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Abstract

Background: Mycobacterium bovis is a zoonotic member of the Mycobacterium tuberculosis complex with a wide range of hosts,
mainly cattle. Molecular epidemiological studies should be conducted to determine the transmission route, zoonotic risk factors, and
phylogenetic relationships of M. bovis strains. Aims: This study aimed to characterize bovine and human M. bovis isolates by
molecular methods. Methods: Molecular characterization and clonal relationship of strains isolated from tissue and organ samples of
76 cattle with positive tuberculin tests were collected from a slaughterhouse, and four M. bovis strains isolated from clinical materials
of patients with suspected pulmonary TB isolates were analyzed using 24-locus MIRU-VNTR and spoligotyping methods.
QuantiFERON-TB Gold Plus (QFT-Plus; Qiagen) was used to determine the prevalence of latent TB infection among 21
slaughterhouse personnel including 7 veterinarians, 12 butchers, 1 caretaker, and 1 veterinary technician. Results: SB0288/SIT685
type was detected in both cattle and humans by the spoligotyping method. When evaluating MIRU-VNTR, the presence of a 100%
compatible pattern between human and bovine isolates was not detected, but some human samples were found to be 91.6% similar to
a bovine sample. In addition, 21 slaughterhouse workers were screened with the interferon gamma-released assay (IGRA) and a
23.8% positivity was detected. Conclusion: Clonal similarity was determined between the bovine and human isolates using the
MIRU-VNTR and spoligotyping methods and IGRA positivity in the occupational group suggested that M. bovis might be associated
with pulmonary tuberculosis in humans.
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Introduction

Mycobacterium bovis is the causative agent of bovine
tuberculosis (TB), an infectious, zoonotic, and chronic
disease that also affects other domestic animals and
humans (Carneiro et al., 2020). Transmission occurs
mostly through the gastrointestinal tract due to the
consumption of contaminated dairy products, or to a
lesser extent, contaminated meat. It can be transmitted by
the inhalation of aerosols exhaled by infected animals or
humans or through direct contact in the presence of an
open wound (Djemal et al, 2017). Since the
identification of M. bovis is not included in routine tests
in pulmonary TB laboratories and clinical and
pathological findings are similar to M. tuberculosis
complex (MTBC) infection, data on the actual
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prevalence and incidence in patients with pulmonary
tuberculosis is very limited (Jiang et al., 2015). The
World Health Organization (WHO) states that there are
7,000 new cases of M. bovis in South America each year,
but the incidence is estimated to be eight times higher
(O’Reilly and Daborn, 1995). In the south subtropical
climate zone, which is close to Turkey, due to a high rate
of migration and immigration from countries like Syria,
TB constitutes a major risk for such diseases (Ergonil et
al., 2020). On the other hand, low income and poor
socioeconomic and sociocultural status, close contact
with animals, and failure to comply with hygiene rules in
food production suggest that in addition to M.
tuberculosis, M. bovis may be the cause of pulmonary
TB in humans (Djibuti et al., 2014). Programs aiming to
eliminate TB all over the world have revealed the
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necessity of identifying and monitoring strains isolated
from patients with molecular epidemiological methods,
such as RFLP-1S6110, MIRU-VNTR and spoligotyping.
Thus, the concept of “One Medicine, One Health” has
been adopted in the approach to pulmonary TB cases
caused by the M. bovis agent. Molecular epidemiological
studies should be conducted to determine the
transmission route of zoonotic TB to humans, to define
the dominant genotypes between humans and animals,
and to understand the phylogenetic relationships of the
strains (Thoen et al., 2016).

The risk of M. bovis infection is very high in groups
that are in close contact with animals, such as
veterinarians and  butchers, especially due to
occupational exposure. The tuberculin skin test (TST)
and the interferon gamma released assay (IGRA) have
been available for many years to screen these
professional groups (Vayr et al., 2018). However, the
sensitivity of TST, which is most commonly used in
screening studies, is only 70-85% in latent infection
(Menzies et al., 2009). In recent years, The IGRA test
has been used to evaluate the cellular immune response
(IFN-y) against ESAT-6 and CFP-10 antigens belonging
to MTBC. The sensitivity and specificity of this test are
reported to be 98.9 and 98.1%, respectively (Takasaki et
al., 2017).

In this study, we aimed to investigate the clonal
relationship of strains isolated from animals and humans
using the 24-locus MIRU-VNTR and spoligotyping
methods and to determine the presence and rates of latent
TB in at-risk occupational groups using the
QuantiFERON-TB Gold Plus (QFT-Plus) test.

Materials and Methods

Statement of ethics

Animal experiments and animal management
procedures were designed in accordance with the
requirements of the animal health and ethics committee
of Cukurova University Faculty of Veterinary Medicine
and applied after receiving the committee approval.
Human sputum samples were included in the study with
the permission of the Ethics Committee of Cukurova
University Faculty of Medicine.

Sample recruitment

In order to determine the epidemiological
characteristics of M. bovis in our region, the tissue and
organ samples of 76 slaughtered cattle with positive
tuberculin tests were collected from a slaughterhouse
between October 2018 and December 2019. In addition,
the study included four M. bovis strains isolated from the
clinical materials of patients with suspected pulmonary
TB, who were presented to Cukurova University
Tropical Disease Research and Application Center
(TDRAC) and the Turkish Ministry of Health Adana
Regional Tuberculosis Laboratory, as well as blood
samples collected from 21 slaughterhouse personnel
including seven veterinarians, 12 butchers, one caretaker
and one veterinary technician. Individuals who agreed to

participate were asked to sign a consent form and
complete a questionnaire including questions on
sociodemographic factors.

Histopathological and microbiological examina-
tions

Lung and mediastinal lymph node tissues were fixed
in 10% formaldehyde. After the routine tissue follow-up
procedure, the tissues were embedded in paraffin. Four
micron-thick sections were cut from each paraffin block.
The slides were stained with hematoxylin and eosin (HE)
and Ehrlich-Ziehl-Neelsen (EZN). The stained sections
were examined under a light microscope. EZN staining
was performed to examin existing acid-fast stained
bacilli in various clinical samples collected from the lung
and lymph nodes of cattle with a positive tuberculin test
in slaughterhouses and the sputum samples of patients
with suspected pulmonary TB.

Tissue samples taken from the lungs and lymph
nodes of cattle with a positive tuberculin test and the
sputum samples of the patients with suspected
pulmonary TB were subjected to the decontamination-
homogenization procedure. 3 g of samples taken from
the lungs and lymph nodes were dissected in 10 ml
0.85% physiological saline. 1.0 ml of 4% NaOH was
added to 1.0 ml of the homogenizer, and the sample was
incubated at 37°C for 20 min. It was then centrifuged at
1000 x g for 20 min before PBS was added.

The samples were inoculated in Lowenstein-Jensen
and MGIT 960 broth (Becton Dickinson Diagnostic
System, Sparks, MD). The isolates grown in the medium
from clinical specimens were confirmed to be MTBC
using the immunochromatographic MPT64 card test
(Bioline, Standard Diagnostics, Seoul, South Korea)
following microscopic examinations with EZN staining.

Genomic DNA isolation

Mycobacterial DNA was extracted from the cultures
grown on Lowenstein-Jensen and BACTEC-MGIT 960
using a Mickle cell disruptor (The Mickle Lab.
Engineering Co. Ltd.,, Gamshall, Surrey, UK) and
immediately stored at -20°C to be used in various
molecular methods.

Hsp65-PCR

TB11 and TB12 primers were used in the PCR
method targeting the hsp65 gene region in which strains
belonging to the genus Mycobacterium were detected
among the isolates grown on the media as previously
described (Brunello et al., 2001).

Spoligotyping

Spoligotyping was used to identify the genotype of
the MTBC strains at the DR locus as previously
described (Kamerbeek et al., 1997). All chromosomal
DNA was amplified with primary DRa (5"-CCG AGA
GGG GAC GGA AAC-3") and DRb (5-GGT TTT GGT
CTG ACG AC-3). The amplicons were hybridized after
PCR. After hybridization, the products were made visible
by adding streptavidin alkaline phosphatase enzyme and
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phosphate chemifluorescent substrate (Kremer et al.,
1999; Sola et al., 2003). The presence of spacer regions
was evaluated considering the blotting resulting from
PCR product hybridization. The results were converted
into “Octal code” format consisting of 15 digits between
0-7 using the octal coding key. The data was evaluated
using various databases (Couvin et al., 2019).

MIRU-VNTR

The 24-locus MIRU-VNTR method was performed
to identify and determine clonal relationships between
the Mycobacterium bovis isolates. Primers were used for
the targeted MIRU loci as described in a previous study
(Table 1) (Supply et al., 2006). PCR reactions were
performed to determine the VNTR number of the 24
MIRU loci specific to each strain. The number of allele
repeats at each MIRU locus was determined based on the
band size (Weniger et al., 2010).

Table 1: HGDI values of 24-locus MIRU-VNTR primers

Locus Copy numbers (%) Allelic diversity
ETRA 4(7), 5(7), 6(8) 0.69
Qub26 3(4), 5(5), 4(13) 0.59
Mtub21 1(9), 3(13) 0.50
Qubl1b 2(9), 4(13) 0.50
MIRU27 2(9), 3(13) 0.50
ETRC 3(7), 5(15) 0.45
ETRB 6(5), 5(17) 0.36
MIRU31 2(2), 4(2), 3(18) 0.32
MIRU23 5(3), 4(19) 0.24
Mtub04 1(2), 2(20) 0.17
Mtub34 2(2), 3(20) 0.17
Mtub39 3(2), 2(20) 0.17
MIRU40 3(2), 2(20) 0.17
MIRU26 6(2), 5(20) 0.17
PncA-PCR

The pncA-PCR method was applied to the strains
analyzed by spoligotyping and MIRU-VNTR methods,
as previously described (Spositto et al., 2014). Various
primers were used to support the identification of M.
bovis. The pncAMTB-1,2F and pncAMT primers for M.
tuberculosis and the pncAMTB-1,2F and pncAMB
primers for M. bovis were used.

QuantiFERON-TB Gold Plus Test

Blood samples were collected from 21
slaughterhouse workers including seven veterinarians, 12
butchers, one caretaker and one veterinary technician,
and placed in lithium-heparin tubes. The samples were
then transferred to four distinct tubes: Nil tube as a
negative control, TB-antigen tube 1 (TB1), TB-antigen
tube 2 (TB2), and mitogen tube as a positive control. The
QFT-TB Gold Plus tubes were incubated at 37°C for 16-
24 h. After incubation, the plasma samples were
separated by centrifugation and the amount of IFN-
gamma (1U/ml) was measured using the ELISA method
according to the instructions of the commercial kit (QFT-
Plus; Qiagen, Germantown, MD).
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Results

This study included 71 lymph node and 5 lung
samples of 76 cattle with positive tuberculin test in farm
tuberculosis screening. Also, 7830 suspicious human
sputum, pleural and gastric fluid samples were sent to the
TDRAC Regional Tuberculosis Laboratory for
Diagnosis. The bovine and human isolates were
identified using conventional and molecular methods,
and M. bovis was further analyzed with the 24-locus
MIRU-VNTR, spoligotyping, and PncA-PCR methods.
Twenty-five M. bovis were detected by conventional and
molecular methods in cattle. In humans, 524 were
identified as members of the MTB complex, while four
isolates were identified as M. bovis.

MTBC detection in cattle

In  the microbiological and histopathological
examinations, the presence of acid resistant bacteria was
determined in 20 of 76 cattle tissue samples by EZN and
HE staining. Macroscopically, granulomas were
observed in lung and mediastinal lymph node tissues.
When cutting the lesioned area, it felt as if the blade was
being pulled through sand. The central part of the cross-
sectional surface of the lesions in the lung and lymph
nodes was hard and friable. Gray-white mineralization
foci were detected in the center of caseification necrosis
in some granulomas. Histopathological examination
revealed typical lesions in both lungs and mediastinal
lymph nodes. The typical lesions were granulomas
composed of epithelioid histiocytes, Langhan’s
multinucleated  giant  cells, and  mononuclear
inflammatory cells, surrounded by fibrous tissue. The
central part of the granulomas was observed to have
caseification necrosis and some exhibited mineralization.
In addition, conglomerated tubercles were found in the
lymph nodes. Atelectasis areas were seen in the lungs
where the granuloma was compressing on the alveoli. In
EZN staining, Mycobacterium bacilli were observed in
the alveoli and the cytoplasm of histiocyte and
macrophages in inflammatory areas. Free and scattered
bacilli were also detected in the connective tissue (Fig.
1). In the Lowenstein-Jensen and MGIT960 broth,
growth was observed in 25 of the bovine samples, which
was confirmed by EZN staining.

With the MTBC genomic DNA isolated from MGIT
broth, using the Mickle extraction method and amplified
with the primers of the hsp65 gene region, the strains
from the 25 bovine samples were identified as
Mycobacterium spp.

MTBC detection in humans

In human sputum samples, EZN staining, inoculation
to Lowenstein-Jensen and MGIT960 broth, and post-
growth EZN staining processes were applied. DNA
extraction from the MGIT960 broth of isolates was
performed using the Mickle extraction method and the
524 strains were determined to belong to the MTB
complex with the hsp65-PCR.
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Fig. 1: Histopathological and microbiological examination of the cattle lymph nodes. (A) Mediastinal lymph node enlarged with
granulomas in cattle, (B) Sectional face of the mediastina lymph node, granuloma (large arrowhead), caseification necrosis (arrows),
and gray-white mineralization foci (small arrowheads) in cattle, (C) A granuloma (tubercle) structure, caseification necrosis in the
middle (CN), the area around the necrosis consisting of mononuclear inflammatory cells (arrows), and Langhan’s giant cells
(arrowheads), (H&E, scale bar, 50 um), (D) Conglomerated tubercle, capsule (arrows) formed from outer to inner connective tissue,
newly formed tubercle (NT), caseification necrosis (CN), and mineralization areas (C), (H&E, scale bar, 100 um), (E) Acid-resistant
bacilli in the cytoplasm of macrophages (arrows), and free-form bacilli in connective tissue (arrowhead), (ZN, scale bar, 10 um), and
(F) Free acid-fast bacilli in the lumen of the alveoli (arrows), (ZN, scale bar, 10 um)

M. bovis detection in cattle and human by
spoligotyping, MIRU-VNTR and PncA-PCR
Spoligotyping and 24-loci MIRU-VNTR methods
were used to investigate the molecular epidemiological
relationship between cattle and human isolates. Eighteen
of the bovine isolates and all human samples were
evaluated by molecular epidemiological methods. Seven
of the bovine isolates were not used because they could

not be amplified in the pre-stages of the MIRU-VNTR
and spoligotyping methods.

Spoligotyping

The clonal group distribution of the 18 bovine and all
human isolates included was examined with the
spoligotyping method. The spoligopattern of all 18
bovine isolates and the four 524 MTBC isolates included
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in the study belonged to M. bovis. In addition, 22 M.
bovis isolates were clustered in a total of four
spoligotypes.

Spoligotypes determined in cattle were SB0120/
SIT482 (40.9%) for nine isolates, SB0288/SIT685
(31.81%) for seven isolates, and SB0140/SIT683
(9.09%) for two isolates. When the spoligotypes of the
human isolates were examined, we found that two
isolates were SB0989/SIT1118 (9.09%) and the other
two isolates were SB0140/SIT683 (9.09%) (Table 2).

Table 2: Spoligotype distribution of the bovine and human
samples

. Bovine Human Incidence
Spoligotypes isolates isolates (%)
SB0120/S1T482 9 (40.9%) - 40.9%
SB0288/S1T685 7(31.81%) 2 (9.09%) 40.9%
SB0989/S1T1118 - 2 (9.09%) 9.09%
SB0140/S1T683 2 (9.09%) - 9.09%

When we compared the spoligotyping and 24-locus
MIRU-VNTR methods in terms of clonal relationship, it
was determined that the latter had more discriminatory
power than the former, with the number of clusters being
determined as 8 and 4, respectively (Table 3). Although
the same spoligotypes were determined in the bovine and
human isolates, there was no 100% similarity among the
total 22 isolates’ patterns according to the 24-locus
MIRU-VNTR method.

24-loci MIRU-VNTR

When 18 bovine and all human isolates were
evaluated by the MIRU-VNTR method, it was
determined that all 18 bovine isolates and four 524
MTBC isolates were M. bovis. According to the 24-locus
MIRU-VNTR method, there were eight clusters
harboring 20 isolates, and two unique profiles were
detected (Fig. 2).

When the number of the repetitions of 24 locus was

examined with the MIRU-VNTR method, there was no
difference in MIRU02, MIRU04, MIRU10, MIRU16,
MIRU20, Mtub29, Mtub30, MIRU24, Qtub4156, and
MIRU39 locus repeats, but Mtub04, Mtub34, Mtub39,
ETRA, ETRB, ETRC, Qubllb, Qub26, MIRUA40,
MIRU21, MIRU23, MIRU26, MIRU27, and MIRU31
locus repeats showed variability (Table 3). When we
calculated the discriminatory powers of the primers used
in MIRU-VNTR, we found that the highest values
(P>0.50) belonged to ETRA (0.69), Qub26 (0.59),
Qub11b (0.50), Mtub21 (0.50), and Miru27 (0.50) (Table
1).

PncA-PCR

Using the pncA-PCR method used to support M.
bovis identification, 185 bp bands were obtained from 25
bovine and 4 human isolates based on amplification with
M.  bovis-specific  primers pncAMTB-1,2F and
pncAMB2R.

Table 4: Risk factors in the IGRA test group

QFT-positive QFT-negative
Risk factor (n=5) (n=16)
N (%) N (%)

Age 42.2+9.68 37.1+7.44
Gender

Male 5 14

Female - 2
Occupation

Butcher 4 8

Veterinarian - 7

Veterinary technician 1 -

Caretaker - 1

QFT-TB Gold-Plus

A total of 21 slaughterhouse workers, including 12
butchers, seven veterinarians, one caretaker, and one
veterinary technician, were enrolled for the analysis of
the QFT-TB Gold-Plus status. The distribution of the
samples according to gender was 19 (90.5%) males and

Table 3: Spoligotype and 24-locus MIRU-VNTR type distributions of the human and bovine samples
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Fig. 2: N-J tree of M. bovis isolates according to the 24-locus MIRU-VNTR method

two (9.5%) females. The age of the study population
ranged from 27 to 51 years (mean age 38.3 £ 8.07 years).
According to the results of QFT-TB Gold-Plus, of the 21
individuals, five (23.8%) tested positive, of whom four
butchers and one was a veterinary technician (Table 4).

Discussion

In this study, we used the spoligotyping and MIRU-
VNTR methods for the molecular epidemiological
determination of M. bovis isolated from humans and
cattle, and we determined four clusters harboring 22
isolates with the spoligotyping method. The major
spoligotype was SB0120/S1T482 with 9/22 (40.9%)
isolates, which was frequently detected in countries such
as Iran, Spain, Portugal, Italy, France, Germany, Algeria,
Zambia, and Morocco in previous studies (Kubica et al.,
2003; Duarte et al.,, 2008; Munyeme et al., 2009;
Sahraoui et al., 2009; Rodriguez et al., 2010; Yahyaoui-
Azami et al., 2017; Ghavidel et al., 2018). It has been
suggested that the reason for the high rate of detection of
strains belonging to the SB0120/SIT482 type in Middle
Eastern, European and African countries may be the
trade of live animals or processed meat products between
these countries or homoplasy. In addition, in another
spoligotyping study conducted in our region, it was
reported that the SBO0120/SIT482 pattern was
encountered most frequently at a rate of 42.85% (Tuzcu
et al., 2020). In our opinion, this spoligotype represents
the major M. bovis genotypes all over the world.

In our study, SB0288/SIT685 (31.81%) was the
second frequent spoligotype among the 18 (81.8%)
bovine isolates, which is similar to the situation reported
in Iran and West Azerbaijan (Tadayon et al., 2009;
Tadayon et al., 2013). This similarity may be related to

the widespread cattle breeding and trade carried out in
the study area bordering these countries. In Turkey, it
was previously reported that six M. bovis strains, four of
which were isolated from cattle and two from goats, sent
to the Ilaboratory for suspected TB from si
slaughterhouses in Aydin, Manisa, Mugla, and Izmir
between 2010 and 2015, genotypically belonged to the
spoligotype SB0288/SIT685 (Avsever et al., 2017). The
authors noted that this spoligotype also showed
homology with the spoligotype patterns of M. bovis
strains isolated from humans in the Aegean Region. In
our study, two (50%) of the four human isolates
belonged to this family, namely the SB0288/SIT685
spoligotype. In a previous study evaluating 482 MTBC
strains isolated from clinical samples sent for a routine
mycobacteriological examination, the authors determined
that 13 isolates were M. bovis, of which nine (63.6%
belonged to the ST685 (SB0288) family (Cavusoglu et
al., 2017).

In the bovine samples, the lowest number of
spoligotypes belonged to SB0140/SIT683 detected in
two isolates (9.09%). This clade has been found in
studies conducted in many countries such as Iran,
Portugal, South Africa, Mozambique, Northern Ireland,
Mexico, and Brazil (Cobos-Marin et al., 2005; Duarte et
al., 2010; Skuce et al., 2010; Parreiras et al., 2012;
Cavusoglu et al., 2017; Machado et al., 2018; Sichewo et
al., 2020). In another study undertaken in Turkey, the
rate of the SB0140/SIT683 spoligotype was reported to
be 26.19% (Tuzcu et al., 2020). Intense activity in the
international livestock trade; i.e., animal imports from
many countries, may be the reason for the differences
between studies in relation to the percentages of M. bovis
genotypes. Our minor genotype being the second largest
genotype in the previous study, can be attributed to a

x

~
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periodic change.

We determined that the remaining two (9.09%) M.
bovis strains isolated from the human clinical samples
belonged to the SB0989/S1T1118 spoligotype. In a study
which evaluated only samples isolated from clinical
human materials, Cavusoglu et al. (2017) reported that
7.7% of the M. bovis isolates belonged to the
SB0989/SIT1118 spoligotype. The number of human-
derived M. bovis isolates is insufficient for statistical
evaluation and proportional calculations. However, the
collection of isolates of human origin from two
spoligotypes and the isolation of these spoligotypes from
human samples in Turkey will guide further studies to be
conducted with more isolates obtained from the region.

Considering the diversity of our spoligotyping
profile, we found that SB0288/SIT685 was the only
common type observed in both the bovine and human
groups. However, SB0120/S1T482 and SB0140/SIT683
were detected only in the bovine samples, and
SB0989/SIT1118 in two of the four human samples.

In our study, we used the 24-locus MIRU-VNTR
method instead of a 12-14-15 locus due to its higher
discriminatory power in detecting clonal relationship.
We found that the ETRA, Qub26, Qubl1lb, Mtub21, and
Miru27 primers were highly discriminative in identifying
the MIRU-VNTR locus. Similarly, many previous
studies that used the 24-locus MIRU-VNTR method
revealed that the highest discriminatory power was
obtained from the ETRA, Qub26, and Qubllb locus
(YYang et al., 2015; Carvalho et al., 2016; Elsayed et al.,
2019).

In the MIRU-VNTR method, our isolates were
divided into eight clusters with two unique profiles.
When the similarities between the locus patterns of the
human and bovine isolates were evaluated, 100%
similarity was not determined. However, the H1 and H2
human samples were found to be 91.6% similar to a
bovine sample. In a previous study, 32 bovine and 10
human M. bovis isolates were evaluated with the 12-
locus MIRU-VNTR and spoligotyping methods, and the
MIRU-VNTR patterns of five human isolates were 100%
compatible with the bovine isolates (Skuce et al., 2010).
Accordingly, the authors emphasized that bovine isolates
could cause infections in humans. Although our data did
not provide statistically significant results due to the low
number of human strains, it was hypothesized that cattle-
originated M. bovis could play a role in active pulmonary
TB in humans. Due to this possibility, we also examined
slaughterhouse workers as a sampling group that had the
most contact with pulmonary TB-suspected animals with
a positive tuberculin skin test. However, there were no
clinical symptoms in this group. Therefore, we decided
to screen for latent TB infection in the blood samples
collected from the 21 individuals. MTBC infection was
screened using the QFT-TB Gold-Plus assay, and 23.8%
positivity (5/21) was detected. In a similar study
involving 311 farm and slaughterhouse workers and
households, blood samples were taken to screen for
latent TB, and tuberculin skin test (TST) and IGRA
positivity were found at the rates of 76.2% and 58.5%,
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respectively (Torres-Gonzalez et al., 2013).

The presence of M. bovis in risk groups was proven
by culture and molecular methods, although it could not
be determined at the level of Mycobacterium species
using TST and IGRA. In a previous study, M. bovis was
isolated from the bronchoalveolar lavage of a person
who had worked as a butcher for 35 years in Australia
(Ingram et al., 2010). In Pakistan, M. bovis was detected
from sputum samples in slaughterhouse workers,
butchers and veterinarians using the PCR analysis
(Khattak et al., 2016). In another case reported from
Turkey, M. bovis was isolated from a butcher with a
persistent skin lesion and pulmonary infection in Turkey
(Mertoglu et al., 2018). Additionally, M. bovis SB0271
spoligotype was isolated from the sputum sample of a
female veterinary nurse in England, while latent TB was
also detected in her daughter with the QuantiFERON-TB
Gold test. In addition, the same spoligotype was present
in the tracheal mucus sample collected from the nurse’s
dog. Interestingly, when the spoligotype archives on
cattle were screened, the same spoligotype (SB0271) was
found in an animal tested for tuberculin by an animal
nurse years ago. This animal was considered as a
possible source of infection (Shrikrishna et al., 2009).

In conclusion, although zoonotic TB is not a new
disease, it has been neglected for many years. With
molecular epidemiological studies, the importance of M.
bovis and zoonotic TB has been better understood, and
the eradication of this disease globally by 2030 has
become one of the United Nations Sustainable
Development Goals. Determining the causative agent
and breaking the zoonotic chain are essential to the
eradication of the disease. Spoligotyping and MIRU-
VNTR should always be used as key methods to identify
the source of isolates and monitor transmissions in
humans and animals. Risk groups should be monitored
continuously and the risk of infection of the most
exposed group should be eliminated (WHO, 2017).
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