Acta Scientiae Veterinariae, 2019. 47: 1669.

RESEARCH ARTICLE ISSN 1679-9216
Pub. 1669

Synchronous Detection of BPV and BVDV with Duplex Tagman qPCR Method
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ABSTRACT

Background: Bovine parvovirus (BPV) and bovine viral diarrhea virus (BVDV) are commonly etiologies causing diarrhea
in dairy herds. BPV is a member of Bocaparvovirus genus with a non-enveloped capsid. BVDYV, belonging to Pestivirus
genus in Flaviviridae, possesses a single-stranded RNA, and is classified into BVDV-1 and BVDV-2 genotypes according
to the 5’UTR sequence. 21 genetic groups of BVDV-1 and four groups of BVDV-2 have been found. Diagnosis of viral
diarrhea is often relied on virus detection by isolation or detection of serum antibody. The main objective of the present
study was to establish a duplex real time PCR (qPCR) based on Tagman probe to detect synchronously BPV and BVDV.
Materials, Methods & Results: TagMan probe and primers were designed and synthesized from the sequences of conserved
5" - untranslated regions (5’ UTR) of Haden strain of BPV and NADL strain of BVDV. The cDNAs were transcribed in
vitro to make standard curves before optimizing the assay. DNA/PCR products were ligated into pMD18-T vector, and
then used to transfer BL-21 competent cells to acquire the recombinant plasmids of pMD18-T-BPV and pMD18-T-BVDV.
Optimum reaction conditions were comparatively selected. The sensitivity, specificity and reproducibility of TagMan probe
gRT-PCR were evaluated respectively. The results showed the concentrations of pMD18-T-BPV or pMD18-T-BVDV were
2.0 x 10'° DNA copies/uL, respectively. A duplex Tagman qPCR method was developed by optimizing the amplification
conditions to simultaneously detect BPV and BVDV. The assay targets at highly conserved VP2 gene of BPV and 5’ UTR
gene of BVDV. This qPCR assay was assessed for specificity and sensitivity using DNA of BPV and cDNA of BVDV. For
clinical validation, 308 samples were tested from clinically diarrhea calves. The results showed that optimum annealing
temperature was achieved in 43.2 for duplex BPV and BVDV. Dynamic curves and standard curves were created following
amplification of recombinant plasmids using the optimized duplex Tagman qPCR method, with an amplification efficiency
of 95.69%. Duplex Tagman qPCR could only detect DNA of BPV and cDNA of BVDV with a strong specificity. The
detection limitation was as low as 2.0 x 10' copies/uL of pMD18-T-BPV plasmid and 2.0 x 10° copies/uL for pMD18-T-
BVDV plasmid, respectively. Sensitivity of detection was 100-fold higher than conventional PCR. Duplex Tagman qPCR
had excellent repeatability or stability with less than 1.2% of intra-assay and inter-assay. 35 and 47 positive feces samples
were identified using duplex Tagman qPCR in comparison to 30 and 42 positives for universal PCR, respectively.
Discussion: The bovine viral diarrhea virus (BVDV) is a key pathogenic factor in bovine diarrhea. Currently, few effec-
tive measures are available for the treatment or prevention for BVDV and BPV infections in animals. The technique was
proven to be repeatable and linear over a range of at least 5 magnitudes, from 10' to 10° RNA/DNA copies, thus ensuring
an accurate measurement of BPV DNA and BVDV RNA loads in clinical samples. In conclusion, a duplex Tagman qPCR
was established for detecting simultaneously BPV and BVDV. Tagman qPCR method was rapid and specific assay. This
assay was 100-fold sensitive than conventional PCR. It will be propitious to rapidly and differentially diagnose pathogens
of viral diarrhea of dairy farms.
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INTRODUCTION

Bovine parvovirus (BPV) and bovine viral
diarrhea virus (BVDV) are key pathogenic factors
causing viral diarrhea of calves [2]. The genome of
BPV comprises of single-stranded DNA [6,23] and
possesses three ORFs. ORF3 encodes VP1 and VP2
capsid viral proteins which share a C-terminal end
[3]. VP2 region locates in the crystal structures [4,15].

BVDYV, belonging to Pestivirus genus in Flavi-
viridae, possesses a single-stranded RNA, and is clas-
sified into BVDV-1 and BVDV-2 genotypes according
to the 5" UTR sequence [10,12]. Up to date, at least 21
genetic groups of BVDV-1 and four groups of BVDV-2
have been found [1,22]. Understanding the variability of
viral strains existing in a population provides valuable
information of BVDV [10]. BVDV may cause various
diarrhea symptoms in cattle, especially calves, which
lead to the mortality increase of infected animals [9].

Several methods have been utilized to detect
BPV and BVDV antigens [16,29]. However, each
method has its weaknesses in terms of specificity and
sensitivity [14,17]. Commonly used RT-PCR protocols
require more than 1h and a specialized PCR instrument
[5,24]. Real time PCR (qPCR) offers superiority in
comparison to conventional PCR method, also provide
rapid and sensitive due to real time quantification of
data and visualization [28]. Scarce specific detection
is reported [18]. It is highly necessary to develop a
more specific and precise protocol that may decrease
operation time to less than 30 min. In this study, we
expect to develop a novel duplex qPCR based on the
Tagman probe (Tagman qPCR), additionally to provide
accurate and rapid method for detecting synchronously
BPV and BVDYV in dairy farms.

Table 1. Primers for BPV and BVDV amplification.

MATERIALS AND METHODS

Viruses

The viral strains used throughout this study
included Haden strain of BPV and NADL strain of
BVDYV which were purchased from the America type
culture collection (ATCC). Viruses were propagated
at 37 and 5% CO, in MDCK cells using DMEM
medium' and 8% newborn bovine serum? for 5-7
days. The supernatant was separated from medium
fluids by centrifuging 2000 x g for 10 min. Viral
DNA was extracted from the supernatant using the
QIAamp MinElute virus spin kit® referring to the
manufacturer’s instruction. DNA was quantified
using SYBR Green, and then stored at -80 for the
subsequent tests.

Primers and probe design for BPV and BVDV

The full-length genomes of Haden strains of
BPV (Accession: JN191349) and NADL strain of
BVDV (Accession: AM709624.1, NC001461) were
obtained from the GenBank database, respectively. One
pair of universal primers (BPV-F/BPV-R, BVDV-F/
BVDV-R), one pair of specific primers (BPV-qF/qR)
and one specific Tagman probe (BPV-probe, BVDV-
probe) from 5’ -untranslated region (5’ UTR) genes of
BPV and BVDV were designed, respectively using
Primer 5.0 software. Both 5’ end and 3’ end of the
BPV-probe was labeled with CY5 and BHQ-2, respec-
tively. The 5" end and 3’ end of the BVDV-probe was
also labeled with FAM and BHQ-1, respectively. The
specificity of the designed primers and probes (Table
1) was verified with Primer-BLAST at NCBI online.

Virus Primer Primer sequences (5'—3") bp
BPV-F GCGAAAACACGACTTTGGCT
BPV-R GAGCCGTGTCACCAGTGTTA 554
BPV BPV-qF CAAGCACATCCAATCAAC 198
BPV-qR CCACAATGTTCTCGCTAA
BPV-probe CY5-CGTCCATCCGCCAGTTGAGTA-BHQ-2 198
BVDV-F TCCTCYTYMGCGAMGGCC 681
BVDV-R CTRCCAGTYAYTCTCCCDATYC
BVDV BVDV-qF CCACTGTATCGCTACTAA 197
BVDV-qR CCCCTCTTTTATGTGGTA
BVDV-probe FAM-AGAGGAACATCTACAACCAC-BHQI 681




Z.Gong, J. Geng, H. Liang, et al. 2019. Synchronous Detection of BPV and BVDV with Duplex Tagman gqPCR Method.

Acta Scientiae Veterinariae. 47: 1669.

Construction of standard plasmids and copies

Viral genomic DNA was extracted from the
supernatant using QIAamp MinElute virus spin kit?
referring to the manufacturer’s instruction. The DNA
was amplified by PCR using universal primer. Then,
DNA was quantified using SYBR Green, and stored
at -80 for the subsequent tests. The extracted RNAs
of BVDV were reversely transcribed into cDNAs.
The cDNAs were amplified by PCR using universal
primers at 94 for 5 min and 35 cycles of 94 for 30 s,
60 for 45 s, 72 for 1 min. DNA/PCR products were
ligated into pMD18-T vector* for 2 h at 16, respectively.
Then, BL-21 competent cells were transferred with
the recombinant plasmids of DNA/PCR products and
pMD18-T at 37 overnight. The recombinant plasmids
were extracted using the EasyPureR Plasmid MiniPrep
Kit® and sequenced®. The sequences homology of the
recombinant plasmids was compared with those of
NCBI Genbank after they were sequenced by Shanghai
Sangon Biotec, Shanghai, China. The recombinant
plasmids of pMD18-T-BPV and pMD18-T-BVDV
were acquired, respectively. Concentrations of pMD18-

T-BPV or pMDI18-T-BVDV were 2.0 x 10'° DNA
copies/uL, respectively.

The plasmids concentrations were determined
utilizing Ultramicro nucleic acid protein analyzer’.
DNA copies per uL were calculated based on the
plasmid concentrations.

Optimization of gPCR conditions and the establishment of
standard curve

Optimization of the Tagman qPCR included
prior assessment of the mono-specific PCR, testing
several master mix reagent sets, titration of primer and
probe concentrations and alteration of PCR cycling pa-
rameters. Initial assessment results showed that the opti-
mum conditions of Tagman qPCR for BPV were 0.8uL
probes (18.0 umol/L), 0.4puL primers (10.0 umol/L) and
annealing temperature of 43.2 for 40 s. These for BVDV
were 17.5 umol/L of primer, 7.5 pmol/L of probe and
annealing temperature of 51.4 for 40 sec, respectively.
Based on the above conditions of single Tagman qPCR,
the reaction systems of duplex Tagman qPCR for both
BPV and BVDV were under 40 cycles of 95 for 30 s,
95 for 5s43.2 -47.0 for 30 s (Table 2).

Table 2. BPV and BVDV duplex qPCR reaction system.

Premiers and probes Volume

Taq Premix Ex Taq™ (Probe gPCR) (2 x) 10 L
BPV-gF (14.5 umol/L) + BVDV-gF (19.5 umol/L) 0.4 uL
BPV-gR (14.5 umol/L) + BVDV-gR (19.5 umol/L) 0.4 uL
BPV-gF (18.0 umol/L) + BVDV-gF (17.5 umol/L) 0.8 uL
BPV-qR (18.0 umol/L) + BVDV-gR (17.5 pmol/L) 0.8 uL
ROX Reference Dye (50 x) 0.2 uL

DEPC H,O 6.2 uL

DNA (2.0 x 10°copies/uL) 2.0 uL

Total 20.0 uL.

Mixed plasmids of pMDI18-T-BPV and
pMD18-T-BVDV were diluted by ten-fold from 2.0
x 10® copies/uL to 2.0 x 10° copies/uL. They were
amplified with real-time PCR based on the optimized
conditions for single PCR of BPV and BVDV. The
annealing temperature of duplex Tagman qPCR was
selected from 43.2 - 47.2 so as to establish the dynam-
ics curve and standard curve, respectively.

Specificity of Tagman qPCR

The specificity of the Tagman qPCR was
assessed by testing viral DNA of BPV and cDNA

of BVDV. The cDNAs of other viruses were used
as control, including Japanese encephalitis virus
(JEV), Classical Swine Fever Virus (CSFV), Rabies
virus (RABV), Bovine Rotavirus (BRV), Bovine
Viral Diarrhea Virus (BVDV) and bovine foot and
mouth disease virus (FMDV). All these viruses were
provided or gifted by the State key laboratory of bio-
logical engineering and technology of the Northwest
Minzu University and Lanzhou veterinary research
institute of the Chinese Academy of Agricultural
Sciences (Lanzhou, China). They are cultured in the
common cells suitable to them, respectively.
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Sensitivity verifications of Tagman gPCR

Sensitivity of duplex Tagman qPCR was as-
sessed using 10-fold dilutions of the mixed plasmid
(2.0 x 108 to 2.0 x 10° copies/uL) of 5’ UTR genes of
BPV and BVDV. The standard curves were utilized to
set for respective absolute quantifications . The results
were compared with those of universal PCR so as to
determine the minimum detection limit. The tests were
performed in triplicate.

Repeatability tests

In order to verify the repeatability of duplex
Tagman qPCR assay, the intra-assay and inter-assay
were evaluated by testing the same plasmids at least
three times in one experiment.

Clinical applications

We have collected 308 feces samples from
diarrhea calves of six different cattle farms in Gansu
Province of China. They were detected with Taqg-
man probe qPCR and common PCR respectively,
to verify the repeatability of this qPCR. Total RNA

was extracted from feces using the same methods
described above.

RESULTS

Optimization of annealing temperature for duplex
Tagman BPV and BVDV

The results showed the least Ct and largest
relative fluorescence units (RFU) were found in 43.2
fro duplex BPV and BVDV. Therefore, we could get
43.2 was the optimized annealing temperature.

Dynamic and standard curves of duplex Tagman BPV and
BVDV

Both dynamic curves and standard curves were
acquired after the different concentrations of recombinant
plasmids (2.0 x 108 copies/uL - 2.0 x 10° copies/uL) were
amplified using the optimized duplex Tagman probe
gPCR (Figure 1). The results showed a good linearity for
pMDI18-T-BPV (R?=0.9987) and pMD18-T-BVDV (R?
=0.9998). The regression equations were as followings:
Y .= -3.477gX+40.023, Y, = -3.5361gX+44.429,

(BPV) (BVDV)
respectively. Amplification efficiency was 95.69%.
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Figure 1. Dynamics curves (A) and standard curves (B) of BPV and BVDV duplex qPCR. a-f: 2.0 x 10° to 2.0 x 10* copies/uL.
of pMD18-T-BVDYV, respectively; g-1: 2.0 x 108 to 2.0 x 103 copies/uL of pMD18-T-BPV, respectively; m-n: Negative control.
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Figure 2. Specificity results of BPV and BVDV duplex qPCR. 1: BVDV; 2: BPV; 3-4, mixture
of BPV and BVDV; 5: Control group (JEV, CSFV, RABV, BRV, FMDV and Negative control).
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Specificity assessments

As shown in Figure 2, duplex Tagman probe
gPCR could clearly detect both DNA of BPV and
cDNA of BVDV. The cDNA of other viruses displayed
no signal bands, including JEV, CSFV, RABV, BRV
and FMDV. The outcomes demonstrated that the es-
tablished duplex probe qPCR had a strong specificity
for BPV and BVDV.

Analytical sensitivity

Sensitivity assessment of the mixed plasmids
showed that the least detection was 2.0 x 10! copies/
uL for pMD18-T-BPV plasmid and 2.0 x 10° cop-
ies/uL for pMD18-T-BVDV plasmid, respectively
(Figure 3). Analytical sensitivity of Tagman qPCR
was increased by100-fold in comparison with con-
ventional PCR.
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Figure 3. Sensitivity assay of BPV and BVDV duplex gPCR. a-f: 2.0 x 10° to
2.0 x 10° copies/uL of pMD18-T-BVDV, respectively; g-1: 2.0 x 10° to 2.0 x 10°
copies/uL of pMD18-T-BPV, respectively; m-n: Negative control.

Repeatability of duplex Tagman BPVand BVDV

The results showed that Intra-assay and Inter-
assay CVs were lower than 1.2%, which indicated the
developed duplex Tagman qPCR for BPVand BYDV
had excellent repeatability or stability.

Table 3. Detection results of feces samples.

PCR Feces BPV BYI?V
samples  Positives  positives
Duplex Tagman 308 35 47
Single (BPV) 308 36
Single (BVDV) 312 49
Universal 308 30 43

Evaluation of diagnostic performance

Three hundred and eight feces samples were
detected using established duplex Tagman qPCR for the
presence of BPV and BVDV of the diarrhea animals so as
to find the specific pathogens. Results of Tagman qPCR
were compared with those obtained by single PCR of BPV
(or BVDV) and conventional PCR (Table 3). Specificity
and accuracy of duplex Tagman qPCR were preferable to
the single PCR and universal PCR, respectively.

DISCUSSION

The infection rate of bovine parvovirus (BPV)
is about 83% to 100% worldwide [6,19]. The bovine
viral diarrhea virus (BVDV) is a key pathogenic fac-
tor in bovine diarrhea [7,11]. Differential diagnosis of
viral diarrhea is often relied on virus detection by isola-
tion and/or detection of serum antibody using ELISA.
Currently, few effective measures are available for the
treatment or prevention for BVDV and BPV infections
in animals [4,20]. Real-time PCR is now being used to
identify and quantify many viral pathogens. RT-PCR
methods for genotyping BVDV have been described
previously [26,28]. However, this differs in the efficiency
of RNA extraction, reverse transcription or PCR reac-
tions, leading to unstable the sensitivity and specificity
of this technique [18,25]. In order to overcome these
faults, we designed one pair specificprimers (BPV-qF/qR
and BVDV-gF/qR) and a specific Tagman probe (BPV-
probe and BVDV-probe) targeting the highly conserved
5" -untranslated region (5" UTR) [20,21].

The specificity of Tagman qPCR was con-
firmed by the negative control and other viruses,
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including JEV, RABYV, CSFV, BRYV, BPIV, BAV and
FMDV. The results showed that Tagman qPCR could
only detect BPV and BVDV [21,27]. An internally
controlled Tagman probe qPCR was developed and
evaluated for detection and quantification of BPV and
BVDV 5" UTR genes.

The technique was proven to be repeatable and
linear over a range of at least 5 magnitudes, from 10! to
10° RNA/DNA copies, thus ensuring an accurate mea-
surement of BPV DNA and BVDV RNA loads in clini-
cal samples. The detection results of 308 feces samples
demonstrated the Tagman duplex qPCR established in
this study has more simple and fast, higher sensitivity
and specificity than the universal PCR. These results
are consistent with a previous study [12].

In addition, the 96-well format of the PCR
plates ensures a high throughput, which detects si-
multaneously more than eight four samples. It will
be useful for large-scale epidemiological surveys and
be implemented to differentially diagnose BPV and
BVDV infections in dairy farms.

CONCLUSIONS

A specific duplex Tagman qPCR was estab-
lished for detecting BPV and BVDV in the present
study. The optimum annealing temperature for duplex
Tagman qPCR was 43.2. Minimum detection level
of Tagman qPCR was 2.0 copies/uL for BVDV and
20.0 copies/uL for BPV. Its sensitivity was 100-fold
over the conventional PCR. The novel duplex Tagman

gPCR had excellent sensitivity, specificity and stabil-
ity. It is will be conducive to enhancing diagnosis and
therapy efficacy of diarrhea calves, and controlling
effectively the spread of BPV and BVDV infections
in cattle farms.
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