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ABSTRACT

Bovine tuberculosis (bTB) caused Mycobacterium bovis, is a chronic infectious disease that
primarily affects cattle and can affect other animals also. This zoonotic disease spread around the
world, with the exception of Antarctica. Around fifty million cattle are suffering from bTB worldwide.
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This disease is highly significant to public health, leading to economic losses, especially in
countries where livestock are the main source of livelihood. Aerosol mode of transmission is the
most common way of infection in cattle and infection also can spread through contaminated
material. bTB affected animals will show fluctuating low-grade temperature, weakness, gradual
emaciation, decreased appetite and breathing difficulty, wet cough, or tachypnoea. The caseo-
necrotic granuloma is the hallmark of TB and which is a process by the host to localize the disease
and to allow immune and inflammatory mechanisms to act on bacilli. Treatment is not
recommended for bTB due to its infectious nature. Due to its infectious nature, culling is often
recommended as part of control strategies in many regions. The drug for treating bTB is Rifampin
and Isoniazid. Mycobacterium bovis—BCG vaccination is used for bTB control in India.

Keywords: BCG vaccine; cattle; control; multi-drug resistance; Mycobacterium bovis; public health;

risk factors; worldwide; zoonosis.
1. HISTORY

Borham et al. (2022) reported that in ancient
times, many mammals were affected by
tuberculosis. In 1832 J. L. Schonlein first
published the name “tuberculosis” (German:
Tuberkulose). Mycobacterium tuberculosis was
discovered by Koch in 1882 (Mitermite et al.,
2023) and in cattle Mycobacterium bovis from
Mycobacterium tuberculosis found by Smith in
the year of 1898. For 200 years, this disease was
a leading cause of mortality in livestock mainly in
cattle. bTB is occur by M. bovis, which is
considered as a zoonotic disease and a financial
concern that affects the productivity of cattle
leading to death. Cattle farming in the UK are
significantly facing challenges because of the
presence of bTB (Fielding et al., 2021).

2. INTRODUCTION

Bovine tuberculosis (bTB) is a zoonotic as well
as chronic disease caused by M. bovis, mostly
affects cattle but it can affect other animals also.
Kouengoua et al. (2024) reported that bTB is a
notifiable disease by the World Organisation for
Animal Health (WOAH) previously Office
International des Epizooties (OIE). This disease
is highly significant to public health, leading to
economic losses, especially in countries where
livestock are the main source for livelihoods. bTB
is the persistent problem which needs to be
controlled and eradicated mainly in middle-
income and low-income countries. bTB is
recognized as an important zoonotic disease by
the World Health Organization, and bTB needs
coordinated efforts for control and prevention
(Robi et al., 2024).

In India, cattle population comprises more than
16% of world cattle population. Cattle are the
natural host of M. bovis. The major source of

spreading to the public is by the ingestion of beef
from infected cattle. Aerosol exposure is the
most common way of infection in cattle and
infection can occur through contaminated
material also. Barua et al. (2016) investigated the
infection of bTB in abattoirs in Ri-Bhoi district of
Meghalaya. Cattle are mainly reared as a source
of income in Meghalaya. In Ri-Bhoi district local
indigenous cattle (70%) are more than others like
Jersey crossbred.

bTB is referred to as a zoonotic disease which
can lead to economic losses in cattle production.
In developed and developing countries this
zoonotic disease directly affects public health. M.
bovis is a member of the M. tuberculosis
complex, and cattle acts as a host. In cattle, M.
bovis infections are sometimes asymptomatic so
it is very difficult to control. Clinical signs vary
from dyspnoea, coughing and low-grade fever in
respiratory form to constipation, and diarrhoea
when it involves the digestive system (Dametto
et al. 2020).

3. ETIOLOGY

bTB is caused by obligate pathogen M. bovis
subsp. bovis but sometimes infections also
caused by M. bovis subsp. caprae, M.
tuberculosis and M. africanum. In the central part
of Europe, M. bovis subsp. caprae are the
leading cause of tuberculosis in cattle and
commonly considered as bovine or zoonotic
tuberculosis (Kuria, 2019).

Only genus Mycobacterium is included in the
family =~ Mycobacteriaceae in  the order
Actinomycetales. In  the current study
Mycobacterium genus has over 150 species and
13 subspecies and Mycobacterium genus is
classified based on pathogenicity and growth
rate. The two groups- tuberculous and non-
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tuberculous mycobacteria (mycobacteria other
than tuberculosis (MOTTSs) classification is based
on pathogenicity. The genus is classified into
obligatory pathogens, saprophytic or ubiquitous
microorganisms and potentially pathogenic.
Mycobacterium tuberculosis complex (MTBC)
are obligatory pathogens belonging to groups
which include M. bovis subsp. bovis, M. bovis

subsp. caprae, M. bovis BCG, M. tuberculosis, M.

africanum, M. canetti, M. microti, M. leprae, and
M. pinnipedii. Identical 16S rRNA sequences are
present in all species which are 99.9% similar
with nucleotide level. This may also be
considered as subspecies, depending on their
host range (King et al., 2017).

M. bovis is facultative intracellular, non-motile,
obligate aerobic, and non-spore forming. Its
dimensions are 0.2-0.6 um in breadth and 1-10
pm in length (Nava-Vargas et al., 2021). The
microbes grow best in frozen tissue and
incubation period is 3 weeks, the M. bovis can
survive for long days in the chilly, damp and
gloomy environment (Kasir et al., 2023). Survival
period of M. bovis microbes differs from 18-332
days at 12°C to 24°C depending on sunlight
exposure.

4. EPIDEMIOLOGY

bTB are spread around the world, except in
Antarctica. Around fifty million cattle are suffering
from bTB (Ramos et al., 2020) worldwide.
Ramanujam and Palaniyandi, (2023) said that
worldwide, India has the largest bTB infected
herds with a prevalence of 7.3%.

Mohamed, (2020) said that according to recent
statistics, some countries are free from bTB like
Australia, Jamaica, Sweden, the Czech Republic,

Norway, Switzerland, Denmark, Luxembourg,
Latvia, Slovakia, Austria, Iceland, Estonia,
Canada, Lithuania, Finland, Barbados, and

Singapore. The United States reported that New
Zealand, Japan, and several European nations
are taking initiatives to eradicate bTB. bTB are
still a serious issue for cattle and other livestock
including sheep, goats, camels and wild animals
like deer, civets, and possum.

The underdeveloped countries have insufficient
facilities to control this malady and day by day
the disease spreads to public health. bTB is the
most challenging infection for the livestock
industry that causes considerable financial
losses (Little, 2019). In Africa, 85% of cattle are
reared in places where bTB reported. Variations

in the production of strategies in the African
continent, such as pastoralism, mixed farming,
agro-pastoralism and intensive dairy cattle
farming may have a major impact on the
transmission of bTB (Ghebremariam et al., 2016;
Pokam et al., 2019).

Regional variations in bTB prevalence reported
within a nation. Reports from South America
show that locations near the towns with high
concentrated milk production are hot spots of
bTB (Avila et al., 2018). India (7.3%) stands first
in bTB prevalence followed by Brazil (2.5 %), and
China (2.4 %) (Rodrigues et al., 2020).

5. RISK FACTORS

1. Risk factors: Animal level (Broughan et al.,

2016);

2. Risk Factors: Herd-Level (Wright et al.,
2015);

3. Environmental Risk Factors (Allen et al.,
2021)

5.1 Risk factors- Animal level

i. Genetics:  Significantly  differs  with
heritability of susceptible cattle to bTB,
especially pure-bred Holstein Friesian or
crosses in Great Britain and Ireland.

ii. Breed: Jersey cattle showed higher bTB
prevalence in some studies in India
compared to Holstein Friesian. Reports
from Africa showed that the native breeds
like zebu cattle found in pastoral
environments is more resistant to
tuberculosis than European cattle.

iii. Sex: Most of the studies showed that
female cattle have a higher prevalence of
bTB compared to male. In dairy cows,
which are aged = 2 years are more
susceptible than beef cattle, but very
young cattle of 0-1 years are also affected
by bTB.

iv. Milk yield and reproductive status: The
reproductive status influence on the
susceptibility of bTB infection may be
difficult to ascertain since gestation and
lactation period are inseparable. During the
reproduction stage there will be large
hormonal shifts and stress occurs in dairy
cows which influence the development of
infection. Infection in calves may be
contracted through  consumption  of
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milk from infected cows. It is observed that
lactating cows had higher prevalence of
bTB than pregnant cows.

v. Age: It is observed that as the age
increases prevalence of bTB infection also
increases. bTB infection and age are
related. It is found that 12 to 36
months aged cattle are at highest risk of
infection.

Vi. Body condition of the animal and
nutritional status: Malnutrition reduces
the immunity and infections are highly
related to body score in HF dairy cows.

Vii. Concurrent infection: bTB spread in two
farms along with bovine viral diarrhoea
infection. It is reported that bovine viral
diarrhoea infected calves when infected
with bTB has increased M. bovis shedding
in nasal secretions.

5.2 Herd-Level Risk Factors

i Herd size: Herd size is linked to
development of bTB in cattle. Dynamic
modelling showed that infection rate is
higher in larger herds due to increased
animal contacts which increase the herd
transmission rate of infection.

ii. Total farm area, neighboring herds and
fragmentation: Common  boundary,
fragmentation holdings with nearby cattle
farms increases the contact. Increases in
farm size are related to high susceptibility
to infections. Although even after
controlling the herd size the risk of
infection may remain high due to the
nearby premises or from increased wildlife
contact.

iii. Movements of Cattle: In Ireland, bTB
spreading is due to cattle movements (6%
to 15%). In Great Britain, this disease is
present in West and South-West Wales.

iv. Farm management: The poor dairy herd
management practices like the one in farm
buildings, and feed stores, and intensive
management practices increase bTB
transmission in a herd.

5.3 Environmental Risk Factors

Survival of Tubercle bacilli is good in moist, cool,
and in areas protected from sunlight. The
persistence of bacilli is based on the temperature,
relative humidity and sunlight. Prolonged survival
period observed in winter rather than summer. M.
bovis remain alive more in shady conditions than
sunny conditions. Bacilli can survive in a
favourable environment for a few days to 2 years.

Risk
factors

Herd size, Total farm area neighboring herds and fragmentation,
Movements of Cattle, Farm management

Environmental

Fig 1. Risk factors

6. TRANSMISSION

Since first part of the 20t century in Europe, Denmark, the UK, Germany recorded a large number of
humans to cattle transmission of TB cases. Recently many documented reports of association
between cattle and humans’ tuberculosis are reported in Africa (Sichewo et al., 2020).

The World Health Organisation referred to the TB caused by M. bovis as an ignored zoonotic disease
in humans. M. bovis can get transmitted to humans through improperly cooked meat, soured milk,
contaminated animal products, unpasteurized dairy products and animal to animal, animal to human
or human to human direct contact. Infection with M. bovis in people is seen in sub-Saharan countries

including South Africa (Sichewo et al., 2019).
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In Tanzania, M. bovis infection is reported in
different hosts including cattle, wildlife species
and humans. Livestock movements can increase
the cross-species transmission of infections
between wild and domestic animals.
Transmission of bTB infection from domestic
animals to wildlife and vice versa transmission is
dependent on environmental conditions, and
human behaviour (Katale et al., 2017).

Infected animals secrete  Mycobacterium
pathogens through saliva, aerosols, urine, feces,
milk, and discharging lesions. Mainly
transmission occurs through infective aerosols.
Tuberculous lesions can be found in the airways
and associated lymph nodes. Close contact
among animals has a major role in transmission
(Good et al., 2018).

In intensive livestock practices such as zero-
grazing enhances close contact among animals.
Feed and water are less important sources of
transmission in comparison to untreated manure.
Oral route of transmission reported in calves
during suckling. In extensive farming practices,
contact can be seen in night shelters and other
places (Yadav and Prakash, 2017).

Aerosols from infected cattle frequently infect
others in close contact, and ingestion-based
transmission is rare, with a possible exception of
suckling calves from infected cows. In cattle
congenital transmission also reported (Phipps et
al., 2018).

7. PATHOPHYSIOLOGY

After inhalation the bacilli are present in the
upper airways. Presence of cell wall lipids helps
tubercle bacilli to resist phagocytosis and they
can proliferate in macrophages. Cell-mediated
immunity reactions occur due to Mycobacterium
accumulation. The caseo-necrotic granuloma
(tubercle) is the hallmark of TB which is an effort
by the host to restrict the disease process and to
destroy bacilli. In tubercle the peripheral zone is
of fibroblasts and lymphocytes and the central
area contains giant cells (Datta et al., 2016). If
phagosome-lysosome combination is disturbed,
the bacilli will multiply at the infection site (Zhai et
al., 2019).

Tubercles are hard, yellow, and spherical, with a
diameter of 1-3 cm and core is of dried cellular
debris. Tubercles, of 2-3 mm in diameter can
also be caused by infection, and spread
haematogenously to other organs which gave

rise to the term known as “miliary tuberculosis”
(Carrisoza-Urbina et al., 2019).

8. CLINICAL SIGNS

The clinical signs in cattle are developed
according to the organ systems involved. During
the initial stages of infection clinical signs are not
appreciable. The gradual onset of signs
characterized by mild fluctuating fever, debility,
chronic moist cough, dyspnea, reduced exercise
tolerance (Thoen et al., 2016). Lymph nodes of
the head and other may enlarge due to
obstruction. Diarrhea or constipation
may be seen because of gastrointestinal tract
involvement.

Infected animals can remain bright and alert and
maintain a good appetite despite weakness and
sluggishness. Miliary tuberculosis may lead to
acute or subacute death by rapid widespread
from primary or secondary lesions through the
haematogenous route (Krajewska-Wedzina et al.,
2020).

The granulomatous bronchopneumonia can be
detected by auscultation and percussion.
Draining abscesses and superficial lymph node
enlargement may also be seen. Deeply affected
lymph nodes always cannot be palpated,
although may cause obstruction of the airways,
pharynx, and gut, and may lead to dyspnoea and
ruminal tympany (Khairullah et al., 2024).

In advanced stages of bTB infection there will be
weakness, a fluctuating low-grade temperature,
decreased appetite, and gradual emaciation
(Ramos et al., 2015). Breathing difficulty, wet
cough, or tachypnoea may be seen. The lesions
are mainly observed in the upper airways, tonsils
and lungs in affected animals (Pal et al., 2022).
Infected animals with a good appetite are seen in
cows with progressive emaciation, temperature
swings, erratic appetite and hair on the exterior
may become abrasive (Krajewska-Wedzina et al.,
2022).

9. ECONOMIC IMPACT

bTB is a concern in the economic status of
the farmer and animal health. M. bovis are
incriminated as a reason for approximately 25%
of TB cases in children. In the top 14 principal
diseases, the bTB is listed that affect livestock
production in South Asia and Africa. The loss
due to bTB in these countries is approximately
estimated to be US$300 million annually and
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globally around US$3 billion annually. The cost is
attributed to culling and less productivity, trade
restrictions and movement controls (Pereira et al.,
2020; Pérez-Morote et al., 2020). Reduced milk
and meat production and reproductive difficulties,
and the stock replacement are the major things
in livestock losses (Borja et al., 2018). bTB has
an impact on global markets, with the bad effects
significantly extending to various sectors related
to livestock economics. Countries with enzootic
bTB will become economically inefficient due to
decrease in export of animal products (Gong et
al., 2021). bTB can potentially disrupt entire
ecosystems, and the efforts will become more
costly and challenging to eliminate the negative
impacts like those in tourism and land for
agriculture (Kemal et al., 2019).

10. DIAGNOSIS

Tuberculin skin test is the ideal detection test for
bTB when the cattle is alive. Procedure is
injecting the tuberculin intradermally and then
measuring the difference in skin thickness 72
hours of inoculation. Apart from this, blood-based
tests like gamma interferon assay that measures
cell mediated immunity (CMI) is also used. This
test is detecting the gamma interferon levels in
previously sensitized bovine blood cells with M.
bovis (Shaltout, 2024).

Caudal Fold Tuberculin test (CFT) is readable at
72h 6 h and if the animal is sensitive then it can
be followed by the Comparative Cervical
Tuberculin test (CCT) which is also readable in
the same timeframe. Follow-up CCT testing can
be done in 10 days of the first CFT in cattle, or
60 days later can be done to avoid
desensitization (Picasso-Risso et al., 2021).

M. bovis is contains Lipoarabinomannan (LAM),
and for diagnosis LAM detection in the urine and
milk of cattle can be done to diagnose bTB
(Bulterys et al.,, 2019). The Lionex Animal TB
Rapid Tuberculosis Test (Lionex-test,
Braunschweig, Germany) is a rapid TB test that
utilises serum, plasma, or even whole blood, to
detect M. tuberculosis complex antigens (Kelley
et al., 2020; Zewude et al., 2019).

10.1 Field Diagnosis of bTB

i. Tuberculin Test: Diagnosis of bTB is
Tuberculin skin test (TST) that considers a
standard method of injecting purified
protein derivative (PPD) intradermally and
measuring the difference in skin thickness
after 72 hours. The PPD injection
stimulates CMI and sensitizes T cells at
the injected site and release lymphokines
which causes edema, local vasodilatation,
fiorin and other inflammatory cells
deposition, leading to swelling which can
be seen in injected sites (Vordermeier et
al., 2016).

ii. Ante-Mortem  Examination (Clinical
Signs) of bTB: In bTB the clinical signs
are depending on many factors like sites of
infection, virulence, infectious dose, host
immune competence and outer influences.
The incubation time for bTB is between 2
months to several years. Mostly infected
cattle do not show clinical signs, but when
clinical signs present then they are very
variable and nonspecific due to the fact
that the disease is always progressive and
there will be debility, toxemia, weakness,
and eventual death of the affected animal
(Byrne et al., 2022).

IFN-y Release Assay
¢
ELISA
Tuberculin Test ¢
0 l—l Mycobacterial Culture
DIAGNOSIS ™
Ante-Mortem Q: ,/; %> ¢
Examination [ Histopathology
¢ ¢
Pos UIIIDI‘IBIIIJ Molecular Diagnosis
Examination

Fig. 2. Diagnosis of bTB
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iii. Postmortem Examination of bTB: In
endemic areas, postmortem examination
aids in detection of bTB cases especially in
slaughtered animals or in tuberculin
reactors. Scarcity of diagnostic tests
hinders the identification of bTB cases in
the field. It is a concern that 20-30% of
bTB cases are diagnosed during
postmortem examination. Detection of
characteristic tubercles of 2-20 mm in
diameter with connective tissue and having
necrosis in lymph nodes like
retropharyngeal, bronchial and mediastinal
are helpful in diagnosis (Pascual-Linaza et
al., 2017).

10.2 Laboratory Diagnhosis

i. IFN-y Release Assay (IGRA): The main
ancillary test in bTB diagnosis is IFN-y
release assay and this is used as a parallel
with TST. IFN-y release assay (IGRA) can
detect infection within 14 days after
infection. No limitation of retesting through
IGRA due to in contrast to TST and it is an
in vitro test (Sinclair et al., 2016).

ii. ELISA: The specificity and sensitivity of
tests for detection of bTB depend on many
factors like stage of the disease, immune
status of the animal, previous exposure to
bovine tuberculin and type of antigen used.
The sensitivity of ELISA which is
antibodies-based is  higher,  when
evaluated at an advanced stage of disease
by gross lesions (van Der Heijden et al.,
2020).

iii. Mycobacterial Culture: The international
gold standard test for bTB is Isolation and
identification of mycobacteria, due to the
slow growth rate of MBTC it can go up to
three months. On Lowenstein—Jensen
slants can see moist growth, flat, white and
friable colonies that indicate the primary
cultures of M. bovis. For confirmation of
the presence of acid-fast bacilli by
Zihel-Neelsen stain (Soares Filho et al.,
2019).

iv. Histopathology as a Diagnhostic Method
of bTB: Histopathological confirmation can
be done with encapsulation of granuloma,
with  epithelioid cells, presence of
Langhans cells, lymphocytes, or
neutrophils in tuberculous-like lesions
(Canal et al., 2017).

v. Molecular Diagnosis: One of the widely
used molecular techniques is PCR since it
helps in rapid diagnosis (sensitivity is 85%)
and further contributes in controlling the
infection. Further PCR is far better than
conventional histopathology or any other
similar techniques. Many researchers are
using PCR in conjunction with other
techniques like ELISA as it is safer, quick
and less expensive (Algammal et al., 2019).

Development of a loop-mediated
isothermal  amplification  (LAMP) by
Kapalamula et al. (2021) marked as a
specific identification method of M. bovis.
LAMP can detect M. bovis in 40 min of
incubation and can be read with the naked
eye. It is a low-cost and rapid method for
regular surveillance of M. bovis infection in
cattle in endemic areas.

10.3 In silico Analysis

In Egypt, Abdelaal et al. (2019) used in silico
analysis to detect spoligotypes and lineages of M.
bovis isolates. Such type of analysis on bTB is
very limited worldwide. Bioinformatics tools can
be used for nucleotide polymorphisms, prediction
of mutations, drug resistance, protein—protein
interactions (PPI) and lineages of ten
Mycobacterium strains.

11. DRUGS FOR TREATMENT AND
DEVELOPMENT OF RESISTANCE
Singh and Chibale, (2021) reported that

tuberculosis caused by M. tuberculosis is a
chronic necrotizing infection and considered as
incurable until the introduction of Streptomycin
(STM) for treatment. First clinical trial using STM
was done by the British Medical Research
Council (BMRC) in 1946. Treatment with STM
showed reduction in mortality but unfortunately
resistance started developing to this drug. In the
1960s, Isoniazid (INH)-Para-aminosalicylic acid
(PAS) was discovered, which found that care in
the home was also effective and comparable to
treatment in a  hospital. Modern-day
chemotherapy against TB is effective to treat
drug-susceptible disease which includes a
therapy with a combination of drugs viz. INH,
ethambutol (EMB), rifampicin (RIF),
pyrazinamide (PZA) for six months. Tuberculosis
was declared a global public health emergency
by the World Health Organization (WHO) in 1993.
Tuberculosis was commonly treated by INH, PZA,
RIF, and EMB, followed by streptomycin and
Kanamycin (KAN).
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Fig. 3. Multi- drug resistance

12. MULTI-DRUG RESISTANCE (MDR)

Development of multi drug resistance to any
organism is a challenge in treatment of cattle
(Debbarma et al.,, 2025). Rajesh et al. (2025)
reported that in another study at Mizoram, it was
observed that antibiotics were inadvertently used
for treating different ailments in canine patients
which raise concerns. Similarly, Mycobacterium
also developed resistance to different antibiotics
which pose difficulty in its treatment.

i. Presence of C—G point mutation in the
pncA gene, at nucleotide 169 makes M.
bovis resistant to PZA and is considered
as natural resistance to PZA.

i. From different reports it is evident that
there is an increase in INH resistance to M.
bovis in Ireland (Anne et al., 2019). The
resistance of Mycobacterium to INH is
reported to be due to mutation in katG
gene and inhA gene (Nono et al., 2025).

iii. Sometimes Mycobacterium shows

resistance to RIF due to mutation of ropB

gene (Khan et al., 2021).

iv. EMB resistance is attributed to embCAB
operon mutations (Wu et al., 2022).
v. Loss of virulence factor synthesis and

prevention of Coenzyme A depletion is the
reason for resistance of Mycobacterium to
PZA (Gopal et al., 2016).

vi. Abdelsadek et al. (2020) reported MDR
with high resistance for both INH (59.3%)
and PZA (78.5%).

vii. In addition, Mycobacterium tuberculosis
complex (MBTC) isolates were resistant to
the KAN (82.3%) and Amikacin (AMK)
(80.7%). Research shows that resistance
of Mycobacterium to KAN and AMK
develop as a consequence to mutations
in1483 region of rrs gene (Sheikh et al.,
2021).

viii. Islam et al. (2020) opined that
Mycobacterium develops resistance to
AMK when there is mutation in the rrs
gene. Further they reported that seven M.
bovis strains were resistant to EMB and
ethionamide (ETH). It is reported that
Mycobacterium may develop resistance to
ETH due to mutations in the ethR, inhA,
and etaA/ethA genes (Dookie et al., 2018).
Resistance profile will provide useful
empirical data for better treatment and
management of tuberculosis and make the
epidemiological surveys simpler.

Sterling (2020) pointed out that tuberculosis was
treated with combination therapy for over 50
years. Common first line drugs are RIF, INH,
PZA, EMB, and STM and second line of drugs
are aminoglycosides and the new class of
fluoroquinolones. Antimycobacterial drugs are
not used singly. Treatment regimens that use
only a single drug may result in rapid
development of resistance and subsequent
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treatment failure. Extensively drug-resistant TB
(XDR TB) is mostly rare and involves resistance
to INH and rifampicin and resistance to any
fluoroquinolone second-line drugs, AMK, KAN, or
capreomycin (CAP). Extensively drug-resistant
TB is resistant to both the first-line and second-
line drugs, and hence less effective treatment
(Maitre et al.,, 2017; Krajewska-Wedzina et al.,
2022). In a recent study in Iran, Shafipour et al.
(2025) reported that the relJ gene may be
associated with antibiotic resistance in M. bovis.

12.1 Treatment

Currently, treatment is not recommended for bTB
due to its infectious nature. Culling is often
recommended in many parts of the world if the
animal is found infected by bTB. The anti-
tuberculosis drug PZA is not effective for bTB.
RIF and INH can be used effectively. INH @ 5
mg/kg body weight has been found beneficial
against tuberculosis in cattle, but treatment
requires 45 days. Administration of INH is @ 10
mg/kg body weight for 6-12 months period will
give excellent prevention of tubercle bacilli
excretion through cow milk. Oral administration
of 300mg of RIF and 300mg INH along with
500mg STM intramuscular can be used for
treatment (Admassu et al., 2015).

Domestic livestock are rarely treated except in
cases of valuable animals. First line of anti-
tuberculous chemotherapy has the greatest
activity such as RIF, STM, EMB, INH and PZA.
CAP, thioacetazone, ETH and cycloserine are
the second line drugs. Primary control of bTB
depends on testing of affected animals, tested by
Tuberculin skin test (TST), isolation of affected
animals from herds, routine slaughter,
surveillance, culling of the infected animals and
restriction of the movement in the affected herds.
Border testing policies through epidemiological
investigation of reported cases and certification
of a negative TB test animal for entering into
other countries can be implemented (McKinley et
al., 2018).

12.2 Control and Prevention

In India, prevalence of bTB was estimated at
7.3%, affecting approximately 21.8 million cattle
and buffalo. Zoonotic tuberculosis is associated
with extrapulmonary and pediatric infections that
are very challenging to diagnose, and difficult to
get appropriate samples. Control strategies for
India's National TB Elimination Program and the
global End TB programme goals 2035 as target
(Ramanujam et al., 2025).

M. bovis—BCG vaccination strategies are
examined for bTB control in India. New
diagnostic tests can differentiate infected cattle
and vaccinated animals (Srinivasan et al., 2021).
Study conducted in Ethiopia, showed that BCG
vaccination can reduce bTB transmission by up
to 74% and can prevent 50%-95% of cases
(Fromsa et al.,, 2024). This emphasizes the
requirement for safe, efficient, and accessible
vaccines to control bTB in endemic regions like
India, and the importance to evaluate vaccine
efficacy against M. tuberculosis.

Chandran et al., (2019) reported that novel BCG
vaccine to protect animals against bTB, and
novel skin test for differentiating infected from
vaccinated animals (DIVA) will detect bTB. Many
studies have been conducted in animal models
with formalin-killed and heat-inactivated vaccines
which give variable results. Production of
effective, safe, and easily-implemented vaccines
in domestic animals still remains a challenge.
Since bTB is zoonotic and can cause many
public health hazards, many organizations like
OIE, WHO, FAO adopted the One Health
approaches to curtail challenges due to
tuberculosis (Olea-Popelka et al., 2017).

For the successful control and eradication of bTB
in developed countries they have implemented
national programs with regular testing and
disposal of infected animals. Many countries
have achieved TB free status. Tuberculosis
control by targeting the whole host for successful
control, evidence of close interactions among all
forms of possible hosts needs to be addressed
simultaneously (Gortazar et al., 2023; Krajewska-
Wedzina et al., 2020).

Vaccination program was successful in many
European Union member states as well as seven
countries in central Europe between 1953 and
1980 (Jemal, 2016). Provision of specific hygiene
for animal originated foods to stop diseased
animals from the food chain and lower the
hazards from consuming tainted milk and meat
(Tora et al., 2022). Inspecting the meat needs to
be improved for preventing the disease.
Examination of both pre and post-mortem on any
animal which are used for consumption is also
recommended (Clausi et al., 2021).

Standard bTB control strategy includes testing
the animals and standard slaughterhouse
inspection. The early detection of infected
animals can help in removing it from the herd
and this will prevent further infection. Tuberculin
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testing is helpful in the control of bTB. It is
recommended that at least 12 months before
slaughtering an animal tuberculin test needs to
be done. Combined efforts involving veterinary
and medical specialists are critical during
outbreak of disease (Abbate et al., 2020;
Picasso-Risso et al., 2021).

13. CONCLUSION

Bovine tuberculosis (bTB) is still a major zoonotic
disease that affects public health and the
economy globally. Its prolonged clinical history,
production of distinctive granulomatous lesions,
and aerosol inhalation provide major challenges
to disease control in cattle. For the detection of
infected animals, early diagnosis using skin
testing, post-mortem inspection and molecular
approaches is essential. Strict control measures,
including isolation, monitoring, mobility limitations,
and culling of positive animals, are essential for
efficient management. Developed nations have
shown that successful eradication and TB-free
status may be achieved through extensive
national programs that include regular testing
and the disposal of affected animals.
Strengthening control measures in  endemic
regions is essential to reduce disease prevalence,
safeguard livestock productivity, and minimize
zoonotic transmission to humans.
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