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Does multiplex Polymerase Chain Reaction increase
the diagnostic percentage in osteoarticular tuberculosis?
A prospective evaluation of 80 cases
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Abstract
Purpose Multiplex Polymerase Chain Reaction (MPCR) is
a technique in which two or more gene targets are amplified
in a single reaction. This has increased sensitivity of
diagnosis as a single gene target may be absent in some
Mycobacterium tuberculosis strains.
Methods MPCR using two target genes specific for
Mycobacterium tuberculosis, that is, IS6110 and MPB 64,
ZN staining and Mycobacterial culture were performed on
synovial fluid/pus samples of 80 (three confirmed, 77
suspected) patients of osteoarticular tuberculosis and 25
non tuberculosis patients.
Results MPCR had a sensitivity of 100% in confirmed
cases and 81.8% in clinically suspected cases. AFB was
positive in one patient and Mycobacterial culture was
positive in three patients. MPCR also had 100% specificity;
MPB64 was positive in five patients in which IS6110 was
negative whereas IS6110 was positive in two patients in
which MPB64 was negative.

Conclusions MPCR is a sensitive and specific method for
diagnosis of paucibacilliary conditions such as osteoartic-
ular tuberculosis.

Introduction

Tuberculosis (TB) is still a major public health problem in
the developing countries. The interaction of HIV with
Mycobacterium tuberculosis has led to its resurgence even
in developed nations, and has multiplied the burden of TB
in developing countries [1]. India accounts for nearly one-
third of global burden of TB [2]. Among the extra-
pulmonary cases, osteoarticular involvement occurs in 5–
10% of cases [3]. Prompt and accurate diagnosis and early
treatment is required for better patient outcomes and to
prevent further joint destruction. At present, the diagnosis
of joint tuberculosis is largely based on clinical and
imaging findings only, and these are not sensitive and
specific enough to provide an early confirmed diagnosis of
bone and joint TB [4]. Definitive diagnosis requires
detection of tubercle bacilli, which can be done by smear
microscopy (inexpensive but insensitive), while culture is
considered to be the gold standard (takes six to
eight weeks). The nucleic acid-based amplification test
(NAA) has emerged as a promising tool for diagnosing
extra-pulmonary TB reliably and quickly. A meta-analysis
of NAA tests used in diagnosis of TB concludes that
commercial tests yielded results with high specificity but
low sensitivity, while heterogeneity and low diagnostic
accuracy were a concern with the in-house PCR test [5].

Most of the PCR-based studies have used single target
such as IS6110 or protein-b for amplification in diagnosis
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of tuberculosis [6]. Single gene target, however, may result
in false negative results as some of these target genes may
be absent in some of M. tuberculosis isolates [7, 8]. More
reliable results would be obtained by using multiple target
gene amplifications to cover for absence of some of them.
In studies where two gene targets were amplified, the
results with respect to sensitivity were much better [5].
Most studies have used IS6110 as a target for PCR based
diagnosis of TB with varying degree of success. However,
this IS6110 is absent in a proportion of M. tuberculosis
isolates from India [9, 10]. An alternative approach is to use
multiplex PCR (MPCR), in which several target genes are
amplified simultaneously. Therefore, our study was under-
taken to explore the utility of multiplex PCR using IS6110
and MPB64 genes as targets for rapid diagnosis of joint
tuberculosis, as both of these are specific for the Mycobac-
terium TB complex. To the best of our knowledge, the use
of multiplex PCR assay using these two targets together has
not been done in osteoarticular TB.

Material and methods

A total of 105 specimens, received for acid fast staining and
culture during the period of September 2008 to December
2009, were tested. Out of these 105 patients, three were
confirmed OATB patients, 77 were suspected OATB
patients and 25 were non TB patients, who acted as the
control group. The relevant history and other details of
patients were noted and they were divided into two groups
on the basis of the following criteria.

Group 1: Osteoarticular TB group (N=80) Confirmed
OATB (n=3): culture/smear positive

Suspected OATB (n=77): culture and smear negative but
suspected on the basis of imaging and clinical evaluation
and response to anti-tubercular therapy

Group 2: Control group (N=25) Patients with no history or
evidence of tuberculosis

All the samples were subjected to three microbiological
tests, namely, Ziehl-Neelsen staining (ZN), culture on
Lowenstein-Jensen medium and multiplex PCR with IS6110
primers andMPB64 primers. The samples of the subjects were
processed in a biosafety cabinet placed in a specially assigned
room. At least 200–300 μl of specimens was aliquoted and
stored at −20°C. PCR was done for only those specimens
which were used for smear and culture examination for M.
tuberculosis. Using 200 μl of centrifuge deposit for PCR, the
rest of the deposit was used for acid fast microscopy by
Ziehl-Neelsen method and culture was performed on two
slopes of Lowenstein-Jensen medium. Multiplex PCR was

standardised and found to have quantitative sensitivity to
detect the DNA equivalent to two to three organisms. It tested
positive with standard strain of M. tuberculosis, H37RV.

DNA was extracted according to the CTAB-phenol-
chloroform extraction method. Briefly, 0.2 ml of sample
was centrifuged at 10,000 rpm for ten minutes. The
supernatant was discarded and pellet was suspended in
500 μl of TE Buffer (Tris-EDTA), 30 μl 10% SDS and
3 μl proteinase k (20 mg/ml), mixed and incubated at
37°C for one hour. After incubation, 100 μl of 5 M
NaCl and 80 μl of high salt CTAB (cetyle-trimethyl
ammonium bromide) were added and mixed followed by
incubation at 65°C for ten minutes. An approximately
equal volume (0.7–0.8 μl) of chloroform-isoamyl alcohol
(24:1) was added, mixed thoroughly and centrifuged for
five minutes at 10,000 rpm.

The aqueous viscous supernatant was carefully decanted
and transferred to a new tube. An equal volume of phenol:
chloroform- isoamylalcohol (25:24:1) was added followed
by a five minute spin at 10,000 rpm. The supernatant was
separated and then mixed with 0.6 volume of isopropanol
to produce a precipitate. The precipitated nucleic acids were
washed with 75% ethanol, dried and re-suspended in 100 μl
of TE buffer.

Multiplex PCR (MPCR)

In each independent MPCR assay, test results were
compared with the results for one positive and one negative
control. The positive control included the DNA of H37Rv
and negative control included the PCR grade water.
Identification ofM. tuberculosis was achieved using a specific
pair of primers designed to amplify IS6110 and MPB64 in the
M. tuberculosis complex and the expected band size was about
123 bp for IS611O and 240 bp for MPB64. The sequence of
primers used for IS6110 was ISI: 5’-CCTGCGAGCG
TAGGCGT 3 and IS2: 5’-CTCGTCCAGCGCCGCTTCGG
3’. Primers used for MPB64 were MPB1: 5’-TCC GCT GCC
AGT CGT CTT CC-3’ and MPB2: 5’-GTC CTC GCG AGT
CTA GGC CA-3’.

The 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 5U/μl, DNA
template and water. DNA amplification was performed for
40 cycles following an initial denaturation step at 94°C for
five minutes in a thermo cycler by using the program:
denaturation at 94°C for one minute, annealing at 65°C for
1.5 minutes, extension at 72°C for 1.5 min and final
extension at 72°C for ten minutes.

The amplified product was stored at 4°C until the
detection. For detection of amplification, samples were
run on 1.5 % agarose gel stained with ethidium bromide.
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The stained gel was examined under UV light to look for
bands 123 bp of IS611O and 240 bp of MPB64 using a
molecular weight marker of 100 bp ladder. The samples
showing the presence of these bands under ultraviolet
transillumination were considered positive.

Statistical methods

The sensitivity, specificity, positive predictive value and the
negative predictive value were calculated using the standard
formulae. This work was part of a study approved by the
Institute Ethics committee.

Results

The type of specimens received varied from synovial fluid
(67; 83%) to pus (13; 17%) samples. Culture was positive
from 2/13 pus samples and 1/67 synovial fluid samples.
Out of 80 clinical TB specimens, one (1.25%) was AFB
smear positive and 79 were AFB smear negative, confirm-
ing the paucibacilliary condition. In three culture positive

confirmed cases of joint TB, all showed positive results
using MPCR. In 77 clinically suspected cases of OATB, 66
(82.5%) were positive by MPCR (positivity was taken if
band is present for any of two targets used or if bands are
present for both of the targets as shown in Fig. 1). Out of 66
MPCR positive cases, MPB64 bands were present in 62
(80%) cases and IS6110 bands were present in 59 (73.75%)
cases. There were five (6.2%) synovial fluid samples which
were negative by IS6110 but were positive by MPB64
(Table 1). There were two cases which were IS6110
positive but were MPB64 negative. In the control group,
all the tests were negative, thus giving specificity of 100%
to MPCR. A final diagnosis of joint TB was made for 80
patients based on the results of culture, microscopy, MPCR
and response to ATT. MPCR was positive in 66 out of 80
cases, while culture was positive in three cases and
microscopy in one case. Thus, the sensitivities of MPCR,
culture and microscopy were 82%, 3.39% and 1.25%,
respectively. There were five cases (6.2%) which were
IS6110 negative but MPB64 positive. An important finding
was that by using MPCR, sensitivity increased to 82%,
whereas sensitivity for MPB64 and IS6110 bands in
isolation were 80% and 73.75%, respectively. In the non
TB control group, all the tests were negative, thus giving
the specificity of 100% (Table 2).

Discussion

Osteoarticular TB is a paucibacilliary condition, which
requires early diagnosis and prompt treatment to decrease
the sequelae associated with this condition. In this study,
culture for MTB complex was found to be positive from
15.38% of pus samples and from one synovial fluid sample.
Vikas et al. [11] also showed that culture positivity was
more from pus samples as compared to synovial fluid
samples and this is an issue in joint TB, as tubercular
arthritis is the more common presentation. Another reason
for low culture positivity maybe the presence of non-viable

Fig. 1 shows the gel photograph of multiplex PCR. L1 shows the
molecular marker, L2 shows positive control, L3 shows the negative
control, L4 &L5 clinical samples positive with both markers i.e IS
6110 at 123 bp and MPB 64 at 240 bp. L6 shows clinical sample only
positive with MPB 64. L7 L8 shows negative clinical samples

Table 1 Results of AFB smear, culture, and multiplex PCR

Type Subtype No. of
patients

Smear (+),
N (%)

Culture (+),
N (%)

mPCR,
N (%)

IS6110 band
(+), N (%)

MPB64 band
(+), N (%)

Only
IS6110

Only
MPB 64

Group
I

Confirmed
OATB

3 1 3 (100) 3 (100) 3 (100) 43 (100) - -

Suspected
OATB

77 - - 63 (81.8) 56 (72) 61 (79.22) 2 (2.5) 5 (6.4)

Total 80 1 3 (3.75) 66 (82.5) 59 (72.22) 64 (80) 2 (2.5) 5 (6.2)

Group
II

Non-TB
control
group

25 - - - - - - -

AFB acid fast bacilli, OATB osteoarticular tuberculosis, mPCR multiplex polymerase chain reaction
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mycobacteria in clinical samples, as many patients are
referred to tertiary care centres after the institution of anti
tubercular treatment at the referring hospital.

In an attempt to increase diagnostic accuracy, we performed
MPCR using two targets, i.e. IS6110 and MPB64, together for
diagnosis of Mycobacterium tuberculosis complex. We were
able to pick up those cases which were missed by IS6110 or
vice versa, as the use of two targets together increased the
sensitivity of NAA test. Most previous studies have used
IS6110 as a single target, because IS6110 is present in
multiple copies in the M. tuberculosis genome, and can give
higher sensitivity [12, 13]. It has however been shown that
there are M. tuberculosis strains originating from India, which
do not contain IS6110 [12]; its utility in isolation in the
diagnosis of TBM thus becomes suspect [14]. To overcome
this shortcoming we prospectively evaluated MPCR using
two different genes for rapid diagnosis of joint TB, and
MPCR positivity was shown to be 82.5%, with 100%
positivity in culture confirmed OATB cases.

Some studies have assessed amplification of multiple
gene targets from the same samples, but this was using CSF
[15]; an increase in sensitivity was noted when all these
assays were analysed together [16]. A study by Hulder et al.
[17] reported an increase in sensitivity of PCR if two targets
were used for diagnosis of TBM. Our study is unique in the
fact that both genes were amplified together from one
sample and we were able to diagnose the cases which were
missed by IS6110 alone or by MPB64 in isolation. Other
studies which have evaluated two or three targets had put
up separate PCRs for each reaction, which increases the
cost of the test and also the chances of cross contamination.
This method of using multiplex PCR in one sample reduces
errors, as well as cost, and increases the sensitivity of the
test, which is doubly important in osteoarticular TB where

there is doubtful diagnosis. Additionally we were also able
to pick up 5% of cases of joint TB, in which IS6110 was
missing, and the test would have come as false negative;
these were diagnosed by MPB64 as amplification for both
targets had been carried out at the same time.

In MPCR, sensitivity of MPB64 was 100% in confirmed
joint TB cases and 80% in suspected cases while the
specificity was 100%. Results of our study were similar to
another study by Titov et al. [18], in which only MPB64
was used as target; they showed PCR positivity in 8/8 samples
from bone and joint tuberculosis. IS6110 was positive in
100% of confirmed OATB cases and 72.72% of suspected
cases. Studies have evaluated IS6110 PCR, and sensitivity of
this has been documented as 61.7% (Tiwari et al.) [19] to 73%
(Pandey et al.) [20]. The reason for low sensitivity in many
studies could be due to low volume of sample available,
insufficient lysis of cells, loss of DNA during purification or
different target used for amplification [20]. In our study, the
reasons for PCR negativity in few clinically suspected joint
TB cases could be the presence of the low number of bacteria,
poor lyses of bacteria in the samples, presence of PCR
inhibitors in the samples or even institution of antituberculous
therapy prior to coming to the hospital, although this has not
been extensively studied. Sometimes the tough cell wall ofM.
tuberculosis makes the isolation of target DNA difficult, or
there may be presence of inhibitors of PCR which give false
negative results [21]. Thus early identification will help in
institution of prompt treatment preventing joint damage, more
so when some techniques like technetium-99 m-labelled
ciprofloxacin (99mTc) scan are emerging as a promising tool
for monitoring drug response [22].

In this study, we have evaluated multiplex PCR using two
genes together, i.e. IS6110 and MPB64, showing a sensitivity
of 82.82% and specificity of 100%; culture positivity in the

Table 2 Sensitivity and specificity of PCR test compared to culture / AFB smear

Test Test results OATB control groups Sensitivity (%) Specificity (%) PPV (%) NPV (%)

(N = 80) (N = 25)

Multiplex PCR Positive 66 -

Negative 14 25 82.5 100 100 64.1

MPB64 Positive 64 -

Negative 16 25 80 100 100 60.97

IS6110 Positive 59 -

Negative 21 25 73.75 100 100 54.34

Culture Positive 3 -

Negative 77 25 3.89 100 100 27.17

Microscopy Positive 1 -

Negative 79 25 1.25 100 100 24.03

AFB acid fast bacilli, OATB osteoarticular tuberculosis, PCR polymerase chain reaction, PPV positive predictive value, NPV negative predictive
value
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same samples was only seen in 3.89%. We thus conclude that
MPCR by using more than one target gene increases the
diagnostic yield in paucibacilliary conditions like osteo-
articular TB, as those cases which are likely to be missed
due to absence of the IS6110 sequence in the Indian
population would also be detected. The use of the same
sample for multiple genes targeting also reduces the cost.

Conflict of interest None.
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