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Summary 

 
Tuberculosis remains a major health problem and a threat to animal breeding and 

growing units in spite of its status, known for centuries, the infected bovine being 
slaughtered, and the economic losses being increased by the control costs. Both the 
persistent character of the disease, as well as its immunological peculiarities underlines the 
need for a correlated evaluation of various groups of immunological effectors. There is 
precise data that support the negative influence exerted on the reading results by the other 
infections, pregnancy or diseases capable of inducing either a temporary or a permanent 
immunological eclipse.  

The research, aiming the evaluation of changes in systemic cell-mediated adaptive 
reactivity and its relationship with the intradermal test, was carried out on 63 Romanian 
Spotted milking cows, rendered positive (n=33) or negative (n=20) by the skin test. The in 
vitro leukocyte blast transformation test and leukocyte migration inhibition test were 
performed in the presence of bovine and avian tuberculin to monitor the sensitization of the 
cells.   

The maximal in situ reactivity in skin test positive animals was obtained for bovine 
tuberculin, nevertheless the comparison of the mean blast transformation indices in 
tuberculin treated cultures indicated a four fold weaker reaction for the bovine tuberculin than 
for the avian one. In the leukocyte migration inhibition test, the migration diameter was 
higher in the healthy group, when compared to the sensitized one.  

The double skin test was statistically significantly correlated (r = 0.513, p<0.01) with 
the leukocyte migration inhibition test. The correlation with the blast transformation test 
indicated a higher statistical significance (r = 0.592, p < 0.001).  
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Bovine tuberculosis is widespread on the globe, the percentage of the 
infected animals varying from a country or a region to another, from 1 to 30%. At 
present, due to veterinary measures applied in various countries of the world, the 
disease decreased (1) or even eradicated (15). The tests currently used to 
diagnose the diseases are the intradermal test, microbiology, serology, 
experimental infection and sometimes cytology. Hewinson and Vordermeier (5) 
concluded, based on numerous researches on human and animal immune 
protection in tuberculosis, that the response patterns were similar, disregarding the 
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inductive agent. Orme (8, 9) disagreed, proving the bovine immune response was 
characterized by a granuloma with substantial mineralization and extended gross 
lesions in the lungs and lymph nodes. Still, the central role of the cell-mediated 
immunity is doubtless (12).  

The research aimed to establish the relationship between in vitro adaptive 
cell-mediated immunity and skin test results in bovines positive to intradermal 
reaction for tuberculosis. 

   
Materials and methods 

 
Animals. The investigations were carried out on 63 Romanian Spotted 

cows, rendered by means of comparative intradermal test in positive (n=33) or 
negative (n=20). The animals were kept on a farm, under intensive breeding 
conditions, where the disease was confirmed by the legally provided tests 
(laboratory examinations). Blood samples were collected by puncture of the jugular 
vein of the animals on heparin (50 UI/ml), to prevent clotting. To avoid thermal 
stress, the samples were kept at 37°C till testing within maximum 4 h after 
sampling.  

Blast transformation test. The blast transformation capacity of leukocytes 
was tested on whole blood cultures by use of RPMI 1640 (Sigma-Aldrich) culture 
medium, with addition of 5% fetal calf serum (FCS)(Sigma-Aldrich). The blood 
samples were diluted 1:4 with the medium, distributed in 96 well plates in 0.2 ml 
aliquots. PHA M (Sigma-Aldrich.)(1µl/well) was used as a standard mitogen, while 
type B (bovine) - 1µl/well and A (avian) - 2µl/well, tuberculin (SC INMV Pasteur SA) 
were added as specific sensitizing agents. All variants were performed in duplicate. 
The plates were incubated at 37°C in a 5% CO2 atmosphere for 72 hours. The cell 
growth was estimated by measuring the glucose residue in a colorimetric orto-
toluidine test (ICCF, Bucharest) and spectrophotometry of the results (SUMAL 
PE2, Karl Zeiss, Jena). Blast transformation indices were calculated as 
percentages of the consumption versus the initial glucose concentration of the 
RPMI 1640 medium. 

Leukocyte migration inhibition test. The myleoid cell layer obtained after 
the Histopaque®-1119 gradient centrifugation of the heparinized blood at 1500 rpm 
for 10 min, was used for this test. The cells were collected in RPMI 1640, washed 
twice with medium and centrifuged at 1500 rpm. The cellular sediment was placed 
in capillaries, centrifuged again at 1500 rpm. The capillaries were cut at the cell-
supernatant limit and placed in migration chambers, filled with RPMI 1640 and 
bovine tuberculin (22µl/well) was added. The migration chambers were incubated 
at 37°C for 24 hours and the leukocyte migration areas were measured. The 
migration inhibition indices were calculated as a proportion of the untreated 
control’s migration area.  

Statistical tests (mean, standard deviation, Student t-test, correlation 
coefficient) were applied to the results.  
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Results and discussions 
 

 During the course of Mycobacterium tuberculosis infection there is a 
relation between the intracellular character of the agent and dominance of cell-
mediated immunity. In tuberculosis, the limit between the adaptive immunity and 
delayed type hypersensitivity is more difficult to set than in other intracellular 
infections (brucellosis, etc.). Similarly, this delineation is more pronouncedly 
influenced by a certain type of effectors than a quantitative level of the phenomena 
(14). 

The immune response during tuberculosis is complex due to the 
complexity of the bacteria. The protein purified derivatives of M. tuberculosis used 
as intradermal antigens to measure the delayed type hypersensitivity could indicate 
a previous exposure to the antigen and was often correlated with the immunity to 
the disease, involving immune cells such as lymphocytes and macrophages (4).  
 Skinner (10, 11) stresses the role played by cytotoxic T cells in 
antimycobacterial defense, destroying the macrophages infected with the bacteria. 
Medina (7) identifies cytotoxic T cells in the lungs, but not in the peripheral blood.  

Table 1 show the results obtained in the blast transformation test. In 
positive animals, the spontaneous stimulation index was higher than in the negative 
ones, probably due to the increased defense capacity following mycobacterial 
infection. As opposite, the cell reactivity to the classical mitogen was weaker in the 
allergic animals versus controls. The in vitro reactivity against tuberculins was 
reversed, since the avian product induced a higher index than the bovine one, as 
opposed to what was expected. In the controls, the response was very low.  

 
Table 1 

Blast transformation indices in skin test positive and skin test negative 
animals (x±s) 

Batch Control 
culture 

PHA M Bovine 
tuberculin 

Avian 
tuberculin 

I(+) 20.23±11.08 -0.53±10.79 0.886±0.620 3.12±0.984 
II(-) 13.35±5.21 6.24±5.39 0.435±0.134 0.678±0.156 

  
The blast transformation test indicated a lower responsiveness in both skin 

test positive and negative groups, compared to the physiological values of the 
species (3). These indices might be due to the improper technology the animals 
were subjected to on the farm, which were not investigated. The lack of 
responsiveness of the T cells and macrophages to the classical mitogen in the 
sensitized group indicated a functional inability of these cells. A paradoxically 
higher response to the avian tuberculin, in the skin test positive bovine, might be 
due to the higher sensitivity of the blast transformation test towards detecting the 
capacity of cell populations to react to antigens, eliminating the inflammatory 
interference, present in the skin test. 
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Lymphokines secreted by lymphocytes do not act directly, but through 
other effector cells, such as macrophages.  Some of these mediators such as 
macrophage inhibiting factor (MIF) or leukocyte inhibiting factor (LIF) stop the 
migration of leukocytes and macrophages, when present. In the experimental 
group, the sensitized cells were stopped from migrating in the culture medium 
containing bovine tuberculin (Table 2), which indirectly supported their 
sensitiveness to the mycobacterial antigen.  

Table 2 
Migration indices for skin test positive and skin test negative animals  

 Batch I (+) n=33 Batch  II (-)  n = 20 
X 1.06 1.65 
S 0.881 1.36 

 
The results obtained in the tests investigating the cell-mediated immunity 

were correlated to the skin test results. Thus, the comparative skin test correlated  
(r = 0.513) statistically significantly (p<0.01) with the leukocyte migration inhibition 
test. The strong correlation with the skin test pleaded for the use of leukocyte 
migration inhibition as an alternative, easy to perform diagnostic test, although the 
variability was very high and a better reproducibility would be needed. The 
correlation with the blast transformation test was even more significant statistically 
(r = 0.592, p < 0.001). The involvement of lymphocytes in the tuberculinic infection 
became clearer (6). It showed a biphasic development, characterized by an initial 
decrease of lymphocytes and expansion of CD4+, CD8+ and gamma/delta cells in 
the blood, lymph nodes and lungs, followed by an increase of the lymphocytes and 
their engagement in the tuberculosis foci. 
 

Conclusions 
 

The blast transformation capacity of the leukocytes from the skin test 
positive animals was lower than in the negative ones, leading to a lower response 
to antigens. 

The leukocytes from the sensitized animals migrated to a lower extent than 
those from the healthy animals, indicating an inhibitory effect of the bovine 
tuberculin on the cells. 

The results obtained in this experiment underline that the changes 
encountered in the functional levels of the cells normally involved in the cell-
mediated immune response could change the skin test results. 
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