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Indirect detection of respiratory viruses responsible for respiratory disease in sheep
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Abstract

Respiratory disease in sheep is an important disease in sheep flocks, in which viruses are categorized as
primary etiological agents. It is responsible for elevated economic losses in sheep production and new data
about its occurrence and the etiological agents are necessary to understand its situation in Brazilian flocks.
This research aimed to detect antibodies against Bovine Viral Diarrhea Virus, Bovine Herpesvirus type 1,
Bovine Respiratory Syncytial Virus (BRSV) and Bovine Parainfluenza type 3 (bPI-3) virus in healthy and
pneumonic sheep in relation to clinical signs of respiratory disease. Ninety-nine male and female sheep from
the states of S&o Paulo (SP) and Rio de Janeiro (RJ) were enrolled in this study. They were classified as healthy
and pneumonic using physical examination. Serum samples were obtained, and they were used to determine
the presence of antibodies against respiratory viruses using serum neutralization test. The association between
the microorganisms, clinical status, and clinical signs of respiratory disease in sheep was evaluated. Antibodies
against Bovine Parainfluenza type 3 virus were mainly detected (52.5%), followed by Bovine Respiratory
Syncytial Virus (48.5%). Data analysis did not reveal any association between the presence of antibodies and
clinical signs of respiratory disease in sheep. Respiratory disease is an important issue in sheep production in
which different bacterial and viral etiologic agents may be involved in its development. BRSV and bPI-3 are
circulating in sheep flocks from S&o Paulo and Rio de Janeiro.

Keywords: bovine herpesvirus type-1; parainfluenza type -3; bovine respiratory syncytial virus; bovine viral
diarrhea virus; serology.

Resumo

A doenca respiratoria dos ovinos é uma doenca importante em rebanhos ovinos, na qual os virus séo
categorizados como agentes etiol6gicos primarios. E responsavel por perdas econdmicas elevadas na producio
de ovinos e novos dados sobre sua ocorréncia e 0s agentes etiol6gicos sdo necessarios para compreender sua
situacdo em rebanhos brasileiros. Esta pesquisa teve como objetivo detectar anticorpos contra o virus da
Diarreia Viral Bovina, Herpesvirus Bovino tipo 1, Virus Respiratorio Sincicial Bovino (BRSV) e
Parainfluenza Bovina tipo 3 (bPI-3) em ovelhas saudaveis e pneumonicas apresentando manifestacoes clinicas
de doenga respiratoria. Noventa e nove ovelhas machos e fémeas dos Estados de S&o Paulo (SP) e do Rio de
Janeiro (RJ) foram incluidas neste estudo. Eles foram classificados como saudéveis e pneumdnicos pelo exame
fisico. Amostras de soro foram obtidas e utilizadas para determinar a presencga de anticorpos contra os virus
respiratorios por meio do teste de soro neutralizagdo. A associac¢ao entre os achados soroldgicos, estado clinico
e manifestacOes clinicas da doenga respiratéria dos ovinos foi avaliada. Anticorpos contra o virus Parainfluenza
bovina tipo 3 foram os mais detectados (52,5%), seguido pelo Virus Respiratério Sincicial Bovino (48,5%). A
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andlise dos dados ndo revelou associagdo entre a presenca de anticorpos e manifestagdes clinicas de doenca
respiratéria em ovinos. A doenga respiratoria € uma questdo importante na produgdo de ovinos, na qual
diferentes agentes bacterianos e virais podem estar envolvidos em seu desenvolvimento. BRSV e bPI-3 estéo

presentes ovinos de S&o Paulo e no Rio de Janeiro.

Palavras-chave: herpesvirus bovino tipo 1; parainfluenza tipo 3; virus respiratorio sincicial bovino; virus da

diarreia viral bovina; sorologia.

Introduction

Ovine respiratory disease is responsible for
high economic losses in sheep production (Martin,
1996) and it is the main cause of death in sheep
farms (Lacasta et al., 2008). Intensive
management, age, gender, breed, failure of passive
immunity transfer, transportation, weaning,
dehorning, and climate are important predisposing
factors associated with the disease (Lacasta et al.,
2008; Mahdi et al., 2015; Navarro et al., 2019).

Viruses are primary agents of respiratory
disease in sheep. These microorganisms produce
cytokines, changing the respiratory environment
and immune cell function (Bosch et al., 2013).
Bovine Viral Diarrhea Virus, Bovine Herpesvirus
type 1, Bovine Respiratory Syncytial Virus and
Parainfluenza virus type 3 are commonly agents of
ovine respiratory disease (Sharp and Nettleton,
2007).

Bovine respiratory syncytial virus (BRSV)
belongs to the Family Paramyxoviridae (ICTV,
2014). Itis an important etiological agent of bovine
respiratory disease, and it is often related to
increased risk of secondary infection in sheep,
commonly caused by bacteria (Belknap, 2005).
Clinical signs of BRSV infection include anorexia,
conjunctivitis, cough, fever, serous nasal
discharge, increased respiratory and heart rates,
and crackles on pulmonary auscultation (Martin,
1996; Belknap, 2005; Caswell and Williams, 2007;
Gongalves, 2014).

Bovine Herpesvirus Type 1 (BoHV-1)
belongs to the Family Herpesviridae, Genus
Varicellovirus (ICTV, 2014). BoHV-1 is an
etiologic agent of the bovine respiratory disease,
but it is also important to the ovine disease
(Trueblood et al., 1978). Antibodies against
BoHV-1 have been detected in small ruminants in
several countries, suggesting that hosts other than
cattle may contribute to the spread of infection
(Maiga and Sarr, 1992; Suresh and Suribabu, 1993;
Tiwari et al., 2016).

Bovine Viral Diarrhea Virus (BVDV)
belongs to the Family Flaviviridae, Genus

Pestivirus (ICTV, 2014). Although cattle is the
main host, goat, swine, rabbit, and buffalo can be
infected and show clinical signs (Radostits et al.,
2002). Sheep may also be susceptible to natural and
experimental infections (Loken, 1995). Pregnant
ewe inoculated with BVDV showed several
clinical signs including fever, nasal discharge,
anorexia, apathy and diarrhea (Potgieter, 2004).
BVDV infection in Brazilian sheep was described
in the States of Rio Grande do Sul (Pescador et al.,
2004) and Pernambuco (Silva et al., 2016).

Bovine Parainfluenza type 3 virus (boPI-3)
belongs to the Family Paramyxoviridae and Genus
Paramyxovirus (ICTV, 2014). Parainfluenza virus
destroys epithelial cells, decreases mucociliary
clearance, and decreases the number of neutrophils
and macrophages (Bryson et al., 1983; Slauson et
al., 1987; Brown and Ananaba, 1988; Willoughby
et al., 1992). Infections are mainly subclinical or
moderate, but high mortality is observed during
sporadic outbreaks. Infected animals usually show
fever, cough, tachypnea, apathy, anorexia, and
excessive nasal discharge (Sharp and Nettleton,
2007). Bovine Parainfluenza type 3 virus is
distributed worldwide (Cabello and Rivera, 2006;
Jehan, 2009; Rusenova, 2009; Saeed et al., 2016),
including in Brazilian sheep flocks (Dal Pizzol et
al., 1986; Gongcalves et al., 2011; Contreras-Luna
etal., 2017).

Ovine respiratory diseases are poorly studied
in Brazil. New data on its occurrence and
etiological agents are necessary to understand the
current epidemiological situation in Brazilian
flocks. Thus, the aim of this cross-sectional study
was to detect antibodies against bovine viral
diarrhea virus, bovine herpesvirus type 1, and
bovine respiratory syncytial virus in healthy and
sheep showing clinical signs of respiratory disease.

Material and Methods

The present research was conducted at the
Laboratory of Bovine Viruses, Biological Institute,
and at the Department of Internal Medicine, School
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of Veterinary Medicine and Animal Science,
University of S&o Paulo, Brazil.

Animals and case definition

Ninety-nine male and female sheep, one
month to seven years old from 12 sheep flocks from
Séo Paulo (N=06) and Rio de Janeiro (N=06) were
enrolled in this cross-sectional study, according to
a non-probabilistic  convenience  sampling.
Animals were from intensive and semi-intensive
farms, some of which also had cattle and/or goats.
No vaccination for respiratory viruses was
performed in any herd. All sheep were in a pen
before the physical examination, allowing the
veterinarians to observe their behavior and perform
physical examination. Animals were separated in
two groups (healthy and pneumonic) after physical
examination performed by two veterinarians of our
research group with experience in small ruminant
internal medicine. Vital parameters (heart and
respiratory rates and rectal temperature),
consciousness level, color of mucosa, level of
hydration, and cough were assessed. Specific
examination of the respiratory tract was also
performed: presence of mucopurulent/purulent
nasal discharge, altered sounds on thoracic
percussion, and thoracic auscultation. Sheep were
considered pneumonic if showing at least two of
the following parameters: cough, rectal
temperature higher than 40°C, respiratory rate
higher than 30 respiratory movements per minute,
and altered sounds on thoracic auscultation (Benesi
et al., 2013; Gaeta et al., 2018a).

Sampling

Eight milliliters of blood were obtained from
both healthy and pneumonic sheep from the jugular
vein using a dry vacutainer tube (BD, New Jersey,
USA). Samples were centrifuged at 600 xg for 15
minutes and serum was stored at -20°C.

Serological tests

Serum neutralization test was performed to
detect antibodies against BVDV (ac-BVDV) (OIE,
2014a), BoHV-1 (ac-BoHV-1) (OIE, 2014b),
BRSV (ac-BRSV) (Affonso, 2010) and bPI-3 (ac-
bPI-3v) (USDA, 2005). Serological response to
these respiratory viruses was evaluated in relation
to BVDV-la NADL strain, BoHV-1 Los Angeles
strain, BRSV ATCC VR-1485 and PIl-3v ATCC
VR 281. Viruses and samples were incubated in
Madin-Darby Bovine Kidney cells (MDBK) in 96
well plates, which were analyzed after incubation

at 37°C / 5% CO2. Antibody titers were expressed
as the inverse of the dilution where the lack of
cytopathic effect was observed. Samples showing
titer equal or higher than three were considered
reactive. Laboratory personnel were blinded to
sheep health status during the tests.

Statistical analysis

The association between serology results
and health status, clinical signs and severity of
sheep respiratory disease was calculated using Chi-
square test or Fisher’s Exact test. Variables with a
P-value < 0.05 were considered significant. All
calculations were performed using Software
Statistical Package for Social Sciences 25.0 (SPSS,
IBM).

Results

Following physical examination, sheep were
classified as healthy (67.7%; 67/99) or pneumonic
(32.3%; 32/99) sheep. According to the region
evaluated, ill sheep were detected in Sdo Paulo
(28%; 09/32) and Rio de Janeiro (71.8%; 23/32).

Antibodies against BRSV (ac-BRSV) and
boPI-3 (ac-boPI-3) were detected in 48.5% (48/99)
and 52.5% (52/99), respectively. In relation to
clinical status, ac-BRSV were numerically higher
in pneumonic sheep (P = 0.39). On the other hand,
healthy sheep showed numerically more ac-bPI-3v
compared to pneumonic sheep (P = 0.28) (Table 1).
Co-infection were detected in both healthy (29.8%;
20/67) and ill sheep (28.1%; 09/32) (P = 0.860).
Ac-BVDV and ac-BoHV-1 were not detected.

Antibody titers ranged from 0.3-1.8 for
BRSV and from 0.3-2.7 for boPI-3v. According to
health status, BRSV titers ranging from 1.2-1.8
were more frequent in healthy sheep (P > 0.05),
whereas bPI-3v titers ranging from 1.8-2.7 were
more detected in pneumonic sheep (P > 0.05)
(Table 2).

Data analysis did not reveal any association
between the presence of antibodies and clinical
signs of respiratory disease in sheep (Table 3). In
addition, no differences were detected according to
the severity of the disease (Table 4).

Discussion

Respiratory diseases of ruminants are
multifactorial including several etiological agents
and predisposing factors. Once established in the
respiratory mucosa, viruses are responsible for
changing the respiratory environment (especially
the mucociliary system), production of cytokines,
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and decrease in immune cell activity (Bosch et al.,
2013). These issues enhance the risk of secondary
bacterial infections (Hartel et al., 2004; Autio et al.,

2007). Therefore, viral infections might be
considered as both determining and predisposing
factors to respiratory disease.

Table 1. Antibodies against BRSV and boPI-3 according to health status (healthy and pneumonic) of sheep from Séo
Paulo and Rio de Janeiro, Brazil, 2018.

Antibodies

Health Status

P-value CI (95%)

Healthy %(N) Pneumonic %(N)
BRSV
Preset 48 (G0lo7) ot 029 (067-270)
boPI-3v
s So7 G s gum 02802519

BRSV: Bovine Respiratory Syncytial Virus; boPI-3: Bovine Parainfluenza type-3

Table 2. Antibody titers of BRSV and BoPI-3 according to health status (healthy and pneumonic) of sheep from Sé&o
Paulo and Rio de Janeiro, Brazil, 2017.

Antibody Titer Healthy %(N) Pneumonic %(N) Total %(N) P-value CI (95%)
BRSV
0.3-0.9 90.0 (27/30) 94.4 (17/18) 91.7 (44/48) 1.00
1.2-1.8 10.0 (03/30) 05.6 (01/18) 08.3 (04/48) (0.051-5.513)
boPI-3v
0.3-15 71.1(27/38) 64.3 (09/14) 68.3 (36/52) 0.738
1.8-2.7 28.9 (11/38) 35.7 (05/14) 30.8 (16/52) (0.372-4.997)

BRSV: Bovine Respiratory Syncytial Virus; boPI-3: Bovine Parainfluenza type-3

Table 3. Antibodies against BRSV and boPI-3 according to clinical signs of respiratory disease in sheep during
physical examination, Brazil, 2018.

Antibodies
Clinical signs BRSV P-value boP1-3 P-value
Absent Present BNty Absent Present ~O50
%(N) %(N) (1C95%) %(N) %(N) (1C95%)
RR (rmpm)
<30 54.9(28/51) 41.7(20/48) 0.22 51.1(24/47) 46.2(24/52) 0.68
>30 45.1(23/51) 58.3(28/48) (0.76-3.77)  48.9(23/47) 53.8(28/52) (0.55-2.68)
Auscultation
Normal 62.7(32/51) 62.5(30/48) 1.00 66.0(31/47) 59.6(31/52) 0.54
Abnormal 37.3(19/51) 37.5(18/48) (0.44-2.82) 34.0(16/47) 40.4(21/52) (0.57-2.97)
Percussion
Normal 62.7(32/51) 60.4(29/48) 0.83 66.0(31/47) 57.7(30/52) 0.41
Abnormal 37.3(19/51) 39.6(19/48) (0.49-2.48)  34.0(16/47) 42.3(30/52) (0.62-3.21)
Cough
Absent 90.2(46/51) 89.6(43/48) 1.00 85.1(40/47) 94.2(49/52) 0.18
Present 09.8(05/51) 10.4(05/48) (0.28-3.95)  14.9(07/47) 05.8(03/52) (0.08-1.44)
Rectal T°
<40°C 96.1(49/51) 97.9(47/48) 0.52 93.6(44/47) 100(52/52) 0.10
>40°C 03.9(02/51) 02.1(01/48) (0.46-5.94)  06.4(03/47) 00(00/52) ()

BRSV: Bovine Respiratory Syncytial Virus; boPI-3: Bovine Parainfluenza type 3; RR: Respiratory Rate; rmpm: respiratory
movements per minute; Rectal T°: Rectal Temperature
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Table 4. Antibodies against BRSV and boP1-3 according to severity of the respiratory disease in sheep, Brazil, 2018.

Antibodies
P-value P-value
Severity BRSV (1C95%) boPI-3 (1C95%)
Absent Present Absent Present
%(N) %(N) 1.00 %(N) %(N) 0.71
Moderate 64.3 (09/14) 61.1(11/18) (0.27-4.86) 66.7(12/18) 57.1(08/14) (0.35-6.34)
Severe 35.7 (05/14) 38.9(07/18) 33.3(06/18) 42.9(06/14)

BRSV: Bovine Respiratory Syncytial Virus; boPI-3: Bovine Parainfluenza type 3; Moderate: two clinical signs of respiratory

disease; Severe: more than two clinical signs of respiratory disease.

Bovine Parainfluenza type 3 virus is the
main cause of viral respiratory disease in sheep,
and the main isolated virus from natural occurrence
of the disease (Martin, 1996; Sharp and Nettleton,
2007; Gafer et al., 2009; Rusenova, 2009). Our
results are similar to several Brazilian researches
that also described its increased occurrence in
sheep flocks (Dal Pizzol et al., 1989; Gongalves et
al., 2011). Bovine Respiratory Syncytial virus has
a tropism for respiratory tissue (Van der Poel et al.,
1994) and it is a well-known pathogen of bovine
respiratory disease (Valarcher and Taylor, 2007).
Bovine Respiratory Syncytial virus infection in
sheep was also described in Mexico (Contreras-
Luna et al.,, 2017), Peru (Cabello and Rivera,
2006), and Brazil (Gongalves et al., 2011). As
stated in the present research, Marcondes (2010)
also detected an increased frequency of ac-BRSV
in pneumonic sheep.

To the best of our knowledge, this is the first
research that attempted to evaluate the association
between viral infection and clinical signs of
respiratory disease in sheep. Antibodies against
BRSV has been associated with unilateral airflow
and serous nasal discharge, and tendencies were
observed between ac-BoHV-1 and rectal
temperature and breathing pattern in dairy cattle
(Gaeta et al., 2018). However, no association was
detected in the present study. Discrepancies in
researches may be due to different locations,
species, management, production type, and age
(Silva et al., 2016). Further studies are necessary to
obtain a presumptive diagnosis of the
microorganism based on clinical signs.

Antibodies against respiratory viruses in the
healthy group may be related to old infection and
immunological memory. Co-infection (particularly
virus and bacteria) may be the cause of antibodies
in the sick group. In addition, viral infection has a
fast course and predisposes to secondary infections
that worsen the pneumonia. Sheep respiratory
disease is a complex illness in which different
pathogens may be responsible for the disease
(alone or co-infection) (Navarro et al., 2019).

Determining its real cause is a challenge for the
veterinarians.  Clinical, microbiological, and
pathological diagnosis and epidemiological
information are mandatory during the investigation
of this disease.

Conclusion

Respiratory disease is an important issue in
sheep production in which different bacterial and
viral etiologic agents might be involved in its
development. Bovine Respiratory Syncytial virus
and Bovine Parainfluenza type 3 virus are present
in sheep flocks in the states of Sdo Paulo and Rio
de Janeiro.
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