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1. Introducao

As melhoras genéticas e de manejo de vacas leiteiras levaram a um constante aumento da
producdo de leite por vaca nos ultimos 50 anos. Contudo, 0 aumento na producéo de leite requer
mais nutrientes que devem ser fornecidos pela dieta consumida ou originados de reservas corporais
durante periodos de baixo consumo de materia seca (CMS). Durante o pré-parto, ha um declinio
no CMS que ocorre em torno das Ultimas duas semanas de gestacdo, sendo mais pronunciado na
ultima semana deste periodo (Hayirli et al., 2002). Por outro lado, apds o parto, a vaca aumenta
seu CMS na tentativa de compensar 0s nutrientes necessarios para manutencdo, atividade,
lactogénese e lactopoiese. Porém, esse incremento no CMS ndo € capaz de suprir as demandas por
nutrientes necessarios durante as primeiras semanas da nova lactacéo, resultando em um periodo
transitorio de balango negativo de nutrientes que resulta em aumento na mobiliza¢do do tecido
adiposo e, consequentemente, levando ao aumento das concentracdes de metabdlitos lipidicos
como acidos graxos ndo esterificados (AGNE) e B-hidroxibutirato (BHB) no plasma (Drackley,
1999; Grummer et al., 2004; French, 2006). A diminui¢cdo do CMS e 0 aumento das concentracfes
de AGNE e BHB estdo associados a disfuncdo imunoldgica tipicamente observada no final da
gestacdo e primeiras semanas da lactacdo (Hammon et al., 2006; Moyes et al., 2009), levando
assim a uma maior suscetibilidade a doencas e distarbios durante o periodo p6s-parto.

Doencas que afetam o trato uterino e a glandula mamaria, e distirbios metabolicos séo o0s
problemas de satde mais comuns durante o inicio da lactacdo. Entre essas doencas ou distlrbios
pode-se mencionar problemas ao parto como a distocia, retencdo de placenta, metrite, cetose,
mastite, disturbios digestivos e mangueira (Ospina et al., 2010a). Estas doencas que afetam até 40
a 45% das vacas nas primeiras semanas de lactacdo causam néo s6 reducdes na producdo de leite
e aumento nos custos de producdo, mas também reduzem o desempenho reprodutivo de vacas
leiteiras 0 que, consequentemente, prejudica a sustentabilidade do rebanho (Santos et al., 2010;
Hostens et al., 2012; Carvalho et al., 2019).

Ribeiro e Carvalho (2017) compilou informacdes de varios estudos e relataram que cerca
de um terco das vacas leiteiras tem pelo menos 1 doenga clinica (metrite, mastite, problema
digestivo, problema respiratorio ou manqueira) durante as primeiras 3 semanas de lactagdo. Vacas
com diagnostico de pelo menos uma doenca clinica pos parto tem fertilidade reduzida durante a

primeira inseminagdo pos parto que ocorre aproximadamente 8 a 10 semanas apds a resolucéo
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clinica do problema de saude (Santos et al., 2010; Ribeiro et al., 2013). A fertilidade pode diminuir
ainda mais com o diagnostico de varias doencas clinicas e (ou) subclinicas (Ribeiro et al., 2013;
2016), devido a um periodo anovulatorio prolongado, reducdo da prenhez por inseminagdo e
aumento do risco de perda de prenhez.

A inflamacdo que caracteriza condi¢cBes como retencdo de placenta, mastite e metrite
produzem mediadores pro inflamatorios que afetam negativamente a funcgéo uterina, o crescimento
folicular, a qualidade do odcito e o desenvolvimento embrionario (Santos et al., 2010; Bradford et
al., 2015; Bromfield et al., 2015; Ribeiro et al., 2016). Muitos dos mecanismos subjacentes ao
reconhecimento de patdgenos microbianos pelo sistema imunologico inato em vertebrados ja
foram identificados e caracterizados. Esses mecanismos de imunidade inata ndo sdo, em grande
parte, mediados por células imunes classicas, como neutrofilos e macréfagos, mas estdo evidentes
também em células endometriais e ovarianas de mamiferos. Além de afetar o sistema imunoldgico
e resposta inflamatdria, micrébios ou moléculas associadas a patdégenos interrompem a funcgéo
enddcrina no trato reprodutivo (Sheldon et al. 2002; Sheldom et al., 2009; Herath et al., 2006).

Portanto, uma melhor compreensdo dos mecanismos pelos quais doengas e distdrbios do
periparto afetam a reproducédo bovina e da biologia durante o periodo de transi¢do pode ajudar a
propiciar solugbes para reduzir o risco de tais doencas ou, entdo, minimizar seus impactos
ocasionando assim uma transicdo mais saudavel do final gestacdo para o inicio da lactacdo e,

consequentemente, reduzir o impacto econdmico na producao leiteira.

2. Revisdo de Literatura
2.1 Imunidade durante o periodo de transicao
O comprometimento na fungdo imunoldgica durante o periodo de transicdo é um dos
fatores de risco para doengas durante o inicio do p6s-parto. Kimura et al. (2002) mostrou que vacas
com retencdo de placenta (RP) tiveram menor atividade das células natural killers (NK) e
quimiotaxia de leucocitos do que vacas sem RP. Na mesma linha de pesquisa, Hammon et al.
(2006) mostrou que vacas que eventualmente desenvolveram doenga uterina como a metrite e
endometrite tiveram menor CMS ja antes do parto e comprometimento na funcao neutrofilica em
comparagdo com vacas que ndo desenvolveram doenca uterina.
Os neutréfilos sdo células de defesa responsaveis, em grande parte, por respostas

inespecificas também denominadas como imunidade inata. Sua funcéo é afetada negativamente
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durante o periodo de transi¢cdo por varias razfes como desequilibrios metabdlicos e estresse
ambiental. Hammon et al. (2006) mostraram que a funcao neutrofilica diminui a medida que os
AGNE plasméticos aumentam. Além disso, Martinez et al. (2012) mostraram que a fagocitose de
patdgenos exercida por neutréfilos e sua habilidade de matar patégenos in vitro estava reduzida
em vacas com hipocalcemia subclinica em compara¢do com vacas normocalcémicas. De fato,
inducdo de hipocalcemia em vacas secas reduziu a atividade neutrofilica in vitro mesmo 48 horas
apo6s o restabelecimento das concentragdes sanguineas de calcio ionizavel em vacas leiteiras
(Martinez et al., 2014), portanto demonstrando a relacdo causa-efeito entre hipocalcemia
subclinica e a funcdo imune inata em bovinos. Além disso, vacas que desenvolveram metrite
tinham neutrofilos com menos glicogénio do que vacas que ndo desenvolveram metrite (Galvao et
al., 2010), portanto sugerindo que neutrofilos de vacas com doenca uterina tem menor reserva
energética para sintese de adenosina trifosfato (ATP), o que pode limitar sua fun¢édo uma vez que
ao serem ativadas e migrarem para tecidos, se tornam dependentes de glicogendlise e glicélise para
sintese de ATP. Estresse ambiental, como o estresse térmico também tem um impacto negativo na
funcdo dos neutroéfilos. Vacas que passaram por um periodo de estresse térmico durante o pré-
parto tiveram neutrofilos com menor atividade de fagocitose em comparagdo com aquelas que

receberam resfriamento evaporativo durante o pré-parto (do Amaral et al., 2011).

2.2 Problemas ao parto

Vacas com distocia, gémeos ou natimortos sdo classificadas como tendo problemas ao
parto. Meijering (1984) definiu a distocia como um parto dificil devido a um impedimento da
passagem fetal pelo canal do parto, que exige assisténcia. Foi relatado que partos ndo assistidos
duravam 45,2 + 24,5 minutos, portanto, eventos de parto que duram mais de 70 minutos apos a
presenca do saco amniotico podem ser considerados distécico (Schuenemann et al., 2011). Os
Estados Unidos € um dos paises com maior prevaléncia de distocia em gado leiteiro (22,6% em
primiparas e 13,7% em primiparas e multiparas) em comparagdo com outros paises (1,5% para
6,6%) (Mee, 2008). Natimorto € definido como o nascimento de um bezerro morto ou de um
bezerro que morre entre 24h e 48h apds o nascimento (Bicalho et al., 2007b). A incidéncia de
gémeos varia de 2,2 a 6,9% com média de 4,9% (Silva Del Rio et al., 2007) e 3,3% de bezerros

natimortos (Vergara et al., 2014).
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Alguns estudos demonstraram a associacdo entre problemas ao parto e producéo de leite
(Dematawewa e Berger, 1997; Atashi et al. 2012). VVacas com distocia tiveram uma média de 135
kg de leite em 305 dias de lactagdo menor do que vacas sem distocia (Atashi et al. 2012). Além
disso, foi relatado que vacas primiparas que tiveram gémeos produziram 1,2 kg/d menos leite do
que vacas primiparas que tiveram apenas um bezerro, enquanto vacas multiparas que tiveram
gémeos produziram 0,8 kg/d menor producdo de leite do que multiparas que tiveram apenas
bezerro Unico (Bicalho et al., 2007b). Outro ponto que também afeta a producdo de leite séo
natimortos; vacas com bezerros natimortos produziram 544 kg menos leite em 305 dias de lactacdo
comparadas com vacas que tiveram bezerros nascidos vivos (Mahnani et al., 2018).

Os problemas ao parto também afetam negativamente a fertilidade. O intervalo entre o
parto e prenhez, também conhecido como periodo de servigo, e nimero de inseminacGes por
concepcao sao afetados negativamente pela distocia. Dematawewa e Berger (1997) observaram
gue o parto gemelar aumentou o intervalo entre o parto e a prenhez em aproximadamente 45 dias
e diminuiu o risco de prenhez em 22% comparado com vacas que pariram apenas um bezerro
(Bicalho et al., 2007b). Natimortos aumentaram o periodo de servi¢co em aproximadamente 15 dias

e 0 nimero de inseminagdes por prenhez em 0,22 (Mahnani et al., 2018).

2.3 Retencdo de Placenta

A RP é definida como a falha na expulsdo das membranas fetais nas horas seguintes ao
parto. Normalmente, a expulsdo das membranas fetais ocorre dentro de 12 horas ap6s o parto
(Attupuram et al., 2016). O periodo considerado para diagnosticar RP varia na literatura, e alguns
pesquisadores consideram uma vaca com RP se a expulsdo ndo ocorrer dentro das primeiras 12
horas, enquanto outros consideram 24 horas ou até mesmo 48 horas do parto (Fourichon et al.,
2000). De maneira geral, muitos dos dados epidemioldgicos sobre RP s&o coletados em fazendas
onde o diagndstico € feito apenas uma vez diariamente. Ou seja, se a vaca parir hoje, ela sera
observada para o diagnostico de RP apenas amanhd. Isso faz com que o diagnéstico de RP da
maior parte dos dados obtidos de rebanhos comerciais seja de um periodo de até 24 h.

A incidéncia de RP relatada na literatura é de cerca de 8,6% em vacas leiteiras (Kelton et
al., 1998); no entanto, essa incidéncia pode variar entre os estudos devido a diferentes defini¢oes
de RP e as caracteristicas do rebanho e dos animais avaliados. A RP afeta tanto o desempenho

produtivo, assim como o risco de outras doencas no inicio da lactagdo. Vacas que desenvolveram
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RP por mais de 12 horas produziram 237 kg de leite a menos nos primeiros 100 dias em lactacao
(DEL) do que vacas que eliminaram a placenta antes das primeiras 12 h do parto (van Werven et
al., 1992). Além disso, foi relatado que RP aumenta os dias para 0 primeiro servi¢co e com uma
taxa de concepcéo 4 a 10% menor (Fourichon et al., 2000), aumenta o periodo de servico em vacas
primiparas em 10 dias e reduz a porcentagem de primiparas gestantes aos 150 DEL (Goshen e
Shpigel, 2006).

A RP pode ser causada por vérios fatores, como desequilibrios hormonais durante o pré-
parto, alteracdes celulares e um quadro inflamatério. De maneira geral, o ponto fundamental que
faz com que as membranas fetais ndo sejam expelidas prontamente apds o parto € a inabilidade do
sistema imunoldgico materno reconhecer como estranho componentes fetais na placenta como
haloantigenos paternos (Davis et al., 2004). Esta deficiéncia na alo-reatividade entre vaca e bezerro
pode prejudicar a ativacdo do sistema imunoldgico materno e, portanto, atrasar o reconhecimento
de alo antigenos presentes na placenta fetal resultando em RP. Quanto a resposta imune inata, foi
demonstrado que vacas que desenvolveram RP tiveram menor atividade quimiotatica de leucocitos
em relacdo ao sobrenadante de cotilédone, menor concentracdo de quimiotractante (IL-8) no
sangue, diminuindo assim a migracdo de neutréfilos para os locais de fixacdo da placenta e
diminuicao da fagocitose de neutrofilos no periodo entre 2 semanas antes e 2 semanas ap0s 0 parto
(Kimura et al., 2002).

A duracdo da gestacdo também é um fator de risco para RP. Vieira-Neto et al. (2017)
mostraram que vacas com curto periodo de gestacdo, entre 256 e 269 dias, tiveram maior
incidéncia de RP comparadas com seus pares que tiveram duracdo de gestacdo entre 270 e 282
dias (primiparas: 18,4 vs. 5,2%; multiparas: 35,5 vs. 5,1%). Vacas com gestacao curta podem nao
ser capazes de completar o processo de maturagdo da placenta e as mudancas associadas na
expressao de complexo de histocompatibilidade maior (MHC) nos tecidos fetais, permitindo assim
o0 reconhecimento materno destes tecidos como estranho (Davis et al., 2004). A distocia é outro
fator de risco importante para RP. A involugdo uterina tardia e danos causados pela tracéo
mecanica do bezerro durante um parto distécico impede a liberacdo normal das membranas fetais.
Além disso, hipocalcemia também esta associada com RP (Melendez et al., 2004a), que pode ser
explicado por uma menor fagocitose e funcdo neutrofilica (Martinez et al., 2012; Martinez et al.,

2014) dificultando a degradacdo da matriz extracelular para separa¢do das membranas.
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2.4 Metrite

Metrite é considerada quando uma vaca apresenta descarga vaginal de origem uterina com
consisténcia aquosa e de cor avermelhada ou amarronzada com odor fétido e acompanhada de
aumento uterino com flacidez e falta de tdnus muscular & palpacdo transretal, muitas vezes
acompanhada de sintomatologia sistémica como febre, anorexia, entre outros sintomas (Chenault
et al., 2004; Sheldon et al., 2006). Entretanto, a definicdo de metrite varia entre estudos porque
difere no tempo e caracteristicas da doenca. Kelton et al. (1998) considerou uma vaca com metrite
se ela teve uma condigdo pds-parto caracterizada por uma descarga cervical anormal, corrimento
vaginal, ou ambos, ou conteudo uterino. Enquanto Sheldon et al. (2006) propds que vacas com um
Utero aumentado, com conteudo aquoso fétido vermelho-acastanhado e aumento de temperatura
recebe a definicdo de metrite puerperal, enquanto o termo, metrite deve ser usado para vacas com
involucdo uterina retardada e secrecdo fétida na auséncia de aumento de temperatura. De maneira
geral, hoje existe um consenso de que é definida como descrita no inicio deste paragrafo, de acordo
com a descricdo inicial de Chenault et al. (2004) e de Sheldon et al. (2006). Véarios pesquisadores
usam uma escala de secre¢édo uterina de 5 pontos que foi derivada inicialmente de Chenault et al.
(2004), indo de 0 a 4, e adaptada por Williams et al. (2005), indo de 1 a 5, sendo: 1, ndo fétido,
conteudo viscoso, claro, vermelho ou marrom; 2, secre¢do mucoide turva com manchas de pus; 3,
secre¢do mucopurulenta ndo fétida com <50% de pus; 4, secrecdo mucopurulenta ndo fétida com
>50% de pus; 5, contetdo fétido vermelho-acastanhado, secrecdo aquosa. Vacas com pontuacao
<4 sdo classificadas como nédo tendo metrite, sendo que as com escore 5 sdo classificadas como
com metrite. Se acompanhada de sintomatologia sistémica, como febre (temperatura >39,5 ° C),
estdo sdo classificadas como tendo metrite aguda ou puerperal. Mesmo assim, foi demonstrado
que as vacas com febre e sem febre tém comunidades bacterianas semelhantes e ndo associadas a
carga bacteriana total ou bactérias especificas (Jeon et al., 2016), apesar que a taxa de cura difere
entre elas sendo inferior para vacas com sintomatologia sistémica junto ao caso de metrite (Lima
et al., 2014). Portanto, metrite é diagnosticada nas primeiras 2 a 3 semanas pds-parto quando uma
vaca apresenta descarga vaginal com consisténcia aquosa e de cor avermelhada ou amarronzada
com odor fétido e acompanhada de aumento uterino com flacidez e falta de tdnus muscular a
palpacdo transretal, acompanhada ou ndo de sintomatologia sisttmica como febre e anorexia. A
incidéncia de metrite varia de 20 a 40% (Curtis et al., 1985; Markusfeld, 1987;) e ocorre no inicio

da lactacdo, com ~ 90% dos casos diagnosticados nos primeiros 14 DEL e com pico em torno de
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5a 7 dias pos-parto (Galvao, 2011). Metrite esta associada a menor producéo de leite, diminuicao
da reproducao e aumento no risco de descarte ou por morte ou vendas. Vacas que desenvolveram
metrite produziram 5 kg/d de leite a menos que vacas que ndo desenvolveram metrite (Huzzey et
al., 2007; Daetz et al., 2016). Vacas com metrite apresentam redugdo na prenhez por inseminagéo
artificial (1A) e ttm menor probabilidade de estarem ciclicas no final do periodo de espera
voluntario quando comparadas com vacas sem metrite. Metrite estd associada com um aumento
do intervalo entre parto e concepgdo em ~ 36,5 dias (Giuliodori et al., 2013; Ribeiro et al., 2013;
Goshen e Shpigel, 2006).

Até recentemente, acreditava-se que o Utero gravidico era estéril e que a metrite era causada
pela colonizacdo do Iimen uterino logo ao parto por Escherichia coli (E. coli), sendo este agente
0 ponto de partida para a entrada de outros patdgenos envolvidos no desenvolvimento da metrite
(Sheldon et al., 2009). No entanto, vacas que ndo desenvolvem metrite e as que eventualmente séo
diagnosticadas com metrite compartilham a maioria dos géneros de bactérias de maneira similar
logo no dia do parto, assim como no dia 6 pdés-parto (Jeon et al., 2015). Ou seja, a microbiota
uterina presente que antecede os casos de metrite ndo difere entre vacas saudaveis e aquelas que
eventualmente apresentam doenga uterina. Essa microbiota uterina é composta principalmente por
Bacteroidetes, Fusobacteria, Proteobacteria, Tenericutes e Firmicutes, independentemente de
infeccdo (Jeon et al.,, 2015) e a mudanca no crescimento de bactérias de Bacteroides,
Porphyromonas e Fusobacterium do dia 0 ao dia 3 esta associado com o desenvolvimento de
metrite (Jeon et al., 2015). No caso de E. coli, a abundancia relativa que foi encontrada no utero
de vacas com metrite foi baixa (> 1%) (Jeon et al., 2015; Jeon et al., 2016), e sua presenca muitas
vezes € associada ao microbioma de vacas saudaveis (Jeon et al., 2016). Acreditava-se que a via
de contaminacdo uterina era apenas pela vagina devido a contaminacédo por fezes (Sheldon et al.,
2009). No entanto, a microbiota uterina é associada a bactérias que estdo presentes na vagina, fezes
e sangue (Jeon et al., 2017), portanto, sugerindo que as bactérias também podem chegar ao Utero
pela via hematdgena, talvez originarias do trato gastrointestinal durante periodos de bacteremia
durante a gestacdo. De qualquer maneira, apds o parto, 0 ambiente uterino € alterado devido a
abertura da cervix, expulsdo do feto, presenca de remanescente de tecidos e sangue, lesbes de
mucosa, todos os quais favorecem a colonizacdo e o crescimento bacteriano, principalmente de
anaerobios. Uma involugdo uterina tardia, interrupcdo do fluxo sanguineo através da placenta,

baixa tensdo de oxigénio, necrose do epitélio caruncular e o acimulo de sangue e fluido alantdico
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séo condicBes em que as bactérias anaerdbias podem prosperar, alterando assim o léquio uterino
para uma secrecdo purulenta e fétida.

Entre os fatores de risco de metrite, pode-se citar distocia, natimorto, gémeos, RP, estacdo
ao parto, duracdo da gestagcdo e paridade. As chances de ter metrite em vacas com distocia,
natimortos e gémeos foram 4,32, 6,26 e 6,57 vezes maiores em comparacdo com vacas que nao
tiveram essas condicdes (Hossein-Zadeh, 2011). Vacas com parto anormal, ou seja, aquelas com
distocia, natimortos e/ou gémeos tém atraso na involugdo uterina em comparagdo com vacas com
partos considerados normais (Fonseca et al., 1983). Apds a integridade do epitélio do tecido uterino
estar comprometida, as barreiras mecanicas, como 0 muco, tém a producao reduzida, e as bactérias
tém facil acesso ao tecido e podem causar infec¢do. A chance de ter metrite foi 27,74 vezes maior
em vacas que desenvolvem RP em comparagdo com vacas que ndo desenvolveram RP (Hossein-
Zadeh, 2011). O parto na estacdo fria também esta associado a metrite. Hossein-Zadeh (2011)
mostrou que vacas que pariram no inverno teve 2,45 maior chance de ter metrite quando
comparado com as que pariram na primavera. VVacas com gestacdo curta tiveram maior incidéncia
de metrite em comparagdo com vacas com uma gestacdo média (Vieira-Neto et al., 2017). A
paridade é outro fator de risco para metrite. Vacas primiparas tém 1,68 maior chance de ter metrite
do que vacas multiparas (Hossein-Zadeh, 2011).

Além destes, a hipocalcemia subclinica esta associada a metrite. Vacas com hipocalcemia
subclinica apresentaram risco 3,24 vezes maior de desenvolver metrite, e as mesmas apresentaram
11,5 vezes maior risco de desenvolver metrite puerperal (Martinez et al.,, 2012). Baixas
concentragdes de calcio no sangue estdo associadas ao comprometimento imunolégico (Martinez
et al., 2012; 2014), e causam baixa contratilidade (Al-Eknah e Noakes. 1989) do Utero, portanto
interrompe o processo de eliminacgdo das bactérias. Além disso, Hammon et al. (2006) e Martinez
et al. (2012) observaram que vacas com atenuacdo na imunidade inata, como neutréfilos com
fagocitose prejudicada, tiveram maior risco de desenvolver metrite e outras doencas uterinas,

portanto sugerindo que um sistema imunoldgico prejudicado aumenta o risco de metrite.

2.5 Cetose
Cetose ou hipercetonemia € uma condicdo caracterizada por concentracfes elevadas de
AGNE, BHB e corpos cetdnicos, como acido acetoacético e acetona nos tecidos e fluidos

corporais. Mensuracdo de BHB no sangue ou soro é o método padréo para o diagnostico da



19

hipercetonemia ja que BHB é o componente origindrio de cetogénese mais predominante no
sangue entre 0s corpos cetonicos. Estudos observacionais estabeleceram limites de AGNE e BHB
para identificar vacas com alto risco de doencas ou de reducdo em producdo de leite, portanto,
estabelecendo os pontos de corte para hipercetonemia (Ospina et al. 2010a; Ospina et al. 2010Db).
Hipercetonemia ou a cetose pode ser clinica ou subclinica. A cetose subclinica é definida como
uma vaca tendo uma concentragdo sanguinea de BHB >1,2 mmol/L, mas sem sinais clinicos,
enquanto vacas com cetose apresentam sinais clinicos e estdo associadas a concentracdes de BHB
maiores, normalmente acima de 3,0 mmol/L (Oetzel, 2004).

A incidéncia de cetose varia devido a diferentes defini¢des entre os estudos (McArt et al.,
2013b). No entanto, usando um limite de BHB >1,2 mmol/L McArt et al. (2012) relataram uma
incidéncia de hipercetonemia de 44% com um pico de incidéncia no 5° dia pds-parto. Foi relatado
que a hipercetonemia estd associada com menor producdo de leite e aumento do descarte. A
associacdo entre producdo de leite e hipercetonemia varia entre os estudos, sendo que alguns
pesquisadores mostraram que vacas com hipercetonemia produziram mais leite, enquanto outros
relataram menor producdo de leite nas primeiras semanas pés-parto (McArt et al., 2013b).
Chapinal et al. (2012) mostraram que vacas com de BHB >0,60 mmol/L durante a ultima semana
pré-parto produziram menos 1,7 kg/d de leite em comparacdo com vacas com menores
concentracdes de BHB, enquanto vacas multiparas que tiveram AGNE >0,5 mmol/L produziram
menos 1,6 kg/d de leite em comparacdo com vacas multiparas com menor concentracdes de AGNE
no sangue. Além disso, Chapinal et al. (2012) mostraram que hipercetonemia durante as primeiras
2 semanas pos-parto também foi associada a menor producéo de leite. Mcart et al. (2012) relataram
que para cada aumento de 0,1 mmol/L nas concentra¢fes de BHB, no primeiro teste positivo, a
producdo de leite diminui cerca de 0,5 kg/dia. Outros estudos relataram uma associagdo entre
hipercetonemia e maior producdo de leite e outros menor producdo de leite apenas em vacas
multiparas e maior producdo de leite em vacas primiparas (Ospina et al 2010a; McArt et al.,
2013b).

O aumento da pontuacéo de escore de condicao corporal (ECC) durante o periodo seco e
paridade séo os principais preditores de cetose. McArt et al. (2013a) mostrou que vacas com alto
ECC durante o periodo seco tiveram maiores concentragdes de BHB do dia 3 ao 6 pds-parto e
tiveram um risco 1,2 maior de serem diagnosticadas com BHB >1,2 mmol/L em comparagdo com

vacas que tiveram baixo ECC durante o periodo seco.



20

2.6 Mastite

A mastite é definida como uma inflamacdo da glandula mamaria que normalmente é
causada por agentes bacterianos. Mastite clinica é diagnosticada quando a vaca apresenta
alteracdes visuais no leite como presenca de codgulos, flocos, ou um leite aquoso. Essas alteracdes
podem estar presentes em um ou mais quartos que podem ou nao ser acompanhados por sinais de
inflamacdo do tecido do Ubere como calor, inchago ou descoloracdo da pele (Kelton et al., 1998).
Normalmente, vacas com tecido mamario saudavel, sem presenca de patdégenos no leite, tem
contagem de células somaticas (CCS) inferior a 200.000 células/mL. Portanto, o uso de CCS é
padrdo para identificar vacas com alteracdo no leite, sendo que a mastite subclinica esta associada
a concentracdes de células somaticas acima de 200.000/mL e os casos clinicos com CCS em
milhdes por mL de leite (Schepers et al., 1997).

A mastite clinica tem um grande impacto econémico no rebanho leiteiro. Santos et al.
(2004) mostraram que o0 momento da ocorréncia do primeiro diagnostico clinico de mastite teve
impactos diferentes na producdo de leite. Eles mostraram que vacas que desenvolveram mastite
clinica antes da primeira inseminacdo artificial (I1A) pés-parto tiveram uma reducéo de 2,2 kg/d de
leite em comparacdo com vacas que ndo desenvolveram mastite, enquanto vacas diagnosticadas
entre a primeira A p6s-parto e o diagndstico de prenhez tiveram reducdo de 1,4 kg/d de leite na
lactacdo. No entanto, se o primeiro caso clinico de mastite foi diagnosticado depois que a vaca
estava prenhe a producdo de leite ndo apresentou diferenca estatistica quando comparada com
vacas gque ndo desenvolveram mastite. A razdo destas diferencas sao basicamente 0 momento na
lactacdo quando o primeiro caso foi diagnosticado. Quanto mais cedo ele ocorrer, maior o impacto
em producdo, em parte devido a afetar o tecido mamario nos periodos de maior produgdo, mas
também por haver mais tempo para que ocorra recidivas na mesma lactacao.

A mastite também prejudica a reproducdo. Santos et al. (2004) mostrou que a mastite
diagnosticada antes da primeira 1A teve menor porcentagem de concepcao na primeira 1A, menor
taxa de prenhez, maior incidéncia de aborto e maior nimero de dias em aberto em comparagéo
com vacas que ndo desenvolveram mastite.

A mastite pode ser contagiosa ou ambiental. Na mastite contagiosa, a transmissao ocorre
do quarto infectado para outro quarto saudavel na mesma vaca ou em vacas diferentes por meio

de um fémite, como equipamento de ordenha ou méos contaminadas. Na mastite ambiental, os
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microrganismos, presentes no meio ambiente, tem acesso a glandula mamaria normalmente logo
antes ou apds a ordenha, sendo que a transmissao pode ocorrer a partir de fezes, material da cama,
ou fomites (Smith, 2002). Staphylococcus aureus, E. coli, Enterobacter spp. Streptococcus
dysgalactiae, Trueperella pyogenes e Pseudomonas spp. séo identificados como os patdgenos com
maior incidéncia nos casos de mastite clinica (Levison et al., 2016).

Paridade, estacdo ao parto e conformacao do teto estdo entre os fatores de risco para mastite
clinica. A medida que as vacas envelhecem, o Ubere torna-se mais penduloso e ha alteragio na
conformacdo do teto, presenca de hiperqueratose do epitélio, o que dificulta a higienizacéo,
mudancas que os colocam em maior risco de ter mastite. Estacdo de ano pode influenciar o risco
de mastite, principalmente devido a concentracdo de chuvas e a mudancas de temperatura. Onde
chove nos meses de inverno, o risco de mastite aumenta. Em locais onde hd aumento e umidade
associados com 0s meses quentes, entdo este periodo se torna de maior risco. Vacas com ligamento
acessorio de Ubere solto e baixa altura de Ubere aumentaram as chances de diagnostico de mastite
clinica em 3,7 e 2,8, respectivamente, em comparacdo com vacas que tinham forte ligamento do
Ubere e um ponto de altura de Ubere intermediario (Miles et al., 2019). Desequilibrios metabolicos,
como cetose subclinica também aumentam a chance de desenvolver mastite. Raboisson et al.
(2014) mostrou que vacas com cetose subclinica tiveram 1,64 vezes mais chance de desenvolver
quadro clinico de mastite em comparacdo com vacas sem cetose subclinica. Hammon et al. (2006)
mostrou que vacas com funcdo imunoldgica prejudicada por concentracGes alteradas de AGNE,
pode colocar as vacas em risco de doencas infecciosas, ndo sendo capazes de eliminar o patdgeno

adequadamente.

2.7 Problemas digestivos

Os disturbios digestivos podem incluir vacas com deslocamento de abomaso (DA) e
indigestdo. O DA é definido como 0 movimento do quarto compartimento do estbmago para uma
posic¢do anormal do lado direito ou esquerdo do abdémen, detectado por ausculta de som de “pin”
com percussao digital. A indigestdo foi anteriormente definida como fezes escassas e falta de
apetite com estase ruminal e intestinal (Stangaferro et al., 2016a). Casos como diarreia, inchaco,
constipacdo, compactacdo e dilatacdo cecal também podem ser julgados como distarbios
digestivos que afetam o trato gastrintestinal (TGI)

A incidéncia de distarbios digestivos, definidos como vacas com diarreia, diminui¢do da
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motilidade ruminal, inchaco ou DA foi relatado como 9,4% (Vercouteren et al., 2015), enquanto
DA foi relatado com uma incidéncia de 5% (Grohn et al., 1998). Disturbios digestivos afetam a
producdo de leite, reproducéo e abate na fazenda leiteira. VVacas que desenvolvem acidose, gases,
baixa ingestéo de alimento ou inchago tiveram menor producdo de leite em comparagdo com vacas
saudaveis, mas vacas com DA tiveram menor producao de leite em comparagdo com as saudaveis
e vacas com outras indigestdes (Edwards e Tozer. 2004). Além disso, Van Winden et al. (2003)
descobriram que vacas com DA produziram menos 6,5 kg / d de leite em comparagdo com vacas
saudaveis. Os distlrbios digestivos também prejudicam a reproducdo. Vacas que desenvolveram
diarreia, diminuicdo da motilidade ruminal, inchago ou DA tiveram menor porcentagem de vacas
ciclicas em 21 dias pés-parto (Vercouteren et al., 2015). Além disso, Ribeiro et al. (2013)
mostraram que vacas que desenvolveram diarreia, inchago ou DA tinham menos chances (OR =
0,19) de retomada da ciclicidade no dia 49 e reducdo da prenhez por IA no dia 60 apés a primeira
IA.

Ha literatura limitada avaliando fatores de risco de disturbios digestivos em vacas leiteiras.
A condigdo que foi mais investigada foi DA. No entanto, foi demonstrado que o distdrbio digestivo
esta correlacionado com disturbios metabolicos (Vercouteren et al., 2015). Da mesma forma, DA
é associado a disturbios metabdlicos. Vacas com aumento no pré-parto de AGNE e BHB e baixo
calcio teve maior risco de DA (Ospina et al., 2010b; Chapinal et al., 2011; Rodriguez et al., 2017).
Ospina et al. (2010b) mostraram que os limiares criticos de AGNE durante o pré-parto e pos-parto
para prever DA foram 0,27 e 0,72 mEq / L, respectivamente, enquanto para BHB no pés-parto foi
de 10 mg / dL. No entanto, o mecanismo de AGNE e BHB para causar DA ndo é bem
compreendido. Um possivel mecanismo pode ser porque as vacas estdo usando principalmente
AGNE como combustivel, e ha depressdo do CMS em vacas com cetose (Goldhawk et al., 2009),
assim o vazio do abomaso é preenchido com gas, levando ao seu deslocamento.

Outros fatores que estdo associados a um risco aumentado de ter DA sédo elevados ECC,
estacdo ao parto e paridade (Cameron et al. 1998). Contudo, 0 mecanismo da maioria desses fatores
de risco para causar DA ndo sdo completamente compreendidos. Cameron et al (1998) sugeriu que
inverno e verdo sdo fatores de risco para DA por causa do estresse durante o verao que ird diminuir
0 CMS e maior demanda de energia durante o inverno, que pode aumentar AGNE e BHB. No caso
do ECC, conforme mencionado anteriormente, vacas super condicionadas tém maior perda de peso

durante o periodo de transicdo aumentando assim os metabdlitos de AGNE e BHB. No caso de
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paridade, o risco de DA foi maior em vacas multiparas em comparacdo com vacas primiparas, e
isso pode estar relacionado ao fato de vacas multiparas serem mais propensas a ter cetose, portanto,

aumentando AGNE e BHB no sangue.

2.8 Manqueira

Pontuacdes de locomoc¢édo geralmente sdo usadas para indicar a gravidade da claudicacéo
e essas pontuacOes podem ser medidas manual ou automaticamente. A maioria das pontuagdes nos
sistemas manuais utilizados pelos pesquisadores sdo baseados na marcha assimétrica, relutancia
em suportar peso e costas arqueadas, e geralmente é pontuado em uma escala de cinco niveis.
Enquanto as medidas automaticas sdo baseadas na cinética de movimento e posturas, padrdes de
comportamento e varidveis de producao que podem indicar claudicacdo (Schlageter-Tello et al.,
2014). No entanto, Bicalho et al., (2007a) avaliaram um sistema de pontuacdo visual com um
sistema automatizado de pontuacdo de locomocao e mostrou que o sistema de pontuacao visual
feito por veterinarios treinados teve melhor desempenho do que o sistema de pontuagdo
automatizado.

A incidéncia de claudicacdo foi relatada como 23%, mas aumentando em paridade
crescente (Bicalho et al., 2008). A claudicacdo esta associada a perda de leite, piora no desempenho
reprodutivo e abate. Depois de controlar a producédo de leite durante as primeiras 3 semanas pds-
parto Bicalho et al. (2008) mostraram que vacas que desenvolveram claudicagdo produziram
menos 1,5 kg / d de leite em comparacdo com vacas sem claudicacao. Por outro lado, Melendez et
al. (2003) relataram que vacas com claudicacdo tiveram 25 pontos percentuais (pp) a menos para
taxa de concepcdo no primeiro servigo, 7 pp menor taxa de prenhez e 14 pp maior para cistos
ovarianos em comparagdo com vacas sem claudicacéo, e eles relataram que vacas com claudicagéo
tinham um menor risco (OR = 0,43) de ficar gestante em comparacdo com vacas sem claudicacéo.

A claudicacdo pode ser infecciosa ou ndo infecciosa. Entre claudicacdo infecciosa, pode
ser mencionadas dermatite digital, necrobacilose interdigital e dermatite interdigital e entre as ndo
infecciosas estao as lesbes como ulceras de sola e doenca da linha branca. Os fatores de risco para
claudicagéo néo infecciosa séo ECC e paridade. Baixo ECC tem maior risco de ter claudicacdo
ndo infecciosa, isso pode ser devido a associa¢do com a espessura do coxim digital (Machado et
al., 2010). Como vacas perdem peso ha uma perda na espessura da almofada digital levando a

lesBes. Por outro lado, vacas multiparas tém maior risco de apresentar claudicacdo nao infecciosas
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(Machado et al., 2010). Uma possivel explicacao € o enfraquecimento e diminuicédo da elasticidade
do tecido conjuntivo. A acidose ruminal subaguda é outro fator de risco para claudicacdo nao
infecciosa. Bicalho et al. (2013) discutem a hipétese de que as toxinas liberadas do rumen
degradam as fibras de colageno no casco, permitindo que a falange distal se mova livremente
dentro da capsula causando concussdes do tecido mole e lesGes. Os fatores de risco para dermatite
digital incluem alojamento, estagio de lactacdo, conformacdo de casco, entre outros. Acesso a
pasto, pisos limpos e texturizados estdo entre as caracteristicas de habitacdo que estdo associadas

a menor risco de dermatite digital.
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Inflammatory diseases in dairy cows: risk factors and associations with pregnancy after
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ABSTRACT

The objectives of the present prospective cohort study were to identify risk factors for
inflammatory diseases in Holstein-Gyr crossbred dairy cows and characterize the associations of
those diseases with pregnancy per embryo transfer (ET). Diseases were diagnosed in the first 60 d
postpartum in 252 primiparous and 481 multiparous cows. Uterine diseases (UTD) included
retained placenta, metritis, clinical endometritis, and subclinical endometritis. Nonuterine diseases
(NUTD) included mastitis, lameness, pneumonia, and displaced abomasum. Blood was sampled
ond 0, 1, and 2 postpartum and analyzed for concentrations of haptoglobin, fatty acids, total Ca
(tCa), P, and Mg, and again on d 8 postpartum and analyzed for concentration of B-
hydroxybutyrate. The association between concentrations of metabolites in serum and
inflammatory diseases was determined. Cows received a timed ET program starting 28 + 3 d
postpartum with first ET at 46 + 3 d postpartum using fresh in vitro-produced embryos. Pregnancy
was diagnosed on d 31 and 59 of presumptive gestation. Overall, 63.3% of the cows were
diagnosed with UTD and 20.6% with NUTD. The risk factors for UTD included season of calving,
parity group, calving problems, days with subclinical hypocalcemia, and serum concentrations of
haptoglobin and Mg, whereas the risk factors for NUTD were parity group and serum Mg
concentration. Cows that developed UTD had increased concentrations of haptoglobin on d 2 and
fatty acids on d 1 and 2, and reduced concentrations of tCa on d 1 and 2 and of P and Mg on d 2
postpartum compared with cows without UTD. Cows that developed NUTD had increased
concentrations of fatty acids on d 0 to 2 postpartum, and decreased concentrations of tCa and P on
d0and 1, and of Mg on d 1 and 2 postpartum compared with cows without NUTD. Cows that
developed NUTD had a 340-kg reduction in milk yield in the first 60 d postpartum. Inflammatory
diseases were associated with lesser body condition score and increased loss of body condition in
the first 70 d postpartum. Maintenance of pregnancy after ET was reduced in UTD cows following
the first (41.7 vs. 25.4%) or all ET (46.4 vs. 36.2%), whereas maintenance of pregnancy was
reduced in NUTD cows only at the second ET (39.0 vs 25.9%). The reduced pregnancy
maintenance in UTD cows combined with a reduced 21-d service rate (61.9 vs. 54.8%) decreased
the 21-d cycle pregnancy rate (28.6 vs. 19.9%) and the hazard of pregnancy to 300 d postpartum

by 35%, resulting in an extra 32 d open. In conclusion, inflammatory diseases depressed fertility
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in dairy cows receiving ET, with the greatest impact observed in UTD cows. This suggests that

local inflammation of the uterus impairs maintenance of pregnancy in dairy cows following ET.

Key words: dairy cow, embryo transfer, inflammation, reproduction
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1. INTRODUCTION

Calving and the onset of lactation are events that often result in inflammation in dairy cows
(Bradford et al., 2015). Calving causes trauma, which increases the risk of uterine diseases (Vieira-
Neto et al., 2016). Approximately 30 to 45% of postpartum cows develop some type of clinical
disease in the first 30 to 60 d in lactation (Santos et al., 2010; Ribeiro et al., 2016; Carvalho et al.,
2019), and most postpartum diseases are associated with reduced fertility (Santos et al., 2010;
Ribeiro et al., 2016; Carvalho et al., 2019). Uterine diseases (UTD) are accompanied by signs of
local or systemic illness (Sheldon et al., 2009). Similarly, mastitis, a nonuterine disease (NUTD)
often diagnosed in early lactation, can lead to systemic signs of illness (Wenz et al., 2001). These
early lactation diseases are associated with events that take place before or immediately after
calving, and to some extent, they have common links such as negative nutrient balance and
alterations in measures of immune function (Banos et al., 2013).

A common aspect of UTD and NUTD is sickness behavior with reduced DMI and the
concurrent inflammatory response (Sheldon et al., 2009; Pérez-Baez et al., 2019). Pathogens and
the resulting inflammatory response cause release of molecular patterns that stimulate residing
immune cells to release cytokines (Sheldon et al., 2009; Bromfield et al., 2015), which, in turn,
upregulate hepatic secretion of positive acute phase proteins (Cray et al., 2009). Furthermore,
reduced DMI increases lipomobilization and reduces nutrient balance. Thus, it is not surprising
that altered concentrations of biomarkers in blood have been associated with the risk of postpartum
diseases in dairy cows (Huzzey et al., 2009; Chapinal et al., 2012; Martinez et al., 2012).

Diseases and concurrent inflammation affect reproduction in part because of disrupted
endocrine signaling and perturbations in follicle or oocyte development (Sheldon et al., 2009;
Bromfield et al., 2015). Cows that develop diseases in early lactation are more likely to have an
extended anovulatory period (Santos et al., 2010). Uterine inflammation transiently reduces oocyte
competence to develop to the morula stage embryo (Dickson et al., 2020). Also, inflammation
creates a hostile uterine environment that prevents proper conceptus development (Ribeiro et al.,
2016), thereby resulting in increased pregnancy loss (Santos et al., 2010). It is interesting that
conceptuses from cows that had inflammatory diseases express molecular signatures compatible

with inflammation (Ribeiro et al., 2016), suggesting shifts in the transcriptome that might
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compromise conceptus survival. These molecular changes in reproductive tissues are observed
even months after induced uterine inflammation (Horlock et al., 2020).

One method to circumvent the impacts of disease on fertility is the use of embryo transfer
(ET). Also, synchronizing ovulation should minimize the impact of diseases mediated by
anovulation. Therefore, timed ET allows for the evaluation of the association between diseases
and maintenance of pregnancy, independent of early events needed to establish pregnancy in dairy
cows. Inflammatory diseases affect pregnancy in dairy cattle receiving Al, although the underlying
mechanisms are complex and multifaceted. Less is known about the impact of inflammatory
diseases on maintenance of pregnancy following ET (Ribeiro et al., 2016; Barbosa et al., 2018;
Estrada-Cortés et al., 2019). Segregating diseases into those that affect the uterus or other tissues
may provide insight on potential underlying mechanisms of inflammation-associated subfertility
that are directly linked to the reproductive tract or with systemic effects of inflammation.

It was hypothesized that periparturient events and plasma metabolites are risk factors for
inflammatory diseases and that UTD and NUTD affect maintenance of pregnancy in an additive
manner in crossbred dairy cows. Therefore, the objectives of the present study were to identify
risk factors for inflammatory diseases in Holstein-Gyr crossbred dairy cows and characterize the

association of those diseases with pregnancy per ET (P/ET) in the first 300 d postpartum.

2. MATERIALS AND METHODS

All procedures involving cows in this experiment were approved by the Sdo Paulo State
University regulatory animal research system committee (protocol number: CEUA-0060/2019)
and followed the recommendations of the Guide for the Care and Use of Agricultural Animals in
Agricultural Research and Teaching (accessed at
https://www.adsa.org/Portals/_default/SiteContent/ docs/AgGuide3rd/Chapter07.pdf).

2.1 Cows, Housing, and Management

The study was conducted on a commercial dairy farm milking approximately 1,600 cows
in the state of Minas Gerais, Brazil, at a latitude of 20.72° South and longitude of 46.61° West.
The farm was visited daily and weekly cohorts of cows were enrolled from August 2018 to January

2019. A total of 733 crossbred Holstein-Gyr dairy cows, 252 primiparous and 481 multiparous,
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were enrolled in the study on the day of calving. Cows calving in the months of August and
September were considered to have calved in the cool season (daily mean temperature 25°C).

All cows were either 50% Holstein and 50% Gyr (76 primiparous and 163 multiparous) or
75% Holstein and 25% Gyr (176 primiparous and 318 multiparous) derived from in vitro-produced
embryos using in vivo-collected oocytes from purebred Gyr or 50% Holstein and 50% Gyr donors
and fertilized with Holstein X-sorted semen from North American genetics.

Cows were housed in a compost barn during the last 3 wk of gestation and in another
compost barn during the first 74.8 £ 13.1 d postpartum (ranged from 48 to 171 d, median 72 d).
For the remainder of lactation, cows were on irrigated pastures of perennial Bermudagrass “Tifton
85” (Cynodon spp.). Prepartum and early postpartum cows housed indoors received diets as TMR
(Table 1), whereas once on pasture, cows received the same grain mix used in the TMR that was
fed at a rate of 1 kg per 2.7 kg of milk produced during each milking. The amount of grain mix fed
to cows on pasture was adjusted twice monthly and pastures were managed in a rotational grazing

system to have at least 15 kg of DM forage available per cow daily.

2.2 Characterization and Diagnosis of Health Problems and Survival

The hour of calving was recorded, and cows were observed for shedding of the placenta
twice daily, at 12-h intervals. Cows that had not shed the placenta by 24 h after calving were
considered to have retained fetal membranes. Cows that required assistance at calving were
considered to have dystocia. The number of calves born and whether the calf was born alive or
died immediately after birth was recorded. Cows with dystocia, stillbirth, or twins were considered
to have calving problems. The hour of calving was categorized into 4 periods of 6 h each, from
0001 to 0600 h, 0601 to 1200 h, 1201 to 1800 h, and 1801 to 0000 h to characterize the distribution
of calving’s throughout the day.

Cows were evaluated for metritis on d 8 + 3 postpartum by scoring the vaginal mucus using
a vaginal mucus collection device (Metricheck, Simcro, New Zealand) concurrent with evaluation
of rectal temperature and transrectal palpation. Metritis was characterized by fetid watery red-
brown vaginal discharge (Sheldon et al., 2009), and cows with metritis and fever, based on rectal
temperature >39.5°C, were considered to have puerperal metritis. Clinical endometritis was
evaluated on d 21 £+ 3 and 28 £ 3 postpartum by transrectal ultrasonography of the uterus to identify

the presence of uterine content. Cows with visible uterine content had vaginal mucus scored using
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the Metricheck device. Cows with echogenic uterine content or those with vaginal discharge score
>2,0n a0 to 5 scale, were considered to have clinical endometritis (McDougall et al., 2007). The
cut-point of vaginal discharge score to classify cows as having clinical endometritis was based on
the depression in pregnancy rate observed by McDougall et al. (2007). Subclinical endometritis
was evaluated on d 28 + 3 postpartum by endometrial cytology using the cytobrush technique
(Lima et al., 2013). A total of 200 cells were counted on the cytological slide and the proportion
of PMN was determined. Subclinical endometritis was characterized when PMN constituted >9%
of cells on the cytological slide (Galvéo et al., 2009).

From parturition until 60 DIM, mastitis, lameness, digestive, and respiratory problems
were evaluated for all cows. All cows were examined for signs of clinical mastitis by the herd
personnel immediately before each milking by stripping each quarter. Clinical mastitis was
characterized by the presence of abnormal milk or by signs of inflammation in one or more
quarters. Upon diagnosis of mastitis, a milk sample was collected aseptically from the affected
quarter into a vial, which was identified and stored under refrigeration. Once daily, milk samples
were cultured using a combination of media (blood agar, Edwards medium, and MacConkey)
followed by Gram staining and biochemical assays for identification of the bacterial agent.
Digestive problems included diarrhea, bloat, or displacement of abomasum. Respiratory problems
were characterized as increased respiratory frequency associated with fever and detection of lung
sounds such as wheezing, rhonchi, or crackling sounds at auscultation. Cows were scored twice
for lameness (Sprecher et al., 1997), once on the day of calving and again at 28 = 3 DIM, and those
that stood and walked with an arched back and had short strides in one or more legs (lameness
score >2) were classified as clinically lame. Except for clinical mastitis and calving problems, all
other diseases were diagnosed by veterinarians in the research team during daily visits to the farm
for data collection.

Cows were considered to have had inflammatory diseases if they were diagnosed with those
that affected the uterus (UTD), which included retained fetal membranes, metritis, clinical
endometritis, or subclinical endometritis; or those that affected other tissues defined as nonuterine
diseases (NUTD), which included mastitis, displaced abomasum, respiratory disease, and
lameness. Because cows could develop multiple diseases, many of those that had UTD also

developed NUTD and vice versa. The DIM when a cow had the diagnosis of the first and the last
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disease event in the first 60 postpartum were recorded. Cows that left the herd because they died

or were culled were recorded for the first 300 DIM.

2.3 Blood Sampling and Analyses

Blood was sampled from all cows immediately after calving and again on d 1 and 2
postpartum. A third sample was collected once weekly on d 8 £ 3 postpartum. On d 0, 1, and 2,
blood was collected by puncture of the coccygeal vessels into evacuated tubes with no additives
(Vacutainer systems, Becton Dickinson, Franklin Lakes, NJ). Blood tubes were maintained at
ambient temperature for 30 min for clotting and then placed in ice and transported to the laboratory
within 3 h of collection. Tubes were centrifuged at 2,000 x g for 15 min for serum separation.
Serum samples were frozen at —20°C and later analyzed for concentrations of haptoglobin, fatty
acids, total Ca (tCa), Mg, and P. Blood collected on d 8 £ 3 was sampled from the coccygeal
vessels and analyzed for concentrations of BHB in whole blood using a handheld meter for whole
blood (KetoVet, ECO Diagndstica, Nova Lima, MG, Brazil).

Concentrations of haptoglobin were assayed in serum by the colorimetric method based on
peroxidase activity (Cooke and Arthington, 2013) and serum concentrations of fatty acids using a
commercial kit (NEFA-C kit, Wako Diagnostics Inc., Richmond, VA) following the modifications
by Johnson and Peters (1993). Concentrations of tCa and Mg were determined by atomic
absorption spectrophotometer (AAnalyst 200, PerkinElmer Inc., Waltham, MA) according to
Martinez et al. (2012). Concentrations of P were quantified using the molybdenum blue method
(Quinlan and DeSesa, 1955). Control serum samples with predetermined large and small
concentrations of the analytes were used to evaluate intra- and interassay coefficients of variation.
The average intra- and interassay coefficients of variation were, respectively, 3.2 and 8.1% for
haptoglobin, 5.5 and 4.0% for fatty acids, 1.2 and 1.4% for tCa, 1.0 and 2.3% for Mg, and 3.7 and
4.3% for P. Cows were considered to have subclinical hypocalcemia when serum tCa <2.00 Mm
(Reinhardt et al., 2011).

2.4 Body Condition Score and Milk Yield

Cows were scored for body condition using a 1 to 5 scale with increments of 0.25 units as
depicted in the Elanco BCS chart (Elanco Animal Health, 2009) at calving, and at 28 + 3 and 70
+ 3 d postpartum by the same person. Cows were milked twice daily, at 12-h intervals, and daily
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milk yield for the first 60 d postpartum was recorded for individual cows using milk meters (Flow
indicator FI7, DeLaval Ltda., S&o Paulo, Brazil).

2.5 Reproductive Management

All breedings in the first 300 DIM were performed using timed ET. Embryos were
produced in a commercial laboratory (In Vitro Brazil, Uberaba, MG, Brazil) with oocytes from
purebred Gyr or crossbred 50% Gyr and 50% Holstein donor cows and X-sorted Holstein semen.
Grade 1 morulae, early blastocysts, blastocysts, and expanded blastocysts were shipped fresh to
the farm once a week and transferred on the same day.

The voluntary waiting period was 46 + 3 DIM. Starting at 28 + 3 DIM, cows had their
estrous cycle and ovulation synchronized with a protocol as follows: d 0, i.m. injection of 2.0 mg
of estradiol benzoate (Gonadiol; 1.0 mg/mL of estradiol benzoate; Zoetis, Sdo Paulo, Brazil) and
placement of an intravaginal progesterone insert (controlled internal drug release, CIDR-B, 1.9 g
of progesterone, Zoetis); d 7, i.m. injections of 25 mg of PGF2a. (Lutalyse; 5.0 mg/mL of dinoprost
as tromethamine salt; Zoetis) and 300 IU of equine chorionic gonadotropin (Novormon; 200
IU/mL of equine chorionic gonadotropin; Zoetis); d 9, removal of the progesterone insert and i.m.
injections of 12.5 mg of PGF2a and 1.0 mg of estradiol cypionate (2.0 mg/mL of estradiol
cypionate; Zoetis). Two days later, on d 11 of the estrous synchronization protocol, it was
anticipated to be d 0 of a new estrous cycle. All treatments were performed in the morning. On d
7 after presumptive estrus (i.e., d 18 of after starting the synchronization protocol), the ovaries of
cows were scanned by ultrasonography using a 7.5-MHz linear array (Aloka SSD-500, Aloka,
Tokyo, Japan) and cows with a visible corpus luteum were eligible to receive ET. Cows eligible
to receive ET received an injection of 0.1 mg of GnRH (Fertagyl, 0.1 mg/mL of gonadorelin; MSD
Animal Health, Sdo Paulo, Brazil) concurrent with ET performed by a single experienced

veterinarian.

2.6 Pregnancy Diagnosis and Resynchronization for Embryo Transfer

All cows were evaluated for pregnancy on d 31 of presumptive gestation (i.e., 24 d after
ET). Diagnosis was performed using transrectal ultrasonography of the uterus and its contents and
characterized by visualization of a live embryo with a heartbeat. Cows diagnosed as pregnant on

d 31 were reexamined by transrectal ultrasonography 4 wk later, on d 59 of presumptive
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pregnancy. Pregnancy per ET was calculated as the number of pregnant cows on d 31 or 59 of
gestation divided by the total number of cows that received ET. Pregnancy loss was calculated as
the number of cows that lost a pregnancy between gestation d 31 and 59 divided by the number of
pregnant cows on d 31. Cows diagnosed as nonpregnant on d 31 or 59 had their estrous cycle
resynchronized for timed ET using exactly the same timed protocol described for the first ET.

Pregnancy per ET on d 31 and 59, and pregnancy loss were calculated for the first 2
postpartum ET for each cow. Pregnancy per ET for all ET performed in the first 300 DIM was
calculated only based on diagnosis performed on d 59 of presumptive pregnancy.

2.7 Calculations of 21-Cycle Service Rate, 21-d Cycle Pregnancy Rate, and Days Open

Service rate was calculated assuming that every eligible cow (those past the voluntary
waiting period of 43 DIM and nonpregnant) should receive a breeding every 21 d. Cows became
noneligible for subsequent breeding if they were diagnosed pregnant on d 59 of gestation, became
“do not breed,” left the herd, or completed 300 DIM, whichever happened first.

Days open was calculated for every cow as the interval from calving to pregnancy based
on the diagnosis performed on d 59 of gestation. Cows that became “do not breed,” left the herd
without a pregnancy diagnosis, or remained nonpregnant by 300 DIM were censored using the

date of whichever happened first.

2.8 Study Design and Statistical Analyses

The study design was a prospective cohort study. A sample size was calculated using the
POWER procedure of SAS version 9.4 (SAS/STAT, SAS Institute Inc., Cary, NC) based on the
assumption that 50% of the cows would develop at least one inflammatory disease postpartum
(Ribeiro et al., 2013, 2016) and that cows with inflammatory diseases would have at least an 11
percentage point decrease in P/ET. The mean P/ET of the farm in the preceding year was 40%.
Therefore, it was assumed that cows without inflammatory diseases would have a P/ET of 45%
and those with inflammatory diseases the P/ET would be 34%. The sample size, calculated using
a likelihood ratio chi-squared test for 2 proportions with o = 0.05 and 8 = 0.20, resulted in a total
of 620 cows (310 per group). Because of potential attrition caused by diseases, a minimum sample

size of 700 cows was deemed necessary for the study.
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Binary data were analyzed by logistic regression using generalized linear mixed models
with the GLIMMIX procedure of SAS (SAS/STAT, SAS Institute Inc.) fitting a binary
distribution. Continuous data were analyzed by linear mixed models using the MIXED procedure
of SAS (SAS/STAT, SAS Institute Inc.). Time to an event was analyzed by the Cox’s hazard
regression method using the PHREG procedure of SAS (SAS/ STAT, SAS Institute Inc.).

Risk factors for UTD and NUTD were investigated using univariable analyses. Factors
considered were season of calving (cool vs. hot), lactation group (1 vs. 2 vs. >2 lactations), breed
(50/50 Holstein-Gyr vs. 75/25 Holstein-Gyr), calving problems (no vs. yes), sex of the calf (female
vs. male), BCS at calving, the greatest concentration of haptoglobin in serum on d 0 to 2
postpartum, the greatest concentration of fatty acids in serum on d 0 to 2 postpartum, blood BHB
concentration on d 8 postpartum, days with subclinical hypocalcemia (0 vs. 1 vs. >1), the smallest
concentration of Mg in serum on d 0 to 2 postpartum, and the smallest concentration of P in serum
on d 0 to 2 postpartum. Variables associated with the response based on P <0.10 were considered
for inclusion in the multivariable models. The multivariable models included all explanatory
variables as fixed effects that met the significance at P <0.10 and a backward stepwise elimination
procedure was applied, and at each step, the explanatory variable with largest P-value was removed
if P > 0.10. At each step, model fit was assessed using the Akaike’s information criterion.
Therefore, the final multivariable models included only fixed effects with P <0.10. The Kenward-
Roger method was used to calculate the approximate denominator degrees of freedom for the F-
tests in the multivariable statistical models.

To evaluate the association between inflammatory diseases and fertility of cows receiving
ET, data were analyzed with multivariable logistic regression models with diseases classified as
UTD or NUTD. For responses with a single measurement per cow, the models included the fixed
effects of UTD, NUTD, and the interaction between UTD and NUTD. For responses with more
than one measurement per cow such as 21-d cycle service rate, 21-d cycle pregnancy rate, and P/
ET for all ET, the models also included the fixed effects of replicate (21-d interval or ET number),
the interaction between UTD and replicate, and the interaction between NUTD and replicate, and
the random effect of cow nested within UTD and NUTD group. The Kenward-Roger method was
used to calculate the approximate denominator degrees of freedom for the F-tests in the statistical

models.
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Milk yield, BCS, and concentrations of analytes in blood were analyzed with mixed models
with the fixed effects of UTD, NUTD, the interaction between UTD and NUTD, time (day or
week), the interactions between UTD and time, NUTD and time, and UTD and NUTD and time,
and the random effect of cow nested within UTD and NUTD group. Time, day or week, was the
factor in the REPEATED statement and the covariance structure that resulted in the best fit
assessed based on the smallest Akaike’s information criterion was selected. The first-order
autoregressive structure was the most common covariance structure applied. The Kenward-Roger
method was used to calculate the approximate denominator degrees of freedom for the F-tests in
the statistical models. In all models for continuous data, the distribution of residuals and
homogeneity of variance were evaluated after fitting the statistical models. Data that violated the
assumptions of normality were subjected to transformation selected by a macro in SAS
(SAS/STAT; SAS Institute Inc.) using the Box-Cox power transformation before statistical
analyses (Piepho, 2009). The least squares means and standard error of the means of transformed
data were back-transformed for data presentation according to Jgrgensen and Pedersen (1998).

Time to event such as days open or days to leaving the herd were analyzed with the Cox’s
hazard regression method with models that included the fixed effects of UTD, NUTD, and the
interaction between UTD and NUTD. If the interaction between UTD and NUTD resulted in P >
0.10, it was then removed from the final model. Proportionality of the hazards was assessed using
the ASSESS PH and RESAMPLE functions in the PHREG procedure of SAS to perform graphical
and numerical evaluations of the Martingale residuals and compute the P-value of the
Kolmogorov-type supremum test (Lin et al., 1993). Differences with P < 0.05 were considered

significant and 0.05 < P <0.10 were considered tendencies.

3. RESULTS

3.1 Risk Factors and Prevalence of Clinical and Subclinical Diseases

Uterine diseases affected 63.3% and NUTD affected 20.6% of the cows in the study. The
prevalence of individual UTD and NUTD according to parity group is depicted in Table 2. The
most prevalent UTD was subclinical endometritis, followed by clinical endometritis, then metritis
and retained placenta. Because subclinical endometritis was included as a UTD, the proportion of
endometrial PMN in cows without UTD was smaller (P < 0.001) than in those with UTD (3.0 £
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1.7 vs. 25.9 £ 1.0%). No difference (P = 0.80) in the proportion of endometrial PMN was observed
between cows without or with NUTD (14.7 £ 0.8 vs. 14.2 £ 1.8%). Of the 733 cows, 26.2% (n =
192) were diagnosed with multiple UTD. The diagnosis of the first and last disease event in cows
that developed UTD had, respectively, a mean (£SD) of 16.0 + 11.0 and 28.6 + 10.7 and a median
of 19 and 27 d postpartum. Approximately 35% of primiparous and multiparous cows calved
between 0001 and 0600 h and only 10% of cows calved between 1801 and 0000 h (Table 2).

The diagnosis of the first and last disease event in cows that developed NUTD had,
respectively, a mean (£SD) of 15.7 + 14.4 and 35.4 £+ 16.1 and a median of 16.0 and 32.0 d
postpartum. The most prevalent NUTD was mastitis with only a small proportion of cows
diagnosed with other NUTD (Table 2). Of the 733 cows, only 1.9% (n = 14) were diagnosed with
multiple NUTD in the first 60 d postpartum. Of the 118 cows diagnosed with mastitis, 80 had a
single case, 30 had 2 cases, 6 had 3 cases, and 2 cows had 4 cases, resulting in a total of 166 cases
of clinical mastitis. Of the 166 cases of mastitis, bacterial cultures included 33 cases of
Streptococcus agalactiae, 13 cases of S. uberis, 7 cases of S. dysgalactiae, 2 cases of
Staphylococcus coagulase negative, 2 cases of Corynebacterium sp., 1 cases of Bacillus sp., 9
cases of other gram-positive bacteria, 15 cases of coliform bacteria, 1 case of yeast, 2 contaminated
samples with colonies of multiple microorganisms, and 81 samples with no growth.

Numerous risk factors were identified for UTD in the univariable analyses (Table 3),
including season of calving, parity >2, breed, calving problems, days with subclinical
hypocalcemia >1, blood concentration of BHB, and serum concentrations of haptoglobin, Mg, and
P. After the multivariable analyses (Table 3), the risk factors that remained significant for UTD
were season of calving, parity group >2, calving problems, days with subclinical hypocalcemia
>1, and serum concentrations of haptoglobin and Mg.

Risk factors were identified for NUTD in the univariable analysis (Table 4), including parity
group, days of subclinical hypocalcemia, and serum concentrations of fatty acids, Mg, and P;
however, following multivariable analyses (Table 4) only parity group and serum concentration of

Mg remained significant risk factors for NUTD.

3.2 Impacts of Inflammatory Diseases on Reproduction
Of the 733 cows enrolled, 675 cows (92.1%) received at least 1 ET (Table 5). A greater (P
= 0.02) proportion of cows with UTD received ET than cows without UTD. Conversely, a smaller
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(P < 0.001) proportion of cows with NUTD received ET than those without NUTD. Furthermore,
of the 733 cows enrolled, 686 (93.6%) were enrolled in the ovulation synchronization protocol at
least once. For the first synchronization postpartum, 73.8% of the cows had a synchronized
ovulation based on the presence of a corpus luteum on the day of ET. Both UTD (P = 0.02) and
NUTD (P = 0.03) reduced the proportion of cows with a synchronized ovulation for ET, and
UTD extended the interval from calving to first ET by 6 d (Table 5).

Maintenance of pregnancy following ET on d 59 of gestation was reduced (P <0.01) in
UTD cows for the first (41.7 vs. 25.4%) or all ET (46.4 vs. 36.2%) compared with cows without
UTD. Maintenance of pregnancy on d 59 was reduced (P = 0.02) in NUTD at the second ET (39.0
vs. 25.9%; Table 5) compared with cows without NUTD. The reduced P/ET observed for cows
with UTD combined with the reduced (P = 0.007) 21-d service rate (61.9 vs. 54.8%) resulted in
smaller (P < 0.001) 21-d cycle pregnancy rate (28.6 vs. 19.9%) and a 35% decrease in the hazard
of pregnancy, culminating in an extra 32 d open (Table 6, Figure 1A). Nonuterine diseases did not

affect the rate of pregnancy or days open (Tables 5 and 6, Figure 1B).

3.3 Impacts of Inflammatory Diseases on Milk Yield, Body Condition, and Survival

Inflammatory diseases were associated with altered milk yield. Cows diagnosed with UTD
produced 94.5 kg more (P = 0.03) milk in the first 60 DIM than those without UTD (Figure 2A),
an increase of 7.3%, which was observed in wk 6 and 7 postpartum (Figure 2B). Conversely, cows
that developed NUTD had decreased (P < 0.001) cumulative milk yield by 60 d postpartum, a
reduction of 340 kg or 22.4% observed throughout the 60 DIM (Figures 2A and 2C). No interaction
(P > 0.30) was observed between UTD and NUTD for milk yield.

Inflammatory disease was associated with reduced BCS in the first 70 d postpartum (Figure
3). Cows that developed UTD had reduced BCS (P = 0.03) compared with those that did not
develop UTD (Figure 3A), although the change in body condition from calving to 70 d postpartum
did not differ (P = 0.12) between the 2 groups (without UTD =—0.25 + 0.2 vs. with UTD —0.21 +
0.01). An interaction (P = 0.006) between NUTD and day was observed for BCS and cows that
developed NUTD had reduced BCS compared with those without NUTD but only at and after 28
d postpartum (Figure 3B). Cows with NUTD had increased (P = 0.003) loss of BCS in the first 70
d postpartum (-0.19 + 0.01 vs. -0.27 £ 0.03 units). No interaction (P > 0.50) was observed between
UTD and NUTD for BCS or change in BCS in the first 70 DIM.
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Of the 733 cows enrolled in the study, 645 (88%) remained in the herd until 300 DIM.
Cows that developed NUTD had a greater (P = 0.005) hazard (adjusted hazard ratio = 1.92; 95%
Cl =1.22 to 3.01) of leaving the herd than those that did not develop NUTD [no NUTD = 10.3
(60/582) vs. UTD = 18.5% (28/151)]. No association (P = 0.37) with UTD and no interaction (P

= 0.92) between UTD and NUTD was associated with the hazard of removal from the herd.

3.4 Associations Between Inflammatory Diseases and Concentrations of Analytes in
Blood

Cows with UTD had increased haptoglobin (P = 0.03), decreased tCa (P = 0.0001),
decreased P (P = 0.03), and tended to have increased BHB (P = 0.09) compared with cows without
UTD (Figures 4 and 5). Cows with NUTD had increased fatty acids (P = 0.0008), increased BHB,
decreased P (P = 0.01), and decreased Mg (P = 0.03) compared with cows without NUTD (Figures
4 and 5). No interactions were observed between UTD and NUTD for concentrations of
haptoglobin, fatty acids, tCa, P, Mg, or BHB. Interactions (P < 0.01) between UTD and day
postpartum were observed for haptoglobin, fatty acids, tCa, P, and Mg as differences between
cows with UTD and without UTD were only observed after the day of calving (Figures 4 and 5).
An interaction (P = 0.004) between NUTD and day was observed for tCa because cows with
NUTD had smaller concentrations of tCa on d 0 and 1 postpartum than cows without NUTD
(Figure 5B). Furthermore, when the largest serum concentrations of haptoglobin and fatty acids,
and the smallest serum concentrations of tCa, P, and Mg from d 0 to 2 postpartum from each cow
were analyzed, the same pattern of response to UTD and NUTD were observed (Supplemental
Figure S1; https://doi.org/10.3168/jds .2020-19070). Cows with UTD had the greatest
concentration of haptoglobin, whereas those with NUTD had the greatest concentration of fatty
acids. Cows with both UTD and NUTD had the smallest concentrations of tCa, P, and Mg in serum.

4. DISCUSSION

Inflammatory diseases are known to be prevalent in the early postpartum period in dairy
cows and the present prospective cohort study identified risk factors for UTD and NUTD and the
association of those diseases with reproduction of cows receiving ET. The significant risk factors

for UTD were multifactorial, including season of calving, parity, calving problems, subclinical
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hypocalcemia, and serum concentrations of haptoglobin and Mg. Risk factors identified for NUTD
included parity group and serum concentration of Mg. In the present study, inflammatory diseases
were associated with a marked depression in reproduction in crossbred cows, corroborating
previous reports of either high-producing cows in confinement systems or in grazing cows
receiving Al (Santos et al., 2010; Ribeiro et al., 2013); however, the impact was associated mostly
with UTD and only minor impacts were observed from NUTD. It is important to note that cows in
the present study were bred only by timed ET, which was expected to bypass the effects that
diseases might have on estrous expression, the developing follicle, and oocyte, fertilization, and
embryo development for the first 7 d. Embryo recipients diagnosed with metritis in the early
postpartum period have reduced P/ET, suggesting that uterine inflammation is a major contributor
to pregnancy failure (Estrada-Cortés et al., 2019). Results herein corroborate those of Ribeiro et
al. (2016) who showed that cows that had inflammatory diseases, particularly those with UTD
diseases, have an impaired ability to maintain pregnancy after Al and ET.

Almost half of the cows in this study had uterine inflammation based on endometrial
cytology on 28 d postpartum, and therefore, it is possible that endometrial function might have
been altered by inflammatory molecules present in the uterus at the first ET. Another possibility
is that cows with UTD had altered luteal lifespan that might interfere with maintenance of
pregnancy. Furthermore, it is possible that UTD might influence expression of estrus, the
endocrine milieu critical for endometrial receptivity of the conceptus, and affect conceptus and
endometrial prostaglandin secretion needed for conceptus elongation and placentation (Brooks et
al., 2014). Expression of estrus was not assessed in the present study, but it is well documented
that cows that express estrus following an ovulation synchronization protocol that resembles that
used in the present study have increased P/ET (Pereira et al., 2016). Finally, factors that predispose
cows to develop uterine diseases, including those identified in the present study, might also
influence maintenance of pregnancy in dairy cows. Pregnancy in cattle receiving ET depends on a
transcriptome and metabolome that conveys a receptive endometrium for further conceptus
development and maintenance of pregnancy. An elegant experiment by Mazzoni et al. (2020)
investigated the endometrial transcriptome of dairy cows immediately before receiving an in vitro-
produced embryo between estrous cycle d 6 and 8. Cows were subsequently slaughtered and
pregnancy determined. As anticipated, cows that maintained pregnancy up to slaughter had an

endometrial transcriptome that differed from those that failed to maintain pregnancy. Among the
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differentially expressed genes and subsequent pathways that differed in the d 6 to 8 endometrium
in cows that maintained pregnancy included transcripts involved in inflammation and in the
balance between pro- and antiinflammatory responses that lead to tolerance for the conceptus
(Mazzoni et al., 2020). It is conceivable that UTD results in endometrial inflammation that not
only affects the transcriptome (Horlock et al., 2020), but the microbiota present in the uterus of
cows with UTD might also differ and be less conducive to estrous cyclicity and pregnancy (Moore
etal., 2019).

Inflammation in early lactation has been shown to disrupt early embryo development
during the preimplantation period with reduced morula quality, conceptus elongation, and survival
in dairy cows (Ribeiro et al., 2016). Products of induced endometrial inflammation are known to
compromise early embryo development in vitro (Hill and Gilbert, 2008). It is unquestionable that
bacterial products and mediators of the inflammatory cascade, including some proinflammatory
cytokines, impair fertilization and reduce meiotic competence and development of in vitro-
produced embryos to the blastocyst stage (Soto et al., 2003; Hansen et al., 2004), and alter
granulosa cell and oocyte mRNA expression (Piersanti et al., 2019). These effects of inflammation
on the follicle, oocyte, and early embryo help explain the reduction in fertilization, conceptus
development, and pregnancy per Al observed in dairy cows that develop UTD (Ribeiro et al.,
2016). In addition, when virgin dairy heifers were subjected to endometrial inflammation by utero-
pathogenic bacteria, the transcriptome was altered 3 mo later in the endometrium, oviduct, and
granulosa cells compared with control heifers (Horlock et al., 2020), suggesting a long-term effect
of utero-pathogenic bacteria on reproductive tissues that may mediate the impacts of UTD on
reproduction observed in cows receiving ET in the present study.

During the inflammatory process of cows that develop diseases in early lactation, pathogen-
associated molecular patterns, localized or systemic host responses, subsequent release of
inflammatory mediators, and concurrent tissue injury may contribute to the reduced maintenance
of pregnancy observed in cows following ET. Chapwanya et al. (2009) described elevated
expression of genes encoding toll-like receptors, inflammatory mediators, and effector molecules
such as amyloid precursor protein and antimicrobial peptides in the uterus of cows 2 wk
postpartum during uterine involution. Toll-like receptors appeared to be functional as endometrial
epithelial cells secreted prostaglandin E2 in response to detection of pathogen-associated

molecular patterns, leading to increased expression of antimicrobial peptides and amyloid
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precursor proteins, providing nonspecific defenses against microbes on mucosal surfaces (Davies
et al., 2008). Nonetheless, when the inflammatory response is exacerbated, disease develops, and
excessive oxidative stress is often generated that damages tissue and causes dysfunction. Indeed,
endometrial markers of oxidative stress have been associated with pregnancy success following
ET in humans (Rahiminejad et al. 2016). Cows in the present study were synchronized to receive
their first ET at 46 + 3 DIM, a period in which uterine inflammation may still have been present,
based on the findings of others (Lima et al., 2013). Lima et al. (2013) performed consecutive
cytological examinations of the endometrium and demonstrated that cows that had not resolved
inflammation by 46 DIM had reduced pregnancy per Al and increased pregnancy loss compared
with those that resolved postpartum uterine inflammation. It is possible that the local cellular
changes taking place in the endometrium of cows that developed UTD make it less capable of
establishing tolerance to conceptus alloantigens and favoring rejection by the maternal immune
system, or that the altered endometrial molecular signatures that persist for a long period after
inflammation impair the ability of the uterus to support a pregnancy (Horlock et al., 2020).

The mechanisms of how NUTD reduce pregnancy in dairy cows receiving ET are not clear.
Diagnosis of mastitis either before or after Al is associated with reduced pregnancy per Al,
whereas mastitis after pregnancy had been diagnosed is associated with increased pregnancy loss
(Santos et al., 2004). Isolation of major pathogens from milk of cows in the week of ET is
associated with a marked reduction in P/ET, whereas cows with SCC above 4 x 105 /mL have
reduced P/ET (Barbosa et al., 2018). This suggests that active infection and inflammation of the
mammary gland when ET is performed is detrimental to maintenance of pregnancy. Indeed, oocyte
competence to develop to the blastocyst stage is reduced in cows with spontaneous or induced
mastitis (Roth et al., 2013; Asaf et al., 2014). Here, cows with NUTD had reduced milk yield,
which probably reflects the effect of those diseases on DMI and nutrient balance. Also, bacterial
products and cytokines result in hyperthermia, a well-characterized phenomenon that
compromises reproduction in cattle by interrupting embryonic development, interfering with
preimplantation events, and altering uterine function (Edwards and Hansen, 1997; Sakatani et al.,
2004). In the current study, cows received ET bypassing events related to oocyte quality,
fertilization, and early embryo development. In cows diagnosed with NUTD, the diagnosis of the
last disease event was at 35.4 d postpartum and the first ET occurred at 59.9 d postpartum, thus an

interval of 24.5 d. Unless the inflammation in the NUTD cows became chronic, it is unlikely that
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inflammatory mediators or hyperthermia would still be present after 3 wk to affect maintenance of
pregnancy after ET (Edwards and Hansen, 1997; Hansen et al., 2004). In fact, half of the cases of
mastitis, the predominant NUTD diagnosed, had no bacterial isolate identified presumably because
the agent had been cleared from milk. Also, 24 (14.5%) cases of mastitis the isolate agent was a
gram-negative bacterium, which can cause an acute inflammatory response, but often of short
duration. Therefore, it is more likely that inflammation caused by NUTD in early lactation might
interfere with reproduction by compromising aspects related to follicle development or oocyte
competence which can affect pregnancy many weeks following the insult (Ribeiro et al., 2016).
On the other hand, if cows present infection and inflammation of the mammary gland in the week
of ET, then the ongoing inflammatory process is associated with reduced maintenance of
pregnancy following ET in dairy cows (Barbosa et al., 2018).

It is important to note that both UTD and NUTD reduced synchronization of ovulation for the first
ET, and UTD delayed the first ET postpartum. Also, service rate for the subsequent cycles was
reduced in cows that had UTD likely because of a combination of reduced synchrony of ovulation
and reduced P/ET. Diseases and concurrent inflammatory response cause release of pathogen-
associated and damage-associated molecular patterns that stimulate residing immune cells to
release cytokines and, collectively, they can disrupt endocrine signaling and affect the developing
follicle (Sheldon et al., 2009; Bromfield et al., 2015). This might explain the altered ability of cows
to respond to the hormonal treatments and synchronize ovulation, which eventually affected the
rate of pregnancy. In particular, the synchronization protocol used estradiol to induce ovulation,
and pathogen-associated molecular patterns can disrupt the spontaneous LH surge in dairy cows
(Lavon et al., 2008).

Cows with NUTD had a marked reduction in milk yield, which was not surprising given
that most cases of NUTD involved mastitis that is known to depress productive performance. On
the other hand, an unexpected increase in milk yield in the first 60 DIM was observed for cows
with UTD, and the increase was less in cows that did not have NUTD (51 kg or 3.4%) than in
those that had NUTD (138 kg or 12.4%). Metritis is known to be associated with reduced milk
yield (Sheldon et al., 2009), but of the 464 cows with UTD, only 101 or 21.8% had metritis and
the remainder had either clinical or subclinical endometritis, which typically are not associated
with systemic signs of disease or depression in milk yield. Also, because the increase in total milk

yield observed for cows with UTD originated mostly within those with NUTD, it is possible that
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severity of NUTD, in particular mastitis, was less in those cows that also had UTD than those
without UTD.

The risk of UTD or NUTD was dependent on several environmental and cow-level factors,
many of which were associated with peripartum metabolism and management of transition cows.
It is interesting that cows calving during the cool season had greater risk of developing UTD than
those calving in the hot season. It is clear that heat stress during the entire dry period suppresses
lactation performance and immune function (Dahl et al., 2017), but less is known about the effects
of dry period heat stress on disease incidence. Preliminary data suggest that cooling prepartum
cows during the summer months to alleviate heat stress increases the risk of metritis (Santos et al.,
2014). One of the risk factors for uterine disease is trauma caused during calving (Vieira-Neto et
al., 2016), and larger calves are more likely to cause dystocia and trauma (Johanson and Berger,
2003); here calving problems was one of the risk factors identified for UTD. Heat stress and the
resulting hyperthermia reduces gestation length and the BW of the newborn calf (Dahl et al., 2017),
which might ease delivery and reduce the risk of dystocia. Also, as lactation number increased, the
risk of UTD and that of NUTD also increased. Older cows are more likely to have retained placenta
and mastitis (Markusfeld, 1987; Vieira-Neto et al., 2016; Taponen et al., 2017), which was
observed in the present study. Nevertheless, NUTD reduced milk yield likely because mastitis
directly affects the mammary gland resulting in a direct impairment or death of milk secreting
cells.

The number of days with subclinical hypocalcemia and serum concentrations of
haptoglobin and Mg were risk factors for UTD. The increase in haptoglobin on d 2 postpartum in
cows that developed UTD is likely related to the activation of the inflammatory process with
release of cytokines from residing immune cells, which in turn stimulate hepatic secretion of
positive acute phase proteins (Cray et al., 2009). Others have shown that haptoglobin increases in
the first few days after calving and the increment is greater with increased severity of uterine
disease (Huzzey et al., 2009). Also, as cows developed more persistent subclinical hypocalcemia,
the risk of UTD increased. It has been shown that hypocalcemia increases the risk of metritis, and
one of the possible underlying mechanisms is the reduced innate immune function observed in
cows with subclinical hypocalcemia (Martinez et al., 2012). Calcium is the most abundant mineral
in milk and Mg is critical in the diet of dairy cows because little is stored in the body. The

prepartum diet fed in the present study was not designed to prevent hypocalcemia with a DCAD
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of +160 mEqg/kg. Also, although the dietary content of K pre- and postpartum was not excessive,
dietary Mg was not high, which might have influenced the ability of cows to maintain adequate
concentrations of tCa and Mg in serum. The incidence of cows with at least 1 d with subclinical
hypocalcemia was high in both primiparous (52%) and multiparous (73.8%) cows, values greater
than reported in Holstein cows in confinement herds in the United States (Reinhardt et al., 2011).
Because alkalogenic diets and those that result in limited intake of Mg favor hypocalcemia and
hypomagnesemia (Goff, 2008), and those were risk factors for UTD, it is desirable that
improvements in metabolic health by dietary means be implemented to reduce the risk of diseases

that might interfere with fertility.

5. CONCLUSIONS

Inflammatory diseases are prevalent in the early postpartum period and have long-lasting
impacts on maintenance of pregnancy in dairy cattle. Results from this prospective cohort study in
a population of crossbred cows showed that 63.3% were affected by clinical or subclinical uterine
diseases (or both) and 20.6% were affected by nonuterine diseases. Cows affected by uterine
inflammation had a marked reduction in reproductive performance, likely because of localized
effects that reduced service rate and maintenance of pregnancy following ET. Subsequently, the
rate of pregnancy decreased and days open increased in cows with uterine inflammation.
Nonuterine diseases, however, compromised milk yield in the first 60 d in lactation with minor
impacts on reproduction. The fact that reproduction was affected to a greater degree in cows with
uterine diseases than those with nonuterine diseases after ET suggests that uterine inflammation
compromises its ability to support pregnancy, whereas nonuterine inflammation might affect the
developing follicle, oocyte, fertilization, very early embryo development, or a combination of
these. Risk factors for inflammatory diseases included blood markers of early postpartum
inflammation, energy, and mineral metabolism. Collectively, these results suggest that improving
the maintenance of pregnancy in dairy cows requires prevention of early postpartum diseases, in
particular those affecting the uterus, by minimizing calving problems and disturbances of mineral

and energy metabolism at the onset of lactation.
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Table 1. Diets fed to cows prepartum and early postpartum?*
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Ingredient Prepartum? Early postpartum?
Corn silage 74.9 37.9
Elephant grass silage 4.9 2.5
Whole cottonseed 3.7 7.4
Cracked corn 1.5 0.6
Soybean meal 13.2 10.0
Citrus pulp 4.0
Grain mix* 34.9
Prepartum mineral and vitamin® 2.0
Postpartum mineral and vitamin® 2.7

Nutrient content, ” DM basis
OM, % 928+15 93.4+1.0
CP, % 156+1.2 176+1.1
NDF, % OM 349+32 26.0+1.0
Ether extract, % 3.2+£0.2 3.3£0.6
NFC, % 39.1+22 465+ 2.4
Ca, % 0.72+0.11 0.86+0.13
P, % 0.34 £0.05 0.37£0.03
K, % 1.43+0.14 1.14+0.18
Mg, % 0.27 £0.01 0.23+£0.02
Na, % 0.10+0.01 0.22+0.04
Cl, % 0.40 £ 0.05 0.50 £ 0.08
S, % 0.22+0.03 0.17 £ 0.02
DCAD, mEqg/kg 161+ 25 136 £ 42

1 Samples collected weekly and composited for chemical analyses. Means and SD from chemical

analysis of 4 composite samples per diet.
2 Diet fed in the last 3 wk of gestation.
% Diet fed in the first 74 DIM.

4 Each kilogram contained (DM basis) 63.0% ground corn, 20.3% soybean hulls, 9.9% soybean
meal, 4.6% dried citrus pulp, 0.9% urea, 0.6% sodium chloride, and 0.7% sodium bentonite. The
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nutrient content (DM basis) was 16.4% CP, 21.2% NDF, 47.6% starch, 57.7% NFC, 3.6% fat,
and 2.7% ash.

® Each kilogram contained (DM basis) 190 g of Ca, 17 g of P, 80 g of Mg, 30 g of Na, 40 g of S,

2,400 mg of Zn, 1,500 mg of Mn, 1,200 mg of Cu, 30 mg of I, 16 mg of Co, 12 mg of Se, 36 mg
of Cr, 75 mg of biotin, 750,000 IU of vitamin A, 250,000 IU of vitamin Dz, 7,500 U of vitamin
E, and 750 mg of sodium monensin.

® Each kilogram contained (DM basis) 220 g of Ca, 40 g of P, 25 g of Mg, 65 g of Na, 10 g of S,
2,375 mg of Zn, 2,375 mg of Mn, 562 mg of Cu, 31 mg of I, 13 mg of Co, 15 mg of Se, 57 mg of
biotin, 100,000 1U of vitamin A, 25,000 IU of vitamin D3, 625 IU of vitamin E, and 750 mg of
sodium monensin.

"Values are means = SD.
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Table 2. Descriptive statistics of data from the 733 cows enrolled in the study according to

parity group
Item, mean £ SD or % (n/n) All cows Primiparous Multiparous
Cows, n 733 34.4 (252/733) 65.6 (481/733)
Distribution of calving
0001 to 0600 h 35.2 (258/733) 36.9 (93/252) 34.3 (165/481)
0601 to 1200 h 25.6 (188/733) 25.8 (65/252) 25.6 (123/481)
1201 to 1800 h 28.8 (211/733) 26.6 (67/252) 29.9 (144/481)
1801 to 0000 h 10.4 (76/733) 10.7 (27/252) 10.2 (49/481)
Season of calving
Cool 25.2 (185/733) 25.8 (65/252) 25.0 (120/481)
Hot 74.8 (548/733) 74.2 (187/252) 75.0 (361/481)
BCS at calving, 1to 5 3.28 £0.30 3.31+£0.25 3.27+£0.33
Calving problemst 8.7 (64/733) 7.1 (18/252) 9.6 (46/481)
Uterine diseases? 63.3 (464/733) 58.0 (146/252) 66.1 (318/481)
Retained placenta 11.4 (84/733) 8.7 (22/252) 12.9 (62/481)
Metritis 13.8 (101/733) 11.5 (29/252) 15.0 (72/481)
Clinical endometritis 34.5 (243/704) 24.8 (61/246) 39.7 (182/458)
Subclinical endometritis 48.5 (333/686) 46.1 (112/243) 49.9 (221/443)
Nonuterine diseases® 20.6 (151/733) 8.7 (22/252) 26.8 (129/481)
Mastitis 16.1 (118/733) 7.1 (18/252) 20.8 (100/481)
Lameness 4.1 (30/733) 1.6 (4/252) 5.4 (26/481)
Pneumonia 1.2 (9/733) 0 1.9 (9/481)
Displaced abomasum 0.7 (5/733) 0 1.0 (5/481)
Haptoglobin,* x 100 AU/mL
Mean 3.93+3.56 470 +£4.04 3.52+3.20
Largest value 6.42 + 5.56 7.42 £5.94 5.89 +5.28
Fatty acids,* mM
Mean 0.48 £0.24 0.45+0.20 0.49 £ 0.25
Largest value 0.67 £0.33 0.64 £0.33 0.68 £ 0.33
BHB,> mM 0.78 +0.37 0.72+0.31 0.81+£0.39



Days of SCH®

0 33.7 (247/733) 48.0 (121/252) 26.2 (126/481)

1 21.0 (154/733) 18.3 (46/252) 22.5(108/481)

>1 45.3 (332/733) 33.7 (85/252) 51.3 (247/481)
Total Ca,* mM

Mean 2.01+£0.18 2.08£0.15 1.98+0.18

Smallest value 1.89+£0.22 1.98+0.18 1.84 £0.23
Total Mg,* mM

Mean 0.95+0.12 0.97+0.11 0.94+£0.12

Smallest value 0.87+£0.12 0.90+0.13 0.86 £ 0.12
Total P,* mM

Mean 1.37+£0.25 1.46 +0.22 1.33+0.25

Smallest value 1.13+£0.25 1.20+£0.24 1.08 £0.24
Milk yield

First 60 DIM, kg/d 25371 21.4+5.8 27.3+£6.9

Cumulative 60 DIM, kg 1,498 + 467 1,275 £ 374 1,615 £ 467

LIncludes dystocia, stillbirths, or twin calving.

2 Includes retained placenta, metritis, clinical endometritis, and subclinical endometritis.
% Includes mastitis, displaced abomasum, pneumonia, and lameness.

4 Serum samples analyzed on days 0, 1, and 2 postpartum. AU = arbitrary units.

® Whole blood sample analyzed on d 8 + 3 postpartum.

® Subclinical hypocalcemia (SCH) based on serum total Ca < 2.0 mM on d 0, 1, or 2 postpartum.
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Table 3. Risk factors for uterine diseases!

Univariable Multivariable?

Item Level orunit % (n/n) or mean + SD OR3 (95% ClI) P-value Adjusted OR (95% CI) P-value
Season of calving Hot 60.0 (329/548) Referent Referent

Cool 73.0 (135/185) 1.80 (1.25-2.60)  0.002 1.66 (1.12 — 2.44) 0.01
Parity group 1 58.0 (146/252)" Referent Referent

2 60.5 (164/271)" 1.11 (0.78 — 1.58) 0.55 1.20 (0.82 - 1.75) 0.36

> 2 73.3 (154/210)2 2.00 (1.34-3.00) <0.001 1.79 (1.14 - 2.82) 0.01
Breed* 50% H 58.6 (140/239) Referent Referent

75% H 65.6 (324/494) 1.36 (0.99 — 1.89) 0.06 1.28 (0.88 — 1.79) 0.22
Calving problems No 61.1 (409/669) Referent Referent

Yes 86.0 (55/64) 3.57(1.75-7.14)  0.004 3.01(1.41-6.25) 0.004
Sex of the calf Female 63.9 (423/662) Referent

Male 57.8 (41/71) 0.80(0.49 -1.32) 0.37
BCS at calving 1to5 3.28+£0.30 0.71 (0.43-1.17) 0.18



Days of SCH®

Haptoglobin®

Fatty acids®

Total Mg’

Total P’

BHBond8+3

0 55.1 (136/247)°
1 55.2 (85/154)°
>1 73.2 (243/332)?
x100 AU/mL 6.42 + 5.56
mM 0.67 +0.33
mM 0.85+0.12
mM 1.10 £0.25
mM 0.78 +0.37

Referent

1.01 (0.67 — 1.51)

2.23 (1.57 — 3.16)

1.07 (1.04 — 1.10)

1.49 (0.93 - 2.38)

0.07 (0.02 — 0.26)

0.40 (0.21 — 0.74)

1.08 (0.67 — 1.74)

0.98
<0.001

< 0.001

0.10

<0.001

0.003

0.03

Referent
0.73 (0.47 -1.13)
1.47 (1.00 — 2.18)
1.07 (1.02 - 1.10)
0.88 (0.40 — 1.95)
0.15 (0.03 - 0.62)

0.78 (0.38 — 1.59)

1.49 (0.92 — 2.43)

65

0.16
0.05

<0.001

0.63

0.01

0.49

0.11

ab.c Syperscripts depicted for the categories of an explanatory variable differ in the multivariable model (P < 0.05).

! Uterine diseases include retained placenta, metritis, clinical endometritis, and subclinical endometritis.

2 The multivariable models included only fixed effects from univariable models that resulted in P < 0.10.

$OR = odds ratio.
4 Crossbred cows were either 50% Holstein (H) 50% Gyr or 75% H and 25% Gyr.

®SCH = subclinical hypocalcemia based on serum total Ca < 2.00 mM.

® Largest value measured on d 0, 1 and 2 postpartum. AU = arbitrary units.

" Smallest value measured on d 0, 1, and 2 postpartum.



Table 4. Risk factors for nonuterine diseases?
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Univariable Multivariable?

Item Level or unit % (n/n) or mean £ SD OR3 (95% CI) P-value Adjusted OR (95% CI)  P-value
Season of calving Cool 23.2 (43/185) Referent

Hot 19.7 (108/548) 0.81 (0.54 —1.22) 0.30
Parity group 1 8.7 (22/252)° Referent Reference

2 21.0 (57/271)° 2.79 (1.64-4.72) <0.001 2.54 (1.49 — 4.33) <0.001

> 2 34.3 (72/210)? 5.45(3.23-9.20) <0.001 4.82 (2.84 — 8.20) <0.001
Breed* 50% H 21.0 (50/239) Referent

75% H 20.4 (101/494) 0.97 (0.66 — 1.42) 0.88
Calving problems No 20.0 (134/669) Referent

Yes 26.6 (17/64) 1.45 (0.81 - 2.63) 0.22
Sex of the calf Female 20.4 (135/662) Referent

Male 22.5 (16/71) 1.13 (0.63 — 2.04) 0.67
BCS at calving 1to5 3.28£0.30 0.93 (0.52 - 1.70) 0.83
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Days of SCH® 0 13.8 (34/247) Referent Referent

1 22.1 (34/154) 1.78 (1.05 - 3.00) 0.03 1.34 (0.77 — 2.33) 0.30

>1 25.0 (83/332) 2.09 (1.35-3.24) 0.001 1.19 (0.73 - 1.95) 0.48
Haptoglobin® x100 AU/mL 6.42 £ 5.56 1.01 (0.98 — 1.04) 0.64
Fatty acids® mM 0.67£0.33 1.94 (1.16 — 3.23) 0.01 1.43 (0.83 - 2.47) 0.19
Total Mg’ mM 0.85+0.12 0.10 (0.02 - 0.45) 0.002 0.21 (0.04 - 0.98) 0.05
Total P’ mM 1.10+£0.25 0.30 (0.14 - 0.64) 0.002 1.99 (0.31 - 4.35) 0.48
BHBond8+3 mM 0.78 £ 0.37 1.08 (0.66 — 1.74) 0.76

ab.e Syperscripts depicted for the categories of an explanatory variable differ in the multivariable model (P < 0.05).
! Nonuterine diseases include mastitis, displaced abomasum, pneumonia, and lameness.

2The multivariable models included only fixed effects from univariable models that resulted in P < 0.10.

$OR = odds ratio.

4 Crossbred cows were either 50% Holstein (H) and 50% Gyr or 75% H and 25% Gyr.

®SCH = subclinical hypocalcemia based on serum total Ca < 2.00 mM.

® Largest value measured on days 0, 1 and 2 postpartum. AU = arbitrary units.

" Smallest value measured on days 0, 1, and 2 postpartum.



Table 5. Impact of inflammatory diseases on reproductive performance of dairy cows receiving embryo transfer (ET)
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Item, % (n/n) Group? P-value?
or LSM = SEM UTD-/ NUTD- UTD+/ NUTD- UTD-/NUTD+ UTD+/ NUTD+ UuTD NUTD UTD x NUTD
Cows, n 230 352 39 112 --- --- ---
Received ET 91.7 (211/230)  95.2 (335/352)  76.9 (30/39) 88.4 (99/112) 002  <0.001 0.67
First ET
Synchronization®  79.8 (170/213)  75.7 (256/338)  76.7 (23/30) 54.3 (57/105) 0.02 0.03 0.13
Day postpartum 52115 55.8+1.2 53440 61.7+2.2 0.02 0.14 0.36
Pregnant day 31 54.8 (115/210)  37.9 (127/335)  43.3 (13/30) 30.3 (30/99) 0.007 0.09 0.80
Pregnant day 59 41.9 (88/210)  25.1(84/335)  40.0 (12/30) 26.3 (26/99) 0.004 0.97 0.77
Pregnancy loss 23.5(27/115)  33.9 (43/127) 7.7 (1/13) 13.3 (4/30) 0.07 0.02 0.93
Second ET
Day postpartum 96.8£25 104.7+1.7 929+6.4 105.7 £ 3.3 0.008 0.71 0.54
Pregnant day 31 51.8 (59/114)  45.6 (108/237)  23.5 (4/17) 35.9 (23/64) 0.60 0.01 0.21
Pregnant day 59 44.7 (51/114)  36.3 (86/237) 17.7 (3/17) 28.1 (18/64) 0.73 0.02 0.19
Pregnancy loss 13.6 (8/59) 20.4 (22/108) 25.0 (1/4) 21.7 (5/23) 0.82 0.53 0.62
AllET
21-d service rate 61.6 (430/698) 55.7 (833/1,502)  64.1 (66/103)  52.3 (228/436) 0.007 0.87 0.31
Pregnancy per ET"+  46.7 (200/428)  35.9 (300/836)  43.9 (29/66) 37.6 (86/229) 0.01 0.17 0.56
21-d pregnancy rate  28.7 (200/698)  20.0 (300/1,502)  28.2 (29/103)  19.7 (86/436) <0001  0.95 0.97
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! Crosshred Holstein-Gyr cows were classified according to diagnosis of uterine diseases (UTD) or nonuterine diseases (NUTD) in the
first 60 DIM into 4 groups: UTD-/NUTD- = UTD negative and NUTD negative; UTD+/NUTD- = UTD positive and NUTD negative;
UTD-/NUTD+ = UTD negative and NUTD positive; and UTD+/NUTD+ = UTD positive and NUTD positive.

2 UTD = effect of UTD; NUTD = effect of NUTD; UTD x NUTD = interaction between UTD and NUTD.
% Synchronization of ovulation based on the presence of a visible corpus luteum on the day of timed ET.

“ Interaction between UTD and ET number (P < 0.05); t Interaction between NUTD and ET number (P < 0.05).
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Table 6. Cox’s proportional hazard regression for days open in dairy cows receiving embryo

transfer?
Days open
Pregnant,? % Adjusted HR®
Item (n/n) Mean + SEM  Median (95% CI) (95% CI) P-value
UuTD
No 85.1 (229/269) 103.6 £ 3.9 87 (81 -102) Referent

Yes 83.2 (386/464) 132.4+35 119 (111-128) 0.65(0.55-0.77) <0.001
NUTD

No 85.9 (500/582) 121.2+3.1 107 (97 - 115) Referent

Yes 76.2 (115/151) 126.0 £ 6.0 115(102 - 131)  1.00 (0.81-1.23) 0.98

! Crossbred Holstein-Gyr cows were classified according to diagnosis of uterine diseases
(UTD) or nonuterine diseases (NUTD) in the first 60 DIM. The interaction between UTD
and NUTD was not significant (P = 0.86); therefore, results are presented for the main
effects only.

2 Pregnant = cows that became pregnant in the first 300 d postpartum based on the diagnosis
performed on d 59 of the presumptive pregnancy.

3 HR = hazard ratio.
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Figure 1. Survival curves for interval from calving to pregnancy in crossbred Holstein-Gyr
cows receiving embryo transfer. Cows were classified according to diagnosis of uterine
diseases (UTD) or nonuterine diseases (NUTD) in the first 60 DIM. (A) Effect of UTD
(yes or no) on time to pregnancy (P < 0.001). (B) Effect of NUTD (yes or no) on time

to pregnancy (P = 0.98). The interaction between UTD and NUTD was not significant
(P =0.86).
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Figure 2. Cumulative milk yield (A) in the first 60 d postpartum according to uterine
diseases (UTD) and nonuterine diseases (NUTD), and weekly milk yield in cows
according to diagnosis of UTD (B) or NUTD (C). Crossbred Holstein-Gyr cows were
classified according to diagnosis of UTD or NUTD in the first 60 d postpartum into 4
groups: UTD-/NUTD- = UTD negative and NUTD negative; UTD+/NUTD- = UTD
positive and NUTD negative; UTD-/NUTD+ = UTD negative and NUTD positive; and
UTD+/NUTD+ = UTD positive and NUTD positive. (A) Effects of UTD (P = 0.03),
NUTD (P < 0.001) and interaction between UTD and NUTD (P = 0.30). (B) Effects of
UTD (P = 0.44), week (P < 0.0001), and interaction between UTD and week (P =
0.008). (C) Effects of NUTD (P < 0.001), week (P < 0.0001), and interaction between
NUTD and week (P < 0.0001). Within week, * denotes difference between groups (P
< 0.05). Error bars represent SEM.
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Figure 3. Body condition score of cows according to uterine diseases (UTD; A) or
nonuterine diseases (NUTD; B) in the first 70 d postpartum. (A) Effect of UTD (P =
0.03) and interaction between UTD and day (P = 0.70). (B) Effect of NUTD (P = 0.04)
and interaction between NUTD and day (P = 0.006). Within day, * denotes difference
between groups (P < 0.05). Error bars represent SEM.
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Figure 4. Serum concentrations of haptoglobin according to uterine diseases (UTD; A) or
nonuterine diseases (NUTD; B), and serum concentration of fatty acids according to
UTD (C) or NUTD (D). (A) Effect of UTD (P = 0.03) and interaction between UTD
and day (P = 0.002). (B) Effect of NUTD (P = 0.66) and interaction between NUTD
and day (P =0.79). (C) Effect of UTD (P = 0.10) and interaction between UTD and day
(P =0.008). (D) Effect of NUTD (P = 0.0008) and interaction between NUTD and day
(P = 0.76). Within day, * denotes difference between groups (P < 0.05); within day, §
denotes a tendency for difference between groups (P = 0.09). Error bars represent SEM.
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Figure 5. Serum concentrations of total Ca according to uterine diseases (UTD; A) or
nonuterine diseases (NUTD; B), serum concentrations of total P according to UTD (C)
or NUTD (D), and serum concentrations of total Mg according to UTD (E) or NUTD
(F). (A) Effect of UTD (P = 0.0001) and interaction between UTD and day (P = 0.003).
(B) Effect of NUTD (P = 0.009) and interaction between NUTD and day (P = 0.004).
(C) Effect of UTD (P = 0.03) and interaction between UTD and day (P = 0.0007). (D)
Effect of NUTD (P = 0.01) and interaction between NUTD and day (P = 0.12). (E)
Effect of UTD (P = 0.15) and interaction between UTD and day (P = 0.0008). (F) Effect
of NUTD (P = 0.03) and interaction between NUTD and day (P = 0.12). Within day, *
denotes difference between groups (P < 0.05) and 8§ denotes a tendency to differ (P =
0.08). Error bars represent the SEM.
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IMPLICACOES

Esta bem estabelecido que doencas do periparto estdo associadas com eventos
reprodutivos e vacas que desenvolvem doenca tem menor probabilidade de se tornarem
gestantes ao recebem IA, embora 0s mecanismos subjacentes sejam complexos e multiplos.
Menos se sabe sobre o impacto das doencas inflamatdrias na manutencdo da prenhez ap6s
TE, que contorna as falhas nos primeiros estagios necessarios para o estabelecimento da
prenhez. Além disso, segregar doencas inflamatdrias naquelas que afetam o Gtero ou afetam
outros tecidos pode trazer informagdes sobre os potenciais mecanismos subjacentes que
estdo diretamente ligados ao trato reprodutivo ou aos efeitos sistémicos da inflamacao.

E importante observar que o manejo reprodutivo das vacas no presente estudo foi todo
baseado em TE em tempo fixo, com ciclo estral e ovulacdo sincronizadas, que é esperado
contornar 0s impactos que as doengas podem ter na expressdo do estro, na competéncia e
desenvolvimento folicular e oocitéria, fertilizagdo e desenvolvimento embrionario durante
0s primeiros 7 dias de vida. Portanto, o presente estudo nos permitiu a avaliacdo do impacto
das doencas exclusivamente na manutencdo da gestacdo ap6s o dia 7 de prenhez,
independente dos estagios iniciais necessarios para estabelecer a prenhez em vacas leiteiras.
Além disso, sincronizar o ciclo estral pela inducdo da ovulagdo deve minimizar o impacto
que as doencas tém em aumentar a prevaléncia de vacas anovulares.

Como de praxe em estudos populacionais envolvendo doencas, 0 presente estudo é de
corte prospectivo, 0 que nos permitiu estabelecer associacdes entre doencgas durante o inicio
da lactagdo com a prenhez por TE ou o intervalo entre o parto até a prenhez. Apesar de
associativo, € hipotenizado que haja uma relacdo de causa e efeito entre doencas e a reducédo
no desempenho reprodutivo aqui observado. Estudos futuros deverdo ser feitos para
investigar de forma mais especifica a biologia da subfertilidade atribuida as doencas
inflamatorias, se 0 momento de ocorréncia e a origem das doencas uterina ou ndo uterina

afetam a fertilidade de maneira diferente.



