Acta Scientiae Veterinariae, 2024. 52: 1954.

RESEARCH ARTICLE ISSN 1679-9216
Pub. 1954

Detection of BoHV-1 - Comparative Evaluation
of Real Time PCR, Real Time LAMP and Subtyping

Hatice Pelin Aslim:) & Oya Bulut

ABSTRACT

Background: Bovine Herpesvirus 1 (BoHV-1) is an important bovine pathogen found throughout the world. It causes
a subclinical, mild, or severe disease. It has different types of clinical manifestations in respiratory, genital, ocular, and
encephalomyelitis forms. The aim of this study was to perform comparative diagnosis of BoHV-1 by Real Time PCR and
Real Time LAMP and molecular characterization of BoHV-1.

Materials, Methods & Results: In this study, BoHV-1 was investigated in nasal swab samples from cattle with clinical signs
of respiratory problems using Real-Time PCR (Polymerase Chain Reaction) methods and the Real-Time Loop-Mediated
Isothermal Amplification (LAMP) method, which is a cheap, fast, and reliable technique. BoHV-1 positive samples in both
tests were cultured in the Madin-Darby Bovine Kidney (MDBK) cell culture. Conventional PCR was performed for the
molecular characterization of the isolated samples. Eight (5.33%) nasal swab samples used in the study were found to be
positive by the Real-Time PCR test, while 13 (8.66%) samples were found to be positive by the LAMP test. The results
of the McNemar test showed that the difference between Real-Time PCR and Real-Time LAMP tests was not significant
(P > 0.05). BoHV-1 was isolated from 3 of 8 samples cultured in cell culture. In the sequence analysis of these three
samples after PCR, molecular characterization of the isolates was performed, and they were found to belong to the BoHV-
1.1 subtype. These findings indicated that the LAMP method can be used in the rapid diagnosis of BoHV-1 infection, and
the BoHV-1.1 subtype should be considered in the fight against infection.

Discussion: Many studies have shown that PCR tests are more sensitive than virus isolation (VI). Similarly, in this study,
only 3 of the 8 samples found to be positive by Real-Time PCR could be isolated in cell culture. The results of both tests
differed in that PCR can detect any viral RNA (infectious whole virus, unpackaged viral genome, even genome strand or
subgenomic fragments) whereas VI detects properly packaged and live virus particles. Although no statistical difference
was recorded between Real-Time PCR and Real-Time LAMP in this study, a higher rate of positive samples was detected
with LAMP, which matched the findings of other reports. These results showed that LAMP is a more resistant to PCR
inhibitors and more sensitive test and due to the use of 6 different primers. BoHV-1 continues to cause significant eco-
nomic losses in the cattle industry around the world. Therefore, a practical, fast, and cost-effective diagnostic tool needs
to be used to identify the infection in the affected areas and control it at the earliest. In this context, the LAMP test is a
promising method at the field level for the diagnosis and control of BoHV-1 infection and other diseases, as mentioned in
other studies. Phylogenetic analysis was performed on 3 swab samples isolated in cell culture, after they were tested by
conventional PCR with primers specific to the BoHV-1 gC region, in parallel with other reports. The isolate sequence was
aligned using MUSCLE, with the sequences of other isolates obtained by a comparative analysis and multiple sequence
alignment was performed in the AliView software. This analysis included the nucleotide sequences of 54 different isolates.
All ambiguous locations were removed for each sequence. There were 312 nucleotides in the final dataset. Evolutionary
analysis was performed using the Tamura 3-parameter model with the Neighbor-Joining algorithm in MEGA 11; in total,
1,000 iterations (bootstrap) were performed. Similar to the findings of other studies conducted in Turkey, it was determined
in this study that the more common BoHV-1 strain in circulation was the BoHV-1.1 strain.
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INTRODUCTION

Infectious Bovine Rhinotracheitis (IBR) is a
viral disease of cattle caused by Bovine Herpesvirus
type 1 (BoHV-1) [6,16]. BoHV-1 belongs to the ge-
nus Varicellovirus of the Herpesviridae family. [20].
BoHV-1 is divided into 3 subtypes: 1.1, 1.2a, and 1.2b
[47]. The main clinical signs of BoHV-1 infection
include high body temperature, harsh and persistent
cough, and mild anorexia [18,27,30].

BoHV-1 has been eradicated from a few regions
in Europe, such as Austria, Denmark, Finland, Sweden,
Switzerland, and Norway. However, infection caused
by BoHV-1 is widely distributed in beef and dairy
cattle herds throughout the world [2,7,20,21,26,40].
Real-time PCR is used as a standard diagnostic pro-
cedure for the diagnosis of acute BoHV-1 infections.
However, it is a time-consuming and expensive tech-
nique and requires specialized equipment. Therefore,
simpler, faster, and cheaper applications, such as loop-
mediated isothermal amplification (LAMP), have been
developed for a wide range of pathogens [24,28]. It is
a more sensitive and specific technique compared to
PCR, given that it can amplify more than 10 copies
of DNA in 1 hour [13,29].

This study aimed to the presence of BoHV-1
in nasal swab samples of cattle showing clinical signs
of respiratory infection was comparatively assessed
by Real-Time Polymerase Chain Reaction (Real-
Time PCR) methods and Real-Time Loop-Mediated
Isothermal Amplification (Real-Time LAMP) method.
Additionally, the molecular characterization of the
isolated samples was performed based on the gC gene
sequences by culturing the samples that were positive
for BoHV-1 in both tests in the Madin-Darby Bovine
Kidney (MDBK) cell culture.

MATERIALS AND METHODS

Virus isolation materials

Nasal swab samples were collected from
150 cattle brought to the private slaughterhouse. The
samples were transferred to 4 mL of DMEM containing
concentrated antibiotic and centrifuged at 380-860 g
at 4°C for 20 min.

Virus isolation
Madin Darby Bovine Kidney (MDBK) per-

manent cell culture and Colorado reference strain (as
positive control) were used to conduct experiments in

the Department of Virology, Faculty of Veterinary Med-
icine, Selcuk University. Nasal swab samples, which
were positive in both Real-Time PCR and Real-Time
LAMP tests, and the Colorado reference strain were
inoculated by the adsorption inoculation technique.
When BoHV-1 specific cytopathogenic effect (CPE)s
was detected, the flasks were frozen thrice at -20°C and
thawed at 37°C. The supernatant was centrifuged at 860
g at 4°C for 30 min. After ensuring that the supernatant
was sterile, it was divided into 2 mL portions and stored
at -20°C. Blind passages of the samples were made 3
times each. In tissue culture microscopy controls, the
supernatant collected from cells with CPE was sepa-
rated for sequencing by conventional PCR techniques.
Virus control and cell control were performed together.

Preparation of samples for Real-Time PCR and Real-
Time LAMP

-DNA extraction from nasal swab

To extract DNA, the tissue DNA Kit' was
used. The DNA obtained was stored at -20°C until
further use.

-Real-Time PCR

The presence of BoHV-1 nucleic acid in 150
nasal swab samples was determined by Real-Time
PCR analysis using the LightCycler Probes Master
Mix?. Primers, probe, reaction mix, and thermal cy-
cling program used in the reaction were as follows.
Genomic DNA extracts were analyzed with F (5-TGT
GGA CCT AAA CCT CAC GGT-3') and R (5-GTA
GTC GAG CAG ACC CGT GTC-3") primers [1], and
the gB region of BoHV-1 was amplified. All reactions
were adjusted to a final volume of 25 pL. For the reac-
tion, 12.5 pL of 2X iGreen Master Mix, 0.5 pL of each
specific primer (0.24 uM), 0.5 pL of probe, 5 pL of
DNA product, and 6 pL of nuclease-free water were
used. The Real-Time PCR program included initial
denaturation at 95°C for 10 min, followed by 40 cycles
of denaturation at 95°C for 10 s, annealing at 60°C for
30 s, and extension at 72°C for 1 s.

-Real-Time LAMP

The presence of BoHV-1 was determined
in 150 nasal swab samples by Real-Time LAMP
analysis using the Isothermal Master Mix® Kit.
The primers Pawar [31] used in this analysis
were specific for the gC region of BoHV-1, F3
(5'-GTTCGACGGAAACAGCGG -3'), B3 (5'-CT-
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GTTCGTAGCCCAGAACG-3"), FIP (5'-ACCGA
GGGCGTGTGTACACTTGG+CGTGA CGGT-
CACGACCTTG-3"), BIP (5'-GGTCAGGGGCAA
GTTTGCGGG+CGATCG CGTACCGTAGCG-3"),
LF (5'-GCGACATGGGCACCAA-3"), and LB (5'-
CGGGCGAAGGGAAAATATATAGTTGTC -3").
After adding nuclease-free water to all lyophilized
primers as indicated, 10 uL of 100 uM stocks were
taken, and 90 pL of nuclease-free water was added to
prepare 10 pmol portions. From these portions, 14 uL.
of primer mix was prepared for each sample as 4 uL.
each of FIP and BIP primers, 2 pL. each of F3 and B3
primers, 1 uL each of LOOP F and LOOP B. Next,
46 pL of water was added to the mix. Then, 5 uL. of
primer for each sample was taken from this mixture,
for a total volume of 60 uL (this mix was sufficient
for 12 samples). These ingredients were melted in an
ice bath at room temperature, mixed using a vortex,
and centrifuged. The reaction mix was prepared as
follows. This mixture was placed in the Genie® III
instrument and analyzed at 60°C for 60 min. The
reaction was stopped after 1 min of inactivation an-
nealing at 98°C. Finally, the annealing temperature
were determined.

Detection of BoHV-1 DNA by PCR method

The samples that were found to be positive in
Real-Time PCR and Real-Time LAMP assays were
cultured in MDBK cell culture. Among them, cells with
CPEs were extracted, and PCR assays were performed
using the commercially prepared Solis BioDyne* PCR
kit. The samples that could be isolated from the cell
culture underwent PCR testing with primers specific to
the gC gene region. The primer pair PF 5" CGCCGC-
CGAGTACTACCC 3') and PR 5" CGGCCACGAC-
GCTGACGA 3’ utilized by Esteves [17] was used in
the analysis. The reaction mixture was prepared as 6 uL.
5x HOT FIREPol Blend Master Mix*, 1.5 uL. Forward
Primer, 1.5 uL. Reverse Primer, 1.5 uL DMSO, 16.5 uLL
Nuclease-free H,O, and 3 uL. DNA. A thermal cycle
program was applied to the master mix mixture follow-
ing the test procedure, including initial denaturation at
95°C for 15 min, 33 cycles of 95°C for 20 s, 56°C for
30 s, 33 cycles of 72°C for 40 s, and a final extension
at 72°C for 7 min.

Nucleotide sequencing and phylogenetic analysis

Bidirectional sequencing analysis of the PCR
products was performed by Humanizing Genomics

Macrogen Company. The chromatogram file was edited
using AliView [22]. Additionally, in silico analysis of
the sequences was performed in the GenBank data-
base using the Basic Length Alignment Search Tool
(BLAST) of the National Center for Biotechnology In-
formation (NCBI) [4]. These sequences were recorded
in the GenBank database. The sequences obtained were
compared with the BoHV-1 reference sequences in the
GenBank database and aligned using MUSCLE [14]
in the AliView [22] software. A phylogenetic tree was
constructed using the Tamura 3-parameter model [37]
with the Neighbor-Joining algorithm in MEGA 11 [38],
and 1,000 bootstraps were performed.

Statistical analysis

In order to compare the 2 methods used in
the study, the McNemar test was performed using the
SPSS 25 (IBM SPSS)’ statistical program. All differ-
ences were considered to be statistically significant at
P < 0.05. The data were reported as percentages and
frequencies.

RESULTS

Virus isolation results in cell culture
The CPE characterized by shrinkage and

rounding of the cells, was observed in 3 of the 8
samples analyzed 48 h after cell culture.

Real-Time PCR and Real-Time LAMP

Eight (5.33%) of the nasal swab samples
obtained from the cattle were found to be positive by
the Real-Time PCR test, while 13 (8.66%) samples
were found to be positive by the Real-Time LAMP
test (Figure 1).

Figure 1. Number of samples that tested positive with Real-Time PCR
and Real Time LAMP. Cluster A: Samples that tested positive with Real
Time PCR. Cluster B: Samples that tested positive with Real Time LAMP.
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PCR results of isolates obtained from cell culture

The presence of BOHV-1 nucleic acid was con-
firmed by observing the 575/572 bp (BoHV-1/BoHV-5)
DNA band in 3 samples isolated from cell culture by the
PCR method. Verification and alignment of sequences
and construction of a phylogenetic tree with sequences
of other isolates were performed using MUSCLE [14]
in the AliView [22] software and compared with BoH V-
1 reference sequences in the GenBank database. After
obtaining the consensus of the aligned sequences, they
were compared to other sequences in Genbank using the
BLAST program. The sequences of three 575 bp BoHV-
1 isolates were submitted to the GenBank database
[ON350848, ON350849, and ON350850] (Figure 2).
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Figure 2. Phylogenetic analysis based on the nucleotide sequence of the gC
gene of BoHV-1 isolates obtained from the Konya region. The phylogenetic
tree containing the 312-nucleotide partial sequence was created with the
Neighbor Joining algorithm in MEGA 11 software using the Tamura 3-pa-
rameter model and 1,000 repeats (bootstrap) [37,38]. Branches marked in
black are BoHV-1.1, those marked in red are BoHV-1.2, and those in blue
are BoHV-5. Field strains obtained from this study are marked with a black
square (4). [Scale bar indicates 0.01 nucleotide substitution].

Next, pairwise similarity and homology
of the sequences were calculated. The gC region
nucleotide sequence alignment of the isolates ob-
tained from this study and previously published
isolates showed variable homology percentages [95
to 100%] (Figure 3). The isolates obtained in this
study [ON350848, ON350849, and ON350850]
were 100% compatible with each other. At the
nucleotide level, the ON350848 isolate showed the
highest (100%) similarity to the AJ004801 (BoHV-
1.1/Cooper) and KU198480 (BoHV-1/USA)
isolates. The similarity was the lowest among
JN173232 (BoHV-5/Brazil), IN173250 (BoHV-5/
Brazil), IN173225 (BoHV-5/Brazil), DQ173722
(BoHV-5/Brazil), KJ634158 (BoHV-5/Brazil),
DQ173737 (BoHV-5/Brazil), and DQ173742
(BoHV-5/Brazil) strains (95%). Our ON350849
and ON350850 isolates were quite similar to (99%)
749223 (BoHV-1), KM258880 (BoHV-1.2b/USA),
DQ173731 (BoHV-1.2/Uruguay), KM258881
(BoHV-1.2/Australia), JN173219 (BoHV- 1/
Brazil) and JN173217 (BoHV-1.2/Brazil), while
it had the least similarity (96%) to JN173232
(BoHV-5/Brazil), IN173250 (BoHV-5/Brazil), and
JN173225 (BoHV-5/Brazil), DQ173722 (BoHV-5/
Brazil), KJ634158 (BoHV-5/Brazil), DQ173737
(BoHV-5/Brazil), and DQ173742 (BoHV-5/Brazil)
[Figure 4].

Statistical analysis

The results of the McNemar test showed
that the difference between the Real-Time PCR
and Real-Time LAMP tests was not significant (P
=0.063) [Table 1].

Table 1. Real-Time PCR and LAMP analysis frequency and percentage
values.

Real-Time PCR LAMP
n % n %
Negative 142 94.7 137 91,3
Positive 8 53 13 8,7
Total 150 100 150 100
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Figure 3. Nucleotide differences of BoHV-1 reference viruses and field isolates according to partial gC gene sequences.
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Figure 4. Amino acid differences of BoHV-1 reference viruses and field isolates according to partial gC gene sequences.

DISCUSSION

Real-time PCR is widely used for detecting
microorganisms because it is fast, provides quantitative
results, and has a high sample yield [35]. Several stud-
ies have used Real-Time PCR to detect various BoHV-1
strains/isolates, including genotypes 1.1 and 1.2, from
different geographical regions [33,34]. The primers
used in the Real-Time PCR assay in this study may
cross-react with several herpesviruses closely related
to BoHV-1. The primers and probe used in the Real-
Time PCR assays were specific to the gB gene, a highly

conserved herpesvirus gene, as this gene is highly
homologous to the genes of other genetically closely
related ruminant herpesviruses, including those found
in deer and goats [44,46]. As stated by Chandranaik [8],
the specificity and sensitivity of the Real-Time PCR
test should be sufficient to detect BoHV-1 from nasal
swabs. Many studies have shown that PCR tests are
more sensitive than virus isolation (VI) [7,15,23,32].
Similarly, in this study, only 3 of the 8 samples found
to be positive by Real-Time PCR could be isolated in
cell culture. While Real-Time PCR can detect various
viral components such as viral genomic DNA, viral
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messenger RNA (mRNA) [45], viral glycoproteins
[46], diagnosis by VI requires a fully matured virus
particle [42]. The results of both tests differed in that
PCR can detect any viral RNA (infectious whole vi-
rus, unpackaged viral genome, even genome strand
or subgenomic fragments, and fragments formed by
the destruction of viral infected cells by host immune
cells), whereas VI detects properly packaged and live
virus particles [5].

Although no statistical difference was recorded
between Real-Time PCR and Real-Time LAMP in
this study (Table 1), a higher rate of positive samples
was detected with LAMP [19, 43] (Figure 1). These
results showed that LAMP is a more resistant to PCR
inhibitors and more sensitive test and due to the use of
6 different primers. BoHV-1 continues to cause signifi-
cant economic losses in the cattle industry around the
world. Therefore, a practical, fast, and cost-effective
diagnostic tool needs to be used to identify the infection
in the affected areas and control it at the earliest. In
this context, the LAMP test is a promising method at
the field level for the diagnosis and control of BoHV-
1 infection and other diseases, as mentioned in other
studies. The key advantages of LAMP are that it can be
performed with a portable device and does not require
expensive laboratory equipment or any qualified tests
and personnel [36].

The gC gene plays an important role in the
adhesion of virions to target cells by binding to heparin
surface receptors, and therefore may contribute to cell
tropism [9]. The 3' region of the gC gene (correspond-
ing to the COOH-t region of the protein) is moderately
conserved, and is therefore suitable for phylogenetic
analysis in type and subtype classification of BoHV
[41]. Phylogenetic analysis was performed on 3 swab
samples isolated in cell culture, after they were tested
by conventional PCR with primers specific to the
BoHV-1 gC region, in accordance with Traesel et al.
[41] and Chowdhury [9]. The isolate sequence was
aligned using MUSCLE [14], with the sequences of
other isolates obtained by a comparative analysis and
multiple sequence alignment was performed in the
AliView [22] software. This analysis included the nu-
cleotide sequences of 54 different isolates. All ambigu-
ous locations were removed for each sequence. There
were 312 nucleotides in the final dataset. Evolutionary
analysis was performed using the Tamura 3-parameter
model [37] with the Neighbor-Joining algorithm in

MEGA 11 [38]; in total, 1,000 iterations (bootstrap)
were performed. The results of the phylogenetic analy-
ses confirmed that these isolates were BoHV-1.1. It
was found to be included in the subtype (Figure 2).
Similar to the findings of other studies conducted in
Turkey [3,11,40], it was determined in this study that
the more common BoH V-1 strain in circulation was the
BoHV-1.1 strain. Bovine herpesviruses were divided
into 3 groups: BoHV-1.1, BoHV-1.2, and BoHV-5, with
high bootstrap values (> 50%) used in phylogenetic
analysis (Figure 2). The data obtained for these groups
using the gC COOH-t region were similar to the phylo-
genetic data [17]. Strains ON350848, ON350849, and
ON350850 were in the same cluster as the strains from
India, China, Uruguay, Brazil, America, Croatia, and
Egypt. Nucleotide sequence alignments of these three
isolates were found to be 100% compatible with each
other. This showed that all 3 isolates were in the same
subgroup. In a study, different gene regions of BoHV-
1 and BoHV-5 were analyzed, and the results showed
that they shared 69-98% antigenic similarity [12].
The isolates of this study showed 94-95% similarity
to BoHV-5 strains (JN173232, IN173250, JN173225,
DQ173722, KJ634158, DQ173737, and DQ173742),
as determined by analyzing the gC gene region, and
98-99% genetic and antigenic similarity to the BoHV-
1.2 strains (DQ173739, DQ173723, MT179814,
MT179816, JX127204, KM258880, DQ173731, and
KM258881) [Figures 3 and 4]. Such a high degree of
similarity of these isolates to the BoHV-1.2 strains
suggested that the genomic differences between the 2
subtypes were very small. The results of the nucleo-
tide sequence analysis of the gC gene region showed
that the strain was BoHV-5 or BoHV-1.2 when the C
nucleotide was present at the 95" position, BoHV-1.1
when the T nucleotide was present, BoHV-1.1 when
the A nucleotide was present at the 116" position, and
BoHV-1.2 subtype when the G nucleotide was pres-
ent. The strain was BoHV-5 when there was a G at
position 171, and BoHV-1.1 or -1.2 when there was
an A (Figure 3). In this case, a close genetic relation-
ship between the BoHV-1.1 and BoHV-1.2 types was
expected. Although BoHV-1.1, BoHV-1.2a, and BoHV-
1.2b subtypes can be distinguished by the Restriction
Endonuclease Analysis (REA), the differences between
nucleotide cut off points are quite small [10,25,26].
Additionally, cross-neutralization studies using hy-
perimmune serum cannot distinguish BoHV-1.1 from
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BoHV-1.2 [25]. Thus, the 2 subtypes have a high de-
gree of structural/antigenic similarity. The ON350848,
ON350849 and ON350850 isolates identified in this
study are not similar to previously reported isolates
in Turkey; BoHV-1 ET-121 [39], MK919465 and
MK919466 [3], KY748020, KY748021, KY748022,
KY748023, KY748024, KY748025, KY748026,
KY748027, MF458855, MF458856, MF458857,
MF458858, MF458858, MF458859 [11], which were
previously reported in Turkey, were interpreted as
too many animals entering the country. Considering
that the countries from which animals are imported in
Turkey are also affected by IBR, the possibility of an
endemic risk should be considered as these countries
do not have eradication or monitoring programs for
BoHV-1. Phylogenetic analysis based on gC gene
nucleotide sequences revealed that the isolates obtained
in this study clustered within subtype 1.1 of BoHV.1
together with the reference Cooper and some field
strains. Subtype 1.1 generally contains strains respon-
sible for respiratory diseases [41]. Certain isolates,
including ON350848, ON350849, and ON350850,
caused clinical symptoms such as fever, cough, loss of
appetite, runny nose, and conjunctivitis in the animals
in which they were detected. These results revealed
that BoHV-1.1 is generally found in animals with
respiratory diseases.

CONCLUSION

The findings of this study showed that using
only virus isolation in the diagnosis of BoHV may
lead to false-negative results. Besides reducing the
effectiveness of diagnosis, false-negative results may
also cause medical practitioners to not take control and
prophylaxis measures. LAMP test is a fast, reliable,
and affordable diagnostic tool and is recommended for

areas affected by infection, especially where resources
are limited. Additionally, future researchers may inves-
tigate whether the test can be applied to samples other
than nasal swabs, such as semen, fetal tissue (heart,
brain, lung, kidney, liver, spleen, intestinal, thymus).
Studies need to perform phylogenetic analyses to
determine the type of circulating virus; such infor-
mation may assist in the development of vaccines to
provide appropriate protection to susceptible animals.
As the sequence analysis performed in this study was
based only on a short piece of viral DNA and did not
fully reflect the genetic diversity of the isolates, future
studies may detect new circulating BoHV-1 strains by
performing full-genome sequencing or REA.
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