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ABSTRACT
Bovine tuberculosis, a chronic infectious disease is caused by an intracellular acid-fast bacilli Mycobacterium bovis that affects
broad range of mammalian hosts. CFP-10 is a 10 kDa secreted antigen coded by esxB gene located on RD1 region of genome
and is responsible for virulence of Mycobacterium bovis. DNA extraction of blood (n=48) and lymph node aspirates (n=48) was
done and extracted DNA was subjected to PCR by targeting esxB gene with band size of 302 bp. None of the blood sample and
lymph node aspirates was positive for M. bovis with esxB gene by PCR. The sensitivity of esxB was 8 pg/μl by conventional
PCR. Among 48 blood samples targeted for esxB (CFP-10) gene using In house developed primer probe mix, one sample (2.1%)
whose CT was 34 was considered positive by real-time PCR. Out of 48 animals (lymph node aspirates), four samples (8.3%)
whose CT was between 29-34 were considered positive by real-time PCR. Remaining samples whose CT values were equal to
or greater than 35 were considered negative. The sensitivity of esxB was 800 fg/μl by real time PCR. This study indicates the
diagnostic potential of esxB by using real time PCR TaqMan Assay.
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Bovine tuberculosis (bTB), a chronic debilitating disease is
caused by an intracellular acid-fast bacilli Mycobacterium
bovis, a member of the Mycobacterium tuberculosis
complex (MTC). In bovines, tuberculosis (TB) may
affect any body tissue, but the lesions are most frequently
observed in lymph nodes of head and thorax, lungs,
intestines, liver, pleura and peritoneum (OIE, 2009). TB
in milch animals is one of the biggest concerns to dairy
industry in terms of severe economic losses. Transmission
to humans poses a public health problem, as zoonotic TB
caused by transmission of M. bovis to humans, is clinically
identical to infection caused by M. tuberculosis (Cosivi et
al., 1998). Prevalence of TB in cattle also varied between
geographical regions. It was much higher in certain dairy
farms tested in Northern India (15.76%) as compared to

those tested in Western India (0.65-1.85%) (Mukherjee,
2006).
The culture filtrate protein 10 (CFP-10) is a 10 kDa secreted
antigen that forms a 1:1 heterodimeric complex with early
secretory antigenic protein (ESAT-6) and an important
virulence factor coded by esxB gene located on RD1
region of M. tuberculosis genome (Dikshit et al., 2012).
Host immune responses are modulated by the complex
formed between ESAT-6 and CFP-10. Recombinant
ESAT-6:CFP-10 fusion protein is used for differentiation
of infections of cattle by M. bovis and by M. avium subsp.
avium and M. avium subsp. Paratuberculosis (Waters et
al., 2004).
esxB gene coded by CFP-10 (Rv3875) was amplified
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by using standard polymerase chain reaction (Dikshit
et al., 2012). Real-time PCR is a very accurate, rapid
and sensitive method for detection of mycobacteria,
differentiation of mycobacterial species, quantification
of mycobacterial load and detection of drug resistance in
mycobacterial infection (Parashar et al., 2006).
MATERIALS AND METHODS
A total of 48 animals (30 cattle and 18 buffaloes) of 2-8yrs
were selected randomly from an organized dairy farm in
Ludhiana. Blood samples and lymph node aspirates of all
the animals (n=48) were taken and screened for M. bovis
by PCR and real time PCR targeting esxB gene of CFP-10
protein.
DNA extraction from whole blood and lymph node
aspirates
Whole blood samples and lymph node aspirates from 48
animals were subjected to DNA extraction using QIAamp
DNA blood mini kit (Qiagen).

making ten-fold serial dilutions of standard culture M.
tuberculosis (IMTECH, Chandigarh).
TaqMan real-time PCR assay for the detection of
Mycobacterium bovis
TaqMan real-time PCR assay was done for detection
of M. bovis by using In-house developed primer and
probe sequence. The sequences for the forward primer,
reverse primer and probe, respectively were as follows:
CFP-10: 5’- GGCGACCTGAAAACCCAGAT-3’, 5’TGCTTATTGGCTGCTTCTTGGAA-3’ and 5’-CCCT
GCAACGAACCT-3’. The probe was labelled with
the fluorescent reporter dye FAM on the 5’ end and the
quencher dye NFQ-MGB on the 3’ end. A reaction volume
of 20 µl was made containing 10 µl of TaqMan master mix
(2X), 1 µl of primer-probe mix (20X), 7 µl of nuclease
free water and 2 µl of DNA template. Cycling conditions
used for real-time PCR were as per the default settings of
Applied biosystems Step One Plus Real-Time system.
RESULTS AND DISCUSSION

Identification of Mycobacterium bovis by Polymerase
Chain Reaction

Detection of M. bovis in blood samples by Polymerase
Chain Reaction (PCR)

Identification of M. bovis was done by targeting esxB
gene (Rv3875) present on RD1 region of M. bovis
using specific primers for CFP-10 with band size
of about 302 bp (Dikshit et al., 2012). Sequence of
primers used for esxB (CFP-10) was CFP-10F, 5’
ATGGCAGAGATGAAGACCGATGCCGCT 3’ and CFP10R, 5’ TCAGAAGCCCATTTGCGAGGACAGCGCC
3’. Briefly, a ready to use GoTaq® Green Master Mix,
2X (Promega) (that contains GoTaq® DNA Polymerase,
400µM of each dNTPs, 3mM MgCl2 and two dyes (blue
and yellow) were used. A reaction volume of 25 µl was
made containing 12.5 µl of GoTaq® Green Master mix, 1
µl of forward primer (10pmol/µl), 1 µl of reverse primer
(10pmol/µl), 5.5 µl of nuclease free water and 5 µl of DNA
template. DNA was amplified using cycling conditions
with denaturation, annealing and extension at 95ºC for 45
sec, 63ºC for 45 sec and 72ºC for 45 sec respectively with
40 amplification cycles. Specificity of esxB (CFP-10) gene
of M. tuberculosis was tested by using it on mycobacterial
species (M. avium, M. kansasii and M. smegmatis) and
non-mycobacterial species (B. abortus and P. multocida).
Sensitivity of the esxB (CFP-10) gene was studied by

In the present study, the sensitivity of esxB targeting CFP10 protein was assessed by making ten-fold serial dilutions
of the known concentration (8 ng/μl) of the standard
genomic DNA of M. tuberculosis. The detection limit of
the esxB (CFP-10) was upto 8 pg/μl (Fig. 1).
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Fig. 1: Sensitivity of PCR for esxB (CFP-10) gene of M.
tuberculosis. M: Ladder Marker(100bp); L1: Undiluted positive
control DNA; L2: 10-1 dilution; L3: 10-2 dilution; L4: 10-3
dilution.
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Specificity of esxB gene targeting CFP-10 protein of M.
tuberculosis was tested by using it on other mycobacterial
species (M. avium, M. kansasii and M. smegmatis) and
non-mycobacterial species (B. abortus and P. multocida).
None of the organisms other than M. tuberculosis showed
amplification which clearly indicates the specificity of
esxB gene of M. tuberculosis in PCR (Fig. 2).

lymph node aspirates were found positive for M. bovis
with esxB (CFP-10) gene by PCR. Along with sample
DNA, a known positive control DNA from Mycobacterium
tuberculosis culture (IMTECH) was also amplified.
Detection of Mycobacterium bovis in blood samples and
lymph node aspirates by TaqMan Real-time PCR
In the present study, the sensitivity of esxB targeting CFP10 protein was assessed by making ten-fold serial dilutions
of the known concentration (8 ng/μl) of the standard
genomic DNA of M. tuberculosis. The detection limit of
the esxB (CFP-10) was upto 800 fg/μl by TaqMan real
time assay which corresponded to a CT of 34.1 as shown
in Table 1 and Fig. 3.
Table 1: CT values against serial dilutions of standard M.
tuberculosis DNA (8ng/μl) (CFP-10)

Fig. 2: Specificity of PCR for esxB (CFP-10) gene of M.
Tuberculosis. M: Ladder Marker(100bp); L1: Positive control M.
tuberculosis; L2: M. avium; L3: M. kansasii; L4: M. smegmatis;
L5: B. abortus; L6: P. multocida.

Dilutions
of standard
DNA

Concentration of DNA
(ng/µl)

CT Value Using
TaqMan assay

Neat

8

19.9

1:10

0.8

22.8

1:100

0.08

26.9

1:1000

0.008 ng/µl ~8 pg/µl

30.5

1:10000

0.0008 ng/µl ~0.8 pg/µl
~800 fg/µl

34.1

In the present study, cycling conditions were standardized
using the standard culture of M. tuberculosis and PCR
amplification yielded specific amplicon of 302 bp by
esxB (CFP-10) gene. None of the 48 blood samples were
positive for M. bovis with esxB (CFP-10) gene by PCR. It
might be due to the low concentration of DNA (even less
than 8 pg/µl) in clinical samples which remains undetected
by PCR or the DNA template per section is very low
(Gomez-Laguna et al., 2010; Marchetti et al., 1998).
Along with sample DNA, a known positive control DNA
from Mycobacterium tuberculosis culture (IMTECH),
Chandigarh was also amplified.
Detection of M. bovis in Lymph node aspirates by
Polymerase Chain Reaction (PCR)
Lymph node aspirates were taken from the animals that
were positive either by CITT or IFN-γ. None of the 48
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Fig. 3: Amplification plot showing sensitivity of esxB (CFP-10)
gene of M. tuberculosis by qRT-PCR

Specificity of esxB gene targeting CFP-10 protein of M.
tuberculosis was tested by using different mycobacterial
species (M. avium, M. kansasii and M. smegmatis) and
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non-mycobacterial species (B. abortus and P. multocida)
(Fig. 4). None of the organisms other than M. tuberculosis
showed amplification which clearly indicates the
specificity of esxB gene of M. tuberculosis in qRT-PCR.

Conventional laboratory diagnosis of TB relies mainly
on isolation, though gold standard is time consuming
and acid-fast staining is low in sensitivity and does not
identify the species of Mycobacterium causing the disease
so interpretations of the results of conventional methods
are highly subjective and prone to errors (Parsons et al.,
2002). Therefore, a multidisciplinary approach must be
conducted, using various currently available methods
(Medeiros et al., 2010).

Fig. 4: Amplification plot showing specificity of esxB (CFP-10)
gene of M. tuberculosis by qRT-PCR

In the present study, among 48 blood samples targeted for
esxB (CFP-10) gene, one sample whose CT was 34 was
considered positive by real-time PCR (Fig. 5). Remaining
samples whose CT values were equal to or greater than 35
were considered negative (Table 2). Out of 48 lymph node
aspirates targeted for esxB (CFP-10) gene, four samples
whose CT was between 29-34 were considered positive
by real-time PCR (Fig. 6). Remaining samples whose CT
values were equal to or greater than 35 were considered
negative (Table 2) based on the sensitivity testing as
shown in Table 1.

Fig. 6: Amplification Plot of M. bovis DNA in lymph node
aspirates targeting esxB (CFP-10) gene using qRT-PCR TaqMan
Assay
Table 2: M. bovis specific TaqMan RT-PCR results in blood and
lymph node aspirates
CFP-10
CT values

Fig. 5: Amplification Plot of M. bovis DNA in blood samples
targeting esxB (CFP-10) gene using RT-PCR TaqMan Assay

In cattle, clinical evidence of tuberculosis occurs only
when extensive lesions have developed (OIE, 2004).
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Blood real-time PCR

Lymph node aspirate
real-time PCR

23-25

—

—

26-28

—

—

29-31

—

1

32-34

1

3

35-39

14

19

esxB was amplified by targeting CFP-10 protein by PCR in
DNA extracted of the standard culture of M. tuberculosis
(Dikshit et al., 2012). All the blood samples and lymph
node aspirates were found negative for M. bovis with esxB
(CFP-10) gene which might be due to the low concentration
of DNA (even less than 8 pg/µl) in clinical samples
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which remains undetected by PCR (Gomez-Laguna et al.,
2010; Marchetti et al., 1998) or the sample may contain
some PCR inhibitors that may hinder the PCR assay
(Chakravorty et al., 2005). Several alternative approaches
have been attempted for the rapid and specific diagnosis
of tuberculosis, but molecular methods, especially
Polymerase Chain Reaction (PCR) is the most promising
( Figueiredo et al., 2010; Serrano-Moreno et al., 2008).
MTC was detected in formalin-fixed, paraffin-embedded
tissues by Polymerase Chain Reaction using the primers
IS6110 in 92 of 99 (93%) tuberculosis cases (Miller et al.,
2002). Detection of M. bovis in blood and tissue samples
of cattle was done using the JB21-JB22 primer pair (Zali
et al., 2014) and also using IS6110 insertion sequences
(Bassessar et al., 2014).

μl by conventional PCR and real time PCR respectively.
The specificity of esxB was shown as it was present only
in M. tuberculosis and M. bovis and not in some of the
other Mycobacterial species as well as in other nonmycobacterial species (both in conventional PCR and real
time PCR). This study indicates the diagnostic potential of
esxB by using real time PCR TaqMan Assay.

The detection limit of the esxB (CFP-10) was upto 800 fg/
μl by TaqMan real time assay which corresponded to a CT
of 34.1 as shown in Table 1 and Fig. 3, so in accordance
with it one blood sample and four lymph node aspirates
were found positive by Real-time PCR whose CT was in
range 29-34. Similarly M. bovis was detected in lymph
node samples of cattle by using TB1 primers by Real-time
PCR. 13 (76%) out of the 17 samples were giving positive
amplification curves which were interpreted according to
the presence of fluorescence FAM curve with the threshold
line. Real-time PCR detected 9 out of 50 blood samples to
be positive for M. bovis (Helmy et al., 2015). TaqMan realtime PCR detected M. bovis by targeting RD4 region and
found 8 (2%) blood samples positive out of 401 samples
(Cezar et al., 2016). The TaqMan method detects as low as
5 pg/µl of M. bovis specific DNA and has the potential to
detect even smaller quantities. A similar level of template
DNA was detected by TaqMan assay targeting IS6110
gene in tissue samples (Thacker et al., 2011).

REFERENCES

The sensitivity of real time PCR was ten times more of the
conventional PCR. This indicates that there was less than
8 pg/µl of DNA in the samples which were undetectable
in conventional PCR but were detected by real time PCR
TaqMan assay.
CONCLUSION
The In-house developed esxB (CFP-10) primer-probe
for real time PCR TaqMan Assay can be used in the
diagnosis of M. bovis in blood samples and lymph node
aspirates. The sensitivity of esxB was 8 pg/μl and 800 fg/

Journal of Animal Research: v.7 n.4 August 2017

ACKNOWLEDGEMENTS
The authors are thankful to the DBT government of India
for providing the necessary funds to carry out this research
and also to the Director of Research, GADVASU for
providing the necessary facilities.

Bassessar, V., Shrivastav, A.B., Swamy, M., Jadhav, K. and
Rajput, N. 2014. Polymerase
chain reaction based
detection of Mycobacterium tuberculosis IS6110 in cattle
faeces.
Indian J. Vet. Pathol., 38(1): 10-13.
Cezar, R.D.S., Silva, N.C., Filho, A.F.B.B., Borges, J.D.M.,
Oliveira, P.R.F.D., Lúcio, E.C., Lima, M.A., Santana,
V.L.D.A. and Junior, J.W.P. 2016. Molecular detection
of Mycobacterium bovis in cattle herds of the state of
Pernambuco, Brazil. BMC Vet. Res., 12(31): 1-6.
Chakravorty, S., Dudeja, M., Hanif, M. and Tyagi, J. S. 2005.
Utility of universal sample processing methodology,
combining smear microscopy, culture, and PCR, for
diagnosis of pulmonary tuberculosis. J. Clin. Microbiol., 43:
2703-2708.
Cosivi, O., Grange, J.M., Daborn, C.J., Raviglione, M.C.,
Fujikura, T., Cousins, D., Robinson, R.A., Huchzermeyer,
H.F.A.K., De Kantor, I. and Meslin, F.X. 1998. Zoonotic
Tuberculosis due to Mycobacterium bovis in Developing
Countries. Emerg. Infect. Dis., 4(1): 59-70.
Dikshit, M., Sharma, R.J., Adsool, A.D. and Chaphalkar, S.
R. 2012. ESAT-6 and CFP-10 proteins of Mycobacterium
tuberculosis in making diagnostic tool for TB. J. Biotechnol.
Lett., 3: 28-30.
Figueiredo, E.E.S., Silvestre, F.G., Campos, W.N., Furlanetto,
L.V., Medeiros, L. and Lilenbaum, W. 2010. Detection of
Mycobacterium bovis DNA in nasal swabs from tuberculous
cattle by a multiplex PCR. Braz. J. Microbiol., 41: 2.
Gomez-Laguna, J., Carrasco, L., Ramis, G., Quereda, J.J.,
Gomez, S. and Pallares, F.J. 2010. Use of real-time and
classic polymerase chain reaction assays for the diagnosis
of porcine tuberculosis in formalin-fixed, paraffin-embedded
tissues. J. Vet. Diagn. Invest., 22: 123-127.

645

Sidhu et al.
Helmy, N.M., Abdel-Moghney, A.R.F. and Atia, M.A.M. 2015.
Evaluation of Different PCR-based Techniques in Diagnosis
of Bovine Tuberculosis in Infected Cattle Lymph Nodes. Am.
J. Microbiol. Biotechnol., 2(5): 75-81.
Marchetti, G., Gori, A., Catozzi, L., Vago, L., Nebuloni, M.
and Rossi, M. C. 1998. Evaluation of PCR in Detection of
Mycobacterium tuberculosis from Formalin-Fixed, ParaffinEmbedded Tissues: Comparison of Four Amplification
Assays. J. Clin. Microbiol., 36(6): 1512–1517.
Medeiros, L.S., Marassi, C.D., Figueiredo, E.E. and Lilenbaum,
W. 2010. Potential application of new diagnostic methods for
controlling bovine tuberculosis in Brazil. Braz. J. Microbiol.,
41(3): 531-544.
Miller, J.M., Jenny, A.L. and Payeur, J.B. 2002. Polymerase
chain reaction detection of Mycobacterium tuberculosis
complex and Mycobacterium avium organisms in formalinfixed tissues from culture-negative ruminants. Vet. Microbiol.,
87: 15-23.
Mukherjee, F. 2006. Comparative prevalence of tuberculosis in
two dairy herds in India. Rev. Sci. Tech.., 25(3): 1125-1130.
OIE. 2004. Manual of diagnostic tests and vaccines for terrestrial
animals. 5th Edition, Chapter 2.3.3, Paris, France.
OIE. 2009. Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals. World Organisation for Animal Health,
Paris, France.
Parashar, D., Chauhan, D.S., Sharma, V.D. and Katoch,
V.M. 2006. Applications of real-time PCR technology to
mycobacterial research. Indian. J. Med. Res., 124: 385-398.

646

Parsons, L.M., Brosch, R., Cole, S.T., Somoskovi, A., Loder,
A., Bretzel, G., Van Soolingen, D., Hale, Y.M. and Salfinger,
M. 2002. Rapid and simple approach for identification of
Mycobacterium tuberculosis complex isolates by PCR-based
genomic deletion analysis. J. Clin. Microbiol., 40: 23392345.
Serrano-Moreno, B.A., Romero, T.A., Arriaga, C., Torres, R.A.,
Pereira-Suarez, A.L., Garcia-Salazar, J.A. and EstradaChavez, C. 2008. High Frequency of Mycobacterium bovis
DNA in Colostra from Tuberculous Cattle Detected by
Nested PCR. Zoonoses Public Health., 55: 258-266.
Thacker, T.C., Harris, B., Palmer, M.V. and Waters, W. R. 2011.
Improved specificity for detection of Mycobacterium bovis
in fresh tissues using IS6110 real-time PCR. BMC Vet. Res.,
7: 50.
Waters, W.R., Nonnecke, B.J., Palmer, M.V., Austermann,
S.R., Bannantine, J.P., Stabel, J.R., Whipple, D.L., Payeur,
J.B., Estes, D.M., Pitzer, J.E. and Minion, F. C. 2004.
Use of recombinant ESAT-6:CFP-10 fusion proteins for
differentiation of infections of cattle by Mycobacterium
bovis and by M. avium subsp. avium and M. avium subsp.
paratuberculosis. J. Am. Soc. Microbiol., 11(4): 729-735.
Zali, M.H.S., Farajnia, F., Yahyapour, H., Moslemzadeh, T. and
Hashempour, A. 2014. Detection of Mycobacterium bovis in
cattle suspected to tuberculosis by PCR method in UrmiaIran. Bul. Env. Pharm. Life Sci., 3(5): 152-157.

Journal of Animal Research: v.7 n.4 August 2017

