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Abstract—The bovine respiratory syncytial virus (BRSV) known as Bovine orthopneumovirus according to the
international classification is one of the most important etiological agents of respiratory diseases in calves. At
present, rapid and reliable methods to detect and measure the concentrations of this pathogen are needed.
The objectives of the survey are developing the real-time polymerase chain reaction (PCR) to identify and
quantify the BRSV RNA and, based on it, determining the number of the virus genomes in the respiratory
tract of sick animals during the disease outbreaks. The nucleocapsid (N) protein gene of the virus served as
the target for amplification. Messenger RNA (mRNA) of bovine GAPDH was used as a reference gene. A
panel of positive control samples at known concentrations was used to estimate the virus and GAPDH num-
bers. The concentration of viral RNA extracted from the biomaterial samples was quantified relative to the
bovine GAPDH mRNA level. The analytical sensitivity of PCR demonstrating high specificity and reproduc-
ibility was 1 x 10% genome equivalents per 1 cm?. All 273 samples of biological material taken from the animals
with the respiratory diseases were analyzed. The virus genome was detected in 19.4% of samples. The viral
RNA was more frequently detected in the lungs, which comprised 10.61% of positive samples. It was less fre-
quently found in the mucous membranes of trachea and bronchi and the lymph nodes of the lungs, which
comprised 0.73% of positive samples each. Concentrations of the virus in samples varied. The highest con-
centration was recorded in the lungs (1.3 + 0.5—4.8 £ 0.47 log,, copies of BRSV/GAPDH RNA). The devel-
oped test kit may be used to quantify the concentration of the bovine respiratory syncytial virus in disease
pathogenesis and to estimate the efficiency of vaccine or antivirus preparations for animals.
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INTRODUCTION

Respiratory diseases can cause economic losses in
dairy farming, including from animal deaths, reduc-
tion in animal growth rates, and increase in costs for
treatment, diagnoses, and preventive measures [1—3].
The respiratory syncytial virus (RSV) of cattle or
bovine respiratory syncytial virus (BRSV) known as
Bovine orthopneumovirus according to the interna-
tional classification is one of the most important etio-
logical agents of respiratory diseases. It is assigned to
the family Pneumoviridae, the genus Orthopneumo-
virus [4]. The respiratory syncytial virus infection
(RSVI) has been registered in all countries in the world
countries in which livestock farming of an intensive
type has been developed [5, 6].

The virus causes bronchiolitis, bronchitis, intersti-
tial pneumonia, and emphysema in susceptible ani-
mals [5, 7].

The first information on identification of the
bovine RSVI in Russia was reported in 1975 [8]. Many
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researchers have paid great attention to studying the
specificity of disease distribution and developing the
tools and methods for its diagnostics [9—12].

Detection of the epizootic situation for the bovine
RSVI on large-scale dairy farms, especially farms
involving the imported livestock, is considered an
important task. Investigation of tropism of virus in the
animal respiratory tract and its quantitative assess-
ment is necessary. Such surveys are required to opti-
mize antiepizootic measures and study the effective-
ness of vaccines and antiviral preparations for animals
[13—16].

It is well known that the bovine RSV is closely rel-
ative to the human RSV, which can cause clinical
symptoms and pathological changes in calves similar
to those in children [7, 16].

At present, there is no reliable model for the human
RSV, while attempts to replicate the virus have been
made with chimpanzees [16], cattle [17, 18], sheep
[18], cotton rats [19], and mice [20, 21].
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Table 1. Primers and probes used in the survey to perform real-time PCR

Species Gene Sequences Size, bp| Source
BRSV Protein 5-ATGCTGCAGGACTAGGTATAATGG-3 120 Own
nucleotide (N)| 5-ACACT GTAATT GAT GACCCCATT CTC-3 development
5-(FAM) ATGCTGCCAAAGCATATGCGGAACA CA-3(BHQI1)
Bos taurus | GAPDH 5-GATGGTGAAGGTCGGAGTGAAC-3 100 [27]
5-GTCATTGATGGCGACGATGT-3
5-(ROX)-CTGGTCACCAGGGCTGCTT-3(BHQ2)

It has been proposed that cattle may represent an
alternative model of human infection that can be used
for both studying the final concentration of the virus in
lungs of cotton rats or monkeys and assessing the dynam-
ics of changes in the clinical symptoms and the concen-
trations of the virus at each stage of a disease [20].

Quantification of the bovine RSV accumulation in
lungs is rather difficult, because of weak replication of
the virus in cell cultures. The real-time polymerase
chain reaction (PCR) test may be a promising
approach. The accessible foreign literature reports
some information on assessing the viral titers in naso-
pharyngeal swabs or bronchial—alveolar lavage fluids
of the gnotobiont calves experimentally infected with
the virus [22, 23] and evaluating the degree of pulmo-
nary infection from the results of immunohistochem-
istry assays for lung tissues [24—26].

The concentration of pathogens weakly replicating
in the cell cultures or easily destroyed may be mea-
sured with a quantitative PCR test. In addition,
screening of the etalon genes, including 18S rRNA,
GAPDH, ACTB, PRKG1, and TBP, [27], the expres-
sion of which may vary according to the types of tis-
sues or the experimental conditions, is used to assess
the integrity of nucleic acids.

At present, the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) gene is used as an etalon (positive
control) for assessing the gene expression with quanti-
tative PCR tests. The levels of GAPDH mRNA in dif-
ferent organs of cattle are rather stable [27]. Therefore,
it was used in quantitative evaluation of the bovine
RSV RNA.

The objectives of the survey are to develop a real-
time PCR test to identify and quantify BRSV RNA
and, on this basis, determining the number of the virus
genomes in the respiratory tract of sick animals during
disease outbreaks.

EXPERIMENTAL

Surveys were carried out at large-scale dairy farms
(megafarms) during outbreaks of mass infectious
respiratory illnesses in animals. Overall, 273 random
samples of biomaterial taken from calves aged 10 days
to 6 months were analyzed. They included 171 and 45
samples taken from the lungs and nasal swabs, respec-
tively; 24 samples collected from exudates in the tra-
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chea, bronchi, and nasal sinuses; 14 samples of bron-
chial and tracheal mucosa; and 10 and 9 samples col-
lected in the lymph nodes and bronchi, respectively, of
animals that had died or were slaughtered for post-
mortem diagnostic tests. The samples in freezing or
transport media were delivered to the laboratory. The
delivery time was no longer than 12 h from the moment
of sampling. The samples were stored at —80°C.

The samples were grinned with sterile sand in a
porcelain mortar to prepare 10% saline suspensions,
which were centrifuged at 3000 rpm for 15 min and
analyzed in the RT-PCR. Prior to centrifuging, the
samples of thick nasal swabs and exudates were diluted
with the physiological solution in a proportion of 1 : 5.
In order to isolate RNA, supernatant of 100 uL each
was used.

Bovine RSV Strain RSB obtained at the Vyshe-
lessky Belarusian Research Institute of Experimental
Veterinary Science was used. The viral concentration
comprising 10*3 TCDs,/cm? was measured with the
technique of titration in the calf lung culture initially
trypsinized.

RNA Extraction and Reverse Transcription

RNA was isolated from the organ or a nasal-swab
homogenate of 100 uL with a Litekh kit (Russia)
according to the manufacturer’s recommendations.
The purified RNA was resuspended in 50 UL of RNA
buffer. To perform the reverse transcription, 10 uL of
isolated RNA was used. The reaction was performed
with the Reverta-L kit (Russia) according to the man-
ufacturer’s recommendations. After reaction, the
sample volume comprised 40 uL.

Primers and Probes

Primers and probes were selected with nucleotide
sequences obtained at the GenBank of the Interna-
tional Nucleotide Sequence Database. The Vector
NTI 9.0 software (Informax, United States) and the
database online resources of the National Center for
Biotechnology Information (NCBI) were used to
align the obtained sequences and analyze and estimate
primers and probes for studying their specificity. The
primers and the probes to the mRNA of bovine gene
GAPDH were used as the internal control (Table 1).
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Table 2. Accuracy of quantification of PCS BRSV and GAPDH

PCS Cycle threshold (Ct) values for PCS of different concepts (loglo/cm3) 5
R
9 8 7 6 5 4 3
BRSV  |Average | 13.39 £0.39 | 15.55+0.55|18.92 £ 0.30|22.82 £ 0.20 | 24.70 = 0.12 | 28.99 £ 0.86 | 33.84 £ 0.66 |0.9873
CtxSD
CV, % 2.88 3.54 1.60 0.86 0.49 0.32 0.65
GAPDH |Average | 16.74 £0.60 | 19.47 &+ 0.46 | 22.26 + 0.58 | 26.45 +0.46 | 29.44 +0.32 | 32.71 = 0.37 | 35.76 = 0.31 [0.9976
Ct+SD
CVv, % 3.57 2.35 2.61 1.75 1.07 1.13 0.87

Initial concentrations of positive samples comprised 2.5 X 1010 GE/mL and 1.2 X 1010 GE/mL for BRSV and GAPDH, respectively.
Average Ct * standard deviation (SD). Coefficient of variation (CV).

Setting Up PCR Reactions

The PCR reaction was performed in a 30 uL. mix-
ture containing 5 UL kKDNA, 10 pMol each of primer
and probe, and a ready mixture of BioMaster real-
time PCR reagents (Biolabmix, Russia). An amplifi-
cation program with a cycle of 95°C for 5 min, fol-
lowed by 45 cycles of 95°C for 15 min, and a cycle of
60°C for 1 min was used.

Positive Control Samples

The positive control samples were produced
through cloning synthesized DNA fragments carrying
the virus-specific insert into the PCR 2.1 plasmid
(Invitrogen, United States) to transform the TOP 10
Escherichia coli cells (Invitrogen).

DNA Concentration Measurement

To measure the plasmid DNA concentration, a
Quant-iT DNA HS Assay Kit (Invitrogen) and Quibit
Fluorometer (Invitrogen) were used.

Quantitative Assessment of Viral RNA

To quantify RNA in the samples, the standard lin-
ear curve of amplification in a series of tenfold dilu-
tions for glycoprotein N and GAPDH genes at known
concentrations was constructed. The RNA virus and
GAPDH numbers in the sample were assessed with a
method of comparison of sample Ct values to a stan-
dard curve and expressed in log;, copies of RNA virus

per 10° copies of GAPDH (log,, BRSV/GAPDH) [15].

Verification of Results

To verify the results, the biomaterial samples were
analyzed with a PCR-based testing system for diag-
nostics of bovine RSVI that was developed at the Insti-
tute of Experimental Veterinary Science of Siberia and
the Far East, Siberian Federal Science Centre for Agro-
BioTechnologies, Russian Academy of Sciences, under
state registration certificate no. PVR-1-8.9/02499. This
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testing system was developed to identify the fragment
of the virus F glycoprotein gene.

RESULTS AND DISCUSSION

Table 1 shows the nucleotide sequences of primers
and probes. The specificity of the selected oligonucle-
otides was analyzed at the estimation stage with the
nucleotide Blast NCBI software. The survey outcomes
may prove that the selected primers and probes had no
homology to bovine DNA and the most common
viruses involved in the etiology of respiratory diseases.
The indicated viral group includes the viruses of rhono-
tracheitis (Bovine herpes virus type 1 and BoHV-1), viral
diarrhea viruses (Bovine pestivirus type A, B, and H,
(BVDYV)), coronoviruses (Bovine coronavirus and
BoCV), rhinoviruses (Bovine Rhinovirus and BoRV),
and parainfluenza-3 viruses (Bovine parainfluenza
type 3 virus and PI-3).

Positive control samples (PCSs) were used to assess
the efficiency of the real-time PCR, which required
them to be successively diluted tenfold. The surveys
were carried out in three replicates. Diluted PCS of
5 UL each per reaction were added to the PCR mix.
The sensitivity of the PCR amplification for the N
PCB bovine nucleoprotein gene was 2.5 X 103 genome
equivalents per 1 cm?®. The GAPDH gene comprised
1.2 x 10° genome equivalents per 1 cm?3. Linear depen-
dences R? in high-dimensional genomic data came to
0.9873 and 0.9976, respectively. The coefficient of repro-
ducibility for different dilutions varied from 0.32 to 3.57%,
which can indicate a high reaction efficiency (Table 2).

The efficiency of a reaction in quantification of the
viral RNA concentration was assessed by testing the
tenfold dilutions of the RSV PCB control strain bovine

with the concentration comprising 1033 TCDs,/cm?
that was previously measured. Therefore, seven suc-
cessive tenfold dilutions of the virus were prepared.
RNA was isolated from them and analyzed with the
PCR test. The values were compared with the curve
data on the PSO dilutions. The threshold of the reac-
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Fig. 1. Efficiency of amplification of dilutions of RSB
strain relative to PCS dilutions.

tion sensitivity comprised 10> TCDs,/cm? (Fig. 1),
which matches 5 log,, PCS/cm?.

The developed PCR test was used for analyzing 273
samples of biomaterial taken from the animals. The
virus was detected in 53 samples, which comprised
19.4% (Table 3).

Table 3 shows that the virus genome was more fre-
quently found in the samples collected from lungs, tra-
cheal and bronchial exudates, nasal swabs, and bron-
chial sputum, which were 10.61, 4.03, 2.2, and 1.1%
positive samples, respectively. The virus was found less
frequently in the tracheal and bronchial mucus and
lung lymph nodes, comprising 0.73% positive samples
each. The virus concentration in the biomaterial sam-
ples varied, which can indicate different stages of infec-
tion in animals at sampling. The highest concentrations
of the virus genome were measured in the lungs
(1.3 +£0.5—4.8 = 0.47 log,, RNA copies BRSV/GAPDH),
the nasal swabs (1.5 = 0.75—2.1 £ 0.25 log,, RNA copies
BRSV/GAPDH), and the exudates of trachea, bronchi,
and nasal sinuses (0.3 £ 0.21—2.8 £ 0.15 log,;, RNA
copies BRSV/GAPDH).

The results coincided 100% with the data produced
in analyzing the same biomaterial samples with the

previously developed testing system based on the elec-
trophoretic detection of amplification products.

The gene of the envelope glycoprotein of virus N
was chosen to develop a real-time PCR kit allowing us
to identify and quantify bovine RSV RNA in the sam-
ples of animal biomaterial, since it is one of the most
conservative genes. Thus, mRNA of gene glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used
as a gene for comparing and regulating the PCR, since
it is most stably expressed at a high level in the bovine
lungs. Both reactions possessed high sensitivity and
reproducibility. The coefficient of reproducibility for
different dilutions varied in the range of 0.32—3.57%,
which may indicate a high efficiency of a reaction
(Table 2).

The diagnostic sensitivity of a reaction was deter-
mined with testing the tenfold dilutions of the RSV
PCB bovine control strain with the known concentra-
tion. The virus concentration of 1033 TCDs,/cm?
matched 8 log;, PCS, while the concentration of

10%3 TCD5,/cm?® matched 5 log,, PCS. The obtained
results generally coincide with data of foreign
researchers concerning the high sensitivity of the
quantitative PCR, comprising 0.1 TCDj5,/cm? in test-
ing the vaccine virus and the samples taken from the
transtracheal wash of the sick calves [28, 29].

The distribution of the virus in the respiratory tract
of calves infected with RSVI was previously studied
with the PCR test in the electrophoresis format. How-
ever, the method failed to measure the agent concen-
tration because of its limitations [30].

In this work, quantitative real-time PCR was per-
formed to make an attempt to quantify the virus
genome in random samples taken from sick calves
without taking into consideration the stage of spread
of infection.

In this survey, the maximum accumulation of the
virus was recorded in the lungs and nasal swabs, which
may confirm the data on viral tropism to the intersti-
tial tissue of the lungs [5, 7]. The virus concentration
in bronchi was lower than that in the lungs, which may
be associated with the agent migrating from the mucous

Table 3. Outcomes of identifying bovine RSVI in samples of biomaterial of different origin with the PCR method (n = 273)

Number Positive sample number | Concentration of virus
Biomaterial of analyzed |oftotal number of analyzed | in a sample, log;, copies
samples/positive samples, % of BRSV/GAPDH RNA
Nasal discharge 45/6 2.2 1.5+ 0.75-2.1 +0.25
Exudates from trachea, bronchi, and nasal sinuses 24/11 4.03 0.3+0.21-2.8+0.15
Mucous membranes of trachea and bronchi 14/2 0.73 0.3+0.21-1.3+0.21
Bronchi 9/3 1.1 0.5+ 0.03—1.2 +0.29
Lungs 171/29 10.61 1.3+ 0.5-4.8+0.47
Lymph nodes of lungs 10/2 0.73 0.1 +0.03—0.3+0.03
Total 273/53 19.4 0.6 +0.28—2.08 + 0.23
MOLECULAR GENETICS, MICROBIOLOGY AND VIROLOGY Vol.35 No.3 2020
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membrane to the lung tissue and changes caused by tissue
destruction. The interstitial pneumonia and emphysema
in the lungs in the calves used for postmortem testing
may serve as indirect evidence of this.

CONCLUSIONS

A survey for developing a kit of components to
identify and quantify bovine RSV RNA in samples of
biomaterial taken from animals naturally infected
during an infection outbreak has been carried out. The
outcomes for determining the diagnostic and analyti-
cal sensitivity of the kit have proved that it possesses
high specificity and sensitivity. Therefore, it may be
used to identify and quantify bovine RSV when study-
ing the disease pathogenesis and the efficiency of vac-
cines or antiviral preparations.

STATEMENT ON THE WELFARE OF ANIMALS
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