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ABSTRACT
The research was undertaken to investigate the important bacterial zoonotic diseases in
slaughtered cattle in Mymensingh district of Bangladesh. The targeted diseases ICLE
were
tuberculosis (TB), leptospirosis, listeriosis, and brucellosis. Samples (mesenteric lymph nodes,
lungs, and liver) were collected from 50 slaughtered cattle from different slaughterhouses in
Mymensingh district during the periods from October 2019 to November 2021. The diagnosis
was made based on gross pathological findings and histopathology by hematoxylin and eosin
staining and acid-fast staining. The confirmatory diagnosis was done by polymerase chain
reaction using disease-specific primers. Grossly, calcifications and caseation of mesenteric
lymph nodes, caseous nodule formation in the liver and lungs, and enlarged mesenteric
lymph nodes were the predominant lesions seen. Histopathologically, caseous necrosis and
calcification surrounded by fibrous connective tissues in the mesenteric lymph nodes, and
granuloma mixed with acid-fast bacteria in the liver were seen as suggestive of infectivity due
to TB. Marked lymphoid depletion was seen in listeriosis suspected cases. The PCR amplified
Mycobacterium tuberculosis complex (372 bp/16S rRNA), M. bovis (MPB83/600 bp), Leptospira
interrogans serovar Hardjoprajitno (HP/323 bp) and Listeria monocytogenes (InlC/517 bp)
species-specific amplicons in 09, 09, 05, and 05 cattle, respectively. Brucellosis was not
identified in any cases in this study. In conclusion, deadly zoonotic diseases (TB, leptospirosis,
and listeriosis) are present in slaughtered cattle having public health importance. Therefore,
more extensive monitoring and epidemiological surveys are necessary for the effective
prevention and control of zoonotic diseases of cattle.

INTRODUCTION
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License, which
permits unrestricted noncommercial use, distribution, and
reproduction in any medium,
provided the original work is
properly cited.

In Bangladesh, the meat market is a neglected area. Slaughter animals receive minimal
attention from a sanitary standpoint, and there is no ante-mortem examination of
animals prior to slaughtering, as well as the facilities provided in the slaughterhouse
are very poor. As a result, humans are frequently exposed to zoonotic infections from
slaughterhouses [1]. Farmers, livestock producers, abattoir employees, and the general
public are all at risk of infection due to close relationships with animals and to a lack of
knowledge about meat-borne zoonoses [2]. Zoonoses are those infectious diseases that
are spread from animals to humans (or, in certain cases, vertebrates). The majority of
newly emerging diseases in humans are zoonotic and can originate in animals [3]. They
can be transmitted to people by the handling of diseased meat during preparation and
consumption, or through intimate contact with animals, such as when hunting,
slaughtering, or herding animals [4]. Zoonoses are widespread all over the world, and
the public health threat of evolving, reemerging, and neglected zoonoses has been
documented in the developed world [5], but they pose a major threat to human health
in developing countries like Bangladesh. The important bacterial diseases such as
tuberculosis (TB), brucellosis, leptospirosis, and listeriosis are the major burdens on the
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development of the livestock sector as well as public health importance [6]. Prevention
and control of these zoonotic pathogens originated from livestock is very important
component to ensure safe food production. In Bangladesh, cattle, goat, and sheep are
important livestock animals that contribute to human health by supplying nutrition,
employment generation as well as poverty alleviation. Humans can be easily affected
by zoonotic diseases from these animals due to our close relationship with animals in
agriculture. Still there is no correct data about the transmission of livestock zoonotic
pathogens, particularly meat producing animals. In this circumstances, proper
diagnosis of zoonotic diseases is very essential in the developing country like
Bangladesh. Therefore, this research work was designed to apply technologies to bring
about a proper diagnosis of bacterial zoonotic diseases in slaughtered cattle from the
Mymensingh district of Bangladesh, which will provide valuable insight regarding
preventive and control strategies for zoonotic diseases in cattle.

MATERIALS AND METHODS
Ethical approval
The ethical standards committee of the Bangladesh Agricultural University Research
System (BAURES) approved the research work with the reference number
BAURES//ESRC/VET/05 dated 11.05.2019.

Collection of samples and gross pathological study
A schematic diagram of the study was represented in Figure 1. A total (n = 50)
slaughtered cattle were investigated from different slaughterhouses in Mymensingh
district during the periods from October 2019 to November 2021. The detailed history
including age and sex of slaughtered cattle were not able to collect due to lack of proper
ante-mortem examination in slaughterhouses in Bangladesh. However, a detailed postmortem examination was carried out at slaughter, and the gross changes were observed
and recorded carefully. Samples were collected from the affected organs, mainly lungs,
liver, and mesenteric lymph nodes. Portion of tissue samples were immediately fixed in
10% neutral buffered formalin (NBF) and transported to the Department of Pathology,
Bangladesh Agricultural University, Mymensingh for histopathological examination.
Small pieces of tissues from the lungs, liver, and mesenteric lymph nodes were also
collected in sterile falcon tubes and stored at -20°C for molecular detection of specific
diseases by Polymerase Chain Reaction (PCR).

Figure 1. Study layout.
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Hematoxylin and eosin (H & E) and acid-fast staining of tissue sections
Representative NBF-fixed tissue samples from affected organs and lymph nodes were
processed routinely. Briefly, the tissues were dehydrated with ascending graded
alcohols and embedded in paraffin. Then they were sectioned at a thickness of 6 µm.
The sectioned tissues were stained with hematoxylin and eosin (H & E) staining [7].
Acid-fast staining [7] was also used to identify acid-fast bacteria in suspected TBinfected organs. The stained slides were mounted using DPX, air dried and examined
under a microscope at low (10x) and high (40x and 100x) power objectives, and the
images were taken in a microphotographic system (Cell Bioscience, Alphaimager HP,
California, USA).

DNA extraction from tissue samples
Commercially available DNA extraction kit (Wizard Genomic DNA purification kit,
Promega, USA) was used to extract the microbial DNA from the mesenteric lymph
nodes, liver, and lungs for the PCR detection of Mycobacterium tuberculosis complex
(MTBC), Mycobacterium bovis, Leptospira interrogans serovar Hardjoprajitno, Listeria
monocytogenes, and Brucella abortus as per manufacturer’s instruction. The concentration
and quality of the extracted DNA were further measured at 260 nm/ 280 nm using the
Spectrophotometer NanodropTM spectrophotometer (IAEA, Scibersdoff, Vienna). The
concentration of all the DNA samples obtains ranged between 250-300 ng/ μl and the
quality was about 1.8. The DNA was then stored at -200C for molecular detection of
diseases by PCR.
Table 1. Oligonucleotide primers used in PCR detection of zoonotic pathogens in slaughtered cattle.
Genes targeted
Primers
Primer sequence (5´-3´)
Organism

Reference

16S rRNA

TB 1-F
TB 1-R

agcacgctgtcaatcatgta

M. tuberculosis
complex

H37RvHP

H37RvHPF

gaactcaccgtcggtggtga

M. tuberculosis

667 bp

[9]

MPB83

H37RvHPR
MPB83F
MPB83R

ccttgctcgatctctgcgtc
cagggatccaccatgttcttagcgggttg
tggcgaattcttactgtgccggggg

M. bovis

600 bp

[10]

alkB

BrucF1

gatggacgaaacccatgaatg

B. abortus

621 bp

[11]

BrucRI

cgatgccatcttgtggatgcc

HP

InlC

gaacaatccggagttgacaa

Amplicon
size
372 bp

[8]

LeptF1

caattcaagacgctggagtg

[11]

gtgccaagaccagggattc

L. interrogans serovar
Hardjoprajitno

323 bp

LeptR1
LMF

aattcccacaggacacaacc

L. monocytogenes

517 bp

[12]

LMR

aattcccacaggacacaacc

Molecular detection of diseases by PCR
PCR was used to detect MTBC, M. bovis, L. interrogans serovar Hardjoprajino, L.
monocytogenes, and B. abortus by amplifying 372 bp, 600 bp, 323 bp, 517 bp, and 621 bp
fragments of the 16S rRNA gene, MPB83 gene, HP gene, InlC gene, and alkB gene
respectively by using specific primers. Primers were obtained from published
sequences (Table 1) [8-12] and the PCR primers were synthesized from a commercial
source (AIT Biotech, Singapore). The PCR reaction was run in an oil-free thermal cycler
(Proplex gradient PCR, USA) in a 25 μl reaction volume using One Taq R Quick-Load R
2X Master Mix kit (New England Biolabs, USA). The reaction mixture consists of 2x
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PCR master mix, 20 pmol primer in each, 150-200 ng of DNA template, and nuclease
free water to make a 25 µl reaction volume. Nuclease free H2O was used instead of
template DNA in the reaction mixture.
The thermal profile of 35 cycles of PCR amplification was carried out with an initial
denaturation at 94⁰C for 3 mins followed by denaturation at 94⁰C for 30 secs, annealing
at 62⁰C for 2 mins (MTBC), 56⁰C for 1 min (M. bovis), 57⁰C for 1.5 mins (M. tuberculosis),
59.3⁰C for 1 min (B. abortus), 57.5⁰C for 1 min (L. interrogans serovar Hardjoprajitno),
55⁰C for 1 min (L. monocytogenes), extension at 68⁰C for 5 mins and final elongation was
carried out at 68⁰C for 7 mins.

Agarose gel electrophoresis
Electrophoresis (WSE-1710Submerge-Mini2322100, China) was performed in 1.5%
agarose gel containing ethidium bromide (0.5 μg/ml), and images were captured in a
transilluminator (Alpha Imager, USA). To evaluate the size of the amplicons, 100 bp
DNA ladder (TackIT, Invitrogen, USA) was used in the agarose gels.

Statistical analysis
The Pearson chi-square test for independence relatedness of the variants and
descriptive analysis of the data was carried out by using SPSS 22 (IBM corporation,
United States); these enable to estimate the percentages of infection of different
zoonotic diseases. A value of P ≤ 0.05 was considered significant at a 95% confidence
interval.

RESULTS
Gross pathological observations
Grossly, the mesenteric lymph nodes were enlarged and swollen in 25 cattle (Figure
2A). After cross section of the lymph nodes, caseous materials and calcification were
observed within the lymph nodes of four cattle (Figure 2B). In the liver, the lesions
included nodule formation in three cattle, hemorrhages in two cattle and cirrhosis in
case of twenty cattle (Figure 2D). In the lung parenchyma, multiple caseous nodules
were seen in one cattle. Congestion was also seen in the affected four lungs (Figure 2C).
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Figure 2. Examination of mesenteric lymph nodes, lungs and liver of slaughtered cattle. A. Swollen and
enlarged mesenteric lymph nodes were seen, and hemorrhages were seen at the cut surface (inset). B.
Caseous materials (arrows) were seen following cross section of the mesenteric lymph node. C. Congested
lung (arrow) and D. Cirrhosis (arrows) were seen. Bar = 2 cm.

Histopathological observations
Hematoxylin and Eosin staining
Histopathologically, in the mesenteric lymph nodes, the lesions included caseous
necrosis with or without calcification in four cattle (Figure 3A-B). In all cases, the
caseous necrosis and calcification were surrounded by fibrous connective tissues with
huge infiltration of inflammatory cells, predominantly macrophages, lymphocytes, and
langhan’s type giant cells (Figure 3A-B), suggestive of infectivity due to TB. In addition,
marked lymphoid depletion with enlargement of trabeculae was also seen in the
mesenteric lymph nodes in Listeria suspected cases.
In the liver, the lesions included granuloma composed of macrophages, lymphocytes,
epithelioid cells, and with or without langhan’s giant cells in four cattle (Figure 3D-E).
Additionally, hemorrhages with deposition of hemosiderin pigment were seen in one
affected liver (Figure 3D-E) and cirrhosis were also seen in the liver in some cases. In
the lungs, multifocal granuloma was seen in one cattle (Figure 3C), hemorrhages,
congestion, and pneumonia were observed in two cattle.

Figure 3. Histopathology of the mesenteric lymph nodes, lungs, and liver of slaughtered cattle. A. Caseous
necrosis (asterisk) surrounded by fibrous connective tissues (arrow) and accompanied by mononuclear cells
(arrowhead) was seen in the mesenteric lymph node B. Calcification (arrow) surrounded by fibrous
connective tissues accompanied by infiltrates with mononuclear cells and langhan’s types giant cells were
seen (inset: higher magnification). C. Multifocal Granuloma (arrows) were seen in the lungs. D. Granuloma
(arrow) characterized by infiltrates with lymphocytes and foamy macrophages as well as hemorrhages
(arrowheads) along with deposition of hemosiderin pigments (asterisk) were seen in the liver and in higher
magnification (E). F: Acid-fast bacteria were seen in the macrophages or in the epithelioid cells of the
granulomas and its surrounding tissues. H & E stain (A-E); acid-fast stain (F). Bar (A-D = 200 µm; B (inset)
and E-F = 100 µm.

Acid-fast staining
Acid-fast staining of the tissue sections revealed pink-colored rod-shaped acid-fast
bacilli in the macrophages or in the epithelioid cells of the granuloma of the liver
(Figure 3F) as well as in the caseous center of the mesenteric lymph nodes in four cattle.
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Results of PCR
In this study, out of 50 cattle tested, TB, L. interrogans serovar Hardjoprajitno, and L.
monocytogenes were confirmed by molecular detection technique (PCR). The extracted
DNA (mesenteric lymph nodes, liver, and lungs) was subjected to amplify fragments of
the 16S rRNA gene of MTBC (372 bp) (Figure 4A) in nine cattle. To identify further the
specific causes of TB, PCR was performed targeting the MPB83 and the H37RvHP
genes to detect the infectivity due to M. bovis (600 bp) and M. tuberculosis (667 bp),
respectively. MPB83 gene specific amplification of genomic DNA was seen in the
mesenteric lymph nodes/liver/lungs of nine cattle (Figure 4B). However, the H37RvHP
gene of M. tuberculosis specific amplification was not seen in any cases. PCR was also
performed targeting the HP gene of L. interrogans serovar Hardjoprajitno and amplified
323 bp fragments (Figure 5A) in five cattle. The PCR amplified the InlC gene of L.
monocytogenes (517 bp) (Figure 5B) in five cattle. PCR targeting to the alkB gene of B.
abortus (621 bp) was not generated in this study

Figure 4. A. PCR amplified products of 372 bp fragments of the 16S rRNA gene of Mycobacterium tuberculosis
complex isolates from cattle. L = DNA marker (100 bp), PC = Positive control, NC = Negative control, lane 0103 = representative M. tuberculosis complex isolates from the liver, lane 05-06 = representative M. tuberculosis
complex isolates from the lungs, lane 08-11 = representative M. tuberculosis complex isolates from the
mesenteric lymph nodes. B. PCR amplified products of 600 bp fragments of the MPB83 gene of Mycobacterium
bovis isolates from cattle. L = DNA marker (100 bp), PC = Positive control, NC= Negative control, lane 01-03 =
representative M. bovis isolates from the liver, lane 04-05 = representative M. bovis isolates from the lungs,
lane 06-09 = representative M. bovis isolates from the mesenteric lymph nodes.

Figure 5. A. PCR amplified products of 323 bp fragments of the HP gene of Leptospira interrogans serovar
Hardjoprajitno isolates from cattle. L = DNA marker (100 bp), NC= Negative control, lane 01-05 =
representative L. interrogans serovar Hardjoprajitno isolates from the mesenteric lymph nodes of cattle. B.
PCR amplified products of 517 bp fragments of the InlC gene of Listeria monocytogenes isolates from cattle. L =
DNA marker (100 bp), NC= Negative control, lane 04-07 = representative L. monocytogenes isolates from the
mesenteric lymph nodes of cattle.

Overall summary statistics
Out of 50 cattle tested, 9 (18%) cattle were infected with TB, 5 (10%) with leptospirosis
and 5 (10%) with listeriosis. Among them, percentage of TB was significantly higher
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(χ2=9.479, df=3, p=0.024) than other organisms in cattle. However, brucellosis was not
detected in any cases (Figure 6).

Figure 6. The percentages of tuberculosis (TB), leptospirosis, listeriosis and brucellosis in naturally infected
cattle. *p = 0.024 indicates percentage of TB was significantly higher than other organisms in cattle.

DISCUSSION
Slaughterhouses act as major public health hotspots in terms of spreading diseases in
developing countries, including Bangladesh [11, 13]. Thus, this research work was
designed to apply few technologies to bring about a proper diagnosis of diseases, with
special emphasis on bacterial zoonoses in slaughtered cattle in Mymensingh district of
Bangladesh. Out of 50 cattle investigated, TB, leptospirosis, and listeriosis were
diagnosed tentatively by gross and histopathological observation. Further, molecular
detection technique (PCR) confirmed TB, leptospirosis, and listeriosis in nine, five, and
five cattle, respectively.
TB is a chronic granulomatous disease which is characterized by exudative
granulomatous caseous inflammatory lesions in the lungs, lymph nodes, also in visceral
organs. The disease is occurred in a wide range of animals including domestic and wild
animals as well as humans with a high impact on veterinary and public health. TB is
caused primarily by acid-fast bacteria of the members of the MTBC, including M.
tuberculosis, M. africanum, M. bovis, the Bacillus Calmette– Guérin strain, M. microti, M.
canettii, M. caprae, M. pinnipedii, and M. mung. However, infectivity due to M. bovis and
M. tuberculosis is common in animals and humans. Bovine TB caused by M. bovis is
currently one of the most serious problems in cattle farming in Bangladesh [14]. As
primarily a respiratory disease, TB is mainly transmitted by the airborne route although
other different routes have been reported. Animals infected through inhalation,
organisms enter into the lungs and begin to multiply. Bacilli infect the alveolar
macrophages, then picked up by dendritic cells and spread to the local lymph node,
followed by the bloodstream reach various organs where they are phagocytosed by
macrophages and interact with the cells of the immune system, leading to the
development of granuloma. On the other hand, animals infected through ingestion,
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bacilli enter into the lymph nodes of the mesentery and disseminate to other internal
organs [15].
Grossly, in this study, mesenteric lymph nodes were enlarged and swollen. After cross
section of the lymph nodes, encapsulated caseous, caseo-calcified, calcified, sticky or
gritty materials were seen. Similar lesions were also observed in the liver and lungs.
Histopathologically, granuloma composed of foamy macrophages, lymphocytes, with
or without langhan’s type giant cells. In mesenteric lymph nodes, a central core of
caseous necrosis with or without calcifications encapsulated by fibrous connective
tissues was seen. In all cases, the lesions were infiltrated by mononuclear cells with or
without langhan’s type giant cells. Pink-colored rod-shaped acid-fast bacilli were
observed in the granulomatous lesions, in the cytoplasm of epithelioid cells and in
necrosed areas. Such characteristics of TB in various animals were discussed earlier [16,
17]. Additionally, hemorrhages along with hemosiderosis were seen in the liver. This
may be due to vasculitis resulting in capillary injury, escape of blood, and destruction
of RBC inside the phagocytic system [18] and is considered a cachectic animal.
To confirm TB, PCR was performed to identify the 16S rRNA gene of the MTBC and
generated 372 bp amplicons in nine cattle. MTBC is primarily made up of related M.
spp., but TB in domestic animals and humans is primarily caused by two MTBC
members, M. bovis and M. tuberculosis [14]. Further, PCR was used to identify the
MPB83 gene (600 bp) of M. bovis and the H37RvHP gene (667 bp) of M. tuberculosis from
cattle. Finally, M. bovis was confirmed in nine cattle, but M. tuberculosis was not
confirmed in any cases. Previously, PCR had been successfully applied to detect the 16S
rRNA gene of the MTBC, the MPB83 gene of M. bovis and the H37RvHP gene of M.
tuberculosis in bovine tissue samples in Bangladesh [9, 11] and nowadays, the incidence
of TB due to M. bovis in cattle is increasing in Bangladesh, as described earlier [9].
Leptospirosis is one of the most important zoonotic diseases with a large economic
impact on animal production that causes a fall in milk production, abortion, still birth,
and low fertility [19]. Humans can be affected from infected animals as a result of
occupational or environmental hazards. According to Azevedo et al. (2004) [20], the
disease was transmitted to slaughterhouse workers who handled leptospirosis-infected
carcasses and organs. The disease is caused by L. interrogans, pathogenic bacteria that
infects humans as well as wild and domestic animals [21]. There are around 300
serovars in the Leptospira species, which are divided into 28 serogroups [22]. Among all
serovars, the major serovar responsible for leptospirosis in cattle is L. interrogans
serovar Hardjo [23]. In many countries of the world, several studies have been
conducted to determine the prevalence of L. serovar Hardjo infection in cattle and have
reported prevalence rates ranging from 3% to 50% at the animal level [24, 25]. In
northern Tanzania, the molecular prevalence of pathogenic Leptospira infection was
7.08% in cattle (n = 452) sampled in local slaughterhouses [26]. In Kelantan, Malaysia,
the molecular prevalence of Leptospira sp. in cattle was (0.63%; 4/635) in blood samples
and (3.23%; 1/31) in urine samples [27]. Information is lacking about the molecular
prevalence of leptospirosis in ruminants in Bangladesh, although the seroprevalence of
L. interrogans serovar Hardjo antibody was (47.27%, 52/110) detected by ELISA in
commercial dairy cattle [28]. Our study detected L. interrogans serovar Hardjoprajitno in
five cattle by PCR. Previously, PCR has been successfully applied to detect L.
interrogans serovar Hardjoprajitno from a calf in Chile [29].
Listeriosis is an emerging foodborne bacterial disease caused by L. monocytogenes that
affects a wide range of animals, including humans. It is widespread in the environment,
but it can cause significant invasive disease in both ruminants and people. Listeriosis is
spread by the ingestion of food and water contaminated with saliva, feces, nasal
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secretions, and aborted material from infected animals. Previously, in Mymensingh
municipality of Bangladesh, L. monocytogenes was isolated from 16.66% (2/16) beef and
8.33% (1/12) chevon by bacteriological identification methods [30]. In Dhaka,
Bangladesh, 13.2% of Listeria spp. was isolated from various cattle farm environments.
In Iraq, the presence of L. monocytogenes DNA was detected by PCR in 2 (1.3%) cattle
[31]. In Northeast India, the prevalence of listeriosis in chevon (9.8%) and beef (8.9%)
[32]. In addition, human infection with L. monocytogenes has been detected in different
countries such as Iran [33], Japan, North America, and Europe [34], as well as in
neighboring countries like India [35]. Information is limited about human case studies
of listeriosis in Bangladesh. Previous literature suggests that human infections mostly
result from ingestion of contaminated and unprocessed animal food materials [36].
Therefore, the public health significance of listeriosis should not be underestimated.
Grossly, in this study, marked lymphadenomegaly and hemorrhages were observed in
the mesenteric lymphnodes. Fluen et al. (2019) [37] reported similar findings in case of
listeriosis infected animals. Histopathologically, marked lymphoid depletion with
widened and inflamed trabeculae was seen in lymphnodes, supported the findings of
Fairley et al. (2012) [38]. To confirm L. monocytogenes, PCR was used to amplify
fragments of the InlC gene (517 bp) of L. monocytogenes and was found positive in five
cattle. Molecular detection is a rapid test to identify L. monocytogenes from all types of
food samples, including animal-derived food [39]. Although the first isolations of
Listeria spp. were generally performed by the direct culture method, it is difficult to
isolate pathogenic Listeria spp. [40]. Molecular tools including PCR, multiplex PCR, and
real-time PCR using virulence-associated genes like the mpl gene, prfA gene [41], ssrA
gene [42], and InlC gene [43] have been proven to be fast, specific, reproducible, and
reliable [44].
Another important bacterial zoonotic disease is brucellosis, caused by the genus
Brucella. Brucellosis can result in decreased fertility, miscarriage, poor weight gain,
lowered draught power, and a significant decrease in milk production in domestic
ruminants. In humans, it is regarded as an occupational disease affecting farmers,
slaughterhouse workers, butchers, and veterinarians who work with domestic
ruminants. In Bangladesh, brucellosis is endemic in both humans and animals [45].
According to previous studies, the overall seroprevalence of brucellosis in cattle ranged
from 2.4%–18.4% and 62.5% at herd-level in Bangladesh [46-48] and in Mymensingh
district, the seroprevalence was 2% in cattle [49].
Unfortunately, in this study, brucellosis was not detected in any cases, which may be
due to small sample sizes. Therefore, further studies should be conducted with large
sample sizes and samples should be collected from different districts of Bangladesh.

CONCLUSIONS
The present study identified the existence of important bacterial zoonotic diseases
mainly TB, leptospirosis and listeriosis in the slaughterhouse samples. Among them,
percentage of TB was significantly higher in number (9/50) followed by leptospirosis
(5/50) and listeriosis (5/50). However, brucellosis was not detected in any cases, which
could be due to a smaller number of samples investigated. A high level of TB detected
in slaughtered cattle has the potential to enter into the food chain, posing a negative
impact on both humans and animals health. Humans and scavenging animals like dogs
and cats can be easily affected by these zoonotic diseases from meat-producing animals.
The PCR protocols adapted in this study will help detect these diseases within a short
period of time. Such sensitive molecular diagnostic tools and epidemiological surveys
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are necessary for effective detection, prevention, and control of these diseases at the
slaughterhouse origin.
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