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ABSTRACT

Infectious bovine rhinotracheitis (IBR) is a group of the bovine respiratory disease multifaceted pathogens and a key disease of cattle,
leading to significant economic losses to the dairy industry globally. The causative agent of IBR is Bovine herpesvirus type-1 (BoHV-1),
which is a member of the genus Varicellovirus in the Alphaherpesvirinae subfamily, which belongs to the family Herpesviridae, order
Herpesvirales. BOHV-1 can be categorized into three subtypes (BoHV-1.1, BoHV-1.2a, and BoHV-1.2b) that belong to one single viral
species, which is a serologically indistinguishable strain. Therefore, a more optimal method for the rapid diagnosis of BoOHV-1 infection
is highly needed. Hence, the objective of this paper is to review the appropriate diagnostic techniques for the IBR virus in infected cattle.
In this review, various rapid and confirmatory diagnostic methods used for the diagnosis of BoHV-1 infection were briefly described.
BoHV-1 can be routinely detected by virus neutralization tests and enzyme-linked immunosorbent assays (indirect or blocking ELISA).
IBRgE-ELISA is the most specific serological test for BOHV-1 and is reccommended for marker vaccine to differentiate wild infection from
vaccination schemes. Furthermore, virus isolation from tissue or swab samples by cell culture and DNA detection with LAMP, PCR, and
real-time PCR techniques are all used to detect infected cattle. Direct sequencing of the entire genome using the Sanger sequencing method
recently allowed for the differentiation of BOHV-1 subspecies and the distinction of the BoHV-1 field strain from vaccine strains based on
single nucleotide polymorphisms. As the gold standard diagnosis for IBR is virus isolation in cell culture, commonly followed by BoHV-1

gene sequencing, it is also recommended.
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INTRODUCTION

Infectious bovine rhinotracheitis (IBR) is one of the bovine
respiratory disease multifaceted pathogens, which is the major
cause of cattle death around the world (Kirchhoff et al., 2014).
IBR is a key disease of cattle, causing considerable economic
losses to the dairy industry globally (Raaperi et al., 2014;
Newcomer & Givens, 2016). BoHV-1 is a member of the genus
Varicellovirus in the Alphaherpesvirinae subfamily which
belongs to the family Herpesviridae, order Herpesvirales (Stear,
2005; Davison, 2010) and it is an etiological agent responsible
for the development of a severe respiratory form of infection
known as IBR in all cattle (Rola et al., 2017; Thakur et al.,
2017), and Infectious Pustular Vulvo-Vaginitis (IPV) and
Infectious Pustular Balanoposthitis (IPB) in cows and bulls
respectively (Kuotsu et al., 2019).

Bovine herpesvirus type-1 is also one of the most
essential viral infections of buffaloes globally (Woodbine
et al., 2009), except in the BoHV-1 free countries (Yadav
& Tiwari, 2016). BoHV-1 can be sub-grouped into three
subtypes belonging to one single viral species (MacLachlan
& Dubovi, 2011), in which they are serologically
indistinguishable strains (BoHV-1.1, BoHV-1.2a, and
BoHV-1.2b) (Graham, 2013). Those animals infected
with BoHV-1 experience a variety of mild to severe
clinical syndromes, including rhinotracheitis, vaginitis,
balanoposthitis, abortion, conjunctivitis, and enteritis, as

well as decreased milk production and weight gain (Raaperi
et al., 2014), and cough, nasal discharge, and lachrymal
discharge with mild diarrhea (Samrath et al., 2016).

Clinical indicators, species affected, epidemiological
patterns, post-mortem lesions, and laboratory confirmation
by isolation of the etiological agent utilizing different
serological and molecular approaches can all be used to
make a preliminary diagnosis of IBR. Virus isolation (VI),
fluorescent antibody technique (FAT), antigen detection by
ELISA, and immunoperoxidase assays are being employed
in diagnostic virology laboratories to identify BoHV-
1. The indirect fluorescent antibody test (IFA) detects
immunoglobulin M (IgM) and G (IgG) antibodies in
serum in a semi-quantitative, sensitive, and rapid manner
(Vira et al., 2010). BoHV-1 abortion is diagnosed by
the existence of appropriate histological lesions, VI, and
immunohistochemistry (IHC) for viral antigen identification.
With sensitivity similar to that of IHC, BoHV-1 has been
detected in tissues (Mahajan et al., 2013).

The in-vitro diagnosis of the disease based cell lines,
on the other hand, is difficult to maintain, making the
procedure inconvenient, time consuming, and expensive. IBR
diagnostic procedures frequently employ VI in cell culture.
The infectiousness of the viral particle is not required for
enzyme immunoassays for antigen and antibody detection,
but the results are harmed if the virus is destroyed. As a result,
insufficient sample preservation and transit to the laboratory
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have a negative impact on the diagnosis (Majumder et al.,
2015). The development of nucleic acid approaches for the
identification of viruses in clinical material has received recent
interest in diagnostic virology. Indirect immunofluorescence
tests (IFAT), real-time polymerase chain reaction (RT-PCR),
and nucleic acid hybridization are also often utilized for
BoHV-1 diagnosis (Majumder et al., 2013).

Although polymerase chain reaction (PCR) in conjunction
with southern blot hybridization has been shown to be better
sensitive than VI and dot-blot hybridization screening, a
large number of extended semen by these techniques is time-
consuming. Because of its rapidity, sensitivity, and specificity, PCR
has been developed as an ideal diagnostic tool for the detection of
BoHV-1 in a variety of clinical samples (Majumder et al., 2015).
Asaresult, efforts have been undertaken to standardize and verify
a real-time PCR protocol (OIE, 2008) for detecting BoHV-1 in
naturally infected cattle and buffalo, as well as to use a sensitive,
specific, and repeatable technique (Rana et al., 2011). Also, a PCR
technique was used to identify the BoHV-1 gB and gE genes in
semen samples from naturally infected bulls, and the sensitivity
was determined (Kuotsu et al., 2019).

Generally in the context of animal health control and
disease prevention, having access to accurate diagnostic tests
having the ability to identify early outbreaks and/or ensuring
the non-existence of the disease within vast territorial
extensions is crucial (Casarin et al., 2016). As a result, early
diagnosis of IBR virus-positive animals is critical for disease
management and eradication efforts aimed at easing the
burden on the dairy sector. Therefore, the goal of this paper
is to review the appropriate diagnostic techniques recently in
use for the diagnosis of the infectious bovine rhinotracheitis
virus in infected cattle.

LITERATURE REVIEW

Diagnostic techniques for IBR

Currently, available diagnostic techniques are limited to the
laboratory and require the use of sophisticated tools by specially
trained staff members. To differentiate the BoHV-1 subtypes,
numerous techniques have been utilized, including monoclonal
antibody-specific antigen and DNA fingerprinting by recognizing
the existence of the restriction site (Vaz et al.,, 2016). Bovine
herpesvirus type-1 can be routinely diagnosed by cell culture,
ELISA, virus neutralization tests, and molecular techniques by
polymerase chain reaction (PCR) (Biswas et al., 2013).

Although in-vitro viral isolation in cell culture is still the
gold standard for detecting BoHV-1, it has drawbacks in
terms of sensitivity, sperm cytotoxicity, time-consuming,
and expense. Several PCR approaches for detecting BoHV-1
have been shown to be effective (Rana et al, 2011). The
loop-mediated isothermal amplification (LAMP) assay has
been proposed as a simple, quick, and alternative molecular
pathogen diagnostic tool for field testing (Suwancharoen
et al., 2016). In order to differentiate the BoHV-1 field

strain from the vaccination strain based on single nucleotide
polymorphisms (SNPs), full genome sequencing was recently
required (Fulton et al., 2015, 2016).

Serological tests

The serological tests frequently used for the diagnosis
of BoHV-1 antibodies in the serum samples of animals
comprise the indirect ELISA, blocking ELISA, and the virus
neutralization test (VNT) (Mahajan et al., 2013). Because
of the shorttime it takes to get a response, its convenience
for screening large numbers of serum samples, and the best
performance of any serological test used for IBR diagnosis, the
indirect ELISA is utilized more often. Furthermore, because
BoHV-1 viral latency is common, identifying serologically
positive and otherwise healthy animals might be a good
predictor of infection level in a herd. As a result, antibodies-
positive animals must be categorized as BoHV-1 infected (with
two exceptions: serological responses caused by inactivated
vaccine immunization or colostral antibodies) (Chatterjee
et al., 2016). Hence, IBRGE blocking ELISAs discriminate
antibodies against the absent antigen, allowing infected and
vaccinated animals to be distinguished (DIVA). Because the
virus might reactivate during stress or sickness, blood should
be drawn for antibody testing during the acute phase and
again 2 - 4 weeks later (Nettleton & Russell, 2017).

A. Indirect ELISA: This diagnostic technique is used
with coated antigens into the wells of a polystyrene plate.
Antibodies bind to the coated antigen and are identified using
enzyme-labeled anti-bovine immunoglobulins if present
(Zeedan et al., 2018).

The number of antibodies in a sample can be represented
in a variety of ways, but in general, the greater the corrected
optical density (COD), the more antibodies there are in the
sample. Because of the backdrop of negative samples, cut-off
numbers may vary, although they will be determined within
each test (Nettleton & Russell, 2017) (as illustrated in Figure 1).

B. Blocking ELISA or C-ELISA: For DIVA purposes, this
test was utilized in combination with the marker vaccinations.
Marker-vaccinated animals exposed to a field strain of
BoHV-1 may be differentiated from those that have not
been exposed using enzyme-labeled monoclonal antibodies
specific for gB or gE. Bovine herpesvirus type-1 antigen coated
microwells on a polystyrene plate are used for C-ELISAs. The
test serum samples were mixed with enzyme-labeled anti-
BoHV-1 antibody and incubated. The quantity of BoHV-1
antibodies in the sample reduces the colour development
following the addition of the substrate/chromogen solution
semi-quantitatively. Cut-off values for negative tests should be
below 0.5% and above 50% for positive results (Nettleton &
Russell, 2017).

Virus neutralization test (VNT)

The conventional VNT was employed to identify
antibodies against BOHV-1 because of its excellent sensitivity
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Figure 1: Schematic diagram of the Indirect ELISA test (Nettleton & Russell, 2017).

and specificity. In two wells of tissue culture plates, 50ul of
each serum sample and virus suspension were added and
cultured for 2hrs at 37°C in the presence of 5% CO,. Then, the
samples were cultured for 24-48hrs after adding 50ul of cell
suspension (300,000 cells/ml) (Giir et al., 2019).

The neutralization index is calculated after incubation.
The viral titer (in log10) in the existence of negative control
serum minus the virus titer in the presence of a particular
antiserum is the neutralization index. The isolate may be
classified as BoHV-1 if the neutralization index is more than
1.5, while conclusive confirmation would need molecular
characterization to identify it from associated bovine alpha
herpesviruses (OIE, 2008).

Agar gel precipitation test (AGPT)

The AGPT was carried out in accordance with (LeJeune,
1977). In 100 ml of distilled water, 1'/, gm of agarose and 1'/,
gm of glycine were added. In a water bath, the mixture was
boiled until the agarose was mostly dissolved. The agarose
medium was allowed at room temperature until it reached
45°C before being poured into 5cm diameter petridishes.
After the agarose in the petridishes solidified, 7 wells with a
diameter of 6 mm were cut. Then the central well was filled
with reference BoHV-1 homogenized collected pock lesions,
whereas the upper and lower wells added serum containing
positive and negative control sera. The four peripheral wells
were filled with the sera samples to be evaluated and incubated
for 12 to 72hrs at 37°C in a humidified atmosphere, looking
for the formation of perception lines (Zeedan et al., 2018).

Indirect Immunofluorescence Assay (IFA)

The IFA technique was carried out in tissue culture
microtitration plates as a duplicate per sample according
to El-Bagoury et al. (2014) after some modifications. The
Madin-Darby bovine kidney (MDBK) cells were inoculated
with positive culture supernatants, washed with PBS (pH 7.6),
fixed for 30 minutes with fixation buffer, rewashed with PBS,
and reacted with the reference rabbit anti-BoHV-1 polyclonal

antiserum for an hour (diluted 1:100 in PBS). The MDBK cells
were then rinsed in PBS (pH 7.6) and probed with anti-rabbit
IgG that was fluorescence isothiocyanate-labeled (diluted to
1:50 in PBS). Microtitration plates were rinsed three times
in PBS, mounted with 50% buffered glycerol, protected
from light (kept in a dark place), and examined under a
fluorescence microscope for greenish yellow fluorescence
(Osman et al., 2020).

Virus isolation by cell culture

Inoculated MDBK cells were used to isolate the viruses
from the positive samples. Samples were homogenized in
complete dubblicus maintenance eagle medium (DMEM) and
centrifuged at 12,000xg for 10 min at 4°C. The supernatants
were then collected, passed through 0.22 um membrane
filters, and inoculated into MDBK cells for 2 hrs, followed
by the addition of virus growth medium containing 2% FBS
and incubation at 37°C, with 5% CO, (Dagalp et al., 2020).
After the third passage, if no CPE was observed, the sample
was deemed negative. Inoculated MDBK cell culture with
suspected BoHV-1 virus 10" TCID 50%, showed cytopathic
effect (CPE) of cell rounding, cell aggregation, and clusters of
rounded cell formation using Hematoxylin and Eosin staining,
in which the peculiar cell changes were observed (Chothe et
al., 2018) as illustrated in Figure 2 (Zeedan et al., 2020).

Vantix™ biosensor assay

Biosensor-based assays are tools used to detect an antigen
or antibody. In such assays, there is the use of receptors
(antibodies) as well as transducers, which convert a biological
interaction reaction into a quantifiable signal. The biosensors
are attached to very sensitive instruments able to capture
readable signals. These serum samples were diluted 1:10
in PBS (PH 7.2) with 2.5% gelatin from cold water fish skin
immediately before testing, while milk samples were tested
undiluted (Cork et al., 2013; Dhama et al., 2014).

Individual biosensors are washed using a simple slotted
cork strip into which the electrical connectors of up to 12
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biosensors can be plugged. Samples were incubated for
5 minutes in a microtitre plate containing rabbit anti-bovine
horseradish peroxidase conjugated secondary antibody (same
as ELISA) diluted 1:20,000 in PBS (pH 7.2) and then washed.
The wash/blot procedure was repeated four times in a new
trough of wash buffer. Then, the electrical connector end of
the biosensor was inserted into the Vantix™ Version 1 Research
Reader prior to placing the electrodes into the TMB substrate
and measuring the OD value (Cork et al., 2013).

Molecular techniques
Polymerase chain reaction

A polymerase chain reaction (PCR) has been utilized to
directly detect BoHV-1 nucleic acid in specimens (Rana et al.,
2011; Thonur et al., 2012). BoHV-1 and other herpesvirus
DNA will be recovered from 200 uL of infected cell culture
supernatant using the UNIQ-10 viral DNA extraction kit. The
extracted DNA will be utilized as a template for copy DNA
synthesis using the Revert Aid™ First Strand cDNA Synthesis
Kit, which will be eluted in 50 uL of nuclease-free water, and
all these templates will be kept at-70 °C for later use (Hou
et al., 2017). BoHV-1 can be diagnosed using a simple real-
time multiplex PCR (RT-PCR)(Thonur et al., 2012), and it has
been shown to be the most successful technique for testing
for BoHV-1 in bovine abortions, even from autolyzed fetuses
(Wernike et al., 2011; Crook et al., 2012).

Loop mediated isothermal amplification (LAMP) assay

Several isothermal amplification tests for the detection of
human and animal pathogen infections have recently been
developed (Zanoli & Spoto, 2012), enabling quick and specific
diagnoses with little equipment (Pawar et al., 2014; Hou et al.,
2017). LAMP is a novel assay that rapidly amplifies nucleic
acids with high specificity under isothermal conditions (Pawar
et al., 2014; Rane et al., 2015). The LAMP is initiated by an
inner primer including sequences from the target DNA’s sense
and antisense strands. A single-stranded DNA is produced
by the following strand displacement DNA synthesis, which
is primed by an outside primer. The end result is stem-loop
DNA with many inverted loops, with 10° copies of the target

Figure 2: a) Non-infected MDBK cell culture (control), b)
Inoculated MDBK cell culture (magnification power 100X)
(Zeedan et al., 2020).

accumulating in less than an hour. Bovine herpesvirus-1
LAMP assays were composed of 6 uL of Isothermal Master Mix
(Optigen ISO-001) and 2.5 uL of DNA sample (El-Kholy et al.,
2014; Xu et al., 2016). Reactions were run in the thermoblock
for 60 minutes at 66°C. Results were visualized by the addition
of 1 uL of 1000x concentrated SYBR Green per sample (Socha
et al., 2017). Positive samples turned green, while negative
samples remained orange, as indicated in Figure 3 below.

Real-time -PCR assay

The real-time PCR reaction was conducted in accordance
with the OIE Manual (OIE, 2008), with minor modifications,
in a Bio-Rad iCycler iQ. BoHV-1 was detected directly from
swab samples and/or from a virus propagated in MDBK
monolayer cell lines. Viral DNA will be extracted from each
dilution using a Qia Blood mini kit, and the cycle threshold
(Ct) value will be calculated. Any sample with a Ct value of
<40 will be regarded as positive, while any sample with no Ct
value at all will be considered negative (Mahajan et al., 2013).

BoHV-1 ¢gB and TK direct sequencing

Polymerase chain reaction products were purified with the
QIA quick purification kit (Qiagen) and sequenced with the
Big Dye Terminator Cycle Sequencing Kit using PCR primers
as sequencing primers. The sequencing of BoOHV-1, Thymidine
Kinase (TK), and gB genes was performed according to the
Sanger sequencing method and is one of the best performing IBR
diagnostic techniques in recent times. In the cycle sequencing
process, an initial denaturation at 96 °C for 2 minutes is followed
by 40 repeated cycles of denaturation at 96 °C for 10 seconds,
annealing at 50 °C for 5 seconds, and elongation at 60 °C for
4 minutes in the cycle sequencing process. Isopropanol was
used to purify the products, which were then denatured at 95°C
for 2 minutes. The ABI Prism 310 Genetic Analyzer (Applied
Biosystems) was used to evaluate the sequencing processes, and
the nucleotide sequences of the BoHV-1 TK and gB genes were
aligned and compared with viral sequences in the GenBank
database using BLAST software (NiSavic et al., 2018).

Negative

Positive

Figure 3: Visual detection of LAMP products using diluted SYBR
Green stain (El-Kholy et al., 2014).
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CONCLUSION AND RECOMMENDATIONS

Infectious bovine rhinotracheitis (IBR) surveillance,
diagnosis, and control depend on the clinical signs of the
disease and accurate antibody detection of BoHV-1 from
serum or milk samples using viral neutralization tests and
ELISA techniques. The results obtained from the serological
investigation could be enough for the determination of the
IBR status of individual animals and the population at large
because of latent infection induced by BoHV-1 antibody
detection. The development of nucleic acid approaches for the
detection of viruses in clinical specimens has recently attracted
interest in diagnostic virology. Furthermore, virus isolation
and DNA detection from tissue or swab samples by cell
culture, LAMP, and PCR techniques are all used to diagnose
IBR. Direct sequencing of BoHV-1 genes according to the
Sanger sequencing method provides a definitive diagnosis
and is used to differentiate the three subspecies of BoHV-1.
The gold standard diagnosis for IBR is virus isolation in cell
culture, commonly followed by PCR analysis, and BoHV-1
gene sequencing is essential.

Based on the above conclusion, the following
recommendation is forwarded. The IBR gE ELISA test is
the most BoHV-1-specific serological test available, and it
is recommended for marker vaccines (animals vaccinated
for IBR disease) to differentiate wild infection from the
vaccination scheme. The gold standard diagnosis for IBR is
virus isolation in cell culture, commonly followed by PCR
product analysis and BoHV-1 gene sequencing.
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