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Introduction
With the decreased incidence of pulmonary tuberculosis, there is 

significant decline in the incidence of bone and joint tuberculosis (TB) 
in developed countries. However, it still remains a serious problem 
in underdeveloped countries including India [1,2]. In 2012, a total 
of 8.6 million people fell ill with TB and 1.3 million died of it which 
included 320,000 HIV infected individuals. In 2012, an estimated 
450,000 new cases of multidrug-resistant TB were reported globally 
[3]. Osteoarticular tuberculosis is an indolent disease, and delay 
in diagnosis has been reported to be as long as 16 to 19 months [4]. 
Definite diagnosis of the disease requires demonstration and isolation 
of the bacterium, for which we need specimens from the affected site. 
However, it is not feasible to collect affected tissue of osteoarticular 
tuberculosis due to ethical issues and technical difficulty during the 
early stage of the disease process. Even if such difficult specimens are 
collected, acid fast staining mostly fails to detect TB bacilli and the 
cultures are not positive in > 50% of the cases due to the paucibacillary 
nature [5]. In recent years, protocols based on nested polymerase chain 
reaction (PCR) have raised hopes for a rapid and reliable diagnosis of 
such osteoarticular tuberculosis because it takes care of PCR inhibitors 
present in the biological specimens [6,7]. In the recent past, we could 
detect Mycobacterium tuberculosis (M. tuberculosis) by amplifying 
specific target using nested PCR in peripheral blood collected from 
pulmonary tuberculosis cases. Encouraged with this observation, we 
planned to see the presence of M. tuberculosis bacteria in peripheral 
blood collected from clinically suspected cases of spine, osteoarticular 
tuberculosis in this study. 

Materials and Methods
The present prospective study was carried out during the period 

of 2012-2014 in the Department of Microbiology in collaboration 
with Department of Orthopaedics of the University Hospital of 
Banaras Hindu University, Varanasi, India. A total of 117 cases were 
selected based on the clinical and radiological suspicion of tubercular 
involvement of spine, bone and/or joint presenting with fever, low 
backache, tibia, knee or elbow swelling not responding to routine 
antibiotics. The study protocol was approved by the Institutional Ethics 
Committee (Ethical approval order no – IMS / 08 / 2012 / 113 ) and 
informed consent was taken from each of the patients. 

The samples were collected under strict aseptic precautions in 
the operation theatre. The specimens were synovial fluid, disc, bone 
marrow aspirate and pus from the diseased part/ tissues, such as 
synovial or vertebral bone (closed or open biopsy) and blood. All the 
samples were subjected to nested PCR after DNA extraction. 

DNA was extracted from the specimens following the methods 
described by Sambrook et al. [8]. We determined absorbance of 
extracted DNA at 260/280 nm and 5 µL was taken for gene amplification 
by PCR, coding for the 32-kDa protein. Heat shock protein gene 
(hsp65) of M. tuberculosis, a conserved gene was targeted and an in 
house designed already tested primers hsp TBF1 and hsp TBR1 were 
used for amplification of a 494 bp nucleotide sequence by primary PCR; 
hspTBF2 and hspTBR2 for amplification of a nucleotide sequence by 
nested PCR [9]. 

 The oligo sequences (5’-3’) were as follows:

For Primary PCR:

hspTBF1: AAA AGC CGG ATG GCA ATT CG

hspTBR1: ATT ACC GGC TTG GAC CCC CTG

For Nested PCR:

hspTBF2: ATG CGG CGC ACA CCG AAG ACA AG

hspTBR2: TCA ACG CGC TGT CTA GCT TGT C

PCR reaction was carried out in 25 μl volume. Reaction mix 
contained 10 x reaction buffer (5 μl/sample), dNTPs (2.5 mmol each 
base), forward and reverse primers (concentration 10 ρmol/ μl) and Taq 
polymerase enzyme (1U). Amplification was carried out on Bio Rad, 
Thermo Cycler, with a heated lid. The hot start method was employed 
by heating at 94°C for 5 min initially. Thereafter, amplification was 
carried out for 35 cycles at 92°Cfor 1min (denaturation), 65°C for 1min 
(annealing) and 72°C for 1min (extension). Extra extension was carried 
out at 72°C for 7 min. The amplification products of primary PCR was 
again amplified with nested primers following same protocol. The final 
amplification products were analyzed on 2 % agarose gel stained with 
ethidium bromide under UV light. Positive (DNA extracted from M. 
tuberculosis growth) and negative (double distilled water) controls 
were run with each batch of samples analysed. In our study, we used 
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the reference strain H37Rv M. tuberculosis as positive control and a 
reagent blank (no target DNA) as negative control.

Observation

In our study mean age of the patients was 47.5years (range 36 to 
64 years) (Table 1). Depending upon pain, inflammatory pattern and 
limitation of movement clinical diagnosis of osteoarticular tuberculosis 
was made (Figures 1 and 2) We had collected synovial fluid from 
21 patients of suspected knee joint tuberculosis, 37 sample of pus, 
58 sample of disc material and 1 sample of bone marrow aspiration. 
Conventional staining for acid fast bacteria by Ziehl Neelsen staining 
came out to all negative results. While on heat shock protein (hsp) 
gene amplification by PCR technique revealed enthusiastic result. 09 
out of 27 synovial fluid sample came out with positive band for M. 
tuberculosis.16 out of 37 pus sample and 21 out of 58 sample of disc 
material also had positive band. We also had 01 sample of bone marrow 
aspiration which was also found positive on Nested PCR. All together 
out of the 117 specimens examined, 47 (40%) were found PCR positive 
for M. tuberculosis. Nested PCR done in the blood samples from these 
47 cases showed a positivity of (14/47, 30%) (Table 2). 

Discussion
This study was done with 117 patients with mean age of 47.5 years 

which was in same trend as reported by Guadalupe et al. [9]. Maximum 
affected site in our study was spine which also coincide with other study 
with an edge of comparative more number of extra spinal involvement 
[9-11]. A well-known problem in specimen collection from clinically 
suspected cases of osteoarticular tuberculosis and inadvertent delay 
in the start of antitubercular therapy due to diagnostic dilemma, the 
present; although small study indicates that mycobacterial DNA do 
circulate in peripheral blood in cases of pauci bacillary tuberculosis 
also. There are a few studies that have shown not only the presence 
of the bacterium but more positivity in peripheral blood than affected 
tissue in pauci bacillary tuberculosis. Miyazaki et al. by using nested 
PCR was able to show the presence of M. tuberculosis DNA in 16.6% 
(4/24) of the military tuberculosis cases [10]. A study from Brazil 
carried out on blood collected from clinically suspected cases of 
tuberculosis of paediatric age group showed significantly higher 
detection of M. tuberculosis by nested PCR in extra pulmonary than 
that obtained in the cases of pulmonary TB. However, in this study 
the authors have not examined the specimens from affected part of 
the body [11]. Another study from Taiwan, targeting mpt64 gene has 
shown that the circulation of bacilli in the peripheral blood is more 
likely in cases of the extra pulmonary form of the disease than the 
pulmonary [12]. Another group of authors have indicated the difficulty 
in finding M. tuberculosis in extra pulmonary specimens, in which 
there are few bacilli, leading to low sensitivity of smear microscopy 
and of culture [13]. The authors have also implicated the presence of 
inhibiting factors that can interfere in the DNA amplification using 
PCR. However, in our study using the blood of pauci bacillary patients, 
we found the sensitivity of PCR to be quite good in extra pulmonary 
cases. Although, no explanation has been given by the previous workers 
why the TB PCR positivity was low in pulmonary cases, it seems to be 
an advantage to the pauci bacillary cases. These DNA can be detected 
by using sensitive and specific nested PCR. Positivity of the M. 
tuberculosis nucleic acid marker in 1/3rd of those cases whose affected 
tissues were also positive for hsp specific amplification of the bacterium, 
indicates the possibility of better sensitivity if we would have examined 
multiple blood specimens collected at different sittings or large volume 
of blood is collected or nested PCR is carried out in DNA isolated 
from Buffy coat probably carrying the bacterium. Further, if mRNA 
is isolated from the peripheral blood and either nested or real time 
PCR is performed, the sensitivity of detection may improve as copy 
number of mRNA will naturally is much more than the chromosomal 
DNA of the bacterium. Detection of mRNA further will confirm the 
viability of bacteria. Further advantages of PCR include: (1) Efficient 
and rapid method for diagnosis (48 h). (2) A PCR result is of great value 
in early diagnosis, particularly in infections of certain body systems 
where disease progression is rapid and detection by culture method 
is time-consuming. (3) Detect minute of bacterium hence treatment 
can be started early if there are associated clinical signs of the disease. 
(4) Differentiation between typical and atypical mycobacterium. (5) 
Detection of alpha crystalline by Real Time PCR help in detection 
of even latent osteoarticular tuberculosis Nazia Rizvi et al. [14-17] 
PCR can also detect very low levels AFB in clinical specimens and 
results are available within two days. However, misleading results can 
occur, such as the smallest amount of contaminating DNA can be 
amplified. A PCR-positive result does not always correlate with culture 
results and PCR is not a substitute for culture; it is an ancillary study 
complementing the routine battery of laboratory tests conducted for 
the rapid and definitive diagnosis of TB.

Variable Patients
Age 47.5 Yrs ( Range 36 – 64 yrs)
Sex Male -32 (68%)

Female – 15(31%)
Affected site Spine- 30 (63%)

Knee- 9 (19%)
Hip- 5 (10%)

Table 1: Demographic data of patients of Osteoarticular Tuberculosis.

L: Ladder; P: Positive control (218 bp);  N: Negative control,
Samples: 1, 2, 3, 4, 5, 6, 7, 12, 14, 15 Positive; Lane: 8, 9, 10, 11, 13 are 
Negative
Figure 1: Amplification of heat shock protein gene specific sequences of 
Mycobacterium tuberculosis in specimens of affected tissues.

L: Ladder; P: Positive control (218 bp); N: Negative control,
Lanes 1, 3,5,7,9 are the specimens and lanes 2, 4, 6,8,10 are their 
corresponding blood samples.
Figure 2: Amplification of heat shock protein gene specific sequences of 
Mycobacterium tuberculosis in positive specimens and corresponding blood 
of patients for the bacterium.
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Its disadvantages include an inability to differentiate live from 
dead organisms, since it does not depend on bacterial replication and 
it provides no information on disease activity. Developing country like 
India where cost and availability of Nested PCR brings a limitation of 
its use even though it increases the number of definite diagnoses and 
provided highly specific and sensitive results within 48 h. Minimally, 
if possible, AFB smear and histopathology of tissue specimens can 
be carried out at a much lower cost and can increase the number of 
definite diagnoses. Nested PCR has great potential in improving the 
clinicians' ability to rapidly diagnose clinically suspected TB, which will 
ensure early patient treatment [18]. This is a preliminary study looking 
into a pauci bacillary tuberculosis infection of bone joints and disease. 
The encouraging results suggest for a study involving large number of 
subjects which will definitely provide better clues in peripheral blood 
samples before the development of serious morbidity and mortality of 
tuberculosis of spine, bone and joint.
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Table 2: Showing positivity for specific heat shock protein (hsp) gene of M. tuberculosis in different samples collected from suspected cases of tuberculosis.

Specimens Synovial Fluid Pus Disc 
specimen

Bone marrow aspirate Total positivity in non-blood samples Blood from patients  positive for 
amplification

PCR positive / Total 
number of the sample

9/21
(43)

16/37
(43.24)

21/58
(36.2)

1/1
(100)

47/117
(40.1)

14/47
(30)

Figures in parenthesis are percentages.
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