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Introduction
In spite of the great advancement in the diagnosis, treatment and 

control programs of tuberculosis during the past decades, bovine 
tuberculosis still represent an imminent threat to the public and 
considerable obstacles for development of bovine industry especially 
in developing countries.1 All animal species and humans of all age 
groups are susceptible to the disease. Mycobacterium bovis, a member 
of the Mycobacterium tuberculosis complex is the causative agent 
of the disease in cattle. Although Mycobacterium tuberculosis is 
the main causative agent of human tuberculosis, M. bovis can also 
infect human causing clinically undistinguishable disease from that of 
human origin, which makes it an important zoonotic disease of public 
health concern.2,3

Eradication of this zoonotic disease remains an important strategic 
goal worldwide. The test and slaughter strategy has been widely used 
in an attempt to control dissemination of the disease either among 
cattle or to human being. This strategy is based on the tuberculin skin 
test (TST) for detection of infected or carrier animals. TST has been 
in use for decades as an asset in the control of bovine tuberculosis. 
The test is based on the delayed-type hypersensitivity (DTH) reaction 
elicited by purified protein derivatives (PPD) of Mycobacterium 
tuberculosis antigens known as tuberculin. Intradermal injection of 
PPD results in a DTH response in infected animals that peaks 48-72 
h after injection.4 Despite the intensive application of TST for control 
of tuberculosis, an increase in TB incidences especially in developing 
countries is evident (WHO, 2012). The alarming evidences that 
denoted limitations in currently used skin testing procedure as an 
effective tool for control of bovine tuberculosis were the driving 
power for the scientific community to start investigating other 
alternatives that could lead to improved efficacy of adopted control 
measures.5 In fact, one cannot dismiss the importance of the TST as 
a significant asset for the control of tuberculosis as it is extremely 
simple to perform and does not require extensive training for its 
application and subsequent scoring of the result. Nevertheless, better 

skin-test reagent for diagnosis of tuberculosis is on demand and has 
been the goal for many investigations during the past decade. The 
current review will reveal the main disadvantages and limitations of 
the currently used TST as a tool for bovine tuberculosis detection 
and control. In addition, the current challenges of developing an 
alternative skin test reagent will be elucidated with special reference 
to the future opportunities for a reliable next-generation skin test.

History and Limitations of TST
The tuberculin skin test (TST) has been a useful diagnostic and 

epidemiological tool for control of bovine tuberculosis for several 
decades.4 However, suboptimal specificity of TST has frequently 
been reported in somebovine tuberculosis eradication programs.6 This 
suboptimal specificity could be attributed, in part, to the nature of the 
poorly characterized antigens of the used tuberculin. These antigens 
are mycobacterial extracts that contain, the antigens comprises of non 
indigenous components in addition to species-specific components. 
As a result, the current test has failed to single out the individuals 
infected by tuberculous mycobactria from those that are immune 
to Mycobacterium spp as a consequence of exposure to environmental 
non-tuberculous mycobacteria.7 In other words, the reported false 
positive cases and cross-reactions that occur due to exposure or 
infection with other non-tuberculous environmental mycobacteria are 
generally attributed to the fact that the PPD of tuberculin has many 
antigens shared by other non-tuberculous Mycobacterium species 
as Mycobacterium avium, M. interacellularae, M. scrofulaceum, 
M. paratuberculosis, M. kansasii and M. fortuitum.7,8 The test 
questionable specificity complicates its use as a tool for accurate 
diagnosis and control of both active and latent diseases. Single 
intradermal comparative tuberculin test (SICTT) was proposed as an 
alternative field test to overcome this problem. The SICTT compares 
skin responses to parallel injections of bovine PPD and avian PPD 
on the two sides of the animal neck. Animals are considered positive 
when the responses to bovine PPD is greater than parallel responses to 
avian PPD Nevertheless, although the results of the SICTT constitute 
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Abstract

Bovine Tuberculosis represents an important constraint to the development of livestock 
industry especially in the developing countries. In addition, as a zoonotic disease, bovine 
tuberculosis can cause severe impact on public health. The tuberculin skin test (TST) 
has been the most widely used method for detecting tuberculosis and for many decades 
is considered a significant asset for the control of the disease among both animals and 
human. Despite the intensive worldwide application of TST for control of tuberculosis, an 
increase in the dieses incidences especially in developing countries is evident and denoted 
the limitations of the currently used test as a tool for disease control. A replacement antigen 
for tuberculin purified protein derivatives (PPD) that improve skin test specificity without 
affecting its sensitivity has been a long-standing research goal. Description of a new 
reagent - of either single or multiple specific antigenic protein(s) - to replace PPD remains a 
challenge. The current review will through the light on the limitations of the currently used 
TST with special reference to the current challenges and future opportunities for developing 
next-generation reagents for more reliable skin test for control of bovine tuberculosis.
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a good indication of mycobacterial exposure, even this test does 
not always discriminate between cattle with tuberculosis and those 
exposed to nonpathogenic organisms.9

In order to enhance the success rate of infection detection, an in 
vitro assay was developed as an alternative method. The assay is 
based on the detection and quantification of the released IFN-ᵞ 
cytokine when whole blood is cultured with mycobacterial antigens.10 
Low-molecular-weight antigens such as ESAT-6 and CFP10 have 
been identified as having great potential as IFN-γ -inducing antigens 
of tuberculous mycobacteria.7,11 Although, such in vitro immunogenic 
assay has been shown as a potential alternative for diagnosis of bovine 
tuberculosis, the test sensitivity is questionable with variable reports 
ranged from as low as 55% in some cases and up to 97% in other 
cases.12 In addition, the test is far from being a simple field screening 
assay as it needs special laboratory skills and is more expensive when 
compared to skin testing.

It was shown that the combined use of the tuberculin test together 
with the IFN-ᵞ assay could improve the early detection of M. bovis-
infected cattle.13 However, disadvantages of the combined assay 
include the possible influence of prior skin testing on the IFN-ᵞ 
assay results. In addition, time factor plays an important role due 
to the requirement that the blood samples have to be processed for 
the assay within few hours of collection, which might not always be 
feasible when testing large population with large geographic distances 
separate them from the diagnostic laboratory.5,14

Rather than relying on in vitro laboratory techniques, the efforts 
are directed towards development of better antigens to enhance 
the current field skin testing method and improve its reliability for 
the control of bovine tuberculosis. The challenge is to increase the 
specificity of the test reagent with the preservation of its required 
sensitivity.

Improvement trials between current challenges and 
future opportunities

The importance of PPD skin test as a significant asset for the 
control of tuberculosis cannot be denied. The test is extremely simple 
to perform and does not require extensive training for its application 
and subsequent scoring of the result.5,4 However, better skin-test 
reagents for the diagnosis of tuberculosis are needed. A replacement 
antigen for tuberculin PPD that improve skin test specificity without 
affecting its sensitivity has been a long-standing research goal. 
In fact, description of a new reagent - of either single or multiple 
specific antigenic protein(s) - to replace PPD remains a challenge. 
Attempts to identify candidate antigens have led to the purification 
and characterization of many proteins from M. tuberculosis and M. 
bovis. Several suchproteins have been investigated as candidate skin 
test reagents in guinea pig models of tuberculosis. These included 
ESAT-6, CFP10, MPT64, MPT59, 38-kDa antigen, KatG,MPT32, 
MTC28, MPT51, MPT70, 19-kDa antigen, MPT63, and DPPD.15-

20 In vitro evaluation of these proteins has given very promising 
results. For example recombinant ESAT-6and MPT64 were able to 
differentiate M. tuberculosi-infected guinea pigs from M. bovis BCG 
or M. avium-sensitized ones.21 In addition, some of these reagents 
namely MPT64 has been reported under phase III clinical trials to 
evaluate its potential to replace PPD.22

In a recent study, our laboratory fractionated locally produced 
bovine tuberculin PPD with subsequent evaluation of the obtained 
fractions both in vitro and in vivo in a trial to characterize 
tuberculous Mycobacterium-specific proteins. The study identified 

5 different previously described proteins (CFP10, ESAT6, MPB64, 
MPB83 and DPPD) that elicited specific in vitro DTH using both 
LPA and INF-γ production of peripheral blood monocytic cells 
(PBMC) from guinea pig models sensitized with both tuberculous 
and non tuberculous Mycobacterium species.23 Identified proteins 
included, ESAT-6 and CFP-10, which had been described as being 
specific tuberculous mycobacterial proteins typically consisting of 
about 100 amino acids. They belong to a large family of mycobacterial 
proteins whose members have been identified as potent T-cell 
antigens.15,24 On the other hand, MPB 64, MPB70 and MPB83 are 
relatively larger antigens that are more abundantly expressed by M. 
bovis than M. tuberculosis. MPT83 (a homologue in M. tuberculosis) 
is a cell wall associated lip glycoprotein, which is suggested to play 
a role in adhesion and dissemination based on sequence analysis.18 
Although the exact function of MPT83 is still unknown, recent studies 
revealed strong immunogenic properties of the protein with strong 
cell mediated as well as humeral responses, which suggest a potential 
protective role of MPT83.19 MPB64, MPB70 and MPB83 are proposed 
to play a role in promoting the initiation of DTH reaction, which can 
help in production of a more potent DTH response to other dominant 
antigens.18,21,25,26

DPPD is a major component of the PPD protein mixture 
complex. It is a small protein composed of 84 amino that induces 
strong and specific DTH in M. tuberculosis-infected guinea pig 
models.17,27 Additional studies suggested DPPD as a potential 
alternative for PPD.16,28 Despite the in vitro promising results of those 
antigenic proteins as potential candidates for better skin testing, in 
vivo evaluation of those proteins revealed their failure to stimulate 
measurable DTH comparable to that of conventional PPD in M.bovis-
sensitized guinea pigs.24 The failure of these purified single proteins 
with in vitro promising results to induce measurable DTH comparable 
to that of conventional PPD in guinea pigs was an obvious challenge. 
This might be attributed to the small size of the proposed protein (~5 
to ~25 kDa) as compared to tuberculin PPD, which may result in rapid 
diffusion away from the injection site. In fact, over the past 20 years, a 
wide range of antigenic proteins have been identified and validated as 
candidate skin test reagents in guinea pig models of tuberculosis,29,30 
however, efforts to replicate results obtained in guinea pigs for the 
diagnosis of natural tuberculosis infection have been disappointing 
and so far no purified antigens have been successfully tested as skin 
test reagents in cattle or human.20,31,32

Therefore, new strategies need to be employed to discover 
more sensitive and specific skin test antigens. A single antigen may 
not effectively replace the PPD, alternatively, a cocktail of several 
DTH- inducing antigens may be required for the optimal TST.20,33,34 
Innovating of a new multiple-protein antigenic reagent to replace 
PPD would greatly enhance detection power of both active and latent 
tuberculosis and hence benefit worldwide control programs. In this 
regards, the recent identification of the molecular composition of PPD 
facilitated the development of a more refined reagent. In addition, 
proteomic studies identified new dominant proteins in PPD, from 
which, GroES, GroEL2, and DnaK were described as the three most 
abundant.35,36 Recently, 2 formulations of these dominant proteins with 
other tuberculous mycobacterium-specific antigens (DnaK/GroEL2/
Rv0685) and (DnaK/GroEL2/Rv0009) were proposed as being 
capable of inducing DTH responses equivalent to PPD in tuberculosis 
guinea pig model [30]. Understanding of the DTH response driven 
by these defined proteins as compared to that of the more complex 
tuberculin PPD can contribute to the innovation of a sensitive and 
more specific reagent.
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The obvious difference in physical composition of tuberculin PPD 
as compared to proposed recombinant proteins is another important 
factor that needs to be considered while looking for alternative 
reagents. PPD is a complex of protein and non-protein components, 
while the proposed antigenic proteins are single proteins in a more 
purified state. In addition, the crude nature of tuberculin PPD and 
the presence of pro-inflammatory factors, which are missing from 
the purified recombinant proteins, is proposed to play a possible 
stimulatory influence of cytokine and chemokine networks that 
promote the DTH reaction elicited in response to main antigenic 
proteins.37 It has long been recognized that poor humoral and cell-
mediated immune responses usually occur when antigenic proteins 
injected without suitable adjuvant.38 Adjuvants stimulate the release 
of the pro-inflammatory cytokines (TNF-α and IL-1), which in turn 
stimulate the migration of dendritic cells (DC) to the antigen injection 
site. Subsequently, the presentation and recognition of the antigen by 
memory T cells stimulate an influx of monocytes, macrophages, and 
T cells to the antigen injection site.38 Absence of adjuvant with the 
subsequent lack of pro-inflammatory conditions with the low level 
of DC migration that occurs under non-inflammatory conditions 
usually result in insufficient presentation of the antigen.38 Therefore, 
the poor performance of selected proteins as a skin test reagent in 
cattle could be attributed in part to the absence of a suitable pro-
inflammatory stimulus. Bacterial lipoproteins and lipopeptides from 
a diverse range of bacteria, including Escherichia coli, Borrelia 
burgdorferi, Treponema pallidum, Mycoplasma fermentans, and M. 
tuberculosis, have been shown to induce pro-inflammatory cytokine 
production from monocytes and macrophages through triggering of 
the innate pattern recognition signal Toll-like receptor 2.39 Inclusion of 
these lipoproteins in any proposed mixture of antigenic proteins could 
enhance their DTH reactions and produce better next-generation skin 
test reagents that can provide simple, rapid and accurate detection of 
both active and latent TB infection.

Conclusion
In conclusion, the importance of PPD skin test as a significant asset 

for the control of bovine tuberculosis cannot be denied. Therefore, 
current improvement efforts are directed towards keeping the 
simplicity of this field test while enhancing its specificity via looking 
for better antigen(s) to serve as a reliable candidate reagent for the test. 
Although research efforts over the past decade succeeded in isolation 
and production of several promising proteins that elicited specific 
antigenicity and produced interesting and encouraging in vitro results, 
no single reagent yet has provided reliable diagnostic results either in 
vivo or under real field conditions. Observing the different nature 
of DTH reaction in response to the proposed recombinant purified 
protein(s) in one hand, and to the more complex tuberculin PPD on 
the other hand, taking in consideration the obvious difference in PPD 
physical composition as compared to recombinant proteins would 
suggest the need for different strategy. The new strategy should be 
directed towards using antigenic protein cocktails rather than single 
proteins with inclusion of pro-inflammatory reagents to trigger the 
DTH reaction and make it more visible and detectable.
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