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Bovine respiratory disease (BRD) is responsible for economic losses in cattle production.
Viruses are categorized as primary etiological agents. The aims of this study were to evaluate
the presence of antibodies against bovine viral diarrhea virus (BVDV), bovine herpes virus
type 1 (BoHV-1), and bovine respiratory syncytial virus (BRSV) in healthy and BRD calves
from family farming in relation to clinical signs of BRD. Hundred and forty-five calves
were randomly selected and physical examination was performed. Only 123 animals were
classified as healthy and BRD calves. Antibodies were evaluated by virus neutralization
test. Person’s Chi-square test and Fisher’s exact test were performed as univariate analysis.
Binary Logistic Regression was applied as multivariate analysis. Variables with P<0.10 were
considered statistically significant. Variables with 0.15<P<0.10 were considered as statistical
tendencies. Antibodies against BoHV-1, BVDV, and BRSV were detected in 32%, 23% and
37% animals. Antibodies against both three viruses were detected in 26.8% of calves.
The presence of antibodies against BRSV were associated to normal heart rates (P=0.018)
and unilateral airflow (P=0.035). Tendency was observed to unilateral airflow (P=0.06)
Statistical tendencies were observed to Ab-BoHV-1 and body temperature (P=0.119) and
breathing pattern (P=0.123). The profile of antibodies against respiratory viruses in calves
from Brazilian family farming was firstly described. The results confirmed the importance
of some clinical signs to viral infection.

INDEX TERMS: Serology, antibodies, respiratory viruses, calves, cattle, bovine respiratory disease,
BVDV, BRSV, BoHV-1, viroses.
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RESUMO.- [Investigacdo soroldgica de anticorpos contra
virus respiratorios em bezerros de propriedades familiares
brasileiras e sua relagao com os sinais clinicos da doenga
respiratoria dos bovinos.] A doenca respiratoria dos bovinos
(DRB) é responsavel por importantes perdas economicas
para a produgao bovina, com maior impacto na agricultura
familiar. Os virus sdo comumente caracterizados como
agentes etioldgicos primarios devido a mudangas na mucosa
respiratdria, na producao de citocinas e no funcionamento do
sistema imune. Os objetivos deste estudo transversal foram
avaliar a presenca de anticorpos contra o virus da diarreia
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viral bovina (VDVB), herpes virus bovino tipo 1 (HVbo-1)
e virus respiratoério sincicial bovino (VRSB) em bezerros
sadios e com DRB de assentamentos em associa¢do com a
presenca sinais clinicos de DRB. Cento e quarenta e cinco
animais foram randomicamente selecionados e exame fisico
foi realizado. Somente 123 animais foram classificados em
sadios e com DRB. Anticorpos foram identificados pelo teste
de virusneutralizacao. Teste de qui-quadrado e teste exato de
Fisher foram utilizados como analise univariada. A analise
multivariada foi realizada pela regressao binaria logistica
com o método Backward conditional. Varidveis com P<0,10
foram considerados significantes. Variaveis com 0,15<P<0,10
foram consideradas tendéncias. Anticorpos contra HVbo-1,
VDVB e VRSB foram detectados em 32%, 23% e 37% dos
animais. A preseng¢a concomitante de anticorpos contra os
trés virus foi detectada em 26,8% dos bezerros. A presenga
de anticorpos contra VRSB foi associada a frequéncia cardiaca
normal (P=0,018) e fluxo de ar nasal unilateral (P=0,035).
Tendéncia estatistica observada para anticorpos contra
VDVB temperatura corporal (P=0,119) e padrio respiratério
(P=0,123). Ao nosso conhecimento, este é o primeiro estudo
que objetivou a avaliagdo da presenca de anticorpos contra
VDVB, VRSB e HVbo-1 em bezerros de assentamentos do
estado de Sao Paulo, Brasil e sua relacdo com as manifestacdes
clinicas da DRB.

TERMOS DE INDEXACAO: Sorologia, anticorpos, virus respiratério,
bezerros, bovinos, doenga respiratéria bovina, complexo respiratério
bovina, VDVB, VRSB, HVbo-1, viroses.

INTRODUCTION

Bovine respiratory disease (BRD) is responsible for great
economiclosses in cattle production (USDA 2013), with major
impact on family farming due to poor sanitary control. Viruses
are commonly categorized as primary etiological agents of
BRD, by changing respiratory mucosa, producing of cytokines
and functioning of immune system cells (Bosch et al. 2013).
Bovine viral diarrhea virus (BVDV), bovine herpes virus
type 1 (BoHV-1), bovine respiratory syncytial virus (BRSV)
are important species to the pathogenesis of BRD.

Bovine viral diarrhea virus (BVDV) belongs to family
Flaviviridae and to Genus Pestivirus (ICTV 2014). BVDV is
responsible for diarrhea, reproductive disorders, mucosal
disease and pneumonia. Seroprevalence studies are frequently
conducted on adults due to its importance as causative agent
of reproductive disorders (Samara et al. 2004, Quincozes et al.
2007, Brito etal. 2010, Piovesan et al. 2013, Pasqualotto et al.
2015), while researches with calves showing respiratory
diseases are uncommon.

Bovine Herpes Virus type 1 (BoHV-1), as well as BVDV,
it is an important etiological agent of bovine reproductive
disorders (infectious pustular vulvovaginitis and infectious
balanoposthitis), in addition to respiratory diseases (infectious
bovine rhinotracheitis - IBR). BoHV-1 belongs to Genus
Varicellovirus, Family Herpesviridae, subfamily Alphaherpesvirinae,
and Order Herpesvirales (ICTV 2014). BoHV-1 has the ability to
lead latent infections. During stress periods (e.g. transportation,
lactation and calving), the reactivation of the infection is
observed, and the transmission of the virus (Ackermann &
Wyler 1984) occurs. Young calves are more susceptible to
respiratory disease infection by BoHV-1, showing unspecific

clinical symptoms such as fever, inappetence and depression,
besides mucopurulent nasal discharge (Oliveira 2011).
As well as BVDV, seroprevalence studies about BRD calves is
uncommon, while same studies about adults are usual due to
its importance for reproductive disorders. The prevalence of
BoHV-1 in Brazilian herds ranges between 41,9% and 92,95%
(Médici et al. 2000, Poletto et al. 2004).

Bovine Respiratory Syncytial Virus (BRSV) belongs to
Order Mononegavirales, Family Paramyxoviridae and Genus
Pneumovirus (ICTV 2014). Clinical signs of BRSV infection
are milder in adults compared to calves. The infection is
characterized by clinical signs frequently associated to other
respiratory agents such as depression, fever, cough, anorexia,
and tachypnea (Gershwin 2007). Although few studies reported
BRSV infection in cattle (Driemeier et al. 1997), only one
describes the occurrence of antibodies against BRSV in Brazil.
In Sao Paulo State, Affonso etal. (2011) observed prevalence
between 46% and 84%, which suggests its importance to the
respiratory diseases in this state.

According to Sdo Paulo Land Institute Foundation (ITESP),
milk production on family farming farms in Sdo Paulo State,
from 2010 to 2011 was 71.635.36 liters. Family farming
influences the local economy (Mazzini et al. 2011) since
producers supply their milk to local dairies and indirectly
produces new jobs every day.

Bovine respiratory disease affects all ages, especially young
calves. Besides having few Brazilian studies that evaluated the
prevalence of antibodies against the most important viruses
related to the respiratory diseases, researches that estimated
their prevalence in calves of family farming are not available.
Thus, the aim of this cross-sectional study was to determine
the antibodies against bovine viral diarrhea virus, bovine
herpes virus type 1, and bovine respiratory syncytial virus
in healthy and BRD calves from family farming farms located
in Caiud, Presidente Epitacio and Mirante de Paranapanema,
Sao Paulo State, Brazil in relation to clinical signs of BRD.

MATERIALS AND METHODS

The present study was conducted at the Laboratory of Bovide Viruses,
Biologic Institute and at the Department of Internal Medicine, School
of Veterinary Medicine and Animal Science, University of Sdo Paulo,
Brazil, from August 2014 until March 2016. All procedures were
carried out in agreement with the guidelines Committee of Ethics
on Animal Use (Protocol number: 7973040214).

Area definition. The State of Sdo Paulo is located in the southeast
region of Brazil (21°49’S 49°12’W). It has 645 cities and a total area
of 248,222,362 Km?. The cattle population is 10.126.223 animals,
from which 1,287,509 are dairy cattle (IBGE 2014). Pontal do
Paranapanema is located in the extreme west region of the Sdo Paulo
State. It has 32 municipalities with family farming distributed along
the region. The present study was carried out in Caiua (21°49°'55”S
51°59’52”0), Presidente Epitacio (21°45’'53”S 52°06°19”0) and
Mirante de Paranapanema(22°17°31”S 51°54°21”0), important
cities located in Pontal do Paranapanema.

Animals and case definition. Hundred and forty-five
male and female mongrel dairy calves with 1 to 12-months-old
from 42 semi-extensive farms were enrolled in this study. Calves
and farms were randomly selected. Each farm has different number
of calves, but same management. Calves received colostrum
immediately after birth and remain with mothers during their life.
After weaning (60 days), animals received pasture and mineral salt
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base diet. Mostly herds received vaccination against clostidiosis,
foot-and-mouth disease and brucelosis. No vaccination against
respiratory viruses was performed. Calves were randomly selected
in each farm and they were classified as healthy and BRD calves after
physical examination. BRD was defined when calves showed two or
more of the following clinical signs (Benesi et al. 2013, Lima et al.
2016, Gaetaetal. 2017): mucopurulent or purulent nasal discharge,
cough, crackle/snoring/whistle, respiratory rate >40 breaths/min and
rectal temperature >39.5°C. An experienced veterinarian member of
our research team performed the physical examination in all calves.

Total blood collection. Eight mililiters of total blood was obtained
by jugular vein punction using a dry BD vacutainer® tube. All tubes
were centrifuged at 600xg for 15 minutes and the serum obtained
was stored in tubes at -20°C until processing.

Virus neutralization for BVDV, BoHV-1 and BRSV. Serum
diagnosis to BVDV and BoHV-1 was performed by virus neutralization
(VN) according to OIE (2004). Antibodies against BRSV were also
detected by virus neutralization, but according to Affonso (2012).
Serological response was evaluated in relation to BVDV-Ia NADL
strain, BoHV-1 Los Angeles strain and ATCC VR-1485 incubated in
Madin-Darby Bovine Kidney cells (MDBK) in 96 well plates. All plates
were analyzed after incubation at 37°C/5% CO,. Antibody titers
were expressed as the inverse of the dilution that the absence of
cytopathic effect was observed. Samples with titers equal or higher
than three were considered reactive. VN tests were validated through
the control of negative and positive sera anti-BVDV antibodies,
control of cells, and retrotitration (log, ), according to Reed-Muench
method (1938). All tests were performed at the Laboratory of Bovine
Viruses, Biologic Institute, Sdo Paulo, Brazil. Laboratory personnel
were blinded to calves classification.

Statistical analysis. Descriptive results were determined by
relative and absolute frequencies. Pearson’s chi-square test and
Fisher’s exact test were applied to evaluate the association between
the presence of antibodies against BVDV, BoHV-1 and BRSV and health
status (healthy and BRD calves), besides the clinical signs of BRD.
Binary logistic regression with Backward conditional method was also
performed. Variables related to clinical signs were grouped to obtain

more significant analysis (altered nasal discharge: mucopurulent
or purulent; altered percussion: coarse and thin crackle, whistle,
and snoring; altered percussion: submassive or massive sounds).
Odds Ratio was also determined. Analyzes were performed using
SAS (SAS Institute Inc., NC). Variables with P<0.10 were considered
statistically different. Variables with 0.15<P<0.1 were considered
as statistical tendencies.

RESULTS

Serum diagnosis to BVDV, BRSV and BoHV-1 was performed
in 145 samples, revealing 23% (34/145), 37% (54/145) and
32% (46/145) of reactive calves, respectively. The lack of some
clinical information allowed the classification of 123 calves
as healthy and BRD calves. No differences between healthy
and BRD calves were detected to BoHV-1 (P=0.281), BVDV
(P=0.982), and BRSV (P=0.485). Calves showing antibodies
against BRSV were numerically increased in BRD calves
(Table 1).

The concomitant presence of antibodies against two or
three viruses was observed in 22.8% calves, out of which
BoHV-1+BRSV was numerically higher compared to the others
(Table 2). The concomitant detection of antibodies against
BVDV+BRSV was increased in BRD calves compared to healthy
calves (P=0.011). Antibodies against all three viruses were
detected in healthy calves only.

The frequency of calves showing antibodies titers against
BRSV and BoHV-1 were numerically increased between 2 and 16.
The highest titers (2048-8192) were noted in calves showing
antibodies against BVDV, only (Table 3).

Table 4 shows the results from odds ratio and Chi-square
test /Fisher’s exact test. The variables of heart rates (P=0.024),
and unilateral airflow (P=0.068) were selected for multivariate
analysis. Statistical tendencies were observed to Ab-BoHV-1
and body temperature (P=0.119) and breathing pattern
(P=0.123). In multivariate analysis, statistical significance was
still observed for heart rate (P=0.18) and airflow (P=0.035).

Table 1. Antibodies against BVDV, BRSV and BoHV-1 according to health status of calves of family farming farms from Caiua,
Presidente Epitacio and Mirante de Paranapanema, Sio Paulo state, Brazil, 2016

Healthy BRD

Total

Antibodies %(N) %(N) %(N) OR (C190%) P-value
BoHV-1 34.4 (31/90)° 24.2 (08/33)° 31.7 (39/123) 1.642 (0.767-3.515) 0.281
BVDV 24.4 (22/90) 24.2 (08/33)° 24.4 (30/123) 1.011 (0.463-2.207) 0.982
BRSV 35.6 (32/90)° 42.4 (14/33) 37.4 (46/123) 0.485 (0.378-1.483) 0.485

b Different letters indicate statistical difference (P<0.10).

Table 2. Simultaneous frequency of antibodies against BVDV, BRSV and BoHV-1 according to healthy status of calves reared in
settlements of Caiua, Presidente Epitacio and Mirante de Paranapanema, Sio Paulo state, Brazil, 2016

Antibodies I-f]za(llt\I};y O/EFEE) (;O(t;l) CI (90%) P-value
BoHV-1+BRSV 14.40 (13/90)° 6.10 (02/33)* 12.20 (15/123) 0.729 (0.188-2.833) 0.350
BVDV+BRSV 3.30 (03/90)° 18.20(06/33)° 7.30 (09/123) 5.833 (1.7111-9.886) 0.011
BVDV+BoHV-1 4.40 (04/90)° 3.00 (01/33)° 4.10 (05/123) 0.729 (0.111-4.777) 1.000
BVDV+BoHV-1+BRSV 5.60 (05/90)° 0.00 (00/33)? 4.10 (04/123) 0.573

Total 22.20(20/90) 27.30 (09/33)
ab Different letters indicate statistical difference (P< 0.10).
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Table 3. Antibody titers frequency according healthy status of calves from settlements in Caiud, Presidente Epitacio and

Mirante de Paranapanema, Sao Paulo state, Brazil, 2016

Antibody titer Hoza(ll';})ly 02 }é\?) (")l/;o(t;;;
BoHV-1
Negative 65(59/90) 76 (25/33) 68 (84/123)
2-16 20 (18/90) 18 (06/33) 19 (24/123)
32-128 10 (09/90) 06 (02/33) 09 (11/123)
256-1024 04 (04/90) - 03 (04/123)
2048- 8192 - - -
BVDV
Negative 75 (68/90) 76 (25/33) 76 (93/123)
2-16 03 (03/90) 03 (01/33) 03 (04/123)
32-128 13 (12/90) 09 (03/33) 12 (15/123)
256-1024 05 (05/90) 09 (03/33) 06 (08/123)
2048- 8192 02 (02/90) 03 (01/33) 02 (03/123)
BRSV
Negative 64 (58/90) 54 (18/33) 62 (76/123)
2-16 32(29/90) 42 (14/33) 35 (43/123)
32-128 03 (03/90) 03 (01/33) 03 (04/123)
256-1024 - - -
2048- 8192 - - -

Table 4. Antibodies against respiratory viruses in relation to clinical signs detected after physical
examination of healthy and BRD calves

BoHV-1 BVDV BRSV
Clinical signs Negative Positive P-value Negati Positi P-value Negati Positi P-value
OR (CI) gative ositive OR (CI) egative ositive OR (CI)
%(N) %(N) %(N) %(N) %(N) %(N)
Respiratory rate
<40 bpm 37(30/81)  43.6(17/39) 0.491 85.4(36/91) 80(20/25) 0.513 84.5(60/71)  84(37/44) 0.952
> 40 bpm 63(51/81)  56.4(22/39) 1.314 14.6(13/89) 20(05/25) 0.684 15.5(11/71)  16(07/44) 0.969
(0.684-2.522) (0.262 1.786) (0.407 2.305)
Heart rate
< 84 bpm 83.3(55/66) 93.1(27/29) 0.332 39.6(36/91) 37.9(11/29) 0.876 47.4(36/76) 26.7(12/45) 0.024 *
> 84 bpm 16.7(11/66) 06.9 (02/29) 2.700 60.4(55/91) 62.1(18/29) 0.934 52.6(40/76) 73.3(33/45) 0.404
(0.720-10.129) (0.454-.921) (0.207-0.790)
Temperature
<39.5°C 80.5(62/77) 91.9 (34/37) 0.119 ** 85.7(24/88) 85.7(24/28) 0.778 85(63/74)  79(34/43) 0.401
>39.5°C 19.5(15/77) 8.1 (03/37) 2.742 4.3(04/88) 14.3(04/28) 1.333 15(11/74) 21(09/43 0.660
(0.915-8.220) (0.492-3.617) (0.291-1.495)
Nasal discharge
Serous 80(60/75)  87.5 (28/32 0.420 90(80/89)  83.3(25/30) 0.335 90.5(67/74) 84.8(39/46) 0.339
Altered 20 (15/75) 12.5 (04/32) 1.750 10(09/89) 16.7(05/30) 0.563 9.5(07/74)  15.2(07/46) 0.582
(0.644-4.753) (0.209-1.517) (0.227-1.489)
Percussion
Clear 91(71/78)  93.9(31/33) 0.723 79.4(54/68) 83.8(20/24) 0.773 83.3(50/60) 75.8(25/33) 0.376
Altered 09 (07/78)  06.1(02/33) 1.528 20.6(14/68) 16.7(04/24) 1.296 16.7(10/60) 24.2(08/33) 0.625
(0.390-5.987) (0.464-3.621) (0.260-1.504)
Pulmonary
auscultation
Normal 78.7(48/61) 83.9(26/31) 0.554 29(26/90)  23.3(07/30) 0.555 27(20/74)  28.8(14/33) 0.742
Altered 21.3(13/61) 16.1(05/31) 0.555 71(64/90)  76.7(23/30) 0.749 54(54/74)  70.2(33/47) 1.145
(0.543-3.655) (0.334-1.678) (0.581-2.258)
Airflow
Bilateral 88.9(72/81) 86.8(33/38) 0.747 61.6(53/86) 63(17/27) 0.901 55(39/71)  72(31/43) 0.068 *
Unilateral 11.1(09/81) 13.2(05/38) 0.747 38.4(33/86) 37(10/27) 1.058 45(32/71)  28(12/43) 2.12
(0.309-2.199) (0.500-2.241) (1.071-4.197)
Breathing pattern
Costoabdominal  51.4(18/78) 66.7 (52/78) 0.123 ** 91.7(77/84) 92.6(25/27) 1.000 91.7(66/72) 92.3(36/39) 1.000
Costal/Abdominal 48.6(17/78) 33.3 (26/78) 0.529 8.3(07/84) 7.4(02/27) 1.136 8.3(06/72)  7.7(03/39) 2.12

* Significant variables, ** Statistical tendency.

(0.268-1.047)

(0.288-4.481)

(1.071-4.197)
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DISCUSSION

Viral infection are important determinant factor to respiratory
infection due to significant changes in the respiratory
environment (Bosch etal. 2013) and it is frequently reported
as a predisposing factor to bacterial infections (Hartel et al.
2004, Autio et al. 2007).

In the present study, the prevalence of antibodies against
BoHV-1 (Ab-BoHV-1) was 31.7%. Results reported in the state
of Rio Grande do Sul, Brazil, by Poletto et al. (2004), were
similar to the present research (32.4%). Lower frequencies
were detected in the same state by Becker et al. (2015), in
which study frequencies ranged from 26.4%in 2013 to 21.7%
in 2014. Many studies have detected high frequencies of
Ab-BoHV-1 in Brazil. In the Northeast region, Silva et al. (2015)
and Sousa etal. (2013) detected prevalence of 79.5% and 67.5%
in the states of Pernambuco and Maranhao, respectively. In the
Center-south region, Oliveira et al. (2016) and Santos et al.
(2014) reported prevalence of 61.4% and 66.75% in the
states of Sdo Paulo and Espirito Santo. The high frequency
of animals with Ab-BoHV-1 in several Brazilian states could
be related to the virus’ ability to remain latent in the nerve
ganglia, allowing its recurrent shedding and the maintenance
of the infection inside the herd (Médici et al. 2000). As well
as observed in Brazil, the occurrence of Ab-BoHV-1 outside
the country is variable (Boelaert et al. 2000, Raaperi et al.
2010, 2014, Szeredi et al. 2010).

The prevalence of antibodies against BVDV (Ab-BVDV)
observed in the present research was 24.4%. Recent national
studies showed higher occurrence compared to our results.
In the States of Sdo Paulo and Minas Gerais, Alexandrino et al.
(2011) detected 69.70% of reagents. Chaves et al. (2010)
reported 61.5% of animals showing Ab-BVDV in Maranhao.
Piovesan et al. (2013) and Quincozes et al. (2007) detected
85.4% and 66.32% of reagents, respectively, in the State of
Rio Grande do Sul. In Brazilian’s central region, Brito et al.
(2010) observed prevalence of 64% in the State of Goias.
In the Northeast, Fernandes et al. (2016) reported lower
prevalence. Finally, Oliveira et al. (2016) reported 55.35%
of positive samples in Sdo Paulo State, especially in healthy
calves. On the other hand, higher frequencies in BRD calves
were detected in the present study (33%).

In our research, the occurrence of antibodies against
BRSV (Ab-BRSV) was 37.4%. Affonso et al., (2011) reported
prevalence ranged from 45.61% to 84.42% in Sao Paulo State.
In different locations in the same state, Oliveira et al. (2016)
detected 93.10%. In the South, Campalans & Arns (1997) ,
reported prevalence of 75%. In order to evaluate the role
of BRSV in cases of pneumonia in calves from the state of
Minas Gerais, Flores et al. (2000) observed Ab-BRSVin 8/41
pulmonary tissue by indirect immunofluorescence.

Discrepancies between serological results observed in
the present research and those reported elsewhere occurs
due to differences between studied locations, production
type, management, ages and diagnostic methods performed
(Silva et al. 2015).

Many studies report the clinical signs of bovine respiratory
disease by viral infection. Elvander (1996) described an
outbreak of pneumonia in cattle by BRSV in Sweden. Animals
showed fever, respiratory distress, coughing, a serous
nasopharyngeal discharge, tearing and salivation. Similarly, a
spontaneous BRSV infection in Brazilian cattle was described
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by Peixoto et al. (2000) who referred fever, dry cough and
serous ocular discharge, besides loud and severe breathing
sounds detected by pulmonary auscultation. In the present
study, the presence of Ab-BRSV was associated to serous nasal
discharge, confirming the importance of this clinical sign on BRSV
infections. BVDV is considered a relevant predisposing factor
to respiratory disease particularly by bacterial infection due
to its ability to develop immunossuppression (Ridpath 2010).
Many clinical signs of BRD showed by calves infected by BVDV
are mostly due to secondary bacterial infection (Fulton et al.
2002). In the present research, calves showing abnormal
sound on percussion were numerically increased in Ab-BVDV
calves. On the other hand, a tendency to Ab-BVDV and normal
pulmonary sounds on auscultation were detected. Finally, an
experimental infection by BoHV-1 leads to red appearance of
nasal mucosa, coughing and serous to mucopurulent nasal
discharge (Muylkens et al. 2007). Results from the present
study revealed a tendency to Ab-BoHV-1 and normal heart
rates and unilateral nasal airflow. Abnormal nasal discharge
signs were numerically more detected in calves with Ab-BoHV1.
Besides, serous nasal discharge was also numerically more
detected in Ab-BoHV-1 calves, confirming the possibility of
observing both characteristics in infected calves.

CONCLUSIONS

To the best of our knowledge, this is the first study that
aimed to evaluate the profile of antibodies against BVDV,
BRSV and BoHV-1 in calves from Brazilian family farming.

The results contribute to better understand the epidemiology
of these three viruses in Pontal do Paranapanema.

The results also confirmed the importance of some clinical
signs to a specific infection, especially for BRSV.

The epidemiological and clinical studies should be expanded
to better understand the role of the important microorganisms
in the respiratory diseases of calves.
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