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PCR- based detection of Mycobacterium tuberculosis complex (MTBC) in different bovine samples 27 

from Guwahati, Northeast India 28 

Abstract 29 

Bovine tuberculosis (bTB) is a chronic and often overlooked zoonotic disease caused by Mycobacterium 30 

bovis, a globally distributed pathogen within the group Mycobacterium tuberculosis complex (MTBC). 31 

The present study was conducted to detect Mycobacterium tuberculosis complex (MTBC) at the 32 

molecular level in clinical and slaughterhouse samples from bovines. A total of 620 animal samples ( 33 

milk-360, nasal swabs-150, and tissue-110)  were screened using polymerase chain reaction (PCR) with 34 

primers specific for the Mycobacterium genus-specific hsp65 gene, MTBC-specific IS6110 and IS1081. 35 

Tissue samples were initially processed for microbiological analysis using Ziehl-Neelsen (Z-N) staining 36 

to detect acid-fast bacilli, followed by isolation of mycobacteria from the Z-N positive samples. Out of 37 

620 samples, the hsp65 gene was detected in 43 (6.9%) samples and further molecular analysis confirmed 38 

that 24 of these were MTBC-positive. Of the 110 tissue samples examined by Ziehl-Neelsen (Z-N) 39 

staining, 12 (10.9%) were positive for acid-fast bacilli. However, only two samples were successfully 40 

isolated in Lowenstein-Jensen (L-J) media and detected as MTBC by PCR and confirmed through 41 

sequencing. This study highlights the widespread presence of bovine tuberculosis in these understudied 42 

dairy farms in Guwahati, the largest city in Northeast India. The findings emphasize the need for a 43 

comprehensive epidemiological study and the implementation of a One Health approach for the strategic 44 

control and prevention of bTB in the region. 45 

KEYWORDS: Bovine tuberculosis, isolation, PCR, prevalence, sequencing 46 

 47 



3 

 

 48 

 49 

 50 

Introduction 51 

Bovine tuberculosis (bTB) is a chronic infectious disease of cattle caused by Mycobacterium bovis, a 52 

member of Mycobacterium tuberculosis complex (MTBC) that impacts productivity and represents a 53 

major public health threat through contaminated raw milk, meat and its products [1,2].The animal adapted 54 

MTBC members include M.bovis, M. orygis, M.caprae, M. africanum, M. microti, M. pinnipedii, 55 

M.mungi and M.suricattae, which are widely distributed in domesticated animals and wildlife [3]. M. 56 

bovis has an exceptionally broad host range, infecting nearly all mammals, with the highest incidence 57 

observed in cattle, which serve as the primary reservoir [4]. bTB is considered a neglected zoonotic 58 

disease and is responsible for a substantial burden of human tuberculosis (TB), with an estimated 140,000 59 

new cases worldwide and approximately 11,400 (8.1%) deaths in 2019 [5]. Beyond its public health 60 

implications, bTB causes significant global economic losses, estimated at $3 billion annually, due to 61 

reduced cattle productivity, culling, and trade restrictions [6]. The disease remains endemic in many low- 62 

and middle-income countries, including India, where economic constraints and socio-religious factors 63 

hinder the implementation of test-and-cull strategies [7]. The endemicity of bTB is further exacerbated by 64 

the intensification of cattle farming in land-constrained, rapidly growing cities, where the high demand 65 

for milk and meat accelerates its spread.  66 

The diagnosis of bovine tuberculosis relies on clinical signs, incidental findings during necropsy, 67 

tuberculin skin testing, and culture-based isolation methods. Additionally, immunological assays such as 68 

lymphocyte proliferation tests, the gamma interferon assay, and indirect enzyme-linked immunosorbent 69 

assays (ELISA) are also available [8]. Molecular diagnostic techniques, such as polymerase chain 70 

reaction (PCR), have been successfully applied to various sample types from live animals, including 71 
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lymph node aspirates [9], milk [10], blood [11], and nasal secretions [12]. These methods offer rapid and 72 

accurate detection and show considerable promise for early diagnosis. However, no single diagnostic test 73 

currently meets all the criteria necessary to identify all infected animals. As a result, a combination of 74 

diagnostic approaches is often required to achieve reliable detection [13]. Effective disease control relies 75 

on the timely identification and removal of infected animals to prevent transmission within and between 76 

herds. The incidence of bovine tuberculosis is reported to be rising, particularly in parts of Asia and 77 

Africa, where socioeconomic conditions and veterinary infrastructure remain limited [14]. 78 

Given these challenges, it is crucial to assess the status of bTB in urban and peri-urban areas to 79 

provide policymakers with accurate data for developing effective control strategies. There was no 80 

previous report on systematic molecular detection of MTBC in milk, nasal swab and tissue in the study 81 

area. In this context, a cross-sectional, slaughterhouse and farm-based molecular study was conducted to 82 

determine the distribution of MTBC among dairy cattle in Guwahati, a major city in Northeast India. This 83 

study represents the prevalence of bTB in Assam, confirmed through bacterial isolation, Ziehl-Neelsen 84 

staining, molecular detection and sequencing. 85 

Methods 86 

Ethical approval 87 

The study was conducted in accordance with the animal ethics approval granted by the 88 

Institutional Animal Ethics Committee of the College of Veterinary Science, Assam Agricultural 89 

University (Approval No. 770/GO/Re/S/03/CPCSEA/FVSc/AAU/IAEC/19-20/739, dated December 23, 90 

2019). 91 

Study area  92 

The study was conducted on dairy farms located in and around Guwahati, the metropolitan city of Assam, 93 

India. The majority of livestock farmers in Guwahati rely on dairy farming as their primary source of 94 

income, and all follow an intensive livestock production system [15]. Within the study area, several small, 95 
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unorganized slaughter points are present, some of which share boundaries with the neighboring state of 96 

Meghalaya. These slaughter points receive large ruminants from local dairy farms and nearby districts, 97 

where they are processed, and their carcasses are sold in markets. The Global Positioning System (GPS) 98 

coordinates (latitude and longitude) of the selected areas were recorded using the GPS Map Camera Lite 99 

application (version 1.3.3). The study area is illustrated in the GPS map (Fig. 1). 100 

Sampling and processing for molecular detection  101 

A cross-sectional study was carried out in the dairy farms and slaughtered points in and around Guwahati 102 

city from December 2020 to November 2021. A total of 36 farms were tested in the present study which 103 

comprised of both small-scale farm (less than 30 animals) and large-scale farms (more than 30 animals). 104 

From each farm, 10 animals were selected which included both clinically ill (chronic coughing, fever, 105 

reduced milk production and emaciation) as well as apparently healthy (in contact animals). The selected 106 

animals were initially screened by single intra dermal comparative tuberculin test (SICTT) [16]. For the 107 

molecular detection of bovine tuberculosis (bTB), a total of 620 samples were collected, including 360 108 

milk samples and 150 nasal swabs from the SICCT screened dairy farms, along with 110 tissue samples 109 

from 110 different slaughtered cattle were collected from the slaughtered points. Milk samples (n = 360) 110 

were obtained by pooling 50 mL of milk from all four quarters of each cow. The milk samples were 111 

collected aseptically in Falcon tubes (Tarsons, Kolkata, India) after proper udder disinfection and 112 

discarding the first few jets of milk. Nasal swabs (n = 150) were collected from deep within the nostrils 113 

using sterile nasal swab containers (Himedia, Mumbai, India). Tissue (lungs) samples (n = 110) were 114 

obtained from 110 different animals either from slaughtered cattle or post-mortem examinations and 115 

placed in sterile clinical sample containers (Himedia, Mumbai, India). All tissue samples were collected 116 

aseptically, transported under chilled conditions, and freshly collected samples were processed for 117 

microbiological analysis (acid fast staining, culture and DNA isolation) within 24 hours in the laboratory 118 

and the remaining samples were stored at -80°C for further molecular analysis. Sample processing was 119 

carried out under Class-III biosafety cabinet (ESCO, Singapore). Milk samples were digested and 120 
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decontaminated following the method described by Dundee et al [17]. Tissue and nasal swab samples 121 

were digested and decontaminated using the protocol established by Petroff [18]. One part of sample 122 

(nasal swab/ tissue) was mixed with 3 parts of 2-4% sodium hydroxide solution (NaOH) and incubated at 123 

room temperature for 10-15 mins to digest organic material and decontaminate the sample. The mixture 124 

was centrifuged thereafter and the pellets were washed 2-3 times with PBS. After washing, the pellets 125 

were again mixed with 1ml sterile PBS and processed for DNA extraction.  DNA was extracted from 126 

milk, nasal swab, and tissue samples using the DNeasy® Blood & Tissue Kit (Qiagen, Hilden, Germany), 127 

following the manufacturer’s instructions. The extracted DNA samples were then stored at -20°C for 128 

further molecular analysis. 129 

Reference Strains used for PCR standardization 130 

 The reference strain of M. bovis (AN-5) was available in the laboratory of the Division of 131 

Animal and Fisheries Sciences, ICAR RC NEH, Umiam, India, while M. phlei (Microbial Type Culture 132 

Collection, MTCC 1724) was obtained from the CSIR–Institute of Microbial Technology, Chandigarh, 133 

India. 134 

Growth Media used for Mycobacteria Isolation 135 

For the isolation of Mycobacteria, two solid media were used: Lowenstein-Jensen (LJ) slants with 136 

glycerol and Lowenstein-Jensen with Glycerol-Pyruvate (LJ-GP) slants (Hi-Media, Mumbai, India). Only 137 

selected suspected tuberculosis nodules were processed for isolation. Approximately 100 µL of inoculum 138 

was seeded onto Lowenstein-Jensen media (Hi-Media, Mumbai, India) supplemented with glycerol and 139 

glycerol-pyruvate, the latter favoring the growth of M. bovis. The cultures were incubated at 37°C for 8–140 

12 weeks, with weekly observations for bacterial growth. 141 

Molecular Identification and strain differentiation by PCR 142 

 To achieve the study's objectives, a combination of PCR primers with proven efficiency was 143 
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used. Due to the close genomic relationship among MTBC members, primers targeting both the 144 

Mycobacterium genus and Mycobacterium tuberculosis complex specific genes were selected, based on 145 

well-established literature references (Table 1). The primers used were mycobacterial genus specific - 146 

hsp65 amplifying 441bp [19]; two different MTBC specific primers -IS6110 amplifying 123bp [20] and 147 

IS1081 amplifying 248bp [21] to differentiate the MTBC from NTM (Nontuberculous Mycobacteria). 148 

Reaction preparation 149 

All reactions were performed in thin-walled 200 µL PCR tubes. The study utilized Thermo Scientific 150 

DreamTaq Green PCR Master Mix (2X) (Thermo Scientific, MA, United States), a ready-to-use solution 151 

containing DreamTaq DNA Polymerase, dNTPs, MgCl₂, and an optimized buffer. The total reaction 152 

volume was 20 µL, consisting of 10 µL DreamTaq Green Master Mix, 2.0 µL template DNA, 1.0 µL of 153 

each primer (10 pmol), and 6.0 µL nuclease-free water. Each primer was optimized and positive and 154 

negative controls were included in every experiment to ensure accuracy and reliability. The DNA 155 

concentration of the template used for screening was estimated to be between 4.7 and 24.5 ng/µl. 156 

PCR standardization and sequence-based analysis  157 

The hsp65 PCR assay was initially standardized using 2 µL of template DNA isolated from M. bovis AN5 158 

and M. phlei (MTCC1724) cultures. Since hsp65 can amplify all Mycobacterium species, so in addition to 159 

M.bovis AN5, M. phlei was also used as a positive control for this assay. For the remaining PCR assays—160 

MTBC-specific (IS6110 and IS1081) M. phlei was used as a negative control, while M. bovis AN5 served 161 

as a positive control. PCR conditions for each primer set were as follows: an initial denaturation at 95°C 162 

for 5 minutes, followed by 35 cycles of denaturation (95°C for 35 seconds), annealing (X°C for 30 163 

seconds), and extension (72°C for 30 seconds), with a final extension at 72°C for 7 minutes. The 164 

annealing (X) for hsp65, fragment was 590C; for IS6110 was 690C and for IS1081 was 700C. Samples 165 

positive for hsp65, IS6110, and IS1081 were further confirmed through Sanger sequencing. The 166 
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sequenced products were then subjected to nucleotide BLAST analysis in the NCBI database for 167 

validation. 168 

 169 

Results  170 

Gross pathological examination results of slaughtered cattle  171 

Of the 110 clinically suspected tissue samples, 28 exhibited gross tuberculous-like lesions. The majority 172 

of the lesions observed were characteristic of tuberculous pathology, defined by centrally located, round, 173 

oval, or irregular foci of caseous necrosis and calcification, primarily in the lungs of slaughtered cattle 174 

(Fig. 2, A). Grayish white to yellowish nodules of varying sizes with fibrotic lesions were also recorded 175 

(Fig.2, B). Carcasses were evaluated following the guidelines of the World Organization for Animal 176 

Health [22].  177 

Detection of acid-fast organism by microscopic examination from direct tissue 178 

All 110 tissue samples were initially screened using the acid-fast staining test to detect acid-fast bacilli, 179 

with 10.90% testing positive (Table 2). Unlike the long, slender, beaded rods typically observed in 180 

culture, the organisms in tissue samples appeared as slender rods, either straight, curved, or club-shaped. 181 

Isolation of Mycobacterium spp. from tissue samples of slaughtered cattle 182 

In the present study, 14 numbers of freshly collected suspected bTB tissue samples were processed for the 183 

isolation of Mycobacterium spp. After 2 to 4 months of incubation on Lowenstein-Jensen (L-J) media, 184 

both glycerol-based and glycerol-pyruvate-based, two tissue samples (14.28%) exhibited small rough or 185 

granular bacterial growth, which tested positive for MTBC in culture. The culture-positive tissue samples 186 

showed a high degree of positivity in Ziehl-Neelsen (ZN) staining and were further confirmed through 187 

conventional PCR targeting hsp65, IS6110 and IS1081 using DNA extracted from the colonies. 188 
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Molecular detection of mycobacterial DNA in different bovine samples 189 

The study employed adjuncts of several molecular approaches for detection and differentiating 190 

the mycobacterial infection in the samples (milk, nasal swab and tissue). Overall, 43/620 (6.9%) samples 191 

were positive for mycobacterial genus specific hsp65 PCR (fig-3) and of these 43 samples, 24 were 192 

amplified by both IS1081 PCR (fig- 4) and/or IS6110 PCR (fig-5) indicating MTBC (Table 2). The 193 

sequence-based confirmation of the samples was conducted by determining the amplicon sequences using 194 

Sanger dideoxy sequencing, followed by an nBLAST analysis of the hsp65, IS6110, and IS1081 genes 195 

from the selected samples. This analysis identified mycobacterial species in the positive sample with 196 

100% identity. Specifically, Mycobacterium tuberculosis variant bovis was identified in sample 197 

CVSC_AAU_BTB (accession No. OQ417940) based on hsp65 and KNL (accession nos. OQ417941 for 198 

IS6110), while Mycobacterium tuberculosis was confirmed in sample MTBC_knl_IS1081, with accession 199 

nos OQ417942 for IS1081 in nBLAST. 200 

Discussion 201 

Bovine tuberculosis infections in dairy herds are a major concern in both underdeveloped and 202 

developing countries, including India, as they impact the economy and pose a risk to human health [7]. 203 

Detecting and confirming mycobacterial infections in animals remains challenging since no available 204 

diagnostic test is 100% sensitive or specific [13]. Additionally, these tests require specialized facilities, 205 

trained personnel, and significant costs. These challenges highlight the need for improved methodologies 206 

that can accurately detect bTB infections in both live and post-mortem samples while differentiating them 207 

from non-tuberculous mycobacteria (NTMs). Such advancements are crucial for developing effective 208 

control and prevention programs in the future. 209 

To date, nearly 200 species of mycobacteria have been identified, the majority of which are either non-210 

pathogenic or opportunistic non-tuberculous mycobacteria (NTMs). Aside from M. leprae and the NTMs, 211 

the primary pathogenic species belong to the Mycobacterium tuberculosis complex (MTBC), with M. 212 
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tuberculosis and M. bovis being most relevant to human and bovine health, respectively. M. bovis is of 213 

particular concern due to its zoonotic potential. However, the close phenotypic and genotypic similarities 214 

among mycobacterial species present significant challenges for accurate speciation. While whole-genome 215 

sequencing offers the highest resolution for identification, it is not always practical for routine diagnostic 216 

use. In clinical and field settings, a more feasible diagnostic approach involves integrating clinical signs 217 

with immunological tests, culture, and molecular assays. Currently, no single diagnostic test offers 218 

complete sensitivity and specificity for animal tuberculosis, and most methods are time-consuming, labor-219 

intensive, and costly- limitations that are particularly acute in developing and underdeveloped countries. 220 

In veterinary diagnostics, where research infrastructure and laboratory capabilities are often more limited, 221 

there is a pressing need for simplified, affordable, and scalable diagnostic strategies to effectively detect 222 

and control mycobacterial infections in both animals and humans.  223 

In the present study, gross tuberculous-like lesions of grayish white to yellowish nodules of varying sizes 224 

with round, oval, or irregular foci of caseous necrosis of bovine tuberculosis were recorded in animals. 225 

These findings align with previous studies conducted by Olea-Popelka et al [23] and Pascual-Linaza et al 226 

[24] in Ireland. In bovine tuberculosis, Mycobacterium primarily affects the respiratory system of 227 

immunocompromised animals. Consistent with this, the present investigation found that the highest 228 

numbers of tuberculous-like lesions were observed in the lungs. However, postmortem examination for 229 

detecting lesions is not 100% sensitive and a thorough examination of the lungs and lymph nodes can 230 

identify up to 95% of cows with visible tuberculosis lesions [25]. According to previous findings, 231 

reported by Ewnetu et al [26], gross TB lesions were primarily located in the lungs (69.79%), head lymph 232 

nodes (18.75%), mesenteric lymph nodes (9.38%), and hepatic lymph nodes (2.08%). In this study, 233 

although the majority of the tissue samples exhibited visible tuberculous-like lesions in the lungs, only 12 234 

(10.9%) tested positive by acid-fast staining. This could be due to a low bacterial load in the samples or 235 

the presence of similar lesions, such as abscesses [27]. These findings are consistent with previous studies 236 

that relied solely on the Ziehl-Neelsen (Z-N) staining technique [28]. Though 28 samples exhibited the 237 
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gross tuberculous-like lesions, indicative of tuberculosis but we proceeded with only 14 samples for 238 

isolation and identification due to COVID-19 pandemic restrictions limiting us access to laboratory. For 239 

isolation of mycobacteria, the tissue samples should be fresh and it should be processed within 24 hrs in 240 

the laboratory. Although to carry out the isolation of mycobacteria is very difficult and time-consuming 241 

process, but in between an attempt was made with fresh samples during COVID-19 when we got access 242 

to laboratory. Out of 14 samples, only two samples (14.28%) could lead to isolation of pure colonies of 243 

mycobacterium, rest of the samples yielded no growth or contaminated growth. The extremely low 244 

culture yield from tissue samples (only two isolates from fourteen attempts) represents a key limitation, as 245 

culture remains the gold standard for confirming Mycobacterium infection. The poor recovery may be 246 

attributed to the slow growth rate of the organism, possible contamination, and low bacillary load in 247 

tissues. Colonies appeared on L-J slants after 9–10 weeks of post-inoculation from granulomatous lung 248 

lesions. This finding suggests that lung samples with nodules and pus formation are the most suitable 249 

specimens for isolating MTBC. Similar results were reported by Thakur et al (2016), who successfully 250 

isolated M. bovis colonies from lung and lymph node samples and validated their findings using 251 

biochemical tests [29]. According to Srinivasan et al (2018), the prescapular lymph gland is the most 252 

suitable specimen for isolating Mycobacterium bovis from infected cattle. However, collecting lymph 253 

node aspirates is a challenging technique, particularly in unorganized dairy farms, as it requires the 254 

expertise of a trained veterinarian.  255 

In the present investigation, the hsp65 gene proved to be an excellent marker for detecting mycobacterial 256 

infections in various sample types, including milk (16/360, 4.44%), nasal swabs (3/150, 2%), and tissue 257 

samples (24/110, 21.81%). The lower detection rate in milk is consistent with findings from other studies, 258 

likely due to the intermittent shedding of bacilli in milk and challenges associated with DNA isolation 259 

from direct milk samples [30]. The current findings align with those of other published report, who 260 

analyzed 300 bovine milk samples and identified Mycobacterium spp. in 24 samples using the hsp65 gene 261 

[31]. The lower sensitivity of PCR for detecting Mycobacterium spp. in nasal swabs may be attributed to 262 
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the presence of a low bacterial load in these samples. However, nasal swabs remain a valuable tool for 263 

indicating airborne contamination within herds. They are particularly useful in cases of generalized 264 

tuberculosis, where some animals may not respond to skin tests, yet M. bovis can be detected in nasal 265 

secretions [32].  266 

All 43 samples positive for hsp65 PCR were further examined for amplification of MTBC-specific 267 

IS6110 and IS1081-based PCR. Of these, 24 samples (n=24/43, 55.8%) that tested positive for at least one 268 

of these PCRs were classified as MTBC members, in milk (4/16, 25%), nasal swab (2/3, 66.67%) and 269 

tissue (18/24,75%). However, the IS6110 and IS1081 sequences specific to MTBC cannot differentiate 270 

between members of the complex, highlighting the need for additional primers. This study is the first to 271 

report the direct detection of MTBC DNA in milk, nasal swabs, and tissue samples from dairy cattle in 272 

Guwahati city, Assam. The presence of MTBC in milk poses a potential risk to humans, particularly due 273 

to the consumption of raw or unpasteurized milk in some communities [16, 33]. The presence of TB 274 

bacilli in tissue samples also poses a threat to carnivores in zoological gardens and wildlife, as they 275 

consume raw meat. Guwahati city has a zoological garden, and its meat supply comes from nearby 276 

slaughter points, which may increase the potential risk of bTB transmission. 277 

We employed a two-group primer strategy to systematically confirm the presence of mycobacteria in 278 

samples. Initially, hsp65 was used to detect mycobacteria, followed by IS6110/IS1081 to identify 279 

members of the MTBC. However, a key limitation of this approach is the emerging theory that all M. 280 

bovis detected in India may actually be M. orygis [34]. To differentiate between M.bovis and M.orygis 281 

PCR based methods are not available while whole genome sequencing can differentiate.  282 

Sequence-based confirmation of hsp65, IS6110, and IS1081 genes through Sanger dideoxy sequencing, 283 

followed by BLASTn analysis, identified mycobacterial species in positive samples with 100% identity 284 

to Mycobacterium, M. bovis (also referred to as M. tuberculosis variant bovis), and M. tuberculosis. 285 

hsp65, IS6110, and IS1081 can only confirm up to the genus or MTBC level. This is particularly valuable 286 

given the existence of over 200 mycobacterial species, including eight MTBC members, with new 287 
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additions frequently being recorded in the database [35, 36]. 288 

The findings of this study, based on gross tuberculous lesions, molecular detection, culture, and 289 

sequencing confirmation, provide strong evidence of bovine tuberculosis (bTB) prevalence in the 290 

Guwahati Metropolitan City, Assam, India. The study also suggests that older animals, those with poor 291 

health conditions, females, and certain crossbreeds may be more susceptible to bTB, although statistical 292 

significance was not established. The combination of body condition assessment, gross lesion evaluation, 293 

and immune and molecular assays is essential for accurate bTB diagnosis. The use of hsp65 along with 294 

MTBC or species-specific genes offers a reliable approach for detecting pathogenic mycobacteria 295 

responsible for bTB.  296 

The inference of the present study is limited to the representative farms and animals tested; however, 297 

further large-scale studies are required to generalize these findings. In addition, COVID-19 restrictions 298 

limited the scope of further analysis. 299 

Conclusion 300 

This study highlights the presence of bovine tuberculosis in the study area and underscores the need for 301 

targeted investigations in dairy herds, along with follow-up actions to remove infected animals from the 302 

herd. Raising awareness among dairy farmers and consumers about bTB is crucial. A collaborative effort 303 

involving the government, academia, and research institutions under the "One Health" approach is 304 

essential to reduce the burden of bTB in animals and, in turn, mitigate its impact on human populations. 305 

The study was also unique in employing a reliable combination of assays for the detection and 306 

confirmation of Mycobacterium tuberculosis complex (MTC) in the study area. 307 

Acknowledgements 308 

The authors express their gratitude to the National Animal Disease Epidemiological Network (NADEN) 309 

project for funding this research. They also extend their sincere appreciation to the Director of ICAR RC 310 



14 

 

NEH, Umiam, and the Vice-Chancellor of Assam Agricultural University for their kind permission to 311 

conduct this study. 312 

Author contributions 313 

All authors listed have made a substantial, direct and intellectual contribution to this research work. 314 

Sample collection, Laboratory investigation, Writing- original draft preparation by N.A.K. 315 

Conceptualization, Supervision, laboratory investigation, Writing- review & editing, funding acquisition 316 

and final approval of the manuscript by S.D. The data of the manuscript was checked and edited the draft 317 

by A.G.B, R.A.H, D.P.B, S.T, M.C.B.P, Z.H, K.S, A. A.P.M and S.G. All authors read and approved the 318 

final manuscript for publication.  319 

FUNDING 320 

 This study is supported by the College of Veterinary Science, Assam Agriculture University, India, and 321 

NADEN project, Division of Animal and Fisheries Sciences, ICAR RC NEH, Umiam, Meghalaya, India. 322 

Conflict of Interest Statement 323 

Authors have no conflict of interest in this study. 324 

Data availability  325 

All datasets generated or analyzed during this study are included in the manuscript. For hsp65 (accession 326 

No. OQ417940), for IS6110 (accession nos. OQ417941), and for IS1081 ( accession nos OQ417942) are 327 

available at NCBI database.  328 

References 329 

1.  El-Sayed, A., El Shannat, S., Kamel, M., Castañeda-Vazquez, M. A. & Castañeda-Vazquez, H. 330 

Molecular epidemiology of Mycobacterium bovis in humans and cattle. Zoonoses Public Health 63, 251–331 

264. https://doi.org/10.1111/zph.12242 (2016). 332 



15 

 

2.  Thakur, A., Sharma, M., Katoch, V. C., Dhar, P. & Katoch, R. C. A study on the prevalence of bovine 333 

tuberculosis in farmed dairy cattle in Himachal Pradesh. Vet. World 3, 409–414 (2010). 334 

3. Rose, G., et al. Mapping of genotype–phenotype diversity among clinical isolates of Mycobacterium 335 

tuberculosis by sequence-based transcriptional profiling. Genome Biol. Evol. 5, 1849–1862. 336 

https://doi.org/10.1093/gbe/evt138 (2013). 337 

4. Olea-Popelka, F. et al. Zoonotic tuberculosis in human beings caused by Mycobacterium bovis- a call 338 

for action. Lancet Infect. Dis. 17, e21–e25. https://doi.org/10.1016/S1473-3099(16)30139-6 (2017). 339 

5. World Health Organization. Global Tuberculosis Report 2020. World Health Organization, Geneva 340 

(2020). 341 

6. Waters, W. R., Palmer, M. V., Buddle, B. M. & Vordermeier, H. M. Bovine tuberculosis vaccine 342 

research: historical perspectives and recent advances. Vaccine 30, 2611–2622. 343 

https://doi.org/10.1016/j.vaccine.2012.02.018 (2012). 344 

7. Srinivasan, S. et al. Prevalence of bovine tuberculosis in India: A systematic review and meta-analysis. 345 

Transbound. Emerg. Dis. 65, 1627–1640. https://doi.org/10.1111/tbed.12915 (2018) 346 

8. Thakur, C., Kumar, V. & Gupta, A. K. Detecting mutation pattern of drug-resistant Mycobacterium 347 

tuberculosis isolates in Himachal Pradesh using GenoType® MTBDRplus assay. Indian J. Med. 348 

Microbiol. 33, 547–553. https://doi.org/10.4103/0255-0857.167336 (2015) 349 

9. Mishra, A. et al. Direct detection and identification of Mycobacterium tuberculosis and Mycobacterium 350 

bovis in bovine samples by a novel nested PCR assay: correlation with conventional techniques. J. Clin. 351 

Microbiol. 43, 5670–5678 (2005). 352 

10. Lermo, A. et al. A novel strategy for screening-out raw milk contaminated with Mycobacterium bovis 353 

on dairy farms by double-tagging PCR and electrochemical genosensing. Int. J. Microbiol. 13, 91–97 354 

(2010). 355 

11. Dubey, S. Molecular Epidemiology of Chronic Bacterial Diseases in Mithun. PhD thesis, Indian 356 

Veterinary Research Institute (2015). 357 



16 

 

12. Figueiredo, E. E. D. S. et al. Detection of Mycobacterium bovis DNA in nasal swabs from tuberculous 358 

cattle by a multiplex PCR. Braz. J. Microbiol. 41, 386–390. https://doi.org/10.1590/S1517-359 

838220100002000020 (2010). 360 

13. Medeiros, L. D. S., Marassi, C. D., Figueiredo, E. E. S. & Lilenbaum, W. Potential application of new 361 

diagnostic methods for controlling bovine tuberculosis in Brazil. Braz. J. Microbiol. 41, 531–541. 362 

https://doi.org/10.1590/S1517-83822010005000002 (2010). 363 

14. Ameni, G., Bonnet, P. & Tibbo, M. A cross-sectional study of bovine tuberculosis in selected dairy 364 

farms in Ethiopia. Int. J. Appl. Res. Vet. Med. 1, 253–258 (2003). 365 

15. Lindahl, J. F. et al. The extent and structure of peri-urban smallholder dairy farming in five cities in 366 

India. Front. Vet. Sci. 7, 359. https://doi.org/10.3389/fvets.2020.00359 (2020). 367 

16. Kader, N. A. et al. Prevalence of bovine tuberculosis and analysis of risk factors among the dairy 368 

farms in and around Guwahati metropolitan city, India. Res. Vet. Sci. 161, 15–19. 369 

https://doi.org/10.1016/j.rvsc.2023.05.012 (2023). 370 

17. Dundee, L., Grant, I. R., Ball, H. J. & Rowe, M. T. Comparative evaluation of four decontamination 371 

protocols for the isolation of Mycobacterium avium subsp. paratuberculosis from milk. Lett. Appl. 372 

Microbiol. 33, 173–177. https://doi.org/10.1046/j.1472-765x.2001.00979.x (2001). 373 

18. Petroff, S. A. A new and rapid method for the isolation and cultivation of tubercle bacilli directly from 374 

the sputum and feces. J. Exp. Med. 21, 38–42. https://doi.org/10.1084/jem.21.1.38 (1915). 375 

19. Telenti, A. et al. Rapid identification of mycobacteria to the species level by polymerase chain 376 

reaction and restriction enzyme analysis. J. Clin. Microbiol. 31, 175–178. 377 

https://doi.org/10.1128/jcm.31.2.175-178.1993 (1993). 378 

20. Eisenach, K. D., Donald Cave, M. & Bates, J. H. Polymerase chain reaction amplification of a 379 

repetitive DNA sequence specific for Mycobacterium tuberculosis. J. Infect. Dis. 161, 977–981. 380 

https://doi.org/10.1093/infdis/161.5.977 (1990) 381 

21. Wards, B. J., Collins, D. M. & Lisle, G. W. Detection of Mycobacterium bovis in tissues by 382 

polymerase chain reaction. Vet. Microbiol. 43, 227–240. https://doi.org/10.1016/0378-1135(94)00096-f 383 

(1995). 384 



17 

 

22. World Organisation for Animal Health (OIE). Bovine Tuberculosis: Terrestrial Manual. Chapter 385 

2.4.7, 1–16 (2009). 386 

23. Olea-Popelka, F. et al. Relative effectiveness of Irish factories in the surveillance of slaughtered cattle 387 

for visible lesions of tuberculosis, 2005–2007. Ir. Vet. J. 65, 1–5. https://doi.org/10.1186/2046-0481-65-2 388 

(2012). 389 

24. Pascual-Linaza, A. V., Gordon, A. W., Stringer, L. A. & Menzies, F. D. Efficiency of slaughterhouse 390 

surveillance for the detection of bovine tuberculosis in cattle in Northern Ireland. Epidemiol. Infect. 145, 391 

995–1005. https://doi.org/10.1017/S0950268816003095 (2017). 392 

25. Corner, L. A. Post mortem diagnosis of Mycobacterium bovis infection in cattle. Vet. Microbiol. 40, 393 

53–63. https://doi.org/10.1016/0378-1135(94)90046-9 (1994). 394 

26. Ewnetu, L., Melaku, A. & Birhanu, A. Bovine tuberculosis prevalence in slaughtered cattle at Akaki 395 

Municipal Abattoir, based on meat inspection methods. Glob. Vet. 9, 541–545 (2012). 396 

27. Bekele, M. & Belay, I. Evaluation of routine meat inspection procedure to detect bovine tuberculosis 397 

suggestive lesions in Jimma Municipal Abattoir, South-West Ethiopia. Glob. Vet. 6, 172–179 (2011). 398 

28. Abubakar, A. Epidemiology of Human and Bovine Tuberculosis in the Federal Capital Territory and 399 

Kaduna State of Nigeria. PhD thesis, Univ. of Plymouth. https://doi.org/10.24382/1487 (2007). 400 

29. Thakur, M. K., Sinha, D. K. & Singh, B. R. Evaluation of complementary diagnostic tools for bovine 401 

tuberculosis detection in dairy herds from India. Vet. World 9, 862–868. 402 

https://doi.org/10.14202/vetworld.2016.862-868 (2016). 403 

30. Carvalho, R. C. T. et al. Use of PCR for detection of bovine tuberculosis bacillus in milk of positive 404 

skin-test cows. Braz. J. Vet. Res. Anim. Sci. 51, 42–48. https://doi.org/10.11606/issn.1678-405 

4456.v51i1p42-48 (2014). 406 

31. Franco, M. M. J. et al. Occurrence of mycobacteria in bovine milk samples from both individual and 407 

collective bulk tanks at farms and informal markets in the southeast region of São Paulo, Brazil. BMC 408 

Vet. Res. 9, 85. https://doi.org/10.1186/1746-6148-9-85 (2013). 409 



18 

 

32. Vitale, F. et al. Detection of Mycobacterium tuberculosis complex in cattle by PCR using milk, 410 

lymph-node aspirates and nasal swabs. J. Clin. Microbiol. 36, 1050–1055. 411 

https://doi.org/10.1128/JCM.36.4.1050-1055 (1998). 412 

33.  Rowe, M. T. & Donaghy, J. Mycobacterium bovis: the importance of milk and dairy products as a 413 

cause of human tuberculosis in the UK. Int. J. Dairy Technol. 61, 317–326. 414 

https://doi.org/10.1111/j.1471-0307.2008.00433.x (2008). 415 

34.  Duffy, S. C. et al. Reconsidering Mycobacterium bovis as a proxy for zoonotic tuberculosis: a 416 

molecular epidemiological surveillance study. Lancet Microbe 1, e66–e73. https://doi.org/10.1016/S2666-417 

5247(20)30038-0 (2020). 418 

35.  Ngeow, Y. F. et al. Identification of new genomospecies in the Mycobacterium terrae complex. PLoS 419 

ONE 10, e0120789. https://doi.org/10.1371/journal.pone.0120789 (2015). 420 

36. Tortoli, E. et al. Survey of 150 strains belonging to the Mycobacterium terrae complex and 421 

description of Mycobacterium engbaekii sp. nov., Mycobacterium heraklionense sp. nov. and 422 

Mycobacterium longobardum sp. nov. Int. J. Syst. Evol. Microbiol. 63, 401–411. 423 

https://doi.org/10.1099/ijs.0.038737-0 (2013). 424 

 425 

Figure legends 426 

Fig.1: Showing the sampling area from the Urban and Peri-urban area of Guwahati, Assam 427 

Fig.2: (A) Cut section of lungs showing granulomatous tissue, yellowish-white areas with caseous 428 

necrosis (B) showing miliary to large tuberculous nodules with fibrotic lesions in the lungs 429 

Fig.3: Amplified 441bp of hsp65 gene product of positive milk, tissue and nasal swab samples in 1.8% 430 

agarose gel. L-Ladder (100bp DNA Ladder, Thermo Fisher Scientific GeneRuler, MA, United States);P-431 

positive control (M.phlei MTCC1724); samples (S1-S7); N-negative control 432 

Fig.4: Amplified 248bp of IS1081 gene product of positive tissue samples in 1.8% agarose gel 433 

L-Ladder (Thermo Scientific GeneRular 100bp DNA Ladder); P-positive control (Mycobacterium bovis 434 

(AN-5); samples (S1-S9); N-negative control 435 
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Fig.5: Amplified 123bp of IS6110 gene product of positive milk and tissue samples in 1.8% agarose gel 436 

L-Ladder (Thermo Scientific GeneRular 100bp DNA Ladder); P-positive control (Mycobacterium bovis 437 

(AN-5); samples (S1-S3); N-negative control 438 

 439 
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Fig.1: Showing the sampling area from the Urban and Peri-urban area of Guwahati, Assam 447 
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Fig.2(A)                                                                                          Fig.2(B) 454 
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Fig.2: (A) Cut section of lungs showing granulomatous tissue, yellowish-white areas with caseous 457 

necrosis (B) showing miliary to large tuberculous nodules with fibrotic lesions in the lungs 458 
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Fig.3: Amplified 441bp of hsp65 gene product of positive milk, tissue and nasal swab samples in 1.8% 467 

agarose gel. L-Ladder (100bp DNA Ladder, Thermo Fisher Scientific GeneRuler, MA, United States);P-468 

positive control (M.phlei MTCC1724); samples (S1-S7); N-negative control 469 
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Fig.4: Amplified 248bp of IS1081 gene product of positive tissue samples in 1.8% agarose gel 476 

L-Ladder (Thermo Scientific GeneRular 100bp DNA Ladder); P-positive control (Mycobacterium bovis 477 

(AN-5); samples (S1-S9); N-negative control 478 
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Fig.5: Amplified 123bp of IS6110 gene product of positive milk and tissue samples in 1.8% agarose gel 488 

L-Ladder (Thermo Scientific GeneRular 100bp DNA Ladder); P-positive control (Mycobacterium bovis 489 

(AN-5); samples (S1-S3); N-negative control 490 
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Tables 493 

Table 1- The details of primers used in the present study 494 

Primer 

Name 

Forward primer (5’-3’) Reverse primer (5’-3’) Product 

size 

Reference 

Hsp65 ACCAACGATGGTGTGTCCAT CTTGTCGAACCGCATACCCT 441bp 
Telenti et 
al., 1993 

IS6110 CCTGCGAGCGTAGGCGTCGG CTCGTCCAGCGCCGCTTCGG 123bp 
Eisenach 
et al., 1990 

IS1081 ACAGGCGAGCCCGGATCTGCTG GTTCAGCTCGCTTGCGGCGCTG 248bp 
Wards et 
al., 1995 

 495 
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 504 
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 507 

 508 
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Table-2: Results of percent positivity of bTB under following tests 509 

 510 

Note- N.D is not done and (*) stands for only selected tissue samples with nodules which showed pure 511 

colonies. 512 

 513 

 514 

 515 

 516 

Type of 

sample 

Total number of 

samples tested 

Z-N staining 

positive 
Isolation 

hsp65 PCR 

positive 

IS1081/ IS6110 

PCR positive 

Milk 360 N.D N.D 
16/360 

(4.44%) 

4/16  

(25%) 

Nasal swab 150 N.D N.D 
3/150 

(2.00%) 

2/3  

(66.67%) 

Tissue 110 
12/110 

(10.90%) 

2*/14 

(14.28%) 

24/110 

(21.8%) 

18/24  

(75%) 

Total 620 
12/110 

(10.90%) 

2*/14 

(14.28%) 

43/620 

(6.93%) 
24/43 (55.81%) 


