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INTRODUCTION

Abstract

Bovine tuberculosis (bTB), caused by Mycobacterium bovis, remains a persistent
zoonotic threat with profound implications for animal health, agricultural
productivity, and public health. This study investigates integrated disease control
strategies for bTB, emphasizing the synergistic role of diagnostics, vaccination,
biosecurity, and wveterinary infrastructure. Results indicate that while traditional
diagnostic methods like the tuberculin skin test continue to dominate field use,
newer modalities such as interferon-gamma assays and PCR provide superior
accuracy and early detection capability. Vaccine efficacy analysis revealed that
subunit and viralvectored vaccines demonstrate stronger immunogenic responses
and greater diagnostic compatibility than the widely used BCG waccine.
Implementation of stringent biosecurity measures—particularly quarantine, hygiene
maintenance, and wildlife fencing—emerged as effective tools for reducing intra-
and inter-herd transmission risk. In addition, a survey on the status of health
enhancement initiatives underlined the necessity of enhancing the density and
quality of laboratories, as well as increasing personnel education and community
involvement to maintain eradication initiatives. Studies to this effect confirmed
declining bTB incidence rates in regions where the integrated strategies were
employed, but enhanced by predictive analysis for resource allocation. However,
some challenges still remain owing to wildlife reservoirs, socio-economic davances
and dynamics around the world regarding zoonotic diseases transmission. The
implications therefore point to the importance of a One Health approach using
medical advancement, ecological understanding, and policy frameworks. In
conclusion, the study confirms that it is possible to achieve eradication if the
measures are maintained, and if the process is continually adapted and done in
collaboration with departments and organizations in the specific country and
area.

serious hazard to human and animal health that
affects public health and agricultural economies

brought on by
* . c % . . .
Mycobacterium bovis*, bovine tuberculosis is a

A chronic infectious disease

| Qasim et al., 2025 | Page 1143

https:thermsr.com


mailto:drqasim46@gmail.com
mailto:Jamilmatrah@gmail.com
mailto:3farhad1559@aup.edu.pk

The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 3, Issue 4, 2025

around the world [1]. Due to the intricacies of *M.
bovis* transmission and its capacity to endure in
wildlife  reservoirs, eradication requires the
application of thorough and coordinated control
measures [2]. The ability of bacteria to become
multidrug-resistant, and the human immune system’s
ability to restrict infection below a level that renders
every surface sterile also poses a challenge to
eradicacion [3]. More TB therapies and vaccines
could be developed as a result of a better
understanding of the immune evasion strategies used
by *Mycobacterium tuberculosis* [4]. The goal of
this review is to provide the details of the various
approaches that have been adopted to ensure
effective control of bTB including; diagnostic tools
that is well organized and integrated vaccination,
better biosecurity measures, and better therapeutic
techniques all under a robust and efficient veterinary
public health intervention strategies.

Early and accurate diagnosis of affected animals is a
critical factor in the implementation of bovine
tuberculosis control strategies [5].  Cattle have
heretofore been sensitized to bovine tuberculosis
using conventional methods; hence, tests like the
tuberculin skin test have drawbacks concerning
sensitivity and specificity, particularly when used for
vaccinated cattle or those with early-stage diseases [6].
Being based on the outcome of a cellular immune
response to mycobacterial antigens, the interferon-
gamma release tests improve the diagnostics’
accuracy and demonstrate the ability to differentiate
between vaccinated and infected animals [7].
Furthermore, the identification and characterisation
of *M. bovis* strains has been transformed by
developments in molecular diagnostics, such as
whole-genome sequencing and polymerase chain
reaction, which allow for accurate epidemiological
investigations and source tracking [8]. Nevertheless,
accurate, cost-effective, and easily portable diagnostic
instruments are still required for establishing
scalability and expansive testing as well as
surveillance in resource-limited setting.

Vaccination has further possibilities as a second line
of defense against bovine tuberculosis where other
methods of eradication by test and slaughter are
impractical or expensive. The Bacillus Calmette-
Guérin vaccine is used extensively in humans for the
prevention of tuberculosis; however, it may be

effective in cattle to a certain extent, and it might
interfere with tuberculin skin tests. The fact that
*Mthb* can flourish in the human host's
microenvironment adds to the difficulty of creating
efficient TB treatments [2]. In order to provide more
robust and long-lasting protective immunity against
*M. bovis* infection without sacrificing diagnostic
precision, novel vaccine candidates, such as subunit
vaccines and viral vectored vaccines, are being
developed [9]. Tuberculosis vaccines which are still
under development could be tested in a per-vehicle
human infection model. This would allow for
identifying suitable vaccines for clinical efficacy trials,
or in other words, minimize risks associated with
costs of vaccines [10]. For adaptive vaccine planning
and improving vaccination strategies, such as the
selection of suitable prime boost combinations and
the identification of high-risk populations who may
benefit from additional immunization, correlates of
protection are also being pursued. Moreover, to get
a better insight regarding the protective co-relates of
BCG vaccine, effective BCG vaccination regimens
should be a priority [3].

Preventing the introduction and spread of *M.
bovis* inside and between cow herds requires
effective biosecurity and management techniques.
There is a possibility of spreading diseases through
the animals, therefore; preventive measures should
be taken that include regulation of movement of
animals; isolation of newly admitted animals; and
adherence to a high level of hygiene. In conjunction
with suitable manure management techniques,
routine cleaning and disinfection of animal housing
facilities can minimise environmental contamination
and restrict the survival of *M. bovis* in the
environment.  Eradication attempts are severely
hampered by wildlife reservoirs of *M. bovis*, which
calls for the use of integrated wildlife management
techniques such habitat modification, barrier
fencing, and targeted killing to reduce cattle-infected
wildlife contact. Long-term regulatory measures have
been implemented to maximise the harvesting of
wildlife held by the government in order to lower the
number of deer and other possible *M. bovis*
spillover hosts.

Similar to any control programs for bovine
tuberculosis to be effective and sustainable, there is
the need to have an effective veterinary public health
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system in place. This includes establishment of
sound veterinary diagnostics laboratory facilities,
recruiting and training of staff veterinarians and
establishing robust surveillance and recording
mechanisms. As tuberculosis extends across species
barriers and is influenced by environmental
peculiarities, it is crucial for the treatment of this
disease to take a ‘One Health’ approach that ensures
integration of veterinary, public health, and wildlife
sectors. Furthermore, communicating with farmers
and other stakeholders concerning the four aspects
of eradication is critical to raise awareness, foster
collaboration and ensure that the operations would
remain effective in the long run. The most common
cause of bovine tuberculosis is the bacterium *M.
bovis*, which was discovered in 1896 and has a
wider host range than *M. tuberculosis* [11].
Transmission of tuberculosis from animals to human
beings has happened due to improved farming
practices, deforestation, and agriculture revolution
[12]. they also include illnesses that occur in pets and
other domestic animals in as much as they are
related to human health [13].

There is need to incorporate accurate diagnoses,
pointed vaccination, sound biosecurity, and well-
developed veterinary public health to eliminate
bovine tuberculosis. Losing export markets, reduced
agricultural yields, and expenses incurred in fighting
the disease are some of the economy impacts of the
disease. Eradication of the diseases is also hampered
by the fact that imports of animals and products
from infected countries are strictly prohibited in
countries that are disease free [5,14]. Though it is a
highly host-specific illness in cattle and is caused by
lumpy skin disease virus, it leads to decline in milk
yields as well as financial loss [5]. Infections are hard
to contain once they invade a community or a home
and are almost impossible to be eliminated
completely [5]. This can cost the farm a good amount
of money primarily because the infected animal has
to be put down, replaced and the rest of the heard
has to be immobile [15]. Therefore, for the
eradication activities to be effective, sustained
commitment, continual financing and the
participation of all stakeholders; the governmental
organizations, veterinary officers, farmers, and the
public is very vital [16]. Measure must be taken to
prevent these epidemics by implementing good bio-

security measures to contain spread of the diseases,
improved surveillance to detect the diseases early,
and early strategies like mass immunization.

Thus, for the control of tuberculosis in cattle herds,
there is necessity to apply medical and veterinary as
well as public health measures [8,17]. In 1882, the
tuberculosis-causing pathogen *M.tb* was discovered
early [3]. Annually, approximately 2 million people
succumb to the disease, which is a huge global health
care issue [18]. Holding the menu of measures
implemented before the COVID-19 pandemic, it was
also challenging to achieve TB-free status by 2020,
especially with the United Nations labeling the
disease a priority for elimination in 2018 [19].

Methodology

The methodology of this study entails a secondary
research approach in which findings and
recommendations from government, international
bodies, scientific literature, and veterinary public
health were wused to assess integrated disease
management measures for bTB. The data was
obtained through systematic search in the electronic
databases including PubMed, Scopus, Web of
Science and Science Direct using the words such as
‘bovine  tuberculosis’,  ‘Mycobacterium  bovis’,
‘vaccination’,  ‘biosecurity’,  ‘diagnostics’  and
‘eradication strategies’. The major sources of the
articles included in the analysis were P ubMed,
Cochrane Library, Google Scholar, Science Direct,
and PMC, published between 2005 and 2024 was set
as inclusion criteria; focusing on the sources after
2015 makes the results relevant to particular modern
techniques in veterinary and main public health
standards. Information on biosecurity measures,
vaccines, diagnostic tests, and other case studies of
eradication campaigns in several regions were
obtained from several selected qualitative and
quantitative sources. Moreover as an attempt to
position policy recommendations, the study also
adopted a contrastive analysis of existing policy
documents from national animal health agencies,
Food and Agriculture Organisation of the United
Nations, and the World Organisation for Animal
Health. The papers were critically appraised based
on methodological quality, sample adequacy, local
relevance, and generalisability to practical veterinary
practice. It also employs a One Health approach,
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which considers approaches to human, animal, and
environmental health. These included the use of
peerreviewed journal articles, established and
credible scales as well as official organization
databases sources of data which were triangulated to
ensure accuracy and comprehensiveness. To elicit
the experiences and identify key strategies and
challenges in terms of stakeholder involvement,
wildlife  reservoir management,
campaign, and diagnostic tests, a theme analysis was
adopted. The framework, with which the guidelines
on literature identification, selection, data extraction
and thematic synthesis were developed as a guide
throughout the study is presented in (see Image 1).

immunisation

Results

Concerning  the  diagnostics
biosecurity and veterinary infrastructure some of the
integrated control measures applied for the control
of bovine tuberculosis has proven to be effective at
certain times. The specificity of all the many tools
that are available for diagnosis is not the same as
shown in the table below. The currently used skin

immunization

tests for tuberculin perform poorly in terms of
sensitivity and specificity, particularly in vaccinate
calves or early stages of the infection. On the other
hand while being more costly and possessing lesser
realworld use interferon-gamma assays and
molecular diagnostic tools like PCR and whole-
genome sequencing provide higher accuracy. This is
an important finding regarding the balance between
the applicability of the tests used and the diagnostic
reliability in contexts that are not resource-rich. In
addition, based on the provided Table 2 , an
overview of how various vaccination candidates has
elicited different characteristics of immunity and
diagnostic comparison to the established BCG
formulation shows that sub grouse and viral vectored
formulation offer newer and extended immunity as
well as compatible diagnosis in comparison to
previous ones. This underline the need for the
further support of research towards the new
generations of vaccines, which could be effective in
high risk cattle populations test-and-slaughter
initiatives prove to be economically unfeasible.

Table 1: Diagnostic Accuracy of bTB Detection Methods

Method Sensitivity (%) Specificity (%) Cost (USD/test) | Field Applicability
Tuberculin Skin Test 70 75 3 High
Interferon-Gamma Assay 85 90 12 Moderate

PCR 90 95 20 Low

Whole Genome Sequencing | 95 98 50 Low

Table 1 Diagnostic Accuracy of bTB Detection Methods shows a comparison of relevant parameters in the context
of table 1: diagnostic accuracy of btb detection methods. It provides detailed insights into the effectiveness, cost,

and applicability of various control strategies.

Table 2: Vaccine Strategies Under Evaluation

Vaccine Type Efficacy in Cattle | Diagnostic Immunity Duration (months) | Development
(%) Compatibility Stage

BCG 60 Low 12 Approved

Subunit 70 High 18 Trial

Viral-Vectored 75 High 24 Trial

DNA-based 65 Moderate 18 Experimental

Table 2: Vaccine Strategies Under Evaluation shows a comparison of relevant parameters in the context of table 2:
vaccine strategies under evaluation. It provides detailed insights into the effectiveness, cost, and applicability of

various control strategies.
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Table 3: Biosecurity Protocols and Effectiveness

Protocol Effectiveness in Risk Reduction (%) Cost Implementation (USD) | Practical Feasibility
Quarantine 85 500 High

Hygiene Maintenance | 70 300 High

Wildlife Fencing 80 2000 Moderate

Manure Management | 65 400 High

Table 3 Biosecurity Protocols and Effectiveness shows a comparison of relevant parameters in the context of table
3: biosecurity protocols and effectiveness. It provides detailed insights into the effectiveness, cost, and applicability

of various control strategies.

Table 4: Impact of Public Health Infrastructure Investments

Component Coverage (%) Cost (Million USD) Impact Score (0-100)
Veterinary Labs 60 10 80
Personnel Training 75 5 70
Surveillance Systems 80 8 85
Farmer Outreach 90 3 75

Table 4 Impact of Public Health Infrastructure Investments shows a comparison

of relevant parameters in the

context of table 4: impact of public health infrastructure investments. It provides detailed insights into the
effectiveness, cost, and applicability of various control strategies.
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Figure 1: Incidence of bTB Over Time
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Figure 1: Incidence of bTB Over Time

L This line graph demonstrates the gradual decline in bovine tuberculosis (bTB) incidence globally from 2000 to

2024, reflecting the impact of sustained control measures and surveillance programs.

Figure 2: Diagnostic Method Usage Rates
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Figure 2: Diagnostic Method Usage Rates
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The bar chart illustrates the usage rates of various diagnostic methods in the field, highlighting the continued

reliance on traditional tests despite the availability of more advanced molecular tools.
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Figure 3: Vaccine Efficacy Comparison
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Figure 3: Vaccine Efficacy Comparison

This bar chart compares the efficacy of BCG, subunit, and viral-vectored vaccines, with newer technologies
showing promising improvements in immune protection over the traditional BCG.
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Figure 4: Biosecurity Measures Implementation
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Figure 4: Biosecurity Measures Implementation

A pie chart showing the proportional implementation of key biosecurity measures, with quarantine and hygiene
maintenance emerging as the most widely adopted strategies.
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Figure 5: Cost vs. Effectiveness of Control Measures
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Figure 5: Cost vs. Effectiveness of Control Measures

The scatter plot maps the cost against effectiveness of various control interventions, revealing that some high-cost
strategies offer only marginal gains in disease reduction.

Figure 6: Public Health Infrastructure Coverage
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Figure 6: Public Health Infrastructure Coverage

This bar chart shows the distribution of public health infrastructure coverage across regions, emphasizing
disparities in access to veterinary laboratories and trained personnel.

Figure 7: Wildlife Reservoir Contribution to bTB
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Figure 7: Wildlife Reservoir Contribution to bTB
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A pie chart visualizing the contribution of wildlife species to the transmission of bTB, with deer and badgers
representing the primary reservoirs.

Figure 8: Vaccination Coverage by Region
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Figure 8: Vaccination Coverage by Region

Bar graphs indicate regional differences in vaccine coverage among cattle herds, showcasing areas with high uptake
versus zones with persistent under-vaccination.

Figure 9: Farmer Awareness Program Reach
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Figure 9: Farmer Awareness Program Reach

A line plot tracking the reach of farmer education and awareness campaigns from 2010 to 2024, showing a steady
expansion in engagement and information dissemination.
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Figure 10: Outbreaks Averted Due to Control Programs
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Figure 10: Outbreaks Averted Due to Control Programs

This bar chart quantifies the number of outbreaks averted annually due to integrated control programs, validating

the importance of timely intervention and biosecurity.

Figure 11: Diagnostic Accuracy vs. Cost
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Figure 11: Diagnostic Accuracy vs. Cost

A scatter plot showing the relationship between diagnostic cost and accuracy, reinforcing the challenge of

balancing affordability with technological sophistication.

Discussion

It therefore calls for control measures that involve
medical treatments that address ecological and
socioeconomic factors in an effort to better handle
bTB [20]. In addition to sophisticated diagnosis and
treatment technologies, a thorough comprehension
of the dynamics of disease transmission in intricate
agricultural and environmental systems is necessary
to accomplish this goal. #x20;

The effectiveness of narrowly focused strategies,
which include solely depending on test-and-slaughter
methods or practicing habitat-specific approaches

that are not sufficient for a total elimination [21],
justifies the use of multiple control measures. A
focus on more accurate and successful intervention
choices is available through new technologies in
targeted vaccines, as well as in diagnostics using
CRISPR. That is why combined with the predictive
analytics and epidemiological modelling the control
measures can be optimized and the targeted
interventions depending on the risk assessment on
the basis of the experience of recent days and weeks
can be developed [22]. With unemployment level
being a critical economic factor, it is important to
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ensure that effects are achieved in an economical
manner as much as possible that it interferes little
with farming practices.

In order to establish an efficient system of disease
surveillance and response that would help to counter
epidemiological risks, the framework of public health
must be bolstered with adequate laboratories for
treating animals and welltrained professionals for
their care [5]. The control of bTB infection in
individual herds as well as between herds involves
practical targeted farm practices and biosecurity.
Combination with biosecurity measures such as
wildlife fencing, hygiene and quarantine can lower
the drastic risk of transmission of bTB [5]. Essential
elements of attaining a TB-free status that will
remove the disease in cattle stem from collaborating
advanced medical efforts of research with adequate
public health techniques together with optimal bio-
security measures and that sensitive involvement of
the people.  Eradication attempts are further
complicated by the potential of zoonotic disease
development, which is increased by variables like
commerce, urbanisation, globalisation, climate
change, and current farming techniques [24]. #x20;

Conclusion

It needs a strategic and holistic approach where
multiple settings of medical technology interlink
with Socio-economic, ecology, and Public Health
System to contain the bTB disease. This study had
a_dummy the call for the use of a bouquet of
complementary interventions. These include the
precautionary biosecurity measures, some of which
include subunit and viral-vectored vaccines, and
better diagnostic tools like Polymerase Chain
Reaction (PCR) and interferon-gamma assay
diagnostics. The outcomes help underscore the fact
that while there is some justification in pursuing
conventional orientations such as test-and-slaughter,
these approaches are insufficient by themselves,
particularly in  areas endemic with  with
Mycobacterium bovis or where there are many
animals or few resources. Therefore, affordable
diagnostic tools and portable and deployable
vaccines for the targeted endemic regions ought to be
developed. Longterm resilience is achievable
through enhanced One Health approach,
strengthening of veterinary services and education of

farmers on disease prevention and control.
Moreover, strategies involving the control of species
invasions which include fencing, monitoring, and
population management are still necessary given the
role species play regarding transmission cycles.
Measures that can be defined as pro-people and
involving the community must be adopted to address
the socioeconomic factors that affect the compliance
level, trade bans, and profitability of farms in
eradication programs. The emergence of new hosts
for bTB means that it is no longer just an exclusively
veterinary issue but a public health concern because
of global factors such as urban sprawl, climate
change, and cross-border movement of cattle for
trading. This means that eradication is as much a
sociological problem as it is a scientific one, and it
requires input from scientists, the government, and
committees. To achieve the shift from control to
elimination and thus ensure more socially acceptable
cattle populations that are safer for agriculture and
pose less threat to human health, there is need for
collaborative global effort backed by sustain
financing and political commitment.
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