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RESUMO

O virus da influenza tipo A (VIA) é um importante agente em rebanhos suinos ao redor do
mundo. Alguns subtipos do virus podem ser transmitidos entre espécies diferentes, como
aves, homem e suinos, proporcionando o aumento de mutacGes genémicas e de novas
cepas circulantes. Os suinos sdo considerados hospedeiros de "mixagem"”, uma vez que
possuem receptores para cepas de aves, de humanos e suinos. A doenca clinica em suinos é
caracterizada por quadro respiratério agudo e brando, com duracdo de 5 a 7 dias. Em
rebanhos de reprodutores — como as Unidade Produtoras de Leitdes (UPL) — um surto
epidémico de influenza pode levar o estabelecimento de uma infeccdo endémica com
duracdo de semanas a meses, sem producdo de sinais clinicos evidentes. Protocolos de
biosseguridade vém sendo incorporados e padronizados pelas agroinddstrias, visando
prevenir a introducdo de doencgas infecciosas em rebanhos. Entretanto, existem lacunas no
conhecimento dos fatores associados a biosseguridade em rebanhos de matrizes suinas
brasileiras e sua relacdo com doengas infecciosas. Por essa razdo, um estudo transversal foi
realizado para estimar a soroprevaléncia do VIA em matrizes de UPL e explorar préaticas
de biosseguridade associadas a presenca de anticorpos contra o virus da influenza. Ao
todo, foram amostradas 404 matrizes em 21 granjas. O diagnostico sorolégico foi realizado
pelo ELISA (protocolo in house). Todas as amostras positivas pelo ELISA foram testadas
usando a inibicdo de hemaglutinacdo (IH) para diagnosticar a presenca de HIN1pdm2009,
HIN2 e H3N2 como subtipos de virus influenza. As informacdes sobre praticas de
biosseguridade foram obtidas através da aplicacdo de um questionario. A associagdo entre
o resultado do diagndstico do ELISA de cada uma das matrizes amostradas e as praticas de
biosseguridade da propriedade foi feitas através de um modelo de Regressdo de Poisson
Robusta, estimando a Razdo de Prevaléncia (RP) como medida da associagdo. A
prevaléncia estimada de anticorpos anti-VIA nas matrizes foi de 63,9% (IC 95%: 55% -
72%), sendo que todas as granjas tiveram resultados positivos. A frequéncia dos subtipos
nas matrizes usando IH foi 51,9% para HIN1, 27,8% H1N2 e 0,6% H3N2. Coinfec¢bes
entre HIN1 e HIN2 foram observadas em 19 granjas. As préaticas de biosseguridade
associadas significativamente com a presenca de anticorpos (p-valor <0,05) foram a
"presenca de tela anti-passaros” (RP = 0,75) e "local de aclimatagdo para leitoas” (RP =
0,57) como fatores protetivos e "reposicao externa de leitoas” (RP = 1,38) como associada
a uma maior prevaléncia do virus da influenza suina. Foi possivel verificar que a
soroprevaléncia do VIA nas matrizes comerciais da populacdo estudada € alta, indicando
gue os animais sdo frequentemente expostos ao patdgeno, e que algumas medidas de
biosseguridade estdo associadas com a ocorréncia da doenca, fornecendo subsidios
técnicos sobre a importancia dos protocolos de biosseguridade para a promocgéo da saide
do plantel.

Palavras-chave: Influenza suina, epidemiologia, soroprevaléncia, modelo multivariavel,
biosseguridade.



ABSTRACT

Influenza A virus (IAV) is an important infectious agent in pig herds across the globe.
Some subtypes of this virus can be transmitted between different species, such as birds,
human and pig, increasing genomic mutations and evolving of new circulating strains.
Pigs are considered "mixed vessel” for influenza A, since they have cell receptors for birds,
humans and pigs strains. The clinical disease in pigs is characterized by an acute and mild
respiratory disease, lasting from 5 to 7 days. In breeding herds such as sow farms, an
epidemic outbreak of influenza can lead to the establishment of an endemic infection
lasting weeks to months without clinical signs. Biosecurity procedures were incorporated
and standardized by the agroindustry in order to prevent both the introduction and
dissemination of infectious diseases. However, there are gaps in the knowledge about what
biosecurity factors are associated with infectious diseases in Brazilian herds. For this
reason, a cross-sectional study was carried out to estimate IAV seroprevalence in sows
and assess which biosecurity practices are associated with the prevalence of influenza
virus antibodies. Four hundred forty-four sows were sampled from 21 farms. Serological
assays were performed using an ELISA test (in-house protocol). All ELISA positive
samples were tested using the hemagglutination inhibition test (HI) to identify the presence
of HIN1pdm2009, HIN2 and H3N2 subtypes. Information of biosecurity practices was
obtained through the application of a questionnaire. Association between ELISA
diagnostic result of each sampled sow and biosecurity practices was assessed using a
robust Poisson regression and the Prevalence Ratio (PR) was used as the measure of
association. The estimated prevalence of anti-IAV antibodies in sows was 63.9% (95% CI:
55% - 72%), and all farms had at least one seropositive sow s. The frequency of subtypes
using HI was 51.9% for HIN1, 27.8% for HIN2 and 0.6% for H3N2. Co-infections with
HIN1 and H1IN2 were observed in 19 farms. Biosecurity practices such as "presence of
bird-proof" (PR = 0.75), and "presence of an acclimatization unit" (PR = 0.57), protective
ones, and "external replacement of gilts" (PR = 1.38), which was positively associated
with the IAV prevalence, were statistically significant in the final model (p-value <0.05). It
was possible to verify that 1AV seroprevalence is high and some biosecurity procedures
were associated with the serologic status, offering technical subsidies about the
importance of the biosecurity for the herd heath.

Key-words: Swine influenza, epidemiology, seroprevalence, multivariable model,
biosecurity.
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1 INTRODUCAO

O virus da influenza A em suinos é uma das trés principais doencas que afetam
estes animais em todas as fases da producdo (VINCENT et al.,, 2008). Devido a
transmissao interespécies e a alta capacidade de mutacdo do virus da influenza, alinhadas a
constante introducdo de suinos susceptiveis em um rebanho como consequéncia da
intensificacdo no processo de produgdo da suinocultura, sua prevencao e o controle sdo um
grande desafio para os suinocultores.

O primeiro reconhecimento dos sinais clinicos em suinos como doenca
respiratéria causada pelo virus da influenza A (VIA) foi no centro-oeste dos Estados
Unidos em 1918, embora o isolamento viral ocorreu somente no ano de 1930, o qual é
denominado de HIN1 (do Inglés, classical HIN1) (SHOPE, 1931).

Considerando a alta capacidade de transmissdo entre espécies diferentes e a
ocorréncia de compartilhamentos de material genético entre suinos, aves e humanos, é
eminente o surgimento de subtipos e cepas circulantes entre os rebanhos suinos. No final
de 1990, um virus H3N2 contendo segmentos génicos de origem suina, aviaria e humana,
emergiu nos rebanhos suinos dos Estados Unidos e modificou a epidemiologia do VIA
(DAWOOD et al., 2009). O estabelecimento de novos subtipos e novas variantes genéticas
em suinos dificulta a confec¢do de vacinas eficazes empregadas no controle da influenza
nos rebanhos (VAN REETH & MA, 2013).

O controle da influenza pela vacinacdo é uma pratica comum utilizada nos
rebanhos suinos norte-americanos (BEAUDOIN et al., 2012). O impacto do uso de vacinas
nos rebanhos pode variar desde o controle dos sinais clinicos, como o quadro respiratério
associados a doenca, porém, ndo impede completamente a transmisséo e a ocorréncia de
novas infeccbes (TORREMORELL et al., 2012). Mesmo que a vacinacdo seja apontada
como principal forma de controle do VIA nos rebanhos , a melhor compreensdo sobre as
rotas de transmissdo e fatores associados a infeccdo sdo necessarias e podem contribuir
com a prevencdo e o controle da influenza. Alternativamente & vacinacdo, medidas de
biosseguridade sdo incorporadas pelas agroindustrias como barreiras sanitarias contra as
doencas infecciosas.

Medidas de biosseguridade s&o definidas como agGes e conjunto de procedimentos
padronizados que visam impedir a entrada e disseminacdo de patdgenos nos rebanhos



14

suinos (AMASS & CLARK, 1999). A importancia e a presenca de praticas especificas de
biosseguridade diferem de acordo com a densidade populacional e o tipo de producgéo
(BEAUDOIN et al., 2012).

A suinocultura possui um importante papel na economia do Brasil. Atualmente, o
pais ocupa o quarto lugar no ranking de producdo e exportacdo de carne suina, com
aproximadamente 36 milhdes de animais abatidos anualmente. Em 2016, foram exportadas
555 mil toneladas (ABPA, 2017). O estado do Rio Grande do Sul (RS) detém
aproximadamente 21% da producdo nacional e 33% do volume exportado, atrds somente
do estado de Santa Catarina (ABPA, 2017).

Os agentes patogénicos sdo a principal causa de instabilidade na producédo
agropecuaria, uma vez que ocasionam grandes perdas econdmicas em consequéncia das
quedas de produtividade e embargos comerciais decorrentes da perda de status sanitario da
populagdo. A influenza suina é um agente muito estudado nos principais paises
exportadores e importadores de carne suina. No entanto, no Brasil, existem poucos dados
publicados sobre o VIA nos suinos antes de 2009. Com a ocorréncia da pandemia em 2009
(HIN1pdm2009), diversos surtos de doenga respiratoria aguda foram relatados nas
principais regides produtoras de suinos (regido sul, sudeste e centro-oeste). Contudo, ainda
ndo é possivel determinar a magnitude da ocorréncia da influenza nas principais regides
produtoras de suinos e nem comparar 0s resultados, visto que os estudos diferem na
categoria animal estudada. Desta maneira, € importante realizar estudos para determinacdo
da situacdo epidemioldgica da influenza suina nos rebanhos suinos do Brasil.

Os objetivos desse estudo sdo 1) estimar a soroprevaléncia do virus da influenza
em matrizes suinas de Unidades Produtoras de Leitbes e 2) identificar praticas de

biosseguridade associadas a sua ocorréncia.
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2 REVISAO BIBLIOGRAFICA

2.1 Influenza Suina

2.1.1 Virus Influenza

Os virus da influenza séo classificados em quatro tipos — A, B, C e D. Os virus
tipo B, C e D estdo associados a infec¢Bes ocasionais e brandas em humanos, enquanto o
virus da influenza A (VIA) é identificado em diversas espécies de aves e mamiferos.

Os VIA sdo envelopados e pertencem a familia Orthomyxoviridae, do género
Influenzavirus A. O genoma viral é composto por uma fita-simples de RNA e seus
segmentos sdo interligados e protegidos por uma proteina denominada nucleoproteina (NP)
(BROWN, 2000). Ainda, séo classificados em subtipos de acordo com outras duas
proteinas de superficie, a hemaglutinina (HA) e a neuraminidase (NA). Essas proteinas sdo
caracterizadas por numeros, por exemplo, um virus possui uma HA tipo 1 e uma NA tipo
2, portanto, denomina-se HIN2. Existem pelo menos 16 tipos de HA e 9 tipos de NA que
foram isolados a partir de hospedeiros naturais, como as aves aquéticas silvestres,
entretanto, recentemente, novos subtipos foram identificados em morcegos, o0 que sugere
que novos hospedeiros naturais podem existir (FOUCHIER et al., 2005; YOON et al,
2014).

Os subtipos podem possuir diferentes hospedeiros especificos devido a afinidade
da HA a receptores da célula hospedeira (NEUMANN & KAWAOKA, 2006). Os suinos
possuem receptores de cepas aviarias, humanas e suinas (KIDA et al., 1994), portanto, séo
susceptiveis a infeccdo por subtipos dessas espéecies. Adicionalmente, o suino é
considerado um hospedeiro de “mixagem” para a formagdo de novas linhagens dos VIA. O
virus consegue modificar segmentos do seu genoma por um processo denominado
rearranjo (do Inglés, “reassortment”) (NELSON & VINCENT, 2015). O rearranjo € um
processo de recombinacdo genética em que dois virus infectam a mesma célula e trocam
segmentos de RNA e, assim, formam novos virus geneticamente distintos dos originais
(NELSON & VINCENT, 2015). Esse mecanismo permite que 0s virus escapem das
estratégias de controle existentes e levem a complexa epidemiologia dos virus da gripe.
Esse processo originou 0 HIN1 pandémico de 2009 (H1N1pdmO09), causado por um

rearranjo triplo, entre segmentos de influenza da América do Norte, Asia e Europa.
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2.1.2 Virus da influenza nos suinos

Os sinais clinicos da infeccdo pelo VIA nos suinos sdo caracteristicos de doenca
respiratdria aguda, como febre, tosse, espirros, dispneia e reducdo no consumo alimentar.
A infeccdo € branda, com média de 5 a 7 dias de duracdo (BROWN, 2000).
Adicionalmente, a severidade da doenca esta associada a multiplos fatores, como infec¢bes
concomitantes, imunidade e idade do suino, além das condi¢des de manejo (BROWN,
2000). A mortalidade é tipicamente baixa, menos que 1%, no entanto, a morbidade €
elevada, podendo atingir até 100% do rebanho (VAN REETH et al., 2012). A transmissdo
ocorre principalmente pelo contato direto entre os animais, fémites contaminados e pela
via aérea (TORREMORELL et al., 2012). O contato direto € a via mais eficaz de
transmisséo. No entanto, estudos demonstram que a transmisséo pelo ar e fémites contribui
para a propagacdo e manutencdo dos VIA nos rebanhos suinos (ALLERSON et al., 2013).

Nos suinos, a doenca é causada pelos subtipos HIN1, HIN2 e H3N2 (VINCENT
et al., 2009) atualmente. Os subtipos que circulam nos suinos em cada continente sao 0s
mesmos. Entretanto, os VIAs sdo geneticamente diferentes entre paises da América do
Norte e Europa, juntamente com Asia, devido a distintas formas de introducdo e
manutencdo de linhagens aviarias, humanas e suinas (BROWN, 2000). Contudo, em
virtude da capacidade de mutacdes e rearranjos genéticos, existem diferentes linhagens de

virus dentro de cada subtipo.

2.1.3 Distribuicdo dos subtipos da influenza na América do Norte, Europa e Brasil

Na América do Norte, o HIN1 classico foi o principal agente da influenza suina
por 70 anos, até a introducdo do H3N2 em 1998 (DAWOOD et al., 2009). O H3N2 é uma
recombinacdo tripla, contétm HAs e NAs derivadas do virus da gripe humana, alguns
segmentos de proteinas do virus da gripe aviaria e proteinas internas do HIN1 classico
(KARASIN et al., 2000). Essa combinacdo particular de genes é conhecida como “gene
interno de rearranjo triplo” (do Inglés, “triple reassortant internal gene cassete”) (TRIG).
Em consequéncia desse aumento das recombinacfes genéticas dos VIA isolados, foram
formados diferentes “clusters” ou agrupamentos genéticos e antigénicos dentre os subtipos
de H3N2 (VINCENT et al., 2008). As linhagens dos virus H3N2 surgem a partir de pelo

menos trés introducdes independentes de H3 humano nos suinos e sdo divididas em 1, II,
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Il e IV (VINCENT et al., 2008). Rearranjos de HA da linhagem do H1N1 classico com
segmentos de VIA humana resultaram em outros quatro clusters filogenéticos diferentes:
alfa (a), beta (), gama (y) e delta (3). (VINCENT et al., 2008). Nos quatro clusters
podem ser encontrados NA dos subtipos N1 e N2. O cluster o corresponde a linhagens do
HINI classico. O B corresponde aos HINI recombinantes (“reassortant” H1NZ1-like),
como o HIN1pdmO09. O y corresponde ao HIN2 (HIN2-like). Ja o cluster 6 possui HI
derivado do virus humano e também séo pareados com N1 e N2 humanos. O cluster 6
possui uma subclassificagdo em 061 e 062, que corresponde a0 HINZ2 e HINI,
respectivamente (VINCENT et. al, 2009). Nos Estados Unidos e Canada, os clusters
recombinantes H1 e 0 H3N2 sdo endémicos e, independente do subtipo, uma grande parte
desses virus contém o TRIG.

No Continente Europeu estdo presentes os trés subtipos de influenza suina. O
H1N1 cléassico circulou durante muito tempo na Europa e Asia, mas ele foi substituido
completamente por uma nova linhagem, o H1IN1 aviario (avian-like), que entrou nos
rebanhos suinos em 1979 (VICENT et al., 2013). Na mesma época, emergiu o virus H3N2
humano (human-like), originado da pandemia humana em Hong Kong, que,
posteriormente, se recombinou com H1N1 aviario (CASTRUCCI et al., 1993). Ainda, um
virus HIN2 recombinante de humano surgiu nos suinos da Gra-Bretanha em 1994
(BROWN et al., 2000). Essas trés linhagens de virus sdo semelhantes em relacdo a
proteinas internas, mas se diferenciam na HAs. Um estudo de vigilancia relatou a
circulagdo do HIN1 aviario, H3N2 e H1IN2 recombinantes de humanos em suinos de
terminacdo nos anos de 2006 a 2008 (KYRIAKIS et al. 2011). Todos os trés subtipos
foram detectados na Bélgica, Itdlia e Espanha. Ja no Reino Unido e na Franga, somente
foram encontrados o HIN1 aviario e HIN2 recombinante. Diferente da América do Norte,
a diversidade da influenza ndo era tdo acentuada na Europa. No entanto, estudos
demonstraram que esse quadro mudou em consequéncia da introdu¢do do HIN1pdmO09 e
de novos rearranjos. Segundo Simon et al. (2014), aproximadamente 14% dos virus
analisados durante uma vigilancia passiva entre os anos de 2010 a 2013 eram rearranjos
entre HIN1pdmO09 e as outras linhagens de influenza suina. O estudo de 2006 a 2008
constatou que apenas 3% dos virus eram recombinados (KYRIAKIS et al., 2011).

No Brasil, dados sobre a situacdo do VIA nos suinos sdo escassos antes da
pandemia de 2009. Em 2009, foi detectado o primeiro surto de influenza altamente

transmissivel em um rebanho suino no estado de Santa Catarina. A EMBRAPA Suinos e
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Aves (CNPSA) identificou 0 HIN1pdm09 como causa desse surto por meio do isolamento
viral em pulmdes de leitbes (SCHAEFER e. al., 2011). A partir desse momento, uma série
de monitoramentos passivos para a detec¢cdo de VIA nos suinos foi conduzida. Durante um
monitoramento em 2010 e 2011, o HIN2 foi detectado em leitbes de creche com
problemas respiratorios (SCHAEFER et al., 2014). A partir do sequenciamento do HIN2,
foi constatado a presenca de genes humanos (H1 e N2) do cluster 61 norte-americano e
genes internos do HIN1pdm09. Em 2011, um estudo realizado em 48 granjas demonstrou
que os subtipos HIN1pdm09, HIN2 e H3N2 estdo disseminados em sete Estados
brasileiros (Rio Grande do Sul, Santa Catarina, Parana, Minas Gerais, Mato Grosso e Mato
Grosso do Sul) (CIACCI-ZANELLA et al., 2015).

2.1.4 Din&mica populacional e indicadores de risco para Influenza suina

A influenza nos suinos é reconhecida pela sua complexidade e onipresenca em
uma populacdo. No individuo, a infeccdo do VIA é curta, com 5 a 7 dias de duracdo,
contudo, em nivel de rebanho, a infeccdo pode permanecer de semana a meses
(ROMAGOSA et al., 2011).

Atualmente, a ocorréncia do VIA é considerada endémica nos rebanhos suinos de
todo o mundo (RICHT & WEBBY, 2013). Estimativas em rebanhos suinos indicam que 0s
anticorpos contra o virus influenza A sdo comuns, com prevaléncia de 83% em rebanhos
de matrizes suinas em Ontério, Canad4, e 90% em rebanhos na Bélgica, Alemanha e
Espanha (POLJAK et al., 2008; VAN REETH et al., 2008).

A ocorréncia endémica da influenza pode ser atribuida a alguns aspectos
provocados pelo modelo de producdo intensiva. Aspectos como proximidade entre granjas,
taxas elevadas de reposicdo de reprodutores, alta densidade e numero de animais no
rebanho sdo considerados os mais comuns indicadores de risco da infec¢do pelo VIA em
nivel de rebanho (TORREMOREL et al., 2012; POLJAK et al., 2008). Caracteristicas
fisicas dos estabelecimentos, por exemplo, divisorias abertas entre as baias que permitem o
contato focinho-focinho entre suinos de diferentes lotes e 0 acesso ndo controlado que
permite a entrada de pessoas externas, tambem foram associadas com a infeccdo do
rebanho (SIMON-GRIFE et al., 2011).

Os rebanhos reprodutores de suinos sdo uma populacdo muito dindmica, pois

existe uma variacdo de idade, nivel de imunidade, reposicdo de plantel, movimentacéo
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dentro da fazenda e exposicdo prévia a certos patdgenos. A manutencdo do VIA no
rebanho é atribuida a essa continua introducdo suinos susceptiveis, como as os leitdes e
leitoas de reposicdo (BROWN, 2000). Essa premissa pode ser reforcada por um estudo
realizado na Dinamarca, onde ocorreu o isolamento do virus em leitdes filhos de matrizes
negativas para o isolamento (LARSEN et al., 2010). Ainda, a estrutura de criacdo também
é fator significativo para a dindmica de infeccdo do VIA. A incidéncia da influenza foi
maior nos suinos de creche pertencentes a rebanhos de ciclo completo do que nos sistemas
maltiplos sitios (LOEFFEN et al., 2009). J& na andlise realizadas nos rebanhos de
maltiplos sitios, a incidéncia de VIA foi maior no final da terminacdo (LOEFFEN et al.,
2009). Com isso, as estratégias de controle e prevencdo devem ser elaboradas levando em

consideracdo a influéncia dessa dindmica populacional.

2.1.5 Controle e prevencéo

O controle e prevencdo da influenza suina nos rebanhos ocorrem principalmente
por meio da vacinacdo e praticas de biosseguridade. Vacinas comerciais contra os trés
subtipos (HIN1, HIN2, H3N2) sdo amplamente utilizadas na América do Norte e Europa.
Entretanto, no Brasil, as vacinas ndo demonstraram boa efetividade (REFERENCIA
REJANE). Nos Estados Unidos, estima-se que 80% das matrizes comerciais sdo vacinadas
(BEAUDOIN et al. 2012). Vacinas autdgenas, em que 0s subtipos virais incluidos sdo de
acordo com o histérico do rebanho e da regido geografica, também sdo utilizadas nos
Estados Unidos. Um problema apontado pelo uso das vacinas € que os virus em circulacédo
ndo sdo constantes devido a ocorréncia dos rearranjos e mutagcdes. Com isso, é recorrente a
preocupacdo em relacdo a evolugdo dos virus ser mais rapida do que o desenvolvimento de
uma vacina, 0 que acarreta na necessidade de elaborar vacinas ou outras tecnologias de
imunizacdo que forneca ampla protecdo cruzada contra os maltiplos subtipos circulantes
(VICENT et. al., 2008).

As medidas de biosseguridade externa e interna tém como objetivo reduzir o risco
de entrada e de propagacdo do agente infeccioso dentro da populagéo, respectivamente
(AMASS & CLARK, 1999). Em relacdo ao VIA, a relevancia de cada medida pode diferir
em relacédo ao tipo de exploragéo, por exemplo, rebanhos de reprodutores séo considerados
de maior biosseguridade do que rebanhos de suinos comerciais. Praticas de manejo, tais

quais como 0 vazio sanitario entre lotes de animais, isolamento e quarentena de animais de
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reposicéo, isolamento de animais doentes, rotinas de higiene e sanitizacdo, controle da
qualidade do ar, sdo exemplos de medidas de biosseguridade que ajudam a prevenir a
entrada e disseminacdo dos VIA (TORREMORELL et. al., 2012; CFIA, 2016).

2.1.6 Influenza suina e fatores de ocorréncia

Fatores associados para infeccdo pelo VIA em nivel de rebanho sdo estudados
mundialmente. No Canada, tamanho do rebanho, a densidade de suinos, o tipo de fazenda e
o status de infeccdo do rebanho de origem foram fatores associados com soroprevaléncia
do VIA (POLJAK et. al., 2008). A densidade de suinos também foi um fator de risco
significativo para a infeccdo do VIA em rebanhos na Bélgica (Maes et al., 1999). A
soropositividade de manada na Malésia estava associada ao tamanho da propriedade, a
importacdo de porcos, a proximidade da fazenda a outras fazendas de suinos e a presenca
de animais domesticos de mamiferos na fazenda (Suriya et al., 2008). Trés fatores de risco
para a soropositividade do virus influenza foram identificados na Espanha, incluindo taxa
de reposicgéo, partiches abertas entre currais e entrada descontrolada em fazendas (Simon-
Grife et al., 2011). Mais recentemente, um estudo de vigilancia viroldgica ativa nos
Estados Unidos identificou a estacdo do ano como um preditor da positividade do virus
influenza em nivel de grupo e observou um alto nivel de infec¢bes subclinicas pelo virus
da influenza (Corzo et al., 2013).

2.1.7 Influenza suina e satde publica

A transmissdo dos VIA entre suino e homem vem sendo documentada no mundo
todo. Segundo o Centro de Controle de Doencas (CDC — “Center for Disease Control and
Prevention™), existem 19 casos humanos reportados com influenza de origem suina nos
Estados Unidos durante o ano de 2005 a 2010 (CDC, 2010). Tanto os sintomas causados
por influenza suina, quanto por humana, séo clinicamente indistinguiveis nos humanos
(MYERS et al., 2007). A maioria desses casos € associada a interface homem-suino, o que
ocorre nas criagdes de suinos, abatedouros, feiras agricolas e mercados de animais (CHOI
et al., 2014). A ocorréncia dessa via zoonética € uma iminente ameaca a salude publica,
especialmente quando a imunidade da populacdo humana adquirida da vacinagdo ou da
infeccdo natural pelo virus sazonal humano carece de protecao cruzada com 0s virus suinos
(VINCENT et al.,, 2014). O virus HIN1pdm09 substituiu 0 HIN1 humano sazonal
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anteriormente em circulacdo, sendo agora o Unico virus HIN1 que circula na populagdo
humana. Portanto, tornou-se o componente HIN1 na vacina contra a gripe humana sazonal
trivalente desde 2010.

Contudo, a via zoondtica reversa, no caso, a transmissdo do VIA humano para o0s
suinos é motivo de maior preocupacdo dos produtores de suinos atualmente (BEAUDOIN
et al. 2012), em virtude do risco de recombinagdes dos virus humanos nos suinos e sua
possivel disseminacdo a populacdo humana novamente. O maior exemplo de zoonose
reversa € o isolamento do virus pandémico HIN1 de 2009 em suinos doentes no Canada
(HOWDEN et al., 2009). Logo, € de extrema importancia o0 monitoramento das linhagens
do VIA que estdo circulando nos suinos, com a finalidade de prevenir futuras epidemias na

populacdo humana.

2.1.7 Influenza suina no Brasil

No Brasil estudos soroepidemioldgicos para determinar a situacao epidemioldgica
da influenza em suinos ainda sdo escassos. A Tabela 1 apresenta uma compilacdo dos
resultados de monitoramentos publicados no Brasil. Os estudos demonstram a presenca de

anticorpos contra os principais subtipos nos rebanhos.
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Tabela 1. Resultados soroldgicos de subtipos de influenza A suina encontrados em estudos

observacionais conduzidos no Brasil.

. I Soroprevaléncia  Categoria suina Ano do -
*
Subtipo  Soroprevaléncia animal rebanho* estudada estudo Estado Referéncia
Leitoas e 2009 (antes
44,5% 64,7% matrizes da pandemia MG Rajdo et al. (2012)
de 2009)
(158/355) (12/17)
Leitdes de MG, MS Ciacci-Zanella et
0 O 1 1
2% 6,25% Terminacdo 2011 MT, al. (2015)
H1N1
(3/144) (3/48) PR, RS, SC,
SP
Leitoas e 2009 (antes
38% 58,8% matrizes da pandemia MG Rajdo et al. (2012)
de 2009)
(136/355) (10/17)
H1N1pdmO09 26% 96% Diferentes 2012 MG Dias et al. (2015)
categorias
(780/3000) (28/30)
LeitBes de MG, MS Ciacci-Zanella et
0 0 1 1
10% 23% Terminacdo 2011 MT, al. (2015)
(14/144) (11/48) PR, SC
Leitoas e 2009 (antes
10% 23,5% matrizes da pandemia MG Rajdo et al. (2012)
de 2009)
(36/355) (4/17)
H3N2 1,5% 13% Diferentes 2012 MG Dias et al. (2015)
categorias
(45/3000) (4/30)
Leitdes de MG, MS Ciacci-Zanella et
0 o 1 b
% 19% Terminagao 2011 MT, al. (2015)
(11/144) (9/48) PR.RS 5G
Leitdes de MG, MS Ciacci-Zanella et
O 0 1 b
HINZ 10% 14% Terminagéo 2011 MT, al. (2015)
(14/144) (10/48) PR, RS, SC,

SP
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Varias Néao PR
46% 20% categorias especificado Caron et al. (2010)
(222/482) (15/74)
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3 ARTIGO - Biosecurity practices associated with influenza A virus

seroprevalence in sows from southern Brazilian breeding herds

Artigo a ser submetido para a revista cientifica Preventive Veterinary Medicine. A formatacdo do artigo
segue as normas da revista em que ele sera submetido. Esse estudo estimou a prevaléncia de anticorpos
contra o virus da influenza tipo A em matrizes suinas e utilizou um modelo multivaridvel com objetivo de
acessar praticas de biosseguridade empregadas por Unidades Produtoras de Leitfes e sua relagdo com a

presenca de anticorpos contra o virus da influenza.
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Abstract

Influenza A virus (IAV) infection is a recognized cause of acute respiratory disease in pigs
that can culminate in the decline of performance due to increasing feed conversion and
costs of antimicrobial drugs to control secondary infections. Biosecurity practices are the
key to prevent transmission of highly contagious agents with complex epidemiologies. The
aim of this study was to investigate the effect of applying biosecurity practices on IAV
seroprevalence in breeding herds. Through a cross-sectional study carried out in 404 sows
from 21 herds, an indirect ELISA that detects antibodies against a nucleoprotein of 1AV
was used to assess prevalence in sows. To evaluate IAV subtypes (HIN1pdm09, HIN2 and
H3N2), all samples positive by ELISA were tested using the hemagglutination inhibition
assay (HI). A multivariable model using the prevalence ratio (PR) as the measure of
association between 1AV seroprevalence and biosecurity practices was estimated by
Robust Poisson Regression. The estimated influenza seroprevalence was 63.9% (95% CI:
55% - 72%) at the sow-level, and all farms were seropositive. The frequency of 1AV
subtypes found in sows was 51.9% for HIN1pdmQ9, 27.8% for HLN2 and 0.6% for H3NZ2,
and 19 herds presented coinfection of HIN1 and H1N2. Two biosecurity practices had the
positive effect of decreasing (p<0.05) IAV seroprevalence: presence of a bird-proof net
(PR=0.75; Cl 95%: 0.65 — 0.86) and presence of a gilt acclimatization unit (PR= 0.57; ClI
95%: 0.50 — 0.66). In contrast, external replacement of gilts (PR= 1.38; Cl 95%: 1.17 —
1.64) contributed to increased IAV seroprevalence. This study suggests that preventing
contact among wild species and swine and using an adaptation area for animals before

entry into the herd can be strategies to control the influenza virus in breeding herds.

Keywords: Influenza, sow, biosecurity, epidemiology, multivariable analysis.
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1. Introduction

Controlling and reducing the transmission of pathogens and preventing diseases
are goals routinely set in the modern swine industry, as well as the maintenance of
productivity parameters. Biosecurity encompasses sets of practices which are standardized
to reduce the risk of pathogen introduction into farms and prevent the spread of endemic
agents within or even among production sites (Amass and Clark 1999; Lambert et al.,
2012). Overall, the expected consequences of applying biosecurity practices may be greater
profits, better animal welfare and efficient responses to medicines and vaccines (Brennan
and Christley, 2012). Outbreaks of emerging diseases such as porcine reproductive and
respiratory syndrome (PRRS) (Dee et al., 2002) and porcine epidemic diarrhea (PED)
(Scott et al., 2016) exemplify the consequences due to deficient implementation of
biosecurity practices. The application of biosecurity practices yielded positive impacts with
respect to decreasing antibiotic usage in the swine chain in Europe (Laanen et al., 2013).

Influenza A virus (IAV) infection is a recognized cause of acute respiratory
disease in pigs that can culminate in the decline of performance due to increasing feed
conversion and costs of antimicrobial drugs to control secondary infections (Alvarez et al.,
2015). Considered a short-cycle pathogen (Van Reeth et al., 2012), influenza virus has a
short incubation period (1 to 3 days) and spreads rapidly in a swine population. Direct
contact among infected and susceptible pigs is the primary transmission route of influenza
virus (Van Reeth et al., 2012). However, indirect routes, such as fomites and aerosols, have
an important role in influenza virus spreading into swine herds (Allerson et al., 2013; Van
Reeth et al.,, 2012). Herd immunity in highly dense populations may vary due to
differences in pig age, origin of replacement animals, previous virus exposure or vaccine
application, and, especially, due to the intensive replacement rate, which contributes to a

constant introduction of susceptible pigs into the herd (Torremorell et al.,, 2012).
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Additionally, the role of virus transmission from sows to piglets and endemic occurrence
of influenza in breeding herds has been discussed extensively (Cador et al., 2016). As a
result, IAV infection dynamics in swine production sites are complex and an established
endemic condition in a herd may arise from previously outbreaks.

The segmented genome of influenza viruses allows for reassortment among gene
segments from two different 1AVs during mixed infections, along with a complex
multihost ecology that contributes to 1AV diversity and emergence of novel viruses
(Nelson and Vincent, 2015). Since the emergence of pandemic HIN1 (H1IN1pdmQ9) virus
in 2009, multiple incursions from humans into swine have been reported worldwide and
have led to substantial 1AV genetic and antigenic diversity in swine populations (Nelson et
al., 2012; Lewis et al., 2016). Thereafter, control of IAV in swine herds and development
of a cross-protective IAV vaccine is an important challenge (Dawood et al., 2009; Lewis et
al., 2016; Van Reeth and Ma, 2013; Smith et al., 2009). Currently, HIN1, HIN2 and H3N2
subtypes are endemic to swine populations worldwide (Torremorell et al., 2012).

In Brazil, reassortment events with HIN1pdm09 and human origin HIN2 and
H3N2 viruses were found to be circulating undetected in swine (Nelson et al 2015).
Recently, a human variant (HLN2v) infection was reported causing influenza illness in
humans, and it was found that this variant was genetically similar to HLIN2 viruses that
circulate in pigs in Brazil, suggesting a swine to human transmission (Resende et al.,
2017). This case highlights the importance of surveillance in the swine population, since
the risks these IAV may pose to public health is not well understood.

As the fourth largest swine producer and exporter in the world, Brazil produces
approximately 2 million sows and exports more than 730 thousand tons of pork (ABPA,
2017). The main production method used by the Brazilian swine industry is multisite

production, where multiple farms are coordinated and each one is responsible for one stage
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of the production phase. The production sites are generally divided into nucleus sites,
breeding herds, nursery sites, and finishing sites. Previous studies reported that 1AV
seroprevalence varies throughout different production sites. In 2011, a study conducted in
seven Brazilian states detected anti-IAV antibodies in 78.1% of pigs from 48 finishing
herds (Ciacci-Zanella et al., 2015). In contrast, lower IAV seropositivity (26% and 24%)
was found in farrow-to-finish herds in the southeastern Brazilian states of Minas Gerais
and Séo Paulo, respectively (Almeida et al., 2017; Dias et al., 2015).

Biosecurity practices and vaccination are well-known strategies applied by
producers to minimize the incidence of influenza in herds (Torremorell et al., 2012).
Contrary to the other major swine producers, such as the United States and Canada, where
vaccination is used to reduce clinical signs and virus transmission (Van Reeth and Ma,
2013), standardized protocols of influenza vaccination have not been described in Brazil.
Therefore, biosecurity practices may contribute to the current control and prevention of
IAV infections in Brazilian swine herds. The objective of this study was to evaluate the

effect of biosecurity practices on 1AV seroprevalence in sows from breeding farms.

2. Material and Methods

2.1 Study area and population

A cross-sectional study was conducted on pig herds located in swine farms from
the state of Rio Grande do Sul (RS), southern Brazil. RS is the second largest swine
producer in the country, responsible for 33% of Brazilian pork exports and contains
approximately 340,000 sows distributed across 640 commercial breeding herds (ABPA,

2017).
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2.2 Sampling design

The target population was composed of 40 herds and 35,000 sows from
commercial breeding herds operated by a single company. A stratified two-level cluster
sampling design was used,; first, farms were stratified using the number of sows per farm in
three categories: 1) 10 farms with 220 to 415 sows, ‘small size’; 2) 17 farms with 416 to
1,200 sows, ‘medium size’ and 3) 13 farms with more than 1,200 sows, ‘large size’. A list
containing these farms was obtained from the database of the participating agroindustry
firm.

In the first level of sampling 21 farms (~50%), i.e., clusters, were sampled. The
number of clusters collected in each stratum corresponded to 50% of the total number of
farms in each stratum. The farms were drawn independently within each stratum using
probabilities (P1) that were determined by the number of sows in the farm divided by the
total number of sows of each stratum. In the second level of sampling, 403 sows were
sampled. The number of sows was determined assuming an expected prevalence for IAV
in sows of 50% (i.e., maximizing the animal sample size), a confidence level of 95%, and
an absolute precision of 5% (WINPEPI for Windows). The number of sows sampled in
each stratum took into account the percentage frequency distribution of sows in each
stratum of the target population. The probability of a sow (P2) being sampled in each farm
was determined by the number of the sows sampled in each farm divided by the total
number of sows in each stratum. The target population data and a summary of the sampling
design are shown in Table 1.

2.3 Biosecurity practices survey

All information was collected using a structured questionnaire and a checklist
developed for this study. Farm managers were interviewed only by the first author in all

farms. The questionnaire was previously validated in 3 different herds, where some
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questions were excluded, included or modified. Completed questionnaires and checklists
are available upon request. The questions were grouped into two parts (details in Table 2):
1) ‘General data about the farm’, and 2) ‘Biosecurity practices related to farm management
and facilities’ comprising risk factors for swine influenza found in the literature and the

most common biosecurity practices applied by Brazilian producers (Silva et al. 2018).

2.4 Sample collection and test diagnostic

Blood samples were collected from sows through jugular puncture using
disposable syringes and needles. The study was carried in compliance with the Committee
on Animal Research and Ethics of the Universidade Federal do Rio Grande do Sul
(UFRGS) (#31958). Samples were transported to the laboratory within 24 to 48 hours, and
sera were then separated by centrifugation and properly stored. Sow serum samples were
screened using an indirect enzyme-linked immunosorbent assay (ELISA) protocol based
on a recombinant nucleoprotein (rNP-ELISA). According to Souza et al. (2018), the
estimated test sensitivity (SE) and specificity (SP) are 84.5% (95% CI: 76.4%-91.2%) and
92.8% (95% CI: 83.1% - 99.4%), respectively. All rNP-ELISA positive samples were
submitted to hemagglutination inhibition (HI) assay to assess the 1AV subtype. For the HI
test, three 1AVs isolated from field cases of influenza in pigs in Brazil were used as
antigens:  A/swine/Brazil/31-11-1/2011  (H1N2)  (Schaefer et al., 2015),
A/swine/Brazil/12A/2010 (HIN1pdmQ9) (Schaefer et al., 2011) and H3N2/2015 (H3N2)
(Nelson et al., 2015). The HI assay was conducted as previously described (Kitikoon et al.,

2014).

2.5 Data analysis

Given the sampling design, survey weights were incorporated in all analysis using

the survey package of R software 3.4 version (Dohoo, 2008; Lumley, 2004). 1AV
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seroprevalence and its confidence interval were estimated using the logit method. As a first
step, a descriptive analysis focused on understanding the relationships between 1AV
seroprevalence and biosecurity practices was carried out. Variables with less than 10% of

variability were immediately excluded.

The multivariable analysis was used to assess the effects of biosecurity practices
on IAV seroprevalence status. The crude prevalence ratio (PR) was estimated to measure
the impact of each factor on the binary outcome of ELISA (positive or negative) of each
sow (subject). Robust Poisson Regression through generalized linear models incorporating
sampling weights was done using the survey package of R version 3.4. Univariable
analyses were conducted, and multicollinearity was evaluated by variance inflation factor
(VIF) among the factors using a linear regression model. Biosecurity practices and
management practices can be measured indirectly by a substantial number of different
variables, some of which can be strongly correlated. To avoid multicollinearity and
highlight variables that best illustrate their association with influenza, we included only
variables with low VIF (VIF<2). For variables showing moderate VIF (>2), the more

plausible biosecurity practice related to IAV was selected for the multivariable model.

Selection of the wvariables for the multivariable model was performed
independently of the p value found in univariable analysis. Model building was made by a
backward process, and statistically significant variables (p<0.05) were retained in the final
model. The variables ‘number of sows’ and ‘parity order’ were maintained as adjustments
for herd size and age of the sow, respectively. Due to a lack in linear relationship between
the outcome and some exploratory variables as presumed by generalized linear models
(Lumley, 2010), the variable ‘parity order’ was categorized into ‘parity order above 3° =1,
otherwise =0, and ‘all-in all-out in maternity days (AIAO)’ was categorized in ‘AIAO

below 4 days’=1, otherwise=0. The variable ‘number of sows’ was represented by the same
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classification used in the sampling procedure (‘small’, ‘medium’ and ‘large’ strata). In
addition, the effects of other potentially confounding variables were evaluated during the
model building process through the observation of variations in the estimates of significant

variables (20% or higher).

3. Results

3.1 1AV Seroprevalence

IAV seroprevalence estimated from the 404 sows sampled was 63.9% (CI 95%:
54% - 73%), with a design effect of 3.6. All farms were positive in the INP-ELISA (at least
one positive animal) and within-herd, the seroprevalence ranged from 27% to 100%. At the
time of sampling, it was reported that sows were not vaccinated against 1AV and did not
present any respiratory clinical signs.

Ninety percent (233/261) of seropositive sows were also positive in the HI assay.
Overall, HIN1pdm09 was the most frequent IAV subtype (51.5%; 120/233) found in sow
sera. The HI test detected antibodies against both HIN1pdm09 and H1IN2 in 39.1%
(91/233) of sera samples. The HIN2 subtype was detected in 8.6% (20/233) of sera, and HI
codetection of H3N2 and H1IN1pdm09 were found in 0.9% (2/233) of sera. Regarding
virus subtypes at the herd-level, cocirculation of HIN1pdm09 and H1N2 was detected in
19 of 21 herds, and cocirculation among HIN1pdm09 and H3N2 was detected in the other
two herds.
3.2 Biosecurity practices description and the multivariable model

Since the farms belonged to the same agroindustry firm, the management practices
and farm facilities were very similar among the 21 sampled herds. A description of the

biosecurity practices along with the results of univariable analysis is shown in Table 3.
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Two multiplier breeding farms underwent annual certification and monitoring by the
official veterinary service (BRASIL, 2012).

As illustrated in Table 4, variables significantly associated with 1AV

seroprevalence found in the final model were: ‘Bird-proof net’ (PR=0.75) and ‘gilt

acclimatization unit’ (PR=0.57), showing a protective effect against IAV seroprevalence,

and ‘external replacement’, which had a positive effect on IAV seroprevalence (PR=1.38).

4. Discussion

A high 1AV seroprevalence (approximately 64%) was found in commercial sows
from Dbreeding herds in southern Brazil. All of the studied farms had at least one
seropositive animal, and 1AV antibodies were produced from natural exposure to 1AV
since the sows were not vaccinated against influenza. The HI test revealed the circulation
of HIN1pdmO09, HIN2 and H3N2 viruses in the pig farms. The most prevalent 1AV
subtype detected in sows was HIN1pdmQ9, and coinfection with HLN2 virus was observed
in 90.5% of the studied herds. This result is consistent with other studies in Brazil
indicating the predominance of HIN1pdmQ9 in cases of influenza virus infection in swine
(Rajdo et al., 2013; Rech et al., 2018). However, since the emergence of HIN1pdmQ9,
outbreaks of respiratory disease caused by human-origin reassortant HIN2 and H3N2
viruses have also been reported in pigs (Schaefer et al., 2015, Nelson et al., 2015), and
coinfection of pigs with two or more virus subtypes is commonly detected in pig farms
(Ciacci-Zanella et al., 2015, Rech et al., 2018).

Two biosecurity practices, ‘presence of a bird-proof net’ and ‘gilt acclimatization
unit” and one farm management (‘external replacement of gilts’) were associated with IAV
seroprevalence in the final model. The effect of the presence of bird-proof nets was
implicated in a lower 1AV seroprevalence, when compared to farms without bird-proof

nets (prevalence ratio 0.75, or 25% lower). The most plausible explanation for this is
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protection against indirect transmission of influenza virus (Allerson et al. 2013) from
mechanical carrying by birds and others wild species. A similar result was found by
Simon-Grifé et al. (2011), where an association between a lack of bird-proof nets and the
presence of 1AV antibodies in pigs was observed. Birds and bats are animal species that are
present in pig farms, as reported by producers interviewed (data not shown). Wild birds,
especially waterfowl, are reservoirs for influenza A viruses (Alexander, 2007). Swine can
be experimentally infected with avian influenza strains (Kida 1994), and naturally acquired
infections have been documented in many parts of the world (Abente et al., 2017; Brown,
2000; Karasin et al., 2000). Furthermore, emergence of novel viruses in pigs due to
reassortment events among IAVs of swine, human and avian origin is well documented
(Vincent et al. 2008, Neumann et al., 2009). This result suggests that the use of bird-proof
net should be encouraged; besides the protection against 1AVs found in this study, bird-
proof nets can prevent infections of other diseases since birds can reservoirs of many
others pathogens, such as Streptococcus suis (Messier et al., 1994), Bordetella
bronchiseptica (Farrington and Jorgenson, 1976) and PRRS (Zimmerman et al., 1997).

The main source of pathogens is infected pigs introduced to the recipient
population. In the case of influenza virus, depending on the frequency in which new
animals are introduced into pig herds, infections and reinfections with different strains can
arise (Van Reeth et al., 2012). Introduction of infected gilts were tightly associated with
higher IAV seroprevalence (Culhane et al., 2014; Simon-Grifé et al., 2011). In our study,
external gilt replacement was a common management practice in breeding herds, and 1AV
seroprevalence was 38% higher in these farms (prevalence ratio 1.38) when compared to
farms with internal production of gilts. External replacement was reported in all farms (two
per month, data not shown), with the exception of the two certified multiplier breeding

herds, which presents a strong opportunity for introduction of a new IAV strains and other
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pathogens. In this case, the cost-benefit of introducing biosecurity practices that focus on
limiting the spread or introducing contagious disease by replacement animals should be
evaluated.

In farms where an acclimatization unit for gilts was used, the 1AV seroprevalence
was, on average, 34% lower than in farms with no acclimatization unit (prevalence ratio
0.56). Acclimatization units are places in barns separated from the gestation and maternity
zone. In this unit, the gilts have an opportunity to adapt to the microorganisms and
pathogens circulating in the farm and prepare for breeding (40 days on average was
reported by producers, data not shown). Similarly, gilts that have been infected by IAV
before or during the acclimatization period will have time to recover from the infection
before transfer to the barn. Such practices have been pointed out as an efficient controlling
measure for PRRS (Dee et al., 1995) and Mycoplasma hyopneumoniae (Garza-Moreno et
al., 2018; Nathues et al., 2014). Failure to apply the acclimatization practice, enhanced by a
high frequency of introduction of animals from different origins, seems to be an important
opportunity for influenza virus to enter into the studied herds. Therefore, the application of
an adequate quarantine in a separate building from the gestation and maternity units is
considered a positive measure for the prevention of influenza virus entrance by
replacement animals.

Since our estimations and conclusions focused mainly on biosecurity practices,
two variables were subjected to a multivariable model to adjust the estimates with regard to
the herd size and age of sows, given the impact of them on influenza virus infections. Farm
size was associated with higher scores of biosecurity, as the larger herds had higher
biosecurity scores, making adjustment of the model estimates by herd size important
(Bottoms et al., 2013; Postma et al., 2015; Simon-Grifé et al., 2013). Although influenza

prevalence can be correlated with large herds that have high pig density (Groontvedt et al.,
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2013; Poljak et al., 2008; Simon-Grifé et al., 2011), the number of sows in a herd was not
statistically significant in our final multivariable model. IAV seroprevalence also became
significantly higher with an increase in the age of sows (parity order). This result can be
explained by the longer exposure time of older sows when compared to gilts, for instance.
Poljak et al., (2008) have reported that seropositivity for H3N2 virus increased in higher-
parity sows. Simon-Grifé et al., (2011) reported that sows had higher influenza
seroprevalence than fattening pigs, which confirms the hypothesis that the odds of
exposure to an endemic pathogen increase with time.

This study provides a first evaluation of the effect followed by applications of
biosecurity practices on IAV. However, some caution is required in the interpretation of
the results, even though the results were plausible and were related to influenza virus
epidemiology; like any cross-sectional study, the outcome and factors of interest were
measured at one particular time-point, and it was not possible to determine a cause-effect
relationship. On the other hand, some methods were used to overcome such limitations and
generate reliable results. Beginning with data collection, the questionnaire used herein was
based on a previous large study that reported which biosecurity practices are commonly
applied to breeding herds in RS (Silva et al. 2018). Additionally, both questionnaires and
check-lists were applied in loco and by the same researcher, which contributed to
overcoming subjectivity and biases in data collection. In sum, we believe the cross-
sectional study was well suited and raised new hypotheses related to influenza control in

swine breeding herds.
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Conclusions

There is a high frequency of 1AV in sows as well as cocirculation of subtypes
(HIN1pdmO09 and H1N2). Certain practices showed positive effects on the prevalence of
influenza virus, which makes the adoption of biosecurity practices for highly contagious

endemic diseases an important aspect to be considered by farms and agroindustry firms.
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Tables

Table 1. Summary of population data and sampling design to estimate sow seroprevalence and the effects of biosecurity practices on influenza A
prevalence in commercial breeding herds.

Population
data Sampling data
Sampled N. of sampled Total Mean Mean
Stratum’ N. Farms Sz)\lv.vs Frgcg .S'[Ol’fa'fl?l’\:’]vs clusters per  sows per stratum 2(')‘\/8; SZT}P; :‘;g sampled of of V'\\//Ifisgg
P stratum (n=403) P SOWS Wiz W22
1 10 3190 9.20% 5 37 (9.2%*403) 8 (37/5) 40 109 38.0 398.8
2 17 11530 33.40% 9 135 (33.4%*403) 15 (134/9) 135 17.9 466 768.7
3 13 19850 57.40% 7 231 (57.4*403) 33 (231/7) 231 128 50.4 607.1
Total 40 34570 100% 21 406

1. ‘Small size’ - 220 to 415 sows; 2. ‘Medium size’ - 416 to 1,200 sows; and 3. ‘Large size’ - more than 1,200 sows.
2 Weights (W1 and W2) are equal to the inverse of the probability of a farm and a sow in a farm being sampled.

3 Sampling weight (W1*W2) of a sow in each stratum. For example: in stratum 1, a sampled farm represents on average ~ 11 farms and a
sampled sow represents ~ 38 sows.
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Table 2. Summary description of variables gathered in the checklist and the questionnaire.

Variables

Description

General data on the farm
Property size
Number of barns

Number of pigs in each category
Number of employees

Presence of other domestic animals
Farm age

Veterinarian visiting

Surrounding area

Biosecurity practices related to farm management and facilities

Bird-proof net
Prohibition signs

Perimeter Fences
Parking outside the farm
Dressing room

Unique access

Feed bin location
Disinfection gates

Truck and other pigs
Feeding truck

Truck driver
Disinfection of materials
Visitor clothing

Staff clothing

Mice and flies control programs
Separation of sick animals
Clinic signs of flu in pigs

Flu outbreak occurrence
Origin of gilt (external replacement)
Gilt acclimatization unit

Separate of gestation and maternity
Exclusive equipment per building

AIAO maternity (days)

Parity order

Size of farm in hectares

Number of both barns, gestation and maternity
Number of sows, hogs, nursery piglets, weaning
piglets

Quantity of employees who have contact with pigs
Presence of dogs, cats, poultry, cattle

Age of farm in years

Frequency of veterinarian technical assistance
Distance of neighbors raising swine

Presence of bird-proof nets in the barns.

Presence of a sign (plate) forbidding entrance.
Presence of a perimeter fence around the farm and
barn.

Presence of a delimited area for visitor and staff
parking

Presence of a dressing room with a bathroom
(shower-in) near the main entrance

Farm has a single access with delimited clean and
dirty zones.

Feed bin outside of the barn limit for external feed
loading by truckers

Truck and vehicles are cleaned / disinfected before
entry into the farm area.

Trucks already transporting pigs had access to farm
area.

Feeding truck has access to farm area.

Driver of trucks (feed or transporting pigs) had
access to the barn.

Materials are cleaned before entry to the farm
Visitors use clothes and boots provided by the farm
Staff use clothes and boots provided by the farm
Periodic control against mice and flies in the
buildings

Separation of sick animals in a pen (sick pen)
Presence of swine influenza-like signs in pigs
Report of swine influenza-like outbreak in last 3
months

Replacement gilts are raised in other farms
(external) or in farm (internal).

Gilts are separated upon entrance to the farm in a
separate barn from the rest of the herd.

Gestation and maternity were localized in different
building.

Gestation and maternity have individual equipment
Number of days which was used all in/ all out
system in maternity building.

Number of births on each sampled sow (individual-
level variable).
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Table 3. Descriptive statistics of biosecurity practices evaluated by the univariable model.

Variables Descriptive statistics Prevalence Ratio p-value

Bird-proof net - yes 69.0% 0.81 0.09
no 33.0% 1

Unique access — yes 71.3% 0.95 0.69
no 28.7% 1

Feed bin location (outside of farm area) - yes  85.4% 0.95 0.64
no 14.6% 1

Truck loading other pigs - yes 34.4% 1.12 0.37
no 65.6% 1

Truck driver had access to the barn - yes 13.4% 0.93 0.47
no 86.6% 1

External replacement - yes 84.7% 1.18 0.59
no 15.3% 1

Gilt acclimatization unit - yes 80.2% 0.70 0.00
no 19.8% 1

AIAO maternity (<4) - yes 88.6% 0.87 0.34
no 11.4% 1
Number of sows - 'small stratum’ 6.2% 1

Number of sows - 'medium stratum’ 40.1% 0.88 0.56

Number of sows - 'large stratum'’ 53.7% 1.06 0.79

Parity Order (>3) - yes 41.9% 1.31 0.00

no 58.1% 1
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Table 4. Robust Poisson Regression using sampling weights containing statistically
significant variables associated with the seroprevalence of influenza A virus in breeding
farms adjusted by number of sows and parity order.

Variables Prevalence Ratio (C1 95%) p-value
Bird-proof net 0.75 (0.65 — 0.86) <0.001
External replacement 1.38 (1.17 - 1.64) <0.001
Gilt acclimatization unit 0.57 (0.50 — 0.66) <0.001
Parity Order (>3) 1.22 (1.04 — 1.44) 0.03
Number of sows — small stratum 1

Number of sows — medium stratum  0.81 (0.55 - 1.19) 0.30
Number of sows — large stratum 0.88 (0.62 — 1.25) 0.49
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4 CONSIDERACOES FINAIS

O presente estudo demonstrou os altos niveis de exposi¢do ao virus da influenza
das matrizes suinas, resultados que concordam com diversos estudos internacionais de
prevaléncia. Ainda, a circulagdo de mais de um subtipo de influenza é bastante comum, o
que deve ser levado em consideracdo em ordem de implementar futuras vacinas, como
forma de controle da doenca em granjas de matrizes no RS. Adicionalmente, futuras
pesquisas com emprego de técnicas de diagndstico complementares que demonstrem a
circulagdo do virus da influenza, como o uso do isolamento viral e detec¢do de acidos
nucléicos por protocolos de PCR, também sdo necessarias.

Conforme o resultado sobre o papel exercido pelas medidas de biosseguridade
praticadas, em uma visdo geral, foi possivel evidenciar nessa populacdo que 0 manejo
conjunto de introducdo de novas leitoas (origem e frequéncia) e o tempo de aclimatagao
em um lugar apropriado sdo maneiras significativas de controlar a entrada e disseminagéo
viral nos rebanhos. Juntamente com a presenca de barreiras fisicas nos galpdes com
objetivo de proteger os rebanhos do contato com as aves silvestres, que podem estar

carreando o virus e proporcionando seu espalhamento no plantel.
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