
ORIGINAL RESEARCH
published: 03 July 2015

doi: 10.3389/fmicb.2015.00675

Edited by:
Julio Alvarez,

University of Minnesota, USA

Reviewed by:
Paras Jain,

Albert Einstein College
of Medicine, USA

Li Xu,
Cornell University, USA

*Correspondence:
Azar D. Khosravi,

Department of Microbiology, School
of Medicine, Ahvaz Jundishapur

University of Medical Sciences; Health
Research Institute, Infectious

and Tropical Diseases Research
Center, Ahvaz Jundishapur University

of Medical Sciences, Golestan,
61335 Ahvaz, Iran

azarkhosravi69@gmail.com

Specialty section:
This article was submitted to

Infectious Diseases,
a section of the journal

Frontiers in Microbiology

Received: 11 March 2015
Accepted: 22 June 2015
Published: 03 July 2015

Citation:
Meghdadi H,

Khosravi AD, Ghadiri AA, Sina AH
and Alami A (2015) Detection

of Mycobacterium tuberculosis in
extrapulmonary biopsy samples using

PCR targeting IS6110, rpoB
and nested-rpoB PCR Cloning.

Front. Microbiol. 6:675.
doi: 10.3389/fmicb.2015.00675

Detection of Mycobacterium
tuberculosis in extrapulmonary biopsy
samples using PCR targeting IS6110,
rpoB, and nested-rpoB PCR Cloning
Hossein Meghdadi 1, Azar D. Khosravi 1,2*, Ata A. Ghadiri 3,4, Amir H. Sina 5 and
Ameneh Alami 1

1 Department of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran, 2 Health
Research Institute, Infectious and Tropical Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran, 3 Department of Immunology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran, 4 Cell and Molecular Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran, 5 Danesh Medical
Laboratory, Ahvaz, Iran

Present study was aimed to examine the diagnostic utility of polymerase chain reaction
(PCR) and nested PCR techniques for the detection of Mycobacterium tuberculosis (MTB)
DNA in samples from patients with extra pulmonary tuberculosis (EPTB). In total 80
formalin-fixed, paraffin-embedded (FFPE) samples comprising 70 samples with definite
diagnosis of EPTB and 10 samples from known non- EPTB on the basis of histopathology
examination, were included in the study. PCR amplification targeting IS6110, rpoB gene
and nested PCR targeting the rpoB gene were performed on the extracted DNAs from
80 FFPE samples. The strong positive samples were directly sequenced. For negative
samples and those with weak band in nested-rpoB PCR, TA cloning was performed
by cloning the products into the plasmid vector with subsequent sequencing. The 95%
confidence intervals (CI) for the estimates of sensitivity and specificity were calculated for
each method. Fourteen (20%), 34 (48.6%), and 60 (85.7%) of the 70 positive samples
confirmed by histopathology, were positive by rpoB-PCR, IS6110- PCR, and nested-
rpoB PCR, respectively. By performing TA cloning on samples that yielded weak (n = 8)
or negative results (n = 10) in the PCR methods, we were able to improve their quality for
later sequencing. All samples with weak band and 7 out of 10 negative samples, showed
strong positive results after cloning. So nested-rpoB PCR cloning revealed positivity in 67
out of 70 confirmed samples (95.7%). The sensitivity of these combination methods was
calculated as 95.7% in comparison with histopathology examination. The CI for sensitivity
of the PCR methods were calculated as 11.39–31.27% for rpoB-PCR, 36.44–60.83%
for IS6110- PCR, 75.29–92.93% for nested-rpoB PCR, and 87.98–99.11% for nested-
rpoB PCR cloning. The 10 true EPTB negative samples by histopathology, were negative
by all tested methods including cloning and were used to calculate the specificity of the
applied methods. The CI for 100% specificity of each PCR method were calculated as
69.15–100%. Our results indicated that nested-rpoB PCR combined with TA cloning and
sequencing is a preferred method for the detection of MTB DNA in EPTB samples with
high sensitivity and specificity which confirm the histopathology results.
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Introduction

Despite the great advances in diagnosis and treatment of
tuberculosis (TB), Mycobacterium tuberculosis (MTB) is still
regarded as a major public health concern (Nahid et al., 2006;
Tsara et al., 2009). World Health Organization (WHO), reported
that nearly one-third of the global population infected with a
member of theMTB complex (MTBC). Approximately 8.6million
new cases and 1.3 million deaths occur annually (World Health
Organization, 2013). In most cases, TB affects the lungs, but
the disease can potentially influence all organs of the body. In
low incidence countries, approximately 15% of the cases are
Extrapulmonary TB (EPTB;Hillemann et al., 2011). Conventional
detection and identification of MTB, based on combination of
microscopic examination and culture has been accepted as the
gold standard, however, culture method despite being sensitive,
is time-consuming and can takes several weeks (Moure et al.,
2011), and direct microscopy and Ziehl-Neelsen staining do
not provide sufficient sensitivities (about 20–80%) (Cattamanchi
et al., 2010). EP specimens usually contain small number of
bacteria, consequently culture and staining for acid-fast bacilli
associated with the least sensitivity (Chakravorty et al., 2005).
The histological examination of tissue samples is the traditional
technique for diagnosis of EPTB which reveals the presence
of granulomatous inflammation and caseous necrosis (Almadi
et al., 2009). However, this method does not distinguish between
EPTB and infections caused by other granulomatous diseases such
as nontuberculous mycobacterial (NTM) diseases, sarcoidosis,
leprosy and systemic lupus erythematosus (Mehta et al., 2012).
The polymerase chain reaction (PCR) technique is a useful tool
for rapid diagnosis of MTB in EP samples with high sensitivity
and specificity (Supiyaphun et al., 2010). Among EP specimens,
formalin-fixed, paraffin-embedded (FFPE) blocks can be used to
study the tubercular infections. These samples cannot be cultured
and may be unsuitable for PCR, because chemical alterations of
the DNA (as degradation of the DNA) reduces the sensitivity of
the PCR, but it can be improved by changing the amplification
parameters such as using various targets with different sizes
(Barcelos et al., 2008). The PCR can be used for a variety of
targets such as IS6110, devR, mtp40, 16S rRNA, rpoB gene, etc
(Balamurugan et al., 2006; Osores et al., 2006; Yang et al., 2011).
In most MTB strains, there are 10 to 16 copies of IS6110 repetitive
element (Piersimoni and Scarparo, 2003), though in some strains,
particularly strains from Southeast Asia, there is no copy of this
sequence or their number is negligible (Lok et al., 2002). So in such
strains, the rpoB gene can be used as a target for identification
of MTBC. rpoB encodes the B subunit of RNA polymerase, the
rpoB nucleotide sequences comprising the Rifr region, which
is associated with resistance to rifampin (Nisha et al., 2012).
Previously Yun et al. (2005) used nested rpoB-PCR combined
with TA cloning to improve the detection of MTB in joint biopsy
sections successfully.

In the present study, The PCR technique targeting the rpoB
gene and IS6110 fragment and also nested PCR targeting rpoB
gene were applied to formalin fixed, paraffin-embedded tissue
samples from patients suspected of having EPTB. Because of very
low number of bacteria in such samples which makes PCR bands

usually weak or undetectable by agarose gel electrophoresis, TA
cloning-sequencing was used for PCR confirmation.

Materials and Methods

Clinical Specimens Preparation
Eighty FFPE samples were collected from the departments
of Pathology, university teaching hospitals, Ahvaz Jundishapur
University of Medical Sciences, Iran. The initial proposal of
the work was approved in the University high research and
ethics combined committee. Seventy samples were belonged
to patients with definite diagnosis of EPTB made on the
basis of histopathology examination of FFPE tissues as gold
standard method showing necrotizing granulomatous, to assess
the sensitivity of PCR analyses, and ten samples were from known
non-EPTB samples as true negatives to estimate the specificity of
PCR technique. The samples type were: lymph node 29, pleural
effusion 22, skin 8, breast 6, colon 4, thyroid 4, soft tissue 4,
bladder, omentum, and kidney each one sample. The samples
belonged to 36 male (45%) and 44 female (55%) patients. From
each block, 2–3 sections of 8–10 µm with an average surface area
of 1 cm2 were prepared for DNA extraction.

DNA Extraction and PCR Amplification
QIAamp DNA FFPE Tissue kit (Qiagen, Germany) was used for
DNA extraction according to the manufacturer’s instruction. Two
different target genes were used in PCR technique.

PCR amplification for rpoB gene was performed by formerly
reported set of primers [MF, 5′-CGACCACTTCGGCAACCG-3′
and MR, 5′-TCGATCGGGCACATCCGG-3′] (Kim et al., 1999),
which amplify a fragment of 342-base pair (bp) of the target
gene. DNA amplification was performed in a thermocycler nexus
gradient (Eppendorf, Germany), in a final volume of 25 µl
containing 10x PCR buffer, 1.5 mM Mg Cl2, 10 mM dNTPs,
0.5 µM of each primer, 1.5 U super Taq polymerase and 5 µl
of template DNA. All the reagents were purchased from Roche
Company, Germany. The amplification program was consisted of
initial denaturation at 95° C for 5 min, followed by 35 cycles of
denaturation at 94° C for 30 s, annealing at 60° C for 30 s, extension
at 72° C for 45 s, and a final extension at 72° C for 5 min.

PCR amplification for IS6110 fragment was performed by a
set of primer [MTB1, 5′-CCTGCGAGCGTAGGCGTCGG-3′ and
MTB2, 5′-CTCGTCCAGCGCCGCTTCGG-3′] (Eisenach et al.,
1990). The primers are specific for MTBC and amplify a 123-
bp fragment of repetitive sequence of IS6110 gene. The reaction
mixture was the same as prepared for rpoB gene and the amplifica-
tion condition consisted of initial denaturation at 95° C for 4 min,
followed by 35 cycles of denaturation at 94° C for 1min, annealing
at 68° C for 2min, extension at 72° C for 1min and final extension
at 72° C for 7 min. M. tuberculosis H37Rv standard strain
as positive control and a non-necrotizing granulomatous infla-
mmation FFPE tissue sample and also master mix without DNA
sample as two negative controls were included in each PCR run.

Nested rpoB PCR
A nested PCR based on the amplification of the rpoB gene of
MTB was performed later for samples with inadequate DNA and
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FIGURE 1 | PCR amplification of the 157 bp fragment of rpoB gene. Electrophoresis of PCR products on a 3% agarose gel. Lanes: 1 to 9, positive clinical
isolates; 10, negative control; 11, positive control (M. tuberculosis H37Rv); M, Molecular size marker.

showed weak bands on the first PCR amplification. The first
round PCR was done using the formerly reported outer primers
of TB1, 5′-ACGTGGAGGCGATCACACCGCAGACGT-3′,
and TB2, 5′-TGCACGTCGCGGACCTCCAGCCCGGCA-3′,
which amplify a region of 205 bp of target gene (Kim et al.,
2001). The second round (Nested) PCR used the amplicon
of the first round as template and the reported inner primers
of TR9, 5′-TCGCCGCGATCAAGGAGT-3′, and TR8, 5′-
TGCACGTCGCGGACCTCCA-3′, which amplify a 157 bp
fragment (Cheng et al., 2007).

The total reaction volume in the first PCR round was 25 µl
and contained 0.2 µM of each dNTP, 1.5 mM MgCl2, 0.5 µM
of each primers, 1.5 U of Super TaqTM DNA polymerase (Roche,
Germany), 14 µl sterile distilled water and 5 µl of Template DNA.
The PCR conditions consisted of initial denaturation at 95° C for
4 min, followed by 30 cycles of denaturation at 94° C for 30s,
annealing at 70° C for 30 s, extension at 72° C for 30 s and final
extension at 78° C for 5 min. For nested PCR, 2 µl of the first
round amplicon was diluted (200-fold) and transferred to 48 µl
of a master mix solution (total reaction was 50 µl) containing
the same concentrations as described above, except that 36.6 µl
of sterile distilled water was used. The PCR conditions consisted
of initial denaturation at 94° C for 5 min, followed by 28 cycles of
denaturation at 94° C for 30 s, annealing at 55° C for 30 s, extension
at 72° C for 30 s and final extension at 72° C for 5 min.

The products of each PCR assay were analyzed by gel
electrophoresis on 3% agarose (w/vol.) containing 1 µg/ml
ethidium bromide (Fisher Scientific, USA). Results were recorded
using a gel documentation apparatus (AlphaImager Systems,
Protein Simple, USA). A 50 bp DNA ladder was used as size
marker (Roche, Germany). The PCR products were sequenced
for further analysis. SPSS software (SPSS Inc no. 13) was used
for data analysis. Receiver-operating-characteristic curves (ROC)
were calculated and expressed as areas under the curve, with an
asymptotic 95% confidence interval (CI).

Thymine-Adenine (TA) Cloning
The samples yielding a weak positive results in the nested-
rpoB PCR, and all negative samples (including the 10 EPTB
true negatives by histopathology examination), were subjected
to cloning using a TA cloning kit (Invitrogen, USA), according
to the supplier instructions. In brief, the ligation reaction was
prepared and was transformed into competent Escherichia coli
TOP10 cells. Recombinant pCR® 2.1: rpoB clones. The cloning
process was confirmed by application a PCR using inner primers
(TR9 and TR8) after a DNA extraction step based on simple
boiling method. Simultaneously, a few transformed colonies were
cultured in Luria-Bertani medium containing ampicillin. The
plasmid DNA was then extracted by use of The GF-1 Plasmid
DNA Extraction Kit (Vivantis, Malaysia).

The 95% CI for the estimates of sensitivity and specificity were
calculated for each method used according to Clopper-Pearson
(Agresti, 2002).

Nucleotide Sequencing and Sequence Analyses
The nucleotide sequence of the rpoB PCR product (157 bp) was
determined by using inner primers (TR9 and TR8) and The
nucleotide sequences of the purified plasmid by using universal
M13 forward and reverse primers which were supplied in the TA
cloning kit. Sequences were aligned by using blast to the reference
DNA sequence.

Results

From the total 70 samples confirmed as EPTB positive according
to the histopathology examination (gold-standard), 14 samples
(20%) were positive by PCR amplification of the rpoB gene, while
by IS6110- based amplification, 34 samples (48.6%) and by nested-
rpoB PCR, 60 samples (85.7%) were positive for the presence of
MTBC (Figure 1).
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FIGURE 2 | Schematic scheme of processing of samples with PCR methods and cloning.

By performing TA cloning on samples that yielded weak
(n = 8) or negative results (n = 10) in the PCR methods,
we were able to improve their quality for later sequencing. All
samples with weak band and 7 out of 10 negative samples,
showed strong positive results after cloning. So nested-rpoB PCR
cloning revealed positivity in 67 out of 70 confirmed samples
(95.7%) (Figure 2). The sensitivity of these combination methods
was calculated as 95.7% in comparison with histopathology
examination. The sequences of cloned plasmid were compared

with MTB H37Rv (Genbank), which 98–100% homology was
revealed. In Table 1, the distribution of positive samples
according to their origin by application of each PCR method is
presented.

The details of samples underwent cloning are presented in
Table 2. In certain clinical samples i.e. skin, colon, soft tissue, TA
cloning showed twice positivity rate compared to the rpoB-nested
PCR alone. Three samples (two lymph nodes and one pleural
effusion) were negative by nested- rpoB PCR with cloning.
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TABLE 1 | Distribution of positive samples according to PCR amplification methods used.

Clinical rpoB-based IS6110-based rpoB-nested rpoB-nested PCR with
sample (No.) PCR No. (%) PCR No. (%) PCR No. (%) Cloning, No. (%)

Lymph node (25) 10 (40) 15 (60) 22 (88) 23 (92)
Pleural effusion (19) 4 (21) 10 (52.6) 17 (89.5) 18 (94.7)
Skin (8) – 4 (50) 6 (75) 8 (100)
Breast (5) – 2 (40) 4 (80) 5 (100)
Colon (4) – 1 (25) 4 (100) 4 (100)
Soft tissue (4) – 1 (25) 3 (75) 4 (100)
Thyroid (2) – – 2 (100) 2 (100)
Kidney (1) – 1 (100) 1 (100) 1 (100)
Bladder (1) – – 1 (100) 1 (100)
Omentum (1) – – – 1 (100)
Total (70) 14 (20) 34 (48.6) 60 (85.7) 67 (95.7)

TABLE 2 | The EPTB histopathologic-confirmed samples with weak positive results or negative by PCR methods candidate for TA cloning.

Clinical sample that Weak positive Undetectable by agarose
were cloned (No.) positive gel electrophoresis

Lymph node (5) 2 3
Pleural effusion (2) 1 1
Skin (4) 2 2
Breast (2) – 2
Colon (2) 2 –
Soft tissue (2) 1 1
Omentum (1) – 1
Total (18) 8 10

TABLE 3 | True positive and true negative samples detected by each method and sensitivity, specificity and 95% confidence intervals in relation to the
histopathology results.

Methods True positive Sensitivity 95% confidence True negative Specificity 95% confidence
No. (%) interval No. (%) interval

rpoB- PCR 14/70 (20) 20% (11.39–31.27%) 10/10 (100) 100% (69.15–100%)
IS6110- PCR 34/70 (48.6) 48.6% (36.44–60.83%) 10/10(100) 100% (69.15–100%)
rpoB-nested PCR 60/70 (85.7) 85.7% (75.29–92.93%) 10/10(100) 100% (69.15–100%)
Nested PCR–cloning 67/70 (95.7) 95.7% (87.98–99.11%) 10/10(100) 100% (69.15–100%)

The 10 true negative samples for EPTB, were negative by all
tested methods including cloning and were used to calculate the
specificity of the appliedmethods.Table 3 represents true positive
and true negative samples detected by each PCR method and
sensitivity, specificity and 95%CI in relation to the histopathology
results.

Discussion

Extra pulmonary tuberculosis is a significant health problem
in both developed and developing countries. Literature reviews
reveal that it accounts almost one of the three of total cases of
TB in the world. In a study enrolled in US on 253229 cases of TB
during 14 years, more than 18.7 percent were diagnosed for EPTB
(Peto et al., 2009). Moreover, WHO statistical data shows that
TB is the main cause of 66,000 death in year which is equivalent
to eight death per hour in European countries. In Iran, EPTB is
accounts for more than 29 percent of all TB cases (World Health

Organization, 2013). Therefore, EPTB cases constitute a large
number of TB burden which needs serious attentions of public
health authorities in diagnosis and their identification in order to
treat them properly.

The major problem is that the diagnosis of the disease in its
different clinical presentations, remains a true challenge (Cailhol
et al., 2005). The lack of a sensitive, specific and rapid method
for the early diagnosis of EPTB poses a difficulty in initiating
early therapy (Ong et al., 2004). Fresh clinical samples are desired
for laboratory diagnosis of mycobacterial infections. However, in
most cases of EPTB, fresh samples are not possible to obtain, so,
in such cases, formalin-fixed paraffin-embedded tissue samples
are used. These samples comprise technical limitations, including
the lack of ability to culture. So the histopathology screening and
PCR methods are the valuable diagnostic tools. For PCR assay,
choosing one or more appropriate target (s), can be a great way
to achieve a high sensitivity. PCR targeting rpoB, IS6110 genes
and nested PCR have been generally used to detect MTBC in
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FIGURE 3 | The area and the sensitivity and specificity of ROC curves of the methods applied in present study.

TABLE 4 | The test results variable(s): rpoB PCR, IS6110 PCR, Nested PCR, Cloning-nested PCR.

Test result Asymptotic 95% confidence interval

variable(s) Area Standard errora Asymptotic Significanceb Lower bound Upper bound

rpoB PCR 0.600 0.083 0.309 0.436 0.764
IS6110 PCR 0.743 0.062 0.013 0.622 0.864
Nested PCR 0.929 0.028 0.000 0.873 0.984
Cloning-nested PCR 0.979 0.015 0.000 0.949 1.008

The PCR methods has at least one tie between the positive actual state group and the negative actual state group. Statistics may be biased.
aUnder the non-parametric assumption.
bNull hypothesis: true area = 0.5.

EP samples (Yun et al., 2005; Huang et al., 2009; Maurya et al.,
2012).

In present study from 70 samples have been confirmed by
histopathology, 20, 48.6, and 85.7% were positive by rpoB-
PCR, IS6110-PCR and nested- rpoB PCR respectively, and 10
samples (25.7%) were either weak positive or negative with
nested- rpoB PCR method. In study of Chakravorty et al. (2005),
99 EP specimens were screened for the detection of MTB by
PCR targeting devR and IS6110 genes and their results showed
positivity rates of 66.7 and 83% respectively, and 87.5% for the
combination of both assays. In comparison, our findings revealed
lower positivity rate by using IS6110 -PCR. In study of Hillemann

et al. (2006), 24 paraffin-embedded tissue specimens were studied
for the presence of MTBC and they concluded that the real-
time PCR assay exhibits a higher sensitivity (66.7%) for the
detection of MTBC DNA compared to an alternative in-house
IS6110 PCR (33.3%). As shown in their study, the rate achieved
by IS6110- PCR was lower than our results. IS6110 is one of
the main targets for the detection of MTB isolates, however,
in this study, in comparison to nested rpoB PCR, the rate of
positivity was lower. This positivity rate difference, may be due
to chemical and physical alterations on DNA during fixation and
tissue preparation (Barcelos et al., 2008), or is a 0-band strain (Lok
et al., 2002).
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The rpoB-PCR alone showed low sensitivity in this study, but
when this target gene was used in nested PCR, we had a high
sensitivity of 85.7%. This was in concordance with similar study of
Huang et al. (2009) which a rate of 86.1% was reported. By using
TA cloning and subsequent sequencing of the cloned plasmid, we
gained an overall 95.7% sensitivity compared to histopathology
examination leading to construct a ROC curve analysis (Figure 3),
which the PCR methods results variable related to curve are
presented in Table 4. The nucleic acid sequence analysis revealed
a 98–100% homology in comparison with MTB H37Rv reference
strain (Genbank). TA cloning showed much higher sensitivity
compared to other applied techniques. By cloning, we were able
to first, detect seven additional positive samples among the initial
10 negative samples in the PCR methods including nested rpoB-
PCR and second, improve the quality of eight samples with weak
positive results by nested rpoB- PCR, allowing its sequencing.

However, despite the advantages of TA cloning, it is a costly and
not easy to perform technique and is not applicable for routine use
in microbiology laboratories.

There were also some limitations in our study. Unfortunately,
we had no access to the fresh or frozen samples and all the
specimens were archived FFPE tissues. In such samples, the DNA
integrity could vary and the degradation might be increased. In
study of Ritis et al. (2000), the nested PCR and conventional
methods for the diagnosis of EPTB samples were compared.
According to their findings, the positivity rate by nested PCR
was 90.9%, while conventional Acid fast microscopy and culture
methods showed only 18.2% positivity. The samples in their
study were fresh EP samples, which comprise less difficulties in
processing and expecting to achieve more sensitivities compared
to FFPE tissue samples. However, the results from combination
PCR-TA cloning methods in our study, were in concordance
to the results of histopathology examination and made us sure

about the true positive rate despite the nature of our tested
samples. For a country surrounded with very high incidence
and prevalence of TB such as Afghanistan, Pakistan, Azerbaijan,
Tajikistan and Iraq, there is an urgent demand to settle down
a guideline for appropriate molecular diagnostic methods with
high sensitivity and specificity. Khuzestan province is in close
contact with Iraqi population which needs more collaborative
public healthmeasurement by the authorities in the south-western
region of Iran.

Our results indicated that from three PCR assays applied on
samples, nested- rpoB PCR showed a high detection rate for
MTBC DNA. Due to several problems are associated with the
detection and identification of MTBC in FFPE tissues, nested-
rpoB PCR combined with TA cloning-sequencing can be a useful
method for the detection of MTBC DNA in samples from
EPTB. In this study we gained a true positive rate of 95.7%
by this combination compared to histopathology examination
(70 samples) with 95% CI for our estimates of sensitivity and
specificity. Further investigation with larger number of samples
specially fresh biopsies and using more molecular targets are urge
to perform in order to evaluate our results.

Acknowledgments

This work is part of MSc thesis of Hossein Meghdadi. The
initial proposal of the work was discussed and approved on
session dated September 29th, 2013, in the University high
research and ethics combined committee and has been double
approved in Infectious and Tropical Diseases Research Center
and was financially supported by Research affairs (Grant No. A-
1209), Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran. The authors wish to Thank Dr. Amal Saki from statistics
department for her assistance in Data interpretation.

References

Agresti, A. (2002). Categorical Data Analysis, 2nd Edn. New Jersey, NY: John Wiley.
Almadi, M. A., Ghosh, S., and Aljebreen, A. M. (2009). Differentiating intestinal

tuberculosis from Crohn’s disease: a diagnostic challenge. Am. J. Gastroenterol.
104, 1003–1012. doi: 10.1038/ajg.2008.162

Balamurugan, R., Venkataraman, S., John, K. R., and Ramakrishn, B. S. (2006). PCR
amplification of the IS6110 insertion element of Mycobacterium tuberculosis in
fecal samples from patients with intestinal tuberculosis. J. Clin. Microbiol. 44,
1884–1886. doi: 10.1128/JCM.44.5.1884-1886.2006

Barcelos, D., Franco, M. F., and Leao, S. C. (2008). Effects of tissue handling
and processing steps on PCR for detection of Mycobacterium tuberculosis in
formalin-fixed paraffin-embedded samples. Rev. Inst. Med. Trop. Sao Paulo 50,
321–326. doi: 10.1590/S0036-46652008000600002

Cailhol, J., Decludt, B., and Che, D. (2005). Sociodemographic factors that
contribute to the development of extrapulmonary tuberculosis were identified.
J. Clin. Epidemiol. 58, 1066–1071. doi: 10.1016/j.jclinepi.2005.02.023

Cattamanchi, A., Davis, J. L., Pai, M., Huang, L., Hopewell, P. C., and Steingart,
K. R. (2010). Does bleach processing increase the accuracy of sputum smear
microscopy for diagnosing pulmonary tuberculosis? J. Clin. Microbiol. 48,
2433–2439. doi: 10.1128/JCM.00208-10

Chakravorty, S., Sen, M. K., and Tyagi, J. S. (2005). Diagnosis of extrapulmonary
tuberculosis by smear, culture, and PCR using universal sample processing
technology. J. Clin. Microbiol. 43, 4357–4362. doi: 10.1128/JCM.43.9.4357-
4362.2005

Cheng, X., Zhang, J., Yang, L., Xu, X., Liu, J., Yu, W., et al. (2007). A new
Multi-PCR-SSCP assay for simultaneous detection of isoniazid and rifampin

resistance inMycobacterium tuberculosis. J. Microbiol. Methods 70, 301–305. doi:
10.1016/j.mimet.2007.05.002

Eisenach, K. D., Cave, M. D., Bates, J. H., and Crawford, J. T. (1990).
Polymerase chain reaction amplification of a repetitive DNA sequence
specific for Mycobacterium tuberculosis. J. Infect. Dis. 161, 977–981. doi:
10.1093/infdis/161.5.977

Hillemann, D., Galle, J., Vollme, E., and Richter, E. (2006). Real-time PCR assay
for improved detection of Mycobacterium tuberculosis complex in paraffin-
embedded tissues. Int. J. Tuberc. Lung Dis. 10, 340–342.

Hillemann, D., Rusch-Gerdes, S., Boehme, C., and Richter, E. (2011). Rapid
molecular detection of extrapulmonary tuberculosis by the automated
GeneXpert MTB/RIF system. J. Clin. Microbiol. 49, 1202–1205. doi:
10.1128/JCM.02268-10

Huang, H. J., Xiang, D. R., Sheng, J. F., Li, J., Pan, X. P., Yu, H. Y., et al. (2009). rpoB
nested PCR and sequencing for the early diagnosis of tuberculous meningitis
and rifampicin resistance. Int. J. Tuberc. Lung Dis. 13, 749–754.

Kim, B. J., Lee, K. H., Park, B. N., Kim, S. J., Park, E. M., Park, Y. G., et al. (2001).
Detection of rifampin-resistant Mycobacterium tuberculosis in sputa by nested
PCR-linked single-strand conformation polymorphism and DNA sequencing.
J. Clin. Microbiol. 39, 2610–2617. doi: 10.1128/JCM.39.7.2610-2617.2001

Kim, B. J., Lee, S. H., Lyu, M. A., Kim, S. J., Bai, G. H., Chae, G. T., et al. (1999).
Identification of mycobacterial species by comparative sequence analysis of the
RNA polymerase gene (rpoB). J. Clin. Microbiol. 37, 1714–1720.

Lok, K. H., Benjamin, W. H. Jr., Kimerling, M. E., Pruitt, V., Lathan, M.,
Razeq, J., et al. (2002). Molecular differentiation of Mycobacterium tuberculosis
strains without IS6110 insertions. Emerg. Infect. Dis. 8, 1310–1313. doi:
10.3201/eid0811.020291

Frontiers in Microbiology | www.frontiersin.org July 2015 | Volume 6 | Article 6757

http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org
http://www.frontiersin.org/Microbiology/archive


Meghdadi et al. M. tuberculosis in extrapulmonary samples

Maurya, A. K., Kant, S., Nag, V. L., Kushwaha, R., andDhole, T. N. (2012). Detection
of 123 bp fragment of insertion element IS6110 Mycobacterium tuberculosis for
diagnosis of extrapulmonary tuberculosis. Indian J.Med.Microbiol. 30, 182–186.
doi: 10.4103/0255-0857.96688

Mehta, P. K., Raj, A., Singh, N., and Khuller, G. K. (2012). Diagnosis of
extrapulmonary tuberculosis by PCR. FEMS Immunol. Med. Microbiol. 66,
20–36. doi: 10.1111/j.1574-695X.2012.00987.x

Moure, R., Munoz, L., Torres, M., Santin, M., Martin, R., and Alcaide, F. (2011).
Rapid detection ofMycobacterium tuberculosis complex and rifampin resistance
in smear-negative clinical samples by use of an integrated real-timePCRmethod.
J. Clin. Microbiol. 49, 1137–1139. doi: 10.1128/JCM.01831-10

Nahid, P., Pai, M., and Hopewell, P. C. (2006). Advances in the diagnosis
and treatment of tuberculosis. Proc. Am. Thorac. Soc. 3, 103–110. doi:
10.1513/pats.200511-119JH

Nisha, A., Govindarajan, S., Muthuraj, M., Manupriya, S., Usharani, B.,
Kamatchyammal, S., et al. (2012). Molecular characterization of rpoB gene
encoding the RNA polymerase β subunit in rifampin-resistant Mycobacterium
tuberculosis strains from south India. Afr. J. Biotechnol. 11, 3160–3168. doi:
10.5897/AJB10.449

Ong, A., Creasman, J., Hopewell, P. C., Gonzalez, L. C., Wong, M., Jasmer, R.
M., et al. (2004). A molecular epidemiological assessment of extrapulmonary
tuberculosis in San Francisco. Clin. Infect. Dis. 38, 25–31. doi: 10.1086/380448

Osores, F., Nolasco, O., Verdonck, K., Arevalo, J., Ferrufino, J. C., Agapito, J., et al.
(2006). Clinical evaluation of a 16S ribosomal RNA polymerase chain reaction
test for the diagnosis of lymph node tuberculosis. Clin. Infect. Dis. 43, 855–859.
doi: 10.1086/507536

Peto, H. M., Pratt, R. H., Harrington, T. A., LoBue, P. A., and Armstrong, L.
R. (2009). Epidemiology of extrapulmonary tuberculosis in the United States,
1993–2006. Clin. Infect. Dis. 49, 1350–1357. doi: 10.1086/605559

Piersimoni, C., and Scarparo, C. (2003). Relevance of commercial amplification
methods for direct detection of Mycobacterium tuberculosis complex in clinical
samples. J. Clin. Microbiol. 41, 5355–5365. doi: 10.1128/JCM.41.12.5355-
5365.2003

Ritis, K., Tzoanopoulos, D., Speletas, M., Papadopoulos, E., Arvanitidis, K.,
Kartali, S., et al. (2000). Amplification of IS6110 sequence for detection
of Mycobacterium tuberculosis complex in HIV-negative patients with
fever of unknown origin (FUO) and evidence of extrapulmonary
disease. J. Intern. Med. 248, 415–424. doi: 10.1046/j.1365-2796.2000.
00750.x

Supiyaphun, P., Tumwasorn, S., Udomsantisuk, N., Keelawat, S., Songsrisanga, W.,
Prasurthsin, P., et al. (2010). Diagnostic tests for tuberculous lymphadenitis: fine
needle aspirations using tissue culture in mycobacteria growth indicator tube
and tissue PCR. Asian Biomed. 4, 787–792.

Tsara, V., Serasli, E., and Christaki, P. (2009). Problems in diagnosis and treatment
of tuberculosis infection. Hippokratia 13, 20–22.

Yang, S., Zhong, M., Zhang, Y., and Wang, Y. (2011). Rapid detection of rpoB and
katG genes from the sputum of multidrug-resistant Mycobacterium tuberculosis
by polymerase chain reaction (PCR)-direct sequencing analysis.Afr. J.Microbiol.
Res. 5, 4519–4523. doi: 10.5897/AJMR11.358

Yun, Y. J., Lee, K. H., Haihua, L., Ryu, Y. J., Kim, B. J., Lee, Y. H., et al. (2005).
Detection and identification of Mycobacterium tuberculosis in joint biopsy
specimens by rpoB PCR cloning and sequencing. J. Clin. Microbiol. 43, 174–178.
doi: 10.1128/JCM.43.1.174-178.2005

World Health Organization. (2013). Global Tuberculosis Report 2013. Geneva:
World Health Organization.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Meghdadi, Khosravi, Ghadiri, Sina and Alami. This is an open-
access article distributed under the terms of the Creative CommonsAttribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Microbiology | www.frontiersin.org July 2015 | Volume 6 | Article 6758

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org
http://www.frontiersin.org/Microbiology/archive

	Detection of Mycobacterium 0.18em plus .1em minus .1em tuberculosis in extrapulmonary biopsy samples using PCR targeting IS6110, rpoB, and nested-rpoB PCR Cloning*-5pt
	Introduction
	Materials and Methods
	Clinical Specimens Preparation
	DNA Extraction and PCR Amplification
	Nested rpoB PCR
	Thymine-Adenine (TA) Cloning
	Nucleotide Sequencing and Sequence Analyses

	Results
	Discussion
	Acknowledgments
	References


