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Abstract

Background: Bovine tuberculosis (bTB) is a major bacterial disease that causes significant economic disruption across the globe.
Aims: Our study was based on using a fluorescence polarization assay (FPA) that used fluorescein-labeled ESAT-6 protein to detect
Mycobacterium bovis antibodies in bovine serum. Methods: The ESAT-6 protein was used in a FPA. Positive TB reactors were
determined by the comparative intradermal test (CID) and interferon gamma test (IFN-y). Antibodies against M. bovis were detected
using a fluorescein isothiocyanate (FITC) labeled tracer and a whole culture FITC labeled tracer in the positive cattle. Results: Of the
192 animals tested for bTB, 37 were found to be positive by either the CID or IFN-y assays. Using the mP values from five culture-
positive serum samples, a cutoff value of more than >127 mp provided the best discrimination between positive reactors and negative
bTB animals. The ESAT-6 results of FPA in comparison with CID results revealed sensitivity of 92.9% and specificity of 64.6%, and
in comparison with results IFN-y, showed sensitivity of 95.7% and specificity of 49%. FPA using FITC labelled ESAT-6 as a tracer
has better sensitivity (95.7%) and specificity (49.1%) than IFN-y test in humoral immune response in animals. Conclusion: This work
revealed that the ESAT-6 protein as an antigen can be used in diagnosing bTB using a practical and sensitive humoral test.
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Introduction

Bovine tuberculosis (bTB) is caused by
Mycobacterium bovis, a member of the Mycobacterium
tuberculosis complex. This disease is still widespread in
poor countries, causing major economic losses and trade
restrictions. The gold standard diagnostic assay for bTB
is indeed the comparative intradermal (CID) test (skin
test) utilizing pure protein derivative (PPD). The CID
test and other CMI-based diagnostics (e.g., gamma
interferon and lymphocyte proliferation tests) have a
multitude of disadvantages in the diagnosis of bTB. The
limitations are the poor sensitivity and specificity of the
delayed-type hypersensitivity in response to the antigen.
It’s unclear whether M. bovis, M. avium subsp.
paratuberculosis, or environmental mycobacteria like M.
avium subsp. avium are responsible for the PPD
response. Another, there is a substantial CMI response
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during the initial phases of infection with low bacillary
loads, which may be scarce or deficient in animals at late
stages of sickness with high bacterial loads. Tests based
on CMI cause the animals to become anergic (Harboe et
al., 1990; Mirsky et al., 1992). The ESAT-6 system
produces ESAT-6, a 6-kDa early secretory antigenic
target of M. tuberculosis encoded in region of difference
1 (RD1) and generated by M. tuberculosis. Esx-1 is a
tuberculosis-specific  antigen with a  significant
immunodominance (Kerry et al., 2011). It is one of the
most essential features that contributes in TB
immunodiagnosis and vaccine development. Infected
calves respond strongly to the mycobacterial antigen
ESAT-6, a low molecular weight protein present in
virulent M. bovis culture filtrate, whereas non-infected
animals do not (Buddle et al., 1999; Vordermeier et al.,
1999). Furthermore, it is absent from the majority of
environmental mycobacterial species (Harboe er al.,
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1996). The skin response to CMI-based tests is thought
to be a marker of TB in cattle, but a second test should
be done to confirm the diagnosis. This test evaluates an
animal’s responses to PPD-A and PPD-B to determine if
it is positive or negative. However, susceptibility to
environmental mycobacteria or coinfection with
(Mycobacterium  aviam  paratuberculosis)  lowers
specificity in both tests (CID and IFN-) (Schiller et al.,
2010). In our research, the ESAT-6 protein was used in
enzyme-linked immunosorbent assays (ELISAs) to
detect antibodies in the serum of M. bovis infected mice.
ELISAs, on the other hand, are lengthy tests designed
mainly for laboratory use that take at least one working
day to complete (Lin et al., 1996).

Materials and Methods

192 animals (cattle and buffaloes) were chosen at
random from an organized dairy farm in Ludhiana from
various age groups (3-14 years). CID and IFN-y tests
were used to screen all of the animals. Samples
containing blood were collected from above mentioned
TB reactor animals.

Ethics approval

All authors appreciate the ethical committee for
permitting the use of animals, and the iaec/cpcsea
clearance may be accessed under reference number
iaec/2015/26/013.

Comparative intradermal (CID) test

As per the World Organization for Animal Health
Office International des Epizooties (OIE) Terrestrial
Manual (2009) following blood collection for IFN-y
assay, desired animals (n=192) were subjected to CID.
The test was performed using bovine tuberculin PPD
from M. bovis (strain ANS5, 3000 IU) and avian
tuberculin PPD from M. avium subspecies avium (strain
D4ER, 2500 IU) cultures purchased from Prionics
(Netherlands). The bovine PPD was administered in the
caudal region, whereas the avian tuberculin PPD (0.1 ml)
and the bovine tuberculin PPD (0.1 ml) were injected
intradermally. The animal was declared positive if the
rise in skin thickness at the bovine injection site was
more than 4 mm larger than the response seen at the
avian injection site. If a slight variation of 1 mm
variation in skin fold thickness was detected, the
response was reported as negative. Results are declared
doubtful if the difference lies between 1-4 mm.

Gamma interferon (IFN-y) test

BOVIGAM (Prionics, Switzerland), IFN-y kit for
cattle, was used to perform this test. It is a fast in-vitro
blood-based test of M. bovis PPD cell-mediated immune
response. Before interpreting the sample data, the control
results were checked for test validity. The animal was
deemed positive when the difference between the OD of
bovine PPD and the OD of avian PPD, and the difference
between the OD of bovine PPD and the OD of nil
antigen was less than 0.1. When the difference between

the OD of bovine PPD and the OD of avian PPD, as well
as the difference between the OD of bovine PPD and the
OD of nil antigen, was less than 0.1, the animal was
ruled negative.

Detection of antibodies against M. bovis using
fluorescein labelled ESAT-6 protein in FPA
Materials required

ESAT-6 protein (Prospec, USA), sephadex (G-25
super fine) (MP Biomedicals, India), borosilicate
column, fluorescein isothiocyanate (FITC) (MP
Biomedicals India), and buffers (phosphate buffer,
normal saline). Blood samples (n=192) were obtained
from the same animals which were earlier screened for
CID and IFN-y assays. These blood samples yielded sera
and were preserved at -20°C. They were then thawed at
room temperature before being tested.

Preparation of FPA antigen

As per method, the ESAT-6 protein (20 g) was
labelled with FITC (MP Biomedicals, India) (Surujballi
et al., 2002). 20 g of the protein was added to nah,pos-
naoh (0.15 m, ph 9.5) and combined with fitc (0.15 ml, 1
mg/ml). After 1 h of incubation at 37°C, the mixture was
put in a sephadexG-25 column (MP biomedicals Ltd.,
India) (1 cm x 23 cm). Phosphate buffer (0.1 M, pH 7.0)
was used to pre-equilibrate the column (Radostits et al.,
2010). A total of 25 fractions from the column were
extracted, and the protein concentration was determined
using a NanoDrop. A fluorescence polarization analyzer
was used to measure the fluorescence intensity of all the
fractions (Model Tecan infinite F-200 pro, India). As a
final tracer, the fraction with the greatest fluorescence
intensity was utilized. The fractions were then kept in
test tubes at 4°C until they were required.

Fluorescence polarization assay

In a 12 mm x 75 mm borosilicate glass test tube, each
serum sample was diluted 1:5 (final volume of 1 ml) in
phosphate buffered saline (Sigma, India) supplemented
with 0.1 percent sodium azide and 0.05% lithium
dodecyl sulphate (MP Biomedicals, India). A
fluorescence polarization analyzer was used to get a
blank result after full mixing. The test was performed in
a 96-well Nunc® black plate. Each well had 180 uL of
PBSALDS (PBS, pH 7.2) (Sigma, India) supplemented
with 0.1% sodium azide and 0.05% lithium dodecyl
sulphate (MP Biomedicals, India) buffer, 10 pL of
serum, and 10 pL of tracer for 2 min incubation. With a
gain optimal, number of flashes = 25, settle time =100 s,
and filters of 485 nm for excitation and 533 nm for
emission, the fluorescence polarization of the sample
was observed. The result was expressed in
millipolarization values and indicated the amounts of
antibodies present in the serum sample.

Statistical analysis

Receiver operating characteristic curve analysis was
used to examine the data (MedCalc Software, Maria
kerke, Belgium). A dot blot was generated first, then a
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receiver operator characteristic analysis was performed
(ROC). The FPA findings were analysed to establish the
best cutoff point for discriminating between positive and
negative results (at which the sum of sensitivity and
specificity values is maximum). The area under the ROC
curve, which indicates the test’s accuracy, is calculated
using ROC analysis. The sensitivity and specificity
values for CID and IFN-y as the reference test were
computed in the second technique.

Results

CID and IFN-y

CID was implemented to screen 192 animals for
bTB, and after injecting both the bovine and avian PPD
antigens, a four-fold increase in skin thickness was
found. CID identified 14 animals (7.29%) as positive for
bovine tuberculosis out of 192 animals examined for the
disease. The findings revealed that 16 animals were
inconclusive, whereas the remaining 162 animals had
negative reactions. The CID test is the gold standard for
diagnosis of bTB in animals (live) in the field, and at
least a 4 mm rise in skin thickness should be visible after
72 h of performing the test to confirm it as positive (OIE,
2009). Secondly, the tests were based on hypersensitive
responses that were delayed (OIE, 1992). This test has a
number of documented flaws, including issues
administering and interpreting the findings, the necessity
for a second step visit, a lack of standardization, and test
accuracy that is not perfect (Gutierrez et al., 1998). False
negative responses may happen just after an infection,
late in the infection, in animals with weakened immune
systems, and in animals that have recently given birth
(Radostits et al., 2010). The strength and dosage of
tuberculin  delivered, desensitization,  purposeful
interference, post-partum immune suppression, and
observer variance all alter the test’s sensitivity.
Specificity is influenced by sensitization to M. avium, M.
paratuberculosis, and other environmental mycobacteria
as reported by (Collins et al., 1994). CID can
discriminate animals infected with M. bovis and those
sensitized to tuberculin after exposure to M. avium
complex organisms to non-pathogenic mycobacteria
more readily than SIT (Monaghan et al., 1994). Bovine
tuberculin reactivity is generally highest in cattle infected
with M. bovis or M. tuberculosis (Francis, 1958; Pollock
et al., 2005). Using CID, infected cattle might be
recognized as early as three weeks after infection
(Kohler et al., 2001). Desensitization to a second
tuberculin injection in infected calves due to the
depressing impact of the prior injection after a period of
skin reactivity may result in the inability to identify
infected animals as reactors (Lepper et al., 1997). Errors
due to malfunctioning equipment or operator errors, such
as when tuberculin is not lodged into the skin, the
amount injected is insufficient, or the test findings are
evaluated too soon or deferred after tuberculin injection,
could perhaps result in false negative skin test results, as
with any diagnostic test (Mihret et al., 2013).
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Gamma interferon assay

Gamma interferon assay was conducted on the same
animals. 23 animals (11.9%) were positive for IFN-y
from 192 animals assessed for tuberculosis. Twenty of
these animals had an equivocal response to the IFN-y
assay, displaying a pale yellow hue in the well, whereas
the other 149 animals had a negative reaction (Table 1).
In the identification of M. bovis infection, IFN-y is a
potent biomarker. In most tuberculosis eradication and
control programs, the IFN-y assay is used in the
detection of bovine tuberculosis and is now mostly used
as a complement to the skin test in vitro. IFN-y is
generated in large amounts, making it an excellent
biomarker for TB diagnostic testing (Wood et al., 1991).
The IFN-y test is often used to assess cell viability by
stimulating whole blood for 16 to 24 h with M. bovis
PPD B and PPD A (Rua-Domenech et al., 2006). The
IFN-assay has a higher sensitivity and a slightly lower
specificity than the skin test, needs only one visit to the
farm, and eliminates the observational variability
associated with measuring skin test responses (Schiller ez
al., 2010). The sensitivity and specificity of the IFN-y
test are expected to be 73 to 100% and 87.7 to 99.2%,
respectively, when PPDs are used (Harboe et al., 1990).

Table 1: List of animals positive for CID and IFN-y

Number of animals (192) Positive Negative
CID 14 (7.29%) 178
TFN-y 23 (11.97%) 169

Fluorescence polarization assay was performed using
ESAT-6 protein (Prospec TechnoGene Ltd., USA) as
antigen labeled with FITC. Figures 1 and 2 represent the
frequency distributions of the FPA results from 192
serum samples and 5 culture positive animals. The
histograms presented that the majority of the serum
samples had cutoff values of >127. This indicated cutoff
value of 127 for differentiating between positive and
negative samples. According to the approximate value of
127, our results were categorized into positive and
negative samples.
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Fig. 1: Frequency distribution of the FPA results that were
obtained for the serum samples with a cutoff value of >127 mP.
Maximum discrimination between positive reactors and
negative bTB animals was established by using the mP values
from 5 culture positive serum samples. The x-axis shows mP
values and the y-axis shows number of serum samples
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Fig. 2: Frequency distribution of the FPA results that from 192
serum samples of cattle/buffalo. The x-axis shows mP values
and the y-axis shows number of serum samples

FPA in comparison to CID and IFN-y

The results of the FPA test on the ESAT-6 protein
were juxtaposed to the findings of the CID and IFN-y
tests. The MedCalc programme enabled to determine the
cutoff. ROC analysis created a dot plot to begin with.
FPA developed a dot plot and ROC curve analysis for
cow and buffalo sera, respectively. Figures 3 and 4
showed a cut-off value of 29 mp for maximum,
discriminating between positive and negative animals
when compared to CID. When comparing FPA’s ESAT-
6 findings to CID’s, the AUC curve (area under the
curve) was 0.715, with a sensitivity of 92.9% and
specificity of 64.6%. With an AUC of 0.715, a randomly
chosen individual from the population will have a higher
test value than a randomly selected individual from the
negative population. Final results from FPA were also
compared with IFN-y results. IFN-y results revealed a
cutoff value of <44 with AUC curve (Figs. 5 and 6) of
0.729 (sensitivity = 95.7%, specificity = 49%).
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Fig. 3: ROC analysis of serum samples
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Fig. 4: Dot plot of the antibodies of serum samples
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Fig. 5: ROC analysis of selected serum samples using ESAT-6
protein with IFN-y
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Fig. 6: Dot plot of selected serum samples using ESAT-6 with
IFN-y obtained from MedCalc software

Discussion

Bovines are among the most economically important
animals affected by tuberculosis. We conducted ESAT-6
FPA for the identification of M. bovis antibodies in the
serum. It is reported that like ELISAs, FPA has
numerous advantages over many serological tests for
detecting antibodies to M. bovis (Schiller et al., 2010).
FPA was reported as an inhibitory test by Jolley et al.
(2007) that confirmed questionable or suspected positive
samples. Total of 4461 assumed negative bovine samples
were tested in the specificity trials by different veterinary
labs. The FPA was used to analyse if the herd was
infected with M. bovis or not. The fluorescein-labeled
ESAT-6 protein is utilized as the tracer antigen in the
FPA test, which assesses the humoral immune response.
The substantially bigger fluorescein-labelled immune
complex that develops when antibodies in the serum bind
to this protein. The estimated molecular weight of 6 kDa,
results in an increase in fluorescence polarization. The
fluorescein-labeled protein remains free in the absence of
particular anti-ESAT-6 antibodies in the serum, leading
to a low fluorescence polarization value. The skin
reaction to PPD in CID is used as a marker for TB in
cattle; however, a second screening test is used to make a
more precise diagnosis. The IFN-y test has been
thoroughly investigated, and its usage has been
authorized in a number of nations (Aranaz et al., 2006).
The reactions of culture positive animals are compared in
this test to determine if an animal is positive or negative.
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The specificity of both tests is affected by sensitivity to
environmental mycobacteria or co-infection with MAP
(Hanna et al., 1989). The IFN-y test is a highly specific
test, but it is unduly expensive, leading to certain
restrictions. In this work, IFN-y and CID responses to the
protein ESAT-6 were compared with the goal of
determining sensitivity in animals with high and low
bovine TB prevalence utilizing CID and IFN-y formats.
The FPA data was put through ROC curve analysis,
which calculates a test’s sensitivity and specificity at all
conceivable cutoff points and offers a high end precision.
The MedCalc programme was used to determine the
cutoff. The ESAT-6 FPA is a precise indication of M.
bovis infection, as per ROC curve produced from the
study of the FPA findings. The positive sera from the
infected animals were limited; so they were collected
from bovines from which M. bovis could be cultured.
The purpose of using a positive sample was to verify that
no serum sample was incorrectly categorized, as well as
to restrict the sample size since we only had a few of
these serum samples. A value of n >127 mp provided the
best discrimination between positive and negative
animals at the specified cut-off point. When FPA’s
ESAT-6 findings were compared to CID results, the
sensitivity was 92.9% and the specificity was 64.6%. The
FPA findings were also compared to those of interferon
gamma (IFN-y). The sensitivity of IFN-y was 95.7%,
while the specificity was 49%. However, due to the
feeble status of the bovine immunity, all herds of sick
cattle may not demonstrate this high degree of
sensitivity. Antibodies may be found as early as two
weeks post-infection with a large number of germs,
according to research (Costello et al., 1997). As a result,
there arises a necessity for regular use of an M. bovis
specific serological test in order to complement the use
of the CMI test(s) and gamma interferon testing in order
to effectively identify M. bovis infections in cattle and
control disease transmission. It has been obvious that
currently existing serological tests developed for herd
testing have limited sensitivity and low specificity due to
the use of complicated bacterial extracts including
antigens produced by pathogenic and environmental
mycobacteria (Ritacco et al., 1990; Neil et al., 1994). To
summarize, the FPA has the ability to identify antibodies
in M. bovis infected cattle but skin test-negative animals
back up the idea of employing serological tests in
combination with CMI tests to monitor TB infection.
Finally, the use of the ESAT-6 protein helps identify
infected animals not detected with CID and IFN-y,
particularly in herds with low frequency. Another
evidence supporting the protein’s high specificity and
sensitivity is that despite the presence of M. bovis
infection in certain herd animals, no skin reactions were
seen. However, a negative result in the CID and IFN-y
assays does not signify that the animal is not infected; it
just means that it is in a non-shedding state.

Acknowledgements

The authors are thankful to the DBT for providing

IJVR, 2022, Vol. 23, No. 3, Ser. No. 80, Pages 204-209

grant under the project “Evaluation of diagnostic assays
for quicker diagnosis of mycobacterial infections in
cattle and buffaloes” (BT/PR5776/MED/30/928/2012)
and to the Director of Research, GADVASU, Ludhiana
for providing the necessary facilities.

Conflict of interest

There is no conflict of interest.

References

Aranaz, A (2006). Assessment of diagnostic tools for
eradication of bovine tuberculosis in cattle co-infected with
Mycobacterium bovis and M. avium subsp. para-
tuberculosis. Vet. Res., 37: 593-606.

Buddle, BM (1999). Differentiation between Mycobacterium
bovis BCG-vaccinated and M. bovis-infected cattle by
using recombinant mycobacterial antigens. Clin. Diagn.
Lab. Immunol., 6: 1-5.

Collins, DM; Radford, AJ; de Lisle, GW and Jacob, HB
(1994). Diagnosis and epidemiology of bovine tuberculosis
using molecular biological approaches. Vet. Microbiol., 40:
83-94.

Costello, E; Egan, JW; Quigley, FC and O’Reilly, PF
(1997). Performance of the single intradermal comparative
tuberculin test in identifying cattle with tuberculous lesions
in Irish herds. Vet. Rec., 141: 222-224.

Francis, J (1958). Tuberculosis in animals and man. London,
Cassell & Co. Ltd., P: 357.

Gutiérrez, M; Tellechea, J and Garcia, MJF (1998).
Evaluation of cellular and serological diagnostic tests for
the detection of Mycobacterium bovis-infected goats. Vet.
Microbiol., 62: 281-290.

Hanna, J; Neill, SD and O’Brien, JJ (1989). Use of PPD and
phosphatide antigens in an ELISA to detect the serological
response in experimental bovine tuberculosis. Res. Vet.
Sci., 47: 43-47.

Harboe, M (1990). Protein G-based enzyme-linked immuno-
sorbent assay for anti-MPB70 antibodies in bovine
tuberculosis. J. Clin. Microbiol., 28: 913-921.

Harboe, M; Oettinger, T; Wiker, HG; Rosenkrands, I and
Andersen, P (1996). Evidence for occurrence of the
ESAT-6 protein in Mycobacterium tuberculosis and
virulent Mycobacterium bovis and for its absence in
Mycobacterium bovis BCG. Infect. Immun., 64: 16-22.

Harboe, MHG; Wiker, JRD; Garcia, MM; Dukes, TW;
Brooks, BW; Turcotte, C and Nagai, S (1990). Protein
G-based enzyme-linked immunosorbent assay for anti-
MPB70 antibodies in bovine tuberculosis. J. Clin.
Microbiol., 28: 913-921.

Jolley, ME; Nasir, MS; Surujballi, OP; Romanowska, A;
Renteria, TB; De La Mora, A; Lim, A; Bolin, SR;
Michel, AL; Kostovic, M and Corrigan, EC (2007).
Fluorescence polarization assay for the detection of
antibodies to Mycobacterium bovis in bovine sera. Vet.
Microbiol., 120: 113-121.

Kerry, AM; Sarah, MF and Jeffrey, L (2011). Rv3615c is a
highly immunodominant RD1 (Region of Difference 1)-
dependent secreted antigen specific for Mycobacterium
tuberculosis infection. PNAS. 108: 5731-5732.

Kohler, H (2001). Immune reactions in cattle after
immunization with a Mycobacterium paratuberculosis
vaccine and implications for the diagnosis of M.
paratuberculosis and M. bovis infections. J. Vet. Med.



Iranian Journal of Veterinary Research, Shiraz University

209

Infect. Dis. Vet. Public Health. 48: 185-195.

Lepper, AWD; Pearson, CW and Corner, LA (1977).
Anergy to tuberculin in beef cattle. Aus. Vet. J., 53: 214-
216.

Lin, M; Sugden, EA; Jolley, ME and Stilwell, K (1996).
Modification of the Mycobacterium bovis extracellular
protein MPB70 with fluorescein for rapid detection of
specific serum antibodies by fluorescence polarization.
Clin. Diagno. Lab Immunol., 3: 438-443.

Mihret, A; Bekele, Y; Bobosha, K; Kidd, M; Aseffa, A;
Howe, R and Walzl, G (2013). Plasma cytokines and
chemokines differentiate between active disease and non-
active tuberculosis infection. J. Infect. Immunol., 66: 357-
365.

Mirsky, ML; Morton, D; Piehl, JW and Gelberg, H (1992).
Mycobacterium bovis infection in a captive herd of Sika
deer. J. Am. Vet. Med. Assoc., 200: 1540-1542.

Monaghan, ML; Doherty, ML; Collins, JD; Kazda, JF and
Quinn, PJ (1994). The tuberculin test. Vet. Microbiol., 40:
111-124.

Neill, SD; Cassidy, J; Hanna, J; Mackie, DP; Pollock
Clements, A; Walton, E and Bryson, DG 1994).
Detection of Mycobacterium bovis infectionin skin test-
negative cattle with an assay for bovine interferon-gamma.
Vet. Rec., 135: 134-135.

OIE (1992). Terrestrial Manual. Bovine tuberculosis. PP: 287-
296.

OIE (Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals) (2009). OIE Terrestrial Manual
2008; World Organisation for Animal Health, Paris,
France.

Pollock, JM; Welsh, MD and McNair, J (2005). Immune
responses in bovine tuberculosis: Towards new strategies

for the diagnosis and control of disease. Vet. Immunol.
Immunopath., 108: 37-43.

Radostits, OM; Gay, CC; Hinchcliff, KW and Constable,
PD (2010). Veterinary medicine. 10th Edn., USA, W. B.
Saunders Co., P: 1009.

Ritacco, V; Lopez, B; Barrera, L; Nader, A; Fliess, E and
de Kantor, IN (1990). Further evaluation of an indirect
enzyme-linked immunosorbent assay for the diagnosis of
bovine tuberculosis. Zentbl. Veterinaermed. B., 37: 19-27.

Rua-Domenech, R; Goodchild, AT; Vordermeier, HM;
Hewinson, RG; Christiansen, KH and Clifton-Hadley,
RS (2006). Ante mortem diagnosis of tuberculosis in cattle.
A review of the tuberculin tests, gamma-interferon assay
and other ancillary diagnostic techniques. Res. Vet. Sci.,
81: 190-210.

Schiller, I; Oesch, B; Vordermeier, HM; Palmer, MV;
Harris, BN; Orloski, KA; Buddle, BM; Thacker, TC;
Lyashchenko, KP and Waters, WR (2010). Bovine
tuberculosis: a review of current and emerging diagnostic
techniques in view of their relevance for disease control
and eradication. Transbound. Emerg. Dis., 57: 205-220.

Surujballi, OP; Romanowska, A; Sugden, EA; Turcotte, C
and Jolley, ME (2002). A fluorescence polarization assay
for the detection of antibodies to Mycobacterium bovis in
cattle sera. Vet. Microbiol., 87: 149-157.

Vordermeier, HM (1999). Development of diagnostic
reagents to differentiate between Mycobacterium bovis
BCG vaccination and M. bovis infection in cattle. Clin.
Diagn. Lab. Immunol., 6: 675-682.

Wood, PR (1991). Field comparison of the interferon-gamma
assay and the intra-dermal tuberculin test for the diagnosis
of bovine tuberculosis. Aust. Vet. J., 68: 286-290.

IJVR, 2022, Vol. 23, No. 3, Ser. No. 80, Pages 204-209


http://www.tcpdf.org

