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Doenca respiratdria bovina no Brasil: uma breve revisao
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Highlights

There are few descriptions of BRD in Brazil relative to North American and Australia.
Immunohistochemistry can be used for the in-situ diagnosis of pathogens of BRD.
OvHV-2 and HoBi-like pestivirus should be associated with the development of BRD.
A diagnosis of BRD requires efficient clinical history and good laboratory analyses.
There are pulmonary patterns for specific infectious agents of BRD.

Abstract

The bovine respiratory disease (BRD) complex is a multifactorial and multietiological disease entity
described in all geographic regions of Brazil. This brief review discusses aspects related to epidemiology,
etiologic agents, clinical and pathological manifestations, and challenges in the diagnosis of BRD in Brazil.
The main infectious disease agents associated with respiratory outbreaks in cattle from Brazil are bovine
alphaherpesvirus type 1, bovine viral diarrhea virus, bovine respiratory syncytial virus, and Mycoplasma
bovis. Ovine gammaherpesvirus-2 and HoBi-like pestivirus have been associated with the development of
pneumonia in adult cattle and calves, respectively in Brazil, and should be considered as possible causes
of BRD. Additionally, studies using epidemiological data, histopathological and molecular associations with
morbidity and mortality should be carried out in Brazil, to demonstrate the real impacts of BRD on livestock.
Key words: Epidemiology. Cattle disease. Diagnosis. Respiratory pathogens.

Resumo

O complexodadoencgarespiratdria bovina (DRB) é uma enfermidade multifatorial e multietiol6gica descritaem
todas as regides geogréficas do Brasil. Essa breve revisao discute os aspectos relacionados epidemiologia,
aos agentes etiolégicos, as manifestacdes clinicas e patoldgicas e os desafios no diagndstico da DRB no
Brasil. Os principais agentes associados a surtos respiratérios brasileiros sdo: alfaherpesvirus bovino tipo
1, virus da diarreia viral bovina, virus sincicial respiratério bovino e Mycoplasma bovis. Gammaherpesvirus-
ovino tipo-2 e HoBi-like pestivirus foram associados ao desenvolvimento de pneumonia em bovinos
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adultos e bezerros no pais, respectivamente, e devem ser considerados como possiveis agentes no
desenvolvimento da DRB. Adicionalmente, mais estudos utilizando dados epidemiolégicos, associagao
histopatolégica e molecular com morbidade e mortalidade devam ser realizados no Brasil, para demonstrar

os verdadeiros efeitos de DRB em bovinos confinados.

Palavras-chave: Epidemiologia. Diagndstico. Doenca bovina. Patégenos respiratérios.

Introduction

The bovine respiratory disease (BRD)
complex is a consequence of the interaction
of multiple factors related mainly to host
immunity, the pathogenicity of respiratory
microorganisms, and environmental
characteristics that alter the probability of
exposure to pathogens (Fulton, 2009). BRD
occurs in beef and dairy cattle, and it has
been suggested that cattle reared in feedlots
or semi-confined conditions can increase
the occurrence and mortality related to
this disease (Baptista, Rezende, Fonseca,
Nogueira, & Headley, 2017). Additionally, BRD
can be considered as a syndrome caused by
the interaction of several viral and bacterial
infections that result in clinical and pulmonary
alterations (Fulton, 2009; Gershwin, Van
Eenennaam, Anderson, McEligot, & Shao,
2015) with a high economic loss to the farmer
(Baptista et al., 2017).

The clinical signs manifested in
cattle with BRD may be non-specific, which
often impede the clinical diagnosis (Cooper
& Brodersen, 2010) some signs frequently
encountered include dyspnea, tachypnea,
cough, nasaland ocular discharge, depression,
anorexia, fever, and pulmonary rales (Fulton,
2009; Griffin, Chengappa, Kuszak, & McVey,
2010; Timsit, Hallewell, Booker, Tison, &
Amat, 2017). Since BRD is a syndrome
that has multiple signs and is associated
with several infectious disease agents; the
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specific pathogens involved in individual
cases or outbreaks are often undiagnosed.
Consequently, assessment of the animal
response andrisk factors associated with each
pathogen can result in a better understanding
of this disease (Grissett, White, & Larson, 2015).

This brief review discusses the data
of the respiratory disease complex in cattle
from Brazil, considering the epidemiological
data, the infectious agents, and the clinical and
pathological manifestations associated with
its development, based on studies published
in scientific journals. Additionally, this review
has a great significance in terms of its timing,
since currently no study was focused on the
collective evaluation of the manifestations and
agents related to BRD in Brazil.

Epidemiological data

BRD is a frequent disease that causes
mortality in calves (Brazil et al., 2013; USDA,
2017; Dubrovsky et al., 2019), and dairy cattle
(Francoz etal., 2015; Richter et al, 2017; Yarnall
& Thrusfield, 2017), and is the leading cause of
losses in feedlot cattle (Fulton et al., 2009; Hay
et al., 2016; Baptista et al., 2017), resulting in
substantial losses to livestock (Blakebrough-
Hall et al., 2020).

Comprehensive clinical-epidemiologi-
caldatacollectedtoassesstheprevalenceand
degree of losses induced by the BRD complex
are still scarce in Brazil (Oliveira, Pelaquim, et
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al., 2020), especially when compared to data
from North America (Loneragan, Dargatz,
Morley, & Smith, 2001; Gagea, Bateman, van
Dreumel, McEwen, & Carman, 2006; Hessman,
Fulton, Sjeklocha, Murphy, & Ridpath, 2009;
Taylor, Fulton, Lehenbauer, Step, & Confer,
2010) and Australia (Moore, O'Dea, Perkins, &

O'Hara, 2015; Hay et al., 2016; Schibrowski,
Gibson, Hay, Mahony, & Barnes, 2018).
Published data show that most studies done
in Brazil regarding BRD were conducted in
the southern and southeastern regions of the
country (Table 1).

Table 1

Microorganisms frequently associated with bovine respiratory disease in Brazil

Pathogenic

Geographical

. . References
respiratory agents  region
Bovine (Dias, Médici, Alexandrino, Medeiros, & Alfier, 2010; Headley,
alphaheroesvirus-1 Parana Alfieri, Oliveira, Beuttemmuller, & Alfieri, 2014; Hoppe, Souza-
P P ' Sao Paulo Pollo, Medeiros, Samara, & Carvalho, 2019; Oliveira, Pelaquim,

BoHV-1

et al.,, 2020)
Bovine coronavirus, Parana (Beuttemmuller, Alfieri, Headley, & Alfieri, 2017; Oliveira, Dall
BCoV Séo Paulo Agnol, etal., 2020)
Bovine Parana (Cole, 1971; Gongalves, Spilki, Chiminazzo, Oliveira, & Franco,

. : 2003; Vaucher, Dezen, Simonetti, Spilki, & Roehe, 2011;
parainfluenza Rio Grande do Sul L : PN
: ~ Oliveira, & Pelaquim, et al.,2020; Oliveira, Dall Agnol, et al.,

virus-3, BPIV-3 Sao Paulo

2020)
Bovine respirator Alagoas (Goncalves, Simanke, Jost, Hotzel, & Soglio, 1993; Driemeier,
svnevtial v:?’us Y Parana Gomes, Moojen, Arns, & Vogg, 1997; Flores, Weiblen, Medeiros,
BBI/RS\B// ! Rio Grande do Sul Botton, & Irigoyen, 2000; Oliveira, Pelaquim, et al., 2020;

Sao Paulo Oliveira, Dall Agnol, et al., 2020)
Bovine viral Rio Grande do Sul (Flores, Weiblen, Vogel, Roehe, & Alfieri, 2005; Hoppe et al.,
diarrhea virus, Parana 2019; Oliveira, Pelaquim, et al., 2020; Oliveira, Dall Agnol, et al.,
BVDV 2020)
Minas Gerais (Headley, QOliveira, Figueira, Bronkhorst, & Alfieri, 2013; Headley

Histophilus somni Parana et al., 2014; Headley, Balbo, Alfieri, Saut, & Baptista, 2017;

Oliveira, Dall Agnol, et al., 2020)

.. Minas Gerais (Coutinho, Oliveira, Silva, Oliveira, & Marcondes, 2009; Baptista
Mannheimia . ) ~ : .
haemolytica Parana et al., 2017; Magalhdes, Baptista, Fonseca, Menezes, Nogueira,

Sao Paulo 2017)
(Pretto, Muller, Freitas, Mettifogo, & Buzinhanr, 2001; Marques,
Bahia Buzinhani, Oliveira, Yamaguti, & Ferreira, 2007; Tortorelli, Carrillo
Myconlasma bovis Minas Gerais Gaeta, Mendonca Ribeiro, Miranda Marques, & Timenetsky;,
yeop Parana 2017; Gaeta, Ribeiro, Aleman, Yoshihara, & Nassar, 2018;
Sé&o Paulo Oliveira and Pelaquim, et al., 2020; Oliveira, & Dall Agnol, et al.,
2020)
Pasteurella MITES (CEES
. Parana (Coutinho et al., 2009; Baptista et al., 2017)
multocida ~
Sao Paulo
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In a 12-year retrospective study (Brasil
etal.,2013) done in Rio Grande do Sul with 306
cattle, respiratory infections were responsible
for 15% of 33 calves necropsied (Brasil et al.,
2013). Age ranged from 2 days to 12 months,
with calves up to 3 months old (51.5%; 17/33)
being the most affected (Brasil et al., 2013).
In Brazil, statistical data collected over a
period of two years from beef cattle feedlots
revealed morbidity caused by BRD as 6.13%
(11,577/188,862) and mortality as 0.21%
(397/188,862) (Baptista et al., 2017).

The impact of BRD can be estimated by
the sum of direct costs, whichinclude mortality,
morbidity, reduced animal performance
and carcass quality, and indirect labor and
infrastructure costs (Jim, 2009). The economic
loss caused by morbidity and mortality linked
to the BRD complex is extensive and is mainly
related to the costs of treating and preventing
the disease (Apley, 2006; Griffin et al., 2010;
Timsit et al., 2017).

In Brazil, the expenses due to mortality
and morbidity associated with BRD were
estimatedatUS$14,334.00andUS$16,315.40
for every 10,000 cattle, respectively (Baptista
et al., 2017). Additionally, it was estimated
that the economic effects due to morbidity
associated with BRD in Brazil were US$ 6.31
million/year, while mortality losses were US$
5.54 million, totaling an annual loss of US$
11.85 million (Baptista et al., 2017).

Data from a feedlot in the state of
Goias revealed that BRD was the biggest
health problem encountered, accounting for
46.7% of all herd diseases (Malafaia, Granato,
Costa, Souza, & Costa, 2016). Additionally,
these authors indicated that treatment costs
were high on average, from 7% to 15% of live
weight to be gained during the finishing period
of the traditional system.
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Australian  researchers evaluated
the economic effects of BRD and observed
morbidity rates of 18% and mortality of
2.1%, with an average net loss of Australian
dollar (AUD $) 1,647.53 (US$ 1,1738) per
mortality (Blakebrough-Hall et al., 2020).
This study demonstrated that cattle that
were treated three times or more for BRD
had lighter carcasses averaging 39.6 kg and
yielded revenue of around AUD $ 384.9 (US$
274.2) less compared to untreated cattle.
Additionally, the carcass yield of cattle with
severe lung disease at slaughter was 0.3 kg/
day less, being on average 14.3 kg lighter at
slaughter, generating a loss of AUD $ 91.50
(US$ 65.2) compared to that of cattle without
pulmonary disease (Blakebrough-Hall et al.,
2020). Animals with subclinical (16 kg) and
clinical (24.1 kg) BRD had lighter carcasses,
and the revenue collected at slaughter was
reduced by AUD $ 67.10 ($ 47.8) and AUD $
213.90 ($152.3), respectively, when compared
with healthy animals that were never treated
and without pulmonary disease (Blakebrough-
Hall et al., 2020).

Etiological agents associated with the
development of BRD in Brazil

The most frequent viral agents of BRD
include bovine alphaherpesvirus type 1, BoHV-
1 (Warren, Babiuk, & Campos, 1996; Muylkens,
Thiry, Kirten, Schynts, & Thiry, 2007; Risalde,
Molina, Sonchez-Cordon, Pedrera, & Romero-
Palomo, 2013), bovine viral diarrhea virus,
BVDV (Fulton, Purdy, Confer, Saliki, & Loan.
2000; Gagea et al., 2006), bovine parainfluenza
virus type 3, BPIV-3 (Fulton, Briggs, Payton,
Confer, & Saliki, 2004; Ceribasi, Ozkaraca,
Ceribasi, & Ozer, 2014), bovine respiratory
syncytial virus, BRSV (Fulton et al., 2000; Gagea
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et al, 2006) and bovine coronavirus, BCoV
(Gagea et al., 2006; Fulton, Step, Wahrmund,
Burge, & Payton, 2011). Most viral agents of
cattle induce immunosuppression resulting
in secondary or concomitant infections
(Fulton, 2009; Caswell & Williams, 2016). HoBi-
like pestivirus, an emerging agent initially
identified in Europe in fetal bovine serum
imported from Brazil, was related to respiratory
manifestations, inducing viremia, leukopenia,
fever, and nasal secretions (Bauermann,
Ridpath, Weiblen, & Flores, 2013). Additionally,
HoBi-like pestivirus was associated with the
development of pneumonia in a calf from Italy
(Decaro, Mari, Pinto, Lucente, & Sciarretta,
2012) and in several calves from an outbreak
of BRD in Sao Paulo (Hoppe et al., 2019).

Other agents of viral origin not
frequently associated with BRD are influenza
D virus (IDV) and bovine adenovirus type 3
(BAV3). Serological studies demonstrated
that IDV has a wide geographic distribution
with high seroprevalence in many herds
and has been circulated in the USA since
2003 (Ferguson, Eckard, Epperson, Long, &
Smith, 2015; Luo, Ferguson, Smith, Woolums,
& Epperson, 2017). This virus was also
identified in the United Kingdom (Dane, Duffy,
Guelbenzu, Hause, & Fee, 2019) and Mexico
(Mitra, Cernicchiaro, Torres, Li, & Hause,
2016). BAV3 was first associated with the BRD
complexin experimental studies in calves from
Canada (Ide, Thomson, & Ditchfield, 1969) and
Australia (Cole, 1971). Seroepidemiological
studies demonstrated high seropositivity to
BAV3 in calves in several countries including
the USA (Mattson, Norman & Dunbar, 1988),
Turkey (Ng, Kondov, Deng, Van Eenennaam,
& Neibergs, 2015; Tuncer & Yesilbag, 2015).
However, reports of infection associated with
IFV and BAV3 have not been identified in Brazil.

Semina: Ciénc. Agrar. Londrina, v. 42, n. 3, suplemento 1, p. 2081-2110, 2021

The absence of reports of these agents in
Brazil does not necessarily indicate that they
do not infect cattle herds in the country, but it
could simply indicate that they have not been
diagnosed so far for not being included in the
list of differentials.

Bacterial infections have been
frequently associated with secondary
bronchopneumonia in BRD. The main

bacterial agents are Mannheimia haemolytica,
Pasteurella multocida, and Histophilus somni
(Fulton, 2009; Panciera & Confer, 2010;
Grissett et al., 2015; Klima, Holman, Ralston,
Stanford, & Zaheer, 2019), and the mollicute,
Mycoplasma bovis (Caswell & Archambault,
2007; Fulton, 2009; Lopez & Martinson, 2017).
Most of the important infectious disease
agents associated with the development of
BRD worldwide have been diagnosed in herds
from Brazil. The main pathological agents most
frequently associated with the development
of BRD, and the geographic regions found in
Brazil are shown in Table 1. Although cattle
farming occurs in several geographic regions
of Brazil (Headley, Oliveira, & Cunha, 2020),
the data collected suggest that most studies
related totheinvestigation of BRD in Brazilwere
conducted mainly in the south and southeast
regions of the country (Table 1). Additionally,
BoHV-1, BVDV, and BRSV are endemic viral
agents in most geographic regions of Brazil
(Flores et al., 2000; Flores et al., 2005; Dias,
Alfieri, Ferreira-Neto, Goncalves, & Muller,
2013), resulting in BRD and other clinical
manifestations in dairy and beef cattle.

Several studies done in Brazil have
demonstrated concomitant action of
respiratory agents of BRD (Baptista et al.,
2017; Beuttemmuller etal., 2017; Magalhaes et
al., 2017; Tortorelli et al., 2017; Gaeta, Ribeiro,
Aleman, Yoshihara, & Nassar, 2018; Oliveira
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& Pelaquim, et al. 2020; Oliveira & Dall Agnol,
et al. 2020) using molecular identification
with  or without histopathological and
immunohistochemical diagnoses. This trend
of concomitant infections in BRD is evident
in other countries such as in the USA (Fulton
et al., 2009; Schneider, Tait, Busby, & Reecy,
2009; Taylor et al.,, 2010), Canada (Gagea et
al., 2006; Booker, Abutarbush, Morley, Jim,
& Pittman, 2008; Jim, 2009), and Australia
(Cusack, McMeniman, & Lean, 2003; Moore et
al., 2015; Hay et al., 2016). These data suggest
that mixed infections in BRD are perhaps more
frequent than have been reported.

The most commonly accepted model
of pathogenesis involves initial viral infection
causing primary lung injury and/or immune
dysfunction (Lépez & Martinson, 2017)
followed by a bacterial infection. However,
M. bovis has been associated with singular
infection (Oliveira, Pelaquim, et al., 2020), and
could be classified as a primary infectious
disease agent (Nicholas, 2011; Gershwin
et al., 2015; Oliveira, Pelaquim, et al., 2020).
This mollicute may predispose cattle to
pulmonary infections induced by P. multocida
(Nicholas, 2011), due to immunosuppression
and immunomodulatory effects (Nicholas,
2011; Margineda, Zielinski, Jurado, Alejandra,
& Mozgovoj, 2017). Furthermore, the
association of M. bovis as a singular agent in
the development of BRD has been confirmed
in both dairy (Margineda et al., 2017; Oliveira
& Pelaquim, 2020) and beef cattle (Ramirez
Romero, Chavarria Martinez, Nevarez Garza,
Rodriguez Tovar, & Davila Martinez, 2010;
Margineda et al., 2017). Consequently, the role
of M. bovis as a possible primary agent in the
development of BRD cannot be excluded.

Diverging from the trend of global
literature (Martin, Bateman, Shewen, Rosendal,
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& Bohac, 1989; Fulton, Cook, Step, Confer, &
Saliki, 2002; Murray, More, Sammin, Casey, &
McElroy, 2017), there are few reports of BPIV-
3 associated with the development of BRD
in Brazil. This infectious disease agent was
not identified in several studies (Brasil et al.,
2013; Baptista et al., 2017; Headley, Okano,
Balbo, Marcasso, & Oliveira, 2017; Oliveira &
Dall Agnol, et al., 2020), but was associated
with few cases of mixed infections in cattle
from Brazil (Oliveira & Pelaquim, et al., 2020).
A retrospective study done by our group
identified singular BPIV-3 infections in only
6.6% (1/15 of all diagnoses) of interstitial
pneumonia (Oliveira & Pelaquim, et al.,2020).
These data suggest that BPIV-3 circulates
in cattle herds from Brazil, with possibly low
frequencies.

Additionally, there is evidence that
ovine gammaherpesvirus-2, OvHV-2 (Headley,
Oliveira, & Cunha, 2020) and HoBi-like
pestiviruses (Hoppeetal.,2019)are candidates
of emerging pathogens associated with the
development of BRD. Recently, OvHV-2 was
associated with the occurrence of respiratory
disease in a calf infected simultaneously with
BVDV, BoHV-1, and Aspergillus fumigatus
(Headley, Mdller, Oliveira, Duarte, & Pereira,
2020) and in two adult cattle with interstitial
pneumonia (Headley, Oliveira, Li, Lisbba, &
Queiroz, 2020). The proposed involvement of
OvHV-2 in the development of BRD has been
reviewed and can be consulted (Headley,
Oliveira, & Cunha, 2020).

Clinical manifestations of BRD

The first line of defense of the immune
system is represented by the respiratory
epithelium, which provides mechanical,
chemical, and microbiological barriers to
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prevent infection by pathogens associated
with BRD (Panciera & Confer, 2010). In
asymptomatic cattle, the upper respiratory
tractis colonized by a variety of bacteria, such
as M. haemolytica, H. somni, and P. multocida;
although these bacteria are part of the normal
microbiota of the respiratory system, they
are opportunistic and can result in severe
respiratory disease (Griffin et al, 2010;
Gershwin et al., 2015; Zhang, Hill, Godson,
Ngeleka, & Fernando, 2020). Clinically, the
BRD complex includes enzootic pneumonia
of calves, a multifactorial etiologic entity
that includes disease such as pneumonic
mannheimiosis (M. haemolytica), respiratory
histophilosis (H. somni), pneumoniaby M. bovis,
infectious bovine rhinotracheitis (BoHV-1), and
viral pneumonia by BPIV-3 and BRSV (Andrews
& Kennedy, 1997; Fulton, 2009; Fulton et al.,
2009; Panciera & Confer, 2010; Klima, Zaheer,
Cook, Booker, & Hendrick, 2014; Francoz et
al., 2015; Gershwin et al., 2015; Murray et al.,
2017; Zhang et al., 2020).

Clinical signs are usually observed
after stressful events. Infection occurs
by the inhalation of droplets containing
microorganisms, direct contact with infected
animals, or ingestion of water or food
contaminated with nasal discharge from
infected animals (Gagea et al., 2006; Fulton,
2009). Clinical manifestations may include
nasal and ocular secretions, anorexia, fever
of up to 42°C, tachypnea, tachycardia, muzzle
crusts, cough, dyspnea, and pulmonary rales
(Griffin et al., 2010).

Pneumonic mannheimiosis is
frequently associated withan acute respiratory
disease that occurs a few days or weeks after
animals are transported, hence the term
“shipping fever” (Lopez & Martinson, 2017),
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M. haemolytica associated with P. multocida
can result in fatal pneumonia (Griffin et al.,
2010), that is pathologically characterized as
severe fibrinous bronchopneumonia (L6pez &
Martinson, 2017).

P. multocida is easily isolated from
nasal and pharyngeal secretions of cattle;
isolation rates reported in clinically normal
cattle are high and range from 20 to 60%
(Griffin et al., 2010), since it is a commensal
microorganism (Fulton, 2009). The isolation
of P. multocida in animals clinically presenting
respiratory disease is about two times higher
than in healthy animals (Griffin et al., 2010).
The development of pneumonia induced by
this bacterium is associated with risk factors
such as transport, stress, batch mixing,
overcrowding, and primary viral or bacterial
infections (Dabo, Taylor, & Confer, 2007).

Respiratory histophilosis is part of a
complex of diseases associated with H. somni
infection, termed histophilosis (Corbeil, 2007;
O'Toole & Sondgeroth, 2016). This complex
consists of several clinical manifestations
including thrombotic meningoencephalitis,
septicemia, pneumonia, pleuritis, myocarditis,
arthritis, conjunctivitis, otitis, and abortions
(Corbeil, 2007; O'Toole & Sondgeroth, 2016).
The respiratory form is characterized by
fibrinopurulent bronchopneumonia (Corbeil,
2007; O'Toole & Sondgeroth, 2016; Headley
et al., 2017). All clinical manifestations of
histophilosis are well known in the USA
(Corbeil, 2007; O'Toole, Allen, Hunter, &
Corbeil, 2009; O'Toole & Sondgeroth, 2016),
Australia (Lancaster, McGillivery, Patterson,
& Irwin, 1984; Hick, Read, Lugton, Busfield, &
Dawood, 2012), with few descriptions in Brazil
(Headley et al.,, 2014; Headley, Bracarense,
Oliveira, Queiroz, & Okano, 2015; Headley, &
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Balbo, 2017; Headley, Pereira, Balbo, Santia,
& Bracarense, 2018). The few cases or
outbreaks of pulmonary histophilosis found
in Brazil could be associated with the lack of
diagnosis or confusion due to the similarity
of the pathological findings observed in the
lungs of cattle infected by M. haemolytica.
Considering the multisystemic nature of
histophilosis, which often results in mortality
in affected animals, feedlot cattle in Brazil
may be susceptible to infection since the
pathological manifestations are not easily
recognized (Headley et al., 2014).

M. bovis is the most common species
of Mycoplasma sp. isolated from the lungs of
cattle with pneumonia in Europe and North
America (Caswell & Archambault, 2007;
Nicholas, 2011), and pulmonary infection
is aggravated by the risk factors of BRD
(Snowder, Van Vleck, Cundiff, & Bennett,
2006; Taylor et al, 2010; Hay et al., 2016;
Murray, Cassidy, Clegg, Tratalos, & McClure,
2016; Loépez & Martinson, 2017; Murray et
al., 2017). The respiratory disease associated
with infection by M. bovis results in clinical
manifestations that are similar to other types
of pneumonia; these alterations include fever,
loss of appetite, nasal discharge, cough, and
increased respiratory rate, while in some
cases, other clinical manifestations such
as otitis media, mastitis, and arthritis can
be observed (Maunsell & Donovan, 2009).
Diseases associated with BoHV-1 infection
are endemic in most geographical regions of
Brazil, with seroprevalence ranging from 11 to
74% (Dias, Alfieri, Médici, Freitas, & Ferreira,
2008; Pasqualotto, Sehnem, & Winck, 2015).
However, there are few studies that effectively
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evaluate the respiratory manifestations
associated with infections induced by BoHV-1
in cattle from Brazil.

Depending on the immunological
status of the host, BRSV infections may be
asymptomatic, with a tendency for greater
severity observed in younger cattle. The most
frequently observed clinical signs are those
of upper airway infection, which may progress
to bronchiolitis and interstitial pneumonia
(Philippou, Streckert, Otto, Reinhold, &
Elschner, 1996; Sacco, McGill, Pillatzki, Palmer,
& Ackermann, 2014; Caswell & Williams, 2016).
In a study in Denmark, the clinical signs of BRSV
infection included nasal secretion, pyrexia,
cough, elevated respiratory rate, and marked
depression; the affected animals were calves
between four and seven months of age (Larsen,
Tegtmeier, & Pedersen, 2001). In Brazil, cough,
rales, and dyspnea were observed in calves
infected with BRSV (Driemeier et al., 1997).

BPIV-3 infections are commonly
associated with discrete or asymptomatic
clinical manifestations, mainly in adult
animals. However, BPIV-3 predisposes
cattle to secondary respiratory infections
and consequently, clinical manifestations
consistent with BRD will occur (Griffin et al.,
2010). In Brazil, few studies have identified
the occurrence of BVPI-3 in associated with
the development of BRD (Gongalves et al.,
2003; Oliveira, & Pelaquim, et al.,, 2020). In
one of these studies, where the virus was
isolated from a calf, clinical manifestations of
pulmonary disease including apathy, fever,
tachypnea, and severe serous nasal discharge
were reported (Gongalves et al., 2003).
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Methods and challenges in the diagnosis of
the agents of BRD

Clinical manifestations

There are several methods to obtain
a diagnosis of BRD. These include the clinical
history and laboratory analysis of animal
tissues derived from live and dead animals.
The diagnosis of BRD is a challenge for the
clinician since numerous infectious disease
agents are involved. The affected cattle
suffer the effects of individual disease agents
or more often by a combination of several
pathogens (Fulton & Confer, 2012), so clinical
evaluations must include the examination of
several animals of the same farm (Caswell,
Hewson, Slavi¢, DelLay, & Bateman, 2012).
The DART system that evaluates the clinical
signs (depression, appetite, respiratory,
temperature) of pulmonary disease, is
recommended for the clinical evaluation of
animals with BRD (Wilson, Step, Maxwell,
Wagner, & Richards, 2015), and has been used
in several studies by our group (Baptista et
al., 2017; Magalhaes et al.,, 2017). However,
the isolated use of clinical manifestations
is not the best method to diagnose BRD
(Fulton & Confer, 2012). Nevertheless, the
clinical history should be concise, effective,
and should contain specific observations
that allow for the proper interpretation of
laboratory results (Caswell et al., 2012). The
clinical history should include biological
data of the affected animals, duration of
manifestations, morbidity and mortality data,
common factors among the affected animals,
changes in management, environment and
climate, immunization history, and use of any
quarantine measures at the herd (Cooper &
Brodersen, 2010). Notwithstanding the above,
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there is always the necessity to discuss each
situation with several persons involved to
obtain complementary information and/or
eliminate conflicting data.

Pathological findings

The pathological pulmonary findings
observed in cattle with BRD are diverse and
vary according to the etiology and severity
of the disease. In general, infections induced
by agents of viral origin result in interstitial
pneumonia, mainly in the initial phase of
infection (Panciera & Confer, 2010). As the viral
infection progresses, the animal often suffers
from immunosuppression, which results in
secondary bacterial infection, which is often
fatal. Consequently, careful histopathological
analysis often identifies the interfaces of the
two pulmonary disease. Lesions caused by
bacterial infections are more exudative and
accumulative, while viral lesions are more
inflammatory with corresponding thickening
of the alveolar wall (L6pez & Martinson, 2017).

Suppurative bronchopneumonia is
the most common form of BRD seen in young
dairy calves and feedlot cattle, and is primarily
associated with infection by P. multocida,
although other bacteria can also produce
this lesion (Griffin et al., 2010; Murray et al.,
2017). Fibrinous bronchopneumonia is often
associated withinfections induced by H. somni
(Headley et al., 2014; Headley et al., 2018), and
M. haemolytica (Griffin et al., 2010; Gershwin
et al., 2015; Zhang et al., 2020). Both types
of bronchopneumonia are macroscopically
characterized by cranioventral consolidation
of the affected lungs (Figure 1A). The
neutrophilic exudate is predominant in
the suppurative manifestation (Figure 1B),
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with predominance of fibrinous exudate
in fibrinous bronchopneumonia. However,
the two patterns are frequently often seen
concomitantly, resulting in fibrinopurulent
bronchopneumonia. In acute lesions, the
affected pulmonary lobes may vary in color
from pink, pink-grey, dark red, red-grey or
grey, with interlobular septal edema (Caswell &
Williams, 2016; Lopez & Martinson, 2017). On
the sectioned surface of the pulmonary lobes,
brown to gray foci, indicative of bronchiolar
and peribronchiolar inflammation (Caswell
& Williams, 2016; Lopez & Martinson, 2017),
can be observed. The remaining areas of the
lobules are pink to dark red and represent
inflammation, congestion, and atelectasis
(Caswell & Williams, 2016). As lesions
become chronic, palpation reveals a more
irregular distribution of consolidation and
there is more evidence of purulent bronchitis,
bronchiectasis, abscess formation, fibrosis,
and adhesions (Panciera & Confer, 2010;
Caswell & Williams, 2016). Microscopically
diffuse thickening of alveolar septa can be
observed as a result of marked proliferation
of type Il pneumocytes, leukocytic infiltration
within the interstitium and bronchioloalveolar
junction, cellular degeneration (suppuration),
and occasional intralesional bacterial colonies
(Caswell & Williams, 2016; Lépez & Martinson,
2017). These histopathological changes often
demonstrate the coexistence of multiple
infectious agents, viral followed by a secondary
bacterial infection.

The lesions observed in the acute
phase of bronchointerstitial pneumonia are
caused predominantly by viruses (Lopez &
Martinson, 2017). At post-mortem evaluations
of cattle with acute interstitial pneumonia,
there is usually subcutaneous emphysema
on the dorsal region, trachea filled with foamy
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fluid, and interlobular septa distended by
pulmonary edema (Panciera & Confer, 2010).
In the classic manifestation of interstitial
pneumonia, exudates are not observed.
Consequently, interstitial pneumonia is the
most difficult pulmonary lesion to identify
during gross evaluation because the
affected tissue resembles the normal lung.
Microscopically, interstitial pneumonia (Figure
2A) is characterized by hyperplasia of type
I pneumocytes, necrotizing bronchiolitis,
necrosis of type Il pneumocytes, and alveolar
edema (Caswell & Williams, 2016; Loépez &
Martinson, 2017), frequently with an influx of
lymphoplasmacytic inflammatory infiltrate.
Studies by our group confirmed that all viral
agents associated with BRD in Brazil results
in interstitial pneumonia (Oliveira, Pelaquim, et
al., 2020). In infections associated with BRSV
and BPIV-3, intracytoplasmic inclusion bodies
and multinucleated syncytia can be identified;
syncytia are formed by the fusion of infected
bronchiolar epithelial cells (Lopez & Martinson,
2017).

In an outbreak of BRSV-associated BRD
in Rio Grande do Sul, the main macroscopic
findings during gross evaluations were
widespread alveolar emphysema with foci
of atelectasis, interstitial emphysema and
marked thickening of the interlobular septa
(Driemeier et al., 1997). Microscopically,
several syncytial cells were observed within
the pulmonary lesion, in addition to dilation
of lymphatic vessels, alveolar emphysema,
atelectasis, hypertrophy of the peribronchiolar
muscle layer, foci of squamous metaplasia
of the bronchial and bronchiolar epithelium,
mononuclear inflammatory infiltration
with foci of infiltration by eosinophils, with
fibrinous accumulation in some alveoli, but
intracytoplasmic inclusion bodies were not
observed (Driemeier et al., 1997).
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Figure 1. Gross lesions associated with respiratory disease in cattle. There is cranioventral
consolidation of the lung of a cow with purulent bronchopneumonia (A) and the accumulation of
purulent exudate at the sectioned surface of the lung with bronchiectasis (B). Observe the typical
caseonecrotic nodules seen in bronchopneumonia associated with infection by Mycoplasma
bovis. (C)
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Figure 2. Histopathological and immunohistochemical findings observed in bovine respiratory
disease. There is interstitial pneumonia associated with viral infection (A) and the accumulation of
neutrophilic exudate (star) within the lung of a cow with purulent bronchopneumonia (B-C). Observe
the typical centrally located region of caseonecrotic bronchopneumonia that is characteristic
for Mycoplasma bovis (D) and positive immunoreactivity to antigens of M. bovis at the rim of the
necrotic zone (E). There is positive immunolabeling for antigens of BRSV at the bronchial epithelium
(F), for BoHV-1 within chondrocytes of the hyaline cartilage of the bronchus (G), and for BVDV
within epithelial cells of the mixed peribronchial glands (H). A-D, Hematoxylin and eosin stain; E-H,
immunoperoxidase counterstained with hematoxylin. Bars, A, D, E, 200um; B, C, G, 100um; F, H, 50pum.
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Retrospective studies using
immunohistochemistry (IHC) identified BRSV
antigens in 24.4% (12/46) of calves with
clinical and pathological manifestations of
bronchopneumonia from the State of Rio
Grande do Sul (Flores et al., 2000), while 34.4%
(11/32) of pulmonary tissues demonstrated
BRSV antigens in a study conducted in Parana
(Oliveira, Pelaquim, et al., 2020). However,
syncytial cell formation, a key element in
the diagnosis of BRSV-induced interstitial
pneumonia (Caswell & Williams, 2016; L6pez &
Martinson, 2017), was observed in only 36.6%
(4/11) of infected animals (Oliveira, Pelaquim,
et al., 2020). Interestingly, two animals with
apparently normal pulmonary parenchyma
but necrotic bronchitis contained intralesional
BRSV antigens (Oliveira, Pelaquim, et al.,
2020). Consequently, the confirmation of the
histological diagnosis of infectious agents
associated with the development of BRD
should be based not only on histopathological
changes but should be associated with
analyses that detect intralesional antigens or
proteins of the infectious agents such as IHC
and in situ hybridization (ISH).

Pathological findings of lesions caused
by M. bovis may be similar to those of viral
infections but tend to progress to a chronic
stage characterized by peribronchiolar
lymphoid hyperplasia (Rodriguez, Bryson, Ball
& Forster, 1996; Maunsell & Donovan, 2009).
The pathological changes induced by M. bovis
range from necrosuppurative, caseonecrotic
(Figure 1C) to suppurative bronchopneumonia
(Nicholas, 2011; Oliveira, Pelaquim, etal.,2020),
with caseonecrotic bronchopneumonia being
the typical finding associated with infection by
M. bovis.
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A retrospective study (Oliveira et
al., manuscript in preparation) identified
intralesional antigens from a malignant
catarrhal fever virus (MCFV), probably OvHV-
2,in 53.3% (64/120) of all pathological lesions
associated with BRD. Furthermore, this study
has demonstrated that antigens of OvHV-2
were associated with pneumonia individually
or concomitantly with other agents of BRD.
Additionally, the possible participation
of OvHV-2 in the pathogenesis of bovine
pulmonary disease was proposed (Headley,
Oliveira & Cunha, 2020), and a calf with fungal
tracheitis due to Aspergillus fumigatus was
concomitantly infected with BVDV, BoHV-
1, and OvHV-2 (Headley & Miiller, 2020).
Collectively, these data suggest that OvHV-2
can actindividually or in association with other
disease pathogens in the development of
BRD and should be included in the differential
diagnosis of cattle with pulmonary disease.

Although most infectious disease
agents associated with the development of
BRD are of bacterial and viral origin, fungi
and protozoa can concomitantly infect
the lung and produce pulmonary disease.
It is of fundamental importance that the
person responsible, when requesting a
laboratory examination, considers the clinical
manifestationsandrequestsasetoflaboratory
tests to achieve the proper diagnosis of the
suspected infectious disease pathogens
agents. A list of the main laboratory analyses
used in the diagnosis and/or identification of
the infectious agents associated with BRD, as
well as the advantages and disadvantages, is
provided in Table 2.

2093



Ciéncias Agrarias I

— SEMINA —

Castro, M. M. et al.

Table 2

Comparison of diagnostic methods and/or laboratory identification of organisms related to the

development of DRB '

Diagnostic What is
methods detected?
Serology Antibody
Culture: nasal, .
Bacterial,
nasopharynx, :
viral, and
tracheal and funaal
bronchoalveolar 9 .
lavage organisms
Culture of B_acterlal,
ulmonar viral, and
P 4 fungal
tissues/lesion .
organisms
Post-mortem Pathologic
evaluation and findings
histopathological within the
examination of pulmonary
pulmonary lesion system
. Intralesional
Immunohisto- . .
chemical antigenin
. the affected
evaluation of
: pulmonary
pulmonary lesion .
tissue
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Advantages

Detects vaccine response
and recent or old contact
with the agent.

Most respiratory pathogens
induce a strong antibody
response.

Can be performed on several
animals simultaneously.
Results are processed in less
time when compared to some
tests.

Detects the presence of
colonization and/or active
infection.

Isolation indicates elevated
concentrations of the agent
within the tissue.
Antimicrobial resistance can
be determined.

The causative agent of
pulmonary disease can

be suggested based on

the pattern of pulmonary
disease.

Evaluation is comprehensive
and can identify disease

or lesions not previously
reported.

In situ location of the
infectious disease pathogen
within the lesion.

Strong evidence that the
infectious agent induced the
disease.

Recommended for
retrospective studies using
formalin fixed paraffin
embedded tissues

Differences

Disadvantages

Does not differentiate between vaccine
antibodies and antibodies induced
during infection.

Elevated cost when the number of
samples processed is large.

Does not always indicate the state of
the animal.

Positive culture does not necessarily
imply pulmonary disease/lesion.
Prolonged time to obtain results.
Specialized training is needed to
perform bronchoalveolar lavage.

Concomitant infections and
antimicrobial therapy can interfere with
the outcome of the results.

Time to obtain the results is extended.

Frequently done with few animals.
Animals that have died may not be
representative of the affected herd.
Sample collection and storage
conditions are directly related to the
quality and efficiency of the diagnosis.
Specialized technical professional is
needed.

Sensitivity and specificity depend

on the availability of polyclonal
hyperimmune serum or commercial
monoclonal antibody for the specific
infectious disease agent.

Prolonged and/or inadequate fixation
could affect the result.

Antigen retrieval must be enhanced for
tissues fixed over prolonged periods.
Specialized technical professional is
needed.

continue...
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...continuation

Genomic
In situ region of the
hybridization infectious
of pulmonary disease
tissue/lesion agent within

the lesion
PCR/RT- Genetic
PCR - nasal, material
nasopharynx, or  of the
trachea swabs or infectious
bronchoalveolar disease
lavage collection agent
PCR/RT-PCR -
pulmonary Ieswp Genomic
and from formalin :

. ) region of
fixed paraffin the agent
embedded tissue
fragments
Multiplex Genomic
PCR- nasal, regions
nasopharynx, or  of several
trachea swabs or infectious
bronchoalveolar disease
lavage collection agents

Genomic
Multiplex PCR of  '<9'O"S
the pulmonary .Of se\{eral
: infectious
lesion .
disease
agents

In situ identification of the
infectious agent within the
lesion.

Strong evidence that the
infectious agent caused the
disease.

No specific mono antiserum
or monoclonal antibodies are
required.

Confirms that the amplified
infectious disease agent is
present in the sample.

Confirms that the infectious
disease agent is associated
with the disease/lesion.

Confirms that one or more
infectious disease agent is
associated with the disease/
lesion.

Confirms that one or more
infectious disease agent is
associated with the disease/
lesion.

"Adapted from Caswell et al., 2012; Fulton & Confer, 2012.
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Dependent on the specific genomic
region of the pathogen for the
development of a specific primer.
Elevated cost to acquire commercial
reagents.

Specialized technical professional is
needed.

Does not differentiate between
concomitant, subclinical, or accidental
infection from natural infection or
vaccination.

Does not always detect the agent in
the sample.

Does not determine resistance to
antimicrobials.

High cost to purchase reagents.

May not represent the causative
infectious agent or differentiate
between natural infection and modified
live vaccine.

Additional analysis(es) needed to
determine the relationship between the
agent amplified and tissue damage.
Formalin fixation and/or paraffin
embedding affects the amplification of
the genetic material of the pathogen.
Elevated cost to acquire reagents.

May not represent the causative
infectious agent or differentiate
between natural infection and modified
live vaccine.

Additional analysis(es) needed to
determine the relationship between the
agent amplified and tissue damage.
Elevated cost to acquire reagents.

May not represent the causative
infectious agent or differentiate
between natural infection and modified
live vaccine.

Additional analysis(es) needed to
determine the relationship between the
agent amplified and tissue damage.
Elevated cost to acquire reagents.
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Serology and isolation of the agent

Serology is widely used to detect
antibodies of infectious agents associated
with BRD in Brazil (Gongalves et al., 1993; Dias
et al., 2013; Gaeta, Ribeiro, Aleman, Yoshihara,
& Marques, 2018), and worldwide (Martin
et al, 1989; Tuncer & Yesilbag, 2015; Luo
et al., 2017). Seroepidemiological analyses
are fundamental to determine the presence
or spread of a particular agent(s) in herds;
however, they do not always confirm whether
animals are actually infected (Fulton & Confer,
2012). In general, seroepidemiological
evaluations are effective in determining the
agents associated with outbreaks of BRD
(Caswell et al., 2012).

The isolation of bacterial agents from
secretions obtained from the nasal cavity,
nasopharyngeal region, and bronchoalveolar
lavage is usually done in live cattle (Fulton &
Confer, 2012), while pulmonary tissues can
be collected during post-mortem analysis
(Caswell et al., 2012; Fulton & Confer, 2012).
It is essential that the collected sample be
refrigerated, but not frozen (Fulton & Confer,
2012), and that the sample be transported to
the diagnostic laboratory as soon as possible.
In contrast, biological samples collected for
viral identification using different molecular
biology techniques can be frozen (-20°C or
preferably, -80°C) before being sent to the
diagnostic laboratory. Viral isolation targets
the growth of viral agents in specific cell
cultures from collected samples, resulting in
characteristic cytopathic effects observed
under the microscope (Leland & French, 1988;
Fulton & Confer, 2012). However, the identity
of the virus observed should be confirmed by
anotherdiagnostictechnique (Leland & French,
1988; Fulton & Confer, 2012); several passages
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in cell culture are often required (Leland &
French, 1988). Currently, viral isolation is being
replaced by molecular biology techniques in
most diagnostic laboratories.

Molecular characterization

There are several molecular methods
used as tests for the identification of infectious
disease agents from biological samples
(collected in vivo or post-mortem) from cattle
with BRD, that are being used frequently
in studies worldwide. These tests confirm
the presence of the amplified agents in the
analyzed sample and, consequently, infection
in the affected animal (Fulton & Confer,
2012). However, the presence of the agent
identified by molecular biology tests does not
necessarily indicate amorphological alteration
resulting in cellular changes and finally a lesion
and/or disease. Therefore, it is recommended
to use histological and molecular analyses in
combination when using pulmonary samples
to confirm the participation of the agent found
in the development of the pulmonary disease
(Fulton & Confer, 2012; Maes, Langohr, Wise,
Smedley, Thaiwong 2014). Additionally, one
of the limitations of molecular tests for the
identification of bacterial agents, is the inability
to provide information related to bacterial
resistance and susceptibility (Fulton & Confer,
2012); consequently, animals on the property
cannot be treated effectively and adequately.

The greatest problem in the diagnosis
of agents associated with BRD is the molecular
identification of pulmonary samples derived
from formalin-fixed paraffin-embedded
tissues. Molecular results from these tissues
could be negatively affected for several
reasons, including: 1) prolonged time of fixation
in formalin solution; 2) amount of fixative
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solution relative to tissue; 3) no buffering or
inadequate buffering of formalin solution;
4) degradation of genetic material (DNA or
RNA) of the infectious agent; 5) storage time
of the embedded tissue; and 6) the quality of
paraffin used (Maes et al., 2014). However, the
molecular amplification of any infectious agent
from these lung tissues with the characteristic
histological change confirms the participation
of the amplified agent in the development of
the pulmonary disease (Fulton & Confer, 2012).
Consequently, all molecular identification
from lung tissues must be accompanied by
diagnostic methods such as histopathology,
IHC, and/or ISH, to effectively differentiate
between infection and disease (Maes et al.,
2014).

Adequate post-mortem evaluation
of pulmonary tissues should be performed
for cattle at various stages of the disease
from the same property or affected herd and
must include asymptomatic animals (Cooper
& Brodersen, 2010). Ideally, the lung should
be evaluated in situ on the animal carcass;
consequently, the pattern of pulmonary
disease can be established and associated
with a spectrum of infectious agents (Caswell
et al, 2012). Lung fragments sent for
pathological diagnosis should be acquired
from several pulmonary lobes, containing
normal and affected tissue.

Histopathological evaluation is
essential to recognize the pattern of tissue
injury induced by infectious disease agents, as
the associated patterns of most of the major
pathogens of BRD are known. Additionally,
there is a strong association between the
histological pattern of pulmonary disease
and the related infectious agents (Zhang et
al., 2020). Interstitial pneumonia (Figure 2A) is
the pattern of pulmonary injury characteristic

Semina: Ciénc. Agrar. Londrina, v. 42, n. 3, suplemento 1, p. 2081-2110, 2021

of infections induced primarily by viral disease
agents (Caswell & Williams, 2016; Lopez &
Martinson, 2017). However, histopathological
evaluation alone is not sufficient to
indicate the associated agent. Suppurative
bronchopneumonia (Figure 2B-C) is the
characteristic manifestation of some bacterial
agents(Caswelletal.,2012; Lépez&Martinson,
2017) associated with BRD. A metagenomic
study identified multiple associations
between pulmonary disease patterns and
bacterial agents: H. somni and M. haemolytica
with suppurative bronchopneumonia (Zhang
et al., 2020). However, while caseonecrotic
bronchopneumonia (Figure 2D) is the classic
patternof chronic M. bovis-induced pneumonia
(Maunsell & Donovan, 2009; Margineda et
al., 2017; Oliveira & Pelaquim, et al., 2020),
other histopathological manifestations of
bronchopneumonia and bronchointerstitial
pneumonia have been observed (Caswell &
Archambault, 2007; Nicholas, 2011; Oliveira &
Pelaquim, et al., 2020).

Consequently, histopathological
patterns alone should not be used to
differentiate between infectious agents of
BRD, since most viral disease pathogens
induce interstitial pneumonia (Caswell &
Williams, 2016; Lépez & Martinson, 2017),
further studies detailing the histologic lesions
induced by each agentin the pulmonary tissue
of cattle are needed. There are indications
that BoHV-1-induced pulmonary disease
can be differentiated from that associated
with other viral agents due to bronchial
angiogenesis, associated with the formation
of granulation tissue, observed in cattle with
BRD (Oliveira, Pelaquim, et al., 2020). However,
additional studies are needed to confirm these
associations between histological changes
with specific viral agents of BRD.

2097



Ciéncias Agrarias I
— SEMINA —

Castro, M. M. et al.

The diagnosis of the agents of BRD
using analyses that detect intralesional
antigens or proteins, such as IHC and ISH, is
perhaps one of the most efficient methods
to define the association between infectious
agents, the induced morphological alteration,
and subsequent clinical manifestation.
Additionally, the results of direct culture, IHC,
and ISH are more easily interpreted regarding
the cause and effect associated with any
infectious agent of BRD (Fulton & Confer,
2012), is widely used to detect intralesional
antigens of a vast majority of infectious
agents (Figure 2E-H) of BRD in national (Flores
et al., 2000; Oliveira, Pelaquim, et al., 2020),
and international (Gagea et al., 2006; Ramirez
Romero et al., 2010; Margineda et al., 2017)
studies. Among the disadvantages of IHC
(Fulton & Confer, 2012), availability and cost of
monoclonalorpolyclonalantibodies, especially
for emerging agents (Fulton & Confer, 2012)
must be highlighted. Another limiting factor
of IHC is that prolonged fixation in formalin
solution could affect the antigenic recovery
and the expected result. Consequently, it is
recommended for prolonged maintenance,
that tissues already fixed in formalin solution
be maintained in 70% alcohol solution, as
alcohol interrupts the formation of cross-links
and facilitates the detection of antigens for
further evaluation by IHC (Ramos-Vara & Miller,
2014).

Prevention and Control of BRD

Theimplementation of BRD prophylaxis
and control systems could substantially
reduce economic losses due to morbidity and
mortality in cattle. Control of BRD can best
be accomplished by focusing on integrated
programs of vaccination against pathogens
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causing BRD and improvements in nutritional
status, especially for calves exposed to stress
conditions.

Among the prevention strategies,
vaccination against the main causative agents
of BRD plays animportant role in feedlot cattle,
since animals immunized animals and booster
vaccination prior to entering the feedlot were
found to be 2.5 times less likely to develop BRD
than those that received vaccination when
entering the feedlot (Magalhdes et al., 2017).

Another important factor is the
reduction of stress caused by management
practices (Urban-Chmiel & Grooms, 2012).
Management that advocates the maintenance
of animal welfare is considered an important
tool for disease prevention, especially in
confined cattle (Tucker, Coetzee, Stookey,
Thomson, & Grandin, 2015). Measures to
reduce exposure to pathogens of BRD should
be taken by reducing the risk of infected
animals being introduced into the herd by
monitoring introduced animals via quarantine
and the isolating of sick cattle (Urban-Chmiel
& Grooms, 2012).

Mass treatment is based on the
administration of antibiotics with prolonged
action for the control of bovine respiratory
disease. This practice is quite common and
has proven effective in reducing morbidity and
mortality rates arising from BRD (Taylor et al.,
2010).

In Brazil, a study using oxytetracycline
and tildipirosin in metaphylactic protocols for
prophylaxis of BRD demonstrated that these
drugs were efficientin reducing both morbidity
and lung lesions in feedlot cattle (Magalhdes
et al., 2017). Florfenicol has also been shown
to be efficient in the metaphylaxis of BRD in
feedlot cattle, reducing clinical manifestations
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and improving the development of the animals
economically viable (Catry, Duchateau, Van de
Ven, Laevens, & Opsomer, 2008).

Conclusion

Bovine respiratory disease is endemic
in the main cattle producing regions of Brazil.
The principal causative agents identified in
association with BRD in cattle from Brazil
are BRSV, BVDV, BoHV-1, and M. bovis.
Nevertheless, there are emerging evidence
that OvHV-2 and HoBi-like pestivirus may
be important agents in the development of
BRD. Although, initial studies have identified
high mortality and morbidity rates resulting in
elevated costs related to economic losses in
affected cattle from Brazil, additional surveys
from other geographicalregions are necessary
to understand the exact situation locally.
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