
(PPD, purified protein derivative) preparations, one made from M. 
bovis (PPDB), and the other made from M. avium (PPDA). PPDA 
is used as a representative of background responses to general 
environmental mycobacterial antigens to which animals are ex-
posed, while the PPDB component contains both these general 
antigens plus the M. bovis-specific antigens that are of interest. 
For a positive test, the response to PPDB must be greater than 
the response to PPDA. The sensitivity of the SICCT test in GB was 
recently estimated at 81-85% (depending upon the interpretation 
used) (Karolemeas et al., 2012), while the specificity of the test in 
GB has been estimated in excess of 99.9%. This test is the pri-
mary BTB surveillance test for cattle in the UK and Ireland. (http://
archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/tb/docu-
ments/tb-facts.pdf).

The IFNγ blood test for BTB was developed in Australia (Wood et 
al., 1994). This test involves the stimulation of heparinized whole 
blood in vitro with PPDB and PPDA and measuring the compar-
ative IFNγ response using an ELISA, the BOVIGAM® (Wood et al., 
2001). The IFNγ test is marginally more sensitive than the skin test 
and, crucially, it can detect infected animals that are negative to the 
skin test. It is easier to standardize and quality control and can be 
repeated as often as necessary without causing desensitization to 
tuberculin in the tested animal. Several studies have shown that 
more infected cattle could be identified by using both the skin test 
and the IFNγ test in parallel, that is, removing animals that were 
positive to either test (summarized by Vordermeier et al., 2006 and 
Vordermeier et al., 2008).

While the sensitivity of the IFNγ test can be high (around 90%, as 
recently described by Schiller et al., 2009) its specificity, estimat-
ed at 96.7% in GB (http://www.defra.gov.uk/animal-diseases/a-z/
bovine-tb/animal-keepers/testing/gamma-interferon/), is not suffi-
ciently high for this test to be used as a standalone routine screen-
ing tool. Since its official rollout in October 2006, the most common 
application of the IFNγ test in GB has been in conjunction with 
the tuberculin skin test in cattle herds suffering culture-confirmed 
TB breakdowns, in order to remove as many infected animals as 
possible.  Approximately 30,000 IFNγ tests are carried out in cattle 
in GB each year.

Application
Bovine tuberculosis (BTB), caused by infection with Mycobac-
terium bovis, is characterized by a relatively early cell-mediated 
response, followed by a later humoral (antibody) response, this 
sequence of events being largely due to the intracellular nature 
of the infecting bacilli. Figure 1 illustrates this progression of in-
fection, with the appearance firstly of an interferon-gamma (IFNγ) 
response, followed by the appearance of a positive tuberculin 
skin test, and thereafter the development of a specific antibody 
response. The actual time course of such an infection of cattle 
in the field is unknown, but will be variable and dependent 
upon pathogen (e.g. dose) and host (e.g. immune competence) 
factors. In terms of human infection with M. tuberculosis, the 
time course from infection to clinical symptoms has been said to 
range from a few weeks to a lifetime.

Figure 1: Immunology of Tuberculosis

(Taken from Pollock & Neill, 2002)

The figure also illustrates why measurement of the host’s cell-me-
diated responses against the bacterium is the most sensitive way 
of detecting infected cattle. 

Current Methods for Cattle TB Testing
Until relatively recently the tuberculin skin test was the only test 
available for cattle TB testing, and remains the only mandatory TB 
test for cattle in Great Britain (GB). The single intradermal compar-
ative cervical tuberculin (SICCT) test relies upon a delayed type 
hypersensitivity response to two tuberculin 
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splice variant was found in two experimental models of protective 
immunity to M. bovis in cattle (Rhodes et al., 2007). While this in-
formation is tantalizing, without a sufficiently sensitive and robust 
protein assay/ELISA the role of IL-4 will remain an unknown. 

This is not the case for IL-10 however, where the detection of this 
cytokine revealed a role in a diminishing tuberculin skin test re-
sponse following repeated testing of cattle naturally-infected with 
M. bovis (Coad et al., 2010). This work was in agreement with a 
previous report that described the antigen-specific production of 
IL-10 which reduced IFNγ responses, and the potential for IL-10 
neutralization in the IFNγ diagnostic test in order to reveal cryptic 
M. bovis infection (Denis et al., 2007). These reports support a role 
for antigen-specific immune-regulatory cytokines like IL-10 in both 
infection and diagnostic potential.

This brief resumé describes only a very small proportion of the work 
from the AHVLA TB Research Group and our collaborators, investi-
gating the use of cytokines for their relevance in BTB pathogenesis 
and for their potential application to diagnostics and possibly also 
as DIVA tests, which would be vital for the introduction of vac-
cination of cattle against TB. As an immunopathological disease, 
TB is driven by cytokine networks and it is the understanding of 
such networks that is the goal of immunologists, hopefully provid-
ing positive diagnostic spin-offs along the way for the benefit of all.
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Improving IFN gamma Test Performance
A major strength of the IFNγ test is that different antigens may be 
introduced in a continual effort to improve the test or adapt its per-
formance characteristics to specific circumstances. 

The specific antigens ESAT6 and CFP10, found mainly in species 
of the Mycobacterium tuberculosis complex (MTBC), such as M. 
tuberculosis and M. bovis, are already used for re-testing of skin 
test reactor cattle where a higher specificity (99.2%) is required (see 
above DEFRA website reference, plus Vordermeier et al., 2001). 
ESAT6 and CFP10 are also used in the human IFNγ T-SPOT®.TB 
test (www.oxfordimmunotec.com), and the QuantiFERON®-TB 
Gold test (www.cellestis.com). The ESAT6/CFP10 antigens were 
recently included in the development of IFNγ tests for TB in both 
cats (Rhodes et al., 2011) and camelids (Rhodes et al., 2012).

In BTB the ESAT6/CFP10 antigens are critical for the develop-
ment of a DIVA (Differentiating Infected from Vaccinated Animals) 
IFNγ test that could, in the future, differentiate cattle vaccinated 
with BCG from those naturally infected with M. bovis (Vordermei-
er et al., 2011). Tuberculin preparations cannot perform this DIVA 
role, since BCG vaccination also stimulates a positive response to 
PPDB. However, as the ESAT6/CFP10 antigens are not expressed 
by the BCG vaccine strain, a positive response would appear only 
in the presence of natural infection. Such a DIVA test would be 
an absolute requirement should BCG vaccination of cattle against 
BTB ever be introduced into GB.

Cytokines as Markers of Immune Protection
While we continue to make progress to improve the IFNγ test for 
BTB diagnosis in cattle, there is mounting evidence that other cy-
tokines may also have use in diagnostics, as markers of disease or 
immune protection. Jones et al (2010) showed that the use of IL-
1-beta responses to ESAT6/CFP10, together with IFNγ  responses 
could increase the sensitivity of detection of naturally-infected cat-
tle by 5% without affecting specificity.
 
IL-17 is of current interest in TB immunology, and recent work by 
Aranday-Cortes et al (2010) showed a BCG vaccination-induced 
Th17-related cytokine profile in mice that correlated with vac-
cine-induced protective immunity following infection with virulent 
M. bovis in the lung. Whether this is also true for vaccine-induced 
protection in cattle, and if so, whether a simple protein ELISA can 
be developed remains to be seen. Similar transcriptional profiling 
was also used to show increases in other cytokines, for example 
IL-22, in cattle naturally-infected with M. bovis, suggesting a po-
tential role in diagnosis (Aranday-Cortes et al., 2012).

Recently we have also developed an IL-2 ELISA assay for BTB in 
cattle, based upon the same whole blood culture and antigen-stim-
ulation required for the IFNγ test (Rhodes et al., unpublished data). 
This test is currently under evaluation.

Understanding Cytokine Networks
Other cytokines, perhaps not traditionally associated with TB, nev-
ertheless could also have a role in this immunopathological dis-
ease, and be of use. IL-4 production, for example, was identified 
using a bioassay following experimental infection of cattle with M. 
bovis (Rhodes, 2005). However IL-4 ELISA reagents to date have 
shown poor sensitivity of detection for this cytokine, which may act 
at low biological concentrations. The IL4 gene has been shown to 
have antagonist splice variant products, IL4δ2 and IL4δ3. In our 
studies IL4δ3 expression was found to correlate with a lack of pa-
thology in naturally-infected cattle, while a transient increase in this 
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