SERVICO PUBLICO FEDERAL
MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL DE UBERLANDIA r
FACULDADE DE MEDICINA VETERINARIA )

PROGRAMA DE POS-GRADUACAO EM CIENCIAS VETERINARIAS

UNIVERSIDADE FEDERAL DE UBERLANDIA
FACULDADE DE MEDICINA VETERINARIA

DOENCA RESPIRATORIA BOVINA E ALTERACOES
MUSCULOESQUELETICAS EM BOVINOS CONFINADOS
NO BRASIL: UMA AVALIACAO DOS ASPECTOS DE
MORTALIDADE, MORBIDADE E PREJUIZOS
ECONOMICOS

Anderson Lopes Baptista

Médico Veterinario

UBERLANDIA — MINAS GERAIS - BRASIL
Fevereiro de 2023

PROGRAMA DE POS-GRADUAGAO EM CIENCIAS VETERINARIAS — Rua Ceara, s/n° Bloco 2D — Sala 03 - Campus Umuarama -
38400-902 - Uberlandia - MG +55 — 34 — 3218-2494 www.mestrado.famev.ufu.br http://www.ufu.br



http://www.mestrado.famev.ufu.br/

SERVICO PUBLICO FEDERAL
MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL DE UBERLANDIA r
FACULDADE DE MEDICINA VETERINARIA )

PROGRAMA DE POS-GRADUACAO EM CIENCIAS VETERINARIAS

UNIVERSIDADE FEDERAL DE UBERLANDIA
FACULDADE DE MEDICINA VETERINARIA

DOENCA RESPIRATORIA BOVINA E ALTERACOES
MUSCULOESQUELETICAS EM BOVINOS CONFINADOS
NO BRASIL: UMA AVALIACAO DOS ASPECTOS DE
MORTALIDADE, MORBIDADE E PREJUIZOS
ECONOMICOS

Anderson Lopes Baptista
Orientador: Prof. Dr. Jodo Paulo Elsen Saut

Tese apresentada a Faculdade de Medicina
Veterinaria - UFU, como parte das exigéncias
para a obtencdo do titulo de Doutor em
Ciéncias Veterinarias (Saude Animal ou
Produg&o Animal).

UBERLANDIA — MINAS GERAIS - BRASIL
Fevereiro de 2023

PROGRAMA DE POS-GRADUAGAO EM CIENCIAS VETERINARIAS — Rua Ceara, s/n° Bloco 2D — Sala 03 - Campus Umuarama -
38400-902 - Uberlandia - MG +55 — 34 — 3218-2494 www.mestrado.famev.ufu.br http://www.ufu.br



http://www.mestrado.famev.ufu.br/

Ficha Catalografica Online do Sistema de Bibliotecas da
UFU com dados informados pelo(a) proprio(a) autor(a).

B222
2023

Baptista, Anderson Lopes, 1973-

Doenca respiratoria bovina e altera¢des
musculoesqueléticas em bovinos confinados no Brasil
[recurso eletrdnico] : uma avaliacdo dos aspectos de
mortalidade, morbidade e prejuizos econémicos. /
Anderson Lopes Baptista. - 2023.

Orientador: Jodo Paulo Elsen Saut.

Tese (Doutorado) - Universidade Federal de Uberlandia, Pés-
graduacéo em Ciéncias Veterindrias.

Modo de acesso: Internet.

Disponivel em:

http://doi.org/10.14393/ufu.te.2023.216 Inclui

bibliografia. Inclui ilustragdes.

1. Veterinéria. |. Saut, Jodo Paulo Elsen,1975-,

(Orient.). II. Universidade Federal de Uberlandia.
Pésgraduacdo em Ciéncias Veterinarias. Ill. Titulo.

CDU: 619

Bibliotecéarios responséaveis pela estrutura de acordo com o AACR2:
Gizele Cristine Nunes do Couto - CRB6/2091
Nelson Marcos Ferreira - CRB6/3074




SEI/UFU - 4274156 - Ata de Defesa - P6s-Graduagao https://www.sei.ufu.br/sei/controlador.php?acao=documento_imprim...

UNIVERSIDADE FEDERAL DE UBERLANDIA
Secretaria da Coordenacao do Programa de Pés-Graduacdo em Ciéncias

Veterindrias
BR 050, Km 78, Campus Gléria , Uberlandia-MG, CEP 38400-902
Telefone: (34) 2512-6811 - www.ppgcv.famev.ufu.br - mesvet@ ufu.br

g

ATA DE DEFESA - POS-GRADUACAO

Programa de

Pés-Graduacdo | CIENCIAS VETERINARIAS

em:

Defesa de: TESE DE DOUTORADO PPGCVET N2 03/2023

Data: 27 DE FEVEREIRO DE 2023 | Hora de inicio: 14:00 Hora de 19:20

encerramento:

Matriculado |1 1913vET002

Discente:

Nome do ANDERSON LOPES BAPTISTA

Discente:

Titulo do Doenga respiratdria bovina e alteragcdes musculoesqueléticas em bovinos confinados no

Trabalho: Brasil: uma avaliacdo dos aspectos de mortalidade, morbidade e prejuizos econdomicos

Areade 1 oa(DE ANIMAL

concentragao:

Linha de CLINICA MEDICA, CIRURGIA E MORFOLOGIA

pesquisa:

Projeto de ~ . . . A ,

Pesquisa de AVALIACOES CLINICAS, EPIDEMIOLOGICAS, DIAGNOSTICAS E TERAPEUTICAS DAS MOLESTIAS
. a o CLINICAS DOS ANIMAIS DOMESTICOS

vinculacao:

Reuniu-se por videoconferéncia a Banca Examinadora, designada pelo Colegiado do Programa de Pos-
graduagdo em Ciéncias Veterindrias, assim composta: Senhores(as) Geison Morel Nogueira -
FAMEV/UFU; Fabio Celidonio Pogliani - USP; Emilio César Martins Pereira - UFMT; Selwyn Arlington
Headley - UEL; e Jodo Paulo Elsen Saut - FAMEV/UFU, orientador(a) do(a) candidato(a).

Iniciando os trabalhos o(a) presidente da mesa, Dr(a). Jodo Paulo Elsen Saut, apresentou a Comissao
Examinadora e o candidato(a), agradeceu a presenca do publico, e concedeu ao Discente a palavra
para a exposicdo do seu trabalho. A duracdo da apresentacdo do Discente e o tempo de arguicdo e
resposta foram conforme as normas do Programa.

A seguir o senhor(a) presidente concedeu a palavra, pela ordem sucessivamente, aos(as)
examinadores(as), que passaram a arguir o(a) candidato(a). Ultimada a arguicdo, que se desenvolveu
dentro dos termos regimentais, a Banca, em sessdo secreta, atribuiu o resultado final, considerando
o(a) candidato(a):

Aprovado(a).

Esta defesa faz parte dos requisitos necessarios a obtencdo do titulo de Doutor

O competente diploma sera expedido apds cumprimento dos demais requisitos, conforme as normas
do Programa, a legislacdo pertinente e a regulamentacao interna da UFU.

1 of2 02/03/2023, 08:30



SEI/UFU - 4274156 - Ata de Defesa - P6s-Graduagao https://www.sei.ufu.br/sei/controlador.php?acao=documento_imprim...

Nada mais havendo a tratar foram encerrados os trabalhos. Foi lavrada a presente ata que apds lida e
achada conforme foi assinada pela Banca Examinadora.

' r—eii Documento assinado eletronicamente por Jodo Paulo Elsen Saut, Professor(a) do Magistério
9 - Superior, em 27/02/2023, as 19:25, conforme horario oficial de Brasilia, com fundamento no art.

assinatura

eletrénica 69, § 12, do Decreto n? 8.539, de 8 de outubro de 2015.

i

Documento assinado eletronicamente por Selwyn Arlington Headley, Usuario Externo, em
27/02/2023, as 19:26, conforme horario oficial de Brasilia, com fundamento no art. 62, § 12, do

i:_“.

[se

assinatur:

eletrénica Decreto n? 8.539, de 8 de outubro de 2015.

' r-e'I Documento assinado eletronicamente por Geison Morel Nogueira, Professor(a) do Magistério
gimma Superior, em 28/02/2023, as 12:26, conforme horario oficial de Brasilia, com fundamento no art.
eletrdnica 62, § 12, do Decreto n? 8.539, de 8 de outubro de 2015.

[ sei

assinatura

Documento assinado eletronicamente por Fabio Celidonio Pogliani, Usudrio Externo, em
01/03/2023, as 09:17, conforme horario oficial de Brasilia, com fundamento no art. 62, § 12, do

D

eletrénica Decreto n? 8.539, de 8 de outubro de 2015.

' f-e'I Documento assinado eletronicamente por Emilio César Martins Pereira, Usuario Externo, em
aginmr'a 02/03/2023, as 01:27, conforme horario oficial de Brasilia, com fundamento no art. 62, § 12, do
eletrénica Decreto n? 8.539, de 8 de outubro de 2015.

E-. A )

o ‘P'?Fﬂ- A autenticidade deste documento pode ser conferida no site https://www.sei.ufu.br

?.Fil-’““:' s /sei/controlador_externo.php?acao=documento conferir&id orgao acesso externo=0,
i b ﬁ A informando o cddigo verificador 4274156 e o cédigo CRC C396BC92.

Referéncia: Processo n2 23117.011849/2023-00 SEI n2 4274156

2 of 2 02/03/2023, 08:30



DADOS CURRICULARES DO AUTOR

Anderson Lopes Baptista — nascido na cidade de Presidente Alves,
Estado de S&o Paulo aos oito dias do més de outubro de um mil novecentos e
setenta e trés. Ingressou na faculdade de Medicina Veterinaria no ano de 1994
concluindo o curso no segundo semestre de 1998 na Universidade do Oeste
Paulista (UNOESTE). Desde entdo trabalhou em assisténcia em Fazendas na
regido de Icanga, estado de S&o Paulo até 2003. Entre 2003 e 2018 trabalhou
na funcdo de Médico Veterinario na Empresa AC Proteina, trabalhando com
sanidade de bovinos confinados nos Estados de Minas e Goids. Em dezembro
de 2014 foi aprovado no processo seletivo de Pds-Graduagdo em Ciéncias
Veterinarias (Mestrado) da UFU para ingresso em marco de 2015 e concluséo
no primeiro semestre de 2017. Atualmente proprietario da Empresa com foco
Consultoria que atende 43 confinamentos em 09 Estados Brasileiros e 01
confinamento no Paraguai, com énfase em Gestdo Sanitaria desses animais
confinados. E académico do curso de Doutorado da UFU desde margo de 2019.



A Deus em primeiro lugar e a minha familia
gue sempre me apoiou nesta jornada.

Dedico



“Por vezes sentimos que aquilo que fazemos
nao é se ndo uma gota de agua no mar. Mas
o0 mar seria menor se lhe faltasse uma gota.”

(Madre Teresa de Calcutd)



AGRADECIMENTOS

A Deus, por ter me concedido o dom da vida, inteligéncia, forca e coragem para
prosseguir nessa empreitada.

A minha méae, pelo trabalho e esfor¢co a que se submeteu para que eu pudesse
buscar esse sonho, pela constante colaboracdo e exemplos de determinacéao,
humildade e superacéo a serem seguidos, com certeza tudo que sou hoje devo
a ela.

A meu pai (in memorian), com quem infelizmente convivi apenas 5 anos, mas
tenho certeza de que sempre esteve ao meu lado e foi um grande Homem.

Aos dois amores da minha vida, minhas filhas Beatriz e Isadora, que sempre
estiveram ao meu lado.

A minha esposa Rosiana, por sua compreensdo em momentos de auséncia, a
sua forca e dedicacdo em realizar os nossos planos.

A minha irma Andréa, pelo companheirismo, amizade e apoio.

A meu soOcio e parceiro Matheus Reis, e toda a nossa equipe da FOCO
consultoria pelo empenho e comprometimento no trabalho

A toda equipe Gerencial e Operacional de todos os confinamentos que
trabalhamos.

A colega Ana Aparecida Correa Xavier, doutoranda da Universidade Estadual de
Londrina, por sua ajuda, tempo e dedicagcédo sou muito grato.

Ao meu orientador Prof. Dr. Jodo Paulo Elsen Saut, pelo qual tenho muita
admiracao e respeito pelo trabalho que faz, pela sua contribuicdo na construcéo

na conduta profissional de todos seus alunos e por sua amizade.



Sumario ) N
1. CAPITULO 1 — CONSIDERACOES GERAIS ..., 11
L1 INErOAUGAO ...ttt ettt e b e st st sttt e b s re e sse e et eteereens 11
1.2 ODjJELIVOS.......oeoiieiiee e e e e et e e e et e e e et te e e e baee e e erreeeennraes 12
L3 REVISA0 ... ueiieeiieiiiieite ettt ettt ettt e st e st e e bt e e s bt e s abe e s be e e bee e e be e e s ab e e s abeeeneeesbeeeneeas 12
1.3.1 Fatores de riscos N0S CONFINAMENTOS.......eiiiiiriiierie ettt 12
1.3.2 Problemas relacionados a criagao de bovinos de corte confinados...........ccccceeuuneee. 14
1.3.3 Doenca Respiratoria BOVING ......c.ueeiiecuiiieiecieee ettt ettt e e sare e e e eaae e e eeanaeee s 15
IO 0 @ =T T [ oF Tot- o TSR 18
1.4 REFEIENCIAS ... .eoiuieeieeieee ettt ettt ettt sttt e b e bt e s bt e saeesateeteebeens 22

2 CAPITULO 2 — THE ECONOMIC IMPACTS OF THE BOVINE
RESPIRATORY DISEASE COMPLEX ON BEEF CATTLE FEEDLOTS IN

BRAZIL ... 26
2.1 INErOAUCHION ...ttt sttt e b e s bt e sae e st e b e e b e e beennees 27
2.2 Material and Methods................coceiiiiiiiiiii e 28

2.2.1 Animals, data collection, and study @rea .......ccccceeeecviireeeeeeecccieeee e 28
2.2.2 Data collection and characterization of BRD.........cccocueeriiiiriiieniiienieeniec e 29
2.2.3 Production iNAICES. ......coitiiiiiieeieestee ettt ettt st st 30
2.2.4 Economic impacts associated With BRD..........coeociiieiiiiiiee et 30
2.2.5 StatistiCal @NAIYSES ..ececeeieeeeeee e e e b e et ae e e e eanes 31
2B RESUIES ... e e e e 31
2.3.1 Epidemiological data.......cccccuiiiieiiiiieciee e e 31
2.3.2 ProduCtion INAICES.....eeeiuiieiieeeiieesee ettt sareeenee s 35
2.3.3 ECONOMIC IMPACES ..vvvuriiiiiiiiiiiiiiitiuiiittii s annnn 35
2.8 DISCUSSION ....ooviviiiiiiiiiii ittt e e s sab e sbe e seaa e e sbe e ra s 37
2.5 CONCIUSTON ...ttt sttt saee s n e s n e e n e reennees 40
2.6 REFEIENCES ...t s 40

3 CAPITULO 3 — AN ASSESSMENT OF THE HOOF LESIONS, SKELETAL
FRACTURES, AND SOFT TISSUE AND CUTANEOUS TRAUMATIC
ALTERATIONS RESPONSIBLE FOR LAMENESS OBSERVED IN BEEF

CATTLE FEEDLOTS FROM BRAZIL.....ciitiiiiii e 44
BLLINTrOTUCTION ...t s et r e s s e 45
3.2 Material and Mmethods.............cooiiiiii i e 46

3.2.1 Study area, animals and data collection ..........ccccee e 46
3.2.2 Statistical @NAIYSES ..veeiieiieee e e 50
BLBRESUILS ... e et r e s 50

I 0 LT TV £ [o Y o TR 55



3.5 Conclusion

3.6 References



ESTUDO DE MORBIDADE E MORTALIDADE DA DOENCA RESPIRATORIA
BOVINA E AFECCOES DO SISTEMA MUSCULOESQUELETICO NOS
BOVINOS DE CORTE DE CONFINAMENTO

RESUMO - A pecuaria intensiva de corte € uma atividade crescente no
Brasil e uma forma de obter um produto de maior qualidade e aumentar a
produtividade. No entanto, & medida que a densidade de animais aumenta, ha
maior suscetibilidade a doencas ou lesdes devido a vérios fatores de risco
durante o ciclo de confinamento, como transporte, alimentacdo com alto teor de
carboidratos, socializacdo, excesso de poeira e condicdes ambientais adversas.
Dentre as doencas mais comuns, destacam-se a doenca respiratoria bovina e
as afeccbes do sistema musculoesquelético, as quais causam grandes perdas.
O objetivo do presente estudo foi avaliar as taxas de morbidade e mortalidade
de bovinos confinados em S&o Paulo, Minas Gerais, Mato Grosso, Mato Grosso
do Sul, Goias e Para. Os dados foram coletados em 10 e 22 confinamentos
comerciais, durante periodos de 2 e 5 anos, totalizando 699.526 e 1.972.884
animais avaliados para doencas respiratorias bovinas e afeccbes do sistema
musculoesquelético, respectivamente. Os resultados mostraram que a
morbidade e a mortalidade foram mais elevadas em bovinos com até 30 dias de
confinamento, sugerindo que o manejo do transporte tem um impacto negativo.
As taxas de morbidade observadas foram de 3,6% e 4,97% para todas as
doencas, sendo 2,08% associada a DRB e 1,19% a afecgclOes
musculoesqueléticas. Quanto as taxas de mortalidade geral, foram de 0,38% e
0,57%, sendo 0,08% para DRB e 0,171% para afec¢cdes musculoesqueléticas.
Foram observados prejuizos na producdo, com reducdo no ganho de peso e
custos decorrentes da morbidade e mortalidade relacionadas a DRB, resultando
em uma perda anual estimada de US$ 6,9 milhdes. As lesBes nos cascos foram
frequentes, entretanto, as fraturas de membros apresentaram alta letalidade,
ambas relacionadas a estacdo chuvosa. Estes estudos de investigacdo da
incidéncia de duas doencas comuns que impactam a producéo de gado de corte
podem ser utilizados como referéncia importante para compreender as perdas
na pecuaria local.

Palavras-Chave: consequéncias econdmicas, fraturas, claudicacdo, gado,
doenca pulmonar
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STUDY OF MORBIDITY AND MORTALITY OF BOVINE RESPIRATORY
DISEASE AND INJURIES OF MUSCULOSKELETAL SYSTEM IN BEEF
CATTLE FEEDLOT

SUMMARY - Intensive beef cattle farming is a growing activity in Brazil
and a way to obtain a higher quality product and increase productivity. However,
as animal density increases, there is greater susceptibility to diseases or injuries
due to various risk factors during the confinement cycle, such as transportation,
feeding with high carbohydrate, socialization, excessive dust, and adverse
environmental conditions. Among the most common diseases are bovine
respiratory disease and musculoskeletal system injuries, which cause significant
losses. The objetive of the present study was to evaluate the morbidity and
mortality rates of confined cattle in Sdo Paulo, Minas Gerais, Mato Grosso, Mato
Grosso do Sul, Goias, and Para. Data were collected from 10 and 22 commercial
feedlots, over periods of 2 and 5 years, totaling 699,526 and 1,972,884 animals
evaluated for bovine respiratory diseases and musculoskeletal system injuries,
respectively. Results showed that morbidity and mortality were higher in cattle
with up to 30 days of confinement, suggesting that transport management has a
negative impact. The observed morbidity rates were 3.6% and 4.97% for all
diseases, with 2.08% associated with bovine respiratory disease and 1.19% with
musculoskeletal system injuries. Regarding overall mortality rates, they were
0.38% and 0.57%, with 0.08% for bovine respiratory disease and 0.171% for
musculoskeletal system injuries. Production losses were observed, with reduced
weight gain and costs resulting from morbidity and mortality related to bovine
respiratory disease, resulting in an estimated annual loss of 6.9 million USD. Hoof
injuries were frequent, however, limb fractures had high lethality, both related to
the rainy season. These studies investigating the incidence of two common
diseases that impact beef cattle production can be used as an important
reference to understand losses in local livestock production.

Keywords: economic consequences, fractures, lameness, livestock, pulmonary
disease
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1.  CAPITULO 1 — CONSIDERACOES GERAIS

1.1 Introducéo

A producdo de carne bovina € um dos setores mais importantes do
agronegocio brasileiro, sendo o Brasil o maior exportador mundial de carne
bovina, movimentando 913 milhdes de reais em 2021 (ABIEC, 2022a). A criacdo
de bovinos em confinamento tem se destacado como uma alternativa para a
producdo de carne de qualidade. A terminacdo de bovinos em confinamento
comecou a crescer no Brasil na década de 80 e, atualmente, cerca de 15,4% dos
bovinos abatidos s&o animais de confinamento (ABIEC, 2022a). Embora o
confinamento de bovinos ofere¢ga ao mercado animais mais jovens e com melhor
qualidade de carcaca, também apresenta desafios significativos para a saude
dos rebanhos (PEIXOTO, 1996). Devido ao maior adensamento de animais e
tipo de manejo, surgem problemas sanitarios, como doencas respiratérias,
digestivas, metabdlicas, locomotoras, entre outras, podendo resultar em perdas
consideraveis nos confinamentos de bovinos de corte (USDA, 2015b).

Embora muitos estudos considerem apenas aquisicdo de vacinas,
remédios e animais mortos como custos de sanidade, as doencas também
resultam em perdas econdmicas que incluem piora na conversao alimentar,
menor ganho de peso, condenacBes de carcacas, honorarios profissionais,
custos de tratamentos e morte do animal (Lopes and Magalhées, 2005). Todos
esses custos variam de acordo com as taxas de morbidade e mortalidade
(Snowder et al., 2006). No Brasil, a incidéncia e prevaléncia de doencgas no gado
confinado ainda séo pouco conhecidas, o que resulta em falta de dados relativos
aos impactos econdémicos das doencas nos confinamentos de bovinos de corte
no pais.

Portanto, € essencial que os produtores estejam cientes dos desafios
sanitarios envolvidos na criacdo de bovinos em confinamento e implementem
praticas de manejo adequadas para minimizar a ocorréncia de doencgas. Além
disso, é fundamental que sejam realizados mais estudos para compreender a
incidéncia e prevaléncia de doencgas nos confinamentos de bovinos de corte no
Brasil e, consequentemente, estimar os impactos econémicos das doencas nos

confinamentos. Dessa forma, sera possivel garantir a rentabilidade da atividade
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e a permanéncia do produtor no mercado, além de promover a producdo de

carne bovina de qualidade e segura para o consumidor final.

1.2 Objetivos

O objetivo do presente estudo foi identificar as taxas de morbidade e mortalidade
das principais afec¢cbes que acometem o0s bovinos de corte confinados, bem

como, estimar as perdas econdmicas.

1.3 Revisao

1.3.1 Fatores de riscos nos confinamentos

O uso de confinamentos para terminar animais precocemente envolve
mudanc¢as no manejo e ambiente, que sdo acfes estressantes para 0s animais
(Buckham Sporer et al., 2008). O desmame, castracdo, descorna, jejum,
transporte, exposi¢cdo a agentes infecciosos, mudancas de dieta, as variacdes
da temperatura ambiental, ressocializacéo e outros fatores podem ocorrer antes,
na chegada e durante o confinamento (Schaefer et al., 1988).

O transporte inadequado compromete o bem-estar animal, podendo
causar contusdes, fraturas, arranhfes, exaustdo metabdlica, desidratacéo,
estresse de temperatura e até morte (Schaefer et al., 1988; Gregory, 1994; Deus
et al.,, 1999). Para reduzir tais riscos, manter 0s animais em pé durante as
viagens, mesmo em trajetos longos, € uma pratica recomendada. Estudos
indicam que a distancia do transporte esta relacionada ao tempo de jejum dos
bovinos, 0 que pode aumentar o estresse (Deus et al., 1999). A distancia
percorrida pelos animais tem sido associada a um aumento na susceptibilidade
a doencas, sendo que aqueles que viajaram por mais de 480 km apresentaram
maior risco (Kent and Ewbank, 1983). Além disso, fatores como a hora do dia e
o tempo de transporte também sdo importantes e podem influenciar as taxas de
morbidade e mortalidade dos animais(Kent and Ewbank, 1983). Além disso, o
transporte de animais jovens pode alterar os parametros fisiol0gicos sanguineos
ligados ao estresse (Buckham Sporer et al., 2008). Para garantir a saude e o

bem-estar dos animais, é fundamental levar em conta fatores relacionados a
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logistica de transporte, ao considerar esses fatores, € possivel reduzir o estresse
dos animais e minimizar a ocorréncia de doencas.

A mistura de animais de diferentes origens é um dos principais fatores de
risco para a doencga do complexo respiratério em bovinos, superando até mesmo
outros fatores de estresse (Thompson, 1983). No entanto, € possivel que
doencas ocorram mesmo sem mistura de animais ou outros fatores estressantes.
A organizacéao social do rebanho pode ser afetada pela mistura de animais em
um lote e levar a interacdes agonisticas, como brigas e sodomia, até que a
hierarquia de dominancia social seja estabelecida novamente(Hubbard et al.,
2021). No entanto, essas interacdes podem causar lesdes e afetar a frequéncia
da alimentacdo (Hubbard et al., 2021). E importante, portanto, escolher lotes
homogéneos e fornecer espaco adequado para garantir um bom desempenho
do lote (Polli and Restle, 1995).

Tradicionalmente, o gado é criado ao ar livre, o que os torna vulneraveis
a condicdes ambientais extremas e mudancas rapidas (Mader and Griffin, 2015).
Para a maioria dos bovinos, as condi¢Oes ideais de temperatura e umidade
relativa do ar sdo de 13 a 18°C e 60 a 70%, respectivamente(Brown-Brandl,
2018). Quando a temperatura ultrapassa essa faixa de conforto, h4 uma reducéo
no consumo de alimento, o que pode levar a problemas de satude(Brown-Brandl,
2018). No entanto, os animais tém a capacidade de se adaptar as condicfes do
ambiente, ajustando seu metabolismo fisiol6gico e comportamento (Mader and
Griffin, 2015).

Para garantir o bem-estar dos animais, é importante considerar as
condi¢cdes climaticas em que estdo expostos. Em condi¢cdes quentes, a
disponibilidade de 4gua é essencial, assim como bebedouros grandes e de facil
acesso (Mader, 2003). Além disso, a sombra é uma medida eficiente para reduzir
o calor radiante em até 30% ou mais, proporcionando mais conforto térmico aos
animais durante o verdo. A aspersédo de agua sobre os animais também pode
ajudar a aliviar o estresse causado pelo calor. JA em condi¢cbes frias, €
importante manter as instalacdes secas para evitar que os animais se molhem.
Portanto, € necessario considerar alternativas de manejo e instalagbes que
ajudem os animais a lidar com as condi¢des ambientais e garantam o seu bem-
estar (Mader and Griffin, 2015).
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A produgéo de poeira € comum nos confinamentos de gado de corte. A
carga de poeira presente nesses ambientes pode causar estresse no sistema
respiratorio dos bovinos, predispondo-os a infec¢cdes por patdégenos virais e
bacterianos, dependendo do numero e dos tipos de microrganismos presentes
na poeira. O aumento da incidéncia de pneumonia nos animais confinados esta
associado a variacdo da temperatura e ao aumento do tamanho das particulas
de poeira (MacVean et al., 1986). No entanto, outro estudo sugeriu que
temperaturas elevadas e baixa umidade associadas a alta atividade dos bovinos
com aumento na movimentagdo contribuem para a produgéo de poeira e nao
encontrou microrganismos presentes em suspensao de poeira (Wilson et al.,
2002).

A bovinocultura de corte apresenta maior incidéncia de problemas
metabdlicos devido a dieta rica em concentrados, que visa obter um elevado
ganho de peso diario e reduzir o tempo para abate. A alimentacdo com dietas
ricas em carboidratos pode causar alteragées fisioldégicas no ramen, predispondo
0s animais a disturbios metabolicos (Paulino et al., 2013).

A garantia da saude e bem-estar dos animais € essencial na producéo de
bovinos de corte. Durante o transporte, é importante adotar medidas de manejo
para minimizar o estresse nos animais, como a escolha de veiculos adequados
e a reducéo do tempo de transporte. A homogeneizacao do lote e a adog¢ao de
medidas de manejo para minimizar o estresse ambiental, como a oferta de
sombra e aspersédo de agua, também séo fundamentais para garantir a eficiéncia
da producdo e a salude dos animais. A producdo de poeira e os problemas
metabdlicos sdo outros fatores que devem ser considerados, exigindo a adocdo
de medidas de manejo adequadas para prevenir doengas e garantir a qualidade
do produto final. Em suma, a implementacdo de boas praticas de manejo €
essencial para garantir a sustentabilidade e eficiéncia da producdo de bovinos

de corte.

1.3.2 Problemas relacionados a criacédo de bovinos de corte confinados

A saude dos bovinos é crucial para a producdo bem-sucedida e, embora

muitas doencas possam ser tratadas facilmente, é importante identifica-las e

tratd-las rapidamente para evitar complicacbes graves. Por isso, 0 manejo
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adequado dos animais é a melhor forma de prevenir doencas durante o periodo
de confinamento(Noffsinger et al., 2015). Os responsaveis pela inspecédo dos
animais devem ser bem treinados para identificar sinais de desordem de saude
e medica-los de acordo com as prescricbes do médico veterinério. As doencas
mais comuns em bovinos de corte incluem o complexo respiratério,
ceratoconjuntivite, problemas digestivos, locomotores, distarbios nutricionais e
doencas infecciosas (PEIXOTO, 1996).

A compreensdo das doencas que afetam os bovinos em confinamentos é
essencial para garantir a saude e o sucesso da producdo. O complexo de doenga
respiratoria bovina e os disturbios do sistema locomotor merecem uma atencao
especial, pois sdo as principais causas de perdas no sistema. Por isso, a
avaliacdo das taxas de morbidade e mortalidade, juntamente com as analises
descritivas e quantitativas das doencas e do tempo de ocorréncia, oferecem
informacdes valiosas para a compreensdo da causa e da patologia desses
processos. E fundamental que produtores e veterinarios estejam sempre atentos
a saude dos animais e tomem medidas preventivas e terapéuticas quando

necessario.

1.3.3 Doencga Respiratéria Bovina

A Doenca Respiratéria Bovina (DRB) é uma doenca multifatorial que
envolve diversos agentes infecciosos, alteracbfes abruptas no manejo e
situacOes adversas do ambiente. DRB causa altas taxas de mortalidade em
bovinos leiteiros e bezerros, sendo considerada a principal causa de morte em
bovinos confinados nos EUA (USDA, 2015b). No entanto, dados clinico-
epidemioldgicos sobre a DRB ainda sédo limitados no Brasil em comparacao com
outros paises. Um estudo retrospectivo realizado no Rio Grande do Sul analisou
33 surtos de DRB ao longo de 12 anos, com 18 em bovinos de leite, 13 em
bovinos de corte e apenas um em gado de confinamento(Brasil et al., 2013). A
taxa de morbidade das infecgBes respiratérias variou de 0,06% a 100%, com
mortalidade de 0,06% a 34,6%, sendo que todos os animais afetados eram
bezerros com menos de 12 meses de idade (Brasil et al., 2013).

Apenas um estudo realizado no Brasil durante dois anos demonstrou as

taxas e estimativas de perdas pela DRB nos confinamentos de bovinos de corte.
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A DRB teve uma morbidade de 6,13% (11.577/188.862) e uma mortalidade de
0,21% (397/188.862) (Baptista et al., 2017). Além disso, 0s gastos associados a
DRB foram significativos, totalizando US$ 14.334,00 e US$ 16.315,40 para cada
10.000 bovinos em mortalidade e morbidade, respectivamente. E as perdas
econdmicas anuais foram estimadas em US$ 6,31 milh6es e US$ 5,54 milhdes
para morbidade e mortalidade, respectivamente, totalizando uma perda anual de
US$ 11,85 milhdes (Baptista et al., 2017).

Durante um periodo de dois anos em um confinamento em Goiés, a DRB
foi identificada como o maior problema de saude em bovinos, representando de
44,1% a 46,7% de todos os casos diagnosticados. Os custos de tratamento
foram significativos, totalizando em média de 7% a 15% do peso vivo alvo a ser
alcancado no final do sistema tradicional de producéo.

O desempenho de 5.976 bovinos de confinamento foi avaliado,
encontrando uma incidéncia de DRB de 8,17%, na qual, também teve efeitos
significativos na taxa de ganho de peso diario, reducdo no rendimento da carcaca
e escore de marmoreio da carne(Schneider et al., 2009). Além disso, os efeitos
adversos sobre os indices produtivos aumentaram a medida que o numero de
bovinos tratados para DRB aumentava (Schneider et al., 2009).

Em um confinamento em Oklahoma foi identificado 237 casos fatais de
DRB, correspondendo a mais da metade de todas as mortes registradas (53,8%).
A morbidade por DRB foi de 14,7%, com uma taxa de mortalidade de 1,3% de
todas as causas. Os pesquisadores encontraram relacdes estatisticamente
significativas entre os agentes, lesdes e os dados de tratamento animal. De
acordo com o estudo, o inicio da doenca ocorreu em média 32,65 dias antes do
tratamento, enquanto a mortalidade ocorreu em média 61,81 dias apds o
tratamento (Fulton et al., 2009).

Durante um periodo de nove anos, 2.146 bovinos confinados foram
estudados retrospectivamente. A morbidade de DRB foi registrada em 20,6%
dos casos, com um custo médio de tratamento de US$ 12,39 por caso. Os
bezerros diagnosticados e tratados para DRB apresentaram taxa de mortalidade
significativamente menor em comparacao com aqueles nao diagnosticados. O
lucro liquido foi reduzido em US$ 48.496 para novilhos tratados, principalmente
devido a combinagcdo de mortalidade e custos de tratamento. A incidéncia de
DRB foi reduzida por meio de vacinagédo e desmame de bezerros 14 dias antes
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do embarque para o confinamento, mostrando-se medidas efetivas de
prevencao (Faber et al., 2000).

Um estudo conduzido na Australia avaliou os impactos econémicos da
DRB em bovinos e constatou que a morbidade foi de 18% e a mortalidade de
2,1%, com uma perda média de AUD$ 1.647,53 por morte. Além disso, bovinos
que foram tratados trés ou mais vezes tiveram carcacas mais leves, gerando
uma receita AUD$ 384,9 menor em comparagdo com o0s nao tratados. Além
disso, animais com DRB tiveram carcacas mais leves e menor rendimento de
carne, o que resultou em perdas financeiras significativas no momento do abate
(Blakebrough-Hall et al., 2020).

Em um confinamento de bovinos localizado proximo a areas de alta
produgédo de graos nos EUA, os animais sdo geralmente jovens, com idades
entre seis e doze meses, e apresentam taxas médias de morbidade em torno de
8%, com taxas de mortalidade abaixo de 1%. No entanto, a Doenca Respiratoria
Bovina (DRB) tem um grande impacto nesse sistema, sendo responsavel por
75% da morbidade e mais de 50% da mortalidade dos bovinos confinados. A
DRB é conhecida por ocorrer logo apés o gado chegar ao confinamento, devido
ao estresse do transporte (Edwards, 1996b).

Foram avaliadas a prevaléncia de doencas e patdgenos que causam
morbidade ou mortalidade em bezerros de 72 confinamentos de carne bovina
em Ontério. Apenas foram examinados os animais que morreram ou foram
eutanasiados dentro de 60 dias apos a chegada. A pneumonia foi a lesdo mais
frequente, afetando 86% dos vitelos, e também uma causa comum de morte,
sendo considerada um importante contribuinte para doencas fatais em 76% dos
casos (Gagea et al., 2006b).

Um estudo de coorte retrospectivo avaliou mais de 21,8 milhGes de
bovinos em 121 confinamentos nos EUA entre 1994 e 1999. Embora a taxa geral
de mortalidade ndo tenha aumentado significativamente ao longo do tempo, o
risco de morte devido a distUrbios respiratérios aumentou durante a maioria dos
anos, sendo responsavel por 57,1% de todas as mortes. Os bovinos leiteiros
apresentaram um risco aumentado de morte por qualquer causa, enquanto as
fémeas de gado de corte tiveram um risco significativamente maior de morte
devido a disturbios respiratorios em comparacdo com os machos de gado de

corte. O aumento nos disturbios fatais do trato respiratorio pode refletir um
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aumento nos disturbios ndo fatais durante a maioria dos anos (Loneragan et al.,
2001).

As taxas de morbidade, mortalidade e perdas econdémicas por DRB
apresentam variag6es consideraveis e no Brasil ha poucos dados. A prevencgao
e o controle da DRB nos bovinos séo fundamentais para a reducdo de perdas
econbmicas. Além disso, medidas como vacinacdo, melhoria do estado
nutricional, manejo que preza pelo bem-estar animal e reducéo da exposicéo a
patégenos sdo essenciais para prevenir a doenca e manter a saide dos animais.
E importante ressaltar que essas medidas devem ser implementadas de forma

integrada e consistente, a fim de garantir a eficacia no controle da DRB.

1.3.4 Claudicacao

A claudicacdo ocorre quando ha dificuldade em se locomover
normalmente, devido a alteragcbes na marcha, que podem ser observadas
durante a progressao ou em posi¢cao quadrupedal. Essa condicao geralmente é
acompanhada de dor nos membros ou estruturas de suporte e pode ocorrer
devido a doencas ou anormalidades do sistema musculoesquelético (Shearer et
al., 2013).

Uma das principais causas de claudicacdo séo as afec¢cbes podais, que
tém uma prevaléncia de até 97,2% (Souza, 2002). As lesdes nos digitos podem
ter varias causas, como doencas sistémicas, defeitos congénitos, laminites,
entre outras (Souza, 2002). Algumas das enfermidades podais mais comuns
incluem erosdo da camada cornea, dermatite interdigital, pododermatite séptica,
dermatite digital e hiperplasia interdigital. Problemas ambientais e de manejo,
como umidade excessiva, pisos abrasivos e falta de conforto nas instalacdes,
sao fatores de risco importantes para o desenvolvimento dessas enfermidades
(Griffin et al., 2016). Animais manejados em sistemas intensivos também tém
maior probabilidade de desenvolver patologias digitais, como a laminite (Somers
et al., 2003).

Para um diagnostico correto de claudicacdo e afeccbes podais, é
fundamental ter um conhecimento anatdomico detalhado dos membros
locomotores e digitos. A avaliacéo clinica e dos exames auxiliares de diagnostico

exigem esse conhecimento e sd0 essenciais para uma interpretacdo correta.



19

Além disso, o exame dos membros locomotores € crucial para determinar a
localizacéo e extensao da lesdo (Stokka et al., 2001).

Estudos apontam que a prevaléncia da claudicacdo em bovinos varia
consideravelmente, indo de 1,1% a 54,8% e, em alguns casos, chegando a 88%
a 97,2%. Em um estudo realizado na Califérnia, a claudicacéo foi responsavel
por um dos trés maiores gastos com servicos veterinarios relacionados a
doencas em 57 rebanhos de carne bovina. Além disso, a claudicacdo € um
problema frequente em animais de corte em frigorificos, atingindo 26,6% em
vacas e 36,3% em touros. As afeccdes podais, por sua vez, sdo responsaveis
por cerca de 90% dos casos de claudicacdo em bovinos leiteiros e 70% em
confinamentos (Newcomer and Chamorro, 2016).

Entre as causas de claudicacao devida a lesdes fora do casco, as lesdes
traumaticas sdo as mais comuns em bovinos, incluindo fraturas, sendo essa a
principal causa. Em um estudo, 33 casos de fraturas foram diagnosticados, com
o tarso e o carpo sendo as areas mais afetadas. A idade média de apresentacao
dos casos foi de 2 anos, sendo que 20% ocorreram em bezerros com menos de
1 ano de idade, decorrentes de traumas durante o parto assistido. Fraturas do
metacarpo e metatarso tdo comuns quanto as de 0ssos longos. No entanto, em
alguns casos de claudicacéo, a causa do trauma néo foi identificada (Newcomer
and Chamorro, 2016).

As fraturas em bovinos podem ser causadas por falhas de manejo,
temperamento dos animais e terreno acidentado. Essas lesdes podem causar
grandes prejuizos econdmicos, uma vez que 0s animais podem perder peso e
reduzir seus indices produtivos durante a recuperacdo, além de gerar altos
custos para tratamento e, em casos mais graves, levar a morte do animal. Por
isso, 0 tratamento é realizado de acordo com o valor zootécnico do animal.

A claudicacdo é uma questdo preocupante para a industria pecuaria em
diversos paises, incluindo o Reino Unido, onde um estudo descritivo foi realizado
para examinar a ocorréncia da condicdo em bovinos de corte. No entanto, a
maioria dos produtores relatou que examinar as patas ndo era seguro, 0 que
pode contribuir para a persisténcia da claudicacdo. Além disso, 35% dos
pecuaristas consideram transportar animais com claudicagao persistente para o
abate como uma solucéo. A falta de pessoal, tempo, treinamento e conhecimento

também foram apontados como barreiras para prevenir e controlar a



20

claudicagdo. Sugerindo uma subestimacdo dos impactos econdmicos da
condicao na producédo de carne bovina, por parte dos produtores(Tunstall et al.,
2021).

Visando melhorar o bem-estar animal, o Comité de Bem-Estar Animal do
Instituto Norte-Americano de Carne ajudou a criar um sistema de pontuagao para
avaliar a mobilidade de animais terminados para o abate nos frigorificos,
fornecendo a industria pecuaria uma ferramenta para avaliar e melhorar o bem-
estar animal (Edwards-Callaway et al., 2017).

O transporte de longa distancia pode ser um fator significativo na
mortalidade do gado, como revelado por um estudo anterior no Brasil, no qual o
trauma foi a segunda principal causa de mortalidade entre os animais,
representando 27,1% (329/1.214) das mortes. No qual, alguns animais
desenvolveram multiplas lesdes trauméaticas durante o transporte e tiveram que
ser eutanasiados. A distancia percorrida durante o transporte para o
confinamento também foi associada a uma maior mortalidade e morbidade de
doencas respiratérias, tornando-se um possivel preditor da salde e desempenho
do gado. Outros fatores, como perda de peso, densidade populacional e tempo
sem alimentacdo, também podem contribuir para o alto percentual de
mortalidade por trauma durante o transporte (Baptista et al., 2017).

Um estudo realizado por Aleri et al. (2021) e colaboradores analisou a
frequéncia de mortalidade em bovinos de corte e leite durante um periodo de 38
anos no sudoeste da Australia Ocidental. De acordo com as necropsias
realizadas em um centro de referéncia em patologia veterinaria, das 904
carcacas de bovinos examinadas, 7% (24/358) das mortes foram atribuidas a
doencas respiratdrias, como pneumonia, enquanto 6% (21/358) foram causadas
por claudicacao, incluindo fraturas. Esses resultados indicam a importancia de
controlar e prevenir tanto as doencas respiratérias quanto a claudicacdo em
bovinos de corte e leite.

Recentemente, uma investigacdo realizada na Irlanda analisou as
percepc¢des dos produtores de carne bovina e leiteira sobre o manejo de animais
gravemente feridos, como nos casos de fraturas. Os produtores entrevistados
demonstraram uma Vvisdo positiva em relacdo ao abate de emergéncia, mas
mencionaram a disponibilidade e o custo como possiveis preocupacdes

(McDermott et al., 2023). Quando se trata de lidar com lesfes graves ou agudas
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em bovinos, existem quatro opc¢des de manejo disponiveis na fazenda:
tratamento, desde que a lesdo ndo seja tdo grave; abate de emergéncia na
fazenda; abate, no qual o animal é transportado para um matadouro, desde que
um veterinario certifique sua aptidao para o transporte; ou eutanasia (McDermott
et al., 2023).

A mortalidade de bovinos € um problema que acarreta prejuizos
econdmicos e preocupacdes com a sustentabilidade, o desperdicio alimentar e
0 bem-estar animal. Nesse contexto, o abate de emergéncia na fazenda surge
como uma alternativa para evitar perdas econdmicas maiores e uma
oportunidade para que os produtores salvem parte do valor econémico do
animal. No entanto, a pratica e a regulamentacdo variam consideravelmente
entre os paises nordicos e hd uma escassez de dados sobre a incidéncia e as
razBes para o uso de abate de emergéncia em bovinos (Skuladottir et al., 2022a).
Em 2018, uma analise de certificados veterinarios de abate de emergéncia em
quatro matadouros dos paises nérdicos revelou que 46% dos bovinos foram
abatidos por problemas de locomocao, sendo que quase metade desses casos
foi devido a claudicacao (Skuladottir et al., 2022b). Isso demonstra a importancia
de avaliar cuidadosamente a condicdo do animal e considerar o abate de
emergéncia como uma opc¢ao viavel em casos de lesbes graves ou agudas que
afetam a locomogé&o.

Um estudo realizado na Republica Checa de 2010 a 2019 examinou a
frequéncia de lesdes traumaticas em diferentes espécies e categorias de animais
abatidos, com base em exames veterinarios post mortem realizados em
matadouros. Embora as lesGes traumaticas tenham sido observadas em baixa
frequéncia, elas foram mais comuns em bovinos, seguidos por porcos e ovelhas.
E importante priorizar a prevencéo de traumas em bovinos, ja que essa espécie
apresentou a maior frequéncia de lesGes entre os animais adultos, jovens e
terminados. Mais pesquisas sao necessarias para identificar fatores que
reduzam o risco de lesdes em todas as espécies animais, visando aprimorar o
bem-estar animal no abate. Embora a baixa frequéncia de lesdes traumaticas
seja positiva, ainda € crucial prevenir lesées e reduzir o risco de traumatismos
em todas as espécies animais. (Valkova et al., 2021).

A claudicacdo e lesbes traumaticas em bovinos podem afetar

negativamente a produtividade e bem-estar dos animais. Os produtores devem
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estar atentos aos sinais precoces de claudicacdo e lesbes para intervir
rapidamente. Embora as afeccfes podais sejam as principais causas de
claudicacdo, lesdes traumaticas sdo comuns na pecuaria de corte. Medidas
preventivas, como manutencéo de pisos adequados e manejo cuidadoso, sao
Importantes para evitar essas condi¢gdes. Com medidas preventivas e tratamento
adequado, os efeitos negativos da claudicacao e lesdes traumaticas podem ser

minimizados, promovendo a saude e bem-estar dos bovinos.
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2 CAPITULO 2 — THE ECONOMIC IMPACTS OF THE BOVINE RESPIRATORY
DISEASE COMPLEX ON BEEF CATTLE FEEDLOTS IN BRAZIL

ABSTRACT - Bovine respiratory disease (BRD) is a common cause of morbidity
and mortality in beef cattle feedlots from the USA, Canada, and Australia. However,
data relative to the economic impacts, morbidity, and mortality are scarce in Brazil.
This study investigated the incidence of BRD in 10 beef cattle feedlots from different
geographical regions of Brazil, during January/2019 to December/2020, with a total of
699,526 cattle on feed. The general morbidity was 3.6 %, while BRD-associated was
2.08 %. The general mortality rate identified was 0.38% and the mortality rate BRD-
associated was 0.08%. BRD accounted for 57.9 % and 22.1 % of all disease cases
and deaths, respectively. The average body weight was 14.9 kg higher in cattle without
BRD compared to cattle with BRD. The costs of BRD-related mortality and morbidity
were estimated at 777.98USD/animal and 51.4USD/ animal, respectively, and resulted
in an estimated annual loss of $6.9 million USD due to morbidity and US$4 million due
to mortality. This is the only study in Brazil that investigated the incidence of BRD and
the impact on production/economics and the data herein obtained can be used as the
starting point to understanding the BRD-related losses in the local cattle industry.

KEYWORDS: economic consequences; financial losses; livestock production; meat

industry; morbidity; mortality; pulmonary disease.
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2.1 Introduction

The states of Goias, Minas Gerais, and Sao Paulo are localized within the
central-western and southeastern geographical regions of Brazil, collectively
contribute towards 25.8 % (56,355,851/ 218,150,298 cattle) of the effective cattle herds
in the country, and were classified, respectively, as the 2", 4" and 9'" cattle producing
states within all 26 Federative states of Brazil 2021 (IBGE, 2021b). Furthermore, these
three states are among the five states that slaughtered the most cattle in 2022 (IBGE,
2022). The beef production industry in Brazil moved approximately 913 billion USD in
2021 (MAPA, 2021a; ABIEC, 2022b). Therefore, livestock production is critical to the
Brazilian economy.

The bovine respiratory disease (BRD) complex is a multifactorial and multi-
etiological disease entity that is caused by a variety of infectious disease pathogens,
associated with problems due to cattle management and drastic changes in climatic
conditions (Snowder et al., 2006; Fulton, 2009; Griffin et al., 2010; Taylor et al., 2010).
Several agents associated with the development of BRD in cattle herds that resulted
in clinical diseases in Brazil have been identified, including Histophilus somni (Headley
et al., 2014; Headley, 2017; Magalhdes et al., 2017), Mannheimia haemolytica
(Baptista et al., 2017; Magalhdes et al., 2017), Pasteurella multocida (Baptista et al.,
2017), bovine alphaherpesvirus 1 (BoHV1), bovine parainfluenza virus 3 (BPIV3)
(Oliveira et al., 2020) bovine respiratory syncytial virus (BRSV) (Driemeier et al., 1997,
Flores et al., 2000; Headley, 2017), bovine corona virus (Beuttemmuller et al., 2017),
and bovine viral diarrhea virus (BVDV) (Flores et al., 2005).

The respiratory problems have been associated with the highest percentage of
losses among almost 3.6 million cattle and calves due to non-predator causes in the
USA in 2015 (USDA, 2015a). BRD-infected cattle are generally associated with a
higher mortality risk, higher treatment costs, and worse carcass performance as
compared with healthy animals, and consequently affects impacts animal welfare,
performance, and economic parameters (White and Larson, 2020).

Although a large proportion of cattle in Brazil are reared on pasture systems,
the use of feedlots for intensive cattle breeding has expanded annually (DSM, 2021).
A study of 144,340 cattle in a feedlot in the state of Goias revealed that the overall
morbidity was 3.18 % in 2012 and 2.81 % in 2013, with BRD being the primary cause
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of illness and accounting for 44.1 % and 46.7 % of all cases in 2012 and 2013,
respectively (Malafaia et al., 2016). We have demonstrated that the morbidity rate of
all cattle on feed was 7.05 % (13,315/ 188,862), with BRD-related conditions
accounted for 86.9% of all cattle morbidity during a two-year study from a single beef
cattle feedlot in the state of Minas Gerais (Baptista et al., 2017).

It must be highlighted that information relative to the occurrence of BRD and the
associated economic impact in Brazil is restricted to one study (Baptista et al., 2017).
This data contrasts the fact that Brazil is one of the largest commercial cattle producing
country, with little data, when compared to similar information from the USA (Snowder
et al., 2006; USDA, 2015a) and Australia (Blakebrough-Hall et al., 2020). Therefore,
data associated with the economic impacts of BRD on livestock production in Brazil is
lacking when compared with other important beef producing countries. Consequently,
this study evaluated the economic impacts on livestock production of BRD in beef cattle

feedlots from the three major cattle producing states of Brazil.

2.2 Material and Methods

2.2.1 Animals, data collection, and study area
This study analyzed data from 10 beef cattle feedlots, that contained cattle from the

subspecies Bos taurus indicus and hybrids (Bos taurus indicus x Bos taurus taurus) of
various breeds (Nellore, Nellore mixed breed, dairy cross, and industrial crossing),
located in the states of Goias, Minas Gerais, and Sao Paulo, Brazil. Each feedlot had
a mean stocking capacity of 40,885 + 32,974 heads of cattle in 2019 and 29,068 +
19,162 in 2020. All animals maintained in these feedlots were monitored using the
Brazilian System of Individual Identification of Cattle and Buffalo (MAPA, 2002). All
cattle were maintained on feed in paddocks as previously described (Baptista et al.,
2017).

All cattle from these feedlots originated from different states in Brazil, were non-
castrated steers between 24 to 36 months of age, with an initial average body weight
of 369.7 + 74.97 kg. All cattle were maintained on feed for approximately 106.4 + 18.23
days until attained 525.1 + 73.89 kg of body weight, with an average daily weight gain
(ADG) of 1.46 + 0.31 kg. The feedlots contained an automated feeding system; all
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cattle were fed four times daily with a ration consisting of corn silage, concentrate, and
mineral salt. Water was available ad libitum from artesian wells at each feedlot.

The initial protocol included the individual examination of the overall health and well-
being, immunization and deworming of all steers on arrival at each feedlot. All cattle
were dewormed using a commercial solution containing 5 mg of fenbendazole per kg
of body weight orally and immunized against the principal causes of BRD in Brazil:
BoAHV1 -1, BPIV3, BVDV, P. haemolytica, and P. multocida. Additionally, cattle at
these feedlots were immunized against Clostridia spp., E. coli, and Salmonella dublin.

2.2.2 Data collection and characterization of BRD
This retrospective study collected data from January 2019 to December 2020

and includes a total of 699,526 cattle on feed. All animals exhibiting significant signs
of any disease were promptly isolated, examined, and treated individually by the
veterinary staff. The data obtained on clinical diagnosis, therapy, morbidity, and
mortality were tabulated in a Microsoft Excel spreadsheet and used as data for the
results of this study. Furthermore, the morbidity and mortality rates of cattle with and
without BRD were determined relative to the total number of cattle on feed.

The respiratory disease assessment was based on the DART system (Zoetis,
Florham Park, USA) with modifications and was done by the trained veterinarians at
each feedlot. In summary, the symptoms observed were depression, irregular appetite,
and/or respiratory distress. Manifestations of depression included, but were not limited
to, depressed attitudes, a low head, glazed over or sunken eyes, slow or restricted
movements, arched back, difficulty standing or walking, finger joints or dragging toes
when walking, and tripping. Signs of abnormal appetite included animals that were
completely off feed, eating less than predicted or very slowly, had a lack of intestinal
fullness or lean appearance, and evident loss of body weight. Respiratory signs
included labored breathing, extended head and neck, and audible breathing noise.
Thus, inclusion criteria include animals with coughing, nasal discharge, rapid and
shallow breathing, dyspnea, increased rectal temperature (> 40°C), rough hair coat,
lethargy, lack of appetite, with a clinical diagnosis of BRD, and obligatorily treated for

respiratory impairment.
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2.2.3 Production indices
The ADG was determined by using 58.2 % (407,425/ 699,526) of the total

number of cattle on feed, since complete data were only available for these animals.
Additionally, cattle that died (n = 2,661), diseased due to non-respiratory conditions (n
= 10,573), and with any incomplete data (n = 278,867) were removed from the total
number of cattle on feed and not used to determine the ADG. The entry and exit weight
of each animal was determined by using the weight obtained on the first and last day
on feed (DOF). In addition, the DOF for each lot of animals on feed were recorded, and
the ADG was determined for cattle with and without BRD.

2.2.4 Economic impacts associated with BRD
The economic implications of BRD-related morbidity and mortality during this

study were estimated by calculating the cost associated with the following:
immunization (1.32USD), therapy (75.00USD), operational costs ( 3.21USD) per
head of cattle entering the feedlot; total operating cost per animal associated with BRD-
related morbidity and mortality; average value per head of cattle that died due to BRD.
All costs were expressed in USD and were based on the average cost of expenses at
these feedlots.

Operational costs included all expenses related with feeding and maintenance
of each animal per day at the feedlots. The cost of morbidity was determined by the
combination of several factors, including the average operational costs/animal,
therapy, and immunization-associated cost, and the number of days on feed. Cattle
with BRD were maintained for comparatively longer periods on each feed lot than
healthy cattle to obtain the same average weight. Additionally, sick cattle were
maintained on each feed lot for approximately 112 DOF with a daily operating expense
of 3.21 USD/animal, resulting in 35.92USD per animal on feed.

Alternatively, the cost of mortality was determined by computing the average
operational costs/animal average of DOF of deaths (42 DOF) by the daily operating
cost (3.21USD), resulting in 134.72 USD. The average cost per animal was calculated
by using the purchase price of the animal based on the average entry weight. The cost
of the animal considered the average operational costs of the 42 DOF, cost of the

animal, vaccinations, and therapy.
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2.2.5 Statistical analyses
All graphs and data were tabulated using the GraphPad Prism 9 statistical

software (GraphPad Software, San Diego, CA, USA). Cattle were considered as an
experimental unit. Data were tabulated initially in Excel spreadsheets and descriptive
statistics were presented as mean and standard deviation. Variable considered as
guantitative (ADG) was subjected to the Anderson-Darling test to verify whether a
parametric distribution was established, then it was used the Mann-Whitney test (non-

parametric distribution). Statistical significance was considered as P < 0.05.

2.3 Results
2.3.1 Epidemiological data

Between January/2019 and December/2020, 699,526 heads of cattle were on
feed at the 10 feedlots evaluated and represents 1.1 % (699,526/ 62,332,886) of the
total number of cattle slaughtered in Brazil. The geographic location of the ten feedlots
monitored during this is shown at Figure 1, with 61.2 % (428,103/ 699,526) animals
originated from the state S&o Paulo, 20.5 % (143,413/ 699,526) from Minas Gerais,
and 18.3 % (128,010/ 699,526) from Goiés, and constituted five, four, and one feedlot,
respectively.

FEEDLOT LOCATION

SAQ PAULO STATE (n = 428,103)
-Feedlot 1 (n = 34,174)
-Feedlot 2 (n = 157,661)
-Feedlot 6 (n = 86,002)
-Feedlot 7 (n = 27,619)
-Feedlot 10 (n = 122,647)

MINAS GERAIS STATE (n = 143,413)
- Feedlot 3 (n=35,791)
- Feedlot 4 (n=70,781)
- Feedlot5 (n = 25,548)
- Feedlot9 (n=11,293)

GOIAS STATE (n = 128,010)
- Feedlot 8 (n =128,010)

Figure 1. Geographical distribution and total number of cattle at each feedlot (n = 10)
within the states of Sado Paulo (n = 5), Minas Gerais (n = 4), and Goias (n = 1). Feedlots
(n=3) that are within proximity in the state of Minas Gerais are identified within the
circle.
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The general and BRD-related mortality and morbidity rates of the 10 feedlots
evaluated during this study are provided (Table 1). The mean morbidity rate was 3.6%
(25,132/699,526) with a variation between feedlots of 1.4 % and 7.2%, with BRD-
associated morbidity was being identified as 2.08% (14,559/699,526), with variations
of 0.89% and 6.41%. Additionally, the overall mortality was estimated at 0.38 %
(2,661/699,526), with a variation of 0.21 % to 0.53 %; with mortality attributed to BRD
being 0.08 % (588/ 699,526), varying between 0.05 % to 0.15 %. Furthermore, BRD
accounted for 57.9% (14,559/25,132) and 22.1% (588/2,661) of the total number of

diseases and deaths in this study, respectively.
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Table 1. Mortality and morbidity rates of cattle identified in ten feedlots from three

geographical regions of Brazil during January 2019 — December 2020.

FEEDLOT (n)

MORBIDITY - % (n)

MORTALITY - % (n)

All diseases?

BRD

All diseases?

BRD

1(34,174)
2 (157,661)
3(35,791)
4 (70,781)
5 (25,548)
6 (86,002)
7 (27,619)
8 (128,010)
9 (11,293)

10 (122,647)

1.4 % (479)
1.9 % (3,045)
7.1 % (2,558)
3.3 % (2,350)
4.2 % (1,061)
2.8 % (2,426)
3.2 % (874)
4.1 % (5,258)
7.2 % (811)

5.1 % (6,270)

0.89 % (305)
1.58 % (2,489)
6.41 % (2,293)
2.85 % (2,017)

1.48 % (378)
2.17 % (1,865)

1.98 % (546)
0.95 % (1,215)

5.23 % (591)

2.33 % (2,860)

0.35 % (118)
0.44 % (694)
0.31 % (111)
0.35 % (248)
0.28 % (71)
0.27 % (235)
0.21 % (58)
0.53 % (677)
0.23 % (26)

0.34 % (423)

0.08 % (28)
0.06 % (92)
0.15 % (54)
0.12 % (84)
0.05 % (14)
0.12 % (107)
0.05 % (14)
0.09 % (113)
0.05 % (06)

0.06 % (76)

Total = 699,526

3.6% (25,132)

2.08% (14,559)

0.38 % (2,661)

0.08  (588)

L Including all diseases diagnosed and treated during the period (January/2019 -

December/2020), such as BRD (metabolic, digestive, clostridial, lameness, fracture,

trauma, and other diseases.

When the distribution of the frequency of morbidity related to BRD was
evaluated in all 10 feedlots, it was observed that 29.1 % (4,237/14,559) and 62.4 %
(9,082/ 14,559) of the cases occurred in cattle, respectively during the first 15 and 30

DOF, with the number of cattle with BRD-associated morbidly being proportionally

reduced during the entire period on feed (Figure 2A). However, when the feedlots were

evaluated separately (Figure 2B), each feedlot showed a different trend of BRD-

associated morbidity that was grouped around the mean value.
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Figure 2. Distribution of the mean occurrence of BRD morbidity in cattle from (a) all 10

feedlots and (b) the individual feedlots relative to the number of days on feed.

When the BRD mortality indices were evaluated, more than half (64.2%; 377/588)
of all cattle on feed died within 60 days of entry into feedlots, with the frequency of
cattle mortality due to BRD being reduced as the animal is maintained within feedlots
(Figure 3A). A similar individual trend of BRD-related mortality, as described for
morbidity, was identified with each individual feedlot having different mortality indices
that were grouped around the mean BRD-related mortality (Figure 3B).

>

MORTALITY (MEAN) B MORTALITY (FEEDLOT)

100
904
80
704
60
50+
404
30
204
104

BRD (588 / 699,526)

100+ -
— BRD (n = 588) St —— 1(28/34,174)
16.8 % T TR - 2(92/157,661)

3 (54/ 35,791)
4 (84 /70,781)
5 (14 / 25,548)
6 (107 / 86,002)
7 (14 /27,619)
— 8(113/128,010)
9 (6/11,293)
10 (76 / 122,647)

SRR SR R
Probability of Survival

Probability of Survival

..... L. 83.99%

' -
SRR PSP S S PP PP
Days on feed Days on feed

Figure 3. Distribution of the mean occurrence of BRD in cattle mortality from (A) all 10
feedlots and (B) the individual feedlots relative to the number of days on feed.
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2.3.2 Production indices
The average duration of cattle on feed varied between 106.4 + 18.23 DOF, with

entry weights of 369.7 + 74.97 kg and exit weights of 525.1 + 73.89 kg. During this
study, the ADG in cattle without BRD (404,887/ 407,425) was 1.47 + 0.31 kg/d, with
the ADG in cattle with BRD (2,538/ 407,425) being 1.33 £ 0.36 kg/d (Figure 4). A
significant difference in ADG (P < 0.0001; Mann-Whitney test) was obtained,
demonstrating that cattle on feed without BRD-related diseases gained 14.9 Kg in

excess than cattle with BRD considering the mean of duration on feed.

AVERAGE DAILY GAIN

150 *kkk

1

1 [

100+

Kg day"'

147 1.33
50 + +

0.31 036

T T
No BRD BRD
BRD

Figure 4. Comparative distribution of the average daily gain (ADG) of feedlot cattle
without (n = 404,887) and with BRD (n = 2,538).

2.3.3 Economic impacts

The projected losses associated with BRD are represented in Table 2. The costs
associated with vaccinations and therapy were estimated at 1.32USD and 14.15USD
per animal, respectively. The average operational costs for BRD-related morbidity
were 35.92USD while mortality was 134.72USD. The maintenance cost of a sick
animal at most feedlots was 51.4USD / animal, being less than the 777.98USD/ animal
related to mortality. Furthermore, an estimated projection of the economic impacts due
to BRD in Brazil revealed that the cost associated with morbidity was 6,930,356.58
USD, while losses due to mortality were 4,034,479.80 USD (Table 3).



36

Table 2. Estimated costs associated with the mortality and morbidity of feedlot cattle

due to bovine respiratory disease.

ESTIMATED COSTS MORTALITY (USD) MORBIDITY (USD)
Vaccinations 1.32 1.32
Therapy 14.15 14.15
Average operational costs/animal 134.72° 35.92™
Average cost/animal 627.79 " -

Cost/animal 777.98 US$ 51.40

" Average operational costs/animal (mortality) was calculated by multiplying the
average DOF of deaths (42 DOF) by the daily operating cost (3.21USD).

™ Average value of animal was calculated using the purchase price of the animal based
on the average entry weight.

“* Average operational costs/animal (morbidity) was calculated by using the average
number of days (n = 112) for cattle with BRD to attain the same average weight as
healthy cattle by the daily operating expense (3.21USD).

Table 3. Projected estimates of the economic impacts of bovine respiratory disease
on cattle on feed in Brazil during 2020.

Indices ESTIMATES (USD) ECONOMIC IMPACTS (USD)
Cattle slaughtered 41,500,0002
Cattle on feed 15.62 %2 6,482,300
BRD Morbidity 2.08%"b 134,831.84
Morbidity US$ 51.40b US$ 6,930,356.58
cost/animal
BRD Mortality 0.08 %P 5,185.84
Mortality 777.98" 4,034,479.80
cost/animal

a Instituto Brasileiro de Geografia e Estatistica (IBGE)
b This study (Table 2)



37

2.4 Discussion

This retrospective study reinforced the importance of BRD in cattle on feed in
Brazil, as it represented 57.9% and 22.1% of the total diseases and deaths identified
during the evaluated period, respectively. An estimated projection of the economic
impacts due to BRD in Brazil revealed that the annual cost associated with morbidity
was US$ 6,930,356.58, while losses due to mortality were US$ 4,034,479.80. BRD-
related morbidity was 2.08%, with 29.1% and 62.4% of the cases occurring during the
first 15 and 30 DOF, respectively. Regarding BRD-related mortality, it was 0.08%, and
more than half (64.2%) of all cattle on feed died within 60 days of entry into feedlots.
BRD also significantly impacted the ADG of cattle during the confinement period. Since
the main interest of this study was to identify morbidity and mortality rates associated
with the clinical manifestations of BRD, the associated infectious disease agents were
not evaluated.

This is the first BRD-related study in Brazil to examine BRD-related morbidity
and mortality rates, as well as production and economic indices in different feedlots
from various states of Brazil, and consequently the data herein identified are more
consistent than previous studies. Thus far, there are only one previous study have
investigated the indices of BRD morbidity and mortality in Brazil. In the first study, we
evaluated the mortality, morbidity, and economic impacts associated with BRD form
only one feedlot from the state of Minas Gerais (Baptista et al., 2017). While the second
evaluated the economic impacts of digestive and respiratory disease on cattle
maintained on feed from two feedlots within Sdo Paulo (Malafaia et al., 2016).
Accordingly, the general morbidity described in this study (3.6%) was greater than that
identified (1.35%; n=144,340) in S&o Paulo (Malafaia et al., 2016), but less than the
7.05% (13,315/188,862) described in Minas Gerais (Baptista et al., 2017). However, it
must be highlighted that these indices identified during these two previous studies are
within the variations (1.4 — 7.2%) observed at the 10 feedlots. Consequently, the
general morbidity rates identified in these two previous studies are consistent with the
results herein presented, even though these studies evaluated comparatively less
animals and feedlots, suggesting that feedlot morbidity in Brazil is probably between 1
-7%.
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However, when the BRD-related morbidity and mortality rates were compared
with the only study from Brazil that effectively investigated pulmonary disease of
feedlot cattle, our previous study described indices of 6.13% (11,577/188,862) and
0.21% (397/188,862), respectively (Baptista et al., 2017), which are less than the
current mean indices of morbidity (2.08%; 14,559/699,526), but similar to the mean
mortality rate (0.08%; 588/699,526) herein identified. Once again, these BRD-
associate mortality and morbidity rates previously identified in our previous (Baptista
et al., 2017) are also within the variations of the current study.

It must be highlighted that BRD-associated morbidity was the most frequently
occurring diseases at these feedlots and contributed towards 57.9% of all diseases.
BRD also contributed towards the largest single disease entity (86.9%) in our previous
study (Batista et al), and in another study done in Sdo Paulo, where BRD-related
disease contributed towards 45.5% of all diseases evaluated. Accordingly, these initial
data suggest that BRD is the principal problem at beef cattle feedlots in Brazil and but
more elevated that the results identified in studies from the USA (Snowder et al., 2006;
USDA, 2015a), and Australia (Blakebrough-Hall et al., 2020). Although the exact
reason for the vast differences in these indices between Brazil and other beef
producing countries is not known, we believe that the rearing of cattle during prolonged
dry seasons in Brazil may predispose cattle to a larger percentage of stress-induced
conditions that favor the development of BRD.

During this study, more than half of BRD-associated mortality (62.4%;
377/588) occurred within the first 30 DOF; similar findings were previously described
in our previous study of BRD (Baptista et al., 2017) and in studies done in other
countries (Ribble et al., 1995a; Ribble et al., 1995b; Edwards, 1996a; Gagea et al.,
2006a). The elevated prevalence of BRD during the initial period on feed is probably
due to the adaptation, related to transport and stress-induced immunosuppression
effects and incomplete seroconversion since immunization is frequently done on entry
in feedlots. This then is in accord with the general concept of the complexity of BRD,
which is a multifactorial disease entity, having variables such as different infectious
disease agents, breed of the affected cattle, stress, abrupt changes to management
practices and environmental conditions (Snowder et al., 2006; Fulton, 2009; Taylor et
al., 2010).
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The estimated impacts due to BRD-associated morbidity at these ten feedlots
was 6.9M USD, while lost due to BRD-mortality was 4M USD; these economic costs
are similar to those described in our previous study where the associated BRD-
mortality was estimated at 6.3M USD and mortality 5.5M. Consequently, these data
demonstrate that although these two studies were done with different number of
animals and feedlots, the economic impacts are quite similar and can be used to
estimate the economic impacts of BRD in Brazil.

During this study, cattle with BRD had comparatively lower (P < 0.0001) exit
weight (ADG 0.14 kg/d; mean 14.9kg) compared to healthy cattle. Similar findings were
described in a commercial feedlot from Southern Australia, where slaughtered cattle
with severe lung lesions weighed 14.3 kg (0.3 kg/d) less than animals without
pulmonary disease (Blakebrough-Hall et al., 2020), and also in feedlots from Western
Canada, where the ADG varied between 0.04 to 0.16 kg/d (Blakebrough-Hall et al.,
2020). Collectively, these results demonstrates that animals with respiratory problems,
have a lower weight gain and corresponding reduced productivity. It must be
highlighted that the initial results from this study are the only available data associating
ADG with respiratory disease in cattle from Brazil, since all previously used data were
derived from studies done in other countries.

BRD continues to be a major threat for beef cattle maintained in feedlots from
Brazil, affecting their health and well-being and leading to increased mortality rates.
The data collected clearly shows that the occurrence of BRD in feedlots varies
according to the geographical region of the country and may reflect distinct
management practices and/or particularities of each feedlot. Furthermore, se have
shown that some the rate of BRD in some feedlots is comparable to that existent in
other countries, while there is still room for improvement in others. It must be
highlighted, that the high costs associated with therapy and the reduced productivity,
make it the understanding of the impacts of BRD a critical issue that cannot be ignored

in the local livestock industry.
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2.5 Conclusion

This study is the only study that demonstrated the incidence of BRD in feedlots
from diverse geographical regions of Brazil. It is estimated that the annual loss due to
BRD in terms of morbidity amount to 6.9 million dollars, and mortality losses are 4.0
million dollars, representing 57.9% and 22.1% of the total number of diseases and
deaths due to BRD, respectively. These findings provide initial data that can be used
to evaluate the effects of BRD in beef cattle feedlots and may be a national guide to

understand the economic losses in the local livestock industry.
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3 CAPITULO 3 — AN ASSESSMENT OF THE INCIDENCE OF HOOF LESIONS,
LIMB FRACTURES, AND SOFT TISSUE/CUTANEOUS TRAUMATIC
ALTERATIONS OBSERVED IN BRAZILIAN FEEDLOTS

ABSTRACT - Limb lesions is a prevalent condition in livestock, which can have
negative consequences for the production, sustainability, and animal welfare. The
objective of this study was to investigate the incidence of limb musculoskeletal injuries
on feedlot beef cattle in six states from Brazil. Data was collected from 22 feedlots over
a period of 5 years (July 2017 to July 2022), with a total of 1,972,884 evaluated
animals. Limb musculoskeletal injuries resulted in a morbidity rate of 1.19% and a
mortality rate of 0.17%. Hoof injuries were found to be the leading cause of morbidity
(0.91%) among limb injuries, while limb fractures resulted in 0.12% of deaths with a
high lethality rate of 80.9%. Limb fractures can significantly impair animal welfare and
may require on-farm emergency slaughter. During the rainy season, the incidence of
musculoskeletal injuries was higher. Moreover, a considerable proportion of soft tissue
and cutaneous traumatic alterations occurred during the transportation and
management of cattle, before the cattle entry to the feedlot. Conclusion: limb injuries
in beef cattle feedlots can have a negative impact on production and animal welfare,
particularly during transportation and the rainy season. Hoof injuries are frequent, while

fractures carry a high risk of lethality.

Keywords: fractures, foot, incidence, lameness, livestock, morbidity, mortality,

orthopedic, sustainability
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3.1 Introduction
Brazil is the second largest producer of beef globally, with the local beef

production industry responsible for an income of approximately 913 billion USD
in 2021 (ABIEC, 2022). Most of beef cattle production from Brazil is concentrated
in the states of Sdo Paulo, Minas Gerais, Goias, Mato Grosso, Mato Grosso do
Sul, and Para, which were important to the livestock industry (MAPA, 2021). In
2021, these six states accounted for a total of 59.1% of all cattle heads in Brazil
(IBGE, 2021a), and approximately 60% (5,823.9/9,714.2 million tons) of the total
meat production (ABIEC, 2022). Although a significant number of cattle in Brazil
are reared extensively on pasture systems, the use of feedlots for intensive
animal production has increased annually (MAPA, 2021).

Beef feedlot cattle may have a higher incidence of musculoskeletal system
diseases compared to cattle raised exclusively on pasture systems. These
differences may be attributed to factors such as poor flooring conditions, reduced
space, and inadequate management practices, which increase the risk of slips,
falls, hoof crush, and physical contact between animals (Stokka et al., 2001,
Mader and Griffin, 2015; Silveira et al., 2018; Macitelli et al., 2020). Furthermore,
the proximity of animals in feedlots frequently results in active competition for
available resources such as food and water, as well as dominance social,
aggressive, and territorial behavior, leading to fights and sodomy cases (Silveira
et al., 2018; Hubbard et al., 2021). Musculoskeletal problems in feedlot cattle not
only affect animal welfare, causing pain and reduced mobility, but also result in
decreased productivity, increased veterinary expenses, and decreased
profitability. This highlights the significance of sustainable livestock in the meat
production industry, as it emphasizes the need to consider animal welfare,
efficiency, environmental awareness, and social responsibility (Nalon et al.,
2020). Additional studies may be needed to determine the occurrence and
causes of these problems. Consequently, this study evaluated the incidence of
limb musculoskeletal injuries and described potential risks on livestock

production in six states from Brazil.
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3.2 Material and methods
3.2.1 Study area, animals and data collection

This study analyzed the data derived from 22 beef cattle feedlots located
in the states of Sdo Paulo (10 feedlots), Minas Gerais (5 feedlots), Mato Grosso
(3 feedlots), Mato Grosso do Sul (2 feedlots), Goias (1 feedlot) and Para (1
feedlot), during July 2017 to July 2022.

The feedlots had a mean capacity of 11,513 = 7,158 heads of cattle, with
the smallest and largest static capacity of 3,147 and 28,170, respectively, and it
was a dynamic activity in which animals entered and exited as they reached the
desired weight for slaughter. All cattle in these feedlots were derived from
different geographical locations and were of the subspecies Bos taurus indicus
and hybrids (Bos taurus indicus x Bos taurus taurus) of various breeds (Nellore,
Nellore mixed breed, dairy cross, and industrial cross). These animals evaluated
were non-castrated, males, with ages between 24 and 36 months. All animals
that had just arrived at the feedlot underwent an initial protocol, which included
an individual examination of overall health, tracking identification using a tag and
an electronic chip for monitoring, as well as immunization and deworming. The
cattle were then placed in paddocks with access to food and water and remained

there until they reached the required weight for slaughter (figure 1).
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Figure 1: A: Feedlot; B: The cattle were then placed in paddocks with
access to food; C: immunization; D: feedlot workers on horseback made

morning rounds every day.

Upon arrival, the animals were inspected for injuries/lesions or diseases
caused during transportation by the boarding and landing cattle management.
Once moved to pens, workers on horseback monitored the entire feedlot to
identify any sick or injured cattle. They entered the pens, lifted all animals that
were lying down, and made all cattle move. Animals remote from the herd or
exhibiting clinical signs of any disease were promptly moved to the feedlot
hospital, where they were examined and treated individually by the veterinary
staff. The responsible veterinarian at the feedlot established the protocol for
treatment, which in most cases involved the administration of antibiotics and anti-
inflammatory medications. The study included animals with pre-existing limb
musculoskeletal injuries at the arrival of feedlot or during their days on feed, but

excluded animals affected by diseases of other systems (special senses,
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respiratory, urinary, cardiovascular, hematopoietic, endocrine, liver, biliary,

alimentary, and nervous systems).

In specific cases where injuries were deemed incompatible with animal
survival, such as severe fractures or recumbency, euthanasia or slaughter was
carried out at the feedlot. This decision was based on the compromised animal
welfare of the cattle, as they were unable to be transported by truck to the
slaughterhouse and were unresponsive to administered treatments. Cattle
euthanasia/slaughter was included in mortality rate calculations.

The numbers of animals identified with limb musculoskeletal system
alterations described during inspection or clinical examination were recorded.
The recorded information included individual identification, average body weight
on arrival, clinical diagnosis, administered medications, onset date of limb injuries
associated within the dry season (June to October) and the rainy season
(November to May) (EMBRAPA, 1996), on feed, and finished or death cattle.
Additionally, the morbidity and mortality rates of cattle with and without injuries
were calculated by dividing the number of cases or deaths by the number of cattle
on feed. Lethality was determined by dividing the number of deaths by the
number of cases. These data were analyzed and computed to evaluate the

impact of injuries on the cattle population under study.

48



49

Figure 2: A-C: Skeletal fractures in beef cattle feedlot; D: Cutaneous

traumatic alterations in beef cattle feedlot.

C

Characterization of lesions in feedlot cattle

The pathological conditions of the limb musculoskeletal system were
divided into three categories of lesions affecting specific anatomic locations of the
limbs: (a) hoof lesions, (b) fractures limb, and (c) soft tissue and cutaneous
traumatic alterations (STCTA). Hoof lesions in this study were considered as any
alteration including wounds, abrasions, ulcers, or fissures affecting any part of
the hoof, deformations to the heel or wall of the hoof, swelling, bleeding, and
separation between the digits, and masses at the interdigital space. Skeletal
fractures affecting any limb were characterized as a hanging leg, misaligned
and/or deformed limb, broken skin with exteriorization of protruding bone
(indicating an open fracture) resulting in limited or restricted mobility
accompanied with intense pain, swelling, bruising, and/or bleeding. Soft tissue
and cutaneous traumatic alterations included damages to the non-osseous
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components of any limb and excluded any of the alterations described in the
previous categories. Such traumatic lesions were associated with the muscular
and cutaneous lacerations and ruptures to ligaments and tendons. These injuries
can exhibit signs such as pain, swelling, bruising, stiffness, weakness,

tenderness, and a limited range of motion (figure 2).

3.2.2 Statistical analyses
Graphics and data available were executed by GraphPad Prism 9

statistical software (GraphPad Software, San Diego, CA, USA). Cattle were
considered as an experimental unit. Data were tabulated initially in Microsoft
Excel® spreadsheets (Microsoft Office 365 Software, Redemond, WA, EUA), and
descriptive statistics were presented as percentage, mean, standard deviation

(SD), confidence interval (IC 95%), and coefficient of variation (CV).

The morbidity (diseased animals / total number of animals), mortality (dead
animals / total number of animals), and lethality (dead animals / diseased
animals) indices were evaluated for all diseases and diseases affecting the
musculoskeletal system of the limbs. The limb musculoskeletal system was
divided into three categories of lesions affecting specific anatomic locations of the
limb members: (a) hoof lesions, (b) fractures limb, and (c) soft tissue and
cutaneous traumatic alterations. These indices were evaluated over the entire
period (from July 2017 to July 2022) or in relation to the rainy and the dry season.
For qualitative and unpaired variables (intergroup test), the chi-square test was

used. Statistical significance was considered as P < 0.05.

3.3 Results

During this study, the data collected from 22 feedlots (Figure 3) over the
period of July 2017 to July 2022, resulted in 1,972,884 evaluated cattle on feed.
The rate of morbidity was 4.97 % (98,053/ 1,972,884) and mortality was 0.57 %
(11,230/ 1,972,884). Variation was observed in morbidity and mortality among
feedlots, for morbidity being 6.29 £ 4.08 % (IC 95 %: 4.48 — 8.10) and for mortality

being 0.51 % 0.17 % (IC 95 %: 0.43 — 0.58).
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Figure 3: Geographical locations of the feedlots evaluated during this

study.

A

Mato Grosso

Mato Grosso Minas Gerais
do sul

*The symbol on the map with a circle around the point indicates two closely

located farms.

The incidence of morbidity and mortality rates for (a) hoof lesions, (b) limb
fractures, (c) soft tissues and cutaneous traumatic alterations, and the sum of
these pathological conditions referred to as (d) limb musculoskeletal system was
presented in table 1. The pathological conditions of the limb musculoskeletal
system resulted in a morbidity rate of 1.19 % (23,515/ 1,972,884) and a mortality
rate of 0.17 % (3,371/ 1,972,884). In the lethality assessment, it was noted that
skeletal fractures had the highest lethality rate at 80.9 %, followed by STCTA
(32.0 %) and hoof lesions (0.50 %).

The frequencies in relation to the seasons of the year were compared
between the rainy season (n = 835,802 animals) and the dry season (n =
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1,137,082). There was a significant difference between the dry and rainy
seasons, with morbidity rates of 1.00 % and 1.45 % (P < 0.0001), and mortality
rates of 0.15 % and 0.18 % (P < 0.0001), respectively (Table 1).

Table 1. Distribution of disease conditions observed at feedlots during the

evaluation period (2017-2022), considering all animals (n=1,972,884).

MORBIDITY (%) MORTALITY (%)

GENERAL
HOOF LESIONS 0.907 % (n = 17,895) 0.005 % (n = 90)
LIMB FRACTURES 0.154 % (n = 3,030) 0.124 % (n = 2,451)
SOFT TISSUES/CUTANEOUS 0.131 % (n = 2,590) 0.042 % (n = 830)
MUSCULOSKELETAL SYSTEM 1.19 % (n = 23,515) 0.171 % (n = 3,371)

SEASONS

DRY RAINY DRY RAINY
HOOF LESIONS 0.736%~ 1.139%° 0.003%A  0.007%°®
LIMB FRACTURES 0.149%~  0.160%® 0.120%A  0.129%A
SOFT TISSUES/CUTANEOUS 0.115%~  0.154 %8 0.036%A  0.050 % ®
MUSCULOSKELETAL SYSTEM 100%A  145%F° 0.159%A  0.186%°®

The contribution of hoof lesions, skeletal fractures, and STCTA to the total
number of sick animals (morbidity) and dead animals (mortality) is shown in Table
2. Hoof lesions were the condition with the highest rate of morbidity (19.5 + 12.5
%) but the lowest rate of mortality (0.85 £ 1.6 %). Skeletal fractures had the
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largest impact on mortality, accounting for 21.42 + 9.4 % of the observed causes
of death. When considering all three conditions, limb musculoskeletal system
diseases contributed 25.4 + 13.6 % and 29.0 = 10.9 % of the total number of sick

animals and dead animals, respectively.

The coefficient of variation to morbidity and mortality, between the 22
feedlots evaluated, was 64.2 % and 191.5 % for hoof lesions, 80.7 % and 43.9 %
for fractures, and 56.0 % and 69.0 % for STCTA, respectively. When grouping
these into limb musculoskeletal system diseases, the coefficient of variation was
53.4% for morbidity and 37.6% for mortality.

Table 2 - The proportion of total sick and dead animals is presented as a

mean, standard deviation, and 95% confidence interval.

Unhealthy (100%b) Dead (100%0)

HOOF LESIONS 19.5+12.5 % (13.9-25.0)

LIMB FRACTURES 3.34 £ 2.7 % (2.14-4.53)

SOFT TISSUES/CUTANEOQOUS 2.61+1.5% (1.96-3.25)

OTHER DISEASES 74.7 + 13.7 % (68.6-80.8)

TOTAL 100%

0.85+ 1.6 % (0.13-1.57)

21.42 £ 9.4 % (17.2-25.6)

6.70 + 4.6 % (4.65-8.75)

71.0 £ 10.9 % (66.2-75.9)

100%

MUSCULOSKELETAL SYSTEM 254 £13.6 % (19.4-31.4)

29.0 £ 10.9 % (24.1-33.8)

Note: total number of sick (n = 98,053) and dead (n = 11,230) animals.

When evaluating the distribution of clinical cases on days of feed during
the dry and rainy seasons (figure 4), the highest proportion of hoof lesions cases
was found in the first month of feed, with 54.4 % dry season, and 41.0 % rainy
season, with the values decreased over the days on feed. The highest
frequencies were also observed in the first 30 days of feed for both skeletal
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fractures and STCTA, with 33.6 % and 39.9 % for fractures and 47.7 % and 49.1

% for STCTA, respectively, in both dry and rainy seasons.

The proportion of STCTA cases was different from other clinical cases in
terms of its occurrence before feedlot, between disembarking and the day of entry
into feedlot. There was a frequency of 22.1 % for the dry season and 17.7 % for
the rainy season, all cases occurring during this phase, which was even higher

than other moments of feedlot (> 30 days on feed) (Figure 5).

Figure 4 The proportion of disease occurrences during the period on feed.
"Entry" refers to the period between unloading and the day the animals are
admitted into feedlot, which encompasses all handling procedures during
the entry protocol.

Distribution of total clinical cases (100%)

A Hoof lesions (100%) B  skeletal fractures (100%) C soft tissues/cutaneous (100%)
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Figure 5 — A-C: muddy environment; D: agonistic interaction/dominance

social

3.4 Discussion
The importance of this study results from its broad sample reach, which

includes a large number of cattle from different geographical regions and was
conducted in a natural environment where diseases occur spontaneously.
Therefore, the data can be used to evaluate the effects of injuries on the limb and
its associated causes in livestock from Brazil. This study estimated the incidence
of morbidity and mortality in feedlots from Brazil to be 4.97 % and 0.57 %,
respectively. Comparatively, a previous study found approximate rates of 7.05 %
and 0.64 %, respectively (Baptista et al., 2017). Two studies conducted in the
USA during the 1990s evaluated the mortality rates of feedlot cattle, with one
reporting an average mortality rate of 1.26 % and the other showing rates ranging
from 0.18 % to 0.47 % (Vogel, 1994; Loneragan et al., 2001). Therefore, the
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mortality rates observed in both the previous and current studies were consistent

with each other and were similar to those observed in North America.

In the present study, overall limb musculoskeletal system injuries-related
morbidity in beef cattle was 1.19 %, with the most frequently identified causes the
hoof lesions (0.91 %). Results of a study from USA on six commercial feedlots
during a 12-month revealed an overall lameness incidence rate of 1.04 cases/100
animal-years (Terrell et al., 2017). Another study described a lameness incidence
rate of 2.09 %, based on health records for over 1.8 million cattle from five
commercial feedlots in the 1990s (Griffin et al., 2016). The initial data suggests
that hoof injuries are a common problem in feedlots from Brazil, but it is still lower
when compared to the morbidity rates in USA (2.09 %) (Griffin et al., 2016; Terrell
et al., 2017).

Overall limb musculoskeletal system injuries-related mortality was 0.17 %.
An earlier study in USA on the prevalence of death loss for lameness or injury
found that the morbidity rates for cattle and calves were quite different, at 6.4 %
(108,710/ 1,694,620) and 1.9 % (36,110/1,904,810), respectively (USDA, 2015).
It must be highlighted that limb fractures were the most frequently occurring death
at these feedlots and contributed towards 21.42 % of all deaths. A commercial
feedlot from USA reported similar findings, where cattle with upper limb lameness
(21.6 %) had a significantly higher rate of death or euthanasia compared to those
with foot diseases (Terrell et al., 2017). Traumatic injuries in feedlots cause
significant morbidity and mortality, often going unrecognized until the animal has
deteriorated substantially (Stokka et al., 2001; Shearer et al., 2013). This can
have a negative impact on animal welfare, leading to involuntary slaughter

remains a major reason for losses in the dairy and beef livestock (USDA, 2015).

One previous study from Brazil has evaluated the epidemiology and
clinical findings of foot diseases in 12 farms from the state of Para, however,
clinical examination of the digits was performed only on 498 animals,
representing 0.79 % of a total of 62,950 heads (Silveira et al., 2018). No incidence

study was found regarding traumatic musculoskeletal injuries of the limbs in beef
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cattle feedlot from Brazil, which reinforces the importance of research to

investigate the lack of data on these conditions.

Several factors have been identified as risk factors for these limb
musculoskeletal system injuries. Inadequate handling practices, including
reduced space in feedlots, have been shown to negatively impact animal welfare
and lead to chronic stress, as well as alterations in hoof and locomotion (Shearer
et al., 2013; Macitelli et al., 2020). Excitable temperament is detected more
frequently in B. indicus cattle (e.g., Nellore) as compared to B. taurus, and
increases carcass bruising incidence (Francisco et al., 2015). Breeds of B.
indicus have also been identified as being at higher risk for traumatic injuries due
to their excitable temperament potential. In addition to these factors, social
dominance behaviors such as fighting, agonistic interactions, and mounting are
more common in non-castrated males (Hubbard et al., 2021). Animals jump
repeatedly over others, generating intense weight pressure on the hoof and limb,

leading to an increased risk of lesions (Silveira et al., 2018).

During this study, the incidence of morbidity and mortality of limb
musculoskeletal injuries were lower during the dry period (1.00 % and 0.159 %)
compared to the rainy period (1.45 % and 0.186 %). The incidence of limb
musculoskeletal injuries was particularly high in the first month (first 30 days) of
both seasons, and then decreased gradually throughout the seasons. We also
hypothesize the possible factors associated with the increased lesions during the
rainy season, and it can be associated to the structure of floor and the
management practices (Mader and Griffin, 2015). Pastures in the rainy season
were frequently muddy and slippery, leading to a possible higher occurrence of
slips and falls by the cattle. When the ground is not adequately drained, it can
result in the accumulation of mud and other residues (Mader and Griffin, 2015).
Moreover, high temperatures combined with high humidity ground can cause

cracking between the hoof and possible bacterial infections (Stokka et al., 2001).

The high rate of hoof injuries observed in the first 30 days after arrival at
the feedlot is in accord with the general concept that transportation and entry

handling can make beef cattle more susceptible to diseases with a negative
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impact on production and health (Buckham Sporer et al., 2008). Different findings
were previously described in a study conducted in the USA, where the average
lameness detection time was 57 days on feed (Terrell et al., 2017).

The results of this study demonstrate the need for further research to
enhance the diagnosis and prevention of limb musculoskeletal injuries in beef
cattle feedlots from Brazil. Given that hoof lesions were the most identified,
greater attention must be given to hoof care and management practices in beef
cattle. Fractures represent a significant mortality risk in beef cattle feedlots,
raising animal welfare concerns and leading to on-farm emergency slaughter.
The association between injuries rates and rainy seasons suggests that changes

in management and facility design may be necessary to mitigate injury risks.

Moreover, with society becoming increasingly concerned about welfare
and quality of life of production animals, there is a growing demand for research
to address these questions. The findings of this study highlight the importance of
minimizing the incidence of limb musculoskeletal injuries in cattle feedlots. It
provides a foundation for future investigations aimed at preventing limb
musculoskeletal injuries and improving the welfare of beef cattle in feedlots from

Brazil.

3.5 Conclusion

This is the only study to demonstrate the incidence of limb
musculoskeletal injuries in feedlots from diverse geographical regions of Brazil,
with incidence of morbidity and mortality of 1.19 % and 0.17 %, respectively. It
must be highlighted that hoof lesions were the most frequently identified cause of
limb lesions in beef cattle. Skeletal fractures show significant welfare concerns
and lead to on-farm emergency slaughter. The rainy season was associated with
higher injuries rates. A high proportion of soft tissue and traumatic cutaneous
alterations in animals occur before they enter to feedlot, often during transport

management.
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