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Antigenic and histopathologic evaluation,
with molecular characterization and identification
of BPIV3 in cattle with respiratory system infections
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SUMMARY
Parainfluenza virus is one of the viral agent- which is nowadays a major health issue worldwide causing respiratory system diseases in cattle. This study aimed to determine the role of Bovine Parainfluenzavirus 3 (BPIV3) in respiratory system diseases in
cattle by molecular and virological analyses. A total of 570 nasal swabs, conjunctival swabs and leukocyte samples were taken from
190 cattle of varying races, ages, and genders. All Sampled cattle not vaccinated against the BPIV3 and have respiratory system
infection symptoms. The inoculum prepared from swab samples were planted into MDBK and Vero cell lines using the adsorption
method for virus isolation. Although the four blind passages were not isolated BPIV3, all samples underwent the RT-PCR technique in which the viral genome was detected in two nasal swab samples, while the viral nucleic acid could not be detected in
conjunctival, leukocyte samples, or cell culture supernatants. As a result of the sequence analysis applied on one of these samples, the agent was proved as the BPIV3 genotype strain. Additionally, the DIF (Direct Immunofluorescence) test applied on samples prepared from 380 nasal and conjunctival swabs, BPIV3 antigenic structures were seen in six swab samples, while the virological diagnosis was not performed from conjunctival swab samples, the virological diagnosis was performed by the DIF test
in two samples which the viral genome was detected. Histopathological studies were carried out on a lung tissue sample of an
animal that was positive for molecular and virological BPIV3. These studies has been revealed that few histopathological findings, such as septal tissue thickening indigenous to pneumonia cases and inflammatory cell infiltration. Henceforth, it has been
suggested that BPIV3 is a crucial etiological agent while its genotype C is in circulation among the cattle susceptible to respiratory system infections in southwest of Turkey.
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INTRODUCTION
The Bovine Parainfluenzavirus Type 3 (BPIV3), order Mononegavirales is an RNA virus in the Respirovirus genus of Orthoparamyxovirinae subfamily and Paramyxoviridae family21,30. Morphologically, they are enveloped viruses containing
a non-segmented, negative-sense, single-stranded ribonucleic acid (RNA)9 and encode six structural proteins, namely, nucleoprotein (N), matrix protein (M), phosphoprotein (P), fusion protein (F), hemagglutinin-neuraminidase (HN) and large
protein (L) as well as three non-structural proteins V, C and
D10,34. A study on genetic domains coding M and HN proteins
revealed that BPIV3 had three different genotypes: BPIV3 genotype A, BPIV3 genotype B, and BPIV3 genotype C9,44.
Although BPIV3 causes endemic infections in many animal
species, especially cattle9,10 certain immunosuppressive factors
such as aerosol usage, stress, poor nutrition, and unhygienic
living conditions predispose them to diseases in many direct
or indirect ways32,34. Although BPIV3 might cause diseases in
animals of all ages, its prevalence is higher in animals aged two
to eight months9. When BPIV3 distribution was correlated with
the seasonal variations, it was observed that as the virus most-

ly proceeded subclinically, it caused more frequent infections
in the autumn and winter months. In contrast, in conjunction
with other co-pathogens, it developed clinical symptoms
such as dyspnea, cough, high fever as well as persistent nasal
and conjunctival discharge21.
Molecular techniques, such as RT-PCR, are frequently used with
other serological tests, such as ELISA, immunofluorescence,
hemagglutinin inhibition (HI), and virus neutralization, for diagnosing BPIV3. These methods are also coupled with the virus
isolation method to confirm the diagnosis10,34.
This study aimed to detect BPIV3 by using molecular techniques
employed for nasal and conjunctival swabs along with the leukocyte samples taken from the non-vaccinated, affected animals
with showing symptoms of respiratory infection. Antigen-based
detection of conjunctival and nasal swab samples taken from
the same animals was also carried out. In addition to that, the
strain detected by sequence analysis and the phylogenetic tree
illustration was genetically similar to other known strains.

MATERIALS AND METHODS
Preparing the animals and samples
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Our study included a total of 570 nasal swabs (NS) and conjunctival swabs (CS) along with samples taken from 190 nonvaccinated cattle of different races, ages, and genders showing
clinical findings of respiratory infection (Table 1). Bovine blood
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Table 1 - General information about sampled animals.
Data of Sampled Animals
Number of Animal Sampled (n)

190

Age
< 1 age

137

> 1 age

53

Gender
Female (♀)
Male (♂)

92
98

Races
Montofon (Brown Swiss)

40

Simmental

78

Holstein

72

samples from Vena jugularis were kept in EDTA (5 mL)
tubes, while nasal and conjunctival swab samples were kept in
dulbecco’s modified eagle medium (DMEM, 1.5 mL) mixed
with penicillin (500 IU/mL) and streptomycin (20 mg/mL) according to the cold chain procedure.
After centrifugation for ten minutes at 1200 rpm and 4°C, leukocyte layer was dispensed by a sterile Pasteur pipette into ster-

ile tubes (2 mL) containing phosphate-buffered saline (PBS,
1 mL). Leukocyte (250 µL) was centrifuged at 2000 rpm at 4
°C for ten minutes was taken out and put into RNase DNase
free tubes (2 mL), which was later added to total RNA isolation commercial solution (750 µL) and kept under –80°C for
further molecular studies. The NS and CS samples, after evaluation by vortex, were centrifuged at 3000 rpm and 4°C for 20
min followed by the supernatant (250 µL) extraction. The samples were transferred into RNase DNase free tubes (2 mL), and
total RNA isolation commercial solution (750 µL) was added
to and was kept at –80°C until the nucleic acid extraction. The
remaining supernatant was kept at –80°C in sterile tubes (2 mL)
for further usage in cell culture studies. The NS and CS samples, were centrifuged at 1200 rpm and 4°C for ten minutes.
Obtained pellet was diluted with DMEM (50 µL) and spread
of microscope slide. Smear of cells were dried at room temperature and cooled in chilled-acetone at –20°C for 15 min.
Simultaneously, a necroscopic sample was collected for
histopathological examination from an animal that died one
week after the sample collection and detection of BPIV3 by molecular and antigenic analysis.

Cell line and virus isolation
The virus was isolated from madine-darby bovine kidney
(MDBK) and African green monkey kidney (Vero) cell lines.
The cells were grown in 24-well microplates in 10% fetal bovine

Figure 1 - Phylogenetic tree generated based on the nucleotide sequence alignment of the BPIV3 matrix (M) gene region of the virus obtained in the study (BURDUR/BPIV-3/ Feb.2019) and viral strains from Genbank, unrooted.
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serum (FBS) and 1% DMEM containing penicillin/streptomycin. A mixture of cell culture suspension (1 mL) and DMEM
was added into each well, followed by the incubation of cells
in an incubator (Nüve, Turkey) with a 5% CO2 at 37°C.
The plates were subcultured when 80% of the plate base was
covered.
Swab samples kept in a deep freezer (–80 °C) were thawed in
a 37°C water bath, and then inoculum was prepared by passing them through 0.22 µm pore size filters. A total of 400 µL
solution was inoculated into each microplate well, and the place
was transferred to a 5% CO2 incubator at 37°C. After incubation for one hour, the inoculum was removed and mixed with
non-serum DMEM (2 mL) and then reincubated with the same
volume, followed by the examination of the plate for 4–10 days
with an inverted microscope for detecting probable cytopathogenic effects appearing in cells. In spite of four blind
passages acquired using microplate supernatants, non-cytopathogenic effect was observed in the cells. Thus, the samples subjected to PCR analysis were further confirmed.

RNA extraction, RT-PCR and
sequencing
All samples underwent RNA extraction using a commercial
RNA isolation kit (Wizbiosolutions, WizolReagent, Korea), following the manufacturer’s instructions. In order to detect BPIV3
by molecular technique, specific primers were synthesized targeting the gene, coding for M protein, with a length of 328 base
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pair (bp) (Mforw: AGTGATCTAGATGATGATCCA Mrev:
GTTATTGATCCAATTGCTGT)22. All samples were treated with
the one-step RT-PCR kit (Geneall®HyperScriptTMone-step
RT-PCR master mix, Korea) in which RNA (5 µL) was added
to RNAse-Free Water (2,5 µL), BPIV3 M for (1 µL), BPIV3 M
rev (1.5 µL) and a master mix (10 µL) made up of (dNTP mix
(10 mM), MgCl2 (2.5 mM), Hyperscript™ reverse transcriptase, AmpONE™ HS-Taq DNA polymerase) in a total reaction
volume (20 µL). Firstly, a complementary DNA (cDNA) was
synthesized at 55°C for 30 min followed by viral genome amplification in 35 cycles comprising of 95°C for 15 min predenaturation, 94°C for 1 min denaturation, 1 min annealing at
50°C, and 72°C for 1 min extension. The amplicons were resolved in 1.2% agarose gel containing SafeView™ Classic (0.07
µL/mL, ABM, Canada) and were sequenced (Letgen Biotechnology, Turkey).
The PCR products were directly sequenced by Microsynth AG
(Balgach, Switzerland) using the PCR primers. The nucleotide
sequencing results were analyzed using DNA Dynamo DNA sequence analysis software along with the comparison of the consensus nucleotide sequences obtained by the Basic Local
Alignment Search Tool (BLAST) software of the National Center for Biotechnology Information (NCBI)3. The M gene region’s
phylogenetic analysis targeting a 328-bp region was performed using 26 BPIV-3 sequences obtained from the GenBank
database. The phylogenetic analyses were conducted using the
MEGA X version20,35 with the maximum likelihood (ML) evo-

Figure 2 - Gel electrophoresis image of BPIV3 RT-PCR products, 156-166 field nasal swab samples, 163 positive nasal swab samples.

Figure 3 - Gel electrophoresis image of BPIV3 RT-PCR products, 156-166 field nasal swab samples, 175 positive nasal swab samples.
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lutionary tree based on the Tamura-Nei (TN92G+I) model20,35
with 1,000 bootstrap replicates for the genetic distance determination between the associated nucleotide sequences.

Antigenic detection using direct
ımmunofluorescence
All conjunctival and nasal swab samples underwent DIF in
which the pre-fixed cells were stained with polyclonal antiserum
conjugate (VMRD, USA) marked with a fluorescent dye, Fluorescein isothiocyanate (FITC). This assay revealed the presence of antigen after incubating at 37°C for 30 min in a humid
environment. The cells were evaluated under a fluorescent microscope (Olympus Corp., Tokyo, Japan).

Histopathology
A lung tissue sample taken from an animal that underwent
necropsy was used for histopathologic examination. The samples were blocked with 10% formaldehyde and fixed using
paraffin, alcohol, and xylene. The samples were cut into 5-micron sections and transferred on slides. The sections were
stained with hematoxylin and eosin and examined under a
microscope (Olympus Co., Tokyo, Japan). A morphometric
analysis was also carried out by Database Manual Cell Sens
Life Science Imaging Software System (Olympus Co., Tokyo,
Japan).

RESULTS
Virus isolation
All nasal and conjunctival swab samples taken from the 190 study
animals were planted on the MDBK and Vero cell lines for isolating BPIV3. Despite four blind passages, non- cytopathological event was observed in the microscopic examinations.

Molecular and sequence analysis
Of the nasal and conjunctival swabs along with leukocyte samples
obtained from 190 study animals, the RT-PCR technique detected BPIV3 viral nucleic acid only two nasal swab samples (sample
no: 163 and 175, Table 2). The positive nasal swab samples were
obtained in the months of December-February when respiratory disease symptoms were frequently observed for 3–7 days, such
as abdominal respiration, fever >39°C, mucopurulent nasal flow,
and cough. The phylogenetic analysis of the 163NS sample yielded an etiologic agent BPIV3, by RT-PCR technique using primers
specific to a gene for M protein. Additionally, this agent was identified in the GenBank database with accession no. MT949524. In
contrast, the other positive sample, 175NS showed no sequence similarity in the database. The reason for this unusual fact might be
that due to its fragile structure, the extracted viral RNA got degraded
during storage or transportation. The sequence similarity of
BPIV3 based on M gene amplicons (328 bp) is given in Table 3.

Table 2 - Comparison of positivity rates according to test results.
Number of Positive Samples (%)
Samples

Number of Samples (n)

RT-PCR

DIF

Leukocyte

190

%0 (0/190)

-*

Nasal swab

190

%1,05 (2/190)

%3.15 (6/190)

Conjunctival swab

190

%0 (0/190)

%0 (0/190)

* No Test Available

Figure 4 - DIF Positive nasal swab sample (sample number 163).

1

-

100

66,33

67,27

66,62

66,62

62,58

62,74

62,74

60,59

60,59

60,59

63,52

60,47

61,27

63,41

63,41

70,06

70,06

65,39

64,88

64,88

67,87

67,87

67,77

Isolates

1 KT215610

2 NC028362

3 EU277658

4 KJ647284

5 KP764763

6 KJ647286

7 KY511410

8 MH357343

9 BUR/BPIV3

10 HQ530153

11 KU198929

12 KT071671

13 JX969001

14 KJ647287

15 KJ647285

16 LC040886

17 LC000638

18 AB770484

19 AB770485

20 KJ647289

21 KP757872

22 JQ063064

23 NC002161

24 AF178654

25 AF178655

79,6

78,01

78,01

76,77

76,77

78,08

76,45

76,45

81,9

82,84

82,32

82,84

81,85

85,71

85,71

85,71

85,31

85,36

82,74

89,98

89,98

89,16

-

3

80,6

81,6

81,6

78,97

78,97

78,58

81,21

81,21

79,9

80,39

80,94

80,39

79,34

81,97

81,97

81,97

82,5

82,5

80,28

99,35

99,35

-

4

80,6

81,6

81,6

78,97

78,97

78,58

81,21

81,21

79,9

81,38

80,94

80,39

79,34

81,97

81,97

81,97

82,5

82,5

80,28

100

-

5

80,6

81,6

81,6

78,97

78,97

78,58

81,21

81,21

79,9

81,38

80,94

80,39

79,34

81,97

81,97

81,97

82,5

82,5

80,28

-

6

81

80,56

80,56

78,01

78,01

79,28

84,65

84,65

96,59

95,88

96,94

97,3

96,59

97,65

97,65

97,65

97,99

97,99

-

7

82,12

80,62

80,62

79,22

79,22

80,45

85,68

85,68

97,31

96,62

97,65

98

97,31

99,2

99,2

99,2

100

-

8

82,12

80,62

80,62

79,22

79,22

80,45

85,68

85,68

97,31

96,62

97,65

98

97,31

99,2

99,2

99,2

-

9

82,65

81,16

81,16

79,78

79,78

81

84,28

84,28

96,98

96,28

97,31

96,97

96,97

100

100

-

10

82,65

81,16

81,16

79,78

79,78

81

84,28

84,28

96,98

96,28

97,31

97,67

96,97

100

-

11

82,65

81,16

81,16

79,78

79,78

81

84,28

84,28

96,98

96,28

97,31

97,67

96,97

-

12

83,12

82,7

82,7

79,66

79,66

80,89

86,61

86,61

99,35

98,69

99,02

98,68

-

13

83,17

82,75

82,75

80,03

80,03

82,02

86,64

86,64

98,69

98,01

99,02

-

14

82,65

82,22

82,22

80,28

80,28

80,39

86,16

86,16

99,02

98,35

-

15

84,1

84,61

84,61

80,72

80,72

81,91

88,38

88,38

98,69

-

16

84,1

83,68

83,68

80,72

80,72

81,91

87,52

87,52

-

17

92,03

92,44

92,44

89,34

89,34

89,34

100

-

18

92,03

92,44

92,44

89,34

89,34

89,34

-

19

94,6

93,43

93,43

99,35

99,35

-

20

94,62

93,46

93,46

100

-

21

94,62

93,46

93,46

-

22

99.02

100

-

23

99.02

-

24

-

25
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67,77

67,87

67,87

64,88

64,88

65,39

70,06

70,06

63,41

63,41

61,27

60,47

63,52

60,59

60,59

60,9

62,74

62,74

62,58

66,62

66,62

67,27

66,33

-

2

Table 3 - The nucleotide similarity of the sequence obtained in the study and the sequences referenced from Genbank.
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Figure 5 - The histological view of a normal looking lung (A), lung veins by small scale magnification (black thin cursor) and black (thick cursor) normal microscopic view of a bronchiole, Bar= 200µm. (B), view of alveoles (red thin cursors), Bar= 100µm. (C), close view of alveoles
(red thin cursors), Bar= 50µm. (D), view of alveole septal tissue (red thick cursor), Bar= 20µm, Hemotoxylin Eosine (HE). Histopathological view
of a lung with pneumonia (E), increase in veining (black thin cursors) and common ligament growth (black cursor heads), Bar= 200µm. (F),
close view of veining and ligament increase, Bar= 100µm. (G), septal tissue thickening (red thick cursors), Bar= 50µm. (H), inflammatory cell
infiltration (red thin cursors), Bar= 20µm.

Antigenic analysis
Antigenic analysis was carried out by the DIF method for the
380 nasal and conjunctival swab samples taken from 190 animals. Of them, BPIV3 antigen was found in six nasal swab,
while BPIV3 could not be detected in any of the conjunctival
swab samples (Table 2).

Histopathological results
The animal number 163, whose nasal swab sample showed the
presence of BPIV3 by RT-PCR and DIF tests and was vaccinated
against other respiratory infection pathogens (Bovine Herpesvirus-1 (BHV-1), Bovine Viral Diarrhea Virus (BVDV),
Bovine Respiratory Syncytial Virus (BRSV), Pasteurella, etc.)
died. After conducting necropsy, the obtained lung tissue samples underwent a histopathological examination, using a
healthy animal’s lung as a control. No macroscopic or microscopic histopathologic finding was visible in the lung used as
control, while macroscopic samples of BPIV3 infected lesions
showed severe venous hyperemia and partly necrotic areas. Other findings, such as an increase in epithelial cell proliferation
along with septal tissue thickness and inflammatory cell infiltration, were also noted. Since the animal undergoing
histopathological examination was vaccinated against other
agents causing respiratory tract infection, it was suggested that
the lung’s pathological findings were caused by BPIV3.
Owing to the fact that as the infected lung areas were placed
in formaldehyde following the necropsy, the antigenic or molecular diagnosis could not be performed on such tissues.

DISCUSSION
The Bovine respiratory disease complex (BRDC) is one of the
commonly observed multifactorial bovine health problems
around the world caused by several viral pathogens like BPIV3,
BHV-1, BCoV (Bovine Coronovirus), BRSV, BAV (Bovine
Adenovirus), BVDV as well as bacterial ones like Pasteurella mul-

tocida, Mannheimia haemolytica, Histophilus somni12,15. Based on
this, the winter and autumn months are generally preferred as
the BPIV3 sampling period due to its proceeding subclinical manifestations. There are several predisposing factors associated with
disease aggravation like frequent infections, weight loss, decreased
carcass quality, inadequate prophylaxis, increased veterinary expenditures, decreased fertility, as well as fatal pneumonia
caused by co-infection with other pathogens causing extensive
economic losses10. While a serological and epidemiological study
conducted by Tiwari et al.37 in 2016 performed on livestock and
dairy animals revealed that BPIV3 is endemic all over the world,
a seropositivity rate of 18–94.6% was also detected in various
Turkish serological studies1,13,16,24,29,41,42,43
This study aimed to diagnose BPIV3 by RT-PCR technique using nasal and conjunctival swabs along with blood samples of
190 non-vaccinated animals of different races, ages, and genders showing respiratory infection. Simultaneously, DIF for nasal
and conjunctival swab samples of the same animals was also
conducted for antigen-based diagnosis. A histopathological examination was also carried out for lung tissue samples following
the necropsy of an animal vaccinated against other viral or bacterial pathogens (BRSV, BHV-1, BVDV, Pasteurella, etc.),
causing respiratory infections for determining the effects of the
virus on tissues.
Our study was not successful in conducting the virus isolation
procedure while performing cell culture plating. The same was
also substantiated by Noori et al.26 in their 2014 study that was
conducted on the virus isolation technique from cell culture
passages. In their study, there was only one case of virus isolation out of 25 positive samples detected in DIF and PCR analysis. This suggested that viruses, due to their fragile structure,
could hardly adapt to cell lines. Thus cell culture studies are not
good in diagnosing BPIV3 infections.
Several studies on BPIV3 molecular detection have been conducted worldwide15,17,18,23,27,39,44. In this study, a variable prevalence, between 0% and 21.6%, has been reported. Similarly, a
Turkish study by Hacioglu14 in 2011 revealed a positivity rate
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of 1.41% (1/71) in the nasal swab samples by RT-PCR technique,
while Timurkan et al.36 in 2019 as well as Toker and Yesilbag38
in 2021, reported a positivity rate of 1.94% (3/155) and
0.51% (1/193) in nasal swab and lung tissue samples, respectively. Comakli et al.7, in their study on teat tissue samples, detected BPIV3 viral genome at a rate of 21.67% (26/120) by qRTPCR technique.
This difference in prevalence values was due to several variables
like the specificity (different primers) and sensitivity (qPCR)
of the applied molecular diagnosis technique, the sample’s viral load (nasal swab, lung tissue sample, tracheal sample), the
animal’s state being seropositive or convalescent as well as the
fragility of the agent.
163 NS strain obtained in this study was located in BPIV3 genotype C and was detected in close genetic relationship with some
other isolates discovered in China, Turkey, Japan, the USA, and
South Korea. A comparative study with other isolates by Albayrak et al.1 in 2019 revealed that it was 99.68% similar to the
isolate (MH357343) found in the Samsun study, while
Timurkan et al.36 in 2019 described a similarity of 97.99% to
the one found in the Erzurum study. In accordance with this
information, our study supported the fact that BPIV3 genotype C was in circulation in various cattle populations around
Turkey. This study is the first one that has attempted both antigen-based and molecular detection along with genetic evaluation of BPIV3 in south of Turkey.
The strain obtained in our study showed similarities to the isolates (HQ530153, KU198929, KT071671) discovered by Zhu
et al.44 and Wen et al.40 in China at a rate of 99.2%, as well as
the isolates (LC000638, LC040886) obtained in a Japanese study
by Konishi et al19 in 2014 at the rates of 96.62% and 97.31%,
respectively. It was also similar to the virus (JX969001) isolated
by Oem et al.28 in South Korea at a rate of 97.31% and also to
the strains (KJ647285, KJ647287, KJ647289) described by Neill
et al.25 in the USA at the rates of 97.65%, 98%, and 80.45%, respectively. On the other hand, it had a 79.22% genetic similarity
with the strain (KP757872) isolated by Sobhy et al.33 in Egypt,
while the strain’s genetic similarity obtained in our study to SF4 was accepted as the reference strain (AF178655) and was designated as 82.12% Bailley4.
Several previous studies conducted on BPIV3 antigen-based
detection by DIF test reported a prevalence rate between 9.8%
and 41.5%2,5,6,8,11,17,22,31. Our study also observed a positivity rate
lower than the other studies, which might have occurred due
to conscious breeding in the sampling areas, improved veterinary
services, common vaccination applications, and better coping
strategies with infections. Based on this, it was suggested that
both mucosal and systemic immunity play a crucial role in
maintaining a lower positivity rate as mucosal immunity prevents the infection and decreases the dispersion, while systemic
immunity allows an infection to have lesser manifestations9,21.
As the sampled animals had strong mucosal immunity, the presence of seropositivity, as well as maternal antibodies against the
agent, clearly depicted the interplay among several other biological agents resulting in a lower prevalence rate.
In our study, the diagnosis was clear in animals whose nasal swab
samples were obtained for BPIV3 detection through molecular and antigen-based analyses. The presence of clinical symptoms in animals without the detection of BPIV3 viral genome
confirmed the presence of a respiratory system infection either
caused by other viral, bacterial, or parasitic pathogens or due
to secondary infections occurring after BPIV3 infection. The
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disease did not contain the agent as either the agent or the animals were in a convalescence period since one or two weeks
had passed after the appearance of severe symptoms. On the
other hand, the agent’s detection could not be performed on
conjunctival swab samples as it showed a greater affinity toward respiratory tract cells, where N-acetyl-neuraminic acid
(NANA) receptor molecules such as BPIV3 pneumocytes,
bronchial and tracheal epithelial cells were abundant21. Additionally, due to the absence, or an extremely shorter viremia
period, the absence of virus detection in blood samples was considered a normal occurrence.

CONCLUSIONS
To conclude, due to a higher positivity rate observed in the DIF
test as compared to the RT-PCR during the laboratory diagnosis of BPIV3 infection, more studies involving a greater number of samples are required to determine and compare the specificity and sensitivity of the above-mentioned methods in diagnosing BPIV3 infections. On the other hand we believe that
the DIF method is practical and reliable for virologic detection
of BPIV3 from nasal swap samples, it is a cheaper and faster
diagnostic method compared to molecular methods and
virus isolation studies. For an accurate virological diagnosis during the acute phase, nasal swab samples should be collected
properly and must be brought quickly to the diagnostic laboratories in a suitable transport medium under the cold
chain distribution process. Additionally, it should also be considered that nasal swab samples should always be collected in
the acute phase of the disease and from the animals showing
respiratory infection symptoms for an effective virological and
molecular diagnosis. On the other hand, we believe that genetic
differences between BPIV3 isolates are important to determine
the strain to be used for vaccine production. Therefore, phylogenetic studies should be performed that include more and
different gene regions.
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