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A B S T R A C T   

The abrupt outset and upsurge of existing viral illnesses in dairy cattle are anticipated to put economies and 
animal life around the world under aberrant stress. Throughout the world, countries are still battling the periodic 
invasion of diseases. The devastating impact of a pandemic on animals and the economy should serve as a wake- 
up call to be better prepared for the arrival of known and undiscovered viruses in the future. Considering this 
scenario, there is an urgent need to develop a set of initiatives and procedures to deal with certain viral infections 
in cattle such as lumpy skin disease (LSD), hemorrhagic septicemia (HS), enzootic bovine leukosis (EBL), bovine 
herpes virus-1 (BHV-1), contagious bovine pleuropneumonia (CBPP), bovine viral diarrhea (BVD), bovine 
tuberculosis (bTB), bovine spongiform encephalopathy (BSE) and bovine genital campylobacteriosis (BGC). 
Pathogen detection presently involves several methods and organized efforts, and biosensors are one new 
technology that is increasingly used in point-of-care devices. The quick response time, high sensitivity, high 
selectivity, and ease of miniaturization of biosensors make them preferable to other diagnostic methods. In-depth 
emphasis is placed in the present study on the drawbacks and complex possibilities of a wide range of biosensors 
from both a current and a prospective future viewpoint. Additionally, a recent development in electro-analytical 
biosensing technology is emphasized to the best of this study’s ability, along with its potential to spot and 
monitor newly emerging and reemerging infectious diseases in cattle.   

1. Introduction 

Cattle infectious diseases are one of the major causes of huge eco
nomic losses in the dairy and beef industries. Pathogen infections in wild 
and domestic animals pose a severe threat to food production and sup
ply, animal harm, and have repercussions for the environment and 
biodiversity across the world. The establishments of a pandemic viral 
strain or occasional human zoonotic diseases are additional concerns 
associated with viral infections of the animal population for the health of 
the worldwide population. More than 70% of newly developed diseases 
are believed to have their origins in animals (Vidic et al., 2017). It is 
quite effective to break off the spread of the virus in cattle farms through 
its quick and timely detection. Cell culture, serological techniques like 
fluorescent antibody tests (FAT), plaque neutralization tests (PNT), 
enzyme-linked immunosorbent assays (ELISA), as well as some other 

molecular tests, are the most commonly used techniques for detecting 
viruses and diseases. Due to their speed and sensitivity, real-time poly
merase chain reaction (Q-PCR) and reverse transcriptase (RT)-PCR are 
routinely used in molecular diagnostics. In situ, hybridization is another 
diagnostic technique, frequently utilized to track down virus location. In 
this technique, labelled probes are used, but in fixed cells. Furthermore, 
accurate detection and analysis of viral pathogen-causing diseases is not 
only a problem entailing the scientific community but also raises chal
lenges in tailoring appropriate treatment strategies to the veterinary 
sector. Some challenges however remain, but these can be removed by 
coupling techniques to maximize the testing sensitivity. The main 
drawbacks of the traditional procedures are their more time consump
tion, less cost-effectiveness and need for specialized equipment and 
highly skilled staff. Besides that, it may not be rapidly deployable in 
distant or resource-limited areas. This might cause hindrances in 
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acquiring realistic data. 
Therefore, the development of novel and efficient methods, for the 

rapid detection of cattle diseases are need of the hour. Due to their high 
sensitivity, high specificity and affordability, countless biosensors have 
been designed in recent years to rapidly identify illnesses and micro
biomes. The biosensor is a sort of analytical tool comprised of biological 
components that transform signals into quantifiable parameters, such as 
enzymes, antibodies, nucleic acids, cells, or organisms (Cho et al., 2020; 
Mokhtarzadeh et al., 2017). Due to their greater performance, tech
nology and sensors, biosensors can accelerate the health monitoring of 
cattle. The health of animals, pets and livestock should be taken into 
account when developing new technologies. The usage of such devices is 
especially beneficial for livestock that is being raised for pharmaceutical 
patches, tracking collars, and electronic saddle optimization, which are 
being purchased at increased rates (Ahlawat et al., 2019; Chourasiya 
et al., 2021; Nehra et al., 2017a, 2017b, 2019, 2022; Nehra and Singh, 
2015, 2018; Singh et al., 2017, 2019). In the next ten years, it is expected 
that the biosensor industry would grow globally from $0.91 billion to 
$2.6 billion. Animals can now have sensors and technology implanted 
within them to monitor the constituents of their perspiration (Garcia 
et al., 2016; Glennon et al., 2016; Heikenfeld, 2016). The agriculture 
industry and cattle would stay one step ahead of invisible diseases 
detected by satellites and smartphones by integrating cutting-edge 
diagnostic and disease detection systems using biosensors. To meet the 
rising demand for food and assure agricultural sustainability, intelligent 
and precise livestock husbandry as well as animal health management 
will become increasingly important in the next few years. 

The real-time dissemination of information assembled from farms 
using such biosensors will be meaningful beyond the farm, offering 
stakeholders in food manufacturing access to data that will prove vital to 
the social licensing issues. It is also worth noticing that in today’s era, 
our agricultural-based companies are facing issues that are crucial to 
maintaining our competitiveness on the world stage and utilizing 
biosensor techniques can help us to improve livestock management that 
can bend the epidemiological curve to the left. 

The goal of this review article is to describe, compare, and evaluate 
several already existing biosensor-based technologies that have recently 
been developed to offer solutions for managing the health of farmed 
animals. Here, we will comprehend our understanding of recent ad
vancements in trends of biosensor research that may be beneficial for 
farms that raise dairy cattle and poultry. 

2. Principal of biosensing technology 

A receptor-transducer device featuring integrated processing that 
leverages a biological recognition component to deliver focused, quan
titative, or semi-quantitative data is called a biosensor. To translate 
biological recognition signals into detectable output a transducer is 
being used by a vast variety of biosensor technologies. The targeted 
biomarker’s existence, concentration, or onsets of action in the analytes 
are represented by the signal, which could be electrochemical or visual. 
Biosensors are classified based on methods of detection. Biosensors 
namely electrochemical, piezoelectric, optical, acoustic, calorimetric 
etc. are included in the preliminary stage of categorization, which itself 
is based on the signal output. Enzymatic, immunological, microbiolog
ical, and cellular biosensors are all included in the second tier of cate
gorization based on the method of detection (Nehra and Singh, 2015). 

3. Biosensors developed for economically important diseases 
prevalent in cattle 

Diseases that are ranked as the most dangerous threats to farm ani
mals by the Department of Agriculture of the United States include LSD, 
HS, EBL, BHV-1, CBPP, BVD, bTB, BSE and BGC. Conventional bio
sensing techniques such as ELISA, PCR, Q-PCR, CFT etc. are still being in 
use for the identification, examination and confirmation of these cattle 

diseases (shown in Fig. 1). 

3.1. LSD-based biosensor 

A Capri poxvirus from the Poxviridae family, which is mostly found 
in Africa and Madagascar and infrequently in the Middle East, is the 
main cause of LSD. In endemic areas, the disease is economically sig
nificant. LSD diagnosis requires speedy and accurate laboratory pro
cedures (Al-Salihi, 2014; Mulatu and Feyisa, 2018; Tuppurainen et al., 
2005; Tuppurainen and Oura, 2012). The most popular molecular 
technique for diagnosing LSD Virus is PCR. Recently, a novel PCR assay 
that is extremely specific to a small number of LSD-Virus isolates was 
successfully developed by Stram et al. The various isolates were iden
tified using non-homologous regions full-length sheep pox and LSD virus 
genomic sequences. For the specificity testing, DNA viruses such bovine 
herpes4 and ORF, as well as sheep pox, were used (Stram et al., 2008). A 
dissimilar diagnostic approach for the diagnosis of LSD in cows was 
described by Awad et al. for the diagnosis of LSD in clinically infected, 
fevered, and normal dairy cows-PCR, viral isolation, indirect ELISA and 
DBH methods were adopted. Blood samples taken from fevered cows 
using PCR and DBH in 77.8% and 66.6% were further used for viral DNA 
detection. From the blood sample collected from in-contact cows only 
19.1% was positive for both PCR and DBH (Awad et al., 2010). 

The sensing of the LSD virus in the saliva of ticks fed on cattle with 
the LSD virus was proposed by Lubinga et al. They aimed to use the 
saliva of A. hebraeum and R. appendiculatus adult ticks fed to detect the 
LSD virus, as nymphs or as adults. LSD virus was detected in saliva 
samples, also the virus’s mechanical/interstadial and trans stadial pas
sage demonstration was done and established in R. appendiculatus and 
A. hebraeumsaliva (Lubinga et al., 2013). 

In another study, Dejan et al. presented real-time PCR assays for the 
specific detection of field Balkan strains of the LSD virus. They have 
developed and validated two real-time TaqMan-PCR assays for rapid, 
sensitive and specific detection of the virulent field LSD Virus strain 
circulating currently in the Balkan Peninsula. 171 samples were 
collected from naturally infected and vaccinated animals. The results 
showed that both Q-PCR assays developed were more sensitive than the 
conventional nested PCR in detecting field LSD virus strains (Vidanović 

Fig. 1. An illustration showing how all diseases and biosensing methods are 
related via biosensors based on cattle diseases. 
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et al., 2016). Shalaby et al. also reported the rapid detection of the LSD 
virus by the recombinase polymerase amplification (RPA) assay. LSD 
virus-negative samples and nucleic acid preparations from ORF virus, 
bovine popular stomatitis virus, cowpox virus, peste des petits rumi
nants, and blue tongue virus were not able to be detected down to 179 
DNA copies in the maximal detection time of 15 min (Shalaby et al., 
2016). 

Agianniotaki et al. developed a Q-PCR that was TaqMan probe-based 
method. The TaqMan probe-based approach was used to distinguish the 
wild-type LSD strain from the vaccinated one. 38 poxvirus isolates and 
strains were used for the study, which was evaluated in three labora
tories for the analytical characteristics determination. Wild-type and 
vaccine LSD strain amplification efficiencies were 91.3% and 90.7% 
respectively (Agianniotaki et al., 2017). In bovine populations, LSD 
virus identification has been demonstrated via group-level oral fluid 
collection. In a recent study, two sets of six calves infected with the LSD 
virus were taken under carefully controlled circumstances. Blood, 
oropharyngeal, and nasal swab samples were taken on a regular time 
intervals and LSD virus detection was done using Q-PCR technology. In 
this study, researchers focused on alternative sampling techniques. 
Although a sample of people from a group was chosen at random to be 
infected at the moment: as is customary in LSD surveillance, the iden
tification would have likely been unsuccessful (Dietze et al., 2018). 

Pestova et al. also showed a real-time high-resolution melting PCR 
assay for detection and differentiation among sheep pox virus, goat pox 
virus, field isolates and vaccine strains of LSD virus. In this investigation, 
an ORF was chosen as a PCR target since it has specific genetic variations 
for each of these viral species. Utilizing an LSD field strain as a PCR 
template for assessment of the assay sensitivity revealed the assay 
detection limit as low as 0.1 TCD50 lg.mL− 1 (Pestova et al., 2018). 
Haegeman et al. demonstrated the detection of LSD antibodies by an 
immunoperoxidase monolayer assay (IPMA). The assay can be easily 
adapted for the detection of sheep pox and goat pox antibodies hence it 
is considered to be very flexible. By preparing the IPMA plates in 
advance, they can be scaled up to handle medium size sample sets. These 
plates are regarded as secure and are suitable for use in labs with low 
biosafety levels (Haegeman et al., 2020). 

Alexander et al. presented a Q-PCR screening assay to use as uni
versal detection of LSD virus DNA. The PCR assay was designed based on 
an LSD044 target region that offers a unique identification locus to 
enable the sensitive and specific detection of all isolates known to date. 
The effectiveness of amplification, measured over five orders of 
magnitude was 93% and the standard deviation remained within the 
range of 0.11–0.23. The test was evaluated several times over three 
distinct days, and the results showed that the variability across runs 
varied from 0.83 to 1.22 over five iterations over three runs. Regardless 
of the genotype, this new screening test is said to be a quick, effective, 
and sensitive instrument that may be used in fundamental or applied 
monitoring research (Alexander et al., 2019). 

Zeedan et al. aimed the LSD virus detection using rapid serological 
and molecular diagnostic assays in cattle specimens. Significant clinical 
symptoms were seen in all of the cattle suspected of having LSD, 
including skin nodules and sitfast lesions. LSD viruses were identified 
using RT-PCR, traditional gel-based PCR, and FAT. The percentages of 
skin biopsies and associated blood samples that tested positive for the 
LSD virus were 39.13 and 36.95 by RT-PCR, 34.78 and 28.26 by con
ventional PCR, and then 32.6 and 26.8 by FAT, respectively. By indirect 
ELISA and indirect FAT, the overall positive proportion of LSD virus 
antibodies found in cow serum samples was 17.93 and 14.48, respec
tively (Zeedan et al., 2019). 

Krešic’et al. suggested new serological tests for the detection of an
tibodies against the LSD Virus. In this research work, Madin-Darby 
bovine kidney (MDBK) cells were employed to modify the virus 
neutralization test. The improved method’s qualitative outcomes were 
contrasted with the qualitative outcomes obtained by the viral 
neutralization test (VNT/OIE) and ELISA. Results from VNT/MDBK and 

VNT/OIE were compatible, yielding a kappa index of 0.9 and an overall 
percentage agreement of 0.96. Arrangement or Agreement between 
VNT/OIE and VNT/MDBK was recorded in 56 positive and 21 negative 
samples. On a total of 291 samples, the compatibility of the results ob
tained by ELISA and VNT/MDBK were compared, yielding a kappa index 
of 0.834 and an overall proportion agreement of 0.955. The outcomes 
collected here showed that VNT/MDBK and the other two approaches 
have a significant correlation, demonstrating the suitability of VNT/ 
MDBK for the detection of the neutralizing antibodies specific to the LSD 
virus (Krešić et al., 2020). 

Selim et al. in Egypt showed the molecular characterization and 
phylogenetic analysis of LSD. The study’s goal was to regulate the ge
netic makeup of the LSD strains that were circulating in several Egyptian 
governorates and their relationships to other LSDs and vaccination 
strains stored in GenBank. The GPCR gene was the target of PCR used to 
characterize the positive samples. The phylogenetic tree was con
structed by the amplified products of four samples detected in the skin 
nodule of cattle from Alexandria and KafrElSheikh governorates and 
sequenced. Out of 100 samples analyzed, 70 samples were positive for 
LSD by PCR assay. Adding on, the sequence alignment of the obtained 
LSD strains that were detected in the Alexandria governorate showed a 
high resemblance to the LSDV genome (MN995838). On the other side, 
the earlier Egyptian strain (MG970343), which was discovered in cattle 
in the Sharkia governorate in 2016, and the LSD strains from KafrEl
Sheikh governorate, shared a lot in common. The LSDV strains from 
KafrElsheikh also showed close relationships to earlier LSDV strains 
isolated from the governorates of Menofia (MG970343) and Dakahlia 
(KP071936) and clustered with other LSD strains in a unique group 
(Kononov et al., 2019). 

3.2. HS-based biosensor 

A highly contagious illness that primarily affects rainbow trout 
(Onchorrynchusmykiss) is known as viral HS, previously exclusive to 
continental Europe, it has recently been discovered in North America 
(Meyers and Winton, 1995) and Asia (Isshiki et al., 2001). A virus from 
the Rhabdoviridae family, the Novirhabdovirus genus, is the cause of this 
illness. Six open reading frames can be found in the negative-sense 
ssRNA genome of the HS virus. The proximity of each gene to the 3′

end of the genome largely determines the relative abundance of each 
gene’s mRNA when taking into consideration the distinctive transcrip
tional attenuation of Rhabdoviruses. Viral HS is the root cause of high 
mortality and huge losses in aquaculture farms. Hence, rapid and reli
able methods for viral HS detection are needed to avoid contamination 
and spread of the disease further. 

With the rise of molecular biology techniques, a few new methods for 
virus detection have been developed to improve the standard determi
nation of cytopathic effect on cell culture and also the additional virus- 
specific antibody confirmation (King et al., 2001). Several methodolo
gies based on antibody detection of viral protein have been developed to 
deal with viruses infecting salmonids (Perez et al., 2002; Shivachandra 
et al., 2011), as well as also several protocols based on viral RNA 
amplification RNA by RT-PCR. Q-PCR has proven to be an effective 
method for the detection of viral infections in recent years, providing a 
way to find and measure viruses in tissue samples from sick animals 
(Chico et al., 2006; Saint-Jean et al., 2001). 

Recently, Singhla et al. demonstrated the novel ELISA for the diag
nosis of HS in dairy cattle in Thailand by using a Bayesian approach. In 
this investigation, the sensitivity and specificity of a new ELISA test 
using a coated antigen from Pasteurella multocida M-1404 by heat 
extraction and indirect hemagglutination (IHA) test were estimated 
under Thai conditions. The two assays that identified the immune re
sponses against the HS were run on 1236 dairy cow sera samples that 
were gathered from 44 farms. The percentages of positive samples for 
the ELISA and IHA tests were respectively 73% (901/1236) and 70% 
(860/1236). The ELISA test’s estimated sensitivity and specificity were 
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70.8% (95% posterior probability interval (PPI) = 60.8–79.8%) and 
90.5% (PPI = 83.2–95.4%) respectively. Adding on to this, estimates for 
the Se and Sp values of the IHA test were 77.0% (95% PPI =
70.8–84.1%) and 51.1% (PPI = 36.8–66.3%). The disease was thought 
to affect 71.7% of people (95% PPI = 62.7–82.6%) (Singhla et al., 2020). 

3.3. EBL-based biosensor 

Cattle naturally develop leukosis, a neoplastic condition that can 
cause leukaemia or lymphosarcoma. Since, it was quickly noticed that 
lymphosarcoma predominately manifested in specific herds and regions, 
one type of bovine leukosis, known as EBL, was early recognized as an 
infectious and transmissible disease (Korniienko et al., 2020). Cattle 
from leukotic herds were found to carry a C-type RNA virus in 1969. 
Currently, this virus, known as the bovine leukaemia virus (BLV), is 
regarded as the causative agent of EBL. The primary internal protein 
(p24) and the envelope glycoprotein are the two viral proteins against 
which antibodies are produced by the infected host under the influence 
of BLV (gp51). Antibodies to gp51 usually have higher titers and man
ifest themselves earlier than antibodies to p24. The cattle disease spo
radic bovine leukosis (SBL), which predominantly affects young 
animals, should be separated from EBL. Lesions in SBL have a close 
resemblance to those found in EBL, but no virus could be acknowledged 
as the cause (Mammerickx et al., 1985). The approaches for clinical and 
virological conventional and biosensing gadgets for EBL are outlined 
here. 

Yasutomi et al. proposed that the clinical and subclinical EBL cases 
were investigated with the early sensing device of EBL in 1987, the 
complement-dependent antibody cytotoxicity test using a monoclonal 
antibody against a tumour-associated antigen expressed on EBL tumour 
cells, lymphocyte counts, lactate dehydrogenase activities and serum 
sialic acid concentration. Following that, a strong link between the 
cytotoxic index values and the number of lymphocytes, the total lactate 
dehydrogenase activities (encompassing LDH, LDH1, LDH2, and LDH3), 
and the highest sensitivity among several sensing devices were 
demonstrated. In the LDH-1E activities, this methodology did not 
generate any EBL findings (Yasutomi et al., 1987). The PCR and ELISAs 
were demonstrated by Reichel et al. to assess their usefulness in a 
countrywide eradication campaign and their ability to recognize anti
bodies against the BLV nucleic acid, the causal agent of EBL. Three 
hundred and ninety-two well-defined sera from New Zealand calves, 
including 18 from an OIE reference laboratory, were checked in five 
ELISAs and the outcomes were compared with those obtained from the 
agar gel immunodiffusion (AGID) test as well as the electrophoretic 
immunoblotting (EIB) test. On a proportion of the field cases, a 
PCR-based technique which can recognize BLV-RNA and proviral DNA 
was also demonstrated. Relative to the combined results of an AGID and 
the EIB, ELISA tests revealed 10% more reactors. There are questions 
concerning the value of PCR-based technology in EBL eradication ini
tiatives because some ELISA-positive animals were not identified by PCR 
(Reichel et al., 1998). 

Out of several comparisons, studies Martin et al. investigated the 
diagnostic approach that depends on the flock’s characteristics. Two 
herds with the dissimilar prevalence of EBL were selected for further 
examination to the agreement between AGID, ELISA and PCR methods. 
The PCR method is used in increasing amounts in the virology or viro
logical method. This was accomplished by amplifying various genomic 
areas (env, pol, and tax) from DNA isolated from either peripheral blood 
monocytes (PBMCs) or mammary leukocytes using four sets of primers. 
When using PBMCs rather than milk leukocytes, the PCR results were 
more reliable (Martin et al., 2001). 

Malovrh et al. illustrated the diagnosis of EBL by comparing the 
AGID, ELISA and PCR methods. The p24 core protein-based ELISA kit 
was found to be less selective and was only used as a screening test. The 
ELISA kit based on the envelope glycoprotein (gp51) served as a veri
fication test and had a high connection with the AGID test and the PCR 

procedure. In comparison to AGID, ELISA showed greater sensitivity. 
The p24-based ELISA was thought to be beneficial for screening a lot of 
samples, while it was shown that the gp51-based ELISA, AGID and PCR 
were more important for revealing the antibody response against the 
specific BLV proteins and were consequently for authentication of the 
infection with BLV (Malovrh et al., 2005). 

Rusenova et al. also examined the comparison between four labo
ratory tests used to routinely diagnose EBL. In this experiment, 57 ani
mals were identified by ELISA as positive (13.9%), compared to 33 by 
AGID and 56 by the two forms of nested PCR. The AGID test had a poor 
sensitivity of 57.9% and a moderate agreement when compared to 
ELISA. In addition, in the outcomes of the two separate measurements, 
AGID did not exhibit any consistency. The two types of nested PCR 
showed almost complete agreement with ELISA with a kappa value of 
0.99. With a kappa value of 0.99, the two forms of nested PCR demon
strated nearly perfect agreement with ELISA. It was proposed that an 
evaluation of this test’s potential applications for detecting EBL in blood 
samples be conducted in the future. While requiring less sample pro
cessing, the db nested PCR demonstrated excellent sensitivity and 
repeatability of the results (Rusenova et al., 2022). 

González et al. discussed the evaluation of an indirect ELISA for 
antibody detection against EBL. The test’s sensitivity, specificity, nega
tive predictive value and positive predictive value were 98.93%, 
79.74%, 99.56%, and 61.26% respectively when compared to the gold 
standard immunodiffusion test. The agreement between the two tests 
was 83.9%, which is very similar to the result that other authors (82.2%) 
reported. Conformity test results show that Leucokit-La Plata has similar 
sensitivity (97.05%), specificity (94.11%), negative predictive value 
(92.30%), and positive predictive value (97.77%) (González et al., 
2007). 

Uera et al. proposed the nested PCR method to detect BLV. BLV- 
infected cattle ranches were identified in five selected provinces of the 
Philippines. A total number of 300 bovine blood samples were used, and 
BLV proviral DNA was then extracted and amplified by using a nested 
PCR assay that is targeting the BLV long terminal repeat (LTR). The 
results that were achieved showed that 11 samples (3.67%) of the total 
300 bovine blood samples used were positive for BLV infection. The PCR 
products of the first BLV-LTR-PCR amplification did not show the 
desired 533 bp with the external primer used (Uera et al., 2012). 

Santosh et al. provided various alternatives to the creation of novel 
antigens to develop new techniques for EBL diagnostics that are alleg
edly utilized in frequent and extensive procedures. It directly assisted in 
the treatment and control of the condition under investigation. The 
application of the antigenic mimetic can enhance the sensitivity and 
specificity of the serological diagnosis of EBL and immediately aid in the 
management of the illness. The choices made it possible to choose clones 
that might serve as disease-diagnosing antigens. The synthetic peptide 
VLB-Ph may be employed as an antigen in ELISA for the diagnosis of 
EBL, as per the results obtained (Maira et al., 2012). Rola-Łuszczak et al. 
developed and also validated a real-time PCR for the detection of BLV 
proviral DNA which is more sensitive in our hands, used as a confir
matory test to define the cases with an inconclusive serological test that 
results to confirm the diagnosis that is made through the use of com
mercial ELISA kits. The results further showed that the real-time assay 
detected is 7.8% (4/51) and more BLV nucleic acid positive samples 
compared to conventional PCR methods that had a detection limit of up 
to one copy (Rola-Łuszczak et al., 2013). 

The identification of monoclonal integration of BLV provirus DNA 
was demonstrated by Miura et al. This approach can be used to identify 
EBL animals without causing the expansion of surface lymph nodes. 
Monoclonal integration of the BLV provirus into the host genome was 
demonstrated in this study and the results suggested that this could be 
used as a marker for monoclonal proliferation and malignancy in 
difficult-to-diagnose EBL cattle (Miura et al., 2015). 

Shaghayegh demonstrated a novel method to detect and identify EBL 
in two Iranian calves. Clinical indicators, including heart rate, 
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respiration rate, and body temperature, were noted during the collection 
of samples. Histopathological confirmation was done with clinical ob
servations. In that study, they identified a unique virus strain. Addi
tionally, calves periorbital tissue and the vascular system both contained 
abnormal and cancerous lymphocytes. Considering that GP51 was pre
sent and expressed similarly in both calves and cattle as it had been in 
Korea and Japan earlier (Shaghayegh, 2019). 

Nishimori et al. reported a simplified inverse PCR method to di
agnose EBL, an inverse PCR method that included an assessment of the 
clonality and similarity of BLV integration sites to clinically diagnose 
EBL and also assessed its reliability. It was found that the novel BLV 
inverse-PCR was able to detect the clonal expansion of infected cells 
even when they represented only 5% of the total number of cells, while 
no fragments from BLV-uninfected cells were amplified, demonstrating 
its sufficient sensitivity and specificity for its use in confirmed EBL 
diagnosis (Nishimori et al., 2021). 

Hiraoka et al. identified the potential mRNA biomarkers in small 
extracellular milk sacs of bovine EBL. Four BLV-uninfected individuals 
were identified by the analysis of the mRNA profiles of small extracel
lular vesicles (sEVs) in milk and EBL cattle by microarray analysis. The 
14 mRNAs that were discovered to have considerably greater levels of 
encapsulation were further chosen as potential biomarker candidates. 
Compared to milk sEVs from uninfected cattle, milk sEVs from EBL cattle 
had much higher quantities of mRNA. Hence, the results suggested that 
these eight mRNAs in milk sEVs can be used as potential EBL biomarkers 
with combined use, though using a single mRNA was not enough. Thus, 
cattle at risk for the onset of EBL can be screened by monitoring fluc
tuations in the levels of these mRNAs in milk before they develop EBL 
(Hiraoka et al., 2022). 

3.4. BHV-1 based biosensor 

BHV-1 is a pathogen of major economic importance in farm animals 
associated with multisystemic infections resulting in bovine mortality or 
morbidity. BHV-1 is a viral causative agent of bovine respiratory disease 
(Ellis, 2009) that essentially damages the airways and inhibits innate 
and adaptive immune responses. Hence, resulting in opportunistic 
bacterial and mycoplasma infections (Giovannini et al., 2013). The 
BHV-1-free status has been achieved by the implementation of strategies 
for culling and disease eradication, testing (Raaperi et al., 2014) or a 
Glycoprotein E (gE) acquired BHV-1 negative strain in combination with 
the application of efficient marker vaccinations (Neethirajan et al., 
2017; Strube et al., 1996). The identification of BHV-1 gE antibodies, 
which are present only in animals exposed to the wild-type virus, using 
marketed companion anti-gE blocking ELISAs, allows for the differen
tiation between infected and vaccinated animals. The serological 
screening of bovine samples for disease surveillance systems currently 
requires centralized test laboratories with sample turnaround times of at 
least 72 h (including 19 h for ELISA performance to block gE). Therefore, 
quick on-site detection of animals experiencing BHV-1 reactivation 
utilizing quantitative biosensing equipment would likely limit the like
lihood that the disease would spread to herds that are BHV-1-free. 

In a dual-chip setup, Tarasov et al. demonstrated a novel potentio
metric sensor based on extended gate field-effect transistors (FET). The 
sensor in use combines a gold-plated chip for signal creation with a 
metal-oxide-semiconductor (MOS)-FET converter for signal amplifica
tion. During the experiment, the gold surface is submerged in liquid 
using microfluidics and electrically coupled to the gate terminal of the 
MOS-FET. To serve as a capture antigen for a BHV-1 specific antibody 
(anti-gE) developed in response to a BHV-1 viral infection in cattle for 
the demonstration of the sensor’s abilities as a diagnostic tool. The BHV- 
1 viral protein gE was created and immobilized over the gold surface. 
According to research using surface plasmon resonance and ELISA in 
combination, the gE-coated immunosensor was found to be exception
ally sensitive and selective to anti-gE detected in commercially available 
anti-BHV-1 antiserum and in genuine bovine serum samples. It produced 

findings considerably more quickly than ELISA (<10 min) and did not 
require pricey optical components and can be employed in the field 
without the necessity for central laboratories, reducing critical delays as 
well (Tarasov et al., 2016). 

To identify three infectious reproductive disorders in cattle, Yang 
et al. studied a feasible multiplex and sample-to-answer paper origami 
test. BHV-1, a viral pathogen and two bacteria (Brucella and Leptospira) 
were used to harvest pathogen DNA. The target genomic DNA must be 
amplified (using loop-mediated isothermal amplification, loop- 
mediated isothermal amplification), and fluorescently detected, and 
the yield should be 1 pg (from 115 to 274 copies per reaction). Using 
pathogen-inoculated seed samples, the detection limits and sensitivities 
of the paper origami device for the three pathogens were also calculated 
(Yang et al., 2018). 

A duplex fluorescence-based loop-mediated isothermal amplification 
(LAMP) test for the identification of mycoplasma bovis (MB) and BHV-1 
was demonstrated by Fan et al. This duplex fluorescence-based LAMP 
test was kept sensitive enough to detect 2102 copies of recombinant 
plasmids carrying the MB and BHV-1 target genes. 125 clinical samples 
were employed in a detection test, and the positive rates for MB, BHV-1, 
and co-infection were 44.8%, 13.6%, and 1.6%, respectively. By using 
the PCR assay that the World Organization for Animal Health recom
mends, the sensitivity and specificity of the duplex fluorescence-based 
LAMP test were shown to be 95%–96.6% and 100% of field sample 
detection, respectively (Fan et al., 2018). 

Garcia et al. developed/investigated an impedimetric label-free 
immunosensor for the detection of BHV-1 antigen and calculated its 
performance in biological samples enriched for BHV-1 AG. Hence, the 
BHV-1 antibody and casein were immobilized on the activated glassy 
carbon electrode (GCE) surface as the basis for the biosensor fabrication. 
In a less strenuous procedure, the BHV-1 antibody was extracted from 
the egg yolks of chickens that had received the vaccination. The Fe 
(CN)6

4− /3- probe, which was also utilized to evaluate the change in 
charge transfer resistance (Rct) as the electrode surface was being 
increasingly obstructed by immune complexes, served as the foundation 
for the biosensor. In the concentration range of 10 to 50 TCID50 mL− 1, a 
linear relationship between Rct and BHV-1 AG concentration was 
confirmed, with a limit of quantification of 2.00 TCID50 mL− 1 and 
detection limit of 0.66 TCID50 mL− 1 (Garcia et al., 2020). 

3.5. CBPP-based biosensor 

Because of the potential for quick spread with consequent enormous 
livestock injuries and resultant economic burden, CBPP is a severe res
piratory infection caused by Mycoplasma mycoides subspecies small 
colony (MmmSC) type. Cattle, buffalo, zebu, and yaks are affected by 
MmmSC, which is recognized as a serious and reportable illness by the 
World Organization for Animal Health (Office International des Epi
zooties). The Middle East and Asia have recorded cases of CBPP, but sub- 
Saharan Africa is where it is most prevalent (Gantelius et al., 2010). The 
successful elimination of CBPP is advised to depend on proper preven
tion (Anjum et al., 2019). However, CBPP has established challenges to 
diagnose with sensible efficiency in sub-acute (Goff, 1998) and chronic 
phases of the disease and serological systems for CBPP diagnostics have 
problems with sensitivity (Bellini et al., 1998) and cross-reactions with 
closely related mycoplasma species (Stark et al., 1995). Thus, there are 
several serological diagnostic tests available including an indirect ELISA 
(Bruderer et al., 2002), two latex agglutination tests and an immuno
blotting test etc. 

Recently, Bruderer et al. demonstrated the serodiagnosis and moni
toring of CBPP with an indirect ELISA based on the specific lipoprotein 
LppQ from MmmSC. This indirect ELISA method, which is based on a 
highly specific and antigenic recombinant peptide of the lipoprotein 
LppQ’s N-terminal half from MmmSC was used to detect antibodies 
against MmmSC. Its suitability for serodiagnosis and CBPP monitoring 
was determined. To be employed as an antigen for coating microtiter 
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ELISA plates, the recombinant peptide with polyhistidine residue tails 
was produced in Escherichia coli and then purified by Ni2+ chelate af
finity chromatography. The antigen specificity was examined using 
rabbit hyperimmune sera that were directed towards associated Mmm 
cluster mycoplasma. It is also against sera from cattle either free of CBPP 
but still suffering from other mycoplasma infections such as mycobac
terium bovis (M. bovis) or showing cross-reactions complement fixation 
test (Bruderer et al., 2002). 

March et al. demonstrated the rapid detection of CBPP by MmmSC 
capsular polysaccharide-specific antigen detection by latex agglutina
tion test (LAT). The latex microspheres were infected with MmmSC 
biotype polyclonal immunoglobulin G antiserum and MmmSC antigen 
that was detected in serum from cattle infected with CBPP and in growth 
medium containing MmmSC biotype. The specific antigen that is 
recognized by this test appeared to be the capsular polysaccharide. 
Using this technique, the LAT detected all 23 MmmSC biotype strains 
screened with a sensitivity of 2 ng CPS or the equivalent of 5103 CFU in a 
reaction volume of 0.03 mL (March et al., 2003). 

Gantelius et al. proved lateral flow protein microarray for the quick 
determination of CBPP position in bovine serum. The recombinant 
proteins were applied to the membranes after mounting nitrocellulose 
onto microscopic slides to create the lateral flow array. The developed 
assay included calculations of the substrate matrix and detection re
agents to enable short assay times and convenient readout options, 
achieving a total assay time from sample application to data collection of 
fewer than 10 min. It has been proven that healthy and ill animals may 
be distinguished from one another (AUC = 97%) (Gantelius et al., 2010). 

3.6. BVD virus-based biosensor 

BVD is a viral pathogen of cattle and other animals. It is a stealthy 
and destructive viral pathogen. Identification and elimination of carriers 
of the virus are key to controlling the BVD virus and better identifying as 
persistently infected (PI) cattle with BVD serum. PI with BVD virus cattle 
shed a great amount of virus. It is a major transmission source of the BVD 
virus within and between farms. According to studies, estimated in 1994 
BVD virus killed 25% of beef calves in Quebec and in the Great Lakes 
region, severe deaths in fully-grown cattle have been noticed with 
mortality rates approaching 50%. These animals had exceptionally high 
viral loads, up to 106 cell culture infectious doses (CCID) per millilitre of 
serum. BVD-infected cattle excrete a lot of virus in their secretions and 
bodily fluids, including milk, saliva, semen, urine, and nasal discharge. 
The most significant infectious route is likely to be direct contact with PI 
cattle. Fast and precise BVD diagnosis is crucial for infection control and 
prevention due to the intricate pathophysiology and sneaky behaviour 
of BVD infections. The most effective and widely used technique for 
determining BVD infection is virus isolation. Immunoenzyme or 
immunofluorescence staining technique requires 5–7 days for antigen 
detection and 3–5 days for cultivation. A rise in the necessity for high- 
throughput screening, notably in the healthcare and pharmaceutical 
sectors, has sparked much technological advancement to find viruses 
that cause disease. These modern technologies include flow cytometry, 
PCR, hybridization and ELISA (Dubovi, 1990). 

Virus isolation, antigens capture ELISAs, skin immunohistochem
istry/fluorescent antibodies and PCR are some of the laboratory 
methods that are available to detect PIs. The development of a fast, 
inexpensive field-based system for the detection of PIs would be helpful 
for more effective BVD virus control strategy deployment. For indirect 
detection of BVD virus antigen, various ELISAs have been developed 
(Dubovi, 2013; Greiser-Wilke et al., 1993; Tahir et al., 2003). Greiser 
et al. recently suggested that an antigen capture ELISA had a sensitivity 
of 97% compared to virus isolation. However, this technique is gruelling 
and time-consuming (5–7 days). In theory, detection by PCR is nearly as 
sensitive as virus isolation, but the challenge of obtaining RNA from the 
samples before detection is one of the main drawbacks of PCR (Grei
ser-Wilke et al., 1993). 

Bo et al. showed that a research work was fabricated to develop a 
method for the determination of BVD virus in bovine serum by direct 
cytopathic effect (CPE) on calf kidney cells. Calf kidney cells were 
inoculated with test samples and assayed for CPE, based on which the 
presence or absence of BVD virus contamination was assessed. The 
optimal point in time for evaluating the results was determined using the 
virus proliferation curve in combination with detection rates at various 
points in time after the culture, and the developed method was verified 
and applied. The optimal time for the result assessment was 10 days and 
the detection limit of the developed method was 100–240 CCID50.mL− 1. 
Test results from different lots of bovine serum specimens varied 
significantly and were significantly affected by freeze-thaw cycles. A 
total of 134 batches of bovine serum samples were determined using the 
method developed; the result showed a BVD virus contamination rate of 
7.5% (Bo et al., 2009). 

For the detection of the BVD virus, Chuang et al. proposed the 
establishment and preliminary application of a nest RT-PCR method. 
Based on the BVD virus genome sequence published in GenBank, using 
the BVD virus conservative fairly high 5 non-code regions, two pairs of 
primers were designed using Oligo6.0 biology software and a nest RT- 
PCR detection method was established. This method has good repro
ducibility, specificity and sensitivity and can accurately and quickly 
diagnose low BVD virus (Chuang et al., 2010). 

Qing et al. proposed the TaqMan-based RT-PCR method for the BVD 
virus and bovine rotavirus (BRV) detection. In this method, two TaqMan 
probes and two pairs of primers were planned and fabricated according 
to the conserved gene sequence of the BVD virus 5 transcription regions 
and BRV VP6. The reaction parameters such as the concentration of two 
pairs of primers, two probes and other conditions were optimized to 
improve a duplex RT-PCR assay for the BVD virus and BRV detection. 
The specificity of this assay was found to be high, being able to detect 
BVD virus and BRV without other cross-reactions to MB. In the RT-PCR 
assay was a detection limit of 100 copies of BVD viral RNA and BRV viral 
RNA, indicating the high sensitivity of the assay. The coefficients of 
variation were low for both the intra-assay and inter-assay tests, indi
cating good reliability. When different concentrations of BVD and BRV 
were mixed, the result was without any interference. All the results 
indicate that this duplex RT-PCR assay is a sensitive, quick, specific and 
reproducible process to detect BVD and BRV and could be used in basic 
research, clinical detection and epidemiological investigation of BVD 
and BRV (Qing et al., 2011). 

Yu et al. proposed the RT-PCR establishment and application for BVD 
sensing. In this technique, RT-PCR was established for the BVD detection 
using a pair of specific primers which is based on the BVD 5ʹUTR gene 
published in GenBank. This method was able to specifically amplify a 
218 bp fragment of BVDV strain Oregon C24 V, but not classical swine 
fever virus, bluetongue virus, bovine infectious rhinotracheitis virus, 
porcine reproductive and respiratory syndrome virus, pseudorabies 
virus porcine and normal MDBK cells. When tested on 70 samples sus
pected of having swine disease, the detection rate was about 15.7% (Yu 
et al., 2010). 

Wuryastuti et al. showed that detection of BVD was obtained from 
blood samples collected using Flinders Technology Associates™ (FTA™) 
cards. The dairy business suffers significant financial losses due to the 
widespread infection known as BVD. One of the most sensitive and 
precise methods for BVD diagnosis is the RT-PCR amplification of the 5- 
UTR sections of the BVD genomes from blood samples. The capacity to 
obtain good-quality quality nucleic acid in the samples is a frequent 
restriction for the molecular identification of viruses. In the present 
study, five EDTA blood samples from chronically BVD-infected calves 
were employed. For each sample, ten replicates were performed. After 
being poured into the FTA™ cards’ centre, the blood sample was left to 
dry for around 2 h. The FTA™ card’s effectiveness for molecular storage 
and recovery of BVD RNA from blood samples using the RT-PCR tech
nique was checked and calculated. The outcomes demonstrated the ef
ficacy and safety of FTA™ cards for long-term storage of the BVD 
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genome at room temperature. Based on the results of the present study, 
it can be concluded that in the field of veterinary medicine, the appli
cation of FTA™ technology to different types of samples needs to be 
developed and routinely used to collect samples containing infectious 
agents (Wuryastuti et al., 2016). 

Ganée et al. proposed nucleic acid sequence-based amplification to 
detect the BVD on single and pooled plasma, serum and other ear notch 
samples. A nucleic acid sequence-based amplification assay (NASBA) 
was developed to detect BVD diseases in calf sera and bovine plasma. It 
was displayed to be appropriate for bovine ear notches as well. For 
positive calf sera (36 BVD), positive (6 BVD) and negative bovine plasma 
samples (82), the NASBA approach was compared to the antigen capture 
ELISA. Further, two positive bovine sera were found by the NASBA 
method, and a comparison of the two procedures revealed a 100% 
correlation for positive calf sera. Furthermore, among 201 ear notches 
checked separately from cows of unknown BVDV status, only one pos
itive sample was detected using the NASBA method. When ear notches 
were tested as true pools of 10 samples (n = 48), the overall agreement 
between an individual and pooled samples was 100% (Ganée et al., 
2011). 

Grooms et al. demonstrated the rapid detection of BVD using a 
conductometric biosensor. A conductometric biosensor capable of 
detecting cell culture-grown BVD type 1 and 2 viruses was successfully 
constructed. The minimum virus concentration in cell culture detectable 
using the current architecture was 10− 3 CCID.mL− 1. When applied to 
BVDV spiked serum, the biosensor was able to detect the virus at the 
same concentration of 10− 3 CCID.mL− 1. The average time between the 
sample application in the biosensor and the stabilization of the electric 
current was 2 min (Grooms and Alocilja, 2004). 

Tahir et al. presented the newer rapid detection of BVD as a substi
tute for bioterrorism agents. In this research article, the biosensor was 
modified to find BVD in blood serum and culture media. The immuno
logical sensor and the electrical data collecting system made up the 
biosensor. The liquid sample was made to migrate from one area to 
another by capillary action using the lateral flow method in the 
biosensor. The distinct binding characteristics of the polyclonal and/or 
monoclonal antibodies immobilized on the immunosensor determined 
the biosensor’s selectivity. Polyaniline has been employed as a trans
ducer in biosensor design because of its electronic properties and bio
molecular properties. Preliminary results showed that the biosensor was 
sensitive at a concentration of 103 cell culture infective dose per milli
litre of BVD antigens. With the development of the conductometric 
biosensor for BVD detection, further adjustments could be made to 
detect selected pathogens that are important for homeland security 
(Tahir et al., 2005). 

Heinze et al. demonstrated a microfluidic immune sensor for fast and 
sensitive detection of BVD. They examined the use of forward light 
scatter measurements in a microfluidic device to detect virus particles 
utilizing micro particle immune agglutination assays. Here, the viral 
model target was BVD. Greatly, carboxylated polystyrene micro parti
cles (size ~ 510 nm) with anti-BVD monoclonal antibodies were 
immobilized over the electrode surface. The BVD was then found in 
diluted tissue culture media and fetal calf serum using this solution. 
Static forward light scattering measurements taken at a 45-degree angle 
to the incident light were used to identify micro particle immune 
agglutination. BVDV was detected in the microfluidic device up to a 
concentration of 10 TCID50.mL− 1. For comparing the two-well and 
microfluidic assays, RT-PCR was carried out on serial dilutions of the 
BVD samples. The BVD utilized in microfluidic experiments were 
detected by RT-PCR up to a concentration of 103 TCID50.mL− 1 (Heinze 
et al., 2009). 

Monjezi et al. proposed enzyme-free amplification and BVD RNA 
detection using gold nanoparticles (AuNPs) and hybridization chain 
reaction. A novel BVD RNA sensing technique was fabricated using a 
grouping of amplification power of the hybridization chain reaction and 
the large sensitivity of a colorimetric detection assay with unmodified 

AuNPs. To specifically target a conserved RNA sequence among BVD 
isolates, two auxiliary probes were created. To produce kinked double 
helix DNA similar to the alternating copolymers, a cascade of hybridi
zation processes was initiated using the complementary target BVD RNA 
as the initiator. The detection limit for BVD RNA was calculated to be 
0.008 tissue culture infectious doses (TCID50/reaction). The developed 
process was highly selective and specific for the detection of BVD iso
lates in clinical samples (Monjezi et al., 2016). 

Askaravi et al. proposed the development of a newer method based 
on unmodified AuNPs and peptide nucleic acids for the detection of BVD 
RNA. Based on the aggregation of AuNPs in the presence of charge- 
neutral peptide nucleic acids (PNA), a straightforward colorimetric 
test for the detection of BVD RNA is given. However, non- 
complementary RNA had no such impact and PNA generated AuNPs 
aggregation, resulting in a change in color from red to blue. The 
developed label-free colorimetric method/assay was calculated to have 
a BVD RNA detection limit of 10.48 ng per reaction for the visual assay 
and 1.05 ng per reaction of BVD RNA for a spectrophotometer. The 
diagnostic sensitivity and specificity of the method/assay were equiva
lent to real-time RT-PCR, and nested RT-PCR. Its outcomes were 98 and 
100%, respectively (Askaravi et al., 2017). 

Kim et al. presented the preparation of a paper strip for easy and 
quick BVD detection by signal amplification by polyhedral copper 
nanoshells. In this work, a modest dot blotting procedure was developed 
to set up a fast BVD screening system. It was fixed onto the AuNPs to 
create the inoculation sites for signaling based on the BVD-specific bio 
receptors. After that, the signals were enhanced by growing polyhedral 
copper shells on AuNPs. The fabricated biosensing method had a mini
mum detection limit of 4.4 copies per ml and even this was easily 
identifiable with the unaided eye (Kim et al., 2020). 

Hou et al. proposed the detection of BVD genotype 1 in aerosol 
through a Q-RT-PCR method/assay. Based on 10-fold serial dilutions of 
the molecular RNA standard, the standard curve and sensitivity of the 
devised test were assessed. Bovine infectious viruses and other pestivi
ruses were used to test the assay’s specificity. Testing 169 aerosol 
samples allowed for the evaluation of clinical performance. The lowest 
detection threshold was 5.2 RNA molecules per reaction. This developed 
method/assay was specific for the only BVD-1 detection and no ampli
fication was found for other pestiviruses namely classical swine fever 
virus, border disease virus and common BVD including BVD-2, infec
tious bovine rhinotracheitis virus (IBRV), bovine parainfluenza virus 
type 3, bovine respiratory syncytial virus, bovine ephemeral fever virus 
and bovine coronavirus. The method was greatly reproducible with 
minimum intra-assay and inter-assay coefficient of variation values. This 
technique was used to evaluate 169 aerosol samples from six dairy cows. 
According to the findings, 29 out of 169 samples tested positive for BVD- 
1 at a rate of 17.2%, which was much greater than conventional RT-PCR 
(Hou et al., 2020). 

Heidari et al. demonstrated the development and comparison of 
crosslinking (CL) and non-crosslinking (NCL) probes with AuNPs hy
bridization methods for the direct sensing of unamplified BVD RNA. For 
BVD detection, they created and evaluated two colorimetric biosensor 
methods which are based on probe-modified AuNPs. Specific probes 
were created to find the untranslated portion of BVD RNA. The thiolated 
probes have become immobile on the AuNPs’ surface. Two approaches 
to hybridising CL and NCL probes with AuNPs were created and eval
uated. A polymeric network between the two probe AuNPs was created 
when positive targets hybridized with them, which resulted in nano
particle aggregation and a colour change (i.e., from red to blue). When 
complementary targets were hybridized with the probe AuNPs in NCL 
mode, the nanoparticles’ electrostatic repulsion and stability against 
salt-induced aggregation enhanced. The detection limits of CL and NCL 
methods/assays had 6.83 and 44.36 ng per reaction, respectively (Hei
dari et al., 2021). 
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3.7. bTB based biosensor 

bTB is an animal chronic bacterial infection originated by M. bovis. 
bTB infections are major zoonotic diseases that mainly affect cattle and 
other animals, but humans may also be high-strung to M. bovis. At 
present, testing and slaughter are the standard control measure for bTB. 
One of the main methods used by dairy farmers and ranchers in the 
United States to screen their herds is the caudal fold tuberculin test 
(CFT). CFT needs skin injection of a small amount of tuberculin, a pu
rified protein derivative of M. bovis, followed by visual skin evaluation 
after 72 h. In cattle, the initial challenges of bTB are desensitization, and 
acquaintance with ecological mycobacterial species and other influences 
may pay to ambivalent tuberculin skin test readings. Physical inspection 
can sometimes be challenging in dark-coloured animals. Confirmatory 
tests through laboratory cultures can be more time taking (requires 1–2 
months), which can consent ranchers and farmers uncertain then what 
to prepare with all animals that give indecisive trial outcomes. However, 
the M. bovis cultivations are challenging and sometimes unsuccessful. All 
restrictions result in infected animals going unnecessarily quarantined 
and slaughtered. Several sensing methods have been presented, but 
none have established the specificity, simplicity, and sensitivity needed 
to overcome present-day limits. For that reason, quick and highly sen
sitive blood-based biosensing methods are noticeably required for 
timely bTB detection that could remove livestock stress, and decrease 
the economic burden. These biosensing devices have covered the way 
for bTB removal in the United States national cattle herd and somewhere 
else. 

Vu et al. presented the detection of lipomannan (LM) in cattle 
infected with bTB. In this research work, they establish the enlargement 
of an immunoassay for the direct bovine bTB biomarker LM detection in 
serum using a waveguide method in an optical biosensing device. They 
applied a highly sensitive biosensing approach established by re
searchers called the capture of lipoprotein. This method utilized the 
pull-down of bovine blood high-density lipoprotein nanodiscs and was 
allowed for retrieval and LM sensing. Furthermore, they also profile the 
modification in the TB biomarkers expression i.e., a time function using 
a minor set of samples taken from studies of bovine TB-infected animals 
and cattle (Vu et al., 2017). 

Kang et al. demonstrated comprehensive diagnosis, isolation and 
identification of bTB in a farm of cattle and animals in Xinjiang. To 
detect the tuberculosis of a dairy farm in Xinjiang and isolate the 
causative agent, 4 kinds of immunological diagnostic methods including 
intradermal allergy, bovine PPD eye drop reaction, INF ytest and ELISA 
antibody detection were selected for the comprehensive detection of 
bTB. A total of 755 cattle were identified, of which 26 (3.4%) suspected 
TB cattle were tested using the four methods. Five DNA samples were 
identified as M. bovis by PCR. According to the results, the detection of 
bTB is interfered with by mycobacterium; hence, it is difficult to di
agnose with a single detection method. A reasonable selection of test 
methods is advantageous for bTB biosensing devices (Kang et al., 2019). 

According to Xu et al. dairy farms have a significant extrapulmonary 
TB prevalence, which could indicate gastrointestinal transmission. The 
purpose of this study is to look into the present forms of TB in cattle and 
to pinpoint any potential transmission routes in Chinese dairy farms. A 
variety of assays, including single intradermal test (SIT), comparative 
intradermal test (CIT), IFN assay, and ELISA, were used to thoroughly 
identify 13,345 cows from eight dairy farms in three regions. The dis
covery of advanced bTB infection in 752 (5.64%) cattle raises the pos
sibility that tuberculosis is very common in these dairy farms. 
Extrapulmonary TB in the gastrointestinal tract accounted for 71.26% of 
cases. Additionally, samples of milk and faces were discovered to 
contain M. bovis nucleic acid, and M. bovis was even isolated from milk 
samples (Xu et al., 2021). 

Based on positive reactions to the tuberculin trial, Garbaccio et al. 
proposed a bacteriological diagnosis of bTB in cattle. The motive of this 
research work was to detect the existence of M. bovis in all nasal 

secretions samples, tissues and milk from PAC-positive cattle and to 
describe gross and minuscule lesions well-matched with bTB. During 
this study, all of them were in the bTB control stage and showed a 
minimum occurrence (i.e., between 0.5% and 4%). Approximately 
12.4% of M. bovis isolates were from 36.5% of tissue samples, followed 
by 10.7% of milk and 3.9% of nasal secretions from cattle examined. The 
bacteriology from milk samples and nasal secretions were at partial ef
ficacy, whereas, analysis of tissue was further valuable as a corre
sponding analytical device to confirm bTB supposed cases (Garbaccio 
et al., 2018). 

For the detection of bTB in cattle and deer, Wadhwa et al. presented 
the valuation of the ethanol vortex (EV)-ELISA. In this study, they re
ported an in-house ELISA using M. bovis ethanol extract. To detect the 
anti-M.bovis antibodies in bovine and white-tailed deer sera, the EV- 
ELISA was performed. The ethanol extract components were recorded 
through thin-layer chromatography and western blotting for species- 
specific biomolecule sensing. Among the checked animals, infected 
cattle (77.2%) and infected deer (87.5%) were analyzed as positive 
samples for anti-M.bovis antibodies. There were only negligible incorrect 
positive reactions in uninfected animals (i.e., 7.5% in cattle and 0% in 
deer). M.bovis-specific lipids in the ethanol extract are analyzed through 
thin-layer chromatography, whereas, M.bovis proteins are measured 
through Western blot techniques (Wadhwa et al., 2014). 

Yang et al. presented a newer electrochemical impedance immuno
sensor based on cylinder-shaped TiO2 nanorods for bovine interferon- 
gamma (BoIFN-γ) detection at the sub-picogram level. In this research 
work, a label-free electrochemical impedance immunosensor was 
developed for the highly sensitive determination of BoIFN-y. By a facile 
hydrothermal method, cylindrical-shaped TiO2 nanorods are synthe
sized and showed a large surface area and excellent hydrophilicity. This 
electrode is developed by the BoIFN-γ monoclonal antibody on the TiO2 
nanorods coated over the surface of the GCE. As per the results, the 
concentrations of BoIFN-γ are noticed by the relative increase of 
impedance values corresponding to the specific binding of antigen and 
antibody. The relative increased impedance values are directly propor
tional to the logarithmic value of concentrations (BoIFN-γ) in a large 
range from 0.0001 to 0.1 ng mL− 1 with a minimum detection limit of 
0.1 pg mL− 1. In comparison with ELISA, the fabricated BoIFN-γ immu
nosensor presented a detection limit of a 249-fold decrease (Yang et al., 
2015)., An electrochemical apta-sensor was demonstrated by Crulhas 
et al. for BoIFN-γ detection. A thiolated IFN-γ-binding aptamer was 
connected and immobilized over a gold surface of the electrode through 
a self-assembly method with methylene blue. Thereafter peaks were 
quantified and recorded to be specific for bovine IFN-γ with a detection 
limit of 0.1 nM in pristine buffer and 0.9 nM in blood using square wave 
voltammetry methods (Crulhas et al., 2017). 

Furthermore, an evaluation of IFN-γ for Btb detection was shown by 
Aras et al. in inactive foot and mouth infection vaccine-administered 
cattle. Further, 900 blood samples were accumulated from the same 
300 vaccinated cattle after 7, 15, and 30 days. Then, with IFN-γ assay all 
900 blood samples were tested for TB and all the samples were recorded 
negative for bTB (Aras et al., 2017). 

3.8. BSE-based biosensor 

Prion infection is a chain of fatal brain disorders inclusive of cogni
tive impairment, extensive brain damage and neuronal dysfunction 
including BSE in cattle, scrapie in sheep, and Kuru in humans (Ogasa
wara et al., 2007; Prusiner, 1982; Sekiya et al., 2005). Prion protein 
(PrPC) is assumed to be involved in the pathogenesis of transmissible 
spongiform encephalopathies, such as Creutzfeldt-Jakob disease in 
humans, bovine spongiform encephalopathy in cattle, and scrapie in 
sheep (Ogasawara et al., 2007). According to the protein-only hypoth
esis, the crucial step in prion propagation is a conformational change 
from a normal cellular form into its infectious scrapie isoform of the 
prion protein (PrPSc). In the blood, the concentration of PrPSc goes down 
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to picomolar concentration, so the main problem for diagnosis of prion 
diseases at the presymptomatic stage is how to detect the minute 
quantities of PrPSc in complex biological systems (Li et al., 2017). Till 
now, various analytical methods have been published for prion and BSE 
sensing. 

The innovative electrochemical labelling and mini quantification of 
bovine constituents (BC) in feedstuffs were recently presented by 
Chaumpluk et al. Identification of BC contaminants in feed has been a 
main means to inhibit the spread of BSE. The occurrence of Hoechst 
33258 stimulated DNA aggregation in conjunction with the alteration in 
anodic current measurement has been enforced for the biosensing of 
bovine DNA in animal feed. Furthermore, the quantification of bovine 
parathyroid gene anodic peak value among ruminant meat and pet food 
containing bovine constituents were 1.18 to 1.52 mA, while anodic 
peaks among the non-bovine sample were more than 1.78 mA. In this 
method, anodic peaks of more than 1.75 mA may be used to distinguish 
non-bovine from other samples for qualitative study. Further, bovine 
contents were noticed using the relative ratio between copy number of 
12S rRNA genes and bovine parathyroid for a quantitative study. The 
calculated ratio showed the proportion of target bovine cells to the total 
number of cells. In this method, bovine constituent’s contents in four 
types of verified pet foods were 10.88, 8.76, 6.39 and 2.69%. Even 
though this quantitative biosensing was not a real-time resolve, it had 
numerous merits of its quickness and ease of experimenting and its 
inexpensive since sophisticated instruments and expensive chemicals 
were not required (Chaumpluk et al., 2006). 

For prion detection, Li et al. suggested an electrochemical immu
nosensor, which is based on a poly-β-cyclodextrin/AuNps/glassy carbon 
electrode. Here, to detain the prion antibody by host-guest interaction 
lots of β-CD unit was made available by, Pβ-CD film. If there is the 
presence of a prion, then there was specific interaction between the 
prion and its antibody leading to the electrode surface blocking the 
electron transfer channel of [Fe(CN)6]3− /4− ions provided by the inner 
cavity of β-CD, resulting in the decrease of the redox currents of [Fe 
(CN)6]3− /4− ions. Under the optimum situations, the fabricated immu
nosensor recorded a linear response with the range from 15 fM to 1500 
fM with a minimum detection limit of 2.1 fM. To sense the contagious 
isoform of PrPSc and other similar proteins, this strategy could be easily 
extended by the alteration of specific antibodies (Li et al., 2017). 

Based on the Prussian blue analogue, for sensitive detection of prion 
a new electrochemical immunosensor is demonstrated by Li et al. A new 
immunosensor has been fabricated for prion protein (PrPC) sensing, 
which is based on Co–Co Prussian blue analogue (PBA). AuNPs-modified 
with Co–Co PBA nanocubes worked as a support to the antibody (Ab2) of 
PrPC to get Ab2-PBA-AuNPs nano-composite and likewise as the 
response source for PrPC assay. The response peak was linear with the 
logarithmic values of the different concentrations of PrPC samples in the 
range from 0.075 pg mL− 1 to 100 pg mL− 1 with the minimum detection 
limit of 0.014 pg mL− 1. It showed large selectivity and reproducibility; 
so based on a simple structure and high analytical accomplishment, the 
fabricated immunosensor may have capable applications in the practical 
assay of an infectious isoform of PrPSc (Li et al., 2018). 

3.9. BGC-based biosensor 

BGC is also known as bovine venereal campylobacteriosis. It is a 
sexually transmissible disease (venereal disease) caused by Campylo
bacter fetus subsp. particularly in endemic regions, C. fetus subsp. vene
realis cause fertility problems with considerable economic losses. These 
diseases played a vital role in abortion and have a highly sporadic ex
istence. BGC is notified by abortion, early embryonic death, infertility 
etc. The causal agent is mainly transmitted during ordinary mating. 
Existence of C. fetus subsp. venerealis in the semen of bulls generates 
dangerous infections via artificial insemination. To analyse the presence 
of the causative organism, samples are taken from bulls, cows or aborted 
fetuses. Confirmation and discrimination between C. fetus subspecies may 

be achieved through molecular or biochemical techniques. However, 
immunofluorescence can also be employed to check the organism, but it 
would not discriminate between dissimilar subspecies. ELISA methods 
are not appropriate for infection analysis in different animals but they 
can be employed for testing herd immunity. This technique cannot 
discriminate between infectious diseases caused by two or more sub
species (Butzler, 2018). 

4. Challenges and future perspective 

In this review, we showed some advanced biotechnological ap
proaches that allow rapid detection of pathogens that positively affect 
domestic livestock and poultry. However many challenges need to be 
addressed for providing better management of livestock. Several in
fections such as bTB in cattle bring about by M. bovis, where currently 
available the standard existing bTB control measures are only testing 
and slaughtering of infected animals. Several sensing methods have 
already existed as shown in Table 1, but none of them was established 
due to the poor specificity, simplicity, and sensitivity to overcome cur
rent limitations. As a result, rapid and highly sensitive blood-based 
biosensing methods as well as immunofluorescence were developed 
for the timely detection of bTB and to investigate the organism, which 
could alleviate livestock stress and reduce economic burden. In this 
regime, many pathogenic bacteria were posing the most serious health- 
related threats to the public domain, which continue to be especially 
dangerous with the rise in antibiotic resistance. The prevalence of these 
infectious agents necessitates rapid, point-of-care sensors for their 
detection, identification, and monitoring which would not be feasible by 
the existing technologies. As we discussed many sensitive approaches 
were already developing for the control of bovine infections in cows. 
Butzler et al. used an electrochemical impedance immunosensor made 
by cylinder-shaped TiO2 nanorods for early diagnosis of Mycobacterium 
TB utilizing the T cells released bovine interferon-gamma with a 
significantly low detection limit of 0.1 pg mL− 1 (Butzler, 2017). 

Similarly, another nanoparticle-based immunosensor was fabricated 
for the sensitive detection of prion proteins related to neurodegenerative 
disorders appearing in sheep, cattle and humans using AuNPs modified 
nanocubes. This novel immunosensor marked good selectivity and 
reproducibility with an achieved detection limit of 0.014 pg mL− 1 due to 
its outstanding specificity, fast assay and simple sensing operating sys
tem which could not be an asset of use in case of chromatography and 
mass-spectroscopy-based assays (Li et al., 2018). The demand for highly 
skilled personnel to operate these expensive instruments to perform the 
accurate analysis is another challenge facing this industry. In the current 
scenario, modern biosensors are rapidly emerging which make use of 
micro- and nano-fabrication technologies with nanomaterials and 
microfluidics integrated into one single technique (V, 2017). 

Other types of efficient and sensitive electrochemical immuno
sensors were also shown with a LOD of 0.87 pg mL− 1, for the detection of 
Beta-amyloid peptides in diluted serum samples associated with the 
induction of Alzheimer’s disease. The same methodology may be opti
mized for point-of-care sensing of other related diseased biomarkers in 
clinical samples of cattle. In the current scenario, a large gap in the 
translation of these assays from research laboratories to practical ap
plications has remained limited. Tedious sample preparation, working 
lifetime, matrix effects, and system integration, false positive results are 
some more practical challenges that obstruct the mainstream imple
mentation of these sensing technologies. In addition, while having 
excellent sensitivity (102 to 103 copies per mL), these methodologies 
needed 2–14 days for virus isolation, explicit/costly reagents, and 
refined and high-tech equipment to confirm the presence of infections in 
cattle. Combining suitable nanomaterials with the RT–PCR, antigen 
grasping ELISA, dot-blot immunoassay, aptamer-based dual surface 
plasmon response method, insulated isothermal–polymerase change 
method and microfluidic immunosensors can effectively enhance the 
sensor detection performance (Joung et al., 2019). Introducing these 
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Table 1 
Cattle diseases-based biosensing devices.  

Viral Diseases aTechniques/bWorking surface or method aResponse 
time/bSensitivity/cConcentration Range 

aDetection limit/bSpecificity Ref 

LSD virus aPCR and Indirect ELISA – – Awad et al. 
(2010) 

LSD virus aPCR/bSaliva of A. hebraeum and R. 
appendiculatus adult ticks fed 

– – Lubinga et al. 
(2013) 

LSD virus aQ-TaqMan-PCR – – Vidanović et al. 
(2016) 

LSD virus aRPA assay a15 min a179 DNA copies/reaction Shalaby et al. 
(2016) 

LSD virus aQ-TaqMan-PCR – a8 DNA copies Agianniotaki 
et al. (2017) 

LSD virus aQ-PCR – – Dietze et al. 
(2018) 

LSD virus aPCR – a0.1 TDC50 lg.mL− 1 Pestova et al. 
(2018) 

LSD Virus aIPMA – – Haegeman et al. 
(2020) 

LSD virus Q-PCR – – Alexander et al. 
(2019) 

LSD virus aFAT, PCR and RT-PCR – – Zeedan et al. 
(2019) 

LSD virus aVNT/OIE and ELISA – – Krešić et al. 
(2020) 

LSD Virus aPCR – – Kononov et al. 
(2019) 

HS aELISA and IHA b77.0% (95% PPI = 70.8–84.1%) b70.8% (95% PPI = 60.8–79.8%), Singhla et al. 
(2020) 

EBL aCorrelation test/bComplement-dependent 
antibody cytotoxicity 

cp < 0.05–0.005 – Yasutomi et al. 
(1987) 

BLV aELISAs – – Reichel et al. 
(1998) 

EBL aELISA and PCR/bKappa and Youden’s 
J coefficients 

b98.93% b79.74% González et al. 
(2007) 

BLV aPCR and Nested PCR – – Uera et al. (2012) 
EBL aELISA/bantibody – – Santos et al. 

(2012) 
BLV aQ-PCR/bMRBLVL (2321–2339), MRBLVR 

(2421–2440), 
MRBLV probe (2340–2360)  

a7.8% (4/51) or less than one copy Rola-Łuszczak 
et al. (2013) 

BLV aPCR/bBLV-specific probe hybridized with 
1–3 EcoRI and HindIII fragments 

b38 to 67% b25 to 80% Miura et al. 
(2015) 

glycoprotein 
GP51 

aHematological tests, histopathological 
examination, ELISA, PCR, and 
phylogenetic 

– – (Shaghayegh, 
2019) 

BLV aPCR c5% – Nishimori et al. 
(2021) 

EBL aAGID, nested PCR and ELISA/kappa value b57.9% – Rusenova et al. 
(2022) 

mRNA 
biomarkers 

aQ-PCR   Hiraoka et al. 
(2022) 

BHV-1 Extended-FET a>10 min  Tarasov et al. 
(2016) 

BHV-1 aOrigami tests b0.4 pg mL− 1 (170 copies per reaction) and 
20 fg mL− 1 (273 copies per reaction) 

25 fg mL− 1 Yang et al. 
(2018) 

BHV-1 aDuplex fluorescence-basd LAMP 
assay/bMB-uvrC gene (Primer for MB) and 
the BHV-1 gb gene (Primer for BHV-1). 

ã 2 × 102/b95%-96.6% b100% Fan et al. (2018) 

BHV-1 aCyclic voltammetry, electrochemical 
impedance spectroscopy/bBHV-1 antibody 
and GCE surface 

c10 to 50 TCID50.mL− 1 a0.66 TCID50 mL− 1 Garcia et al. 
(2020) 

CBPP alateral flow protein microarray a>10 min  Gantelius et al. 
(2010) 

CBPP aELISA – – Bruderer et al. 
(2002) 

CBPP aLAT/bMmmSC b2 ng (CPS) or 5 × 103 CFU/c0.03 mL – (March et al., 
2003) 

BVD aErns-ELISA – – Greiser-Wilke 
et al. (1993) 

BVD aCPE a10 d a100-240 CCID50.mL− 1 Bo et al. (2009) 
BVD aNest RT-PCR – – Chuang et al. 

(2010) 
BVD aRT-PCR/btwo pairs of primers and two 

TaqMan probes 
– a100 copies of BVD viral RNA and BRV viral 

RNA 
Qing et al. (2011) 

(continued on next page) 
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technical modifications will let biological sensing technology become an 
effective detection tool that can be widely used to rapidly identify and 
diagnose an upsurge in cattle diseases. 

5. Conclusion 

Thorough studies of several chronic diseases in cattle have been 
demonstrated in this review paper with a clear presentation of data in 
Table 1. Here, we summarized an overview of the cattle diseases 
entailing significant economic losses to cattle owners which ultimately 
pose a direct threat to food security across the globe. The study discusses 
current developments in the use of biosensors based on cattle illness for 
the detection of a wide variety of analytes. Out of all these biosensors 
(depicted in Table 1), electrochemical biosensors have shown very low 
detection limit at minimum concentrations while detecting cattle dis
eases. Based on the characteristics of techniques, working surface, 
response time, sensitivity, concentration, detection limit specificity and 
ease of manufacture, electrochemical-based biosensors have demon
strated outstanding electro-catalytic activity for biosensing and there
fore might help with the creation of novel biosensors. There is 
substantial optimism that prevailing frontier areas of research encom
passing the latest technology on the development of efficient new-age 
vaccines will work in the control of bacterial and viral infections in 
cattle worldwide. 
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