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in cattle: An abattoir study ®

To investigate the existence of bovine viral diarrhoea virus (BVDV), parainfluenza virus 3
(PIV-3) and respiratory syncytial virus (RSV) as well as its coinfections, a total of 420 pneumonic
lung tissue samples were collected from slaughterhouses in three different areas. Samples
were examined for the three viruses using antigen detection enzyme-linked immunosorbent
assay (ELISA) test, and positive results were further confirmed using fluorescent antibody test
and polymerase chain reaction. Prevalences detected were 10.47% for BVDV, 11.9% for
parainfluenza virus type (PIV-3) and 7.6% for respiratory syncytial virus (RSV). Observed
coinfections were bovine viral diarrhoea (BVD) and PIV-3 in 8.1%, BVD and RSV in only two
samples (1%). Existence of all three viruses was detected in two samples (1%).

Contribution: In this study, infection of the three viruses was confirmed in cattle and existence
of its coinfection is documented for the first time.

Keywords: Cattle; BVD; PIV-3; RSV; coinfection.

Introduction

Bovine respiratory disease complex (BRDC) was found to be a major cause of death in cattle (Dorso
et al. 2021). It causes significant economic losses in cattle, beef and dairy production, and is caused
by different viral and bacterial pathogens (Werid et al. 2024a). Viruses encountered in the
syndrome include bovine respiratory syncytial virus (BRSV), bovine parainfluenza virus 3 (BPIV-
3), bovine viral diarrhoea virus 1 (BVDV-1) (Werid et al. 2024a). Globally, BVDYV, parainfluenza
virus 3 (PIV-3), respiratory syncytial virus (RSV) are the most common viruses found to be
encountered in many respiratory infections. In China, BVDV antibodies in dairy were 90% while
for beef cattle it was 63% (Deng et al. 2015). In Japan, BVD cases are increasing (Tajima 2021).
Existence of BVD in cattle was reviewed in Indonesia (Nugroho et al. 2022), Iran (Khodakaram-
Tafti & Farjanikish 2017) and Mexico (Gomez-Romero et al. 2021). Also in, Columbia (Gonzalez-
Bautista et al. 2021), Ireland (Barrett et al. 2024), Spain (Nodar et al. 2023), Switzerland (Schweizer
et al. 2021), Poland (Socha et al. 2022). The prevalence of BVDV1 in North America is observed to
be increasing (Walz et al. 2020). Similar findings were reported in Africa, for example, Ethiopia
(Yitagesu et al. 2021), Kenya (Okumu et al. 2019; Olum et al. 2020) and Sudan (Intisar et al. 2015b).

Parainfluenza virus 3 is known to cause respiratory infections in cattle. Bovine parainfluenza
virus 3 is a negative-stranded ribonucleic acid (RNA) enveloped virus in the bovine respirovirus
genus in the family Paramyxoviridae (Adams et al. 2017). Bovine parainfluenza virus 3 was found
to be the predominant single agent for respiratory infection in cattle in Switzerland (Mehinagic
et al. 2019) and China (Leal et al. 2019), and a survey on BPIV-3 in Egypt showed a higher rate of
infection in cattle than in buffaloes (Sobhy et al. 2017). The virus was detected in cattle in France
and Sweden (Gaudino et al. 2023), in Tatarstan (Gueriche et al. 2020) and the existence of BPIV-3
infection in cattle in 32 countries was reviewed (Werid et al. 2024b). In Sudan, the association of
the virus with respiratory infections in cattle was reported previously (Intisar et al. 2016; Noori
etal. 2014, 2018).

Bovinerespiratory syncytial virus is one of the major causes of BRDC; itbelongs to the Pneumovirus
genus of the family Paramyxoviridae (Yaman et al. 2018). Respiratory syncytial virus antibodies
were found in cattle in India (Goswami et al. 2016). In China, a disease outbreak with 27%
morbidity and more than 25% mortality rates was detected in beef cattle calves (Jia et al. 2021) and
19% positivity of RSV was reported (Chang, Yue & Tang 2022). Bovine respiratory syncytial virus
was reported in Iraq (Hussain et al. 2019), Turkey (Yazici et al. 2020), Italy (Giammarioli et al.
2020), Norway (Klem, Rimstad & Stokstad 2014), Argentina (Ferella et al. 2023), Egypt (Zaher
et al. 2014) and Sudan (Intisar 2019).
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Respiratory viral infections in cattle may be caused by a
single virus or multiple viruses which usually exaggerate the
syndrome. Many reports documented the occurrence of viral
respiratory coinfection. Mixed infections with PIV-3, RSV,
BVD, bovine herpes virus type 1 (BHV-1) and/or some
bacterial species were more frequent (72%) than single
infections in dairy calves in Brazil (Oliveira et al. 2020) and,
in dual purpose cattle in Colombia (Ledn et al. 2019). Similar
results were observed in India (Gangil, Kaur & Dwivedi
2020), China (Zhou et al. 2023), Saudi Arabia (Ali & Gomaa
2014; Mahmoud & Allam 2013), Kenya (Callaby et al. 2016)
and North America (Fulton 2020).

This study is intended to explore the recent prevalence of
BVD, PIV-3, RSV as well as the existence of viral coinfection
in viral respiratory infected cattle in Sudan.

Research methods and design
Sample collection

Pneumonic lung tissue samples (n = 420) were collected from
slaughterhouses in three regions of Sudan, Atbara at River
Nile State (n = 180), Wad Medani at Gezira State (n = 80), and
160 samples from AlObied at Kordofan State (Figure 1).
Samples were sent on ice to the Central Veterinary Research
Laboratory in Khartoum and kept frozen until they were
investigated.

Serological investigation

Bovine viral diarrhoea virus antigen detection

Tissues were examined for BVDV antigen using ELISA
(enzyme-linked immunosorbent assay) kits obtained from
BIO X Diagnostics (Jemelle, Belgium) following the directions
provided by the manufacturer.

Fluorescent antibody technique for detection of
bovine viral diarrhoea virus antigen

The ELISA-positive samples were tested for BVDV antigen
using fluorescent antibody test (FAT) Kits provided by BIO X
Diagnostics (Jemelle, Belgium).

Parainfluenza virus 3 antigen detection

Samples were tested for PIV3 antigen using ELISA kits (BIO
X Diagnostics, Jemelle, Belgium) as instructed by the
manufacturer.

Fluorescent antibody test for detection of
parainfluenza virus 3 antigen

The ELISA reactive samples were tested for PIV3 antigen
using FAT (BIO X Diagnostics, Jemelle, Belgium).

Respiratory syncytial virus antigen detection

Lung tissue samples were tested for the detection of RSV
antigen using ELISA kits from BIO X Diagnostics, Jemelle,
Belgium, following the manufacturer instructions.
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Fluorescent antibody test for respiratory
syncytial virus antigen detection

The ELISA-positive samples were screened for RSV antigen
using FAT; the conjugate was purchased from BIO X
Diagnostics, Jemelle, Belgium.

Molecular investigation

Polymerase chain reaction

Polymerase chain reaction (PCR) was carried out on tissues
(n = 6) randomly picked from ELISA-positive results for each
virus tested.

Ribonucleic acid extraction

Lung tissue suspensions (n = 6) were used for purification
of the virus nucleic acids as described by Chomcznki and
Sacchi (1989). The method was done using 0.2 g of crushed
tissues which were frozen at —80 °C in phenol and guanidine
isothiocyanate (TRIzol Reagent; Gibco-BRL [Bethesda Research
Laboratories]). Then incubated at room temperature for
5 min, and 250 pL of chloroform was added. After vigorous
shaking for 2 min the tubes were centrifuged (12000 x g for
15 min at 4 °C) and left to stand at room temperature for
10min. One millilitre of phenol and guanidine isothiocyanate
(TRIzol LS Reagent; Gibco BRL) was added to the
supernatant in each tube. Precipitation of RNA was done in
isopropanol (volume/volume [vol/vol]) with 0.3 M sodium
acetate (pH 5.2) (Sigma) overnight at 4 °C. Centrifuged
(12000 x g for 10 min at 4 °C), and the pellet was washed in
1 mL of 70% ethanol, then centrifuged (7500 x g for 5 min at
4 °C), the pellet was dried for 10 min and the RNA was
resuspended in 36 pL of diethyl pyro carbonate-treated
(DEPC) water, kept at 4 °C till used.

Reverse transcription-polymerase chain reaction for
identification of bovine viral diarrhoea virus

Amplification was done using one step reverse transcription-
polymerase chain reaction (RT/PCR) Kits (Qiagen), using the
following primers; 5- CATGCCCWYAGTAGGACTAGC-3'
and 5- AACTCCATGTGCCATGTACAG-3' (Becher, Orlich
& Thiel 1998). The conditions were reverse transcription at
50 °C for 30 min followed by 94 °C for 15 min; thermocycling
for 40 cycles at 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s;
one cycle at 72 °C for 10 min.

Reverse transcription-polymerase chain reaction for
detection of parainfluenza virus 3

Primers targeting HA gene were selected (PI3 A
5-TGTGCATGGTGAGTTCGCA-3’, PI3 BR 5-ATTCAG
CATCACGTGCCACTG-3'), and the expected product size is
164 base pairs (bp) (Noori et al. 2014). Ribonucleic acid
template (5 pL) was added into 45 pL master mix. Amplification
conditions were reverse transcription in one step RT/PCR kit
reagents at 50 °C for 30 min followed by 94 °C for 15 min.
Then, 40 cycles of PCR, denaturation at 94 °C for 30 s, annealing
at 56 °C for 30 s, elongation of 72 °C for 30 s, and final extension
at 72 °C for 10 min.
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FIGURE 1: Map of Sudan showing states where samples were collected.

Reverse transcription-polymerase chain reaction for
detection of respiratory syncytial virus

Reverse transcription-polymerase chain reaction for RSV
RNA was applied according to Samal et al. (1991) in two
rounds. Primers used in the first round were primer
1(5-ATGGCTCTCAGCAAGGTCA-3; positions 1-19 on the
nucleocapsid (N) coding region of the bovine RSV genome)
and primer 2 (50 pmol) (5-TCTTGGTTTCTTGGTGTAC
CTC-3; positions 1034-1013 on the N coding region of the
BRSV genome) (Samal et al. 1991). The programme applied
was 94 °C for 12 min, 35 cycles of denaturation at 94 °C for
60 s, annealing at 58 °C for 60 s and elongation at 72 °C for
90 s. For the second PCR round, 10 pL of the PCR product
diluted 10 times was used with the same mix containing the
internal primers 3 (5-CATCTCAATAAGTTGTGTGG-3);
positions 127-146 of the N coding region of the BRSV genome
and 4 (5-TCTACAACCTGTTCCATTTC-3; positions 857-
838 on the N coding region of the RSV genome) (Samal et al.
1991). Programme used for the second round of PCR which
amplified 731 nucleotides (nt): was 94 °C for 12 min, 35
cycles of denaturation at 94 °C for 45 s, annealing at 49 °C
for 60 s and elongation at 72 °C for 60 s and ending with a
final elongation for 10 min.
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Gel electrophoresis

The amplified products were documented on a 1.5% agarose
(Vivantis) gel using a horizontal mini-gel electrophoresis
system (MSMINI, Cleaver Scientific). Deoxyribonucleic acid
(DNA) bands were visualised using a gel documentation
system (Ingenius, Syngene Bio Imaging).

Statistical analysis

The ELISA results were analysed to estimate the frequency
of BVD, PIV-3, RSV infections, and to examine the
occurrence of mixed BVD, PIV-3, RSV virus infections.
Chi-square of independence was adopted to test the null
hypothesis of association between BVD, location, PIV3
and RSV (p < 0.001) using SPSS 27 (Statistical Package
for Social Sciences 27; IBM, SPSS, Chicago, Illinois, United
States).

Ethical considerations

This article followed all ethical standards for research
without direct contact with human or animal subjects.
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Results

Serological findings

Detection of bovine viral diarrhoea virus antigen

Out of 420 lung tissues examined, 10.5% tested positive, the

highest prevalence (15.6%) was seen in River Nile State
(Table 1; Figure 2).

Fluorescent antibody technique

The ELISA-positive samples (n = 44) were found to be
positive using FAT.

Parainfluenza virus 3 antigen detection

The overall prevalence of PIV-3 detected was 12.4%, with the
highest prevalence (22.2%), found in River Nile State (Table 1;
Figure 2).

Fluorescent antibody test for detection of
parainfluenza virus 3 antigen

Parainfluenza virus 3 ELISA-positive samples (n 52)

examined by FAT showed positive results.

Respiratory syncytial virus antigen detection

Out of 420 lung tissue samples examined for RSV antigen
detection, 7.6% were tested positive, and the highest
prevalence (26.7%) was detected in River Nile State (Table 1;
Figure 2).

TABLE 1: Frequency of virus infection according to location.

Location BVD PIV-3 RSV
River Nile

Count 28 40 28
% 15.6 22.2 15.6
Algazeira

Count 10 12 0
% 12.5 15.0 0.0
Kordofan

Count 6 0 4
% 3.8 0.0 2.5

BVD, bovine viral diarrhoea; PIV-3, parainfluenza virus 3; RSV, respiratory syncytial virus.
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Fluorescent antibody test for respiratory
syncytial virus antigen detection

All ELISA-positive samples (n = 52) for RSV antigen showed
positive result using FAT.

Coinfection of parainfluenza virus 3, respiratory
syncytial virus, bovine viral diarrhoea virus
viruses

All samples (n = 420) were examined for the BVD, PIV-3 and
RSV antigen using ELISA. Coinfections of BVDV and PIV-3 were
observed in 34 samples (8.1%), the highest prevalence (12.2%)
was found in River Nile State. Coinfection of BVDV and RSV
was observed in only two samples in River Nile State (1.1%).
Existence of all three viruses, BVDV, PIV-3 and RSV was detected
in two samples (1.1%) also in River Nile State (Table 2; Figure 2).

Molecular findings

Bovine viral diarrhoea virus nucleic acid detection

All selected ELISA-positive samples tested for BVDV nucleic
acid showed positive results with amplicon size of 300 bp
(Figure 3).

Parainfluenza virus 3 nucleic acid detection
using reverse transcription-polymerase chain
reaction

Selected PIV-3 ELISA-positive samples examined for nucleic
acid detection showed positive results with product size of
164 bp (Figure 3).

TABLE 2: Frequency of coinfection according to location.

Location PIV3 & BVD BVD & RSV PI3, BVD & RSV
River Nile

Count 22 2 2

% 12.2 1.1 1.1
Algazeira

Count 8 0 0

% 10.0 0.0 0.0
Kordofan

Count 4 0 0

% 2.5 0.0 0.0

BVD, bovine viral diarrhoea; PIV-3, parainfluenza virus 3; RSV, respiratory syncytial virus; PI3,
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FIGURE 2: Percentage of the overall percentage of seropositivity according to virus (a) and mixed infection (b) of bovine viral diarrhoea, parainfluenza virus 3 and

respiratory syncytial virus.
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ELIZA, enzyme-linked immunosorbent assay.

FIGURE 3: Ethidium bromide-stained agarose gel. Reverse transcription-polymerase chain reaction was carried out on ribonucleic acid purified from lung tissues using
specific primers for bovine viral diarrhoea (a), parainfluenza virus 3 (b) and respiratory syncytial virus (c). Lane M, 100 base pairs molecular weight marker, lane 1-6, ELISA-

positive samples.

TABLE 3: Correlation of bovine viral diarrhoea, location, parainfluenza virus 3
and respiratory syncytial virus, showing the Pearson chi-square value and
p-value.

Parameter Location PIV3 RSV
Pearson Chi-square 6.510F 123.991% 82.496+
df 2.000 1.000 1.000
Asymptotic significance 0.039 <0.000 <0.000

df, degree of freedom.
T, Statistically significant if p-value < 0.05.

Respiratory syncytial virus nucleic acid detection

Applied RT/PCR for RSV nucleic acid on selected ELISA-
positive samples showed positive results with a band size of
731 bp (Figure 3).

Chi-square test

Statistical analysis indicates significant association between
BVDV and PIV3 (p = 0.000), BVDV and RSV (p = 0.000)
(Table 3).

Discussion

Respiratory infections in cattle are major constraints of
animal production, causing significant economic losses
because of deaths and decreased productivity. In this study,
through antigen detection tools, BVDV prevalence of 10.5%
in cattle was found, concurring with the result reported in
Spain (Nodar et al. 2023) and very close (10.7%) to that
obtained previously in Sudan (Intisar et al. 2015b).
However, the highest prevalence in the previous study was
observed in Central Sudan. Our results are higher than
those reported in different countries, for example, China
1% (Deng et al. 2015; Su et al. 2023), Bangladesh 3% (Alam
et al. 2016), 2% in Brazil (Freitas et al. 2021) and Japan
(Tajima 2021). The prevalence of BVDV was reviewed from
2010 to 2021 globally in 128 reports, and it was 16%, with
the lowest prevalence (0.3%) reported in North America
(Su et al. 2023).

Parainfluenza virus 3 is one of the known viral causes of
BRDC. In this study, the overall prevalence of PIV-3
detected was 12%, and the highest prevalence (21%) was
found in River Nile State. Previously, almost the same
result (13%) was reported in Sudan, where highest

http://www.ojvr.org . Open Access

prevalence was detected in Gezira at Central Sudan
(Intisar et al. 2016). However, higher prevalence (20%) was
detected in Kordofan at Western Sudan (Noori et al. 2014).
The results of both reports in Sudan are higher than those
reported in several countries, for example, Brazil 3% (De
Oliveira et al. 2022) and 8% (Oliveira et al. 2021), India 5%
(Gangil et al. 2020) and China 6% (Guo et al. 2021) and 7%
(Veljovi¢ et al. 2016). A slightly higher prevalence (14%)
was reported in Brazil (Oliveira et al. 2020) and a much
higher prevalence (38%) was reported in Switzerland
(Mehinagic et al. 2019).

Bovine respiratory syncytial virus was documented to have a
significant role in causing respiratory infections in cattle. The
detected prevalence of RSV in this study was 7.6%, the
highest prevalence (14%), was detected in River Nile State
like the other viruses. This is lower than that (13%) previously
reported in Sudan (Intisar 2019); nevertheless, it is higher
than 0.6% detected prevalences in Italy (Padalino et al. 2021),
6% in China (Zhou et al. 2023) and Turkey (Yaman et al. 2018).
Similar and comparable prevalences were detected
in Mongolia (7%) (Guo et al. 2021), in the United States (9%)
(Fulton 2020) and in Turkey (11%) (Aydin et al. 2024). Higher
prevalences were reported in Argentina (14%) (Ferella et al.
2023), China (25% — 30%) (Jia et al. 2021), Norway (49%)
(Klem et al. 2014) and Poland (60%) (Urban-Chmiel et al.
2015), while the highest prevalence (100%) was reported in
an outbreak of lethal respiratory disease in Italy (Giammarioli
et al. 2020).

Bovine respiratory disease complex is most probably caused
by two or more viruses, sometimes associated with bacterial
pathogen which exaggerate the syndrome. Coinfection with
more than one virus is known to exist in many BRDC
outbreaks. In this work, the most frequent coinfections
detected were BVDV and PIV-3 in 8% of the samples, with
the highest prevalence (12%) found in River Nile State.
These results are unlike those (PPR and BVDV) reported in
camel lungs in Sudan (Intisar et al. 2015a). Our results are
higher than variable reports from different countries; for
example, antibodies confirming coinfection of BVDV and
PIV-3 were detected in 0.4% of samples from dairy cattle in
Brazil (Yoshitani et al. 2024). In India, coinfection of BPIV3
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and BRSV was found in 6% of samples (Yadav et al. 2024),
in Egypt, coinfection of BRSV and PIV-3 was detected in 5%
of examined samples (Zaher et al. 2014). In Mongolia,
coinfection positive results were found in 9% for BVDV and
BHV-1, and 4% for BPIV3 and BRSV (Guo et al. 2021).
Coinfection of BVDV and RSV in our study was observed in
only two samples in River Nile State (1%); however, it was
also higher than other reports elsewhere. In Brazil,
antibodies to both BVDV and RSV were found in 0.2% of
samples (Yoshitani et al. 2024); another study detected
associations between BVDV + BRSV, BVDV + BRSV +
bovine coronavirus (BCoV) (De Oliveira et al. 2022).
Existence of the three viruses, BVD, PIV-3 and RSV was
detected in two samples (1%) in this study, also in River
Nile State, which is lower than those detected (10%) in
Brazil (Yoshitani et al. 2024). In Spain, the existence of
BVDV, BRSV, BCoV and PIV-3 associated with BRD was
found in 40% — 72% of outbreaks (Bernal et al. 2023); in
China, coinfections of BVDV, BRSV, Bovine Herpes Virus
Type 1 (BoHV-1) and BPIV-3 were detected in 50% of cases
(Zhou et al. 2023) and in Colombia, evidence for coinfection
of BVDV, BRSV and BPIV-3 was found through detection of
its antibodies in all examined cattle herds (Ledn et al. 2019).
Also in Saudi Arabia, antibodies to BHV-1 + BVD, + bovine
adenovirus-3 (BAdV-3), to BHV, BHV-1 + RSV, to BVD-1 +
BVD + RSV + BPI3 (bovine parainfluenza 3) and to BHV-1 +
BVD + RSV + BPI3 were detected (Ali & Gomaa 2014). In
Columbian buffaloes, seropositivity of BVD, RSV, BPI3 and
BHV-1 coinfection was 32% to two viruses, 29% to three
viruses, and 7% to the four viruses (Pastrana et al. 2022). In
Kenya, positive associations between Infectious bovine
rhinotracheitis (IBR), PIV3 and BVDV in calves were
confirmed (Callaby et al. 2016).

Conclusion

The results of this study confirmed the previous reports
about the presence of BVDV, PIV-3 and RSV infections in
cattle in Sudan, beside the determination of coinfections
with these viruses for the first time. Detailed
epidemiological and molecular studies for the investigation
and molecular characterisation of these viruses, as well as
other respiratory viruses in different areas of Sudan, are
highly recommended to aid in the control of these
economically significant viral infections.

Acknowledgements

The authors extend their appreciation to the Deanship of
Scientific Research at Northern Border University, Arar, KSA,
for funding this research work through the project number
NBU-FFR-2024-102-01.

Competing interests

The authors declare that they have no financial or personal
relationships that may have inappropriately influenced
them in writing this article.

Page 6 of 8 . Original Research

http://www.ojvr.org . Open Access

Authors’ contributions

LKS. designed the study, collected data, conducted
investigation, laboratory work, data analysis, writing of the
original draft, writing, reviewing and editing. Y.H.A.
conducted study design, collected data, laboratory work,
investigation, data analysis and writing the original draft.
M.M.A. conducted study design, investigation, laboratory
work, data analysis, writing the original draft, writing,
reviewing and editing. A.M. designed the study, collected
data, conducted data analysis, software, statistical analysis,
and interpretation of the results. A.M.A.-M, collected data,
conducted data analysis, software, statistical analysis and
interpretation of the results.

Funding information
This work is funded by Northern Border University.

Data availability

Data supporting the findings of this study are available from
the corresponding author, Y.H.A., on request.

Disclaimer

The views and opinions expressed in this article are those of
the authors and are the product of professional research. The
article does not necessarily reflect the official policy or
position of any affiliated institution, funder, agency or that of
the publisher. The authors are responsible for this article’s
results, findings and content.

References

Adams, M.J., Lefkowitz, E.J., King, A.M., Harrach, B., Harrison, R.L., Knowles, N.J. et al.,
2017, ‘50 years of the International Committee on Taxonomy of Viruses: Progress
and prospects’, Archives of Virology 162(5), 1441-1446. https://doi.org/10.1007/
s00705-016-3215-y

Alam, M.R., Afrin, K., Dash, A.K., Bhowmik, D.K., Sen, A.B. & Nath, S., 2016, ‘Incidence and
therapeutic management of viral diseases in Cattle at Jaintapur, Sylhet, Bangladesh’,
International Journal of Advanced Multidisciplinary Research 3(6), 13-20.

Ali, H.M. & Gomaa, H.M., 2014, ‘Sero-prevalence of common bovine respiratory viral
diseases in Saudi Arabia’, Assiut Veterinary Medical Journal 60(140), 76-81.
https://doi.org/10.21608/avm].2014.170694

Aydin, O., Yilmaz, A., Turan, N., Richt, J,A. & Yilmaz, H., 2024, ‘Molecular
characterisation and antibody response to bovine respiratory syncytial virus in
vaccinated and infected Cattle in Turkey’, Pathogens 13(4), 304. https://doi.
org/10.3390/pathogens13040304

Barrett, D., Lane, E., Lozano, J.M., O’Keeffe, K. & Byrne, A.W., 2024, ‘Bovine Herpes
Virus Type 1 (BoHV-1) seroprevalence, risk factor and bovine viral diarrhoea (BVD)
co-infection analysis from Ireland’, Scientific Reports 14(1), 867. https://doi.
org/10.1038/s41598-023-50433-5

Becher, P., Orlich, M. & Thiel, H-J., 1998, ‘Complete genomic sequence of border
disease virus, a pestivirus from sheep’, Journal of Virology 72(6), 5165-5173.
https://doi.org/10.1128/JVI1.72.6.5165-5173.1998

Bernal, J.M.C., Fernadndez, A., Arnal, J.L.,, Baselga, C., Zufiga, A.B., Fernandez-
Garyzabal, J.F. et al., 2023, ‘Cluster analysis of bovine respiratory disease (BRD)-
associated pathogens shows the existence of two epidemiological patterns in BRD
outbreaks’, Veterinary Microbiology 280, 109701. https://doi.org/10.1016/j.
vetmic.2023.109701

Callaby, R., Toye, P., Jennings, A., Thumbi, S.M., Coetzer, J., Van Wyk, I.C. et al., 2016,
‘Seroprevalence of respiratory viral pathogens of indigenous calves in Western
Kenya’, Research in Veterinary Science 108, 120-124. https://doi.org/10.1016/j.
rvsc.2016.08.010

Chang, Y., Yue, H. & Tang, C., 2022, ‘Prevalence and molecular characteristics of bovine
respiratory syncytial virus in beef cattle in China’, Animals 12(24), 3511. https://
doi.org/10.3390/ani12243511

Chomcznki, P. & Sacchi, K., 1989, ‘Single step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction’, Analytical Biochemistry
162(1), 156-159. https://doi.org/10.1016/0003-2697(87)90021-2



http://www.ojvr.org
https://doi.org/10.1007/s00705-016-3215-y
https://doi.org/10.1007/s00705-016-3215-y
https://doi.org/10.21608/avmj.2014.170694
https://doi.org/10.3390/pathogens13040304
https://doi.org/10.3390/pathogens13040304
https://doi.org/10.1038/s41598-023-50433-5
https://doi.org/10.1038/s41598-023-50433-5
https://doi.org/10.1128/JVI.72.6.5165-5173.1998
https://doi.org/10.1016/j.vetmic.2023.109701
https://doi.org/10.1016/j.vetmic.2023.109701
https://doi.org/10.1016/j.rvsc.2016.08.010
https://doi.org/10.1016/j.rvsc.2016.08.010
https://doi.org/10.3390/ani12243511
https://doi.org/10.3390/ani12243511
https://doi.org/10.1016/0003-2697(87)90021-2

De Oliveira, T.E.S., Scuisato, G.S., Fritzen, J.T.T, Silva, D.C., Massi, R.P., Pelaquim, I.F. et al.,
2022, ‘Infectious disease agents associated with pulmonary alterations in aborted
bovine fetuses’, Animals 12(13), 1596. https://doi.org/10.3390/ani12131596

Deng, M., Ji, S., Fei, W., Raza, S., He, C., Chen, Y. et al., 2015, ‘Prevalence study and
genetic typing of bovine viral diarrhea virus (BVDV) in four bovine species in
China’, PLoS One 10(4), e0121718. https://doi.org/10.1371/journal.pone.0121718

Dorso, L., Rouault, M., Barbotin, C., Chartier, C. & Assié, S., 2021, ‘Infectious bovine
respiratory diseases in adult cattle: An extensive necropsic and etiological study’,
Animals 11(8), 2280. https://doi.org/10.3390/ani11082280

Ferella, A., Streitenberger, N., Pérez Aguirreburualde, M.S., Dus Santos, M.J., Fazzio,
L.E., Quiroga, M.A. et al., 2023, ‘Bovine respiratory syncytial virus infection in
feedlot cattle cases in Argentina’, Journal of Veterinary Diagnostic Investigation
35(5), 535-542. https://doi.org/10.1177/10406387231182106

Freitas, B.B., Correa, A.M., Valotto, A.A., Marcom, N.N., Paulino, L.R., Brum, J.S. et al.,
2021, ‘Prevalence of bovines persistently infected with bovine viral diarrhea virus
(BVDV) in dairy cattle herds in Parana State, Brazil’, Pesquisa Veterindria Brasileira
41(9), e06622. https://doi.org/10.1590/1678-5150-pvb-6622

Fulton, R.W., 2020, ‘Viruses in bovine respiratory disease in North America: Knowledge
advances using genomic testing’, Veterinary Clinics: Food Animal Practice 36(2),
321-332. https://doi.org/10.1016/j.cvfa.2020.02.004

Gangil, R., Kaur, G. & Dwivedi, P., 2020, ‘Detection of respiratory viral antigens in nasal
swabs of bovine by sandwich ELISA’, Indian Journal of Animal Research 54(3),
354-358. https://doi.org/10.18805/1JAR.B-3769

Gaudino, M., Valarcher, J.F., Hagglund, S., Naslund, K., Zohari, S., Ducatez, M.F. et al.,
2023, ‘Molecular and genetic characterization of bovine parainfluenza type 3
European field and vaccine strains’, Infection, Genetics and Evolution 113, 105483.
https://doi.org/10.1016/j.meegid.2023.105483

Giammarioli, M., Mangili, P., Nanni, A., Pierini, I., Petrini, S., Pirani, S. et al., 2020,
‘Highly pathogenic bovine respiratory syncytial virus variant in a dairy herd in
Italy’, Veterinary Medicine and Science 6(4), 740-745. https://doi.org/10.1002/
vms3.312

Gomez-Romero, N., Ridpath, J.F., Basurto-Alcantara, F.J. & Verdugo-Rodriguez, A.,
2021, ‘Bovine viral diarrhea virus in cattle from Mexico: Current status’, Frontiers
in Veterinary Science 8, 673577. https://doi.org/10.3389/fvets.2021.673577

Gonzalez-Bautista, E.D.D., Bulla-Castafieda, D.M., Lopez-Buitrago, H.A., Diaz-Anaya,
A.M., Lancheros-Buitrago, D.J., Garcia-Corredor, D.J. et al., 2021, ‘Seroprevalence of
bovine viral diarrhea virus (BVDV) in cattle from Sotaquira, Colombia’, Veterinary
and Animal Science 14, 100202. https://doi.org/10.1016/j.vas.2021.100202

Goswami, P., Banga, H., Deshmukh, S., Singh, N., Mahajan, V. & Brar, R., 2016, ‘Sero-
prevalence of bovine respiratory syncytial virus in bovine in Punjab, North India’,
Journal of Animal Research 6(1), 67-73. https://doi.org/10.5958/2277-
940X.2016.00030.9

Gueriche, A., Galiullin, A., Gumerov, V., Karimullina, I. & Shaeva, A., 2020, ‘The
etiological role of the parainfluenza-3 virus in the respiratory pathology of young
cattle’, BIO Web of Conferences 17(2), 00080. https://doi.org/10.1051/
bioconf/20201700080

Guo, T., Zhang, J., Chen, X., Wei, X., Wu, C., Cui, Q. et al., 2021, ‘Investigation of viral
pathogens in cattle with bovine respiratory disease complex in Inner Mongolia,
China’, Microbial Pathogenesis 153, 104594. https://doi.org/10.1016/j.
micpath.2020.104594

Hussain, K.J., Al-Farwachi, M.l. & Hassan, S.D., 2019, ‘Seroprevalence and risk factors of
bovine respiratory syncytial virus in cattle in the Nineveh Governorate, Iraq’, Veterinary
World 12(11), 1862-1865. https://doi.org/10.14202/vetworld.2019.1862-1865

Intisar, K.S., 2019, ‘Respiratory syncytial virus infection in domestic ruminants in Sudan’,
International Journal of Advanced Biotechnology and Research 10(1), 741-744.

Intisar, K.S., Ali, Y.H., AbdulRahman, M.B., Mohammed, Z.A., Osman, H.M., Taha, K.M.
et al., 2015a, ‘Mixed infection of peste des petits ruminants virus (PPRV) and
other respiratory viruses in dromedary camels in Sudan, an abattoir study’,
Tropical Animal Health and Production 47(5), 995-998. https://doi.org/10.1007/
511250-015-0798-3

Intisar, K.S., Ali, Y.H., Taha, K.M., Mohammed, N., Nouri, Y.M., Mohammed, B.A. et al.,
2015b, ‘First report of bovine viral diarrhea virus antigen from pneumonic cattle
in Sudan’, Journal of Advanced Veterinary and Animal Research 2(2), 153-157.
https://doi.org/10.5455/javar.2015.b67

Intisar, K.S., Ali, Y.H., Taha, K.M., Mohammed, N.E., Nouri, Y.M., Mohammed, B.A. et
al., 2016, ‘Para influenza virus 3 infection in cattle and small ruminants in Sudan’,
Journal of Advanced Veterinary and Animal Research 3(3), 236-241. https://doi.
org/10.5455/javar.2016.c160

Jia, S., Yao, X., Yang, Y., Niu, C., Zhao, Y., Zhang, X. et al., 2021, ‘Isolation, identification,
and phylogenetic analysis of subgroup Ill strain of bovine respiratory syncytial virus
contributed to outbreak of acute respiratory disease among cattle in Northeast
China’, Virulence 12(1), 404-414. https://doi.org/10.1080/21505594.2021.1872178

Khodakaram-Tafti, A. & Farjanikish, G., 2017, ‘Persistent bovine viral diarrhea
virus (BVDV) infection in cattle herds’, Iranian Journal of Veterinary Research
18(3), 154-163.

Klem, T.B., Rimstad, E. & Stokstad, M., 2014, ‘Occurrence and phylogenetic analysis of
bovine respiratory syncytial virus in outbreaks of respiratory disease in Norway’,
BMC Veterinary Research 10, 15. https://doi.org/10.1186/1746-6148-10-15

Leal, E., Liu, C., Zhao, Z., Deng, Y., Villanova, F,, Liang, L. et al., 2019, ‘Isolation of a
divergent strain of bovine parainfluenza virus type 3 (BPIV3) infecting cattle in
China’, Viruses 11(6), 489. https://doi.org/10.3390/v11060489

Ledn, J.C.P,, Diaz, W., Vasquez, M.C., Tobdn, J.C., Sdnchez, A. & Ortiz, D., 2019,
‘Seroprevalence and risk factor associated with respiratory viral pathogens in
dual-purpose cattle of Aguachica, Rio de Oro, and La Gloria municipalities in Cesar
department, Colombia’, Veterinary World 12(7), 951-958. https://doi.org/
10.14202/vetworld.2019.951-958

Page 7 of 8 . Original Research

http://www.ojvr.org . Open Access

Mahmoud, M. & Allam, A., 2013, ‘Seroprevalence of bovine viral diarrhea virus
(BVDV), bovine herpes virus type 1 (BHV-1), parainfluenza type 3 virus (PI-3V) and
bovine respiratory syncytial virus (BRSV) among non-vaccinated cattle’, Global
Veterinaria 10(3), 348-353.

Mehinagic, K., Pilo, P., Vidondo, B. & Stokar-Regenscheit, N., 2019, ‘Coinfection of Swiss
cattle with bovine parainfluenza virus 3 and mycoplasma bovis at acute and chronic
stages of bovine respiratory disease complex’, Journal of Veterinary Diagnostic
Investigation 31(5), 674-680. https://doi.org/10.1177/1040638719861686

Nodar, L., Arnaiz, |., Pedreira, J., Diez, J., Calvo, C. & Diéguez, J., 2023, ‘Long-term acute
infections during a bovine viral diarrhea virus (BVDV) outbreak in dairy farm from
Galicia (NW Spain)’, Veterinary Immunology and Immunopathology 262, 110634.
https://doi.org/10.1016/j.vetimm.2023.110634

Noori, Y., Intisar, K., Nada, E. & Ali, Y., 2014, ‘Detection and isolation of bovine
parainfluenza virus type 3 (PIV-3) in cattle in North Kordofan State, Sudan’,
International Journal of Agricultural Sciences and Veterinary Medicine 15(1),
70-78.

Noori, Y., Intisar, K., Nada, E., Ali, Y. & Nada, E.M., 2018, ‘Epidemiology of parainfluenza
virus type-3 infection in Cattle in North Kordofan, Sudan’, Sudan Journal of Science
and Technology 19(2), 51-62.

Nugroho, W., Silitonga, R.J.P., Reichel, M.P,, Irianingsih, S.H. & Wicaksono, M.S., 2022,
‘The epidemiology and control of bovine viral diarrhoea virus in tropical Indonesian
cattle’, Pathogens 11(2), 215. https://doi.org/10.3390/pathogens11020215

Okumu, T.A., John, N.M., Wabacha, J.K., Tsuma, V. & VanlLeeuwen, J., 2019,
‘Seroprevalence of antibodies for bovine viral diarrhoea virus, Brucella abortus
and Neospora caninum, and their roles in the incidence of abortion/foetal loss in
dairy cattle herds in Nakuru District, Kenya’, BMC Veterinary Research 15(1), 95.
https://doi.org/10.1186/s12917-019-1842-8

Oliveira, T.E.S., Pelaquim, I.F., Flores, E.F., Massi, R.P., Valdiviezo, M.J.J., Pretto-
Giordano, L.G. et al., 2020, ‘Mycoplasma bovis and viral agents associated with
the development of bovine respiratory disease in adult dairy cows’, Transboundary
and Emerging Diseases 67(Suppl. 2), 82—93. https://doi.org/10.1111/tbed.13223

Oliveira, T.E.S., Scuisato, G.S., Pelaquim, I.F., Cunha, C.W., Cunha, L.S., Flores, E.F. et al.,
2021, ‘The participation of a malignant catarrhal fever virus and mycoplasma
bovis in the development of single and mixed infections in beef and dairy cattle
with bovine respiratory disease’, Frontiers in Veterinary Science 8, 691448. https://
doi.org/10.3389/fvets.2021.691448

Olum, M.0., Mungube, E.O., Njanja, J., Kidali, J., Njenga, E., Maichomo, M. et al., 2020,
‘Seroprevalence of canine neosporosis and bovine viral diarrhoea in dairy cattle in
selected regions of Kenya’, Transboundary and Emerging Diseases 67(Suppl. 2),
154-158. https://doi.org/10.1111/tbed.13429

Padalino, B., Cirone, F., Zappaterra, M., Tullio, D., Ficco, G., Giustino, A. et al.,
2021, ‘Factors affecting the development of bovine respiratory disease: A
cross-sectional study in beef steers shipped from France to Italy’, Frontiers in
Veterinary Science 8, 627894. https://doi.org/10.3389/fvets.2021.627894

Pastrana, M.E.O., Carrascal-Triana, E., Ramos, M.D. & Ortega, D.O., 2022,
‘Seroprevalence and associated factors of viral agents of the bovine respiratory
disease complex in buffaloes of Colombia’, Ciéncia Rural 52(8), e20210215.
https://doi.org/10.1590/0103-8478cr20210215

Samal, S.K., Zamora, M., McPhillips, T.H. & Mohanty, S.B., 1991, ‘Molecular cloning
and sequence analysis of bovine respiratory syncytial virus mRNA encoding the
major nucleocapsid protein’, Virology 180(1), 453-456. https://doi.
0rg/10.1016/0042-6822(91)90057-

Schweizer, M., Stalder, H., Haslebacher, A., Grisiger, M., Schwermer, H. & Di Labio, E.,
2021, ‘Eradication of bovine viral diarrhoea (BVD) in cattle in Switzerland: Lessons
taught by the complex biology of the virus’, Frontiers in Veterinary Science 8,
702730. https://doi.org/10.3389/fvets.2021.702730

Sobhy, N.M., Mor, S.K., Bastawecy, I.M., Fakhry, H.M., Youssef, C.R. & Goyal, S.M.,
2017, ‘Surveillance, isolation and complete genome sequence of bovine
parainfluenza virus type 3 in Egyptian cattle’, International Journal of Veterinary
Science and Medicine 5(1), 8-13. https://doi.org/10.1016/j.ijvsm.2017.02.004

Socha, W.,, Larska, M., Rola, J. & Bednarek, D., 2022, ‘Occurrence of bovine coronavirus
and other major respiratory viruses in cattle in Poland’, Journal of Veterinary
Research 66(4), 479-486. https://doi.org/10.2478/jvetres-2022-0059

Su, N., Wang, Q., Liu, H.-Y,, Li, L-M., Tian, T, Yin, J.-Y. et al., 2023, ‘Prevalence of bovine
viral diarrhea virus in cattle between 2010 and 2021: A global systematic review
and meta-analysis’, Frontiers in Veterinary Science 9, 1086180. https://doi.
org/10.3389/fvets.2022.1086180

Tajima, M., 2021, ‘Prevalence of bovine viral diarrhea virus infection in Japan:
2000-2019’, Frontiers in Veterinary Science 8, 667933. https://doi.org/10.3389/
fvets.2021.667933

Urban-Chmiel, R., Wernicki, A., Puchalski, A., Dec, M., Stegierska, D., Grooms, D.L. et
al., 2015, ‘Detection of bovine respiratory syncytial virus infections in young dairy
and beef cattle in Poland’, Veterinary Quarterly 35, 33—-36. https://doi.org/10.108
0/01652176.2014.984366

Veljovi¢, L., Knezevi¢, A., Mili¢, N., Krnjaié, D., Mikovi¢, R., Zori¢, A. et al., 2016, ‘Isolation
and molecular detection of bovine parainfluenza virus type 3 in cattle in Serbia’,
Acta Veterinaria 66(4), 509-519. https://doi.org/10.1515/acve-2016-0044

Walz, P.H., Chamorro, M.F., Falkenberg, S.M., Passler, T., Van Der Meer, F. & Woolums,
A.R., 2020, ‘Bovine viral diarrhea virus: An updated American College of Veterinary
Internal Medicine consensus statement with focus on virus biology, hosts,
immunosuppression, and vaccination’, Journal of Veterinary Internal Medicine
34(5), 1690-1706. https://doi.org/10.1111/jvim.15816

Werid, G.M., Miller, D., Hemmatzadeh, F., Messele, Y.E. & Petrovski, K., 2024a, ‘An
overview of the detection of bovine respiratory disease complex pathogens using
immunohistochemistry: Emerging trends and opportunities’, Journal of Veterinary
Diagnostic Investigation 36(1), 12—23. https://doi.org/10.1177/10406387231210489



http://www.ojvr.org
https://doi.org/10.3390/ani12131596
https://doi.org/10.1371/journal.pone.0121718
https://doi.org/10.3390/ani11082280
https://doi.org/10.1177/10406387231182106
https://doi.org/10.1590/1678-5150-pvb-6622
https://doi.org/10.1016/j.cvfa.2020.02.004
https://doi.org/10.18805/IJAR.B-3769
https://doi.org/10.1016/j.meegid.2023.105483
https://doi.org/10.1002/vms3.312
https://doi.org/10.1002/vms3.312
https://doi.org/10.3389/fvets.2021.673577
https://doi.org/10.1016/j.vas.2021.100202
https://doi.org/10.5958/2277-940X.2016.00030.9
https://doi.org/10.5958/2277-940X.2016.00030.9
https://doi.org/10.1051/bioconf/20201700080
https://doi.org/10.1051/bioconf/20201700080
https://doi.org/10.1016/j.micpath.2020.104594
https://doi.org/10.1016/j.micpath.2020.104594
https://doi.org/10.14202/vetworld.2019.​1862-1865
https://doi.org/10.1007/s11250-015-0798-3
https://doi.org/10.1007/s11250-015-0798-3
https://doi.org/10.5455/javar.2015.b67
https://doi.org/10.5455/javar.2016.c160
https://doi.org/10.5455/javar.2016.c160
https://doi.org/10.1080/21505594.2021.1872178
https://doi.org/10.1186/1746-6148-10-15
https://doi.org/10.3390/v11060489
https://doi.org/10.14202/vetworld.2019.951-958
https://doi.org/10.14202/vetworld.2019.951-958
https://doi.org/10.1177/​10406387​19861686
https://doi.org/10.1016/j.vetimm.2023.110634
https://doi.org/10.3390/pathogens11020215
https://doi.org/10.1186/s12917-019-1842-8
https://doi.org/​10.1111/tbed.13223
https://doi.org/10.3389/fvets.2021.691448
https://doi.org/10.3389/fvets.2021.691448
https://doi.org/10.1111/tbed.13429
https://doi.org/10.3389/fvets.2021.627894
https://doi.org/10.1590/0103-8478cr20210215
https://doi.org/10.1016/0042-6822(91)90057-I
https://doi.org/10.1016/0042-6822(91)90057-I
https://doi.org/10.3389/fvets.2021.702730
https://doi.org/10.1016/j.ijvsm.2017.02.004
https://doi.org/10.2478/jvetres-2022-0059
https://doi.org/10.3389/fvets.2022.1086180
https://doi.org/10.3389/fvets.2022.1086180
https://doi.org/10.3389/fvets.2021.667933
https://doi.org/10.3389/fvets.2021.667933
https://doi.org/10.1080/01652176.2014.984366
https://doi.org/10.1080/01652176.2014.984366
https://doi.org/10.1515/acve-2016-0044
https://doi.org/10.1111/jvim.15816
https://doi.org/10.1177/​10406387​231210489

Werid, G.M., Van, T., Miller, D., Hemmatzadeh, F., Fulton, R., Kirkwood, R. et al.,
2024b, ‘Bovine parainfluenza-3 virus detection methods and prevalence in
Cattle: A systematic review and meta-analysis’, Animals 14(3), 494. https://doi.
org/10.3390/ani14030494

Yaday, H.S., Neha, V.K.S., Rana, D.S., Singh, C., Singh, V. & Kumar, P., 2024, ‘A study on
co-infection of bovine parainfluenza 3 virus (BPI3V) and bovine respiratory syncytial
virus (BRSV) in cattle’, International Journal of Advanced Biochemistry Research 8(1),
385. https://doi.org/10.33545/26174693.2024.v8.i1si.385

Yaman, T., Blyiikbayram, H., Ozyildiz, Z., Terzi, F.,, Uyar, A., Keles, O.F. et al., 2018,
‘Detection of bovine respiratory syncytial virus, and by immunohistochemical
method in naturally-infected cattle’, Journal of Veterinary Research 62(4),
439-445. https://doi.org/10.2478/jvetres-2018-0070

Yazici, Z., Ozan, E., Tamer, C., Muftuoglu, B., Barry, G., Kurucay, H.N. et al., 2020,
‘Circulation of indigenous bovine respiratory syncytial virus strains in Turkish
cattle: The first isolation and molecular characterization’, Animals 10(9), 1700.
https://doi.org/10.3390/ani10091700

Page 8 of 8 . Original Research

Yitagesu, E., Jackson, W., Kebede, N., Smith, W. & Fentie, T., 2021, ‘Prevalence of
bovine abortion, calf mortality, and bovine viral diarrhea virus (BVDV) persistently
infected calves among pastoral, peri-urban, and mixed-crop livestock farms in
central and Northwest Ethiopia’, BMC Veterinary Research 17(1), 87. https://doi.
0rg/10.1186/512917-021-02798-w

Yoshitani, G.D., Camilo, S.L.O., Fritzen, J.T.T., Oliveira, M.V., Lorenzetti, E., Lisb0a,
JLAN. et al., 2024, ‘Serological profile for major respiratory viruses in
unvaccinated cows from high-yielding dairy herds’, Animals 14(9), 1256. https://
doi.org/10.3390/ani14091256

Zaher, K.S., Syame, S.M., Elhewairy, H.M. & Marie, H.S., 2014, ‘Investigation of bovine
respiratory disease complex in Egypt with emphasis on some viral and bacterial
pathogens’, Life Science Journal 11(6), 56-62.

Zhou, Y., Shao, Z., Dai, G., Li, X., Xiang, Y., Jiang, S. et al., 2023, ‘Pathogenic
infection characteristics and risk factors for bovine respiratory disease
complex based on the detection of lung pathogens in dead cattle in Northeast
China’, Journal of Dairy Science 106(1), 589-606. https://doi.org/10.3168/
jds.2022-21929

http://www.ojvr.org . Open Access



http://www.ojvr.org
https://doi.org/10.3390/ani14030494
https://doi.org/10.3390/ani14030494
https://doi.org/10.33545/26174693.2024.v8.i1si.385
https://doi.org/10.2478/jvetres-2018-0070
https://doi.org/10.3390/ani10091700
https://doi.org/10.1186/s12917-021-02798-w
https://doi.org/10.1186/s12917-021-02798-w
https://doi.org/10.3390/ani14091256
https://doi.org/10.3390/ani14091256
https://doi.org/10.3168/jds.2022-21929
https://doi.org/10.3168/jds.2022-21929

	Coinfection of some respiratory viruses in cattle: An abattoir study
	Introduction 
	Research methods and design
	Sample collection
	Serological investigation
	Bovine viral diarrhoea virus antigen detection

	Fluorescent antibody technique for detection of bovine viral diarrhoea virus antigen
	Parainfluenza virus 3 antigen detection
	Fluorescent antibody test for detection of parainfluenza virus 3 antigen
	Respiratory syncytial virus antigen detection
	Fluorescent antibody test for respiratory syncytial virus antigen detection
	Molecular investigation
	Polymerase chain reaction
	Ribonucleic acid extraction
	Reverse transcription-polymerase chain reaction for identification of bovine viral diarrhoea virus
	Reverse transcription-polymerase chain reaction for detection of parainfluenza virus 3
	Reverse transcription-polymerase chain reaction for detection of respiratory syncytial virus

	Gel electrophoresis
	Statistical analysis
	Ethical considerations

	Results
	Serological findings
	Detection of bovine viral diarrhoea virus antigen

	Fluorescent antibody technique
	Parainfluenza virus 3 antigen detection
	Fluorescent antibody test for detection of parainfluenza virus 3 antigen
	Respiratory syncytial virus antigen detection
	Fluorescent antibody test for respiratory syncytial virus antigen detection
	Coinfection of parainfluenza virus 3, respiratory syncytial virus, bovine viral diarrhoea virus viruses
	Molecular findings
	Bovine viral diarrhoea virus nucleic acid detection

	Parainfluenza virus 3 nucleic acid detection using reverse transcription-polymerase chain reaction
	Respiratory syncytial virus nucleic acid detection
	Chi-square test

	Discussion
	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Map of Sudan showing states where samples were collected.
	FIGURE 2:  Percentage of the overall percentage of seropositivity according to virus (a) and mixed infection (b) of bovine viral diarrhoea, parainfluenza virus 3 and respiratory syncytial virus.
	FIGURE 3: Ethidium bromide-stained agarose gel. Reverse transcription-polymerase chain reaction was carried out on ribonucleic acid purified from lung tissues using specific primers for bovine viral diarrhoea (a), parainfluenza virus 3 (b) and respiratory syncytial virus (c). Lane M, 100 base pairs molecular weight marker, lane 1-6, ELISA-positive samples.

	Tables
	TABLE 1: Frequency of virus infection according to location.
	TABLE 2: Frequency of coinfection according to location.
	TABLE 3: Correlation of bovine viral diarrhoea, location, parainfluenza virus 3 and respiratory syncytial virus, showing the Pearson chi-square value and p-value.



