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Abstract

This study aimed to diagnose bovine tuberculosis in cattle and buffaloes by Single Intradermal Comparative Tuberculin
Test (SICTT), Gamma Interferon (y-IFN) assay and molecular techniques. A total of 230 blood samples were collected
from organised and unorganised dairy farms at Ludhiana, Jalandhar and Gurdaspur districts and were subjected to
SICTT, y-IFN assay and antibody response. Further, molecular diagnosis of Mycobacterium tuberculosis complex (MTC)
was done by using conventional IS6110 PCR on blood samples of animals that were reactors in SICTT. Seventeen animals
were positive for bTB by SICTT and 21 by y-IFN assay. Seventeen animals that were tested positive by SICTT, revealed
positive results in Y-IFN assay. Four negative reactors for bTB with SICTT showed positive with Y-IFN assay. Further,
thirteen animals were positive for antibody response. By PCR, twenty-three animals were positive for MTC. Six animals
showing inconclusive results by SICTT were positive by PCR while four Y-IFN assay negative animals were also tested

positive by PCR.
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INTRODUCTION

Bovine tuberculosis is a disease of
infectious nature that occurs in livestock and
can spread to human by aerosol inhalation or
ingestion of unpasteurised milk. This disease
has no geographic limits, and infection occurs
in farm animals of economic significance along
with wildlife. In India, illiteracy is another
obstacle in the control of animal tuberculosis,
mainly rural communities. Tuberculin skin
testing is considered a conventional method for
screening bovine tuberculosis. Due to the slow-
growing nature of this organism, its isolation
and identification is a challenge. The sensitivity
of the traditional microbiological approach
(isolation and identification of the
Mycobacterium organisms from both live and
dead animals) is higher but takes a long time
(six-eight weeks). Intradermal tests are
comparatively inexpensive and have an
uncomplicated procedure, but these are

challenging to execute on a large-scale
epidemiological surveys. Besides, intradermal
tests demand two visits to a farm, and may give
a false-negative results in an advanced disease
stage with a high bacterial load (Waters et al.,
2011). Interferon-Gamma Assays being
relatively expensive and requiring qualified
staff, are more specific than intradermal tests
(Wadhwa ef al., 2012). In cattle and buffaloes,
parallel skin and Interferon Gamma Assay
testing have proved to be very beneficial (Ahir
et al., 2006). When practised in a series
involving re-testing of skin-test positive animals
with a gamma-interferon test, both tests enhance
the specificity of testing (Ryan et al., 2000) as
if these tests done together will detect the
animals which are either in early or late stage
of the disease. Antibody-based assays for
detecting bTB are being engaged due to their
simplicity, flexibility and economic advantages
(Wadhwa et al., 2012) as in the present. Cattle
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produce high levels of circulating antibodies
against M. bovis, late in the course of infection,
in more advanced stages of infection or when
they are stimulated with high infective doses
(Neill et al ., 2001; Welsh et al., 2005). Hence,
when antibodies titres are low, serology is less
effective in identifying the stages of
infection. The antibody-based assays (ELISA)
are especially attractive because the animals are
handled only once, quick processing of the
sample, a large number of animals, can be tested
at a time (Harrington et al., 2008).

For the rapid and specific diagnosis of TB,
various alternative approaches have been
pursued, but molecular methods, particularly
PCR assays, are the most promising methods
providing accurate recognition of the organism.
The most commonly used PCR is based on
primers that amplify segments of the
IS6110 element, primarily targeting the 245bp
fragments (Figueiredo et al., 2009).

It was envisioned that a well-planned study
to analyse all the diagnostic methods, including
molecular diagnostic tools, would be helpful
in the early and accurate diagnosis of bovine
tuberculosis. Hence, the present study was
intended to detect bovine tuberculosis using
Single Intradermal Cervical Comparative
Tuberculin Test (SICCT), Gamma Interferon
Release Assay, antibody response by ELISA
followed by detection of MTC with PCR.

MATERIALS AND METHODS

Ethical approval: This study was approved
by the Institutional Animal Ethics Committee
of Guru Angad Dev Veterinary and Animal
Sciences University (GADVASU) [IAEC vide
order no: GADVASU/2019/IAEC/53/05]

Screening of animals by Single Intradermal
Cervical Comparative Tuberculin Test
(SICCT): A total of 230 milch animals (74
cattle and 156 buffaloes) from an organised
dairy farm (40 cattle and 140 buffaloes) in
Ludhiana and unorganised dairy farms located
at Gurdaspur (28 cattle only) and Jalandhar (6
cattle and 16 buffaloes). The study in these three
farms was carried out with in a period of six

months. These three farms selected on the basis
of request put forward by the veterinarians on
behalf of the owners to get their farms screened
for tuberculosis. The animals were divided into
four age groups ie 1 to 3 years (4 cattle and 9
buffaloes), 3 to 6 years (16 cattle and 27
buffaloes), 6 to 9 years (34 cattle and 80
buffaloes) and 9 to 12 years (20 cattle and 40
buffaloes) to carry out the present study.
Symptomatically the herds were free from
tuberculosis as no testing had been carried out
in the organised or unorganised dairy farms
under study. The owners did not report any
cough or respiratory problem at their farms.
Further there was no history of introduction of
new animals inside the two unorganised farms
where as four animals were added in the
organised farm. The test was performed using
bovine tuberculin PPD from the culture of
M. bovis (strain AN5, 3000 IU) and avian
tuberculin PPD from the culture of M. avium
subspecies avium (strain D4ER, 2500 IU)
obtained from Prionics (Switzerland) using the
standard procedure. Briefly, two 2 x 2 square
inch areas were shaved on the left side of the
neck, approximately 12-15 cm apart. The zero
hour skin thickness at both the injection site
was measured with the help of a vernier calliper.
Bovine and avian tuberculin/PPD (0.1 mL each)
was injected intradermally. Bovine PPD was
injected in the upper shaved area, while the
avian PPD was injected in the lower shaved area
of the neck. The correct injection was confirmed
by palpation of a small pea-like swelling at the
site. Inflammatory responses were recorded 72
hours following injection. Observations were
recorded if there is swelling at the site of
injection. Animals were considered positive if
the increase in skin thickness at the bovine site
of injection was greater than 4 mm than the
reaction shown at the site of the avian injection.
The reaction is considered to be negative if the
increase in skin thickness at the bovine site of
injection is less than or equal to the increase in
the skin reaction at the avian site of injection.
If the increase in skin thickness at the bovine
site of injection is greater than the avian reaction
with a difference between 1mm to 4 mm, then
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the results are considered as inconclusive.

Screening of animals by Interferon Gamma
Release Assay: This test was performed using
Mycobacterium bovis Gamma Interferon
bovigam® Test kit. BOVIGAM® is a rapid
in-vitro blood-based assay of cell-mediated
immune response to M. bovis PPD tuberculin
for the diagnosis of bovine tuberculosis
infection. The test was performed in two stages,
i.e. in the first stage, tuberculin PPD antigens
were presented to lymphocytes in blood
collected from animals. In the second stage,
the production of gamma-interferon from cells
was detected using monoclonal antibody-
based enzyme immunoassay (EIA).
Lymphocytes from animals not infected with
M. bovis did not produce gamma-interferon.
Therefore detection of gamma-interferon
correlates to M. bovis infection. The test was
performed as per the standard protocol
described by manufacturer.

Screening of animals for detection of humoral
response by ELISA: The antibody response
was studied using BIO NOTE BTB Ab ELISA
2.0 kit. It is a direct Enzyme-Linked
Immunosorbent Assay for the qualitative
detection of Mycobacterium bovis antibody in
serum. The BIO NOTE BTB Ab ELISA 2.0 kit
contains a microplate, which is pre-coated with
purified bTB antigen on the wells. The
procedure recommended by the manufacturer
was followed for the detection of antibodies
against Mycobacterium bovis.

Screening of animals by PCR: DNA extraction
was carried out using DNeasy Blood and Tissue
kit (Qiagen). Blood samples from a total of 50
animals which were positive and inconclusive
reactors by SICCT were included for this study.
Whole blood sample (1 mL) collected from the
reactor animals was centrifuged at 14,000 rpm
for 10 minutes. The pellet was suspended in
lysis buffer, and further DNA extraction was
done as per the manufacturer’s protocol and
stored at -20°C till further use. This was
followed by the amplification of the DNA using

primers specific for IS6110 sequence targeting
245 bps fragments for MTC members.
Polymerase Chain Reaction was performed
as per the protocol mentioned in Figueiredo
et al. (2009) using INS1/INS2 with some
modifications. Briefly, a reaction volume of 25
pL. was made containing 12.5 pL. of Tag PCR
Master Mix, 1 pL of forwarding primer (10
pmol/uL), 1 pL of reverse primer (10 pmol/uL),
0.5 pL of nuclease-free water and 10 uL. of DNA
template. Thermal cycling was performed in
Temperature Gradient Thermocycler (Biometra,
Germany), and cycling conditions were as
follows, initial denaturation at 94°C for 5 min,
followed by 29 cycles of denaturation at 94°C
for 1 min, annealing at 63°C for 1 min, extension
at 72°C for 1 min and final extension at 72°C
for 7 min. Polymerase chain reaction products
were analysed by gel electrophoresis using
1.5% agarose gel and visualised by a gel
documentation system (Bio-Rad) (Fig. 1).

RESULTS

SICCT: A total of 230 milch animals (74 cattles
and 156 buffaloes) were tested, out of which 17
(7.3%) were positive reactors, 34 (14.7%)
animals were inconclusive reactors, and 179
(77.8%) were negative. Out of the total 74 cattle,
only one (1.3%) was a positive reactor, 16
(21.6%) were inconclusive, and 57 (77%) were
negative. Out of a total of 156 buffaloes, 16
(10.2%) were positive, 17 (10.8%) were
inconclusive, and 123 (78.8%) were negative.
In the present study prevalence of bTB shown
by cattle and buffaloes was 1/74 (1.3%) and
16/156 (10.2%), respectively. Out of a total of
180 animals belonging to an organised farm, 15
animals (8.3%) were positive reactors. All of
these animals were buffaloes belonging to an
organised dairy farm. On the other hand, out of
50 animals belonging to two unorganised farms,
2 animals (4%) were positive reactors (1 cattle
and 1 buffalo) (Table 1). Age wise none of the
animals were positive in 1 to 3 years and 3 to 6
years age groups. In age group of 6 to 9 years 9
animals were positive by tuberculin test while in
9 to 12 years age group 8 animals were positive.
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M: DNA 100bp ladder, L1: Positive control, L2: Negative control, L3-L7: Samples
Fig. 1. Agarose gel electrophoresis of the amplified IS6110 gene of MTC using INS1/INS2 primers

Interferon Gamma Release Assay: In the
present study, a total of 230 animals tested by
c-IFN assay, 21 animals (9.1%) were positive
(3 cattle and 18 buffaloes) (Table 2). One cattle
and 16 buffaloes that were tested positive by
SICTT, displayed positive results in y-IFN assay.
Out of 17 cattle that were inconclusive reactors
by SICTT, two tested positive by y-IFN assay.
On the other hand, out of 17 inconclusive
buffaloes, two tested positive by y-IFN assay
(Table 3).

ELISA: A total of 230 animals were tested by
using BIO NOTE BTB Antibody ELISA 2.0 kit,
out of which 13 animals (5.6%) were positive.
The prevalence of bTB antibody in cattle and
buffaloes using ELISA was 0/74 (0%) and
13/156 (8.3%), respectively (Table 4).

PCR: The PCR assay of the DNA amplified from
the blood samples was positive for MTBC in 23
(46%) out of a total of 50 reactor (both positive and
inconclusive) animals. Three cattle (17.6%) and 20
buffaloes (60%) displayed positive tests (Table 5).

Table. 1. Comparative Intradermal Tuberculin test for screening of animals for bovine tuberculosis

Farm Cattle Buffalo
Positive Inconclusive Negative Total [ Positive Inconclusive Negative Total
?Frga“if)ed 0 6 34 40 15 12 113 140
arm-

N = 180 (15%) (10%) (8.5%)
Unorganized 0 4 2 6 1 5 10 16
1(\1;1”22) (66%) (162%)  (31.2%)
Unorganized 1 6 21 28 ) ) ) )
(Farm-3)
N = 28 (3.5%) (21.4%)

1 16 57 74 16 17 123 156
Total 1.3%) (21.6%) (10.2%) (10.8%)




200

Indian Journal of Animal Health, December, 2021

Table. 2. Gamma Interferon Assay for screening of animals for bovine tuberculosis

Farm Cattle Buffalo
Positive Negative Total Positive Negative Total
Organized 2 38 40 16 124 140
(Farm-1) (5%) (95%) (11.4%) (88.5%)
N =180
Unorganized 0 6 6 2 14 16
(Farm-2) (100%) (12.5%) (87.5%)
N =22
Unorganized 1 27 28 - - -
(Farm-3) (3.5%) (96.4%)
N =28
Total 3 71 74 18 138 156
4 %) 96%) (11.5%) (88.4%)
Table. 3. Comparison of results of Comprarative Intradermal Tuberculin test and Gamma
Interferon Assay
CITT Cattle Buffalo
IFN -y IFN -y Total IFN -y IFN -y Total
positive Negative positive Negative
CITT positive 1 0 1 16 0 16
CITT negative 0 56 56 123 123
Inconclusive 2 15 17 15 17
Total 3 71 74 18 138 156
Table. 4. Results of detection of antibodies against bovine tuberculosis
Farm Cattle Buffalo
Positive Negative Total Positive Negative Total
Organized 0 40 40 13 127 140
(Farm-1) (100%) (9.2%) (90.2%)
N =180
Unorganized 0 6 6 0 16 16
(Farm-2) (100%) (100%)
N =22
Unorganized 0 28 28 - - -
(Farm-3) (100%)
N =28
Total 0(0%) 74 74 13 143 156
(100%) 8.3%) 91.6%)
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Table. 5. Animals positive by Polymerase Chain Reaction for Mycobacterium tuberculosis complex

Farm Cattle Buffalo
Positive Negative Total Positive Negative Total
Organized 2 4 6 18 9 27
(Farm-1) (33.3%) (66.6%) (66.6%) (33.3%)
N=33
Unorganized - 4 4 2 4 6
(Farm-2) (100%) (33.3%) (66.6%)
N=10
Unorganized 1 6 7 - - -
(Farm-3) (14.2%) (85.7%)
N=7
TotalN = 50 3 14 17 20 13 33
17.6%) (82.3%) 60%) (65%)
DISCUSSION

Tuberculosis is a chronic wasting disease
caused by the Mycobacterium tuberculosis
complex (MTC). M. bovis belonging to MTC, is
one of the major causative agents of tuberculosis
in dairy animals and many other domestic as well
as wild animals. Immune response against
Mycobacterium is predominantly cellular. The
delayed type of immune response as elicited by
a single intradermal tuberculin test is not very
specific and has several limitations in detecting
bovine tuberculosis in cattle and buffaloes. The
Gamma Interferon Release Assay (IGRA) is a
rapid blood-based assay of cell-mediated
immune response for the diagnosis of bovine
tuberculosis. Serological techniques to detect
circulating antibodies are limited due to poor
sensitivities. The PCR technique is faster than
culture and offers the advantage of high
sensitivity than other techniques.

Among all cattle and buffaloes screened by
SICTT, buffaloes displayed more prevalence
for bTB (10.2%) as compared to cattle (1.3%).
The cattle tested positive belonged to an
unorganised farm, while the buffaloes
belonging to both organised (15 buffaloes) and
unorganised farm (one buffalo) were tested
positive. The probable reason for more number
of buffaloes being positive could be more
transmission of the disease among these
animals as they were closely tied together at

the farm thus enabling the spread of the disease
while the cattle were in the separate shed within
the farm. The numbers of positive reactors were
more in the organised farm as compared to the
unorganised farms. The present study was in
accordance with the study conducted by Brahma
et al. (2019), who reported that the prevalence
was more in buffaloes as compared to cattle.

Higher positive response on skin testing was
recorded in cattle and buffaloes in the age
groups of 6-9 years (52.94% of the positive
reactors belonged to this age group). Different
workers have reported a higher incidence of
bovine tuberculosis with increased age (Munroe
et al., 2000).

Four animals which were negative for TB
with SICCT were positive with y -IFN have also
been reported by other workers (Gormley
et al., 2004; Coad et al., 2008). The authors
proposed that these animals might have been
in the early stages of the disease, which could
not be detected by SICCT. The IGRA assay
detects the cytokine gamma-interferon, which
is predominantly released by T-helper cells after
in-vitro stimulation with bovine PPD and avian
PPD. Release of y - IFN is measured by an EIA.
Interferon-y is regarded as a pivotal cytokine
released during the immune response to TB. It
is produced by a wide variety of cell types but
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primarily by T-cells which, on exposure to
mycobacterial antigen, release IFN-y, which
further starts a cascade of the immune response,
most distinctly the activation of macrophages.
Further, the presence of reactive T-cells
indicates exposure to the organism; hence,
IFN-y assay can help in the detection of
mycobacterial infection at an early stage.

In the present study, y -IFN assay exhibited
more sensitivity than SICCT as four animals that
were negative for TB with SICCT were positive
with y-IFN. However, the maximum overall
sensitivity of 95.2% was claimed to have been
achieved by testing with the IFN-y and the
tuberculin test in correspondence (Wood
et al., 1991; Liébana et al., 1999; Gormley
et al., 2006). While bTB could be diagnosed
by intradermal tuberculin test in 3-6 weeks post-
infection, the gamma-IFN assay exposes the
infection as shortly as 14 days post-infection
(Ryan et al., 2000). Keck (2010) stated that the
sensitivity of detection improved more than 30%
by using y -IFN assay in parallel with the skin
test. Hence, synchronous examination of the
animals in a herd by SICCT and INF-y leads to
increase detection of TB in the dairy herds.

Cell-mediated immunity based test distinctly
indicated that there is an infection in the herd;
nevertheless, antibody detection by ELISA did
not display positives in the present study. The
reason could be that animals are in the initial
stage of infection, where they are identified by
only CMI based tests. Tuberculosis existing as
a disease having a long incubation period will
necessitate some course of time to have a
humoral response. It can be regarded as a
marker for advancing disease (Da La Rua-
Domenech et al., 2006; Da Silva et al., 2011).
Cell-mediated immunity is predominant as
compared to humoral immunity in
mycobacterial infections. However, in the
advanced stages of the disease and anergic
animals, antibody detection is entirety the major
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