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Silva, Miriele Caroline da. Producédo e aplicacdo de anticorpos IgY anti-
nucleoproteina para deteccdo do virus influenza A em suinos. 2018. 50 f. Tese
(Doutorado em Patologia Experimental) — Universidade Estadual de Londrina, 2018.

RESUMO

Os anticorpos séo importantes ferramentas em testes de diagndstico. A utilizagdo de
anticorpos IgY apresenta diversas vantagens em relacdo aos anticorpos de
mamiferos e véarios estudos mostram sua aplicacdo em técnicas de
imunodiagnaostico. Assim, esse trabalho teve como objetivo produzir anticorpos IgY
anti-nucleoproteina do virus influenza A (IAV) e avaliar sua aplicacédo na detec¢éo do
virus AV por imunocitoquimica (ICQ) e imunohistoquimica (IHQ). Para tanto,
galinhas poedeiras da linhagem White Leghorn foram inoculadas com 20 pg da
nucleoproteina (NP) nos dias 1, 14, 28, 42, 84, 126 e 168 do experimento. Sete dias
apoés a 3?2, 52 e 72 inoculacéo, os ovos foram coletados e os anticorpos IgY foram
extraidos por precipitacdo com sulfato de amonio. Os titulos e a especificidade dos
anticorpos purificados foram determinados por ELISA, western blotting, ICC e IHC.
As galinhas poedeiras inoculadas com a proteina NP produziram altos niveis de
anticorpos especificos anti-NP apos a 72 inoculagdo. Além disso, foi detectada uma
coloracao positiva em células MDCK (Madin-Darby Canine Kidney) infectadas com
IAV e incubadas com anticorpo IgY anti-NP. No entanto, em tecidos pulmonares de
suinos infectados ndo foi observada nenhuma coloracéo através do teste IHC. Os
dados obtidos mostraram que os anticorpos IgY anti-NP purificados das gemas de
ovos se ligam especificamente ao IAV, com o reconhecimento dos principais
subtipos de virus circulantes em suinos (H1IN1, HIN2 e H3N2), reforcando sua
utilidade no diagndstico de IAV.

Palavras-chave: Imunoglobulina Y. Diagnostico. Imunodeteccao. Influenza suina.



Silva, Miriele Caroline da. Production and application of anti-nucleoprotein IgY
antibodies for influenza A virus detection in swine. 2018. 50 p. Thesis (Doctoral
degree in Experimental Pathology) — Universidade Estadual de Londrina, 2018.

ABSTRACT

Antibodies are important tools in diagnostic tests. The use of IgY antibodies present
several advantages over mammalian antibodies and studies show its application in
immunodiagnostic techniques. Thus, this work aimed to produce anti-nucleoprotein
IgY antibodies from the influenza A virus (IAV) and to evaluate its application in the
detection of IAV virus by immunocytochemistry (ICQ) and immunohistochemistry
(IHC). For the study, laying hens of the White Leghorn line were inoculated with 20
Mg of the nucleoprotein (NP) on days 1, 14, 28, 42, 84, 126 and 168 of the
experiment. Seven days after the 3", 5™, and 7™ inoculation the eggs were collected
and the IgY antibodies were extracted by precipitation with ammonium sulfate. The
titers and specificity of the purified antibodies were determined by ELISA, western
blotting, ICC and IHC. Laying hens inoculated with NP protein produced high levels
of anti-NP specific antibodies after the 7™ inoculation. In addition, a positive staining
in IAV-infected MDCK (Madin-Darby Canine Kidney) cells incubated with anti-NP IgY
antibody was detected. However, no staining was observed in lung tissues from
infected swine through the IHC test. The data obtained showed that anti-NP IgY
antibodies purified from eggs yolks bound specifically to 1AV, with the recognition of
the main virus subtypes circulating in swine (HIN1, HIN2, and H3N2), reinforcing
their usefulness in the diagnosis of IAV.

Key words: Immunglobulin Y. Diagnosis. Immunodetection. Swine influenza.
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1 INTRODUCAO

1.1 ANTICORPOS IGY

Os anticorpos sdo proteinas que se ligam especificamente a um
antigeno (LEENAARS; HENDRIKSEN, 2005) e sao produzidas em resposta a um
imunoégeno (DELAHAUT, 2017). Essas moléculas sdo amplamente utilizadas em
diagndstico e na pesquisa cientifica para deteccao ou quantificacdo de antigenos e
anticorpos especificos por diversas técnicas como imunodifusdo, ELISA e western
blotting (MUNHOZ et al., 2014). Geralmente, 0os anticorpos disponiveis para essas
finalidades sdo anticorpos monoclonais ou policlonais produzidos em mamiferos
(CHALGHOUMI et al., 2009; LEE et al., 2017; NARAT, 2003).

A producdo de anticorpos normalmente requer o uso de animais
como coelhos, ratos, cobaias, cavalos, ovelhas e cabras (KARLSSON; KOLLBERG;
LARSSON, 2004). A escolha da espécie animal depende de diversos fatores como:
a quantidade de anticorpos necessaria, a distancia filogenética entre a fonte do
antigeno e a espécie utilizada para producdo de anticorpos, as condi¢cdes para
manutencdo e manejo do animal, a especificidade do anticorpo (monoclonal ou
policlonal), entre outros (DELAHAUT et al., 2017; LEE et al., 2017; LIPMAN et al.,
2005). O procedimento envolve a imunizagdo e sucessivas coletas de sangue ou
mesmo a morte do animal para obtencdo dos anticorpos, o que causa dor e
sofrimento ao animal (CHALGHOUMI et al., 2009; KARLSSON; KOLLBERG;
LARSSON, 2004; NARAT, 2003).

Uma alternativa a producdo de anticorpos em mamiferos é a
producdo em galinhas poedeiras. A inoculacdo de galinhas poedeiras com um
antigeno leva a producdo de anticorpos especificos que sdo transportados do
sangue para a gema do ovo, assim a obtencdo de anticorpos elimina a coleta de
sangue trazendo beneficios em relacdo ao bem-estar animal (SCHADE et al., 1996).
Além disso, uma galinha poedeira produz uma grande quantidade de anticorpos,
sendo possivel obter entre 1000-2800 mg de IgY por més, enquanto de um coelho é
obtido apenas cerca de 200 mg de IgG (em 40 mL de sangue) no mesmo periodo
(SCHADE et al., 2005). Consequentemente, a extracdo de IgY a partir da gema de
ovos pode ser uma forma econémica de obter grandes quantidades de anticorpos

especificos (CARLANDER et al., 2002), uma vez que é necessario manter um menor
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namero de animais para essa finalidade (NARAT, 2003). Além disso, 0s custos para
manutencdo de galinhas geralmente sdo menores do que para manter outros
animais de grande porte (SCHADE et al., 2005).

A estrutura geral da molécula de IgY consiste de duas cadeias leves
e duas cadeias pesadas, com massa molecular total de 167 a 180 kDa (SCHADE et
al., 2005; WARR; MAGOR; HIGGINS, 1995). Cada cadeia pesada possui em torno
de 65-70 kDa e cada cadeia leve entre 18-25 kDa (LESLIE; CLEM, 1969; NARAT,
2003; SCHADE et al., 2005). A IgY possui um dominio variavel (V) e quatro
dominios constantes (Cyl; Cn2; Cy3 e Cu4) na cadeia pesada, enquanto que a IgG
de mamiferos possui um dominio variavel e trés dominios contantes (Cyl; Cy2 e
Cu3) (CHALGHOUMI et al., 2009). A presenca de residuos de prolina e glicina, entre
os dominios Cy1-Cy2 e Cy2-Cy3 da cadeia pesada, conferem a IgY uma flexibilidade
limitada em relacdo a IgG (CHALGHOUMI et al., 2009).

Assim como a IgG de mamiferos, a regido Fab da IgY contém o sitio
de ligacdo ao antigeno, enquanto a regido Fc contém dominios responsaveis pela
ativacdo do complemento, opsonizacdo e sensibilizacdo de mastoécitos (DIAS DA
SILVA; TAMBOURGI, 2010).

Receptores para IgY, presentes nos foliculos ovarianos das aves,
captam esses anticorpos da circulacdo sanguinea materna e os transferem para a
gema. A quantidade de IgY transferida independe do tamanho do ovo e esta
relacionada com sua concentracdo no soro (CARLANDER; WILHELMSON,;
LARSSON, 2003; KOWALCZYK et al., 1985; MORRISON et al., 2001; SCHADE et
al., 2005).

O processo para obtencéo de IgY a partir da gema geralmente é
eficiente e econdmico. Inicialmente a gema e a clara sdo separadas e, em seguida &
realizada a purificacdo dos anticorpos presentes na gema removendo lipidos e
outras moléculas (KARLSSON; KOLLBERG; LARSSON, 2004). Os métodos para
purificacdo podem ser divididos em trés grupos principais: métodos por precipitacao,
métodos cromatograficos e ultrafiltracdo (SCHADE et al., 2005). A selecdo do
método adequado depende do rendimento e pureza desejados, custo, tecnologia,
habilidades de trabalho e escala de extracdo (MUNHOZ et al., 2014), sendo que a
pureza dos anticorpos pode ser aumentada pela combinacdo de duas ou mais
técnicas (SCHADE et al., 2005).

A IgY pode ser amarzenada a 4°C por até 10 anos sem
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compromentimento da sua atividade. Ainda se mantém estavel a temperatura
ambiente por até 6 meses e a 37°C por um més (LARSSON et al.,, 1993). Sua
atividade biologica é estavel até 60°C, e acima de 70°C durante 30 minutos apenas
50% da sua atividade é mantida (HATTA et al., 1993). A estabilidade da IgY é
comprometida em condi¢des altamente acidas ou alcalinas, mantendo sua atividade
otima em pH entre 4-12 (HATTA et al., 1993; LEE et al., 2002; SHIMIZU;
FITZSIMMONS; NAKAI, 1988). Porém, a adicdo de acucares cOmO SuCrose,
trealose, lactose ou poliéis como o sorbitol, pode aumentar a sua estabilidade em
diferentes condictes (JARADAT, MARQUARDT, 2000; LEE et al., 2002).

Uma grande vantagem do uso de IgY em mamiferos é que estes
anticorpos ndo reagem de forma cruzada com receptores Fc, fator reumatéide e
tampouco ativam o sistema complemento. Desta forma, sua utilizacdo em testes de
diagnésticos reduz a ocorréncia de resultados falso-positivos (KARLSSON;
KOLLBERG; LARSSON, 2004). Tem sido observado em varios estudos o emprego
de anticorpos IgY para a deteccdo de virus, bactérias, parasitas e toxinas em
amostras de seres humanos, animais e alimentos (CAl et al., 2012; LI et al., 2017,
NAGARAJ et al.,, 2016; PARMA et al., 2012; SANIEE et al.,, 2013; SERT, KOC;
KILINC, 2017).

Além disso, a imunoterapia empregando anticorpos IgY também
vem sendo amplamente estudada, tanto em animais como em humanos. Diversos
estudos mostram o0 uso de IgY contra varios patdgenos, podendo ser aplicado como
medida profildtica e no tratamento de infec¢cbes, onde tem se tornado uma
alternativa interessante no controle de microrganismos resistentes a antibioticos
(CHALGHOUMI et al., 2009; SCHADE et al., 2005).
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1.2 SUINOS X INFLUENZA A

A suinocultura industrial nacional é responsavel pela geracdo de
cerca de 1 milhdo de empregos diretos e indiretos (MAPA, 2017). O Brasil € um dos
maiores produtores de suinos no mundo, ocupando o 4° lugar no ranking de
producado e exportacdo mundial de carne suina. Em 2016, a producéo no pais foi de
3,731 milhdes de toneladas, onde 80,4% foi destinado ao mercado interno e 19,6%
destinado a exportagédo (ABPA, 2017).

Os sistemas atuais de criacdo de suinos implicam no confinamento,
onde 0s animais sao mantidos em altas densidades, o que proporciona condi¢cdes
ideais para a disseminacdo de patdgenos. As infeccdes respiratérias em suinos
resultam em perdas significativas, sendo uma limitagdo na suinocultura
(OPRIESSNIG; GIMENEZ-LIROLA; HALBUR, 2011). Os prejuizos econdémicos
devido a infeccbes por influenza sdo substanciais e um problema global,
classificando-se entre os trés maiores desafios na industria de carne suina
(VINCENT et al., 2017).

A influenza é uma doenca respiratdria aguda causada pela infeccao
do trato respiratorio do hospedeiro pelo virus influenza (ZHENG et al., 2015). De
acordo com as caracteristicas antigénicas das proteinas internas (nucleoproteina e
proteina de matriz) os virus influenza podem ser diferenciados em A, B e C (COX;
BROKSTAD; OGRA, 2004). Diversos animais como suinos, equinos, humanos,
mamiferos marinhos e aves podem ser infectados pelo virus influenza A (IVA)
(BROWN, 2000), enquanto os virus influenza B e C infectam predominantemente
seres humanos (COX; BROKSTAD; OGRA, 2004).

Em suinos o IAV causa uma infec¢cdo aguda altamente contagiosa,
onde os virus HIN1, HIN2 e H3N2 sdo os principais subtipos circulantes na
populacdo de suinos em todo o mundo (LEWIS et al.,, 2016; VAN REETH; MA,
2013). A doenca é economicamente importante uma vez que traz prejuizos para a
producdo de suinos devido ao aumento dos custos de producdo, com reducdo do
desempenho dos animais afetados e gastos com antimicrobianos para o controle de
infec¢Bes secundarias (BROWN, 2013).

Os surtos de gripe em suinos sdo caracterizados por febre,
opacidade, perda de apetite, dificuldade respiratoria e tosse. A mortalidade é baixa e

a recuperacdo geralmente é rapida, entre 7-10 dias (VAN REETH, 2007). Porém,
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animais em fase de terminacdo podem apresentar reducdo no desenvolvimento e
perda de peso, enquanto fémeas podem apresentar problemas reprodutivos devido
a hipertemia (VAN REETH; MA, 2013). O IAV ainda pode contribuir para doencgas
respiratérias multifatoriais como o complexo de doenca respiratéria suina, uma
sindrome resultante da co-infeccdo por dois ou mais patdgenos respiratorios (VAN
REETH; MA, 2013; VINCENT et al., 2017).

Além disso, a influenza suina € uma ameaca a saude publica uma
vez que o IVA pode ser transmitido a seres humanos, sendo considerada uma
zoonose (RAJAO et al., 2014; VINCENT et al., 2014). Os suinos sio suscetiveis a
infeccdo tanto por virus aviarios como por virus de origem humana. Neste caso, 0s
suinos atuam como hospedeiros intermediérios para a adaptagéo de virus de origem
aviaria em humanos (BOURRET et al.,, 2017). Portanto, a influenza suina pode
representar riscos para a saude publica, pela possibilidade de surgimento de virus
em suinos com potencial pandémico, como observado em 2009 com a emergéncia
em seres humanos de um virus do subtipo HIN1 de origem suina (RAJAO et al.,
2014; VINCENT et al., 2014).

Os virus influenza estdo entre as causas mais comuns de infeccdes
respiratdrias em humanos (TAUBENBERGER; KASH, 2010). Estima-se que
aproximadamente 500 milhdes de pessoas sao infectadas pelo virus influenza
anualmente no mundo todo, dos quais 250 a 500 mil vdo a obito (ARIAS et al.,
2009). A infeccdo em humanos € caracterizada por febre, calafrios, dor de cabeca,
mal-estar e mialgia, seguidos por sintomas proeminentes do trato respiratorio
superior, como rinorréia, tosse, dor de garganta e inflamacdo (KUMAR et al., 2018).
Os individuos geralmente se recuperam apoés alguns dias, mas a infeccdo pode
causar complicacbes e até levar a morte devido a infeccbes secundarias ou co-
infeccdes (JOSEPH et al., 2013).

As infecgbes associadas a casos de influenza sdo umas das
principais causas de morbidade severa e mortalidade, especialmente em grupos de
alto risco como idosos, criangas, gestantes e portadores de doencas crbnicas
(JOSEPH et al.,, 2013; MOGHADAMI, 2017). Assim, um rapido diagndstico é
essencial para o tratamento com medicamentos antivirais a fim de minimizar a
propagacdo do virus e evitar que o0s pacientes desenvolvam complicacdes
(CHAUHAN et al., 2012). A doenca ainda apresenta um grande impacto

socioeconOmico, onde pacientes podem necessitar de internacdo e tratamento
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hospitalar, além de muitos individuos terem a produtividade no trabalho
comprometida (MOGHADAMI, 2017).

1.3 CARACTERIZACAO DO VIRUS INFLUENZA A

Os virus influenza pertencem a familia Orthomyxoviridae (BOUVIER,;
PALESE, 2008) e apresentam formas esféricas ou filamentosas (MOGHADAMI,
2017), possuindo entre 80 a 120 nm de diametro (ALEXANDER; BROWN, 2000). A
superficie da particula viral consiste de um envelope lipidico que contém
predominantemente as glicoproteinas hemaglutinina (HA) e neuraminidase (NA), e
em menor quantidade a proteina M2 (FORREST; WEBSTER, 2010). No interior do
envelope ha a proteina de matriz (M1) (GUARNER et al., 2000).

O genoma do virus influenza consiste de oito segmentos de RNA
(acido ribonucleico) de fita simples sentido negativo (HAMPSON; MACKENZIE,
2006; WEBSTER et al., 2010). Cada segmento do RNA viral € encapsulado pela
nucleoproteina (NP). O RNA é recoberto por varias unidades da proteina NP e junto
existem trés proteinas polimerases: polimerase béasica 1 (PB1), polimerase basica 2
(PB2) e a polimerase acida (PA) (TAUBENBERGER; KASH, 2010), formando a
ribonucleoproteina (RPN) a qual possui estrutura helicoidal (FORREST; WEBSTER,
2010).

Os oito segmentos de RNA do virus influenza codificam 10
proteinas, sendo a PB1, PB2, PA, HA, NP, NA, M1, M2, proteina ndo estrutura 1
(NS1) e proteina de exportacédo nuclear (NS2). As trés polimerases (PB1, PB2 e PA)
sdo codificadas pelos segmentos 2, 1 e 3 respectivamente (WEBSTER, 1992).
Esssas proteinas estdo envolvidas na transcricdo e replicacdo (PAYUNGPORN et
al., 2010). A PB2 atua na sintese do RNA mensageiro (MRNA) (TAUBENBERGER,;
KASH, 2010), enquanto a PB1 é responsavel pelo alongamento do RNA viral e
possui atividade RNA polimerase RNA-dependente (WEBSTER, 1992;
TAUBENBERGER; KASH, 2010). A PA é importante para o funcionamento do
complexo polimerase atuando na clivagem endonucleolitica de RNAs do hospedeiro
(TAUBENBERGER; KASH, 2010).

A HA é uma proteina integral de membrana, sendo codificada pelo
segmento 4 do RNA viral (WEBSTER, 1992). Tem como funcdo a ligacdo da

particula viral a célula do hospedeiro e subsequente fusdo do envelope com a
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membrana celular, liberando o genoma viral na célula-alvo (FORREST; WEBSTER,
2010). A capacidade de ligacdo ao receptor € especifica e dependente do tipo de
acido sialico (SA) do hospedeiro (PAYUNGPORN et al., 2010).

A NA, codificada pelo segmento 6, também € uma proteina integral
de membrana e € o segundo principal antigeno presente na superficie viral
(WEBSTER, 1992). Atua como enzima e € essencial para sobrevivéncia e
patogenicidade do virus, clivando residuos de SA e permitindo a liberacdo de novos
virus que podem infectar novas células-alvo (PAYUNGPORN et al., 2010;
TAUBENBERGER; KASH, 2010).

O segmento 5 codifica a NP (PORTELA; DIGARD, 2002), a qual
encapsula o RNA viral e junto com o complexo polimerase formam a RNP. A NP
contribui com a estabilizacgdo do genoma viral e a regulacdo da transcricao
(PAYUNGPORN et al., 2010), e também atua no transporte de RNPs entre o
citoplasma e o nucleo (TAUBENBERGER; KASH, 2010).

As proteinas M1 e M2 séo codificadas pelo segmento 7 (WEBSTER,
1992). Na parte interna do envelope lipidico encontra-se a proteina M1, a qual
interage com dominios citoplasmaticos das glicorpoteinas de superficie e também
com a RNP (TAUBENBERGER; KASH, 2010). Possui importante papel estrutural,
fornencendo rigidez a particula viral, e atua no processo de morfogénese. A proteina
M2 €& uma proteina integral de membrana, encontrada como um tetramero, a qual
forma um canal ibnico que permite a entrada ou saida de ions H" para regular o pH
no interior da particula viral (FLORES et al., 2007). O influxo de prétons cria um
ambiente acido dentro do virus e faz com que o envelope viral sofra uma mudanca
conformacional. A subsequente remocé&o do revestimento do virus libera 0 genoma e
as proteinas virais no citoplasma das células infectadas (PAYUNGPORN et al.,
2010).

As proteinas ndo estruturais NS1 e NS2 sdo codificadas pelo
segmento 8 (WEBSTER et al., 1992). A NS1 nado faz parte das particulas virais,
sendo encontrada apenas nas células infectadas. Atua na regulacdo da expressao
génica viral, como splicing e traducdo de RNA, e desempenha um papel significativo
na supressao da resposta anti-viral do hospedeiro (PAYUNGPORN et al., 2010). A
proteina NS2 € encontrada nos virions e facilita a exportagcdo nuclear de complexos
RNPs virais (TAUBENBERGER; KASH, 2010).
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Outra pequena proteina viral, a PB1-F2, é variavelmente codificada
dentro do gene PB1 por um quadro de leitura alternativo. Tem como alvo a
membrana interna mitocondrial e pode desempenhar um papel na apoptose durante
a infecgao por IAV (TAUBENBERGER; KASH, 2010).

A infeccéo pelo virus influenza ocorre através do reconhecimento do
AS, presente na célula hospedeira, mediado pela HA (BOUVIER; PALESE, 2008). O
AS encontrado em células aviérias possui ligacdes a-2,3 e virus adaptados para
aves possuem HA com alta afinidade para esse tipo de ligacdo, enquanto virus
adaptados a humanos possuem a HA com especifidade para AS com ligagbes a-2,6,
gue é o tipo de ligacdo presente em células humanas. Suinos possuem &acido sialico
com ambos os tipos de ligacdes (FLORES et al.,, 2007; TAUBENBERG; KASH,
2010), portanto sdo suscetiveis aos virus de origem aviaria e humana,
desempenhando um importante papel na ecologia e na evolugcéao do virus influenza
(CHOI; GOYAL; JOO, 2002).

ApOs a ligagdo ao AS o virus é internalizado e o pH acido
endossomal leva a uma mudanca conformacional na HA, mediando a fusdo da
membrana viral & membrana endossémica e permitindo a liberacdo de RNPs virais
no citoplasma (TAUBENBERG; KASH, 2010). Uma unica ligacdo entre HA e SA é de
baixa afinidade, sendo necessérias vérias ligacdes simultdneas para que o virus
possa entrar na célula hospedeira (FLORES et al., 2007).

A transcricao e a replicacdo do IAV ocorrem no nucleo da célula do
hospedeiro, uma vez que o virus depende da maquinaria da célula para o
processamento de RNA (TAUBENBERGER; KASH, 2010). Uma vez liberado no
citoplasma da célula hospedeira, as RNPs sao transportadas até o nucleo celular e o
complexo polimerase inicia a transcricdo do mRNA (WEBSTER et al., 1992).

Os IAV sao classificados em subtipos baseados nas propriedades
antigénicas de suas proteinas de superficie HA e NA, que sdo importantes na
inducéo da producéo de anticorpos no hospedeiro. Atualmente tem sido identificados
18 subtipos de HA e 11 subtipos de NA circulantes na populacdo de aves aquaticas
e alguns mamiferos, dos quais 2 subtipos de HA e 2 de NA foram identificados
recentemente em morcegos (TONG et al., 2012, 2013; WEBSTER; GOVORKOVA,
2014). Essas proteinas sdo altamente variaveis, enquanto as proteinas internas

como a NP e a proteina M1 sdo mais conservadas entre os diferentes tipos de
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influenza (VAN REETH, 2007), apresentando baixa taxa de mutacdo durante a
evolucdo do virus (ZHENG et al., 2015).

O genoma altamente segmentado permite alta variacdo dos 1AV, o
que é motivo de grande preocupacdo em saulde veterinaria e saude publica. Os
mecanismos que levam a evolucdo do virus influenza inclui mutacdo e
ressortimento. O acumulo de mutacdes pontuais no genoma viral, que ocorre
durante a replicacdo, € denominado antigenic drift e € um processo continuo que
ocorre com todas as proteinas virais, porém é mais evidente nos sitios de ligacéo do
anticorpo as glicoproteinas HA e NA (FORREST; WEBSTER, 2010). Assim,
mutacBes onde ocorre a alteracdo de aminoacidos nas porcdes antigénicas da HA e
NA apresentam vantagens para novas cepas virais que evadem da resposta imune
do hospedeiro (TAUBENBERGER; KASH, 2010). Essa constante evolugdo dos
virus e sua capacidade de adaptacdo tém dificultado o desenvolvimento de vacinas
de longa duracdo contra a infeccdo (BOUVIER; PALESE, 2008). A natureza
segmentada do genoma viral favorece o mecanismo de ressortimento ou antigenic
shift, a qual ocorre quando diferentes virus influenza infectam um mesmo hospedeiro
e ocorre uma troca de segmentos do RNA viral resultando na geracdo de novos
virus com uma nova combinacgéo génica (MA et al., 2009).

A ecologia do virus influenza € complexa, pois envolve varios
hospedeiros (MA et al., 2009). Os suinos sédo importantes nesse processo, uma vez
gue eles sdo suscetiveis a infeccdo por virus influenza humano e aviario e estao
relacionados a transmissdo inter-espécie (BROWN et al., 2000). A co-circulagédo
continua de virus influenza A em suinos pode resultar na geracdo de novas cepas
virais. Muitos rebanhos séo infectados endemicamente com frequéncia por mais de
um subtipo, o que proporciona um risco moderado de ressortimento genético. Esse
fendbmeno é continuo, com troca genética frequente entre variantes co-circulantes do
mesmo virus (BROWN, 2013). Dados de sequéncia disponiveis para o0 virus
influenza A revelam uma grande diversidade de virus circulando na populacdo de
suinos em todo o mundo, destacando que esses animais Sdo importantes na
epidemiologia global da doenca e na geracdo de novos virus a partir de
ressortimento, o que representa um risco de um novo surto de virus suino na
populacdo humana (RAJAO et al., 2014).

Medidas visando o isolamento do virus influenza em suinos e

analises moleculares sé@o importantes para o acompanhamento das cepas
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prevalentes em uma regido. A vigilancia e a caracterizacdo do virus sao essenciais
para a suinocultura e também fornece informacdes sobre alteracdes genéticas que
podem contribuir com a saude humana (CHOI; GOYAL; JOO, 2002). Com a
crescente demanda por testes para IAV, ha um aumento na necessidade de
utiizacdo de ensaios que fornecam dados precisos, resultados rapidos, que
permitem testes de multiplas amostras e que sejam de facil execucdo e rentaveis.
Um diagndstico rapido e preciso € importante para procedimentos que reduzirdo a
gravidade da doenca (JANKE, 2000; SWENSON et al., 2001).

Os sinais clinicos e lesdes macroscopicas e microscopicas Ssao
caracteristicas importantes para o diagndstico presuntivo da infec¢cdo por IAV.
Porém, para o diagnostico definitivo da doenga € necessario realizar a deteccdo do
acido nucléico viral e/ou do antigeno viral nos tecidos e outras amostras clinicas ou
o isolamento viral (DETMER et al., 2013; TORREMORELL et al., 2012; VAN REETH,;
BROWN; OLSEN, 2012). A deteccao de anticorpos contra o virus no soro indica
infeccdo prévia, sendo necessaria a colheita de amostras pareadas com intervalo de
3-4 semanas para determinacdo de infeccdo recente (VAN REETH; BROWN;
OLSEN, 2012). As principais técnicas utilizadas para deteccdo de IAV sdo o
isolamento viral, imunofluorescéncia (1IF), imunohistoquimica (ICQ),
imunocitoquimica (ICC), ELISA, teste de inibicdo da hemaglutinacdo (HI) e PCR
(reacdo em cadeia da polimerase) (DETMER et al., 2013; JANKE, 2000).

O isolamento viral é utilizado para a multiplicacéo e identificacdo de
virus a partir de secre¢do nasal e fluido oral ou pulm&o, onde as amostras séo
inoculadas em culturas de células suscetiveis e entdo o efeito citopatico é
monitorado (CHRISTOPHER-HENNINGS et al. 2012). Além de linhagens celulares
estabelecidas, o isolamento viral pode ser realizado em ovos embrionados de
galinhas (JANKE, 2014). Apdés o isolamento, a presenga do virus precisa ser
confirmada pelo teste de ICC, IF, RT-PCR (transcriptase reversa-reacdo em cadeia
da polimerase) ou RT-PCR em tempo real (SCHAEFER et al., 2013)

A IF direta ou indireta é realizada em cortes de pulmao congelados,
podendo ser utilizados anticorpos policlonais contra o virus total, ou anticorpos
monoclonais contra proteinas virais especificas (JANKE, 2000, 2014).

A IHQ pode detectar antigenos virais em tecidos fixados em
formalina e embebidos em parafina (VINCENT et al., 1997). O antigeno pode ser

visualizado no citoplasma ou no nucleo celular (JANKE, 2000, 2014). O teste de IHQ
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também pode ser Util para a realizacdo de estudos retrospectivos, quando o tecido
fresco ndo estd mais disponivel (VINCENT et al., 1997). A ICC é um teste aplicado
para confirmar a presenca do IAV ou para titulagédo viral em células MDCK (Madin-
Darby Canine Kidney) (CLAVIJO et al., 2002).

Os kits de ELISA disponiveis comercialmente sdo desenvolvidos
para diagnoéstico de infeccdes por influenza em seres humanos e aves. Estes testes
também podem ser utilizados para diagnéstico em suinos, uma vez que utilizam
anticorpos dirigidos contra antigenos conservados como a NP e proteina de matriz
(JANKE, 2014).

O teste de HI detecta anticorpos circulantes que se ligam a HA
presente na superficie do virus impedindo assim a aglutinagéo de eritrocitos, uma
propriedade da HA (JANKE, 2000). E o RNA viral em amostras clinicas pode ser
detectado pela técnica de PCR (VAN REETH; BROWN; OLSEN, 2012).

Uma vez que a NP é altamente conservada entre os virus influenza
A, anticorpos anti-NP podem ser usados para deteccdo de todos os subtipos do
virus em diversas técnicas (DETMER et al., 2013), sendo o anticorpo monoclonal o
mais utilizado para essa finalidade (CLAVIJO et al., 2002; VINCENT et al., 1997).
Entretanto, outros testes sdo necesssarios para identificacdo do subtipo do virus
(DETMER et al., 2013).

Considerando a necessidade e a importancia do diagnostico de
influenza, o presente estudo teve como finalidade produzir anticorpos IgY anti-NP do
virus influenza A e avaliar sua aplicacdo na deteccdo do virus em amostras de
suinos. A partir dos resultados obtidos espera-se contribuir para o desenvolvimento

de novos testes para diagnostico do virus influenza A.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

e Produzir anticorpos IgY anti-NP e avaliar sua aplicacdo na

deteccao do virus influenza A.

2.2 OBJETIVOS ESPECIFICOS

e Produzir e obter anticorpos IgY anti-NP do virus influenza A;

eCaracterizar imunoquimicamente os anticorpos IgY por ELISA e

western blotting;

eAvaliar o uso de IgY anti-NP na técnica de imunocitoquimica para

deteccao do virus influenza A em células MDCK infectadas;

eAvaliar uso de IgY anti-NP na técnica de imunohistoquimica para

deteccao do virus influenza A em tecidos de suinos infectados.
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Production and application of anti-nucleoprotein IgY antibodies for influenza A

virus detection in swine
Abstract

Influenza A virus (IAV) causes an important respiratory disease in mammals and
birds leading to concerns in animal production industry and public health. Usually,
antibodies produced in mammals are employed in diagnostic tests. However, due to
animal welfare concerns, technical advantages and the high cost of production,
alternatives to the production of antibodies in mammals have been investigated. The
aim of this study was to produce egg yolk immunoglobulin (IgY) in laying hens
against a highly conserved protein (nucleoprotein- NP) of IAV and to evaluate the
application of anti-NP IgY antibodies in virus detection by immunocytochemistry
(ICC) and immunohistochemistry (IHC). Three laying hens of the White Leghorn line
were inoculated seven times with a recombinant NP protein and their eggs collected
seven days after the 3", 5™ and 7™ inoculations. Immunoglobulin Y antibodies were
purified from egg yolk through precipitation with ammonium sulfate. The titers and
specificity of the purified antibodies were determined by ELISA, western blotting, ICC
and IHC. High levels of specific anti-NP antibodies were detected by ELISA after the
5" inoculation, reaching a peak after the 7™ inoculation. The mean yield of total
protein in yolk after the 7™ inoculation was 13.5 mg/mL. The use of western blotting
and ICC demonstrated that anti-NP IgY binds specifically to NP protein. Moreover,
the use of anti-NP IgY antibody in ICC test revealed positive staining of MDCK cells
infected with 1AV of the three subtypes circulating in swine (H1IN1, HIN2, and H3N2).
However, no staining was observed in lung tissues through the IHC test. The data
obtained showed that anti-NP IgY antibodies bound specifically to influenza virus NP
protein, detecting the main virus subtypes circulating in swine, reinforcing their

usefulness in the influenza diagnosis.

Keywords: Chicken IgG; Immunodiagnostic; Immunocytochemistry;

Immunohistochemistry; Swine influenza.
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3.1 Introduction

The influenza viruses belong to the Orthomyxoviridae family and are
characterized by a genome composed of single-strand, negative-sense, segmented
RNA (Zheng et al., 2015). The influenza A virus (IAV) can infect several animal
species such as swine, avian, equine, as well marine mammals and human (Brown,
2000). HIN1, H3N2, and H1N2 are the main virus subtypes circulating endemically in
swine populations worldwide (Lewis et al., 2016; Van Reeth et al., 2012). The
disease is economically important for swine production due to increased production
costs and reduced performance of the affected animals (Brown, 2013).

Surveillance and characterization of IAV in pigs are essential for the
swine industry, as they can provide information on genetic and antigenic alterations
in viruses with potential impact on human health (Choi et al.,, 2002). With the
increasing demands for reliable tests for the diagnosis of influenza in swine, the
validation of trials that provide rapid results in the analysis of multiple samples, which
are easy to perform and low cost is very important (Swenson et al., 2001). For the
definitive diagnosis of the disease, it is necessary to detect the viral nucleic acid
and/or viral antigen in tissues or other clinical samples or to perform viral isolation
(Detmer et al., 2013; Torremorel et al., 2012, Van Reeth et al., 2012). Detection of
antibodies against the virus in the serum indicates previous infection, and for
determination of a recent infection, paired serum samples collected at intervals of 3-4
weeks need to be analyzed (Van Reeth et al., 2012). Internal proteins such as
nucleoprotein (NP) and matrix protein (M) are the most genetically conserved
proteins among different subtypes of IAV (Van Reeth, 2007), with a low mutation rate
during the evolution of the virus (Zheng et al., 2015). Thus, anti-NP antibodies can be
used to detect all virus subtypes, and can be useful in the initial screening of clinical
samples for subsequent virus characterization (Detmer et al., 2013).

Usually, antibodies employed in diagnostic tests are produced in
mammals (Lee et al., 2017), and may be polyclonal or monoclonal (Narat, 2003). The
procedure for obtaining these antibodies involves immunization and subsequent
repeated blood collections or euthanasia of the animals (Chalghoumi et al., 2009). A
non-invasive alternative method for antibody production is the use of poultry (Schade
et al., 2005). Laying hens produce IgY antibodies that are transported from the blood
to the egg yolk (Carlander et al., 2003) and then subsequently purified from the yolk.
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An important advantage of using IgY antibodies in diagnostic tests is that these
antibodies do not cross-react with Fc receptors, nor activate the complement system,
thus reducing the occurrence of false-positive results (Karlsson et al., 2004). In
addition, large amounts of antibodies are produced in laying hens (1 to 2.8 g of IgY
per month) when compared to antibody production in rabbits (200 mg of IgG)
(Schade et al., 2005). Therefore, fewer animals are utilized for this purpose, reducing
production costs (Carlander et al., 2003; Narat, 2003).

Considering the importance of the diagnosis of influenza in swine,
this study aimed to produce IgY antibodies in laying hens against the NP protein and

to evaluate their application in the diagnosis of influenza in swine.

3.2 Materials and methods

3.2.1 Production of NP antigen for immunization of laying hens

The nucleoprotein gene segment (NP) of A/swine/Brazil/12A/2010
(HIN1) strain (GenBank accession number: KM507541) was cloned into pET23d
expression vector (Novagen, Tokyo, Japan). The recombinant NP (rNP) was
expressed in E. coli BL21 using 1mM of IPTG (Fermentas, Waltham, MA, USA) at 25
°C for 2 h at 180 rpm and purified by Ni2+ affinity chromatography column HisTrap
FF using 500mM of imidazole in a phosphate buffer (NaH2PO4 and Na2HPO4, pH
7.4) (GE, Healthcare Life Sciences, Madison, WI, USA) followed by anion exchange
chromatography using HiTrap Q HP eluted with 1M of NaCl, as indicated by
manufacture's protocol (GE, Healthcare Life Sciences, Madison, WI, USA). Western

blot was used to confirm the rNP expression and identity.

3.2.2 Animals

Three laying hens of the White Leghorn line of 20 weeks of age were
used for NP protein inoculation. The animals were kept in individual cages in facilities
at the School Farm of the Universidade Estadual de Londrina (UEL), and provided
with water and feed ad libitum. The execution of this experiment was approved by the
Ethics Committee on the use of animals of UEL (5217.2017.39).

3.2.3 Inoculation of animals
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The laying hens were inoculated with seven doses (20 ug/dose) of
recombinant NP protein on polyacrylamide gel (Harlow and Lane, 1988)
intramuscularly at four points of the pectoral muscle on days 1, 14, 28, 42, 84, 126,
and 168 of the experiment. The eggs were collected one week after the 3™, 5™, and
7" inoculation (harvests during seven days) and stored at 4°C for subsequent
antibody extraction and comparison of antibody levels over time. In order to evaluate
non-specific IgY antibodies, to use as a negative control, eggs from non-inoculated
hens were also collected.

3.2.4 Purification of IgY antibodies from egg yolk

For purification of IgY antibodies, the ammonia sulfate precipitation
protocol was used, as described by Akita and Nakai (1992) with modifications. The
yolk of the collected eggs was separated from the white, freed of the protective
membrane, diluted at 1.7 in acidic water pH 2.5 and the resulting suspension was
maintained at 4°C overnight. Subsequently, the suspension was filtered on
Whatmann n° 1 for removal of the lipid portion. Next, 1:3 saturated ammonium sulfate
was added and the filtration was maintained under stirring at room temperature (RT)
for 30 minutes. The solution was then centrifuged at 3000g for 15 minutes and the
precipitation was resuspended in 18% sodium sulfate and kept under stirring at RT
for 20 minutes. After this period, the solution was centrifuged again at 3000g and the
precipitation resuspended in 14% sodium sulfate at RT under stirring. The solution
was centrifuged again for 20 minutes, resuspended in PBS pH 7.4, dialyzed and
stored at -20°C.

The concentration of IgY was determined by the method of Bradford
(1976) using bovine serum albumin (BSA) as a standard and its purity analyzed by
electrophoresis in 10% polyacrylamide gel (SDS-PAGE) stained with Coomassie
Blue.

3.2.5 Immunochemical characterization of IgY antibodies by Western Blotting

For the western blotting technique, NP protein (10ug/mL) was mixed
in sample buffer (50 mM Tris, pH 6.8, 1% SDS, 0.025% blue bromophenol, 10%
glycerol, 20 mM DTT) and subjected to 12.5% electrophoresis polyacrylamide gel
with SDS. The antigen separated by electrophoresis was transferred to the

nitrocellulose membrane at 150mA, which was held overnight at 4°C. The membrane
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was subjected to Ponceau solution to confirm protein transfer, and then washed with
distiled water and incubated with PBS/5% skimmed milk at 37°C for 2 hours.
Thereatfter, three washes were performed with PBS pH 7.4 and the membrane was
incubated with anti-NP IgY antibodies or non-specific IgY (1mg/mL), diluted in
PBS/1% milk for 1 hour in RT under agitation. After incubation, the membrane was
washed three times with 0.05% Tween 20-PBS, before adding the goat anti-chicken
IgG conjugated with peroxidase (A30-104P-Bethyl Laboratories) diluted in PBS/1%
milk (1: 1000), for 1 hour at RT under stirring. The membrane was then washed three
times with 0.05% Tween 20-PBS, and the revelation was performed using 5 mg 3,3'-
diaminobenzidine in 30 mL PBS plus 150uL hydrogen peroxide. The revelation was
interrupted with distilled water. For estimation of the molecular mass of the antigens,
a standard molecular weight was used (Benchmark ™ Protein ladder, 10748-010,
Invitrogen, Carlsbad, CA, USA).

3.2.6 Determination of antibody reactivity

The anti-NP IgY antibody levels were determined by indirect
Enzyme-Linked Immunosorbent Assay (ELISA). For this, microtiter plates (Corning
Costar Corporation, Acton, MA, USA) of 96 wells were coated with 0.2 ug/well of NP
protein in sodium carbonate-bicarbonate buffer solution, pH 9.6 and then incubated
at 4°C overnight. After this time, the plates were washed three times with PBS pH 7.4
and blocked with PBS/skimmed milk powder (150 uL/well) for 2 hours at 37°C.
Thereafter, three washes were performed with 0.05% Tween 20-PBS. Two-fold serial
dilutions (from 2 mg/mL to 0.0312 mg/mL) of the anti-NP IgY antibodies from
inoculated hens (3, 5™, and 7™ inoculation) were used for determination of antibody
reactivity. IgY antibodies were diluted in PBS/1% milk, added 100 uL/well and
incubated for 1 hour at 37°C. In the negative control, IgY antibodies from non-
inoculated hens were utilized. Afterwards, plates were washed three times with
0.05% Tween 20-PBS and 100 pL/well of goat anti-chicken 1gG conjugated with
peroxidase (A30-104P-Bethyl Laboratories) was added, in the concentration 1:40000
(diluted in PBS/1% milk), and incubated for 1 hour at 37°C. Plates were washed with
0.05% Tween 20-PBS and 100 uL/well of the sodium acetate substrate solution
buffer in 0.1M pH 5.2 containing 0.1mg of tetramethylbenzidine and 0.005% of
hydrogen peroxide added, followed by incubation at 37°C for 15 minutes. Finally, 50
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pL/well of the 2N sulfuric acid solution was added to interrupt the reaction, and the

optical density reading was performed with a 450nm filter.

3.2.7 Immunocytochemistry (ICC) test for the detection of influenza A virus in infected
cells

The ICC test was performed to evaluate the anti-NP IgY antibodies
produced in poultry for detection of the different subtypes (HIN1, H1IN2, and H3N2)
of influenza A virus isolated from pigs, in infected Madin-Darby Canine Kidney
(MDCK) cells. For the ICC test, MDCK cells were infected with 2000 TCID 50/mL of
each strain of influenza virus in 96-well microplates. After 24-48 hours of incubation
at 37°C, the cells were fixed by the addition of 100 pyL/well of the fixation solution (4%
formaldehyde and 0.05% Tween 20-PBS). After incubation at RT for 30 minutes, the
plates were washed three times with 200 pL/well of a solution of PBS-Tween 20 at
0.05%. Next, the cell monolayer was incubated at 37°C for 30 minutes with 50
pL/well of the anti-NP IgY primary antibody. Different concentrations of IgY
antibodies (0.0625 mg/mL; 0.125 mg/mL; 0.25 mg/mL; 0.5 mg/mL; 0.7 mg/mL; 1
mg/mL and 2 mg/mL) were tested. Commercial monoclonal antibody ATCC HB-65
(Mab-anti-influenza A virus nucleoprotein HB-65 diluted at 1: 400) was used as a
positive control of the test. As negative controls, IgY antibodies from non-inoculated
hens were used, and the dilution solution was used in the place of the antibody to
evaluate the occurrence of non-specific coloration in the test. Primary antibodies
were diluted in 0.05% Tween 20-PBS + 1% BSA. As the secondary antibody, rabbit
anti-mouse 1gG conjugated with peroxidase (HRP 6170 - Southern-Biotech) diluted at
1:250 or goat anti-chicken IgG conjugated with peroxidase (A30-104P-Bethyl
Laboratories) was utilized at dilutions of 1:200; 1:400; 1:600; 1:800; 1:1000 and
1:1200, in the volume of 50 pL/well. The plates were then incubated for 30 minutes at
37°C. After each incubation step with primary and secondary antibodies, three
washes were performed, as described above. Next, 50 yL/well of the AEC substrate
(AEC-3-amino-9-ethyl-carbazole + dimethylformamide diluted in sodium acetate
buffer pH 4.0 + 3% hydrogen peroxide) was added and the plates were incubated for
10 minutes at RT. The substrate was discarded and the reaction was stopped by
washing the plates with distilled water. After drying the plates, the cells were

observed under an inverted microscope.
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3.2.8 Immunohistochemistry (IHC) test for the detection of influenza A virus in
infected tissues

For the IHC test, swine lung samples with microscopic lesions
suggestive of influenza A virus infection were selected and the detection of 1AV was
confirmed by RT-PCR and IHC using a commercial monoclonal antibody (IAV anti-
nucleoprotein monoclonal antibody; MAB 8251 - Millipore). Slides with histological
sections were prepared with lung tissue sectioned at a thickness of 3 ym and placed
on poly-L-lysine coated glass slides. As a negative control of the technique, slides
containing specific pathogen free (SPF) swine lung fragments were prepared.
Between each incubation step, the slides were washed with PBS-Tween 20 at
0.05%, for 5 minutes. Pulmonary tissue sections were dewaxed in Xxylol and
rehydrated in decreasing alcohol solutions (100, 90, 80 and 70%). Sections were
treated with proteinase K (20 mg/mL, Dako), or protease (0.05%) for 15 min at room
temperature, and then incubated with citrate buffer (pH 6.0) in microwave.
Subsequently, the endogenous peroxidase was blocked by immersing sections in 3%
hydrogen peroxide in 50% methanol. For reduction of nonspecific signals in the
reaction, sections were then treated with blocking buffer (6% skimmed milk in PBS,
pH 7.4) for 30 min at 37°C. The anti-NP IgY antibody was tested at various dilutions
from 10 mg/mL (1:5; 1:10; 1:25; 1:50 and 1:100) at 4°C overnight. Next, goat anti-
chicken 1gG conjugated with peroxidase (A30-104P-Bethyl Laboratories) was added
at various dilutions (1:100; 1:200; 1:400; 1:600 and 1:800) and the plates were
incubated for 1 hour at 37°C. In addition, two conjugated options from a commercial
kit, SuperPicTure HRP Polymer Conjugate Goat Primary (879363 - Life
Technologies) and the EnVision + Dual Link System HRP conjugate (K4061 - Dako)
were also tested after adding the anti-lgY conjugate. Finally, the revelation was
performed with AEC (AEC-3-amino-9-ethyl-carbazole + dimethylformamide diluted in
sodium acetate buffer pH 4.0 in 3% hydrogen peroxide) for 5 minutes, and the slides
were counterstained with Mayer's hematoxylin. In each test battery, IAV positive and

negative slides controls were used.

3.3Results

3.3.1 Production of anti-NP IgY antibodies
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After the 7™ inoculation, the mean vyield of total protein in yolk was
13.5 mg/mL. The electrophoretic profile of the IgY antibodies extracted from the egg
yolk of laying hens inoculated with the NP protein was analyzed by SDS-PAGE to
verify the purification efficiency (Fig. 1A). The presence of proteins with a size of 65
kDa and 23 kDa, corresponding to the heavy and light chains of IgY was observed.

Proteins of approximately 40 kDa were also observed, possibly due to contamination.

3.3.2 Immunochemical characterization of IgY antibodies by Western Blotting

The analysis of IgY antibodies produced after the seventh inoculation of the
NP protein by western blotting revealed a band of 56 kDa, compatible with the NP
protein size, whereas non-specific IgY antibodies, obtained from non-inoculated
hens, showed no immunoreactivity against NP (Fig. 1B).
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3.3.3 Determination of antibody reactivity

The results obtained by the ELISA, which analyzed the levels of
antibodies extracted from the egg yolk, showed that inoculated hens presented high
levels of anti-NP IgY antibodies from the fifth inoculation (OD = 0.387), reaching
higher levels in the seventh inoculation (OD = 0.576), while non-inoculated hens
demonstrated no levels of anti-NP antibodies (OD = 0.097) (Fig. 2A). After the
seventh inoculation, the animals presented higher levels of anti-NP antibodies than
the non-inoculated animals (Fig. 2B), with the lowest concentration of reactive
antibodies of 0.125 mg/mL.

3.3.4 Immunocytochemistry

The ICC test was standardized with the primary antibody (anti-NP
IgY) diluted at the concentration of 0.7mg/mL. The secondary antibody was used
diluted at 1:400. Positive marking was observed in the cytoplasm and occasionally in
the nucleus of MDCK cells infected by HIN1, HIN2 and H3N2 viruses. Similar cell
marking was observed in the positive control and there was no marking in the

negative control (Fig. 3).

3.3.5 Immunohistochemistry

No cytoplasmic or cell nucleus marking was observed in slides of
influenza positive lung tested by IHC using anti-NP IgY antibody, regardless of
different procedures of antigen retrieval, antibody dilution and addition of the
commercial kit after the conjugate incubation. The influenza antigen was marked in
the nucleus and cytoplasm of bronchi, bronchioles, alveoli epithelium and in alveolar
macrophages in the positive control slide using the commercial monoclonal antibody

(MAB 8251 — Millipore). No marking was visualized in the negative control slide.

3.4Discussion

The monitoring and availability of reagents for the diagnosis of
influenza A virus are of great importance for the detection of new circulating virus
strains, especially those with pandemic potential, so the control measures can be
taken in a short period of time. Initial screening tests using antibodies raised against

IAV conserved proteins, such as the nucleoprotein, can be used to detect any IAV
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subtype (Swenson et al., 2001). These antibodies can be employed in a variety of
techniques, such as ELISA, immunofluorescence, IHC and ICC (Clavijo et al., 2002,
Detmer et al., 2013).

Currently, antibodies obtained from egg yolk have been recognized
as an alternative source for the production of large amounts of antibodies with high
affinity for diagnosis and immunodetection (He et al., 2015). The IgY antibodies
generated in hens present several advantages over those generated in mammals,
such as high productivity, low cost, and ease to obtain, especially with respect to
animal stress and well-being compared to blood collection, recognition of multiple
epitopes, and no cross-reactivity with mammalian IgG determined by the evolutionary
distance between the species (Dias da Silva and Tambourgi, 2010; Spillner et al.,
2012; Munhoz et al., 2014).

In the present study, IgY antibodies were obtained from the egg yolk
of hens inoculated against a recombinant NP protein of IAV. Influenza virus proteins
have been isolated and characterized for detection of influenza viruses that infect
birds (Cuceanu et al., 1991; Nguyen et al., 2010) and humans (Wen et al., 2012;
Yang et al., 2014). However, to the authors' knowledge, this is the first study that
describes IgY antibodies for NP and its standardization in the diagnosis of influenza
A virus in swine. After inoculation of the hens with the recombinant NP protein, a
continuous increase in anti-NP antibodies was observed from the third week after the
initial inoculation, reaching the apex after the seventh inoculation. This profile has
already been observed by other authors, using different antigens in laying hens (Han
et al., 2012, Andrade et al., 2013, Jung et al., 2014). The specificity of IgY to the NP
protein was confirmed by ELISA and western blotting, which was in accordance with
the standard for IgY (de Paula et al., 2011) and NP (Prokudina et al., 2008). The
antibodies obtained from hens inoculated with recombinant NP presented strong
immunoreactivity, due possibly to properties of the NP protein which has 498
positively charged amino acids and a molecular weight of 56 kDa (Prokudina et al.,
2008; Varich et al., 2014).

Antibodies are important tools in research, diagnosis, and
immunotherapy (Leenaars and Hendriken, 2005). Immunoenzymatic tests are largely
used in the diagnosis of influenza in swine. A commercial ELISA is widely used to
detect anti-NP antibodies, showing a high sensitivity (Ciacci-Zanella et al., 2010).

Recently, an ELISA test was standardized and compared to a commercial kit (Al
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Multi-Screen Ab test®, IDEXX, Netherlands) by Souza et al. (manuscript submitted
for publication). However, those tests indicate prior exposure of swine to IAV.

The ICC test is applied to confirm the presence of IAV in MDCK cells
or viral titration (Clavijo et al., 2002) and indicates recent infection. After isolation,
influenza virus samples can be characterized by genetic sequencing and antigenic
cartography (Lewis et al., 2016). For the performance of ICC, as well as in IHC, the
monoclonal antibody against the NP protein of IAV has been used as the primary
antibody (Vincent et al., 1997).

In this study, anti-NP IgY antibodies were used as the primary
antibody in immunocytochemical test for detection of IAV circulating in swine. The
ICC test with IgY was able to detect the most prevalent IAV subtypes in swine (H1IN1,
H1IN2 and H3N2) (Nelson et al., 2015; Ciacci-Zanella et al., 2015). Similar results
were observed by Tsukamoto et al. (2011) where anti-H1N1 IgY antibodies, obtained
from ostrich eggs, and conjugated with FITC demonstrated strong staining in the
cytoplasm of IAV infected MDCK cells.

Immunohistochemistry is applied in sections of formalin-fixed tissue and is
frequently used for the detection of viral antigens, which are visualized in both the
cytoplasm and the nucleus (Janke, 2014). In this study, no staining was observed by
the IHC test when analyzing lung samples previously diagnosed as positive for 1AV,
despite of high levels of specific antibodies and of recognizing NP protein of the main
circulating subtypes in swine by positively labeling infected MDCK cells. The fact that
the antigen is less exposed in formalin-fixed tissues could explain the negative
results in the IHC, in which binding of the antibody to the antigen could have been
impaired. Overall, the antigen recognition by the antibody depends on the molecular
configuration of the protein (Saper and Sawchenko, 2003). The inoculated antigen
used here was derived from a recombinant NP protein in polyacrylamide gel. The
presentation of the NP protein to the hen’s immune system in a denatured form might
have influenced the non-recognition of the native form of NP protein by the IgY
antibodies in IHC test. Moreover, the epitope recognized by the commercial
monoclonal antibodies tested in IHC could be different from that recognized by anti-
NP IgY antibodies. Alteration in the protocols for recombinant protein expression can
overcome this problem, since this approach could improve the expression of

recombinant protein with native folding and therefore to permit to raise antibodies
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that recognize epitopes present in the native protein in the target assay (Gopal and
Kumar, 2013; Rosano and Ceccarelli, 2014).

In conclusion, the proposed approach of antibody production in
eggs from laying hens proved to be a viable tool and a suitable and inexpensive
alternative for the detection of influenza A virus in swine, as demonstrated by the

positive results in the ELISA, western blotting and ICC test.
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Figure 1: Electrophoretic profile and IgY antibody recognition profile
purificated from egg yolk of hens inoculated with NP protein of IAV. (A) Analysis
of IgY purity throught electrophoresis of 10% polyacrylamide gel (SDS-PAGE), under
reducing conditions, stained with Comassie Blue. Column 1: Molecular Mass Marker
(Benchmark ™ Protein ladder, 10747-012, Invitrogen, Carlsbad, CA, USA); Column
2: anti-NP IgY obtained after seventh immunization; Column 3: Non-specific IgY. (B)
Western blotting using IgY antibodies from hens inoculated and not inoculated with
the NP protein at the concentration of 1000 pg/mL and diluted in PBS 1% milk.
Column 1. Molecular Mass Marker (Benchmark ™ Protein ladder, 10748-010,
Invitrogen, Carlsbad, CA, USA); Column 2: IgY obtained after seventh inoculation
with the NP protein, which has a molecular mass of approximately 56 kDa; Column 3:

IgY obtained from non-inoculated hens.
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Figure 2. Production of anti-NP IgY antibodies. (A) Levels of IgY antibodies
obtained from non-inoculated hens and hens inoculated with NP protein (harvest
after third, fifth, and seventh inoculations), evaluated by ELISA. (B) Comparative

titers of anti-NP IgY antibodies obtained from non-inoculated hens and hens after

seventh inoculation with NP protein.
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Figure 3: Immunocytochemistry test for detection of influenza A virus in
infected MDCK cells. (A) Positive control using Mab-anti-influenza A HB-65 as the
primary antibody. (B) Negative control using non-specific IgY. (C) Anti-NP IgY
(seventh inoculation) as the primary antibody.
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4 CONCLUSAO GERAL

A inoculacédo de galinhas poedeiras com a NP do virus AV levou a
producdo de altos niveis de anticorpos especificos, com niveis maximos apos a
sétima inoculacao.

Os anticorpos IgY extraidos de galinhas inoculadas com a NP
reconheceram especificamente a proteina NP através do western blotting e foram
capazes de marcar células infectadas com IAV dos subtipos HIN1, HIN2 e H3N2
através do teste de imunocitoquimica.

A obtencdo de anticorpos a partir de ovos obtidos de galinhas
inoculadas mostrou ser uma ferramenta viavel para deteccdo do virus influenza A,
uma vez que os anticorpos IgY anti-NP se ligam especificamente ao IAV, sendo
capazes de reconhecer os principais subtipos de virus circulantes em suinos (H1N1,
HIN2 e H3N2).



