PPV: Positive predictive value; NPV: Negative predictive value
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This again highlights the facts that there are strains of  
Mycobacterium tuberculosis strains in India which lack not 
only IS6110 but MPB64 also. Thus, MPCR plays an 
important role to increase the overall sensitivity of  PCR 
over uniplex PCR test for diagnosing GITB infection. 
The other advantage of  MPCR over doing Uniplex PCR 
using different primers is the low cost, less chances of  
contamination, less time consumption and better utilization 
of  manpower in resource constraint settings.

CONCLUSION

This study found that MPCR assay is useful for rapid and 
accurate diagnosis of  GITB cases which are likely to be 
missed due to absence of  IS6110 sequence in our Indian 
population and can supplement the clinical diagnosis.
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