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Abstract
Background: This study aimed at evaluating the function of polymerase chain reaction (PCR) in the identification of spinal tuberculosis post two
weeks of preoperative anti-tuberculosis cure and to evaluate PCR to the Lowenstein - Jensen Culture (LJC) and histopathological examination
(HPE) methods. Subjects and Methods: All of the tissues obtained for histopathology were fixed in 10% formalin, embedded in paraffin, cut to
5-µm-thick sections and stained with hematoxylin-eosin (H&E) and Gabbet’s stain before microscopic examination. The sample collection was
executed in sterile situations. Joint fluid, pus or tissue samples were composed and ground. Results: Results demonstrated that the PCR approach
had 80.9% sensitivity, 95.2% specificity and 87.3% accuracy respectively. ELISA for TB-SA antibody had 51.8% sensitivity, 82.4% specificity
and 66.4% accuracy respectively. The bacterial culture had 80.9% sensitivity, 68.1% specificity and 43.2% accuracy respectively. Conclusion :
Polymerase chain reaction (PCR) is a speedy technique for identifying extrapulmonary TB with high sensitivity and specificity.
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Introduction

Tuberculosis (TB) is sourced by an assortment of species
of mycobacteria among which Mycobacterium tuberculosis
(MTB) is the most recurrent which is a slow mounting
facultative intracellular parasite. [1,2]

Identification in an early stage of the ailment is of domi-
nant significance for management instigation, with unswerv-
ing results for individual illness prevention and, consequently,
for public health inventiveness intended at the deterrence of
tuberculosis diffusion. Immediate cure of spinal tuberculosis
with prescribed medicines is imperative in illness adminis-
tration. Essentially, well-timed handling is characteristically
commenced diagnosis on clinical and radiological substan-
tiation with no waiting for culture outcomes, particularly in
regions prevalent for tuberculosis and developing nations.

Usually, TB is identified by conformist techniques like sputum
smear microscopy, chest radiographic findings and culture
studies. [3] The prevailing methods stay unproductive due
to confines in low mycobacterium levels and time taking

practices. [4] precise and timely diagnosis of tuberculosis is
significant for an efficient cure and appropriate handling.
Substantiation of TB by positive culture often takes three to
six weeks. Even before the accessibility of culture outcomes,
the sufferers may have a clinical decline, which could be
connected to a substitute non TB contagion, side effects of
anti-tuberculosis cure, anti-tuberculosis drug conflict, or a
paradoxical retort. The consequences of TB PCR testing can
facilitate to intensify the pronouncement making procedure
concerned in the analysis of TB, so that early on anti-
tuberculosis cure can be started. The laboratory presentation
of both commercial and in house TB PCR in the analysis of
TB has been expansively assessed. [5–9]

MT can be sent out to a variety of organs like skin, peri-
toneal, lung and bones via blood-borne or lymph circula-
tion. [10] Bone TB is one disparaging laceration grounded by
the blood-borne incursion of MT into bone or joint tissues and
regularly happens in the spine, hip, feet, elbow, or hand to
influence loading of bone, joint tissues and limb motility. [11]
Bone TB is frequently associated with a low fever, lassitude,
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night sweat, lower appetite and thinning, plus joint swelling,
pain, atrophy and/or dysfunction, causing major issues for the
sufferer. [12]The solution for bone TB embraces early identifi-
cation and opportune cure to lessen joint structural injure and
holds back efficient hurt. [13] Though due to poorer specificity
in the untimely clinical demonstration, the well-timed identi-
fication of bone TB is comparatively complicated and needs
manifold approaches coiffure history, body sings, auxiliary
assays and MT culture. [14,15] These methods, however, have
a relatively lower sensitivity and specificity. [16] This study
thus tested MT DNA using polymerase chain response (PCR)
assessment to examine its insinuation for bone TB identifica-
tion.

Subjects andMethods

Study design and setting
This was a potential study performed from September 2018
to October 2020 at Saraswathi Institute of Medical Sciences,
Anwarpur, Pillkhuwa, Distt. Hapur India, concerning the
Department of Orthopedic and the Department of T.B. &
Chest. This work gained signed informed consent from all
participants and was permitted by the Ethics Committee.
A total of 110 samples were collected from bone tuberculosis
patients who were admitted to the hospital including 68 males
and 42 females (aging between 25-70 years).
Ninety non-bone tuberculosis samples (control group) were
collected, including 65 males and 30 females, with ages
between 24 and 66 years.
Inclusive criteria
Typical TB pathology modifies under assay or during surgery;
visible MT after bacterial culture; typical clinical symptoms,
body signs and imaging features; effective anti-TB treatment.
A patient can be diagnosed with any one item of those
abovementioned features.
Exclusion criteria
Accompanied with other infectious diseases, malignant
tumors, severe diabetes, kidney/liver disease, pulmonary
fibrosis, bone metabolic disorder, systemic immune disease
or any complication of cancer.
Histopathological examination
All of the tissues obtained for histopathology were fixed
in 10% formalin, embedded in paraffin, cut to 5-µm-thick
sections and stained with hematoxylin-eosin (H&E) and
Gabbet’s stain before microscopic examination. The presence
of typical caseating granulomas and/or Langhans’ giant cells
on H&E staining and the identification of acid-fast bacilli on
Gabbet’s staining were considered as proof of tuberculosis.
DNA extraction All of the processed samples (decontaminated
pus, synovial fluid, homogenised tissues) were centrifuged

again at 6,000 rpm for 10min and, to the resultant pellet, 250µl
of lysis buffer I and 20 µl of proteinase K was added (provided
in the kit from Bangalore Genei, Bangalore, India). The DNA
samples were kept at −20◦C for further use.

The sample collection was executed in sterile situations. Joint
fluid, pus or tissue samples were composed and ground. After
adding lysis buffer, tissueswere homogenized and centrifuged.
The tissue supernatant was used as the template. Joint fluid
samples were frequently centrifuged for the objective of
collecting the supernatant. All of the samples were subjected
to PCR and histopathological assessment. Tissue samples for
PCR were sent in normal saline and for histopathology in
10% formalin. All of the samples were kept at 4◦C before
proceeding for PCR. All of the samples for PCR processing
were handled by the same senior technician in the Department
of Microbiology (SR) under the guidance of the senior
microbiologist (KC). All steps of the PCR were carried out
in separate rooms to minimize the chance of the carry-over
of templates. All histopathology slides were reviewed by two
senior pathologists after processing.

The polymerisation of DNA

Two-step nested PCR was performed by a commercial kit
method from Genei Bangalore (India) for IS6110 of M.
tuberculosis.

Statistical Analysis

SPSS 19.0 statistical software was used for analysis. Enumer-
ation data were tested by the chi-square method. A statistical
significance was defined when P < 0.05.

Results

ELISA was used to test for the TB-SA antibody, and 57
positive cases were found in the bone tuberculosis group (53
negative cases, positive rate = 51.8%). In the control group,
there were 16 positive cases and 74 negative cases (positive
rate = 17.7%). In MT culture, there were 23 positive and
87 negative cases in the bone tuberculosis group (positive
rate = 20.9%), and 29 positive and 61 negative cases in the
control group (positive rate = 32.2%). PCR assay thus had
a significantly higher positive rate of MT DNA than that of
ELISA or bacterial culture approach. ELISA also had a higher
positive rate of bone tuberculosis than bacterial culture. In
the control group, the DNA positive rate was significant than
ELISA or bacterial culture approach, whilst ELISA had a
lower positive rate than the culture method (P < 0.05, [Table
1]).

Sensitivity and specificity analysis were performed among
the PCR assays for MT DNA, ELISA for TB-SA antibody
and MT culture. Results demonstrated that the PCR approach
had 80.9% sensitivity, 95.2% specificity and 87.3% accuracy
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Table 1: Comparison of PCR for MT DNA, ELISA for TB-SA and MT culture

Approach Bone tubercu-
losis

Control

Positive cases Negative Rate (%) Positive cases Negative Rate (%)
PCR for MT
DNA

89 21 80.9*,# 3 87 3.3*,#

ELISA for TB-
SA antibody

57 53 51.8* 16 74 17.7*

MT culture 23 87 20.9 29 61 32.2
Note: *, P < 0.05 compared to MT culture; #, P < 0.05 compared to ELISA

respectively. ELISA for TB-SA antibody had 51.8% sensitiv-
ity, 82.4% specificity and 66.4% accuracy respectively. The
bacterial culture had 80.9% sensitivity, 68.1% specificity and
43.2% accuracy respectively. The PCR approach displayed
significant advantages over the other two approaches (P < 0.05,
Table 2).

Figure 1: Comparison of time consumption among the
three approaches

Discussion

Bone TB has a subtle onset which develops gradually with the
lack of typical indications at an early stage. Imaging processes
like X-ray thusmay not be capable to recognize the subsistence
of early lesions. Though CT has a moderately elevated
resolution for bone tissues, it has low sensitivity for sensing
provocative alterations of synovial tissues and joint cavity
fluids. Consequently, an inclusive diagnosis counting medical
indications and lab outcomes like erythrocyte sedimentation
are essential for the diagnosis. The complexity of establishing
a diagnosis recurrently roots to ailment succession and in some
cases, severe provocative injury and dysfunction of bone-joint
structure. The study for the early and fast diagnostic methods
is significant for deterrence and diagnosis of bone TB. [17,18]

The spine is the spot most frequently affected with tuberculo-
sis, followed by the hip and the knee. [19,20] The diagnosis of
osteoarticular tuberculosis is often delayed, on average, by 16
to 19months. [21] Routine blood and radiological investigations
may not be very handy in the diagnosis of early osteoartic-
ular tuberculosis. [20,22] Z-N smear assessment and traditional
culture (Lowenstein Jenson Media) methods are also not very
receptive and frequently demonstrate squat affirmative or neg-
ative results. [23] Even the lately developed radiometric Bactec
culture method takes a standard time of 23.2 to 32.6 days and
its sensitivity is low. [24]

This study exploited the PCR approach for intensifying 245 bp
length DNA portion as the template, considerably uplifting the
positive rate of bone tuberculosis assay and the test sensitivity
and specificity, with less time and higher accurateness.
Consequently, the PCR approach presents clinical significance
for early diagnosis of bone TB. PCR approach for MT
DNA has abundant benefits in terms of high sensitivity,
specificity, promptness, and ease of exploitation, all of which
are beneficial over ELISA for TB-SA antibody andMT culture
approaches. PCR assay thus offers a novel process for early,
rapid and precise identification of bone TB, and has significant
clinical inference.

Current progress in the molecular diagnosis of TB linking the
uncovering of bacterial mRNA encoding the ubiquitous 85B
antigens in viable M tuberculosis by reverse transcriptase PCR
and reverse transcriptase strand dislodgment magnification
assessment may conquer the above complicatedness. [18–20]
Because the mRNA is more rapidly shattered in the cells
than rRNA or genomic DNA, having a half-life of only a
few minutes, it can distinguish between viable and nonviable
M TB. Therefore, it may become helpful for the diagnosis
of active TB and supply a tool to monitor the therapeutic
effectiveness.

Setting up the diagnosis of TB beyond doubt is very vital
when taking into consideration the cost and period of handling
and the effects of delayed treatment. [25] Moreover, it has its
economic and psychosocial implications in the developing
world. [26,27] Counterfeit positivity in PCR can be minimized
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Table 2: Sensitivity and specificity analysis among PCR, ELISA, and culture
Test method Sensitivity Specificity Accuracy
PCR for MT DNA 80.9*,# 95.2*,# 87.3*,#
ELISA for TB-SA antibody 51.8* 82.4* 66.4*
MT culture 20.9 68.1 42.2
Note: *, P < 0.05 compared to MT culture; #, P < 0.05 compared to ELISA

by the ample training of personnel in molecular methods and
putting off laboratory-introduced contagion.

Conclusion

PCR method for MT DNA has plentiful rewards in terms of
high sensitivity, specificity, promptness, and effortlessness of
treatment, all of which are beneficial over ELISA for TB-SA
antibody and MT culture approach. PCR assay thus supplies
a novel method for early, rapid and correct identification of
bone TB, and has imperative medical insinuation. Polymerase
chain reaction (PCR) is a speedy technique for identifying
extrapulmonary TB with high sensitivity and specificity. TB
PCR is a rapid and reliable method in the analysis of TB, which
allowed the early beginning of anti TB cure in more than 50%
of the studied sufferers in our legion. Though, because of the
comparatively low sensitivity of TB PCR, clinical judgment
remains the final assessment in the management of TB.

References

1. Butt T, Karamat KA, Ahmad RN, Mahmood A. Advances in
diagnosis of tuberculosis. Pak J Pathol. 2001;12(1):1–3.

2. Manganelli R, Dubnau E, Tyagi S, Kramer FR, Smith
I. Differential expression of 10 sigma factor genes in
Mycobacterium tuberculosis. Mol Microbiol. 1999;31(2):715–
724. Available from: https://dx.doi.org/10.1046/j.1365-2958.
1999.01212.x.

3. Soini H, Musser JM. Molecular Diagnosis of Mycobacteria.
Clin Chem. 2001;47(5):809–814. Available from: https://dx.
doi.org/10.1093/clinchem/47.5.809.

4. Styrt BA, Shinnick TM, Ridderhof JC, Crawford JT, Tenover
FC. Turnaround times for mycobacterial cultures. J clin
microbiol. 1997;35(4):1041–1042. Available from: https://dx.
doi.org/10.1128/jcm.35.4.1041-1042.1997.

5. Brown TJ, Power EG, French GL. Evaluation of three commer-
cial detection systems for Mycobacterium tuberculosis where
clinical diagnosis is difficult. J Clin Pathol. 1999;52(3):193–
197. Available from: https://dx.doi.org/10.1136/jcp.52.3.193.

6. Rajalahti I, Vuorinen P, Liippo K, Nieminen M, Miettinen
A. Evaluation of Commercial DNA and rRNA Amplification
Assays for Assessment of Treatment Outcome in Pulmonary
Tuberculosis Patients. Eur J Clin Microbiol Infect Dis.
2001;20(10):746–750. Available from: https://dx.doi.org/10.
1007/s100960100593.

7. Bogard M, Vincelette J, Antinozzi R, Alonso R, Fenner T,
Schirm J, et al. Multicenter Study of a Commercial, Automated

Polymerase Chain Reaction System for the Rapid Detection
of Mycobacterium tuberculosis in Respiratory Specimens in
Routine Clinical Practice. Eur J Clin Microbiol Infect Dis.
2001;20(10):724–731. Available from: https://dx.doi.org/10.
1007/s100960100565.

8. Almeda J, Garcia A, Gonzalez J. Clinical evaluation of an
in-house IS6110 polymerase chain reaction for diagnosis of
tuberculosis. Eur J ClinMicrobiol Infect Dis. 2000;19:859–67.
Available from: https://doi.org/10.1007/s100960000375.

9. Yuen KY, Chan KS, Chan CM, Ho BS, Dai LK, Chau PY,
et al. Use of PCR in routine diagnosis of treated and untreated
pulmonary tuberculosis. J Clin Pathol. 1993;46(4):318–322.
Available from: https://dx.doi.org/10.1136/jcp.46.4.318.

10. Bang D, Andersen SR, e EV, Rasmussen EM. Performance of
the GenoType MTBDRplus assay (v2.0) and a new extended
GenoType MTBDRsl assay (v2.0) for the molecular detection
of multi- and extensively drug-resistant Mycobacterium tuber-
culosis on isolates primarily from Lithuania. Diagn Micro-
biol Infect Dis. 2016;86(4):377–381. Available from: https:
//dx.doi.org/10.1016/j.diagmicrobio.2016.08.026.

11. Speth MT, Repnik U, Griffiths G. Layer-by-layer nanocoating
of live Bacille-Calmette-Guérin mycobacteria with poly(I:C)
and chitosan enhances pro-inflammatory activation and bac-
tericidal capacity in murine macrophages. Biomaterials.
2016;111:1–12. Available from: https://dx.doi.org/10.1016/j.
biomaterials.2016.09.027.

12. Ozdemir ZM, Kahraman AS, Gormeli CA, Sevimli R, Akpolat
N. Langerhans Cell Histiocytosis with Atypical Intervertebral
Disc and Sacroiliac Joint Involvement Mimicking Osteoartic-
ular Tuberculosis in an Adult. Balk Med J. 2016;33(5):573–
577. Available from: https://dx.doi.org/10.5152/balkanmedj.
2016.160492.

13. Guessogo WR, Mandengue SH, Ndemba PBA, Medjo UO,
Minye EE, Ahmaidi S, et al. Physical and functional follow-up
of tuberculosis patients in initial intensive phase of treatment
in Cameroon using the 6-min walk test. J Exerc Rehabil.
2016;12(4):333–339. Available from: https://dx.doi.org/10.
12965/jer.1632620.310.

14. Mittal S, Khalid M, Sabir AB, Khalid S. Comparison of
Magnetic Resonance Imaging Findings between Pathologically
Proven Cases of Atypical Tubercular Spine and Tumour
Metastasis: A Retrospective Study in 40 Patients. Asian Spine
J. 2016;10(4):734. Available from: https://dx.doi.org/10.4184/
asj.2016.10.4.734.

15. Fernandes S, Vieira-Sousa E, Furtado C, Costa A, Barros R,
Fonseca JE. A diagnosis of disseminated tuberculosis based
on knee arthroscopic guided synovial biopsy in the context of
monoarthritis. ActaReumatol Port. 2016;41:256–259.

Asian Journal of Medical Research 99 Volume 9 99 Issue 4 99 October-December 2020 14

https://dx.doi.org/10.1046/j.1365-2958.1999.01212.x
https://dx.doi.org/10.1046/j.1365-2958.1999.01212.x
https://dx.doi.org/10.1093/clinchem/47.5.809
https://dx.doi.org/10.1093/clinchem/47.5.809
https://dx.doi.org/10.1128/jcm.35.4.1041-1042.1997
https://dx.doi.org/10.1128/jcm.35.4.1041-1042.1997
https://dx.doi.org/10.1136/jcp.52.3.193
https://dx.doi.org/10.1007/s100960100593
https://dx.doi.org/10.1007/s100960100593
https://dx.doi.org/10.1007/s100960100565
https://dx.doi.org/10.1007/s100960100565
https://doi.org/10.1007/s100960000375
https://dx.doi.org/10.1136/jcp.46.4.318
https://dx.doi.org/10.1016/j.diagmicrobio.2016.08.026
https://dx.doi.org/10.1016/j.diagmicrobio.2016.08.026
https://dx.doi.org/10.1016/j.biomaterials.2016.09.027
https://dx.doi.org/10.1016/j.biomaterials.2016.09.027
https://dx.doi.org/10.5152/balkanmedj.2016.160492
https://dx.doi.org/10.5152/balkanmedj.2016.160492
https://dx.doi.org/10.12965/jer.1632620.310
https://dx.doi.org/10.12965/jer.1632620.310
https://dx.doi.org/10.4184/asj.2016.10.4.734
https://dx.doi.org/10.4184/asj.2016.10.4.734


Singh & Gupta: Diagnostic Value of Mycobacterium Tuberculosis

16. Held M, Laubscher M, Mears S, Dix-Peek S, Workman
L, Zar H, et al. Diagnostic Accuracy of the Xpert
MTB/RIF Assay for Extrapulmonary Tuberculosis in Children
With Musculoskeletal Infections. Pediatr Infect Dis J.
2016;35(11):1165–1168. Available from: https://dx.doi.org/10.
1097/inf.0000000000001271.

17. Mihailovic J, Matovina E, Nikoletic K. 18F-
fluorideoxyglucose positron emission tomogra-
phy/computed tomography imaging: Artifacts and pit-
falls. Med Pregl. 2015;68(1-2):41–48. Available from:
https://doi.org/10.2298/mpns1502041m.

18. Li W, Xiao DM, Jiang CQ, Zhang WT, Lei M. Arthroscopic
treatment of bony loose bodies in the subacromial space. Int
J Surg Case Rep. 2015;11:101–104. Available from: https:
//doi.org/10.1016/j.ijscr.2015.02.004.

19. Tuli SM, Srivastava TP, Varma BP, Sinha GP. Tuberculosis of
Spine. Acta Orthop Scand. 1967;38(1-4):445–458. Available
from: https://dx.doi.org/10.3109/17453676708989653.

20. Vohra R, Kang HS, Dogra S, Saggar RR, Sharma R.
TUBERCULOUS OSTEOMYELITIS. J Bone Joint Surg Br.
1997;79-B(4):562–566. Available from: https://dx.doi.org/10.
1302/0301-620x.79b4.0790562.

21. Grosskopf I, David B, Charach A, Hochman G, I. Bone
and joint tuberculosis-a 10-year review. Isr J Med Sci.
1994;30:278–283.

22. Martini M, Adjrad A, Boudjemaa A. Tuberculous osteomyeli-
tis. A review of 125 cases. Int Orthop. 1986;10:201–207. Avail-
able from: https://doi.org/10.1007/bf00266209.

23. der Spoel van Dijk AV, McLeod A, Botha PL, Shipley JA,
Kapnoudhis MA, Beukes CA. The diagnosis of skeletal
tuberculosis by polymerase chain reaction. Cent Afr J Med.
2000;46(6):144–149. Available from: https://dx.doi.org/10.
4314/cajm.v46i6.8546.

24. Negi SS, Gupta S, Khare S, Lal S. Comparison of various
microbiological tests including polymerase chain reaction for
the diagnosis of osteoarticular tuberculosis. Indian J Med
Microbiol. 2005;23:245–248.

25. Jou NT, Yoshimori RB, Mason GR, Louie JS, Liebling MR.
Single-tube, nested, reverse transcriptase PCR for detection
of viable Mycobacterium tuberculosis. J clin Microbiol.
1997;35(5):1161–1165. Available from: https://dx.doi.org/10.
1128/jcm.35.5.1161-1165.1997.

26. Muniyandi M, Ramachandran R, Balasubramanian R, Narayan
PR. Socio-economic dimensions of tuberculosis control:
review of studies over two decades from Tuberculosis Research
Center. J Commun Dis. 2006;38(3):204–215.

27. Rajeswari R, Muniyandi M, Balasubramanian R, Narayanan
PR. Perceptions of tuberculosis patients about their physical,
mental and social well-being: a field report from south India.
Soc Sci Med. 2005;60(8):1845–1853. Available from: https:
//dx.doi.org/10.1016/j.socscimed.2004.08.024.

Copyright: © the author(s), 2020. It is an open-access article
distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits authors to retain ownership
of the copyright for their content, and allow anyone to download,
reuse, reprint, modify, distribute and/or copy the content as long
as the original authors and source are cited.

How to cite this article: Singh V, Gupta S. Evaluation of
the Diagnostic Value of Mycobacterium Tuberculosis DNA
Recognition by Polymerase Chain Reaction (PCR) on Bone
Tuberculosis. Asian J. Med. Res. 2020;9(4):11-15.

DOI: dx.doi.org/10.47009/ajmr.2020.9.4.OR3

Source of Support: Nil, Conflict of Interest: None declared.

Asian Journal of Medical Research 99 Volume 9 99 Issue 4 99 October-December 2020 15

https://dx.doi.org/10.1097/inf.0000000000001271
https://dx.doi.org/10.1097/inf.0000000000001271
https://doi.org/10.2298/mpns1502041m
https://doi.org/10.1016/j.ijscr.2015.02.004
https://doi.org/10.1016/j.ijscr.2015.02.004
https://dx.doi.org/10.3109/17453676708989653
https://dx.doi.org/10.1302/0301-620x.79b4.0790562
https://dx.doi.org/10.1302/0301-620x.79b4.0790562
https://doi.org/10.1007/bf00266209
https://dx.doi.org/10.4314/cajm.v46i6.8546
https://dx.doi.org/10.4314/cajm.v46i6.8546
https://dx.doi.org/10.1128/jcm.35.5.1161-1165.1997
https://dx.doi.org/10.1128/jcm.35.5.1161-1165.1997
https://dx.doi.org/10.1016/j.socscimed.2004.08.024
https://dx.doi.org/10.1016/j.socscimed.2004.08.024
https://doi.org/10.47009/ajmr.2020.9.4.OR3

	Introduction
	Subjects and Methods
	Results
	Discussion
	Conclusion

