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ABSTRACT  

 Immunization of cattle with the bacillus Calmette-Guérin (BCG) vaccine, especially neonates, induces 

protection against Mycobacterium bovis (M. bovis) and has been proposed as a strategy for bovine 

tuberculosis (bTB) control. Therefore, the aim of this study was to evaluate the immune response induced 

under field conditions in neonatal calves vaccinated with BCG Phipps, a strain that has rarely been evaluated in 

the bovine population, using interferon (IFN)-γ and tuberculin tests, flow cytometry and enzyme-linked 

immunosorbent assay. Two groups (vaccinated and control) of 5 calves were monitored for 12 weeks, and 

increases in the in vitro IFN-γ production, the percentage of cluster of differentiation (CD)8+ T cells and the 

activation levels of CD4+ and CD8+ T cells were observed 3 to 4 weeks post-vaccination. Bovine purified 

protein derivative-specific IFN-γ production was increased about 4.8- and 5.5-fold in vaccinated animals 

compared to non-vaccinated animals 3 and 4 weeks post-vaccination respectively.  CD8+ T cells of the 

vaccinated group were increased 1.6-, 1.5- and 1.6-fold at weeks 2, 3 and 4 respectively. Levels of activation 

were 1.7- and 1.9-fold higher for CD4+ T cells and 2.3- and 1.8-fold higher for CD8+ T cells in the vaccinated 

group at weeks 3 and 4 respectively in response to M. bovis antigens. However, no animals (vaccinated or 

control) showed positive results for the single intradermal comparative tuberculin test (SICTT). Therefore, our 

results indicate that vaccination with M. bovis BCG Phipps strain stimulated peripheral blood T cell activity and 

induced a cell-mediated immune response. In addition, vaccination did not interfere with the SICTT, as 

previously reported, which indicates that this vaccine could be successfully applied in bTB control campaigns. 
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Introduction  

The persistence of bovine tuberculosis (bTB) 

poses a major economic problem and a global human 

health risk because the etiological agent,                

Mycobacterium bovis (M. bovis), can also infect 

humans. Conventionally, control of bTB is based on a 

test and slaughter strategy, which is a costly method 

for the developing world. Therefore, vaccination has 

been proposed as a potential control alternative, and 

studies have been performed to determine the efficacy 

of tuberculosis (TB) vaccines (1, 2). The bacillus       

Calmette-Guérin (BCG) has demonstrated variable 

efficacy against TB in humans and cattle (3). More 

recently, the application of alternative vaccination 

strategies, such as neonatal vaccination (4), and 

heterologous prime-boost vaccination (5), has 

significantly improved the efficacy of BCG in cattle. 

However, control of bTB using the BCG vaccine has not 

been regarded as a suitable option because it can 

interfere with the tuberculin skin test. Therefore, a 

vaccine devoid of this shortfall is urgently needed.  

BCG vaccination of calves elicits a T helper (Th) 

1-biased immune response (6), which is induced mainly 

by T cell antigen-specific interferon (IFN)-γ secretion 

(4). In cattle infected with M. bovis, the γδ work-

shop cluster (WC)1+, the cluster of differentiation (CD) 

4+ and the CD8+ T cell subpopulations have been 

identified as producers of IFN-γ (7). Moreover, changes 

in the percentages and in the activation levels (CD25+) 

of these T cell subpopulations were demonstrated in 

the peripheral blood of experimentally infected and  

BCG-vaccinated cattle, indicating their involvement in 

anti-mycobacterial immune response (8). However, 

under field conditions, the response to M. bovis BCG 

vaccination is not well understood, as most of these 

previous experiments were conducted under controlled 

conditions. Few studies have been performed in a more 

natural cattle-to-cattle transmission setting, which could 

significantly influence the results found in controlled 

experiments.  

Any investigation of immunity to an infection or 

vaccine should take into account the responses that 

develop under natural conditions. Therefore, the aim of 

this study was to assess the immune responses induced 

under field conditions in neonatal calves by vaccination 

with BCG Phipps, a strain that is not well known as an 

immunogen, using the tuberculin and IFN-γ tests, 

enzyme-linked immunosorbent assay (ELISA) and flow 

cytometry, to provide information for the development 

of novel vaccines and vaccination strategies.  

Materials and Methods  

Ethics statement 
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Animals used in this study belong to a 

commercial farm and have been submitted only to the 

standard clinical practices specifically regulated by the 

Mexican legislation on TB control program (9), plus 

vaccination and blood sampling. 

Animals and experimental  design 

Holstein-Friesian female calves clinically healthy 

(between 9-46 days of age, mean age 32 days) were 

employed in the experiment. The neonatal animals were 

obtained from a herd with a recent history of bTB and a 

prevalence of 40 % at the beginning of the study, as 

determined using the single intradermal comparative 

tuberculin test (SICTT). The calves (n = 10) provided 

negative results for the IFN-γ test and antibody levels 

measured by ELISA (to both avian and bovine antigens). 

Five calves were chosen randomly and vaccinated with 

BCG Phipps, and five calves were injected with 

phosphate-buffered saline (PBS) solution. Then, kinetics 

of the IFN-γ and antibody responses and changes in T 

cell subpopulations and cellular activation were 

evaluated. The SICTT was performed 12 weeks post-

vaccination. The experiments were conducted in field 

conditions and the animals were not segregated from 

other calves and cattle during the study. 

Vaccination 

The animals were injected subcutaneously in the 

right side of the neck with a 21 g x 38 mm needle 

containing a 1.0 ml inoculum of 106 colony forming unit 

(CFU) of BCG Phipps (lot number 001-2013-7H9; kindly 

gifted by Dr. Clara I. Espitia Pinzón, Instituto de 

Investigaciones Biomédicas, UNAM, Mexico City, 

Mexico). This strain was selected because it induced the 

best protection against challenge in a mouse model 

where 10 BCG different strains were compared (10). 

Briefly, bacteria were grown to mid log phase in 7H9 

medium (Difco; BD, Oxford, UK) supplemented with 0.05 

% Tween 80 (Sigma-Aldrich, Poole, United Kingdom) 

and ADC (albumin-dextrose-catalase) (BD Diagnostics, 

Loveton Circle Sparks, USA). Vaccine was then adjusted 

to contain 106 bacteria per ml and stored in glycerol            

at -80 ºC until use. 

Production and measurement of IFN-γ 

The bovine IFN-γ test was used for two 

purposes. First, to select animals that were negative for 

M. avium and M. bovis antigens. Second, to monitor the 

IFN-γ responses following vaccination with BCG. Briefly, 

heparinized blood (1.5 ml) was dispensed into three 

wells of 24-well plates (Nunclon, Roskilde, Denmark), 

and either avian or bovine purified protein derivative 

(PPD), both at 20 µg/ml, or PBS was added. The 

cultures were incubated for 24 h at 37 °C, and the IFN-γ 

levels in the plasma supernatants were measured using 

a sandwich ELISA (kit Bovigam®, Prionics AG, Schlieren-

Zurich, Switzerland) as described previously (11). The 

results were interpreted according to the criteria 

described in the commercial kit instructions. 

Detection of IgG antibodies in serum  

 Serological responses were assessed by ELISA, 

as described previously (12), and were used for two 

purposes: to select animals that were negative for M. 

avium and M. bovis antigens and to monitor the 

antibody responses following BCG vaccination. Briefly, 

the plates (Nunclon, Roskilde, Denmark) were coated 

overnight at room temperature with 1 µg/well of culture 

filtrate protein extract (CFPE) from M. avium or M. bovis 

in 0.1 M carbonate buffer and blocked with skim milk 

powder (3 % in PBS) for 1 h at 37 °C. Subsequently, the 

plates were incubated with sera (1:100) and then with 

peroxidase-labeled G protein (1:10,000; Sigma–Aldrich, 

St. Louis, MO, USA) both during 1 h at 37 °C. The 

chromogenic substrate, 0.04% o-phenylenediamine 

(Sigma–Aldrich, St. Louis, MO, USA) and hydrogen 

peroxide (0.04% in citrate buffer) were added, and the 

plates were incubated at 37 °C for 5 min. The reaction 

was stopped with 2 M sulfuric acid solution and the 

optical density (OD) values were read at 492 nm in a 

spectrophotometer (Benchmark Plus Microplate 

Spectrophotometer, Bio-Rad Laboratories, Hercules CA, 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jvhc
http://dx.doi.org/10.14302/issn.2575-1212.jvhc-17-1662
http://www.google.com.mx/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&ved=0CDEQFjAB&url=http%3A%2F%2Facronyms.thefreedictionary.com%2FCulture%2BFiltrate%2BProtein%2BExtract&ei=KBKZUr-rMc7moAS674LADQ&usg=AFQjCNFUUBxA0Jnq2j3zZMQKzWql7F6LhQ&bvm=bv.5715
http://www.google.com.mx/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&ved=0CDEQFjAB&url=http%3A%2F%2Facronyms.thefreedictionary.com%2FCulture%2BFiltrate%2BProtein%2BExtract&ei=KBKZUr-rMc7moAS674LADQ&usg=AFQjCNFUUBxA0Jnq2j3zZMQKzWql7F6LhQ&bvm=bv.5715


 

 

Freely Available Online 

www.openaccesspub.org | JVHC       CC-license         DOI : 10.14302/issn.2575-1212.jvhc-17-1662                  Vol-1 Issue 1 Pg. no.- 50  

USA).  

An analysis of the receiver operator  

characteristic curve for the OD492nm cut-off point was 

performed from SICTT data using Win Episcope 2.0 

software (Learning Technology Section, College of 

Medicine & Veterinary Medicine, The University of 

Edinburgh, Edinburgh, Scotland, UK). The results 

showed an OD492nm cut-off point of 0.370. A serum 

containing high levels of antibody from a cow with 

disseminated lesions of bTB was used as a positive 

control and a negative control was obtained from a cow 

on a farm without a recent history of bTB; the cow 

tested negative for SICTT, IFN-γ and polymerase chain 

reaction.  

Flow Cytometry 

The lymphocyte subpopulations were evaluated 

by flow cytometry as described previously (13). 

Heparinized blood was obtained from animals, and the 

red blood cells were lysed. To evaluate cellular 

activation, blood samples were previously incubated for 

24 h at 37 °C with either M. bovis CFPE (7 μg/ml) or 

PBS (14). Aliquots of 5 × 105 cells suspended in PBS 

containing 0.2% bovine serum albumin and 0.2% 

sodium azide (cell staining buffer) were incubated for 20 

min at room temperature using mouse monoclonal 

antibodies (mAbs) to bovine WC1-N3 (clone CACTB32A, 

isotype IgG1), CD4 (clone CACT138A, isotype IgG1), 

CD8 (clone BAT82A, isotype IgG1), and CD25 (clone 

CACT108, isotype IgG2a), all obtained from VMRD Inc. 

(Pullman, WA, USA). Then, the cells were washed twice 

with cell staining buffer, and stained either with a 

fluorescein isothiocyanate (FITC)-conjugated anti-mouse 

IgG1 or a phycoerythrin (PE)-conjugated anti-mouse 

IgG2a antibody (Jackson ImmunoResearch Laboratories, 

Inc., West Baltimore Pike, PA, USA) for 20 min at room 

temperature in the dark. After incubation, the cells were 

washed twice, suspended in FACSflow solution, and 

analyzed on a FACSCalibur flow cytometer equipped with 

488-nm argon-ion laser and the CellQuest software (BD 

Biosciences, San José, CA, USA). To analyze the staining 

of cell surface markers, 10 000 events were acquired 

and the lymphoid cells were gated by their physical 

properties (size and internal complexity). After that, a 

second gate was done based on immunofluorescent 

characteristics of the gated cells, evaluating fluorescence 

by quadrant graphics in logarithmic scale. FITC-positive, 

and PE-positive cells were observed by FL1 channel 

(filter 530/30 SP) and FL2 channel (filter 585/42 BP), 

respectively. To established differences of the stained 

and unlabeled cell populations, the compensation was 

adjustment as follow: FL1 0.8% FL2 and FL2 24.3 % 

FL1. To analyze cell staining, the quadrants for positive 

and negative fluorescence of gated cells were 

established manually based on the distribution of cells 

stained with secondary antibodies alone. Data were 

analyzed using FlowJo 7.6.1 software (Tree Star Inc., 

Ashland, OR, USA).  

Single Intradermal Comparative Tuberculin Test  

The SICTT was conducted by intradermal 

injection of the cattle with 0.1 ml (1 mg/ml) of bovine 

PPD and 0.1 ml (0.5 mg/ml) of avian PPD (PRONABIVE, 

Mexico City, Mexico). The skin thickness was measured 

before the intradermal injection and at 72 h post-

injection. The results were recorded as the increase in 

skin thickness at 72 h compared to the thickness pre-

injection. Values of both, avian and bovine PPD were 

plotted and the intersection point gave the result 

according to the official graphic of the Mexican Official 

Norm (9).  

Statistical Analysis 

Significant differences between groups for all the 

tests conducted in this study were determined using 

student t-tests with JMP 5.0.1 software for Windows 

(SAS Institute Inc., Cary, NC, USA). A probability of P < 

0.05 was considered significant. 

Results  
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IFN-γ Production 

The production of IFN-γ prior to and at intervals 

ranging from 1 to 12 weeks post-vaccination was 

measured in antigen-stimulated blood cultures (Table 1). 

No animal from either group showed an IFN-γ response 

to avian or bovine PPD prior to the beginning of the 

study (weeks -2 and 0). Significant increases in           

PPD-specific IFN-γ production in response to vaccination 

were evident at 4 weeks for avian PPD (0.961 ± 0.535 

vs. 0.114 ± 0.126, P = 0.0087) and 3 (0.638 ± 0.365 

vs. 0.134 ± 0.141, P = 0.0239) and 4 (0.987 ± 0.611 

vs. 0.180 ± 0.197, P = 0.0229) weeks for bovine PPD. 

By week 8, the cytokine levels had waned significantly 

compared to week 4. No significant increase was 

detected in the control group. The individual avian and 

bovine PPD-specific IFN-γ OD values varied widely 

among vaccinated animals at week 4 post-vaccination 

(Fig. 1), compared to the control group (Fig. 2). 

IgG Antibody Levels 

An ELISA utilizing M. avium or M. bovis CFPE as 

the capture antigen was used to measure the IgG 

antibody levels in serum prior to and at intervals ranging 

from 1 to 12 weeks post-vaccination. No significant 

differences were observed at any time point between 

the groups (data not shown). 

T cell Subpopulations 

The T cell subpopulations (WC1+, CD4+ and 

CD8+) were investigated using flow cytometry from 1 to 

12 weeks post-vaccination (Fig. 3). No differences were 

observed in the percentages of WC1+ and CD4+ T cells. 

Nevertheless, there was a significant increase in CD8+ T 

cells of the vaccinated group at weeks 2 (21.09 ± 4.05 

% vs. 12.89 ± 3.74 %, P = 0.0105), 3 (22.94 ± 2.32 % 

vs. 14.89 ± 3.97 %, P = 0.0047) and 4 (24.21 ± 4.37 % 

vs. 14.95 ± 4.32 %, P = 0.0098) post-vaccination. By 

week 8, these percentages had decreased, although the 

difference was still significant compared to the control 

group (19.59 ± 2.20 % vs. 14.87 ± 2.16 %, P = 

0.0091). CD8+ T cells of the vaccinated group were 

increased 1.6-, 1.5- and 1.6-fold at weeks 2, 3 and 4 

respectively. 

T cell Activation Levels 

Blood samples from both groups of animals were 

stimulated with PBS or M. bovis CFPE for 24 h, and the T 

cell activation (CD25+) was evaluated from 1 to 12 

weeks post-vaccination. Both groups showed similar 

Table 1. Levels of IFN-γ detected in PPD-stimulated whole blood cultures of BCG Phipps-vaccinated and control calves. 

ª Values represent the OD450nm of the antigen minus the OD450nm of the medium alone. ᵇ Statistically significant 

difference between the vaccinated and control groups (P< 0.05). The results are presented 

as the group mean ± SD of the group. 

Weeks post-vaccination 
Vaccinated groupa   Control groupa 

Avian PPD Bovine PPD  Avian PPD Bovine PPD 

-2 0.039 ± 0.041 0.034  ± 0.060  0.006  ± 0.009 0.001  ± 0.002 

0 0.064  ± 0.054 0.041  ± 0.054  0.057 ± 0.086 0.084  ± 0.026 

1 0.428  ± 0.387 0.190  ± 0.183  0.203  ± 0.201 0.104  ± 0.093 

2 0.733  ± 0.881 0.407  ± 0.405  0.145  ± 0.165 0.030  ± 0.019 

3 0.471  ± 0.311 0.638  ± 0.365b  0.130  ± 0.123 0.134  ± 0.141 

4 0.961  ± 0.535b 0.987  ± 0.611b  0.114  ± 0.126 0.180  ± 0.197 

8 0.322  ± 0.339 0.381  ± 0.349  0.150  ± 0.257 0.077  ± 0.121 

12 0.023  ± 0.022 0.048  ± 0.026   0.011  ± 0.012 0.015  ± 0.021 
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Figure 1. Kinetics of IFN-γ production in avian (a) and bovine (b) PPD-stimulated and non-stimulate (c) 

whole blood cultures from individual calves vaccinated with BCG Phipps. (whole blood cultures from             

indiidual calves vaccinated with BCG Phipps.b 

 

b 

a 

c 

b 

 

c 

Figure 2. Kinetics of IFN-γ production in avian (a) and bovine (b)                         

PPD-stimulated and non-stimulated (c) whole blood cultures from individual 

control calves. 

b a 
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Figure 4. Kinetics of WC1+ (a), CD4+ (b) and CD8+ (c) activated (CD25⁺) T cells in M. bovis                 

CFPE-stimulated peripheral blood of BCG Phipps-vaccinated and control calves. Each square represents 

the group mean ± SD of the group. * Statistically significant difference (P < 0.05). 

a 

c 

b 

Figure 3. Kinetics of WC1+ (a), CD4+ (b) and CD8+ (c) T cells in the peripheral blood of BCG                

Phipps-vaccinated and control calves. Each square represents the group mean ± SD of the group. * 

Statistically significant difference (P<0.05) difference (P < 0.05). 

a 

 

b 
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activation levels with little variation between weeks    

post-vaccination in the cultures without antigen 

stimulation (PBS). The mean percentages during the 

study were 63.29 ± 12.16 %, 11.92 ± 3.10 % and 5.06 

± 2.60 % for WC1+, CD4+ and CD8+ T cells, respectively 

(data not shown). In relation to the cultures stimulated 

with M. bovis antigens, no significant differences were 

observed in the activation of WC1+ T cells (Fig. 4a). 

 Very high percentages were detected in both 

groups during the entire experiment, with almost all of 

the cells showing an activated phenotype. However, the 

levels of activation were significantly higher in the 

vaccinated group at weeks 3 and 4 for CD4+ T cells 

(17.95 ± 5.71 % vs. 10.55 ± 2.20 %, P = 0.0308 and 

28.18 ± 8.03 % vs. 14.55 ± 3.71 %, P = 0.0113, 

respectively) and CD8+ T cells (7.09 ± 1.77 % vs. 3.08 

± 0.87 %, P = 0.0019 and 8.70 ± 2.46 % vs. 4.88 ± 

1.27 %, P = 0.0149, respectively) in response to M. 

bovis CFPE (Fig. 4b, c). Levels of activation were                  

1.7- and 1.9-fold higher for CD4+ T cells and 2.3- and 

1.8-fold higher for CD8+ T cells in the vaccinated group 

at weeks 3 and 4 respectively in response to M. bovis 

antigens. Examples of individual data of flow cytometry 

evaluating T cells activation in whole blood stimulated 

with a CFPE of M. bovis from an vaccinated animal are 

shown in Figure 5. 

SICCT 

The SICCT skin test was conducted at 12 weeks 

post-vaccination in all calves (Table 2). No positive 

reactions were observed in any of the vaccinated or 

control animals. 

Discussion 

In the present study, the immune responses 

induced in calves by vaccination with BCG Phipps, a 

strain that has rarely been studied in humans, mice and 

bovines, was evaluated. To avoid any interference with 

environmental mycobacteria in the development of    

BCG-induced immunity, we vaccinated the calves 

neonatally. Additionally, the study was performed on a 

farm managed under routine husbandry conditions, 

Groups 
SICTT (mm)ª 

Avian PPD Bovine PPD 

BCG     

367 0 0 

764 0 1 

2545 1 1 

2700 0 0 

2970 0 0 

      

Control     

105 0 0 

173 0 0 

979 1 1 
2926 0 0 

3172 0 0 

a Increases in skin thickness (thickness at 72 h               

minus thickness at 0 h). 

Table 2. SICTT skin test responses to PPD from 

BCG Phipps-vaccinated and control calves at 12 

weeks post-vaccination. 
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Figure 5. Representative graphs of flow cytometry evaluating the activation cellular marker CD25+ on different T 

cell subpopulations (WC1+ (a), CD4+ (b) and CD8+ (c)) in whole blood from one animal vaccinated with BCG  

after 24 h of culture with a CFPE from M. bovis 

a b 

c 
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which allowed the evaluation of the immune responses 

induced by the vaccine, including all the environmental 

factors present in a dairy herd setting. 

BCG vaccination of neonate calves is associated 

with a Th1-type immune response, which is important 

for the induction of protection (4). IFN-γ is an essential 

component of protective immune response to M. bovis, 

and vaccines that fail to prime this recall memory 

response invariably fail to protect against virulent 

challenge (15). In our experiment, the protection 

induced by the vaccine could not be assessed through 

challenge/slaughter strategy due to establishment 

constraints and may be investigated in future studies. 

However, the IFN-γ production was evaluated as 

surrogate marker of immunogenicity. It has been 

reported that IFN-γ levels increase by 2-4 weeks post-

vaccination and then decrease after week 5 (4), which is 

similar to our results. Indeed, we observed significant 

increases at week 4 to avian PPD and at weeks 3 and 4 

to bovine PPD, with a decrease at week 8. The induction 

of IFN-γ to both PPD after vaccination with BCG has 

been observed with Pasteur strain as well (16). 

Therefore, vaccination stimulated the production of a 

surrogate marker of protection. 

Interestingly, an experience demonstrated that 

not all animals were protected to the same extent after 

vaccination with BCG. In the study, they divided the 

animals into protected and not-protected by considering 

all BCG vaccinates with CFU counts lower than the 

animal presenting the lowest CFU counts in the                

non-vaccinated group as protected; all other BCG 

vaccinates could be considered as not protected. Using 

this criterion, 6/12 animals would have been protected 

by BCG vaccination after 3 weeks (17). In the present 

work, the individual avian and bovine IFN-γ OD values 

varied widely among vaccinated animals. We observed 

that not all animals developed an IFN-γ recall response 

post-vaccination. Consequently, we suggest that these 

calves were probably not protected by the vaccine, 

however, more investigations are needed to support 

these results.  

There is little evidence that the induction of 

antibodies post-vaccination plays an important role in 

bTB resistance (18). Moreover, it has been reported that 

it may contribute to the dissemination of extra-thoracic 

disease in calves. In our study, vaccination of calves 

with BCG Phipps did not induce an antibody response to 

mycobacterial antigens early after vaccination, as 

previously reported (19). 

 Few data exist regarding the changes in 

circulating T cells after vaccination of cattle with BCG. A 

study detected three phases in BCG Danish-vaccinated 

cattle that were similar to those observed in infected 

animals (8). The first phase was observed two weeks 

post-vaccination and showed an increase in γδ WC1+ T 

cells. The second and third phases showed increases in 

CD4+ and CD8+ T cells 4-6 and 8-10 weeks after 

vaccination, respectively. Other studies performed in 

BCG-vaccinated calves demonstrated that the animals 

developed a cellular-mediated immunity (CMI) response; 

however, no differences in peripheral T cell subpopula-

tions were observed (20). In the present study, no 

significant changes were observed in γδ WC1+ and CD4+ 

T cells, while a significant increase was detected in CD8+ 

T cells 2-8 weeks post-vaccination. Antigenic 

presentation of intracellular bacteria is achieved mainly 

through major histocompatibility complex (MHC)-I 

molecules, leading to the activation of CD8+ T cells (21). 

The increase in CD8+ T cells observed in this study could 

indicate that BCG antigens induced the MHC-I pathway, 

and the activation and proliferation of these cells, 

leading to a CMI-biased immune response.  

CD25 expression was evaluated in T cell 

subpopulations. As previously observed (22), no 

differences were detected between groups in 

unstimulated blood (data not shown). However, in blood 

stimulated with mycobacterial antigens, increased 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jvhc
http://dx.doi.org/10.14302/issn.2575-1212.jvhc-17-1662
http://www.google.com.mx/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&ved=0CDcQFjAB&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMajor_histocompatibility_complex&ei=TkinUv3uMIO3kAfEsoHIAQ&usg=AFQjCNEPpUqEW32kKh0MWWAPjTg_D_qg1g&bvm=bv.57799294,d.eW0


 

 

Freely Available Online 

www.openaccesspub.org | JVHC       CC-license         DOI : 10.14302/issn.2575-1212.jvhc-17-1662                  Vol-1 Issue 1 Pg. no.- 57  

activation levels of T cell subpopulations have been 

reported in M. bovis-infected and BCG-vaccinated 

animals (23). In our experiment, antigen stimulation led 

to pronounced activation of γδ WC1+ T cells in both 

groups during all the study, which prevented the 

observation of any effect of vaccination. These high 

levels of cellular activation have been observed in 

tuberculous and BCG-vaccinated cattle (24), however, 

lower levels were observed in control animals (14). This 

potent activation may have been a consequence of     

cross-reactivity between PPD and environmental 

mycobacteria antigens. It has been demonstrated that 

γδ T cells can be primed in response to mycobacterial 

antigens, resulting in more rapid and robust responses 

in vitro, without the need for prior selection and 

expansion (25). Moreover, CD25 expression on γδ WC1+ 

T cells is not dependent on exposure to exogenous 

antigen, although it is further up-regulated following 

stimulation of the cells. This is in contrast with α/β T 

cells, on which CD25 is only expressed as a transient 

event following antigenic or mitogenic stimulation (26). 

It has been demonstrated, in bovine γδ WC1+ T cells 

that had not been exposed to Theileria annulata, an              

up-regulation of CD25 on the majority of these cells 

after stimulation with parasite antigens, indicating that 

there must be a high frequency of precursors capable of 

responding (27). In addition, the high proportion of γδ 

WC1+/CD25+ T cells observed in unstimulated blood 

showed that these cells present high levels of activation 

even without stimulation. Otherwise, vaccination 

significantly increased the expression of CD25 among 

CD4+ and CD8+ T cells by weeks 3 and 4, indicating that 

both subpopulations were activated simultaneously and 

play a role in immunity induced by BCG Phipps.  

The tuberculin skin test remains the 

immunodiagnostic tool most commonly applied for 

detecting bTB (28). However, BCG-vaccinated cattle can 

react positively to the test, invalidating the diagnosis 

(29). In the present study, the SICTT was performed at 

12 weeks post-vaccination, and no animals, vaccinated 

or control, tested positive, demonstrating that BCG 

vaccination does not always interfere with the tuberculin 

test. The absence of a tuberculin response could be due 

to the strain used (Phipps), as the majority of studies in 

which reactivity was observed were performed using the 

Danish or Pasteur strain of BCG (18, 28). It has been 

shown that the genetic diversity of different BCG strains 

influences the expression of genes, immunogenicity, 

virulence and viability, which may affect the animals’ 

immune response to the tuberculin test (30, 31, 32, 33). 

 Few studies have evaluated the BCG Phipps 

strain. In humans, a study showed that the BCG Phipps 

strain had the lowest level of vaccine efficacy compared 

to BCG Pasteur, demonstrating differences in             

protection (34). Another study conducted in mice with 

10 different strains of BCG also demonstrated 

differences in protection (10). Moreover, each strain 

showed a particular Th1 and Th2 response profile, 

exhibiting differences in immunogenicity. BCG Phipps 

induced the highest protection level and moderate 

delayed hypersensitivity responses post-challenge. In 

cattle, a study demonstrated that BCG Phipps induced 

significant efficacy against M. bovis (35). Results from 

that study showed that 9/10 vaccinated animals reacted 

to the tuberculin test; however, this test was performed 

on 5- to 6-month-old animals, and the study did not 

mention which tuberculin test was applied. In our study, 

the lack of reaction to the SICTT could demonstrate that 

the Phipps strain induced an immune profile different 

from the Pasteur and Danish strains in neonatal calves. 

The reason why the vaccine did not induce a 

delayed hypersensitivity reaction is not known. 

However, the vaccine induced a specific IFN-γ 

production in vitro, demonstrating two separate 

responses. The dissociation of these responses post-

vaccination has been described in newborns (36). 

Moreover, in neonatal cattle vaccinated with BCG, it has 
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been shown that positive IFN-γ responses are observed 

in both tuberculin-positive and -negative animals (28). It 

remains unclear whether the independence of these 

responses is due to greater sensitivity of the IFN-γ 

assay or a specific subpopulation of T cells present in 

the blood only. In a TB mouse model, it has been 

demonstrated that the T cell subpopulations involved in 

the delayed hypersensitivity reaction differ markedly 

from those participating in protection (37, 38). 

Therefore, the mechanisms involved in these responses 

remain an interesting topic for future research.  

Conclusion 

The results from this study provide information 

on the immune responses induced in neonatal calves 

under field conditions following vaccination with BCG 

Phipps, a strain rarely evaluated in the bovine 

population. The vaccination stimulated peripheral blood 

T cell activity and induced a CMI response that was 

detectable 3-4 weeks post-vaccination, characterized by 

specific IFN-γ production, increases in the percentages 

of CD8+ T cells and activation levels of CD4+ and CD8+ 

T cells, indicating their role in            BCG-induced 

immunity. Moreover, an important finding was that the 

BCG Phipps vaccine did not interfere with the SICTT 

performed 12 weeks post-vaccination, offering an 

attractive tool for bTB control programs. Greater 

understanding of the immune responses associated with 

vaccination against M. bovis in cattle will help in the 

development of strategies for prevention of the disease, 

and further studies are required to evaluate the 

protective efficacy of this BCG strain, especially in a 

natural transmission setting.  
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