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methods such as the intradermal test (Álvarez et al. 2012). 
In Brazil, the “Programa Nacional de Controle e Erradicação 
da Brucelose e da Tuberculose Animal” (National Program 
for the Control and Eradication of Brucellosis and Animal 
Tuberculosis – PNCEBT) uses this method to detect delayed 
hypersensitivity reactions (DTH). This reaction occurs after 
inoculation with a purified protein derivative (PPD), leading 
to a local inflammatory response in infected animals before 
the presence of the bacillus (Xin et al. 2013).

In this outbreak, four potential routes of Mycobacterium 
bovis transmission to the herd were considered: unintentional 
transmission by humans, facility contamination, introduction 
through wild animal vectors, and undetected infection in one 
of the founder animals. While bovine tuberculosis is typically 
observed in adult animals owing to its chronic nature (Alberti 
et al. 2020), our study documented cases in both adult and 
very young animals, including those only a few days old. 
Although transmission in these young animals may be linked 
to tuberculosis lesions in the genitourinary tract or placenta 
of infected mothers (Moral et al. 2018), the data did not allow 
us to conclusively identify the primary transmission route.

The inability to definitively determine the primary 
transmission route highlights the complexity of tuberculosis 
transmission dynamics in endemic regions. Evidence suggests 
multiple possible pathways, but without definitive proof, it 
remains unclear which route was predominant in this outbreak. 

Fig.5. Tuberculosis in young Jersey calves. Bovine 1 lymph node 
showing dystrophic calcification amid caseous necrosis. Von 
Kossa staining, obj.10x.

Fig.6. Tuberculosis in young Jersey calves. Bovine 1 lung showing an 
area of immature fibrosis. Masson’s trichrome special staining, 
obj.10x.

of the herds tested positive for tuberculosis. Such outbreaks 
underscore the vulnerability of livestock products to sanitary 
barriers imposed by international markets (Michel et al. 2010).

Currently, there is no effective vaccine for bovine tuberculosis 
(OIE 2013). Disease control and eradication programs in most 
countries, including Brazil, depend on traditional diagnostic 

Fig.8. Tuberculosis in young Jersey calves. Bovine 2 showed negative 
immunolabeling for CD3 in the lungs and positive immunolabeling 
in the cortical lymph nodes. IHC (CD3), submicroscopic view.

Fig.7. Tuberculosis in young Jersey calves. Bovine 1 showed positive 
immunolabeling for CD3 in the lungs and on the periphery of 
the necrotic areas in the lymph nodes. Inset: evidence of lung 
immunolabeling. IHC (CD3), submicroscopic view.
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This uncertainty underscores the need for further research 
and more advanced diagnostic tools to better understand M. 
bovis transmission in similar settings.

The dynamics of the disease within the herd were observed 
through progressive spread and development of clinical and 
pathological signs over time. Initially, infection was detected 
in adult cows, characterized by gradual weight loss and 
enlarged lymph nodes. As the outbreak progressed, it became 
evident that the disease was not confined to adult animals; 
young calves, including neonates, also began to exhibit signs 
of tuberculosis, indicating multiple routes of transmission. 

Clinically, the disease is characterized by progressive 
development of granulomatous lesions in various organs, 
with the lungs, head, and mediastinal lymph nodes being 
the most affected (Carrisoza-Urbina et al. 2019, 2023). The 
histopathological findings of this study, particularly the 
presence of disorganized granulomas with significant necrosis 
in young calves, suggest a deficient immune response, allowing 
substantial bacterial multiplication. T lymphocytes (CD3) 
were detected in the granulomas of one of the calves but only 
in areas with extensive necrosis, indicating that these cells 
play a role in disease progression when the body’s adaptive 
immune response becomes active (Beytut 2011, Andreazza et 
al. 2015). The presence of these cells in the context of severe 
lesions suggests a delayed but critical immune response that 
attempts to contain infection.

The atypical presentation of tuberculosis in young calves, 
characterized by disorganized granulomas and a high bacterial 
load, aligns with the literature on immune responses in young 
animals (Carrisoza-Urbina et al. 2019, 2023). These findings 
emphasize the importance of early detection and intervention, 
particularly in herds where tuberculosis is endemic.

CONCLUSION
While this study explored potential transmission routes 
of bovine tuberculosis, it also underscored the inherent 
challenges in definitively identifying the primary route, thereby 
reflecting the complexity of the dynamics of the disease. 
Clinical and histopathological findings, especially in young 
calves, offer valuable insights into disease progression and 
the associated immune response. These findings emphasize 
the critical need for vigilant monitoring and implementation 
of effective control strategies to manage and prevent similar 
outbreaks in the future.
Acknowledgments.- This study was financed in part by the “Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior” (CAPES), Brasil, by 
“Conselho Nacional de Desenvolvimento Científico e Tecnológico” (CNPq) and 
by “Fundação de Amparo à Pesquisa e Inovação do Espírito Santo” (FAPES).

Conflict of interest statement.- The authors declare that they have no 
conflicts of interest.

Credit author statement.- Tainá S. Alberti and Clairton M. Pereira – Data 
analysis and article writing. Fabiano R. Venâncio and Caroline G. Sousa – 
Performing necropsies and processing samples. Haide V. Scheid – Performing 
immunohistochemistry. Kauê R. Martins – Performing the PCR technique. 
Ana Lucia Schild and Eliza Simone V. Sallis – Article review. 

REFERENCES
Alberti TS, Bruhn FRP, Zamboni R, Venancio FR, Scheid HV, Raffi MB, Schild 

AL, Sallis ESV. Epidemiological analysis of bovine tuberculosis in the 
southern region of Rio Grande do Sul from 2000 to 2015. Pesq Vet Bras 
2020; https://doi.org/10.1590/1678-5150-PVB-6406

Álvarez J, Perez A, Bezos J, Marqués S, Grau A, Saez JL, Mínguez O, Juan 
L, Domínguez L. Evaluation of the sensitivity and specificity of bovine 
tuberculosis diagnostic tests in naturally infected cattle herds using 
a Bayesian approach. Vet Microbiol 2012; https://doi.org/10.1016/j.
vetmic.2011.07.034, PMid:21890284

Andreazza D, Boos GS, Boabaid FM, Wouters ATB, Wouters F, Souza SO, Menegat 
MB, Driemeier D. Caracterização histológica e imuno-histoquímica das lesões 
de tuberculose em bovinos e de linfadenite granulomatosa em suínos. Pesq 
Vet Bras 2015; https://doi.org/10.1590/S0100-736X2015000200006

Beytut E. Immunohistochemical evaluation of surfactant proteins and 
lymphocyte phenotypes in the lungs of cattle with natural tuberculosis. Res 
Vet Sci 2011; https://doi.org/10.1016/j.rvsc.2010.07.023, PMid:20800246

Boland F, Kelly GE, Good M, More SJ. Bovine tuberculosis and milk production 
in infected dairy herds in Ireland. Prev Vet Med 2010; https://doi.
org/10.1016/j.prevetmed.2009.09.021, PMid:19896227

Carrisoza-Urbina J, Bedolla-Alva MA, Hernández-Pando R, López-Macías C, 
Huerta-Yepez S, Baay-Guzmán G, Juárez-Ramírez M, Gutiérrez-Pabello JA. 
Mycobacterium bovis naturally infected calves present a higher bacterial 
load and proinflammatory response than adult cattle. Front Vet Sci 2023; 
https://doi.org/10.3389/fvets.2023.1105716, PMid:37180066

Carrisoza-Urbina J, Morales-Salinas E, Bedolla-Alva MA, Hernández-Pando 
R, Gutiérrez-Pabello JA. Atypical granuloma formation in Mycobacterium 
bovis -infected calves. PLoS One 2019; https://doi.org/10.1371/journal.
pone.0218547, PMid:31306432

Mekonnen GA, Gumi B, Berg S, Conlan AJK, Ameni G, Wood JLN. A case of 
early neonate bovine tuberculosis in Ethiopia. Clin Case Rep 2020; https://
doi.org/10.1002/ccr3.3563, PMid:33489201

Michel AL, Müller B, van Helden PD. Mycobacterium bovis at the animal-
human interface: a problem, or not? Vet Microbiol 2010; https://doi.
org/10.1016/j.vetmic.2009.08.029, PMid:19773134

Moral MDCED, Rio JCD, Medrano A, Santillan MA, Morales JF. Congenital 
tuberculosis in a 25-day-old female calf. Turk J Vet Anim Sci 2018; https://
doi.org/10.3906/vet-1710-41

OIE. Bovine tuberculosis, Chapter 2.4.7. In: Manual of Diagnostic Tests and 
Vaccines for Terrestrial. World Organisation for Animal Health; 2013. 
Accessed on June 27, 2024. http://www.oie.int/fileadmin/Home/eng/
Health_standards/tahm/2.04.07_BOVINE_TB.pdf

Ozyigit MO, Sentuk S, Akkoc A. Suspected congenital generalised tuberculosis 
in a newborn calf. Vet Rec 2007; https://doi.org/10.1136/vr.160.9.307, 
PMid:17337611

Riet-Correa F, Garcia M. Tuberculose. In: Riet-Correa F, Schild AL, Lemos 
RAA, Borges JRJ. Doenças de Ruminantes e Equinos. Vol.1. 3ªed. São Paulo: 
Varela; 2007. p.432-442.

Wilton S, Cousins D. Detection and identification of multiple mycobacterial 
pathogens by DNA amplification in a single tube. PCR Methods Appl 1992; 
https://doi.org/10.1101/gr.1.4.269, PMid:1282431

Xin T, Jia H, Ding J, Li P, Yang H, Hou S, Yuan W, Guo X, Wang H, Liang Q, Li M, 
Wang B, Zhu H. Assessment of a protein cocktail-based skin test for bovine 
tuberculosis in a double-blind field test in cattle. Clin Vaccine Immunol 
2013; https://doi.org/10.1128/cvi.00592-12, PMid:23365203

https://doi.org/10.1590/1678-5150-PVB-6406
https://dx.doi.org/10.1016/j.vetmic.2011.07.034
https://dx.doi.org/10.1016/j.vetmic.2011.07.034
https://pubmed.ncbi.nlm.nih.gov/21890284
https://dx.doi.org/10.1590/S0100-736X2015000200006
https://dx.doi.org/10.1016/j.rvsc.2010.07.023
https://pubmed.ncbi.nlm.nih.gov/20800246
https://dx.doi.org/10.1016/j.prevetmed.2009.09.021
https://dx.doi.org/10.1016/j.prevetmed.2009.09.021
https://pubmed.ncbi.nlm.nih.gov/19896227
https://dx.doi.org/10.3389/fvets.2023.1105716
https://pubmed.ncbi.nlm.nih.gov/37180066
https://dx.doi.org/10.1371/journal.pone.0218547
https://dx.doi.org/10.1371/journal.pone.0218547
https://pubmed.ncbi.nlm.nih.gov/31306432
https://dx.doi.org/10.1002/ccr3.3563
https://dx.doi.org/10.1002/ccr3.3563
https://pubmed.ncbi.nlm.nih.gov/33489201
https://dx.doi.org/10.1016/j.vetmic.2009.08.029
https://dx.doi.org/10.1016/j.vetmic.2009.08.029
https://pubmed.ncbi.nlm.nih.gov/19773134
https://dx.doi.org/10.3906/vet-1710-41
https://dx.doi.org/10.3906/vet-1710-41
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.07_BOVINE_TB.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.04.07_BOVINE_TB.pdf
https://dx.doi.org/10.1136/vr.160.9.307
https://pubmed.ncbi.nlm.nih.gov/17337611
https://dx.doi.org/10.1101/gr.1.4.269
https://pubmed.ncbi.nlm.nih.gov/1282431
https://dx.doi.org/10.1128/cvi.00592-12
https://pubmed.ncbi.nlm.nih.gov/23365203

