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Abstract: Bovine tuberculosis (BTB) is a major infectious and zoonotic disease; mainly of developing countries.
Several methods for diagnosis were presently in use. Serological tests are still relatively, simple, rapid and of
low cost. In the present study the diagnosis of BTB in cows was depending on two immune responses either
cellular or humoral based on PPD antigen. A slide-based co-agglutination (SCAT) test was developed using
the non-species specific diagnostic tools staphylococcal protein A (SPA)or streptococcal protein G (SPG);
either separately or in combination. The degree of positivity for agglutination was rated from positive (+) to
very strong (++++) and was measured over a range of reaction times. Agglutination time ranged from two to
eight minutes. Eighteen serum samples taken from infected cows; positive by Tuberculin skin test (TST),
indirect ELISA and gamma interferon release assay "Bovigam" were tested. Eleven (61%) were positive using
SPA while 15 (83%) were positive with both SPG alone and with the two reagents used in combination. SPA/G
conjugated with fluorescein (FITC) was also used as a confirmatory test (SPA/G-FAT).A second group of six
samples, TST positive and Bovigam negative, two of the six samples were SCAT positive by SPG. One of these
two was also positive by SPG-FAT. Using these two immunodiagnostic proteins, SPA and SPG, inparallel with
other diagnostic methods "TST, iELISA and IFN-vy assay gave good diagnostic specificity and sensitivity for
distinguishing infected from uninfected cows. Further studies are needed to investigate and evaluate these
findings to improve diagnosis of BTB. A simple, low-cost, rapid, specific and sensitive field test is needed to
achieve effective disease control. This slide based test could easily be used in a field setting and would be a
practical, low cost, high-throughput assay that avoids the need for species-specific reagents.
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INTRODUCTION M. bovisisa member of the

Tuberculosis (TB) affects one-third of the world’s
population and is a serious health problem worldwide.
Mycobacterium tuberculosis (MTB) infects about 8.8
million people annually. In Egypt, MTB has been
estimated to infectl8 per 100,000 of the population and
the mortality rate is 0.82 per 100 [1].

BTB is a common zoonotic disease, caused by
Mycobacterium bovis (M. bovis) and it is responsible for
significant economic losses worldwide. Diagnosis is
based on the detection of cell mediated immunity in
response to tuberculin; a purified protein derived from M.
bovis (PPD)[2].

mycobacterium
tuberculosis (TB) complex; a range of mycobacteria
that causes TB in different animal species. Cattle are the
primary host for M.bovis infection [3].

Bacterial culture is considered the gold standard
for TB diagnosis; having close to 98% specificity.
However, mycobacteria are slow-growing, with 6-8
weeks being required for culture growth and trained
personnel and appropriate culture facilities are needed.
The need for technical expertise can be particularly
problematic in developing nations [4].

Serological diagnosis of TB is based on detection of
circulating antibodies (Humoral immune response). The
major advantages of antibody-detection tests are that
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they are inexpensive and relatively easy to perform.
However, low sensitivity of the antibody-detection tests
remains a concern. Several attempts have been made to
develop an ELISA for detection of antibody response
against M. bovis infection. Purified protein derivative
(PPD) was used as an antigen to measure antibody
responses in animals with experimental BTB infection
[, 6] but the cross reactivity of PPDB with closely related
mycobacterial species has always been a concern [7].

The Tuberculin Skin Test (TST) is by far the most
effective test used in the eradication of BTB in developing
countries. The test is performed by injecting a small
volume of PPDB under the skin of the animal and
measuring a change in the thickness of the skin at the site
of injection after 48—72 hours. However, false-positive
reactions are possible owin gto exposure to environmental
mycobacteria such as M.avium (MA) and MA subspecies
paratuberculosis (MAP). TST can also cause false-
negative reactions due to immunosuppression,
desensitization towards tuberculin, sub potent use of
tuberculin and lengthy exposure to a field strain [8].

Purified protein derivative (PPD) is currently the only
available skin test reagent used worldwide for the
diagnosis of tuberculosis (TB) [9].

Staphylococcal protein— A (SPA) is a protein bound
to the cell wall of the pathogenic bacterium
Staphylococcus aureus and it binds to the Fc portion of
most mammalian immunoglobulin G (IgG). Therefore, this
protein has a unique potential for making "Universal"
immunoassays [10]. Some strains of S. aureus synthesize
protein - A, a group-specific ligand that binds the Fc
region of IgG from many species. It binds to human,
mouse, rabbit, cat, cow, dog, goat, guinea pig, horse and
sheep IgG but binds only very weakly to hamster IgG
and not at all to chicken [11]. SPA 1is increasing
importance as a tool in both quantitative and qualitative
immunological techniques. SPA remains markedly stable
on exposure to high temperatures, low pH and denaturing
agents [12, 13].

Streptococcal Protein-G SPG is an immunoglobulin-
binding protein expressed in group C and G streptococcal
bacteria; much like protein A but with differing specificity.
The native molecule also binds albumin, however,
because serum albumin is a major contaminant of
antibody sourcess,the albumin binding site has been
removed from recombinant forms of protein G [5].

Fluorescent antibody dyes are commonly employed
as labels in primary binding tests; one of the most
important being fluorescein isothiocyanate (FITC). FITC
is a yellow-coloured chemical that can be bound to
antibodies without affecting their reactivity. When
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irradiated with invisible ultraviolet light, FITC emits violet
green light, so FITC- labeled reagents are used in both
direct and indirect fluorescent antibody tests [14].
Fluorescent microcopy is more sensitive, but its
application is limited by high cost and by issues relating
to the use of mercury vapour lamps in conventional
fluorescent microscopes [15].

The purpose of this study was to develop alternative
serodiagnostic assays for BTB and to investigate the
effectivity of SPA and or SPG as immunoglobulin binding
proteins.

MATERIALS AND METHODS

Serum Samples: Table (1): BTB infection in cattle
remains a major cause of zoonotic and economic
problems. BTB may be diagnosed using culture of
suspect tissues or through a range of in vitro assays
designed to detect either antibody or cell-mediated
immune responses. Antibody responsesare useful
indicators of BTB.

In this study, the aim was to compare the diagnostic
efficacy of two serological tests for BTB infection with
that of TST, Bovigam and iELISA. The SCAT, using SPA
and/or SPG, as non-species specific universal immune
assaysand a fluorescent antibody technique (FAT), were
used to test serum samples taken from animals that had
already tested positive for BTB by these established
techniques.

Twenty six bovine serum samples were kindly
provided by the Animal Health Research Institute (AHRI)
Department of Bacteriology, (Tuberculosis Unit). Sera
were classified into threegroups:

Group 1: Eighteen serum samples from animals known to
be naturally infected and identified as positive by TST, 1
ELISA and Bovigam.

Group 2: Six serum samples were taken from animals
positive by TST but Bovigam negative and IELISA
negative.

Group 3: Two negative control samples obtained from
cows negative by TST, IELISA and Bovigam.

Tuberculin skin test: (TST): All 26 animals used for this
study had been skin tested at AHRI (Animal Health
Research Institute), using the reference test. PPDB was
used for the bovine tuberculin skin test, resulting in 24
cows TST positive while the two healthy controls were
TST negative.
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Table 1: Tested serum samples for TST, INF-  and iELISA(n=26):

Diagnostic Tests

Groups Animals No TST INF- y iELISA
1 18 18 +ve 18 +Ve 18 +Ve
2 6 6 +ve 6-Ve 2-Ve
3 2 2-Ve 2-Ve 6-Ve
Total 26 24 18 18

TST: Tuberculin skin test.

INF- y:Gamma Interferon release test (Bovigam).
iELISA: Home Indirect ELISA.

Discordant: T.S.T positive and INF- y negative.
+Ve: Positive, -Ve: Negative.

Home Indirect ELISA (i(ELISA): The ELISA plate was
coated with PPDB and used to screen serum samples and
to detect those positive for BTB [16]

Gamma Interferon Release Assay (IFN-y): Whole blood
samples previously collected from twenty six cows at
AHRI were set up for overnight incubation in vitro with
PPDB and cell supernatants were assayed for IFN-y
release using the commercially produced Bovigam Kkit.

Antigen: PPDB was used as an antigen in the two
different serological techniques; rapid slide co-
agglutination test with SPA and SPG and FAT and also in
the TST, iELISA and Bovigam IFN-vy, release assays.

Table 2: The reactivity of SPA and SPG in serodiagnosis of bovine tuberculosis

Immunodiagnostic Agents: SPA and SPG for the
SCAT had previously been prepared by the
Bacteriology Department (TB unit) at AHRI and the
Animal Reproduction Research Institute (ARRI)
according to the methods described by Kessler[17] and
Sting et al.[ 18]. The degree of agglutination was
evaluated in terms of a “plus” scale and was read after
two — eight minutes.

Fluorescent Antibody Technique FAT: SPA and SPG
conjugated to fluorescein isothiocyanate, SPA-FA and
SPG-FA, previously prepared by ARRI according to
Kessler [17] and Sting er al[ 18]were used as an
immunodiagnostic laboratory test, following the method
of Hudson and Hay [19].

RESULTS

Results Are Summarized in Table 1: The results of SPA
and SPG SCAT carried out for all three experimental
groups are summarized in Table 2

SPA SCAT: Of the 18 animals in group 1, 11 (61%) were
seropositive for PPDB binding by SCAT. The degree of
positivity was classified by the degree of agglutination
from + (Slightly positive) to 4+ (Very strongly
positive). A sandy appearance was classified as +and

SPA SPG SPA/SPG
Animals Slide agglutination test SPA-FAT Slide agglutination test SPG-FAT Slide agglutination test
1 + - R - R
2 + - - - -
3 +++ + ++ + +++
4 ++ - + - +
5 + + ++ + +
6 + - + - +
7 + + ++ + +
8 - - ++ + +
9 - + + + ++
10 + - + + ++
11 ++ + -+ + +++
12 +++ + +++ + +++
13 -+ + +++ + ot
14 ++ + -+ + ++
15 + - + + +
16 + + +++ + +
17 - - + -
18 - - + + +
Total +Ve 11 9 15 13 15

Reactions: (+) Positive,(++) Moderate,(+++) Strong, (++++) Very strong,(+ ) Suspected, Undetectable, (-) Negative (Sandy like appearance).
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considered suspect but counted as seronegative. Seven
animals (39%) were seronegative by SCAT, four of these
being +. Of the 11 seropositive animals, five were +, three
2+, two 3+ and one 4+.

The six TST positive, Bovigam negative animals in
group 2 and the two negative control animals were all
seronegative by SPA SCAT.

SPG SCAT: Fifteen out of 18(83%) animals in group 1
were seropositive by SPG SCAT. Six were +, three
scored 2+, four 3+ and two 4+. The SPG test detected
responses to PPDB in four more animals than SPA. Of
these, three were + and one 2+. The two animals
seronegative by SPG and the one classified as suspect
were all seronegative by SPA. However, one of the two
animals seronegative by SPG and the one = were both
seropositive by SPA.Of the six animals in group 2, TST
positive but Bovigam negative, two were seropositive by
SPG SCAT.

Mixed SPA/G-SCAT: A similar percentage of
seropositive animals were found when SCAT using a
combination of SPA and SPG was carried out. Of the
three seronegative animals, one had tested positive by
SPA and one positive by SPG. Eight animals were
seropositive +, three scored 2+, three + and one 4+.

Fluorescent Antibody Technique FAT: The results of this
assay are summarized in Table 2.

SPA-FAT: A total of 9 of the 18 serum samples (50%)
were positive for BTB by SPA-FAT, compared with 11
seropositive by SPA SCAT. One animal positive by SPA-
FAT had been seronegative by SPA SCAT. However, all
those animals that had been 4+ or 3+ by SPA SCAT and
all but one of those 2+ were also seropositive by SPA-
FAT.

SPG-FAT: Thirteen of the fifteen animals from group 1
that were seropositive by SPG SCAT were also positive
using SPG-FAT. The two additional seronegative animals
were both scored as + by SPG SCAT.

DISCUSSION

M.bovis is the primary causative organism of BTB.
While this organism is specifically adapted to infect cattle,
it is also infectious to humans and is of significant
zoonotic importance.Most animals infected with TB show
no clinical signs of the disease [20, 21].
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Cows were chosen for this study as they are the
primary host of BTB infection. The animals tested had
already been diagnosed positive for BTB by three ante
mortem tests, TST, iIELISA and Bovigamas summarized in
Table 1.

TST is used worldwide for the diagnosis of BTB and
is based on the in vivo intradermal inoculation of purified
protein derivative from M.bovis(PPDB) [22]. It is the most
effective tool used in the eradication of BTB
developing countries [7].

The standard diagnostic test for M. bovis is the
intradermal tuberculin tests still in wide spread use. This
test is both sensitive and specific [23 24] and remains in
widespread use. However, the frequency of false
reactions has been considered to limit the value of the test
somewhat [23, 25].

Antibody ELISAs have been widely used over the
years for diagnosis of BTB. It has been suggested that
they could be used as a complement to tests based on
cellular immunity [24, 26,27].Many antigens have been
employed in ELISA. They include complex antigens such
as purified protein derivative (PPDB). However, ELISA
using PPDB as the antigen although sensitive and able to
detect antibodies to mycobacteria, lacks specificity [6, 28].

A home iELISA using a plate coated with PPDB has
been validated as a sensitive and specific serological
method for useas a laboratory test to confirm the results
obtained by TST [29].

The Bovigam test quantifies in vitro release of IFN-vy
following whole blood culture under PPD-B
stimulation[22].However, this assay is costly and requires
well-trained personnel to carry out the test [4]. The IFN-vy
test, as most commonly used, is generally accepted to
have a higher sensitivity than single comparative
intradermal skin test. However, its use as general
screening tool is not advocated because of issues with
specificity [21]. The specificity of the PPDB based gamma
interferon test is not as high as single intradermal
tuberculin test 31]. (In our study, out of the 26 animals
tested, 24 were BTB positive by TST but six of these were
Bovigam negative and may be described as discordant.

While the initial IFN-y assays were based on PPD
antigen [25] epitope- defined IFN-vy assay kits have now
become established for the specific detection of infection
with tubercle bacilli in both humans and cattle [35),

The test kits need to be refrigerated during storage
and transportation, This may difficult for veterinary clinics
in remote areas. Additionally, after the blood samples
collected, they require specific handling, such as shaking
the tubes and incubating the blood samples within
specific time period.

in
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Immunoglobulin binding proteins have been used in
a large number of indirect primary assays, especially in
veterinary diagnostics because of their applicability to
multiple species. Thes erodiagnostic tests used in this
study were SPAand SPG SCAT and FAT (SPA-FAT and
SPG-FAT) and were designed to detect humoral
antibodies directed against [23].

SPA and SPG SCAT were read by eye and the results
evaluated according to the degree of agglutination. This
could mean that some of the discrepancies detected
between the parallel tests were attributable to operator
error.

In this study, we have used a simple, rapid, low cost,
sensitive, specific, stable and visually detectable SPA
and SPG SCAT test that is readable after two to eight
minutes. SPA and SPG are proteins that will bind to
the Fc portion of most mammalian class G IgG. They
therefore have a unique potential for use inuniversal
immunoassays involving both quantitative and
qualitative immunological techniques [32]. We have also
conjugated SPA and SPG to FITC and used these
reagents in a FAT assay for antibodies to BTB. We have
assessed these assays against the established measures
of immune responses to BTB, TST and the invitro IFN- y
assay.

Compared with some other serological tests, these
assays may be useful in improving the control of BTB
through rapid, sensitive &specific and low cost
immunodiagnostic tests. However, SPA/G SCAT would
appear to detect more infected animals than FAT.

There is currently no single test that will fulfill all the
criteria necessary to identify all infected animals [21].
Serological tests have several advantages over other
methods including short turn- around time, relativity
simple procedures and low cost. However, the existing
serodiagnostic methods for BTB are of low sensitivity and
specificity [25]. The serological assays used in this study
could be used as ancillary methods for the detection of
infected animals [33].

The two serological techniques used here were
aiming to improve the detection of humoral immune
response -to BTB. Two bacterial cell wall proteins known
to bind to IgG were used in agglutination (SPA and/or
SPG SCAT) and fluorescence (SPA or SPG FAT) assays.
SPA/SPG SCAT and FAT both use inexpensive reagents,
do not require the production of specific antisera and
would therefore be cheaper to wuse than other
serodiagnostic techniques. The SCAT tests were the most
sensitive, with SPG being the superior reagent, detecting
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83% of infected animals [34]. The superior sensitivity of
SPG is probably owing to its reacting with both IgG1 and
IgG2 in sera. Native SPG will also bind to albumin but the
albumin binding site is removed from the recombinant
protein.

Fluorescent labeling is a useful technique owing to
its high sensitivity and to the ease of integrating a label
onto the marker [35]. Protein A is capable of binding to
the Fc portion of immunoglobulins, especially IgGs, from
a large number of species.

Fluorescent dyes are commonly employed as labels
in primary binding tests. One of the most commonly used
is FIT which emits violet green light on stimulation with
UV. FITC-labeled anti bodies are used in both direct and
antibody testing [36].Most
serodiagnostic tests such as FAT use specific antibodies.

indirect  fluorescent
However, we have shown that SPA,SPG or a combination
of the two can be used effectively as non-species specific
immunodiagnostic tools.

Ourattempts to improve diagnostic testing indicate
that the multiple antigens and recombinant PPDB as well
as uses of recombinant streptococcal protein G may
improve the accuracy of rapid field serodiagnosis of BTB.

Co-infection with parasites, most notably liver fluke
and other mycobacterial diseases such as John’s disease
influence the diagnostic sensitivity of both the
comparative skin and the interferon gamma test [37].
PPDB was used as an antigen to measure antibody
responses in animals with BTB infection but the cross
reactivity of PPDB with closely related mycobacterial
species has always been of concern [6].

CONCLUSIONS

This study has attempted to develop a rapid, accurate
and low cost diagnostic tool for detection of BTB
infection in the field that would improve on existing field
tests. Our findings suggest that the SCAT assay, using
PPDB and a combination of SPA and SPG could be of
value as a primary screen in the diagnosis of BTB in
cattle.
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