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Abstract
Background and Aim: Bovine tuberculosis (TB) is a zoonotic disease of great public health importance, particularly 
in Indonesia, where control measures are limited or are not implemented. This study aimed to detect the presence of 
Mycobacterium pathogens in milk samples from dairy cattle in Pasuruan regency and Surabaya City, East Java, using 
Ziehl–Neelsen acid-fast staining and polymerase chain reaction (PCR).

Materials and Methods: Milk samples were aseptically collected from 50 cattle in the Lekok Subdistrict, Pasuruan 
Regency, and 44 from dairy farms in the Lakarsantri Subdistrict, Wonocolo Subdistrict, Mulyorejo Subdistrict, and Kenjeran 
Subdistrict, Surabaya, East Java. To detect Mycobacteria at the species level, each sample was assessed by Ziehl–Neelsen 
staining and PCR using the RD1 and RD4 genes.

Results: The results of PCR assay from 50 samples in Lekok Subdistrict, Pasuruan Regency showed that 30 samples (60%) 
were positive for Mycobacterium tuberculosis and two samples (4%) were positive for Mycobacterium bovis, although 
Ziehl–Neelsen staining did not show the presence of Mycobacterium spp. In the Surabaya region, 31 samples (70.45%) 
were positive for M. tuberculosis and three samples (6.8%) were positive for M. bovis. Six samples (13.63%) from all PCR-
positive samples could be detected microscopically with Ziehl–Neelsen.

Conclusion: The presence of bovine TB in this study supports the importance of using a molecular tool alongside routine 
surveillance for a better understanding of the epidemiology of bovine TB in East Java.

Keywords: bovine tuberculosis, cattle, polymerase chain reaction, public health, raw milk.

Introduction

Bovine tuberculosis (TB) is an infectious dis-
ease that has become widespread worldwide [1]. 

Mycobacterium bovis is a causative agent of bovine 
TB, which can infect farm animals, wild animals, 
and humans (zoonosis) [2]. M. bovis belongs to 
the Mycobacterium tuberculosis complex, which 
includes M. tuberculosis, Mycobacterium africa-
num, and Mycobacterium microti [3]. Detection of 
Mycobacterium infection in cattle samples is very 
important. Milk is a major source of protein and 
other nutrients that can be contaminated by patho-
gens and can transmit TB and other Mycobacterium 
infections from animals to humans [4]. Human and 
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bovine varieties of TB are antigenically the same 
because cross-reactions can occur [1]. In the last two 
decades, M. bovis infection has infected humans in 
0.5%–7.2% of all patients with a bacteriologically 
confirmed diagnosis of TB in developed countries, 
whereas in developing countries, M. bovis infection 
is still a major threat to public health [5]. The high-
est prevalence of TB in humans is found in the Asian 
region, where China, India, Bangladesh, Indonesia, 
and Pakistan together cause more than 50% of the 
global burden [6]. Two-thirds of the total global bur-
den of TB is in eight countries: India (26%), Indonesia 
(8.5%), China (8.4%), Philippines (6.0%), Pakistan 
(5.7%), Nigeria (4.4%), Bangladesh (3.6%), and South 
Africa (3.6%) [7]. Although M. bovis infection, which 
causes TB in humans, is very low compared with 
M. tuberculosis infection, the very high risk among 
people who frequently interact with livestock must 
be considered [8]. Animals infected with M. bovis can 
potentially infect humans (zoonotic TB) [2]. M. bovis 
infection in animals and humans is a potential health 
risk [5].

Preventing zoonotic diseases by controlling 
and managing infections caused by M. bovis in cat-
tle requires appropriate efforts [9]. Early detection of 
M. bovis infection in cattle is an initial step in pre-
vention [10]. A tuberculin test on cattle can be per-
formed as an initial step to detect TB [11]. Detection 
of TB lesions in slaughterhouses or farms should be 
followed by examination of the area of origin of the 
cattle to identify further cases [12]. The tuberculin 
test, which is useful for initial identification of TB in 
cattle, is only a measure of the presence of M. tuber-
culosis complex infection; therefore, it is neces-
sary to perform a polymerase chain reaction (PCR) 
examination to determine whether it is M. bovis or 
another Mycobacterium spp. [11]. There is no infor-
mation data or surveillance program on the spread 
of bovine TB in dairy cattle in East Java because 
the largest population of dairy cows is in East Java 
(approximately 296.3 thousand heads, or 50.68% 
of the total population of Indonesian dairy cows). 
Therefore, East Java may have the largest potential 
for TB cases in cattle [13]. East Java province has 
the second highest number of TB cases after West 
Java province [14]. The number of TB cases in East 
Java reached 41,404 cases, whereas those in West 
Java reached 62,563 cases [15]. Surabaya has the 
highest number of TB cases in East Java Province 
(3990 cases) [14]. Moreover, Pasuruan Regency is 
the largest contributor to the dairy cattle population 
in East Java Province and has the fifth largest number 
of TB cases in humans [16].

Zoonotic TB (M. bovis) transmission risk 
can occur in livestock, dairy cattle, and their 
products [17]. There is no definite information 
regarding the prevalence of zoonotic TB (M. bovis 
or M. tuberculosis) in cattle in Indonesia. The dis-
tinction between M. bovis and M. tuberculosis is still 

based on culture and biochemical methods. Although 
these methods are very difficult, time-consuming, 
and less accurate, PCR can be the best alternative 
method for accurately differentiating mycobacterial 
species [18].

This study aimed to detect bovine TB in cattle 
milk samples from Surabaya and Pasuruan Regency, 
East Java, using Ziehl–Neelsen acid-fast staining and 
PCR.
Materials and Methods
Ethical approval

All samples used in this study were obtained 
from routine milking activities performed by the 
farmer. All samples were in complete compliance with 
national regulations. Therefore, there was no need for 
ethical approval.
Study period and location

The samples were collected from November 
2022 to February 2023. Milk samples were collected 
from the Lekok sub-district in Pasuruan and four 
sub-districts in Surabaya (Lakarsantri, Wonocolo, 
Mulyorejo, and Kenjeran) of East Java, Indonesia.
Sample collection

  A total of 94 lactating cattle were used for milk 
sampling. Milk sampling was performed aseptically, 
and the samples were collected in a sterile storage bag. 
Thirty milliliters of milk sample was taken from each 
cattle. The samples were then centrifuged at 3000× g 
for 10 min. The pellets were used to prepare smears 
and extract DNA.
Ziehl–Neelsen staining

Acid-fast bacilli (AFB) staining was performed 
using the Ziehl–Neelsen method, which provides high 
sensitivity and specificity and is a simple method of 
staining that was performed according to the manu-
facturer’s instructions using the Ziehl–Neelsen Acid-
fast Bacillus Staining Kit (IndoReagen, Indonesia). 
The preparation was dried on a drying rack and then 
examined using a light microscope (Nikon, Japan) at 
1000× magnification [19].
Extraction of DNA from milk samples

DNA was extracted using a Wizard® Genomic 
DNA Purification Kit (Promega, USA) according to 
the manufacturer’s instructions. After all the extraction 
steps, the samples were incubated in a water bath at 
65°C for 1 h for immediate use or incubated at 4°C 
for 24 h.
Multiplex PCR for molecular detection

We used the procedure described by Sonekar et 
al. [20], with slight modifications, particularly in the 
initial denaturation time from 95°C for 7 min to 95°C 
for 2 min, and modifications in the annealing tempera-
ture from 59°C to 52°C for 1 min, as optimized in our 
study. The oligonucleotides used in this study were 
RD1 [21] and RD4 [22], with primary sequence RD1 
(forward: CCC TTTCTCGTGTTTATACGTTTGA, 
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reverse: GCCATATCGTCCGGAGCTT) and RD4 
(forward: AATGGT TTGGTCATGACGCCTTC, 
reverse: CCCGTAGCG TTACTGAGAAATTGC). 
RD1 and RD4 were used to determine Mycobacterium 
spp., with reading of amplified PCR products at 
110 bp and 176 bp positive for M. bovis, at 176 bp 
only positive for M. bovis BCG strain, and at 110 bp 
only positive for M. tuberculosis [20]. PCR reactions 
were performed in a total volume of 25 μL consisting 
of 12.5 μL GoTaq® Green Master Mix (Promega), 
0.75 μL forward RD1, 0.75 μL reverse RD1, 0.5 μL 
forward RD4, 0.5 μL reverse RD4, 2 μL DNA tem-
plate, and 8 μL nuclease-free water. A positive control 
was also included in the amplification analysis.

The PCR thermocycle for amplification was 
pre-denaturation at 95°C for 2 min, denaturation at 
95°C for 1 min, annealing at 52°C for 1 min, exten-
sion at 72°C for 1 min, final extension at 72°C for 
5 min, and cooling at 4°C for 5 min for 35 cycles. 
Amplification products (3 μL) were then analyzed by 
electrophoresis using a 100 bp DNA ladder (Promega) 
on 2% agarose gel (Invitrogen, USA) running at 90 V 
for 45 min. Subsequently, it was visualized by immer-
sion in ethidium bromide fluorescence for 20 min, 
and the electrophoresis results were then viewed with 
an ultraviolet-transilluminator (ColeParmer, UK). 
The amplification product was declared positive for 
the RD1 gene if a single band is visible at 110 bp and 
the RD4 gene at 176 bp.
Results
Ziehl–Neelsen staining

Six (13.63%) out of 44 dairy cows in Surabaya 
(Wonocolo sub-district and Kenjeran sub-district) 
were positive for Mycobacterium spp., whereas 
no Mycobacterium spp. was observed in any of 
the 50 samples from Lekok sub-district, Pasuruan 
(Table-1 and Figure-1).
Detection using multiplex PCR

Of the 94 milk samples subjected to the PCR 
assay, 61 samples (64.89%) were positive for 
M. tuberculosis and 5 samples (5.31%) were posi-
tive for M. bovis (Table 2). DNA sample products 
were amplified at 110 bp (RD1) for M. tuberculosis 
and 110 bp + 176 bp (RD1 and RD4) for M. bovis. 
The results that appeared were considered positive 
for M. tuberculosis and showed one band above the 
100 bp marker line, namely, 110 bp, whereas those 
positive for M. bovis showed two bands above the 
100 bp marker line and below 200 bp, namely, 
110 + 176 bp (Figure 2).
Discussion

Mycobacterium spp. cannot be classified as 
Gram-positive or Gram-negative because the cell wall 
of this bacterium does not have the characteristics of 
the outer membrane of Gram-negative bacteria [23]. 
This bacterium has a peptidoglycan–arabinogalac-
tan–mycolic acid structure that acts as an external 

Table 1: Data for Ziehl–Neelsen staining.

Location Subdistrict Number of 
samples

Number 
of positive 

Ziehl-Neelsen

Pasuruan Lekok 50 0
Surabaya Lakarsantri 7 1

Wonocolo 22 1
Mulyorejo 4 0
Kenjeran 11 4

Total 94 6

Figure-2: Electrophoresis of polymerase chain reaction 
products on a 2% agarose gel. M: Molecular size marker 
100 bp; Lanes 28, 29, and 30 show a 110-bp fragment 
of the RD1 gene; Lanes 31, 32 show 110-bp and 176-bp 
fragments of the RD1 and RD4 genes; K (+)1 is a positive 
control for Mycobacterium tuberculosis; K(+)2 is a positive 
control for Mycobacterium bovis; K(–) is a negative control.

Figure-1: Microscopic examination of milk samples shows 
acid- fast bacilli of Mycobacterium spp. (red arrows) (Ziehl–
Neelsen stain ×1000).

permeability barrier; therefore, when Gram-positive 
staining is performed, the color will appear very weak 
or not visible [24]. Using the Ziehl–Neelsen stain-
ing method, these bacteria appear red in color. The 
presence of M. bovis and M. tuberculosis with Ziehl–
Neelsen staining is important to detect AFB [25]. One 
of the most commonly used microscopic methods 
in this study is AFB examination, which checks for 
M. tuberculosis or M. bovis.

The results of Ziehl–Neelsen staining and PCR 
were different. Fifty milk samples from the Lekok 
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Table 2: PCR examination results.

Location Subdistrict Number of samples PCR results

M. tuberculosis M. bovis

Pasuruan Lekok 50 30 2
Surabaya Lakarsantri 7 5 0

Wonocolo 22 16 1
Mulyorejo 4 1 0
Kenjeran 11 9 2

Total 94 61 5

PCR=Polymerase chain reaction, M. tuberculosis=Mycobacterium tuberculosis, M. bovis=Mycobacterium bovis

sub-district stained using the Ziehl–Neelsen method 
showed no presence of Mycobacterium spp. Three 
samples from Surabaya that showed positive results 
for M. bovis by PCR did not show results from Ziehl–
Neelsen staining. Thirty-four milk samples from the 
Surabaya region were confirmed to be positive for 
Mycobacterium by PCR, and only six samples showed 
positive results by microscopic examination. This 
may be due to a small number of bacteria in the sam-
ple during the staining process. According to Holani 
et  al. [26], many factors, including the prevalence of 
TB, the quality and number of specimens, coloring 
methods, and the ability of laboratory personnel to 
conduct the examination, can affect the sensitivity of 
staining with the Ziehl–Neelsen method.

AFB in samples containing at least 
10,000 AFB/mL will be visible microscopically [27]. 
In Ziehl–Neelsen staining, to obtain clear color results, 
minimum sample handling must be performed for 
<2 h [28]. According to Bolaños et al. [4], AFB stain-
ing of milk has a low sensitivity; if the staining results 
are negative, it does not mean there is no infection in 
the sample. Sample handling and the number of bac-
terial specimens taken greatly determine the results 
in the Ziehl–Neelsen coloring method [29]. Another 
influencing factor in this method is the number of 
bacterial specimens taken, which makes it possible to 
take very few or even no bacteria, since the milk sam-
ple taken for the preparation is only one to two drops 
from the entire 10 mL sample.

In contrast to the PCR test, almost the entire 
10 mL sample was processed to extract all the DNA, 
so the percentage of bacteria was quite large. Another 
study also explained that the examination of AFB in 
sputum using the Ziehl–Neelsen staining method will 
show a positive result if the sputum contains at least 
105 AFB/mL [26]. Microscopic examination results 
cannot distinguish M. bovis from other Mycobacterium 
spp. In the present study, PCR results were positive 
for M. tuberculosis. Ziehl–Neelsen staining can only 
show the presence of Mycobacterium but cannot deter-
mine its species [19]. M. tuberculosis and M. bovis 
infections are very difficult to distinguish based on 
clinical symptoms and pathological examination, as 
both show similar changes [30].

PCR is the most reliable technique for the rapid 
and specific detection of Mycobacterium spp. because 

it overcomes the lack of specificity of other tradi-
tional laboratory techniques, such as histopathology, 
and it allows the identification of Mycobacterium spp. 
from culture isolates or genomic DNA extracted from 
clinical specimens [31]. The PCR assay is the most 
convincing alternative approach for the rapid and 
specific diagnosis of TB [32]. It can detect the small-
est trace of genetic material in a sample confirming 
exposure to the pathogen, does not require the isola-
tion of the organism, and can detect DNA from both 
living and non-living organisms [20]. In the PCR test, 
even though the M. tuberculosis bacteria died, it was 
still detected because the DNA of the bacteria was 
detected [33].

PCR methods have been successfully used to 
diagnose bovine TB in various naturally infected 
clinical samples, such as tissue, blood, milk, and 
nasal exudates [34]. According to Cezar et al. [35], 
the PCR test detects TB with higher sensitivity than 
acid-resistant, fluorescent staining, and bacterial cul-
ture methods. This study identified M. tuberculosis 
and M. bovis using the primers RD1 and RD4. RD1 
is one of the virulence factors containing the Early 
Secreted Antigenic Target 6 kDa gene, which is 
expressed by RD1 to be recognized by the immune 
response in the early stages of infection and is a 
potential immunostimulator [36]. RD4 is a flanking 
primer for specific deletions in the M. bovis genome 
and can be used to detect M. bovis AF2122/97, BCG 
Pasteur, and Veterinary Laboratory Agency panels of 
10 different spoligotypes [37].

Samples were amplified at 110 and 176 bp. 
Bapat et al. [38] explained that using RD1 and 
RD4 primers amplified at 110 and 176 bp yielded 
specific results in detecting M. tuberculosis and 
M. bovis bacteria. This was confirmed by perform-
ing PCR tests on 85 goat blood samples suspected 
of TB infection and amplified at 110 and 176 bp. 
We found that 25 (33.33%) samples were positive 
for M. bovis and negative for M. tuberculosis. In 
total, 61 (64.89%) samples of M. tuberculosis and 
5 (5.31%) samples of M. bovis from 94 samples col-
lected from Surabaya City and Lekok sub-district, 
Pasuruan, were positive.

In this study, positive results for M. tuberculo-
sis in 61 samples suggested zoonotic transmission 
of bacterial infection (human to animal). According 
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to Chung et al. [39], age, socioeconomic conditions, 
environmental factors, community behavior factors, 
and a history of contact with patients with TB are fac-
tors associated with TB incidence. Factors that sup-
port the occurrence of infection in cattle include a very 
high frequency of contact with humans, a very close 
distance between cages and residential areas, and 
poor environmental conditions such as high humid-
ity, poor ventilation, and poor feed conditions [40]. 
Transmission between cattle may also be influenced 
by the excretion frequency route of infection, infec-
tive dose, transmission period, and host susceptibil-
ity [41]. A study by Ramandinianto et al. [42] and 
Widodo et al. [43] reported that milk samples taken 
from individual dairy cows aseptically and placed into 
sterile plastic indicated microorganism contamination 
from human to cow milk.

The number of M. tuberculosis cases found in 
this study may be influenced by the frequency of con-
tact with humans, the location of the farm in the mid-
dle of a residential area, the population density, and 
the high number of TB cases in this area. M. tubercu-
losis infection in farm animals (cattle) can potentially 
be transmitted back to humans [44]. M. tuberculosis 
does not have a native animal host or reservoir, and 
infected animals are likely to be accidental hosts. The 
main source of M. tuberculosis in animals, including 
cattle, is strongly believed to be humans with active 
TB [45]. According to Dwyer et al. [46], this can 
occur because M. tuberculosis and M. bovis, as the 
main hosts of specific pathogens, have the ability to 
infect a variety of hosts because they can cross spe-
cies barriers, thereby spreading disease transmission 
between humans and animals.

Although the extent and risk of infection 
caused by M. bovis are unclear, M. tuberculosis 
can be isolated from tuberculous cattle, indicat-
ing a potential risk of transmission from cattle to 
humans [47]. M. tuberculosis infection occurs when 
a few airborne tubercle bacilli from a patient with 
active TB reach the host’s alveoli [48]. Because of 
such dispersal, the classical form of TB can develop 
in animals living in close contact with humans with 
active TB. Therefore, cross-transmission is a cause 
of the high positive yields of M. tuberculosis in the 
sample.

In this research, we delve into the intricacies 
of our findings regarding the detection methods 
employed for Mycobacterium spp., including the 
Ziehl–Neelsen staining method and PCR. We outline 
the differences observed between these two techniques 
and study the factors influencing the sensitivity of the 
Ziehl–Neelsen staining method. To our knowledge, 
which is supported by laboratory findings, revealed 
the PCR method has a greater sensitivity in detecting 
Mycobacterium spp. and is also able to differentiate 
between M. tuberculosis and M. bovis infections.

Understanding the potential zoonotic trans-
mission of M. tuberculosis from cattle to humans 

is critical to establish ideal intervention/preventive 
strategies within the human and animal popula-
tions in Indonesia. Therefore, these findings serve 
as a future reference in elucidating the dynamics of 
tuberculosis transmission at the human-animal inter-
face [49].

Moreover, through this study, we hope to expand 
its findings toward comprehensive analysis and its 
applications moving beyond mere summarization to 
offer insights that contribute to the advancement of 
knowledge in this field. In line with the emphasized 
zoonotic potential of M. tuberculosis and M. bovis, it 
is crucial to consider the human–animal interface and 
evaluate the characteristics of individuals involved in 
close contact with animals [17].

Understanding the demographics, occupa-
tional practices, and hygiene behaviors of animal 
husbandry workers can provide valuable insights 
into the potential pathways of zoonotic transmis-
sion [50]. Surveys or interviews with farm work-
ers, veterinarians, and other relevant personnel 
could shed light on the risk factors associated 
with the transmission of TB between animals and 
humans [40]. Given the importance of molecu-
lar epidemiology in elucidating disease transmis-
sion dynamics, more in-depth molecular analysis 
of Mycobacterium isolates is required. Genomic 
sequencing or other molecular techniques can facil-
itate a comprehensive understanding of the genetic 
diversity, transmission patterns, and virulence fac-
tors of Mycobacterium strains that circulate within 
human and animal populations [51]. The molecular 
characterization of isolates can also help to distin-
guish between Mycobacterium spp. and identify 
potential reservoirs of infection [52]. Integrating 
these analyses into future research endeavors can 
enhance the ability to detect, monitor, and prevent 
zoonotic transmission of TB, ultimately contribut-
ing to more effective disease control strategies [53].
Conclusion

There are cases of TB in cattle at dairy farms in 
Lekok Subdistrict, Pasuruan Regency, and Surabaya 
Regency that require further action; moreover, the 
study demands thorough testing of the flocks for 
continuous monitoring of TB to prevent its further 
spread. It stresses the need for further action and 
thorough testing of cattle herds in order to monitor 
and prevent the spread of TB. The findings of this 
study underscore the zoonotic potential of M. tuber-
culosis and M. bovis, highlighting the importance 
of evaluating the human–animal interface in the 
transmission of TB. To elucidate potential transmis-
sion pathways, further research efforts should focus 
on characterizing the demographics and behav-
iors of individuals in close contact with animals. 
In addition, a more extensive molecular analysis 
of Mycobacterium isolates is required to enhance 
our understanding of disease epidemiology and 
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inform targeted control measures. If these knowl-
edge gaps are addressed, the ability to mitigate the 
spread of TB between animals and humans can be 
improved, ultimately ensuring public health and 
animal welfare.
 Authors’ Contributions

IAD and ML: Collected and assembled the 
data. SRA, SCK, and WT: Collected the samples, 
laboratory works, and drafted the manuscript. DKW 
and DKM: Analysis and interpretation of data. YD, 
OSMS, and DAP: Concept and design of the study. 
AMW, INAK, and ADSP: Investigation and data cura-
tion and reviewed the manuscript critically for import-
ant intellectual content. HMR and YP: Analysis and 
data curation and critically revised the manuscript. All 
authors have read, reviewed, and approved the final 
version of the manuscript.
Acknowledgments

This study was supported by the Rector of 
Universitas Airlangga, Surabaya, Indonesia, who 
provided funding for this study by Penelitian Dosen 
Pemula Universitas Airlangga Tahun 2022 (Grant 
number: 251/UN3/2022). The authors would also 
like to thank the Food Security and Agriculture 
Departments of Surabaya and Pasuruan for their sup-
port and cooperation.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Borham, M., Oreiby, A., El-Gedawy, A., Hegazy, Y., 

Khalifa, H.O., Al-Gaabary, M. and Matsumoto, T. (2022) 
Review on bovine tuberculosis: An emerging disease asso-
ciated with multidrug-resistant Mycobacterium species. 
Pathogens, 11(7): 715.

2. Singh, A.V., Yadav, V.S., Chauhan, D.S. and Singh, S.V. 
(2022) Mycobacterium bovis induced human tuberculosis in 
India: Current status, challenges & opportunities. Indian J. 
Med. Res., 156(1): 21–30.

3. Riojas, M.A., McGough, K.J., Rider-Riojas, C.J., 
Rastogi, N. and Hazbón, M.H. (2018) Phylogenomic 
analysis of the species of the Mycobacterium tubercu-
losis complex demonstrates that Mycobacterium afri-
canum, Mycobacterium bovis, Mycobacterium caprae, 
Mycobacterium microti and Mycobacterium pinnipedii are 
later heterotypic synonyms of Mycobacterium tuberculosis. 
Int. J. Syst. Evol. Microbiol., 68(1): 324–332.

4. Bolaños, C.A.D., Paula, C.L., Guerra, S.T., Franco, M.M.J. 
and Ribeiro, M.G. (2017) Diagnosis of mycobacteria in 
bovine milk: An overview. Rev. Inst. Med. Trop. Sao Paulo, 
59(1): e40.

5. Vayr, F., Martin-Blondel, G., Savall, F., Soulat, J.M., 
Deffontaines, G. and Herin, F. (2018) Occupational expo-
sure to human Mycobacterium bovis infection: A systematic 
review. PLoS Negl. Trop. Dis., 12(1): e0006208.

6. Mitra, A.K. and Mawson, A.R. (2017) Neglected tropical 
diseases: Epidemiology and global burden. Trop. Med. 
Infect. Dis., 2(3): 36.

7. Mason, S. and Solomons, R. (2021) CSF metabolomics of 
tuberculous meningitis: A review. Metabolites, 11(10): 661.

8. Getahun, M., Blumberg, H.M., Sinshaw, W., Diriba, G., 
Mollalign, H., Tesfaye, E., Yenew, B., Taddess, M., 
Zewdie, A., Dagne, K., Beyene, D., Kempker, R.R. and 
Ameni. G. (2020) Low prevalence of Mycobacterium bovis 
in tuberculosis patients, Ethiopia. Emerg. Infect. Dis., 26(3): 
613–615.

9. Devi, K.R., Lee, L.J., Yan, L.T., Syafinaz, A.N., Rosnah, I. 
and Chin, V.K. (2021) Occupational exposure and chal-
lenges in tackling M. bovis at human-animal interface: 
A narrative review. Int. Arch. Occup. Environ. Health, 
94(6): 1147–1171.

10. Filia, G., Leishangthem, G.D., Mahajan, V. and Singh, A. 
(2016) Detection of Mycobacterium tuberculosis and 
Mycobacterium bovis in Sahiwal cattle from an orga-
nized farm using antemortem techniques. Vet. World, 9(4): 
383–387.

11. Good, M., Bakker, D., Duignan, A. and Collins, D.M. 
(2018) The history of in vivo tuberculin testing in bovines: 
Tuberculosis, a “One Health” issue. Front. Vet. Sci.,  
5(1): 59.

12. Here, R.R.M., Ryan, E., Breslin, P., Frankena, K. and 
Byrne, A.W. (2022) Revisiting the relative effectiveness of 
slaughterhouses in Ireland to detect tuberculosis lesions in 
cattle (2014-2018). PLoS One, 17(10): e0275259.

13. Putra, A.E., Basri, C. and Sudarnika, E. (2023) Potential of 
bovine tuberculosis transmission in dairy cattle and humans 
in the central and eastern regions of Java Island, Indonesia. 
Acta Vet. Indones., 11(2): 139–147.

14. Noviyani, A., Nopsopon, T. and Pongpirul, K. (2021) 
Variation of tuberculosis prevalence across diagnostic 
approaches and geographical areas of Indonesia. PLoS One, 
16(10): e0258809.

15. Perwitasari, D.A., Setiawan, D., Nguyen, T., Pratiwi, A., 
Fauziah, L.R., Saebrinah, E., Safaria, T., Nurulita, N.A. and 
Wiraagni, I.A. (2022) Investigating the relationship between 
knowledge and hepatotoxic effects with medication adher-
ence of TB patients in Banyumas regency, Indonesia. Int. 
J. Clin. Pract., 2022(1): 4044530.

16. Daulay, M., Sudarwanto, M., Nugroho, W.S. and 
Sudarnika, E. (2017) Detection of Mycobacterium bovis 
by multiplex polymerase chain reaction in dairy cattle in 
Bogor, West Java, Indonesia. Int. J. Sci. Basic Appl. Res., 
32(3): 132–142.

17. Sichewo, P.R., Michel, A.L., Musoke, J. and Etter, E.M.C. 
(2019) Risk factors for zoonotic tuberculosis at the wild-
life-livestock-human interface in South Africa. Pathogens, 
8(3): 101.

18. Spositto, F.L.E., Campanerut, P.A.Z., Ghiraldi, L.D., 
Leite, C.Q.F., Hirata, M.H., Hirata, R.D.C., Siqueira, V.L.D. 
and Cardoso, R.F. (2014) Multiplex-PCR for differen-
tiation of Mycobacterium bovis from Mycobacterium 
tuberculosis complex. Braz. J. Microbiol., 45(3):  
841–843.

19. Krishna, M. and Gole, S.G. (2017) Comparison of conven-
tional Ziehl-Neelsen method of acid-fast bacilli with modi-
fied bleach method in tuberculous lymphadenitis. J. Cytol., 
34(4): 188–192.

20. Sonekar, C.P., Patil, S.P., Fusey, P.D., Chaudhari, S.P., 
Shinde, S.V., Kurkure, N.V., Kolte, S.W. and Agarkar, V.B. 
(2021) Molecular detection of Mycobacterium bovis in 
goats from Nagpur region of Maharashtra. Pharm. Innov. J., 
10(5): 774–778.

21. Halse, T.A., Escuyer, V.E. and Musser, K.A. (2011) 
Evaluation of a single-tube multiplex real-time PCR for dif-
ferentiation of members of the Mycobacterium tuberculosis 
complex in clinical specimens. J. Clin. Microbiol., 49(7): 
2562–2567.



Veterinary World, EISSN: 2231-0916 583

Available at www.veterinaryworld.org/Vol.17/March-2024/9.pdf

22. Taylor, G.M., Worth, D.R., Palmer, S., Jahans, K. and 
Hewinson, R.G. (2007) Rapid detection of Mycobacterium 
bovis DNA in cattle lymph nodes with visible lesions using 
PCR. BMC Vet. Res., 3(1): 12.

23. Maitra, A., Munshi, T., Healy, J., Martin, L.T., Vollmer, W., 
Keep, N.H. and Bhakta, S. (2019) Cell wall peptidogly-
can in Mycobacterium tuberculosis: An Achilles’ heel for 
the TB-causing pathogen, FEMS Microbiol. Rev., 43(5): 
548–575.

24. Vilchèze, C. (2020) Mycobacterial cell wall: A source of 
successful targets for old and new drugs. Appl. Sci., 10(7): 
2278.

25. Zurac, S., Mogodici, C., Poncu, T., Trăscău, M., Popp, C., 
Nichita, L., Cioplea, M., Ceachi, B., Sticlaru, L., 
Cioroianu, A., Busca, M. Stefan, O., Tudor, I., Voicu, A., 
Stanescu, D., Mustatea, P., Dumitru, C. and Bastian, A. 
(2022) A new artificial intelligence-based method for iden-
tifying Mycobacterium tuberculosis in Ziehl-Neelsen stain 
on tissue. Diagnostics (Basel), 12(6): 1484.

26. Holani, A.G., Ganvir, S.M., Shah, N.N., Bansode, S.C., 
Shende, I., Jawade, R. and Bijjargi, S.C. (2014) 
Demonstration of Mycobacterium tuberculosis in sputum 
and saliva smears of tuberculosis patients using Ziehl-
Neelsen and flurochrome staining- a comparative study. 
J. Clin. Diagn. Res., 8(7): ZC42–5.

27. Arora, D. and Dhanashree, B. (2020) Utility of smear micros-
copy and GeneXpert for the detection of Mycobacterium 
tuberculosis in clinical samples. Germs, 10(2): 81–87.

28. Dzodanu, E.G., Afrifa, J., Acheampong, D.O. and Dadzie, I. 
(2019) Diagnostic yield of fluorescence and Ziehl-Neelsen 
staining techniques in the diagnosis of pulmonary tuber-
culosis: A comparative study in a district health facility. 
Tuberc. Res. Treat., 2019(1): 4091937.

29. Chen, P., Shi, M., Feng, G.D., Liu, J.Y., Wang, B.J., 
Shi, X.D., Ma, L., Liu, X.D., Yang, Y.N., Dai, W., Liu, T.T., 
He, Y., Li, J.G., Hao, X.K. and Zhao, G. (2012) A highly 
efficient Ziehl-Neelsen stain: Identifying de novo intracel-
lular Mycobacterium tuberculosis and improving detec-
tion of extracellular M. tuberculosis in cerebrospinal fluid. 
J. Clin. Microbiol., 50(4): 1166–1170.

30. Ereqat, S., Bar-Gal, G.K., Nasereddin, A., Azmi, K., 
Qaddomi, S.E., Greenblatt, C.L., Spigelman, M. and 
Abdeen, Z. (2010) Rapid differentiation of Mycobacterium 
tuberculosis and M. bovis by high-resolution melt curve 
analysis. J. Clin. Microbiol., 48(11): 4269–4272.

31. Algammal, A.M., Wahdan, A. and Elhaig, M.M. (2019) 
Potential efficiency of conventional and advanced 
approaches used to detect Mycobacterium bovis in cattle. 
Microb. Pathog., 134(1): 103574.

32. Jin, T., Fei, B., Zhang, Y. and He, X. (2017) The diagnos-
tic value of polymerase chain reaction for Mycobacterium 
tuberculosis to distinguish intestinal tuberculosis from 
Crohn’s disease: A meta-analysis. Saudi J. Gastroenterol., 
23(1): 3–10.

33. Alli, O.A., Ogbolu, O.D. and Alaka, O.O. (2011) Direct 
molecular detection of Mycobacterium tuberculosis com-
plex from clinical samples - an adjunct to cultural method 
of laboratory diagnosis of tuberculosis. N. Am. J. Med. Sci., 
3(6): 281–288.

34. Zeineldin, M.M., Lehman, K., Camp, P., Farrell, D. and 
Thacker, T.C. (2023) Diagnostic evaluation of the IS1081-
targeted real-time PCR for detection of Mycobacterium 
bovis DNA in bovine milk samples. Pathogens, 12(8): 972.

35. Cezar, R.D., Lucena-Silva, N., Filho, A.F., Borges 
Jde, M., de Oliveira, P.R., Lúcio, É.C., Arruda-Lima, M., 
Santana, V.L.A. and Junior, J.W.P. (2016) Molecular detec-
tion of Mycobacterium bovis in cattle herds of the state of 
Pernambuco, Brazil. BMC Vet. Res., 12(1): 31.

36. Anes, E., Pires, D., Mandal, M. and Azevedo-Pereira, J.M. 
(2023) ESAT-6 a major virulence factor of Mycobacterium 
tuberculosis. Biomolecules, 13(6): 968.

37. Kapalamula, T.F., Thapa, J., Akapelwa, M.L., Hayashida, K., 

Gordon, S.V., Ombe, B.M.H., Munyeme, M., Solo, E.S., 
Bwalya, P., Nyenje, M.E., Tamaru, A., Suzuki, Y. and 
Nakajima, C. (2021) Development of a loop-mediated iso-
thermal amplification (LAMP) method for specific detec-
tion of Mycobacterium bovis. PLoS Negl. Trop. Dis., 15(1): 
e0008996.

38. Bapat, P.R., Dodkey, R.S., Shekhawat, S.D., Husain, A.A., 
Nayak, A.R., Kawle, A.P., Daginawala, H.F., Singh, L.K. 
and Kashyap, R.S. (2017) Prevalence of zoonotic tubercu-
losis and associated risk factors in Central Indian popula-
tions. J. Epidemiol. Glob. Health, 7(4): 277–283.

39. Chung, S., Seon, J.Y., Lee, S.H., Kim, H.Y., Lee, Y.W., 
Bae, K. and Oh, I.H. (2021) The relationship between 
socio-demographic factors and tuberculosis mortality in the 
Republic of Korea during 2008-2017. Front. Public Health, 
9(1): 691006.

40. Gompo, T.R., Shrestha, A., Ranjit, E., Gautam, B., 
Ale, K., Shrestha, S. and Bhatta, D.D. (2020) Risk factors 
of tuberculosis in human and its association with cattle 
TB in Nepal: A one health approach. One Health, 10(1): 
100156.

41. Good, M. and Duignan, A. (2011) Perspectives on the his-
tory of bovine TB and the role of tuberculin in bovine TB 
eradication. Vet. Med. Int., 2011(1): 410470.

42. Ramandinianto, S.C., Khairullah, A.R., Effendi, M.H. 
and Hestiana, E.P. (2020) Profile of multidrug resistance 
(MDR) and methicillin-resistant Staphylococcus aureus 
(MRSA) on dairy farms in East Java Province, Indonesia. 
Indian J. Forensic Med. Toxicol., 14(4): 3439–3445.

43. Widodo, A., Lamid, M., Effendi, M.H., Khairullah, A.R., 
Riwu, K.H.P., Yustinasari, L.R., Kurniawan, S.C., 
Ansori, A.N.M., Silaen, O.S.M., Dameanti, F.N.A.E.P. 
(2022) Antibiotic sensitivity profile of multidrug-resistant 
(MDR) Escherichia coli isolated from dairy cow’s milk in 
Probolinggo, Indonesia. Biodiversitas, 23(10): 4971–4976.

44. Lombard, J.E., Patton, E.A., Gibbons-Burgener, S.N., 
Klos, R.F., Tans-Kersten, J.L., Carlson, B.W., Keller, S.J., 
Pritschet, D.J., Rollo, S., Dutcher, T.V., Young, C.A., 
Hench,W.C., Thacker, T.C., Perea, C., Lehmkuhl, A.D. 
and Robbe-Austerman, S. (2021) Human-to-cattle 
Mycobacterium tuberculosis complex transmission in the 
United States. Front. Vet. Sci., 8(1): 691192.

45. Chai, Q., Zhang, Y. and Liu, C.H. (2018) Mycobacterium 
tuberculosis: An adaptable pathogen associated with 
multiple human diseases. Front. Cell. Infect. Microbiol., 
8(1): 158.

46. Dwyer, R.A., Witte, C., Buss, P., Goosen, W.J. and Miller, M. 
(2020) Epidemiology of tuberculosis in multi-host wildlife 
systems: Implications for black (Diceros bicornis) and 
white (Ceratotherium simum) rhinoceros. Front. Vet. Sci., 
7(1): 580476.

47. Vordermeier, M., Ameni, G., Berg, S., Bishop, R., 
Robertson, B.D., Aseffa, A., Glyn Hewinson, R. and 
Young, D.B. (2012) The influence of cattle breeds on 
susceptibility to bovine tuberculosis in Ethiopia. Comp. 
Immunol. Microbiol. Infect. Dis., 35(1): 227–232.

48. Bussi, C. and Gutierrez, M.G. (2019) Mycobacterium 
tuberculosis infection of host cells in space and time. FEMS 
Microbiol. Rev., 43(4): 341–361.

49. Ayalew, S., Habtamu, G., Melese, F., Tessema, B., 
Ashford, R.T., Chothe, S.K., Aseffa, A., Wood, J.L.N., 
Berg, S. and Mihret, A. (2023) ETHICOBOTS consortium. 
Zoonotic tuberculosis in a high bovine tuberculosis burden 
area of Ethiopia. Front. Public Health, 11(1): 1204525.

50. Oruganti, P., Root, E., Ndlovu, V., Mbhungele, P., Van 
Wyk, I. and Berrian, A.M. (2023) Gender and zoonotic 
pathogen exposure pathways in a resource-limited com-
munity, Mpumalanga, South Africa: A qualitative analysis. 
PLoS Glob. Public Health, 3(6): e0001167.

51. Adesokan, H.K., Streicher, E.M., van Helden, P.D., 
Warren, R.M. and Cadmus, S.I.B. (2019) Genetic diversity 
of Mycobacterium tuberculosis complex strains isolated 



Veterinary World, EISSN: 2231-0916 584

Available at www.veterinaryworld.org/Vol.17/March-2024/9.pdf

from livestock workers and cattle in Nigeria. PLoS One, 
14(2): e0211637.

52. Boniotti, M.B., Gaffuri, A., Gelmetti, D., Tagliabue, S., 
Chiari, M., Mangeli, A., Spisani, M., Nassuato, C., 
Gibelli, L., Sacchi, C., Zanoni, M. and Pacciarini, M.L. 
(2014) Detection and molecular characterization of 

Mycobacterium microti isolates in wild boar from northern 
Italy. J. Clin. Microbiol., 52(8): 2834–2843.

53. Sharan, M., Vijay, D., Yadav, J.P., Bedi, J.S. and Dhaka, P. 
(2023) Surveillance and response strategies for zoonotic 
diseases: A comprehensive review. Sci. One Health, 2(1): 
100050.

********


