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RESUMO

VIRUS DA DIARREIA VIRAL BOVINA (BVDV) EM REBANHOS LEITEIROS:
UM ESTUDO DE CASO-CONTROLE PAREADO E ESTRATEGIA DE
CONSTRUCAO DE MODELOS.

Autor: Gustavo Machado
Orientador: Prof. Luis Gustavo Corbellini

O virus da diarreia viral bovina (BVDV) causa uma das doencas mais importantes de
bovinos em termos de custos econdmicos e sociais, uma vez que é largamente disseminado
na populacdo de gado leiteiro. Os objetivos do trabalho foram estimar a prevaléncia em
nivel de rebanho e investigar fatores associados aos niveis de anticorpos em leite de tanque
através de um estudo de caso-controle pareado, bem como discutir estratégias de
construcdo de modelos. Para estimar a prevaléncia de rebanho, amostras de tanque de leite
foram selecionadas aleatoriamente (n = 314) de uma populacdo (N = 1604). A prevaléncia
real de BVDV foi de 24,3% (1Cgsy, = 20,1-29,3%). Para o estudo de caso-controle, rebanhos
positivos para BVDV (altos niveis de anticorpos) foram classificados como casos (n = 21) e
pareados (n = 63) por producéo de leite com rebanhos que apresentaram baixos titulos de
anticorpos (razdo 1:3). Para analise, trés modelos multivaridveis foram construidos: 1)
modelo completo, onde todas as 21 variaveis independentes foram oferecidas, e dois
modelos foram criados de acordo com conhecimento empirico e similaridades entre as
variaveis independentes, 2) modelo de fatores animais e 3) modelo de biosseguranca. Um
questionario foi aplicado (n = 84) para obtencdo de informacdes a respeito de possiveis
fatores de risco para BVDV. O modelo completo (Modelo 1) identificou as seguintes
variaveis: idade com critério de eliminacdo (OR = 0,10; ICgs¢ = 0,02 — 0,39; P < 0,01);
propriedades que forneceram leite a outras cooperativas anteriormente (OR = 4,13; 1Cgs9, =
1,17 - 14,49; P = 0,02) e a presenca de piquete de isolamento para animais doentes (OR =
0,14; 1Cg59 = 0,01 — 0,26; P = 0,02). O modelo de biosseguranca (Modelo 3) revelou uma
associacdo significativa com o uso de monta natural (OR = 9,03; ICgs¢, = 2,14 — 38,03; P <
0,01); presenca de piquete de isolamento para animais doentes (OR = 0,06; 1Cgs0, = 0,05 —
0,83; P =0,03); anos fornecendo leite para a mesma cooperativa (OR = 0,94; 1Cgs59, = 0,91 —
0,97; P < 0,01) e contato direto pela cerca entre bovinos de propriedades vizinhas (OR =
5,78; 1Cgs0, = 1,41 — 23,67; P = 0,04). O modelo de biosseguranca pode ser considerado o
“melhor”, pois obteve AIC = 43,880 e BIC = 48,058 menores quando comparado com 0
modelo completo que obteve AIC = 50,445 e BIC = 53,779. Esta dissertacdo tem a intengéo
de promover a discussdo sobre as estratégias de construcdo de modelos especialmente
quando se trata de saude animal. Recomenda-se a aplicacdo de agrupamento de variaveis
independentes como uma boa alternativa na construcdo de modelos, uma vez que este
processo pode levar a uma melhor compreensdo a respeito da associagdo entre cause e
efeito de doengas.

Palavras-Chave: BVDV, epidemiologia, leite de tanque, fatores de risco, construgéo de
modelos.



ABSTRACT

BOVINE VIRAL DIARRHEA VIRUS (BVDV) IN DAIRY CATTLE: A MATCHED
CASE-CONTROL STUDY AND MODEL BUILDING STRATEGY.

Author: Gustavo Machado
Advisor: Prof. Luis Gustavo Corbellini

Bovine viral diarrhea virus (BVDV) causes one of the most important diseases of cattle in
terms of economic costs and welfare, since it is widespread in the dairy cattle population.
The aims were to estimate herd prevalence and investigate factors associated with
antibodies in bulk tank milk (BTM) in dairy herds through a matched case-control design
as well as discuss model-building strategies. To estimate herd prevalence, BTM samples
were randomly selected (n = 314) from a population (N = 1604). The true prevalence of
BVDV was 24.3% (Clgsy = 20.1 - 29.3%). For the case-control study, BVDV antibody-
positive herds (high antibody titers) were classified as cases (n = 21) and matched (n = 63)
by milk production with herds presenting low antibody titers (ratio of 1:3). For analysis,
three multivariable models were built: 1) full model, holding all 21 independent variables;
and two models divided according to empirical knowledge and similarity among
independent variables, i.e., 2) animal factor model and 3) biosecurity model. A
questionnaire was applied (n = 84) to get information about possible BVDV risk factors.
The full model (model 1) identified the following variables: age as a culling criteria (OR =
0.10; ICgs0 = 0.02 — 0.39; P < 0.01); farms that provided milk to other industries
previously (OR = 4.13; ICgs, = 1.17 — 14.49; P = 0.02); and isolation paddocks for ill
animals (OR = 0.14; 1Cgs0=0.01 — 0.26; P = 0.02). The biosecurity model (model 3)
revealed a significant association with the use of natural mating (OR = 9.03; 1Cgs¢, = 2.14
—38.03; P < 0.01); isolation paddocks for ill animals (OR = 0.06; 1Cgs9, = 0.05 — 0.83; P
= 0.03); years providing milk for the same industry (OR = 0.94; Clgsy, = 0.89 - 0.99; P =
0.02); and direct contact over fences among cattle of neighboring farms (OR = 5.78; 1Cgs¢
= 1.41-23.67; P = 0.04). The biosecurity model could be considered the “best” since AIC
= 43,880 and BIC = 48,058 when compared with the full model where AIC = 50,445 and
BIC = 53,579. This paper intends to promote discussion about the model-building strategy
when animal-health-modeling is on the line. We recommend the application of grouping
predictors as a good choice for model building since it could lead to a better understanding
of disease-exposure associations.

Keywords: BVDV, epidemiology, bulk tank milk, risk factor, model building.
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1 INTRODUCAO

A producdo de leite bovino do Brasil apresenta constante crescimento e é
atualmente a sexta maior do mundo. No ano de 2009, atingiu a marca de 29,1 bilhdes de
litros, que corresponde a um aumento de 48% se comparado a producédo de 2000, gerando
uma receita de ~18,6 bilhdes de reais. O Estado do Rio Grande do Sul é o segundo maior
produtor, responsavel por 12% do total de leite produzido no Brasil, com um rebanho de
~11,1 milhGes de cabecas (6,5% bovinos leiteiros) (IBGE, 2009).

O manejo sanitario correto € essencial para o bom desempenho produtivo do
rebanho, requerendo a implantacdo de programas bem organizados para que haja controle
efetivo das doencas. No Brasil atualmente estdo em vigéncia programas bem definidos
para a bovinocultura, tais como o Programa Nacional de Controle e Erradicacdo da
Tuberculose e Brucelose, Programa de Erradicacdo da Febre Aftosa e de Controle da
Raiva dos Herbivoros e Outras Encefalopatias, entretanto, importantes doencas que
afetam a produgdo de leite e carne de forma substancial ainda ndo possuem controle
sistematico. Esse é o caso do BVDV, que ainda carece de estudos epidemiolégicos,
principalmente na identificacdo e caracterizacdo de fatores de risco associados a sua
infeccao.

A diarreia viral bovina é causada pelo BVDV, um virus RNA de fita simples e
envelopado pertencente ao género Pestivirus da familia Flaviviridae (GOYAL &
RIDPATH, 2008). A infeccdo em bovinos de leite causa perdas econémicas significativas
por diminuir o desempenho reprodutivo e a producdo de leite (NISKANEN et al., 1995;
GROOMS, 2006). O BVDV ¢ capaz de estabelecer dois tipos de infecgdo: a transitoria e
a persistente. A infeccéo transitoria pode ocorrer quando animais imunocompetentes ou
normais Sdo expostos ao virus. Os bovinos soroconvertem e, inicialmente, apresentam
altos titulos de anticorpos que vao diminuindo com o tempo, embora perdurem por toda a
vida do animal (HOUE, 1999; PETERHANS et al., 2003). A infecgdo persistente ocorre
quando vacas prenhes ndo imunes se infectam com o BVDV no inicio da gestacéo e,
durante a viremia materna, o virus é capaz de atravessar a placenta e infectar o feto. Esse
bovino, prematuramente exposto ao BVDV in utero, passa a reconhecer o patdgeno como

préprio e desenvolve imunotolerancia especifica ao virus. O bezerro persistentemente
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infectado (PI) pode nascer fraco ou normal e geralmente, elimina o virus por toda a sua
vida em suas secrecOes e excrecdes (MCCLURKIN et al., 1984; BROCK et al., 1998;
ARENHART et al., 2009).

A infeccdo pelo BVDV é uma enfermidade diretamente relacionada aos
problemas reprodutivos, que, consequentemente, implicam em perdas econémicas pelo
fato da infeccdo ter a capacidade de ser transmitida para as proximas geragoes, resultando
no nascimento de bezerros Pl, e afeta de forma marcante a producgéo leiteira (BAKER,
1995; HOUE, 1999). A soroprevaléncia em nivel animal tem variado mundialmente entre
40 a 90% (HOUE, 1999; LINDBERG & HOUE, 2005), a prevaléncia de rebanhos com
infeccdo ativa ou recentemente infectados varia de 47 a 100% (HOUE, 1994;
SARRAZIN et al., 2012) e a proporcao de animais Pl varia de 0,1 a 2% (BROWNLIE,
1990; FREY et al., 1996; HOUE, 1999). No Brasil, tem-se demonstrado altos percentuais
de soroconversdo de fémeas pelo BVDV. No Rio Grande do Sul, estudos soroldgicos
revelaram uma prevaléncia de anticorpos que varia de 10% em gado de corte e mais de
70% em gado de leite (FLORES, 2007). Vale ressaltar que a maioria dos estudos
realizados no Brasil, com este objetivo, utilizaram amostras ndo probabilisticas, o que
provavelmente afetou os resultados de estimacéo de prevaléncia e identificacdo de fatores
de risco, esbarrando em problemas comuns nestes casos relacionados a viés e baixo poder
de estimac&o.

O teste diagnostico mais utilizado para BVDV é, sem divida o ELISA.
Atualmente ha um grande nimero de kits de ELISA indiretos disponivel no mercado que
sdo rotineiramente utilizados em paises como Suica, Finlandia e Noruega (VALLE et al.,
2005). Dentre as principais vantagens do ELISA estdo: rapidez na realizagdo,
relativamente mais baratos que os outros testes sorologicos disponiveis, sua repetitividade
guando se trata de grande nimero de amostras e a possibilidade de se utilizar soro ou leite
como amostra teste (NISKANEN et al., 2010).

Sabe-se que o rebanho bovino nacional esta exposto ao BVDV, porém a exata
prevaléncia e distribuicdo da doenca atraves de estudos planejados, incluindo os
principais fatores relacionados a presenga destas enfermidades, ainda ndo estdo
totalmente esclarecidos. Para isso é importante definir o tipo de delineamento do estudo

mais adequado para identificacdo de fatores relacionados a doenca a ser estudada. Neste
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sentido, é preciso caracterizar o estudo de caso-controle, o qual foi julgado como mais
adequado para o estudo do BVDV. O caso-controle seleciona participantes baseado em
um desfecho, € o tipo de estudo mais eficiente quando o desfecho é raro (SAINANI &
POPAT, 2011). Os pesquisadores, de modo geral, selecionam e classificam os rebanhos
que, por exemplo, foram positivos para BVDV como “casos” e comparam 0S mesmos
com rebanhos que ainda ndo tiveram o teste positivo, porém estdo expostas as mesmas
circunstancias que os casos; esse sdo denominados “controles” (SAINANI & POPAT,
2011). Tendo em vista a importancia desse segmento no agronegocio, sdo necessarias
pesquisas para a producdo de insumos e formacdo de recursos humanos quanto aos
métodos de diagndstico e estudos epidemiologicos aplicados as doencas infecciosas.

Os objetivos do trabalho foram estimar a prevaléncia em nivel de rebanho e
investigar fatores associados aos niveis de anticorpos em leite de tanque através de um
estudo de caso-controle pareado, bem como discutir estratégias de construcdo de

modelos.
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2 REVISAO BIBLIOGRAFICA

2.1 Virus da diarreia viral bovina

O BVDV é o termo referido a um grupo diverso de virus com genoma RNA de
fita simples membros do género Pestivirus da familia Flaviviridae com dois gendtipos
atualmente reconhecidos através de andlise filogenética: BVDV-1 e BVDV-2 (RAUE et
al., 2011; STAHL & ALENIUS, 2012). A relevancia clinica e epidemiolégica dessa
subdivisao ainda ndo foi totalmente esclarecida (FLORES, 2003). Também fazem parte
desta familia os virus da doenca da fronteira border disease e o virus da peste suina
classica. Os virus da familia Flaviviridae s&o virus esféricos com diametro de 40 a 50 nm
e sdo facilmente inativados pelo calor, detergentes, solventes organicos, radiagdo gama
(RIDPATH, 2010a). As cepas de BVDV independente do gendtipo estdo limitadas a dois
bidtipos: BVDV nao-citopaticas (NCP) e citopatico (CP). Somete os NCP, sdo capazes de
atravessar a placenta, invadir o feto estabelecendo infec¢do persistente e sdo considerados
“verdadeiros” BVDV (FLORES et al., 2005). Os NCP representam a grande maioria das
amostras de campo que estdo associadas as diversas manifestacdes clinicas da infeccdo
por BVDV. O bidtipo CP, causa extensos danos nas células do cultivo, como
vacuolizacdo citoplasmatica e destruicdo celular entre 48 a 72 horas, sdo minoria e
isoladas quase que exclusivamente de animais afetados pela Doenga das Mucosas (DM)
(RIDPATH, 2010a). Esta diversidade antigénica entre as cepas isoladas de BVDV séo
importantes para epidemiologia, diagnostico e selecdo das estratégias de imunizagdo e
controle da doenca (BOTTON et al., 1998). Porém, recentemente um grupo de
pesquisadores da Suécia identificou um provavel novo membro do género Pestivirus que
causa uma sindrome que nédo pode ser diferenciada de BVDV apenas pelas manifestaces
clinicas e foi proposto que esse virus emergente seja chamado de BVDV-3 (LIU et al.,
2009). O BVDV fica caracterizado por sua diversidade e capacidade de estabelecer dois
tipos principais de infeccdo: infeccdo persistente considerada a principal fonte de
infeccdo e animais com infecgéo transitoria que séo considerados uma fonte de infeccao
menos importante (PETERHANS & SCHWEIZER, 2010).
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2.2 Infeccdo e doenca clinica

Basicamente existem duas formas importantes de infecdo por BVDV.
Primeiramente, a forma mais importante de infec¢do ocorre quando animais susceptiveis
entram em contato com BVDV durante a gestacdo, quando ocorre a exposic¢ao do feto in
utero com a cepa NCP do BVDV anteriormente ao desenvolvimento completo do sistema
imune fetal, o que ocorre em torno dos 125 dias de gestacdo (transmissdo vertical)
(CASARO et al., 1971). O virus possui tropismo por células germinativas, logo as placas
de Peyer e o feto sdo os principais locais de multiplicacdo e durante a viremia o virus
pode atravessar a placenta e infectar o feto (GROOMS, 2004). Nestes casos, 0 virus €
reconhecido como proprio, e os animais nascidos vivos (fracos ou normais) podem
eliminar o virus durante toda vida, esses animais sdo reconhecidos como PI
(MCCLURKIN et al., 1984; CASAUBON et al., 2012). Apds 0 nascimento, esses
animais ndo irdo soroconverter e apresentardo viremia persistente (HANON et al., 2012).
Animais Pl geralmente sdo mais eficientes em transmitir o virus do que animais
denominados transitoriamente infectados (TI), pelo fato de que secretam maior
quantidade de virus e por periodos prolongados (BROCK et al., 1998). Devido ao
prejuizo ao sistema imune do animal PI, esses animais sdo particularmente susceptiveis a
outras infeccdes, 0 que, em parte, explica a alta mortalidade dos animais quando jovens
em comparacdo a animais sadios (HOUE, 1992; 1999). Alguns animais Pl podem
permanecer clinicamente normais e serem selecionados para reprodugdo (MCCLURKIN
et al., 1979) e assim retransmitir a infeccdo as geracbes subsequentes (STAHL &
ALENIUS, 2012).

A segunda forma, menos importante, denominada TI, ocorre quando os animais
imunocompetentes ficam expostos ao BVDV (transmissdo horizontal). Neste caso, o
BVDV ¢ adquirido primeiramente através de aerossois, que infecta a mucosa nasal. O
contato direto focinho-focinho entre um animal infectado e um animal sadio é
considerada a via mais efetiva de transmissédo de BVDV horizontalmente, apesar de haver
relatos de transmissdo indireta pelo uso de formigas para contensdo e alojamento de
animais em estabulos contaminados (NISKANEN & LINDBERG, 2003). Em curto

periodo de tempo pos infecdo, animais Tl fazem viremia e o virus pode ser secretado
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através das secrecOes e excreces por alguns dias (4-15) (MCCLURKIN et al., 1984;
BROCK et al., 1998). A transmissdo horizontal ja foi demostrada e pode ocorrer em
apenas uma hora de contato direto como o animal PI (TRAVEN et al., 1991). O contato
direto entre animais susceptiveis e animais PI, principalmente através da cerca, é
considerada a forma mais comum de introducéo da infeccdo em rebanhos livres (SMITH
et al., 2009; STOTT et al., 2010; VOAS, 2012). E importante ressaltar que a
soroconversao em rebanhos livres, ou seja, na auséncia de animais PI, é um indicativo
que a transmissdo através de animais T1 ocorreu de fato. No entanto, sua disseminacao é
mais lenta (MEYLING et al., 1990; MOERMAN et al., 1993).

A infeccdo por BVDV pode resultar em um amplo espectro de manifestacdes
clinicas, partindo de curso subclinico a sinais flutuantes e possivelmente a morte
(BAKER, 1995). A maioria dos isolados de ambas as espécies (BVDV-1 e BVDV-2)
apresenta baixa viruléncia, frequentemente com curso subclinico. Foi estimado que 70 a
90% das infec¢bes causadas por BVDV séo subclinicas (BOLIN & GROOMS, 2004).
Nesta forma da doenca, os animais desenvolvem apenas febre moderada e leucopenia.

As caracteristicas do animal que influenciam no resultado das manifestacdes
clinicas estdo relacionadas com o estado imunoldgico, estagio de prenhes, idade do feto
em gestacdo e condicdo de estresse imposto pelo ambiente (BAKER, 1995). A forma
mais comum da doenca afeta principalmente a reproducdo, diminuindo o desempenho
reprodutivo, aumentando taxas de retorno ao cio, malformagdes, aborto e pode estar
acompanhada pela sindrome febre (BAKER, 1995; NISKANEN et al., 1995).

O BVDV € um dos patégenos que fazem parte do complexo de doenca
respiratoria bovina (CDRB). A forma respiratoria da doenca apresenta manifestagdes
tanto do trato respiratorio superior (tosse, descarga nasal e ocular) quanto trato
respiratorio inferior (frequéncia respiratéria aumentada e ausculta de sons asperos vindo
do pulméo) (RAUE et al., 2011) além de sinais gerais menos determinados afetando o
sistema respiratorio (NETTLETON & ENTRICAN, 1995; RIDPATH, 2010b). O
desenvolvimento de sinais clinicos respiratorios € dependente de inUmeros fatores como:
viruléncia da cepa, tipo de infecgdo (TI ou PI), tempo de exposicao (fetal ou pds-fetal) e a

presenca de infeccBes secundarias (RIDPATH, 2010b).
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A producdo de leite também fica comprometida pela infeccdo por BVDV,
principalmente por queda da imunidade e por comprometimento das defesas da glandula
mamaria (LAUREYNS et al., 2012). Este fato foi investigado em condic¢des de campo e
ficou provado a relacdo negativa que a BVDV causa na contagem de células sométicas
(LAUREYNS et al., 2012).

Outra forma da doenca € a aguda ou superaguda, caracterizada por hemorragias e
trombocitopenia. Esta forma pode estar presente tanto em bezerros como em animais
adultos e a espécie responsavel por este tipo de infecgdo € a BVDV-2 (RIDPATH et al.,
1994).

Finalmente, uma forma da doenca mais agressiva, a DM, é severa e
inevitavelmente fatal. Ocorre quando um animal PI se torna superinfectado por uma cepa
CP derivada de uma NCP (BOLIN et al., 1985; BROWNLIE & CLARKE, 1993). A DM
acomete principalmente animais de até dois anos de idade (PETERHANS et al., 2010).
Na auséncia de medidas de controle, foi estimada a presenca de animais PI de 0,5% a 2%
da populacdo de um rebanho infectado, 0 que consequentemente leva a baixa incidéncia
da DM, que é caracterizada por baixa taxa de ataque, porém com altas taxas de
mortalidade (BROWNLIE, 1990; HOUE, 1999). Outros autores sugerem que a DM é
desenvolvida quando um animal Pl é infectado simultaneamente por cepas CP e NCP
(CHASE, 2012). Pode-se concluir que essa forma da doenca é uma consequéncia tardia
da infeccdo persistente por BVDV e o diagndstico definitivo deveria ser acompanhado
por isolamento viral (BAKER, 1995).

2.3  Diagnostico

Inimeros métodos de identificagdo de animais infectados por BVDV foram
desenvolvidos, incluindo isolamento viral de amostras de soro, sangue total e outros
tecidos; imunofluorecéncia em tecidos; imunoistoquimica em tecidos; ELISA realizados
em amostras de soro e leite, além de indmeras técnicas de diagnostico molecular
(DUBOVI, 2012). O isolamento viral é considerado o teste padrdo ouro e recomendado

pela Organizacdo Mundial de Saude Animal (OIE). Vale ressaltar que, independente do
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teste diagndstico, a coleta e remessa das amostras deve observar cuidados basicos que
ndo serdo abordados aqui.

O melhor método a ser utilizado é dependente da situacdo em que o animal ou
rebanhos se encontram, depende da idade dos animais, se estdo vivos ou mortos e quais
0s objetivos para o teste, identificar animais Pl ou TI.

Dentre os testes diagndsticos mais empregados estdo os soroldgicos, utilizados
para determinar: 1) se o animal ou rebanho entrou em contato com o virus; 2) se um
bezerro possui anticorpos colostrais; 3) se o animal ou rebanho estda adequadamente
imunizado; 4) se o animal ou rebanho possui uma infeccdo ativa; 5) se o bezerro foi
infectado in utero (DUBOVI, 2012). Ha uma diferenca regional quanto a escolha do teste
soroldgico, nos EUA, onde a infeccdo e vacinacgao estdo presentes, a soroneutralizacao é
mais frequentemente utilizada; ja na Europa o teste de ELISA é comumente utilizado
(DUBOVI, 2012). No geral, o ELISA ¢é o teste mais frequentemente utilizado para
amostras de soro e/ou leite (BEAUDEAU et al., 2001a).

Para o diagnostico de um volume grande de amostras, o ELISA é considerado
mais reprodutivel do que a soroneutralizacdo e, também, economicamente mais viavel
(GONDA et al., 2012). Existem basicamente duas configuracdes de ELISA, o indireto e 0
direto (competitivo), os quais podem ser utilizados para detectar anticorpos em leite,
plasma e soro (KATZ & HANSON, 1987; NISKANEN et al., 1991). O uso do ELISA
direto tem aumentado desde os anos 90, pelo fato de que os testes até entdo utilizados
demandavam muito tempo e pessoal treinado (KAMPA et al., 2007). O ELISA de captura
NS2/3 detecta BVDV em leucécitos e amostras de tecido utilizando anticorpos
monoclonais especificos contra a proteina NS2/3, e este teste tem sido utilizado com
sucesso na identificacdo de animais Pl em programas de controle de BVDV na Noruega
(SYNGE et al., 1999). Ainda, foi desenvolvido um ELISA com anticorpos monoclonais
contra a glicoproteina E™, que é uma proteina estrutural secretada por células infectadas
durante a replicacéo viral e pode ser detectada diretamente no soro (KUHNE et al., 2005).
Outro ELISA direto foi desenvolvido para a identificagdo anticorpos contra a proteina
p80/NS3 que permite a diferenciacdo entre anticorpos vacinais e anticorpos produzidos

pela infeccdo natural, porém vale ressaltar que animais vacinados com vacinas vivas
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também desenvolvem anticorpos contra a proteina p80/NS3 (NIZA-RIBEIRO et al.,
2005).

O ELISA indireto usa o BVDV por completo como antigeno para medir a
resposta contra o completo espectro de proteinas imunogénicas presentes (PATON et al.,
1991). Inameros kits comerciais de ELISA indiretos para detec¢do de anticorpos estdo
disponiveis. A adaptacdo da técnica de ELISA para deteccdo de anticorpos em amostras
de leite de tanque constitui uma alternativa barata e factivel na evolu¢do dos programas
de controle da BVDV em rebanhos leiteiros. O teste pode fornecer informac6es a respeito
do status de um grande grupo de animais (vacas em lactacdo) com apenas uma amostra
(EIRAS et al., 2012). Por este fato, inimeros paises da Europa vém monitorando seus
rebanhos por varios anos através de amostras de leite de tanque (BEAUDEAU et al.,
2001b; RIKULA et al., 2005). Estudos recentes demonstraram que a sensibilidade do
teste utilizando em amostras de tanque de leite foi capaz de identificar animais Pl quase
em 100% dos casos, porém a especificidade do teste foi limitada (RIKULA et al., 2005;
HOUE et al., 2006). Também foi identificada alta correlacdo entre os niveis de anticorpos
em amostras de tanque de leite detectados por ELISA indireto e a prevaléncia de BVDV
em amostras de soro de vacas positivas (NISKANEN et al., 1991).

Para o diagndstico de BVDV em rebanhos, inicialmente o spot test permitiu a
identificacdo de rebanhos infectados dispensando a necessidade de coleta de 100% dos
animais. A deteccdo de anticorpos contra BVDV no spot test, que é direcionado para
animais jovens (animais de 8 a 18 meses), € um indicativo da presenca de infeccéo
corrente (HOUE, 1994), no entanto, é muito mais laborioso se comparado com o teste em
amostras de tanque de leite.

Basicamente, quando se tratar de um rebanho livre de BVDV, a maioria do
rebanho provavelmente se apresentard soronegativo, com isso o resultado do ELISA
resultard em niveis baixos ou indetectaveis de anticorpos (JUNTTI et al.,, 1987;
NISKANEN, 1993). A auséncia de anticorpos indica que o rebanho esta livre da doenca
(PATON et al., 1998). A principal vantagem da amostragem de tanque de leite € a
facilidade e o baixo custo associado, facilitando a logistica dos estudos assim como

diminui os riscos de acidentes associados a coleta de soro.
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2.4 Prevaléncia

O BVD é endémico na maioria dos paises, a prevaléncia pode ser expressa em
niveis de anticorpos e ou na presenca de animais Pl. Em todos os paises onde dados de
prevaléncia em nivel de rebanho estdo disponiveis, a média fica em torno de 55% de
rebanhos positivos (HOUE, 1995). A soroprevaléncia em nivel animal tem variado de 60
a 90% (HOUE, 1999; LINDBERG & HOUE, 2005) e a proporg¢éo de animais Pl de 0,1 a
2% (BROWNLIE, 1990; FREY et al., 1996; HOUE, 1999). A prevaléncia de rebanhos
com infeccdo ativa, ou recentemente infectados, varia de 70 a 100% (HOUE, 1994).
Entretanto, ha algumas diferencas entre regides e paises, 0 que pode estar relacionado
com diferencas em densidade animal, instalagbes, vacinacdo, sistemas de manejo e
principalmente a presenca de animais Pl (HOUE, 1999). Um estudo em amostras de leite
na Suica identificou a presenca de anticorpos em 83,7% dos rebanhos e 45,5% com
infeccdo ativa ou recente causada por BVDV (NISKANEN, 1993). Em outros paises,
como no Ird, a prevaléncia de rebanhos foi de 94% e 52,5% de infecgdes ativas ou
recentes (GAROUSSI et al., 2008); no Peru foram identificados niveis maiores (95%) de
rebanhos positivos (STAHL et al., 2008). Na Tailandia, niveis de infeccio menores foram
encontrados: 73% em nivel de rebanho e uma proporcao de infeccdo ativa ou recente de
13% (KAMPA et al., 2004). Mais recentemente, um estudo na Bélgica identificou 47,4%
de rebanhos com anticorpos positivos e a presenca de 4,4% de antigenos especificos para
BVDV; ja em nivel animal foram 32,9% de positivos para presenca de anticorpos e
apenas 0,3% dos animais positivos para a presenca de antigenos de BVDV, sendo que
dos 44,4% dos rebanhos positivos, aproximadamente 60% dos animais amostrados eram
jovens (SARRAZIN et al., 2012). Outro estudo realizado em amostras de tanque de leite
realizado na Escocia identificou niveis de anticorpos de acordo com os padrdes Suecos de
12,7, 22,3 44,5 e 20,5%, que sdo classificam em nivel crescente pela presenca de
anticorpos de 0 a 3, respectivamente. Porém um achado importe foi que 73% dos
rebanhos possuiam niveis elevados de anticorpos sugerindo infeccéo ativa ou introducéo
recente da infeccdo (HUMPHRY et al., 2012).

No Brasil, os estudos realizados revelam que a doenca esta amplamente

disseminada nos rebanhos, apesar do baixo poder analitico dos estudos, principalmente
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pela falha na selecdo dos animais e/ou rebanhos a serem analisados (DIAS & SAMARA,
2003; FLORES et al., 2005; CHAVES et al., 2010; STURZA et al., 2011). Porém, a
prevaléncia estimada através de estudos com clara descricdo da amostra demonstram
indices de BVDV variando de 68 a 90% (POLETTO et al., 2004; THOMPSON et al.,
2006; QUINCOZES et al., 2007). Em paises da America Latina, como Uruguai e Chile, a
prevaléncia variou de 77,8 a 69% (REINHARDT et al., 1990; GUARINO et al., 2008).

2.5 Fatores de risco

O termo “Fator de Risco” é usado para fatos ou circunstancias associadas ao
aumento da probabilidade de um evento ocorrer (infecgdo por BVDV, por exemplo).
Fatores de risco podem ser identificados em qualquer nivel, seja em nivel de rebanhos,
regibes ou até mesmo paises por completo. Particularmente para BVDV, é desejavel a
identificacdo de riscos em nivel de rebanho. Naturalmente os estudos de fatores de risco
variam de acordo com o delineamento dos estudos, por isso deve-se ter cuidado com
generalizagGes dos achados.

Fatores associados com infeccdo por BVDV, ja identificados, foram
principalmente: tamanho de rebanho; distancia de propriedades vizinhas com criacdo de
bovinos; nimero de vizinhos com rebanhos infectados; compra de animais sem teste
negativo para BVDV; pastejo de vérias categorias animais no mesmo piquete; contato
direto entre animais de vizinhos (cerca-cerca); ndo possuir assisténcia técnica; estar em
area de alta prevaléncia de BVDV; vacinagdo para BVDV; alojamento de fémeas prenhas
com bezerros; proporcdo de vacas secas no rebanho. Outros fatores ja foram especulados
como potenciais fatores de risco, porem ndo foram totalmente elucidados: ovinos e
bovinos pastejando em mesmo piquete; queda de cerca; reutilizacdo de agulhas pelo
Médico Veterinario; presenca de animais selvagens em pastejo com bovinos; presenca de
arvores nos piquetes dos bezerros; origem da &gua fornecida aos animais; monitoramento
de abortos; entre outros (HOUE, 1999; VALLE et al., 1999; LUZZAGO et al., 2008;
TALAFHA et al.,, 2009; HUMPHRY et al., 2012; SARRAZIN et al., 2012).
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2.6 Estudo de caso-controle

Estudos de caso-controle séo frequentemente utilizados em epidemiologia
veterinaria e humana. A eficiéncia em relacdo ao tempo e custo aplicados neste tipo de
estudo o torna atrativo quando: se trata de doencas raras, de baixa prevaléncia (WENG &
MESSAM, 2012), doengas com periodo de laténcia ou incubagdo prolongados
(SONNENSCHEIN et al., 1991; BARTLETT et al., 2010), quando 0 acesso ao
diagnostico final ou identificacdo de doentes é onerosa financeiramente (GOTTER et al.,
2012) ou quando é necessaria rapida resposta (investigacdo de epidemias) (EPP et al.,
2010; FIRESTONE et al., 2011).

Em epidemiologia, os estudos observacionais mais frequentemente realizados séo
estudos de coorte e caso-controle (WENG & MESSAM, 2012). Em estudos de coorte, 0s
pesquisadores acompanham um grupo de animais em risco para 0 acompanhamento do
desfecho de interesse durante um periodo de tempo predeterminado (MELLOR & LOVE,
1998; ROTHMAN et al., 2008). O termo “em risco” indica que os membros deste grupo
estdo livres dos desfechos em questdo, mas ha possibilidade de desenvolvimento do
mesmo (WENG & MESSAM, 2012). O processo de acompanhamento do grupo pode ser
prospectivo, retrospectivo ou bidirecional, desde que seja acompanhado
longitudinalmente (WENG & MESSAM, 2012).

Genericamente estudo de caso-controle inclui todos os individuos dentro de um
grupo que supostamente adquiriram a doenca em estudo (casos de BVDV, por exemplo)
durante um periodo de tempo especifico e uma amostra aleatéria de individuos que
estiveram sob risco de desenvolver a doencga (controles de BVDV, por exemplo) durante
0 mesmo periodo de tempo ou momento especificado (ROTHMAN et al., 2008).

Estudo de caso-controle é um tipo de estudo alternativo mais eficiente em
comparacdo ao estudo de coorte (ROTHMAN et al., 2008). A diferenca mais importante
entre caso-controle e coorte € que estudo de caso-controle envolve amostragem,
particularmente amostragem dos controles (MELLOR & LOVE, 1998; THRUSFIELD,
2007).

Assumimos que os estudos de caso-controle sdo visto como uma alternativa

eficiente aos estudos de coorte. Um objetivo na conducgédo do estudo € estimar medidas de
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efeito que normalmente seriam estimadas em estudos de coorte (WENG & MESSAM,
2012). As medidas de efeito (forca de associacdo) comumente usadas em estudos
epidemioldgicos sao: risco relativo e odds ratio (OR) (ROTHMAN et al., 2008; DOHOO
et al., 2009). O OR é a probabilidade da doenca no grupo exposto dividido pela
probabilidade da doencga no grupo nédo exposto (DOHOO et al., 2009).

Para a selecdo dos casos, teoricamente todos 0s casos presentes em uma
determinada populagdo podem ser candidatos potencias se adequadamente cumprirem 0s
requisitos pré-estabelecidos pelo estudo. No entanto, 0 que comumente ocorre por
questdes praticas somente uma amostra do total de casos sao selecionados (SCHULZ &
GRIMES, 2002). E importante que a forma de selecdo dos casos seja detalhada pelo
pesquisador a fim de definir claramente o que se pretende estudar, por exemplo:
resultados de diagndstico, sinais clinicos, achados de necropsia e assim por diante
(SCHULZ & GRIMES, 2002). Os pesquisadores devem detalhar todos os critérios de
selecdo para a elegibilidade dos casos como: variacdo de idade, area de estudo (hospital,
cooperativa) (SCHULZ & GRIMES, 2002).

A selecdo dos controles deve basicamente estar baseada na ndo presenca da
doenca (desfecho), mas devem ser representativos daqueles individuos que poderiam ser
selecionados como casos, caso esses tivessem desenvolvido a doenga, sinais clinicos e
assim por diante (SCHULZ & GRIMES, 2002). Em outras palavras, os controles devem
representar a populacéo em risco de se tornarem casos. No processo de selecdo dos casos
e controles o investigador precisa estar atento aos riscos da inclusdo de viés, para isso
algumas estratégias devem ser observadas. Por exemplo, se o grupo dos casos incluem
todos os individuos afetados em uma regido geogréafica especifica, os controles devem ser
escolhidos aleatoriamente da mesma regido geogréafica da populacdo de casos (SCHULZ
& GRIMES, 2002). Os leitores sdo recomendados a ndo aceitar estudos de caso-controle
sem antes verificar como os controles foram escolhidos, recomenda-se verificar se 0s
controles representam adequadamente os casos independentemente da doenca em estudo,
e com isso diminuiu as chances de incluséo de viées (SCHLESSELMAN & STOLLEY,
1982).

Um tipo de viés que deve se tomar cuidado é o viés de confundimento (GRIMES

& SCHULZ, 2002). Este tipo de problema pode ser amenizado na fase de delineamento
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do estudo através de restricGes ou por pareamento, mas a maioria dos pesquisadores
optam por resolver isso na fase de andlise através de regressao logistica ou estratificacéo
com a abordagem de Mantel-Haenszel (ROTHMAN et al., 2008). Quando as variaveis
usadas para o pareamento forem categodricas ou discretas, 0 uso de pareamento ndo é
considerado efetivo para o controle de adi¢do de vies (SCHLESSELMAN & STOLLEY,
1982).

Portanto, medidas invélidadas por potenciais fatores de confundimento levam a
resultados viesados, o que pode limitar ou até mesmo comprometer os resultados obtidos
(SCHULZ & GRIMES, 2002). Independentemente da analise utilizada, os pesquisadores
ndo sdo capazes de controlar uma variavel que nao se tem dados para tal (SCHULZ &
GRIMES, 2002).

Uma solucdo muito usada para reducdo do confundimento é o pareamento
baseado em variavel(eis) identificada(s) ou suspeita(s) de ser(em) potencial(ais)
confundidor(es) (ROSE & LAAN, 2009), porém outros autores apontam o pareamento
como meio de aumentar a eficiéncia do estudo por for¢carem que as amostras de casos e
controles tenham uma distribuicdo semelhante com a presenga do confundidor (ROSE &
LAAN, 2009). O pareamento possui uma desvantagem, exige maior capacidade
computacional para a analise (Regressao logistica condicional). Uma anélise que ignore o
pareamento ira resultar em OR viesados (SCHLESSELMAN & STOLLEY, 1982).

As desvantagens do pareamento estdo atreladas as dificuldades no pareamento, o
valor financeiro associado e o tempo dispendido para encontrar o pareamento adequado
(SCHLESSELMAN & STOLLEY, 1982).

A regressdo logistica para estudos de caso-controle pareados diferem dos estudos
ndo pareados, pois a primeira permite que o intercepto varie entre as unidades pareadas
dos casos controles (ROSE & LAAN, 2009). E importante ressaltar que a variavel usada
no pareamento (varidvel que controla o confundimento) ndo é incluida no modelo
(BRESLOW et al., 1978; SCHLESSELMAN & STOLLEY, 1982). Uma forma de
regressdo logistica especial € necessaria para a analise de estudos pareados (regresséo
logistica condicional). A regressdo logistica condicional é uma importante extensdo dos

modelos de regressdo logistica, permitindo a anélise de dados pareados. Como outros
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modelos de regresséo, a regressdo logistica condicional também permite a construcao de
modelos multivariaveis (GOODMAN & L1, 2012).
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ABSTRACT

Bovine viral diarrhea virus (BVDV) causes one of the most important diseases of cattle in
terms of economic costs and welfare, since it is widespread in the dairy cattle population.
The aims were to estimate herd prevalence and investigate factors associated with
antibodies in bulk tank milk (BTM) in dairy herds through a matched case-control design
as well as discuss model-building strategies. To estimate herd prevalence, BTM samples
were randomly selected (n = 314) from a population (N = 1604). The true prevalence of
BVDV was 24.3% (Clgsy, = 20.1 - 29.3%). For the case-control study, BVDV antibody-
positive herds (high antibody titers) were classified as cases (n = 21) and matched (n =
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analysis, three multivariable models were built: 1) full model, holding all 21 independent
variables; and two models divided according to empirical knowledge and similarity
among independent variables, i.e., 2) animal factor model; and 3) biosecurity model. A
questionnaire was applied (n = 84) to get information about possible BVDV risk factors.
The full model (model 1) identified the following variables: age as a culling criteria (OR
= 0.10; ICgs9% = 0.02 — 0.39; P < 0.01); farms that provided milk to other industries
previously (OR = 4.13; 1Cgs0 = 1.17 — 14.49; P = 0.02); and isolation paddocks for ill
animals (OR = 0.14; 1Cgsy=0.01 — 0.26; P = 0.02). The biosecurity model (model 3)
revealed a significant association with the use of natural mating (OR = 9.03; 1Cgsy, = 2.14
—38.03; P < 0.01); isolation paddocks for ill animals (OR = 0.06; ICgss, = 0.05—0.83; P =
0.03); years providing milk for the same industry (OR = 0.94; Clgse, = 0.91 - 0.97; P =
0.02); and direct contact over fences among cattle of neighboring farms (OR = 5.78;
Clgsy, = 1.41 - 23.67; P = 0.04). The biosecurity model could be considered the “best”
since AIC = 43,880 and BIC = 48,058 when compared with the full model where AIC =
50,445 and BIC = 53,579. This paper intends to promote discussion about the model-
building strategy when animal-health-modeling is on the line. We recommend the
application of grouping predictors as a good choice for model building since it could lead

to a better understanding of disease-exposure associations.

Keywords: BVDV; epidemiology; bulk tank milk; risk factor; model building.

1. Introduction

Bovine viral diarrhea virus (BVDV) is one of the most common and economically

important viruses of cattle (Houe, 1999). Infections are endemic worldwide and result in
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major losses primarily due to negative effects on reproduction, general health condition,
and indirect market-related issues (Baker, 1995; Houe, 2003; Al-Afaleq et al., 2007; Eiras
et al., 2012; Stahl and Alenius, 2012). Maintenance of BVDV within cattle herds and
transmission to susceptible hosts commonly takes place as a result of exposure to
persistently infected (PI) cattle that harbor and shed the virus throughout their life
(Brownlie et al., 1987). After infection of immunocompetent hosts, an antibody response
follows that can last for many years and can be detected in sera or milk (Houe, 1995).
Several BVDV control strategies have been proposed and launched in many
countries, which are always based on information about prevalence and incidence, which
Is the baseline knowledge for designing and implementing effective regional or wider
control actions (Niza-Ribeiro et al., 2005). Among the benefits of estimating herd
prevalence are monitoring progress of the infection, insights for better decision making,
and the design of health plans (Humphry et al., 2012). Currently, some countries are
running BVDV eradication programs (Sandvik, 2004; Ridpath, 2010), and others have
successfully eradicated the disease (Houe et al., 2006; Presi et al., 2011). To estimate the
prevalence of BVDV antibodies, ELISA is the most frequently used diagnostic technique
in serum and/or milk samples (Beaudeau et al., 2001; Eiras et al., 2012). Detection of
antibodies from bulk tank milk (BTM) is considered an inexpensive and reliable
alternative for monitoring the disease that in turn can be applied for control strategies
within dairy herds, as the test can provide information about the status of a large group of
animals (lactating cows) or individual milk samples (Beaudeau et al., 2001; Stahl et al.,
2002). Commercial ELISA tests currently used in BTM have almost equal sensitivity

(81%) and specificity (91%) compared to the ones applied in serum and have the
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advantage that the sampling method is less invasive, faster, and easier to perform in large
herds (Thobokwe et al., 2004).

Many studies have estimated dairy and beef herd prevalence around the world
(Paton et al., 1998; Stahl et al., 2002; Thobokwe et al., 2004; Garoussi et al., 2008;
Brilisauer et al., 2010), and its well known that BVDV is also spread within Brazilian
herds (Canal et al., 1998; Chaves et al., 2010). However, most studies previously
conducted in Brazil used non-probabilistic samples many have introduced bias into the
prevalence and odds estimated (Dias and Samara, 2003; Flores et al., 2005; Chaves et al.,
2010; Sturza et al., 2011).

A number of studies have been done on BVDV risk factors (Valle et al., 1999;
Solis-Calderon et al., 2005; Presi et al., 2011; Humphry et al., 2012; Rodrigo Saa et al.,
2012; Sarrazin et al., 2012). The knowledge and information about major risk factors are
related to the following: biosecurity (Humphry et al., 2012), reproduction management
(Houe, 1999; Gard et al., 2007; Quincozes et al., 2007; Chaves et al., 2010; Humphry et
al., 2012), herd size (Presi et al., 2011; Sarrazin et al., 2012), animal introduction (Houe,
1999; Valle et al., 1999; Luzzago et al., 2008; Presi et al., 2011), direct contact with other
animals (from the same species or not) (Lindberg and Alenius, 1999; Valle et al., 1999;
Luzzago et al., 2008), communal grazing (Valle et al., 1999; Rossmanith et al., 2005;
Presi et al., 2011), or age of animals (Mainar-Jaime et al., 2001; Presi et al., 2011). But,
to the authors' knowledge, only a few case-control studies have been performed to access
BVDV risk factors (Valle et al., 1999; Kadohira and Tajima, 2010), and only one
matched case-control study has been described (Valle et al., 1999). A matched case-

control study increases efficiency (i.e., power of the study) and leads to a balanced
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number of cases and controls across the levels of the selected matching variable(s) (Rose
and Laan, 2009). This balance can reduce the variance in the parameters of interest,
which improves statistical efficiency. However, increases in efficiency with a matched
design heavily depend on the selection of a confounding variable as a matching variable
(Rose and Laan, 2009).

Adequate reporting of the predictor selection methods used is important because
the number of candidate predictors and how they are selected at various stages of the
study can both influence the specific predictors included in the final multivariable model
and thus affect the interpretation of the results (Sun et al., 1996; Steyerberg et al., 2001).
Multivariable models provide the user with a valuable insight into the relative importance
of a group of prediction variables. Much has been written on the most appropriate way to
conduct a multivariable model with the majority of the authors concluding that there is no
established “best” way to build a model, as circumstances differ with sample size, amount
of variables, and type of data (Harrell et al., 1996).

In this article, we studied relevant aspects about BVDV-associated factors
concerning: animal characteristics, herd management, environmental conditions, and
agro-economic issues. For this, a case-control study was performed by matching milk
production as a proxy of herd size (Rose and Laan, 2009), that was previously identified
as confounder (Solis-Calderon et al., 2005). The aims of the present study were to
estimate the herd prevalence by a cross-sectional study and investigate risk factors
associated with BVDV using a matched case-control design as well as to discuss model-
building strategies.

Material and methods
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2.1 Study area and target population

Rio Grande do Sul is the southernmost state of Brazil (Fig. 1), and has a total area
of 268,781.896 km2 and 497 municipalities. The cattle population is about 13.5 million of
which 10% are dairy cattle (IBGE, 2010). It is the second largest milk-producing state, in
which milk production is clustered in six well-defined regions (Zoccal et al., 2006).

The present study was performed in a cooperative of milk producers located in the
eastern-central region (Fig. 1) of Rio Grande do Sul. The cooperative’s farms are
distributed in 46 municipalities that cover 1.7% (4728 km?) of the state area. The region
has 14,957 farms and 175,175 dairy cattle with a medium herd-size of nine bovines
(SEAPA-RS). It is one of the main dairy-producing regions, and animals are raised
mostly on small farms (mean of 10 ha) that produce an average of 2460 L/cow/year
(Zoccal et al., 2006).

The target population was dairy herds that pertain to the cooperative, which
consists of 1603 herds and a total of 31,467 bovines (Fig. 2). It encompasses 12.92% of
the cattle from the 46 municipalities covered by the cooperative. The cooperative was
chosen for convenience (i.e., close to the Faculty of Veterinary) and because it represents
the general management and herd size of milk production in the state of Rio Grande do
Sul.

Approximately 79% of the farms have up to 31 hectares, and 70% have up to 84
animals. The median herd-size and number of lactating cows are 17 and six, respectively,
and the average milk production is 17 L/cow/day. The milk-production system is semi-
intensive; the animals are fed a concentrated diet of corn silage and mineral salts in

fenced pastures. Most of the cows belong to the Holstein breed and the replacement rate
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varies between 20 to 25% per year. Heifers are bought from neighbors or breeders from
other regions of the state. Cattle herds are vaccinated against foot-and-mouth disease and
brucellosis. There is no specific BVDV control plan, and owners of herds with abortion
outbreaks are advised to use a polyvalent vaccine for important abortifacient and
respiratory diseases, such as that caused by BVDV, bovine herpesvirus, parainfluenza
virus type 3, bovine respiratory syncytial virus and prevalent Leptospira species. Milk is

kept in bulk tanks or refrigerated cans.

2.2.  Survey design and sample collection

First, a cross-sectional survey was performed to estimate the seroprevalence of
BVDV in the target population, and then based on the serological results and milk
production a matched case-control design was done in order to check for risk factors
associated with BVDV. The sample size for the prevalence estimate was calculated using
R (Package EpiCalc) (Thrusfield, 2007), considering the following values: 1604 dairy
herds, 43% expected prevalence (Almeida et al., 2013), 95% confidence interval, and 5%
of absolute precision. The minimum sample-size required was 300 dairy herds but 314
samples were selected through simple random sampling from the sampling frame
provided by the cooperative (Fig. 2).

Since a low number of positive herds were found in the prevalence study (3.50% -
11/314 with moderate or high antibody titers), all remaining herds with milk production
higher than 10,000 L/month were collected (n = 152 dairy herds). This target sampling
(convenient) was done in order to increase the number of herds with high antibody titers
to be included as case herds and was based on a study in a similar region that identified

herds with > 40 bovines per herd tended to be more likely to be positive by ELISA
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(Almeida et al., 2013). Although the final number of herds collected was 466, only the
314 randomly selected herds were considered for the prevalence estimation.

The case-control study was planned considering all the herds tested by ELISA (n
= 466) that resulted in 21 case herds with high antibody titers that were matched with 63
random control sets with low or very low antibody titers that were matched by milk
production (proxy of herd size). Each set contained three control herds (case-control ratio
m:n - 1:3).
2.3 Bulk tank milk collection

BTM samples of 12 mL from the selected herds were isolated from the milk
aliquots routinely collected from every producer and submitted to the cooperative’s
laboratory for quality control analysis. During sampling and transportation, raw milk was
kept under refrigeration between 2 and 8°C without preservatives. Following an
overnight rest, a 1.2 mL sample of skim milk was collected and kept at -20°C until
analysis.
2.4 Serological assay and interpretation

A commercial indirect ELISA kit (SVANOVIR™ BVDV-Ab kit, SVANOVA
Biotech, Uppsala, Sweden) was used for BVDV antibody detection in BTM. The BTM
samples were incubated overnight at 4 - 8°C in plates coated with viral antigen (100 pL
skim milk/well) according to the manufacturer's instructions. The absorbance at a single
wavelength of 450 nm (A4s0) was determined using a spectrophotometer (Asys Expert
Plus, Asys Hitech GmbH, Austria). The optical density Asso values (OD) were corrected
using the following formula: ODsample — ODnegative control = COrrected optical density (COD).

For the herd prevalence, the results from the analysis of BVDV antibodies in
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BTM were interpreted according to the Swedish BVDV control scheme, which classifies
the herds into four different classes based on COD (Niskanen, 1993; Lindberg and
Alenius, 1999): class 0 herds are BVDV antibody-negative and probably free of infection
(COD < 0.05); class 1 herds have a low or very low antibody titers in the BTM (COD
0.05 - 0.249); class 2 herds (COD 0.25 - 0.549) and class 3 herds (COD > 0.55) have a
moderate or high antibody titer, with an estimated within-herd prevalence among class 3
herds of 87% (Niskanen, 1993). The proportion of herds in classes 1 to 3 was used to
estimate the prevalence of antibody-positive herds (Stahl et al., 2002; Stahl et al., 2008).
2.5.  Selection of cases and controls

Dairy herds represented by their BTM ELISA results were the unit of interest for
this study. Considering the low number of positive herds for BVDV (n = 21), farms were
included in the case group if they were classified in BTM class 2 or class 3 because both
classes suggest current or recent BVDV infections (Niskanen, 1993; Lindberg and
Alenius, 1999). Controls were selected at random from the remaining negative herds (n =
445) that tested as class 0 or 1; both classes suggest a low or very low antibody titer in the
BTM.
2.6 Questionnaire and interview

The questionnaire was designed to gather information about potential risk factors
associated with BVDV transmission and/or its maintenance within a herd. The
questionnaire was developed in consultation with experts’ knowledge on BVDV and
based on previous studies. All case-control selected herds (n = 84) were visited for
collecting information from August 2011 to September 2011. Particular regional

vocabulary was considered in the question structure. The structured questionnaire had 41
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"close-ended™ questions grouped into five main categories: general farm characteristics;
biosecurity; reproductive management; farm sanitary conditions; and general
management and farm facilities structure. It was previously tested in five non-
participating farmers to identify potential sources of misinterpretation and to further
refine the questions. Three graduate students were trained to perform the interviews. Each
personal interview lasted 15 - 30 min; owners/managers. The interviews were performed
by blind face-to-face procedure. The questionnaire was evaluated by the Ethics
Committee of Animal Use of the current University and is registered under project
number: 20710. A copy is made available from the corresponding author upon request.

2.7 Statistical analysis

Analyses were done using R (Package EpiCalc), SAS 9.2 (Institute Inc., Cary,
NC, USA).

For the prevalence, positive herds included herds from classes 1 to 3 (i.e., COD
values > 0.05). Herd-level sensitivity (Se) of 85% and a specificity (Sp) of 97%
(Niskanen, 1993; Stahl et al., 2002) were used to adjust the apparent prevalence (AP)
using the equation for the true prevalence (TP) = (AP + Sp -1) / (Se + Sp -1) (Thrusfield,
2007). A 95% confidence interval (Cl) for the prevalence was based on the normal
approximation of the binomial distribution.

For the matched case-control analysis a conditional logistic regression for paired
samples, as suggested by (Hosmer and Lemeshow, 2000), was used to assess possible
associations between cases and the explanatory variables. Conditional logistic regression

Is recommended to investigate the relationship between an outcome and a set of factors in

matched case-control studies. The PROC PHREG procedure (SAS) for m:n matching was
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used, in which a stratum (i.e., milk production) for each matched set was formed. The
outcome was BVDV positive (case) coded as 1 and BVDV negative (control) coded as 2
(variable status). A dummy survival-time was created, so that all the cases in a matched
set have the same event-time in value, and the corresponding controls are censored at a
later time (variable censor). Cases censor had a value of 1 and controls a value of 0. Odds
Ratio (OR) was adjusted for the stratification in the data and intending to minimize the
issue of the small number of cases, in comparison to the amount of variables, we used the
robust sandwich variance estimate proposed by Lin and Wei (1989), which is already
implemented in SAS. Linearity of the significant variables was tested by categorizing
continuous ones into tree category variables.

Variables were first screened based on response rates and frequencies of the
responses. Variables with large amounts of missing data (> 10%) and limited variability
(< 20%) were not included in the multivariable model. The remaining variables were
entered individually into a univariable conditional logistic regression model and selected
for inclusion in the multivariable model if P < 0.25. Subsequently, all the screened
variables were submitted to correlation analysis. If any correlation was found to be > 0.7,
the variable with the lowest P-value was included to the multivariable model; two
variables were excluded to avoid multicollinearity. Interactions between all pairwise
variables suitable for the final model were examined and if significant (P < 0.05) were
taken up for further analysis. Subsequently, selected variables (n = 21) were included to
the multivariable model in three ways as follows: 1) full model, that hold all 21
independent variables; and two models divided according to empirical knowledge and

similarity among independent variables, i.e., 2) animal factor model (subset of variables
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related to animal characteristics); and 3) biosecurity model (subset of variables related to
farm/management biosecurity). For data exploration, an automated selection procedure
was done and compared with the manual procedure using automatic best subsets
regression selection on SAS using the Furnival and Wilson (1974) algorithm.
Multivariable models were built in a manual forward method, each remaining
variable was added to the best previous model, selected by the Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC), since Hosmer-Lemeshow
goodness-of-fit test is inappropriate for conditional logistic regression models (Fasina et
al., 2012). A backwards elimination step was finally used, resulting in a final model in
which only variables with P < 0.05 were retained. Confounding effects were investigated
by checking changes in the point estimates of the variables that remained in the model.
Changes in parameter estimates > 25% were considered as a confounder. The goodness-

of-fit of the final model was tested using Pseudo R? (Dohoo et al., 2009).

3. Results

Overall there were 75 BTM BVDV antibody-positive herds out of 314 sampled
for the prevalence estimate (23.9%). The frequency of positive samples according to
COD classes is shown in Table 1. The true prevalence of BVDV was 24.3% (Clgse, =
20.1% - 29.3%). Approximately 96% of the herd’s BTM had COD values less than 0.25.
Herds within class 2 and 3 were more likely to produce > 10000 L/month/herd (y* =
65.12; P < 0.001).

The overall model was based on 84 data points, with 21 cases and 63 controls (21

matched groups m:n). The milk production varied from 203 to 74,512 L/month/herd; the
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size of the farms was from 1.58 to 77.5 ha. The model using selected cases matched with
a set of randomly selected controls identified candidate variables to the multivariable
model associated with BVDV seropositivity, either as protective or risk factors (Table 2).
From the 84 farms included, 42 (50%) had vaccinated some animals (could not specify
which category) with a polyvalent vaccine that includes BVDV (inactivated vaccine)
within the past two years (12 cases and 30 controls). This variable was analyzed in the
conditional logistic regression and no significant association (OR: 1.59; 0.52 - 4.82; P =
0.40) was found. Variables remaining for analysis after the univariable step were entered
into the multivariable model (Table 2). There were five variables with limited variability
and one with a large amount of missing data. Two independent variables with correlation
coefficient > 0.7 were excluded from the analysis. The full model identified the following
variables associated with BVDV serological status (Table 3): age as a culling criteria (OR
= 0.10; ICgs0 = 0.02 — 0.39; P < 0.01); farms that provided milk to other industries
previously (OR = 4.13; 1Cgs0 = 1.17 — 14.49; P = 0.02); and isolation paddocks for ill
animals (OR = 0.14; ICgs0 = 0.01 — 0.26; P = 0.02). None of the two-way interaction
terms were significant at a 5% and the only confounding factor identified was used as
matching variable (milk production). The model goodness-of-fit (Pseudo R?) accounted
for 16.44% of the proportion of the total variability of the outcome that is accounted by
the model.

Results of the final multivariable model for the two subsets of variables
according to empirical knowledge were (Table 4): 2) the animal factor model was found
to have no significant associations; 3) the biosecurity model revealed significant

association with the use of natural mating (OR = 9.03; ICgs0, = 2.14 — 38.03; P < 0.01),
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isolation paddocks for ill animals (OR = 0.06; 1Cgs0 = 0.05 — 0.83; P = 0.03), years
providing milk for the same industry (OR = 0.94; Clgsy, = 0.91 - 0.97; P = 0.02), and
direct contact over fences among cattle of neighboring farms (OR = 5.78; Clgse, = 1.41 -
23.67; P = 0.04). The model goodness-of-fit (Pseudo R?) accounted for almost a quarter
(22.23%) of the variability in the data.

Finally, results of the automatic best subset regression procedure are shown in
Table 5. For the full model, all variables except for isolation paddocks for ill animals
were the same as the manual selection procedure, while for the biosecurity model; all

variables selected were also selected on the manual model.

4. Discussion

A true prevalence of 24.3% of BVDV-positive herds was found and only a small
amount (1.3%) had high antibody titers suggestive of current or recent BVDV infection.
This prevalence level based on the BTM samples shown to be much lower than expected
based on studies made in regions without former BVDV control (Table 1). What should
be highlighted here is the fact that there is a lack of epidemiological studies using ELISA
on BTM samples in Brazil. One study done in Brazil estimated prevalence of positive
milk in individual cows varying from 5.26 to 70.83% between different farms (Dias and
Samara, 2003), but no herd-level studies using ELISA on BTM have been done. In
Finland, a very low prevalence of positive herds was also found, which was probably
related to the low cattle and herd-density in that country (Niskanen, 1993). Another study
that used the same ELISA as ours revealed a moderate level of exposure to BVDV (73%)

and a lower proportion (13%) of herds with high BVDV antibody titers (Kampa et al.,
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2004). It has also been speculated that the small number of animals in these herds
(average 15.6 cows) contributed to the low prevalence, similar to the herd size
distribution of the sampled population (average nine cows).

Some animals in the herds may have been vaccinated, which could result in high
antibody titers in the milk without routinely and/or properly vaccinating for BVDV
(Humphry et al., 2012), which was proved to be false in the present study, since 57% of
case herds and 47% of the random controls were declared as being vaccinated cattle but
no significant association was found (P = 0.40), showing that there was no evidence of a
vaccination effect on the current BVDV serological results, as already reported (Alvarez
et al., 2012; Eiras et al., 2012). These findings are supported by other reports that tested
direct and indirect ELISA for BVDV antibodies in BTM and concluded that vaccination
with inactivated vaccines is not a significant limitation on using the test as a tool to
control BVDV in herds (Alvarez et al., 2012; Eiras et al., 2012).

A multivariable approach to investigate a matched case-control study and a large
number of putative factors were analyzed. Its important to highlight that a recent study
found that the majority of matched case-control studies reported in medicine use
improper statistical analyses and this may lead to errors in estimating the relationship
between a disease and exposure (Niven et al., 2012). The statistical analysis chosen in our
study (conditional logistic regression) carefully followed guideline recommendations
(Hosmer and Lemeshow, 2000; Niven et al., 2012).

In the present study, three models were adjusted regarding the risk of BVDV
infection detected by the presence of antibodies in BTM samples. The explanatory

variables identified in the final models as associated with BVVDV were called as follows:
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the full model - Full-1; Full-2; Full-3 and the biosecurity model - Biosecurity-1;
Biosecurity-2; Biosecurity-3; Biosecurity-4.

[Full-1]. Age as a culling criteria, was a protective factor (OR = 0.10; Clgse, = 0.02
- 0.39; P < 0.01). If the farmer culls animals early in life, the chance of contact (Pl with a
susceptible animal) could be reduced and the chances of culling a Pl animal may be
higher since BVDV affects the animal productivity when it is still at a young age and
makes the animal more prone to other diseases (Houe, 1999). It has also been identified
that older animals may have higher odds of being seropositive for BVDV. Older cows (2
- 5 years) had a higher risk of BVDV infection when compared with younger animals
(Mainar-Jaime et al.,, 2001). Therefore, the changes in culling management have
substantial importance to reduce the maintenance of Pl animals within the herd, mainly if
they are culled before five years of age.

[Full-2]. Farms that provided milk to other industries previously were
significantly associated with BVDV seropositivity (OR = 4.13; Clgse, = 1.17 — 14.49; P =
0.02). It may be a proxy of some farm’s characteristics or farmer behavior. In Brazil, as
in other countries, producers have to meet certain requirements to be eligible for selling
milk to the industry. Some are related to sanitary issues and other to milk quality like
bulk-milk somatic cell count (BMSCC). They must meet particular industry requirements
and conform to the national rules. In our study, it was reported by the field veterinarian
and from the manager of the industry that frequently the producer that had already
provided milk to other industries failed to meet sanitary requirements and often
adulterated the milk by adding banned substances to stabilize pH or even water to

increase the volume (F. Staggemeier, personal communication).
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[Biosecurity-1]. In agreement with the above, it was found that longer period
providing milk to the same particular industry was negatively associated with BVDV
seropositivity, (OR = 0.94; Clgsy, = 0.91 - 0.97; P < 0.01). The fidelity of the producer to
the same industry is frequent in the area of the study and it is easy to identify farms that
have provided milk to the same industry for over 40 years (average 24). These types of
producer meet the requirements from the industry and have better sanitary conditions
when compared to the ones that often move from one industry to another. Milk industries
are more likely to provide assistance and even attenuated bills to long-time producers
since they do not represent future risks.

[Full-3 & Biosecurity-2]. Isolation paddocks for ill animals were found to be
equally a protective factor in both models (OR = 0.14; Clgse, = 0.01 - 0.26; P = 0.02 and
OR = 0.06; Clgse, = 0.05 - 0.83; P = 0.03, respectively). Infected animals shed BVDV in
their secretions in large amounts, which increases the risk of herd mates becoming
infected (Lindberg and Houe, 2005). Farms that have an isolation paddock are strongly
preventing new animals from becoming infected, sometimes without knowing it. This
biosecurity measurement is especially important for young animals, which are more
susceptible to infections. If the intervention in a possible case of BVDV is made in the
early stages of disease, removing the infected animal from the herd and restricting animal
movement can reduce disease spread within the herd (Hasler et al., 2012); this can be
achieved by herds that have isolation paddocks for ill animals away from susceptible
animals, in places that can avoid direct and indirect contact among ill and healthy cattle.

[Biosecurity-3]. Natural mating was positively associated with BVDV

seropositivity (OR = 9.03; Clgse, = 2.14 - 38.03; P < 0.01). BVDV s transmissible by
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natural mating and artificial insemination (Al) (Perry, 2007). Several studies have found
an association between BVDV and bovine reproductive management such as
contaminated semen and use of infected bulls (Houe, 1999; Chaves et al., 2010); since
acutely infected bulls shed virus in their semen for at least two weeks and PI bulls shed
virus constantly in their semen, this is an important information (Smith, 2007). In the
present study, this was the strongest risk factor found and it holds great importance for
BVDV transmission in the study area and so producers should be advised about this risk
and changes in reproduction management applied. Dairy herds are susceptible to the risk
of a large proportion of calves becoming PI following exposure of a naive herd to a Pl
bull during natural mating (Reichel et al., 2008). When the farms that used only Al for
reproduction were compared to the ones that used natural mating, an increased odds of
BVDV infections of 1.90 was found, which is clearly due to the use of infected bulls
(Quincozes et al., 2007). It is important to note that the consequences of natural mating
are dependent of virus shedding at the moment of mating and the number of cows per
bull (Quincozes et al., 2007). Thus, this played a critical role in the epidemiology of
BVDV.

[Biosecurity-4]. Finally, direct contact over fences among animals of neighboring
farms was positively associated with BVDV seropositivity (OR = 5.78; Clgsy, = 1.41 -
23.67; P = 0.04). The most common route of BVDV transmission is direct contact
between animals and this risk should be closely evaluated (Barrett et al., 2002; Sandvik,
2004; Stahl et al., 2005; Helal and Okamatsu, 2012; Tinsley et al., 2012). Since PI
animals play a substantially larger role in BVDV transmission than Tl cattle (Lindberg

and Houe, 2005) there a serious risk of giving BVDV to a BVDV-free herd by over-the-
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fence pasture contact with an infected herd, thus BVDV will continue to circulate and the
costs in terms of biosecurity and breakdowns will continue to fall on those who have
done their best to control BVDV (Voas, 2012). Virus may also be introduced from other
farms at any stage, usually by contact with P1 animals across a boundary fence (Stott et
al., 2010). In the presence of exposure from other herds sharing fencelines or communal
pasture, removing the source of the infection inside the herd (culling Pl animals) may not
solve the risk of infections (Smith et al., 2010). Avoiding contact with neighboring herds
on fencelines decrease risk of herd infection (Smith et al., 2009). The cost to increase
farms' biosecurity with electrified outriggers, considering the perimeter fence of the
average-size farms in the study area (mean of 10 ha), is US$2,477
(www.trentomateriaiseletricos.com.br; accessed 13 November). This cost is lower than
the cost estimated by BVDV infection (€19 to €600 per cow (Barrett et al., 2002)); in
areas of the USA where BVDV is endemic, economic losses for 2008 were estimated to
range from 361 million to 1.4 billion dollars (Rodning et al., 2012). Control of the
livestock trade-i.e., only allowing free herds to have pasture contacts and recommending
double fences towards neighboring herds-are all aimed at reducing the frequency of
potential contacts per time unit (k) with Pl animals and acutely infected animals
(Lindberg and Houe, 2005). It was also identified in one case-control study that fence-to-
fence contact was one of the most important risk factors (OR = 2.3; Clgse, = 1.27 - 4.24; P
< 0.05), which is in accordance with our findings (Valle et al., 1999). Finally, it has also
been recommended that at cattle fairs and shows, a distance of at least 3 m between

pasture fences should be kept (Laureyns et al., 2010).
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Variable selection or dimension reduction is fundamental to multivariable
statistical model building. There are two main ways of model-building selection: manual
selection and automatic selection of variables, and in this case we will argue about the
best subset selection (Zhang et al., 2004). The automated procedure uses an algorithm to
find a specified number of best models containing the number of variables that one may
wish (Furnival and Wilson, 1974). The criterion used to determine the best subset
selection is based on the global chi-squared statistic (model with higher global chi-
squared is considered the best). We found that for the full model the only independent
variable selected in both procedures was isolation paddocks for ill animals. This finding
may indicate that automated variable selection was not equal to the manual model and the
following should be considered. The practice of automated selection remains surprisingly
popular, and such models continue to appear in even the most prestigious journals, in
some cases using the results to draw conclusions about life-and-death and on clinical
issues (Babyak, 2012). Automated selection are data-driven approaches based on
statistical significance without reference to clinical or biological relevance, and it was
shown that these methods frequently produce unstable models, have biased estimates of
regression coefficients, and yield poor predictions (Steyerberg et al., 1999; Steyerberg et
al., 2000). Simulation studies have supported the earlier warnings about automated
selection, showing that, unless special corrections are made, the problem of overfitting
can be quite problematic in automated regression (Derksen and Keselman, 2011). It is
reasonable to consider this issue for the full model on the automated procedure, since

even some of the most sophisticated alternatives such as best subset regression may not
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solve the problem of over-fitting, because more degrees of freedom are used than the
sample size can support (Babyak, 2012).

On the other hand, comparing selection approaches for the animal factor model
and the biosecurity model, both automatic and manual selection were able to select the
same independent variable combinations and either selection method could be
successfully applied. For the rapid generation of multiple models, we could suggest
applying automated modeling to reduce the time required, in particular when examining
large numbers of putative variables. Automated selection is convenient, easy to apply,
and more rapidly reduces a large complex dataset to a succinct regression model. The
models must be applied judiciously and the methods of data exploration should be
considered rather than definitive approaches to building a model (Dohoo et al., 2009). In
addition, it is necessary to be aware that best subsets provide more information when
including more variables, but it can be more complex to choose one. Because best subset
assesses all possible models, large models may take a long time to process. Finally, the
above makes it evident that variable selection improves the predictive ability of the
model, but it generally provides a better understanding of the underlying concept that
generated the data (Karagrigoriou et al., 2010).

There is no consensus about the best method of arriving at the final model; that is,
how candidate predictors are to be selected for inclusion in the multivariable analysis and
subsequently how predictors are selected for inclusion in the final prediction model. Two
broad common strategies are found in the literature, with variants within each strategy:
full model versus predictor selection strategy (Moons et al., 2012). It was also reported

that candidates to predictors could be selected and grouped based on theoretical, clinical,
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or biological knowledge (Bouwmeester et al., 2012). Considering that, popular metrics
were used to compare the predictors grouped in the present study to the full model. For
that, AIC and BIC were used, taking into account that AIC measures predictive accuracy
while BIC measures goodness-of-fit (Sober, 2002). In a general sense, the model for
which AIC and BIC are the smallest represents the “best” approximation to the true
model (Sober, 2002). The biosecurity model could be considered the “best” since AIC =
43,880 and BIC = 48,058 (Pseudo R? = 22.23%) when compared with the full model
where AIC = 50,445 and BIC = 53,579 (Pseudo R? = 16.44%). Based on both the
theoretical considerations and the various simulation studies on AIC and BIC, the latter
seems to work better, since AIC tends to select models with too many parameters when
the sample size is large (Shmueli, 2010). Finally, we recommend that researchers should
pay close attention during model-building; in particular, grouping predictors should be
considered for better model achievement.

The important risk factors identified in the study based on biological importance
of BVDV and its odds were natural mating and direct contact over fences with animals of
neighboring farms. These main risks should be carefully considered together with the
other less important factors identified in a future control program and producers should
be advised of these risks and technical support should be provided.

This study may be subjected to limitations, including some types of bias. The
primary limitation is that the survey was restricted to a small herd population, but the
findings may contribute to a better understanding of the epidemiology of BVDV infection
in an important milk-producing region. It was beyond the scope of this study to represent

the whole region. The convenient extra sample of dairy herds with milk production
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higher than 10000 L/month was necessary since BVDV-infected herds were relatively
rare; in this situation the case-control study design was indispensable (James J
Schlesselman and Paul D Stolley, 1982; Niven et al., 2012). This extra sample was used
only for the case-control study and did not add bias to the prevalence estimation. Efforts
were made to reduce confounding bias by matching case and controls by milk production;
using a multivariable conditional logistic regression model to better control for
confounding between the measured independent variables and restricting the sampling
period down to two months and restricting the area of study. Overmatching could be a
potential problem, but our cases were matched only by milk production, and so we feel
this could be beneficial, as this was identified early as a confounder and by matching we
could assess other risks factors without this bad influence (Rodrigo Saa et al., 2012).

This study used a blinded face-to-face interview, because the authors were aware
of the limitations included by other forms of accessing the information necessary, like
mailed surveys that may end up having a high (97%) responding rate (Valle et al., 1999),
but most commonly a low (40%) rate is found (Ovelhey et al., 2008) or even extremely
low (17%) (DelJarnette et al., 2007); this last fact may limit or exclude the possibility to
test for association between cause and effect. However, recall bias due to farmers’ lack of

memory could not be ruled out.

5. Conclusions
This investigation revealed the presence of few herds with current BVDV
infection. The present matched case-control study aimed to identify risk factors, which

was achieved. It is likely that the presence of direct contact over fences with animals
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from neighboring farms, natural mating as reproduction management, and farms that
provided milk to other industries previously, may increase the likelihood of BVDV
infection of herds. However, having isolation paddocks for ill animals, using age as
culling criteria, and providing milk to the same industry for decades reduced the chance
of BVDV infection. These findings may be useful first to the cooperative and further to
the implementation of a BVDV control and eradication program. This paper intends to
promote discussion about model-building strategy; researchers should consider grouping
candidate predicators based on theoretical, clinical, or biological knowledge for better
model achievement, especially when animal-health-modeling is on the line. We
recommend the application of grouping predictors as an alternative that may lead to a
better understanding of disease-exposure associations. Finally, the results are important
epidemiological contributions to historical factors believed to be associated with BVDV-

infected herds.
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Table 1

56

Classification of 314 bulk milk samples from dairy herds from a cooperative in Rio Grande
do Sul, Brazil, according to level of corrected optical density (COD), as applied in the

Swedish BVVDV control scheme.

BVDV Classes (COD %) Number of Herds Apparent Prevalence (%) 95% CI °

0 (<0.05) 239 76.1 71.8 80.4
1 (0.05-0.249) 64 20.4 16.4 24.4
2 (0.25-0.549) 7 2.2 0.8 3.7
3 (>0.55) 4 1.3 0.2 2.4
Overall prevalence 314 23.9 19.8 28.2

4 COD = corrected optical density.

® CI = confidence interval by Normal approximation to the binomial distribution.
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- Target population 1603 dairy herds
S Prevalence study.
12
3
o v
G e
) Herd sample 314 herds
I I
v
152 herds production higher than 10000 liters
n=466 herds
/\ ntibody in bulk tank milk
3z Casesall herd with: COD > 0.25 (n=21) | i Control herds: COD <0.25 (n=63)
% . N
S
§ 84 herdswereincluded in the study
% Matched m:n -1:3
o
3
<
2
g Conditional logistic regression
Logit(pi)=61X1i+...+B1in
Univariable analysis (p<0.25)
Total variable that met the criteria p<0.25 (n=23)
Collinearity: Coefficient>0.70
As criteria to elimination higher p-value (n=2)
Multivariable analysis (p<0.05)
— Forward selection;
— Until AIC has stopped dropping;
— Backward selection:
*  p<0.05 critical.
Fig. 2.
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Definition and distribution of explanatory variables retained at the univariable conditional

logistic regression analysis*.

Variables Case n (%) Control n (%) P-value OR (1C 95%)
Biosecurity measure
Natural mating 0.01
Yes 10(47.62) 13(20.63) 4.07 (1.39-11.93)
No 11(52.38) 50(79.37) -
Isolation paddocks for ill animals 0.02
Yes 5(23.80) 29(46.03) 0.22 (0.06-0.86)
No 16(76.20) 34(53.97) -
Year providing milk to the same
industry 0.02
Continuous 24.22° 23.74° 0.96(0.94-0.99)
Farm that provided milk to other
industries previously 0.04
Yes 12(57.14) 23(36.51) 3.18(1.01-10.00)
No 9(42.86) 40(63.49) -
Herd Size 0.07
Continuous 21.53" 21.30° 0.96 (0.99-1.00)
Does have isolation paddock 0.08
Yes 11(52.38) 51(82.26) 2.03 (0.90-4.54)
No 10(47.62) 11(17.74) -
Different animal categories fed on
same container 0.04
Yes 5(23.80) 28(44.45) 0.39 (0.16-0.96)
No 16(76.20) 35(55.55) -
Veterinary does have free access to
all farm areas 0.11
Yes 11(52.38) 43(68.25) 2.85(0.78-10.47)
No 10(47.62) 20(31.75) -
Number of 1A doses 0.02
Continuous 2.03° 2.03° 1.71(1.06-2.76)
Grazing rotation 0.18
Yes 15(71.43) 51(82.26) 4.07 (0.51-32.31)
No 6(28.57) 11(17.74) -
Number of employees 0.08
Continuous 0.35" 0.16" 1.18(0.97-1.44)
Number of heifers purchased 0.12
Continuous 1.18° 2.59° 1.08(0.97-1.20)
Direct contact over fences among
animal of neighboring farms 0.10
Yes 16(76.20) 41(65.08) 2.23(0.83-6.00)
No 5(23.80) 22(34.92) -
Decrease of milk production as a
culling criteria 0.17
Yes 7(33.34) 32(50.80) 0.51(0.19-1.35)
No 14(66.66) 31(49.20) -
Divide cattle by its age on
separated paddocks 0.11
Yes 9(42.86) 37(58.74) 0.51(0.22-1.66)
No 12(57.14) 26(41.26) -
Age as a culling criteria 0.02
Yes 16(76.20) 45(75.00) 0.19(0.04-0.79)
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No
Animal risk factors measure
Number of reproductive problems
on heifers

Continuous

Respiratory problems on calves
Yes
No

Reproductive problems as culling
criteria
Yes
No
Calves with limited development
Yes
No
In the last year abortion occurred
Yes
No
Presence of ticks on purchased
animals
Yes
No

5(23.81)

3.61°

5(23.80)
16(76.20)

16(76.20)
5(23.80)

10(47.62)
11(52.38)

16(76.20)
5(23.80)

9(42.86)
12(57.14)

15(25.00)

3.36°

20(31.74)
43(68.26)

44(69.85)
19(30.15)

20(31.75)
43(68.25)

43(68.26)
20(31.74)

18(28.58)
45(71.42)

0.07

0.09

0.11

0.14

0.17

0.14

60

1.04(0.99-1.09)

0.37 (0.12-1.16)

2.85(0.78-10.34)
1.87(0.81-4.93)

2.21 (0.69-6.99)

1.84 (0.81 -4.15)

#Variables with P < 0.25, ” Mean of the continuous variables, * Univariable conditional logistic regression .
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Table 3
Multivariable conditional logistic regression analysis of variables from the full model
associated with BVDV on BTM in a matched case-control study®.

Variables Estimate (8)°  S.E. > P-value Matched odds (Cl: 95%)

Isolation paddocks for ill animals
Yes -1.93 0.93 0.02 0.14(0.01-0.26)
No - - - -

Age as a culling criteria
Yes -2.24 1.03 <0.01 0.10(0.02-0.39)
No - - - -

Farm that provided milk to other

industries previously
Yes 1.41 0.67 0.02 4.13 (1.17-14.49)
No - - - -

&P Results given with Estimate (B), standard errors (S.E.), P-values and Odds with 95% Cl.
®Overall data of the model: AIC = 50.445, BIC = 53,579, Pseudo R?= 16.44%
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Table 4
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Multivariable conditional logistic regression analysis of variables from subsets of variables
according to empirical knowledge: 3) the biosecurity model associated with BVDV on
BTM in a matched case-control study®.

Variables

Estimate (B) a

S.E.

b

P-value

Odds (CI: 95%)

Natural mating
Yes
No
Isolation paddocks for ill animals
Yes
No
Year providing milk to the same
industry
Continuous
Direct contact over fences among
animal of neighboring farms
Yes
No

2.20

-2.75

-0.06

1.75

0.85

1.10

0.02

0.87

<0.01

0.03
<0.01

0.04

9.03(2.14-38.03)

0.06(0.05-0.83)

0.94(0.91-0.97)

5.78(1.41-23.67)

&P Results given with Estimate (B), standard errors (S.E.), P-values and Odds with 95% Cl.

¢ Overall data of the model: AIC = 43.880, BIC = 48,058 , Pseudo R?= 22.23%
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Table 5
Best subset regression procedure conditional logistic regression model produced for both:
1) the full model and 3) the biosecurity model.

Number of variables Chi-square Component variables (see below)
Full model  Biosecurity model Full model Biosecurity model
7 27.27 26.93 d.e,f,n,m,h,g AB,C,D,EH,|I
6 25.03 2491 f.c,h,i,lm AB,CEH,I
5 22.62 21.54 d,ef,g,h C,D,EH,I
4 18.86 17.77 defg AB,CH
3 14.53 14.33 ab,c AB,C

A,a: Natural mating; B,b: Isolation paddocks for ill animals; C,c: Year providing milk to the same industry;
D,h: Days of isolation; E,i: Different animal categories fed on same container; F,j: Number of IA doses; G,g:
Use of computer to keep herd information; H,I: Direct contact over fences among animal of neighboring
farms; I,m: Divide cattle by its age on separated paddocks; d: Number of reproductive problems on heifers; e:
Respiratory problems on calves; f: reproductive problems on cows; g: farm that provided milk to other
industries previously; n: Calves with limited development.
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814  Figures legends

815  Fig. 1. Geographic location of the municipalities on the eastern-central region (gray area).

816 Geolocation of the herds and BVDV serological status according to classes based on
817 corrected optical density (COD). Case herds-BTM as class 2 - herds (COD 0.25 -
818 0.549) or class 3 - herds (COD > 0.55) and Controls were selected at random bases
819 from the reminiscent negative herds (n = 437), that tested as class 0 or 1 - both classes
820 suggest a low or very low antibody titers in the BTM (COD 0.05 - 0.249), according to
821 the COD cut-offs used in the Swedish BVDV control scheme. Insert: location of the
822 studied region (dark area) within the State of Rio Grande do Sul (gray area), Brazil.
823  Fig. 2. Diagram of design and data collection of a cross sectional study with statistical
824 model summarized, with follow-up of associations between BVDV anybody titers
825 conducted from August 2011 to September 2011 on Brazilian dairy herds.

826
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4 CONSIDERACOES FINAIS

Baseado nos achados do estudo apresentado pode-se considerar que a prevaléncia
real estimada através das amostras de leite de tanque, as quais representam a populagdo em
producdo ativa de leite foi de 24,3% (Clgse, = 20,1 - 28,6%) foi baixa quando comparada
com estudos realizados em outros paises. Entretanto, 0 mais importante é ressaltar que
comparativamente com os estudos realizados no Brasil, a grande maioria com problemas
sérios em seu poder de estimacdo pelo fato de utilizarem amostras de conveniéncia para
“estimar a prevaléncia” (amostras recebidas em laboratorios de diagnostico), a prevaléncia
encontrada no presente estudo é baixa. Talvez as prevaléncias de BVDV em nivel de
rebanho e em nivel animal estejam sendo superestimadas pelos estudos ja publicados, e este
fato tem se perpetuado ao longo dos anos pela replicacdo em livros, periddicos nacionais e
notas técnicas. Com isso vale ressaltar a necessidade de mais estudos a respeito da infeccao
por BVDV, porém baseados em amostras probabilisticas.

A estratégia mais comum para a constru¢do de modelos multivariaveis preditivos
em medicina humana e veterinaria € o método de selecdo automatico (selecdo forward,
eliminacdo backward ou stepwise). O método automatico € orientado pelos dados baseados
em significancia estatistica, sem referéncia a importancia biologica das variaveis, além
disso, tem sido demostrado que este método frequentemente produz modelos instaveis,
podendo resultar em coeficientes de regressao instaveis e modelos com predi¢des pobres.
Porém, se pode modelar quantas simulacbes foram desejadas através de algoritmos, mas
ainda ndo ha uma alternativa adequada para substituicdo de um pesquisador, o qual é de
fundamental importancia na tomada de decisdes em cada etapa do processo de modelagem.
No presente estudo foi testado um método automatico com o objetivo de selecionar
possiveis varidveis preditoras e comparar com os resultados do método de selegdo manual
que permite a decisdo do pesquisador a cada etapa do processo de modelagem, permitindo
que se leve em conta a plausibilidade biolégica do modelo, possibilitando a reducéo de
variaveis preditoras até que o modelo com melhor parcimdnia seja encontrado. Fica
evidente a importdncia da aplicacdo do método manual, pois apenas no modelo de

biosseguranca as mesmas varidveis foram selecionadas pelos dois métodos, se apenas o
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método de selecdo automaética fosse empregado o presente estudo falharia em identificar o
modelo que melhor explica a variagdo das variaveis preditoras.

A aplicacdo do pareamento em estudos de caso-controle e rotineiramente utilizada
com o objetivo de eliminar os efeitos dos confundidores. Um confundidor € uma variavel
responsavel por distorcer a associacdo entre a exposicao de interesse, varidvel independente
(exemplo: contato direto entre animais) e o resultado, variavel dependente (exemplo:
resultado de um ELISA para BVDV). O controle de um confundidor (viés) deve ser
realizado no planejamento do estudo ou ap6s o mesmo. Por exemplo, se a presenca de
médico veterinario € considerado/identificado como sendo um confundidor para a presenca
de BVDV no rebanho, durante o estudo pode-se excluir propriedades onde ha assisténcia
veterinaria ou como alternativa, apds o estudo realizar o pareamento, nesse caso as
propriedades casos (resultado positivo para BVDV) com a presenca de médicos
veterinarios devem ser pareados por propriedades controles (resultado negativo para
BVDV) com a presenca de médicos veterinarios. Com o pareamento por producao de leite
no presente estudo pode-se controlar este viés de forma efetiva, isso pode ser notado pelos

intervalos de confianca nos modelos finais e por baixos valores de erro padréo.
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APENDICE A — Questionario epidemioldgico aplicado em 84 propriedades visitadas

Texto padréo para introducéo aos proprietarios (respondentes)

Bom dia senhor(a), somos alunos da Universidade Federal do Rio Grande do Sul
(UFRGS) estamos aqui por causa de um trabalho da Universidade onde o objetivo é
verificar a saude de seus animais. Para isso pedimos permissao ao senhor(a) para coletar
5 mL de sangue de 5 animais jovens de 6 a 18 meses de idade além de fazer algumas
perguntas breves a respeito do manejo de sua propriedade, o senhor(a) pode nos ajudar?

Data da aplicacdo:__ / / . Entrevistador:
Pontos de GPS: LAT: LONG:
N° Matricula.: : Idade do proprietéario:

O respondente é o proprietario? ( )sim ( )ndo

Escolaridade do proprietario( ) 1. N&o estudou 4. 2° Grau incompleto
2. 1° Grau 5. 2° Grau completo
incompleto 6. 3° Grau incompleto

3. 1° Grau completo

Caracteristicas gerais da propriedade

1 Area aproximada (hectares) utilizada na criacdo de bovinos? ()

1.1 Ndmero total de bovinos? ( )

2 Propriedade possui funcionario(s)? ( )sim ( )ndo ( )quantos (Caso ndo
pulea Q.2.1)
2.1 Trabalham em outras propriedades também? ( )sim ( )ndo
3 Quantas pessoas trabalham com as vacas leiterias? ()
3.1 Quantos(a)? Mulheres ( ) Homens ( )
4 Em porcentagem, o quanto a producdo de leite representa para a renda da
familia?
( )0-10% ( )51-60%
( )11-20% ( )61-70%
( )21-30% ( )71-80%
( )31-40% ( )81-90%
( )41-50% ( )91-100%
5 A quanto tempo esta na atividade (Producdo de leite)? meses/anos

6 A quanto tempo vocé fornece leite para a Languiru? meses/anos




7

Ja forneceu leite para outras cooperativas? ( )sim ( )ndo

Qual das seguintes alternativas que eu te disser melhor se enquadra com o tipo
de criacdo da propriedade?

(' )Animais ficam somente a campo e ndo recebem racdo (Extensiva)
(' )Animais ficam a campo e recebem racgédo (Semi-intensivo)

( )Animais confinamento recebem concentrado e ndo vao para campo
(Intensiva)

Raca predominante em seu rebanho?
Holandesa ( )
Jersey ()

Biosseguridade

10

Levou animais a feiras e/ou exposicdes de JANEIRO DE 2010 ATE A DATA
DE HOJE?

( )sim ( )ndo

11

Realizou a troca de animais JANEIRO DE 2010 ATE A DATA DE HOJE?

( )sim ( )ndo ( )guantos

12

Comprou animais de JANEIRO DE 2010 ATE A DATA DE HOJE?
( )sim ( )nao Estes animais eram:

Em caso de compra margque 0s campos sim ou ndo para as categorias
aplicaveis e 0 numero de animais

Vacas vazias ( )sim ( )ndo ( )quantos
Vacas prenhas ( )sim ( )ndo (  )quantos
Novilhas ( )sim ( )ndo ( )quantos
Bezerros ( )sim ( )ndo (  )quantos

Touros ( )sim ( )ndo ( )quantos

13

Em relagdo aos animais que entram na propriedade (seja compra e/ou troca),
sdo isolados do rebanho antes de serem introduzidos no rebanho?

( )sim ( )ndo

Quanto tempo de isolamento? ( )< de 30 dias ( )31 — 60 dias ( )>de 61 dias

14

Em relagdo aos animais introduzidos no rebanho quais dos itens abaixo o Sr.(a)
exige do fornecedor (vendedor do animal e/ou o responsavel pela troca)

Animal em boas condi¢Ges corporais ( )sim ( )nédo
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Certificado de livre de TB e Brucelose ( )sim ( )néo
Certificado de livre de BVDV ( )sim ( )ndo
Animal livre de parasitas ( )sim ( )ndo

Raca ( )sim ( )nédo

Estilo(aptidao) para leite ( )sim ( )nédo

15

Existe algum piquete/baia para isolamento de animais doentes que previna o
contato focinho-focinho do resto do rebanho?

( )sim ( )ndo

16

O que o Sr.(a) faz quando um animal fica doente?
Trata por conta propria (aplica medicamento injetavel) ( )sim ( )ndo

Usa agulhas descartaveis e novas para cada animal (ndo aplicavel para vacinas
somente para medicamentos) ( )sim ( )ndo

Chama o Médico Veterinario ( )sim ( )néo

17

Quem aplica injecdes nos animais?
Dono da propriedade ( )sim ( )nédo
Funcionarios ( )sim ( )nédo

Médico Veterinario ( )sim ( )ndo

18

O técnico ou Médico Veterinario tem livre acesso aos animais? ( )sim ( )nao

18.1 O técnico/Veterinario chega de carro até dentro do campo/galpao dos
mais?

( )sim ( )nao

19

O Sr.(a) observou a presenca de animais selvagens na regido? ( )sim ( )nao
() Macacos

() Cachorro do mato

( ) Veados

() Ourico

( ) Gamba

Outros?

20

Faz restricdo a entrada de pessoas estranhas? ( )sim ( )nédo

21

Faz restricdo a entrada de vizinhos? ( )sim ( )ndo

22

Manejo reprodutivo

Fez inseminacdo ( )sim ( )ndo
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( )quantas doses/por animal (utilizar somente um valor, porém pode ser
quebrado exemplo: 1.3 doses)

23 Qual é a idade média da primeira pari¢do? (Em meses)? ()
24 Fez repasse com monta natural de JANEIRO DE 2010 ATE A DATA DE
HOJE? (Caso néo pule a Q.24.1)
( )sim ( )nao
24.1 Caso sim utilizou touro?
() Criado na propriedade ( )Comprado ( ) Emprestado
25 Os partos acontecem onde?
No campo/pastagem ( )sim ( )nao
No galpéo/baia ( )sim ( )ndo
26 Ap0s o parto, quando os bezerros sdo separados da mée?
() Imediatamente (sem mamar)
() Apos a primeira mamada mas ndo mais que 24 horas ap0s o parto
() Mais que 24 horas
27 Possui piquete de paricao/pos parto? ( )sim ( )ndo
Condic0es sanitarias
28 Animais de mais de uma categoria animal se alimentam no mesmo cocho?
( )sim ( )nao
29 Animais de mais de uma categoria animal bebem agua no mesmo bebedouro?
( )sim ( )nao
30 Vocé registrou no periodo de JANEIRO DE 2010 ATE A DATA DE HOJE:

30.1 Nascimento de bezerros fracos? ( )sim ( )ndo ( )quantos

30.2 Aborto(s)? ( )sim ( )ndo ( )quantos

() Primeiro trimestre () Segundo trimestre ( )Terceiro trimestre

Agora a respeito de novilhas (12-24 meses)

30.3 Realizou tratamento para problemas respiratorios (pneumonias)?

( )sim ( )ndo ( )quantos

30.4 Realizou tratamento para diarreias? ( )sim ( )ndo ( )quantos

30.5 Realizou tratamento para problemas reprodutivos (inclui sincronizacgao)?

( )sim ( )ndo ( )quantos
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31

Agora a respeito dos bezerros (0-12 meses)

De JANEIRO DE 2010 ATE A DATA DE HOJE

Quais dos seguintes tipos de problemas que o Sr. (a) notou na propriedade
Perda de peso --- ( )sim ( )ndo

Crescimento retardado --- ( )sim ( )néo

Mortes --- ( )sim ( )ndo

Diarreias --- ( )sim ( )ndo

Problemas respiratorios --- ( )sim ( )ndo

32

Quais dos seguintes tipos de parasitas sdo observados nos animais?
Moscas domésticas --- ( )sim ( )ndo

Moscas do chifre --- ( )sim ( )ndo

Mutucas --- ( )sim ( )néo

Carrapatos --- ( )sim ( )nao

33

34

35

Quais das seguintes alternativas sdo motivos de descarte das vacas do rebanho?
Queda na producéo de leite ---( )sim ( )ndo

Idade --- ( )sim ( )néo

Mastite --- ( )sim ( )ndo

Diarreias --- ( )sim ( )néo

Problemas respiratorios --- ( )sim ( )néo

Problemas reprodutivos --- ( )sim ( )néo

Laminites ou machucados/acidentes ---( )sim ( )ndo

Manejo/instalacoes

Como o Sr.(a) mantém os dados da producéo de leite?
Mantém algum tipo de dado ( )sim ( )néo
Escritos a mao (caderno) ( )sim ( )néo

No computador ( )sim ( )ndo

Seus animais tém contato fisico* com os animais dos vizinhos?

*Contato fisico quer dizer: contato focinho-focinho ou
espirro/contato/lambidas um com o outro, incluindo através da cerca.

( )sim ( )ndo com quantos vizinhos( )
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35.1 Dividem os animais por idade em piquetes diferentes? ( )sim ( )nédo

35.2 Bezerros ficam em piquetes com presenca de arvores? ( )sim ( )nao

35.3 Ocorre queda de cercas entre 0S campos?

( )ndo ( )raramente ( )frequentemente

35.4 Qual o destino dos animais mortos?
( )Enterra

Outro qual?

Utiliza pastagem em comum com animais de outras propriedades?

( )sim ( )ndo ( ) quantas

36.1 Faz rotagéo de pastagem? ( )sim ( )néo

Qual dos seguintes animais VOCé possuli:

Obs: (marcar quais tem contato fisico* ou com o alimento, sal mineral,
bebedouro 4gua comum com o rebanho ou com os campos e instalagdes
onde os bovinos transitam) [ ]

*Contato fisico quer dizer: contato focinho-focinho ou
espirro/contato/lambidas um com o outro, incluindo através da cerca

37.1 Suinos? ( )sim ( )ndo ( )quantos| ]

37.2 Aves? ( )sim ( )ndo ( )quantos| ]

37.30vinos? ( )sim ( )ndo ( )quantos| ]

Ovinos dividem pasto com bovinos? ( )sim ( )ndo

37.4 C&o? ( )sim ( )ndo ( )quantos[ ]

37.5 Caprinos? ( )sim ( )ndo ( )quantos| ]

37.6 Gatos? ( )sim ( )ndo ( )quantos|[ ]

38

Qual é a origem da agua fornecida aos animais?

38.1 Agua encanada ( )sim ( )ndo

38.2 Poco artesiano ( )sim ( )ndo

38.3 Cursos naturais (rio,lagoa,acude, sanga) ( )sim ( )néo

39

A alimentacdo dos animais € feita a base de:

39.1 Ingredientes produzidos na propriedade? ( )sim ( )ndo

39.2 Compra da LANGUIRU? ( )sim ( )ndo

39.3 Comprada alguma outra marca? ( )sim ( )nao




82

40

Quanto a organizacao e limpeza da sala de ordenha?
( )Bom

() Médio

( ) Ruim




APENDICE B — Anadlise de residuos (marginais) do modelo completo [Full model]

SAS code:

proc phreg data=leite noprint;

model status*censor(0)= pigisoldoent® idade? leiteoutrascoop®;
output out=leite xbeta=xb resmart=Mart resdev=Deyv;

strata ProdPares;

run;

title "Full_Variance" ;
proc sgplot data=leite;
yaxis grid;

refline O /axis=y;
scatter y=Dev x=Xb;
run;

! Possuir piquete de isolamento de animal doente (dicotdmica);  Idade como critério de
eliminago do animal do rebanho (dicotdmica); Ja forneceu leite a outra cooperativa
anteriormente (dicotdmica).

Full_Variance

Deviance Residual

Linear Predictor
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APENDICE C — Anélise de residuos (desvio) do modelo completo [Full model]

SAS code:

proc phreg data=leite noprint;

model status*censor(0)= pigisoldoent® idade? leiteoutrascoop®;
output out=leite xbeta=xb resmart=Mart resdev=Deyv;

strata ProdPares;

run;

title "Full_Marginale";
proc sgplot data=leite;
yaxis grid;

refline O /axis=y;
scatter y=Mart x=Xb;
run;

! Possuir piquete de isolamento de animal doente (dicotdmica);  Idade como critério de
eliminago do animal do rebanho (dicotdmica); Ja forneceu leite a outra cooperativa
anteriormente (dicotdmica).

Full_Marginale

Martingale Residual

Linear Predictor
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APENDICE D — Anélise de residuos (marginais) do modelo de biosseguranca
[Biosecurity model]

SAS code:

proc phreg data=leite noprint;

model status*censor(0)= repassenatural® pigisoldoent® tempocoop® contatofisicovizinhos*:
output out=leite xbeta=xb resmart=Mart resdev=Dev;

strata ProdPares;

run;

title "Biosecurity Variance" ;
proc sgplot data=leite;

yaxis grid;

refline O /axis=y;

scatter y=Dev x=Xb;

run;

! Faz repasse natural (dicotdmica);  Possuir piquete de isolamento de animal doente
(dicotdmica); 3 Tempo em anos de fornecimento de leite a mesa cooperativa (continua); *
Contato fisico direto entre bovinos de propriedades vizinhas.

Biosecurity_Variance

Deviance Residual

-2 0

Linear Predictor
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APENDICE E — Analise de residuos (desvio) do modelo de biosseguranca [Biosecurity
model]

SAS code:

proc phreg data=leite noprint;

model status*censor(0)= repassenatural® pigisoldoent® tempocoop® contatofisicovizinhos*:
output out=leite xbeta=xb resmart=Mart resdev=Dev;

strata ProdPares;

run;

title "Biosecurity Marginale";
proc sgplot data=leite;

yaxis grid;

refline O /axis=y;

scatter y=Mart x=Xb;

run;

! Faz repasse natural (dicotdmica);  Possuir piquete de isolamento de animal doente
(dicotdmica); > Tempo em anos de fornecimento de leite a mesa cooperativa (continua); *
Contato fisico direto entre bovinos de propriedades vizinhas.

Biosecurity__Marginale

Martingale Residual

-2 0

Linear Predictor



