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RESUMO
Apo6s o lancamento de vacinas comerciais frente o Circovirus Suino 2 (PCV-2) com o foco
apenas em leitdes, uma reducdo significativa na vacinacdo de matrizes nas granjas foi
observada. Consequentemente, uma alteracdo na epidemiologia da doenca causou um
aumento do nimero de fémeas soronegativas potencialmente susceptiveis a infeccéo viral, o
que favorece a transmissdo intra-uterina do PCV-2.Considerando a importancia das matrizes
na epidemiologia da infeccdo pelo PCV-2, esse projeto teve dois objetivos principais: 0
primeiro,avaliar a frequéncia de leitdes virémicos, recém-nascidos e do status imunitario das
matrizes frente o PCV-2 e, 0 segundo, avaliar diferentes protocolos de vacinagao para o PCV-
2 em matrizes utilizando parametros reprodutivos, viroldgicos e sorolégicos. O primeiro
estudo utilizou pool de 3 — 4 amostras de soro de cordao umbilical (PUCS) por leitegada, para
quantificar o DNA viral através da técnica deqPCR e o soro de matrizes para realizacdo da
sorologia para PCV-2 através da técnica de ELISA de 18 granjas comerciais sem sinal clinico
de PCVAD. A maioria das granjas (94,4%) apresentou a0 menos um PUCS positivo sendo
que 17,29% de todos as amostras coletadas foram positivas para o PCV-2 com a carga viral
média de 10%®copias gendmicas/ml. Uma pequena porcentagem de todas as matrizes foi
soronegativa (5,2%) distribuidas em 44,4% das granjas, comprovando uma subpopulagdo de
animais soronegativos em granjas positivas. Uma maior porcentagem de matrizes
soronegativas foi observada em granjas com mais de 10% dos PUCS positivos para PCV-2
(p<0,05). Em um segundo estudo, 161 matrizes pertencentes ao mesmo grupo de cobertura de
uma granja de 4400 fémeas foram selecionadas e divididas em 3 grupos: A — matrizes que
foram vacinadas com 1 dose de vacina contra o circovirus suino 2entre 48 — 54 dias de
gestacédo, B- matrizes que foram vacinadas com 2 doses da vacina entre 48 — 54 e78 — 84 dias
de gestacdo e C - matrizes ndo vacinadas frente 0 PCV-2. Amostras de soro foram coletadas
de todas as matrizes na metade da gestacdo e ao parto além do PUCS de todas as leitegadas
para realizacdo de perfil soroldgico através da técnica de ELISA e quantificagdo do DNA do
PCV-2 através da técnica de qPCR,respectivamente. Todos os leitbes foram pesados em até
12 horas ap0s o parto e os indices reprodutivos (nascidos vivos, natimortos, mumificados e
duracdo do parto) registrados. Ndo houve diferenca significativa (p>0,05) dos indices
reprodutivos entre os grupos. Uma baixa frequéncia (4,9%) dos PUCS foi positiva, sem
efeitos dos grupos de vacinacdo. A grande maioria (95,1% e 98,7%) das matrizes foram
soropositivas na metade da gestacdo e ao parto, respectivamente. Apenas ao parto, o grupo B
apresentou um valor de S/P (1,86) significativamente maior (p<0,05) quando comparado ao

grupo A (1,68) e C (1,61). Os resultados dos indices reprodutivos e parametros viroldgicos e



sorologicos sugerem que a granja pode ser classificada como subclinicamente infectada e
estavel para 0 PCV-2,possivelmente subestimando os possiveis resultados da vacinacdo de
matrizes para o PCV-2.

Palavras chave — PCV-2; gPCR; viremia; vacina.



ABSTRACT
After the launch of commercial vaccines against PCV-2, using a vaccination protocol focused
exclusively on piglets, a significant reduction in sow vaccination was observed on commercial
farms. Consequently, a change occurred in the epidemiology of the disease characterized by
an increase in the number of seronegative females potentially susceptible to viral infection,
which indirectly caused an increase in intrauterine transmission of PCV-2. Considering the
importance of sows in the epidemiology of PCV-2 infection, this project had two main
objectives. The first one was to assess the frequency of viremic piglets, newborns, and the
immune status of sows against PCV-2 in 18 commercial farms in Brazil. The second was to
use the vaccination of sows with different protocols against PCV-2 to evaluate the effect on
reproductive parameters and the virological and serological parameters. The first study used
placental umbilical cord serum (PUCS) to quantify PCV-2 by gPCR and sow serum to
perform the seroprofile by ELISA from 18 commercial farms with no clinical signs of
PCVAD located in four Brazilian states that used PCV-2 vaccine only in piglets. A total of
94.4% of the farms had at least one positive PUCS, and 17.29% of all samples collected were
positive for PCV-2, with an average viral load of 10 genomic copies/ml. A percentage of
5.2% of all sows were seronegative, distributed in 4.4% of the farms, indicating a
subpopulation of seronegative animals in positive farms. A higher percentage of seronegative
sows was observed in farms with more than 10% of PUCS positive for PCV-2 (p<0.05). In a
second study,161 dams belonging to the same breeding group of a farm of 4400 sows were
selected and divided into three groups: A—sows that were vaccinated with one dose of PCV-2
vaccine between 48-54 days of gestation, B-sows that were vaccinated with two doses
between 48-54 days and 78-84 days of gestation and C—sows that were not vaccinated
against PCV-2. Serum samples were collected from all the sows in the mid-gestation and at
farrowing for serology by ELISA. PUCS was also collected from all litters to quantify PCV-
2DNA using the gPCR technique. All newborn piglets were weighed within 12 hours after
farrowing, and reproductive parameters (total born liveborn, stillbirths, mummified, and
farrowing duration) were recorded. The groups had no significant difference (p>0.05) in
reproductive parameters. A total of 95.1% and 98.7% of the sows were seropositive in the
mid-gestation and farrowing, respectively. Even though at farrowing, group B had a
significantly higher S/P value (1.86) (p<0.05) when compared to group A (1.68) and group C

(1.61). The results of all the parameters suggest that the farm can be classified as subclinically



infected for PCV-2, possibly underestimating the possible results of vaccination of sows for
PCV-2.
Keywords: PCV-2; gPCR; viremia; vaccine.
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INTRODUCAO

As falhas reprodutivas sdo consideradas como a principal causa de descarte nos
plantéis produtivos podendo ser causadas por fatores infecciosos ou ndo infecciosos. Dentre
estes se atribuem 30-40% relacionadas a agentes infecciosos e 60-70% relativos a fatores nao
infecciosos (MORES et al., 2011; LEFEBVRE et al., 2015). De acordo com Pieroni (2013), a
mortalidade fetal é responsével pela perda de pelo menos um leitdo desmamado/fémea/ano.
Sendo que tais falhas reprodutivas podem ser caracterizadas como retorno ao estro, aborto,
mortalidade embrionéria e fetal e sdo responsaveis pelo comprometimento do nimero de
leitbes nascidos vivos e desmamados fémea/ano, logo estdo diretamente ligadas ao fator
econdmico e sucesso da granja (ROCHA, ALBERTON & SANTOS, 2010).

Independente dos niveis tecnoldgicos empregados dentro do setor, tais falhas
reprodutivas como mumificacdo e mortalidade fetal atingem 2.5% (ideal < 1.5%) (HERDT et
al., 2019). Este indice tem se tornado cada vez mais importante devido a maior prolificidade
das linhagens genéticas onde a menor disponibilidade de espaco uterino e contato dos
embribes/fetos com a parede do Gtero podem prejudicar o desenvolvimento dos mesmos
(PIERONI, 2013).

O Circovirus Suino 2 (PCV-2) é reconhecido desde 1999 (WEST et al.,1999) como
um agente infeccioso causador de falhas reprodutivas, a chamada doenca reprodutiva
associada ao PCV-2 (PCV-2-RD). As manifestacdes clinicas mais frequentes da PCV-2-RD
incluem aumento do numero de fetos natimortos, mumificados e nascimento de leitdes fracos,
além de morte embrionéria causando aumento na taxa de retornos ao estro. Na maioria das
vezes as matrizes infectadas ndo demonstram sinais clinicos. Uma baixa porcentagem de
fémeas pode abortar por apresentar uma doenca sistémica caracterizada clinicamente por
aumento da temperatura corporal e anorexia.

O envolvimento do PCV-2 como causa de mortalidade fetal (natimortos e/ou
mumificados) nas granjas € variado. No Brasil pouco séo os estudos que investigaram o PCV-
2 como agente etioldgico do PCV-2-RD ou infecgdo subclinica pelo PCV-2 (PCV-2-Sl). A
deteccdo do PCV-2 em fetos natimortos e abortos foi de 5,74% (7/121) (PESCADOR et al.,
2007), fetos mumificados e natimortos e 50,3% (74/146) (ROCHA, ALBERTON &SANTOS,
2010) e 87% (87/100) (HENDT et al., 2019), respectivamente.
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Pleguezuelos et al. (2021) comentaram que a vacinagdo sistematica de leitbes nas
granjas causou uma reducdo na pressao de infec¢do do PCV-2. Com menos virus circulantes,
alguns animais chegam ao final do periodo de terminacdo soronegativos. Se considerarmos
que esta situacdo pode ocorrer em leitoas de reposicdo, a porcentagem de animais suscetiveis
na populacdo estd aumentando (SEGALES & SIBILA, 2021). Os fetos provenientes dessas
fémeas suscetiveis correm um risco maior de infeccdo por PCV-2 no Utero ou proximo do
parto, muitas vezes sem um aumento visivel nos problemas reprodutivos, todavia com um
aumento no nascimento de leitdes virémicos que impactam diretamente no desenvolvimento
dos mesmos até o abate. Além disso, a protecdo do colostro fornecida por essas fémeas aos
seus leitdes € menor (ANDRAUD et al., 2009).

A presenca de matrizes soronegativas no plantel que se infectam com o PCV-2 durante
a gestacdo tem sido a hipotese mais aceitavel para o aumento da prevaléncia do PCV-2 — Sl
em granjas produtoras de leitdes (SEGALES & SIBILA, 2022).

A combinacdo desses dois fatores faz com que uma porcentagem dos leitdes ja esteja
infectada em 3-4 semanas de vida, ou seja, ha época que muitas granjas vacinam seus leitdes
contra 0 PCV-2. Nestes casos, a vacinacdo pode ser tardia e alguns animais desenvolvem
doenca clinica mais cedo (6-8 semanas de idade) ou mantém a sua condicao subclinica (PCV-
2-Sl) impactando no desempenho zootécnico (SEGALES, 2012).

Esses problemas ndo se limitam apenas aos leitdes filhos de primiparas. Se coletarmos
amostras de granjas de diferentes idades, veremos animais que vao de elevados titulos séricos
contra 0 PCV-2a completamente soronegativos, com variabilidade significativa. E o que
passou a ser chamado de teoria das subpopula¢des, onde vemos animais suscetiveis e nao
susceptiveis na mesma populacdo (FRAILE et al., 2012; OLIVER-FERRANDO et al.,
2018).A vacinacao de matrizes para o0 PCV-2 tem demonstrado ser a ferramenta mais eficaz
para reducdo das perdas reprodutivas causadas por esse agente, apesar de poucas publicacfes
descreverem esse beneficio em condicdes de campo (CYBULSKI et al., 2020;
PLEGUEZUELOS et al., 2021).

Dada a importancia do PCV-2 na etiologia das falhas reprodutivas e do impacto da
infeccdo subclinica no desempenho produtivo, a proposta do presente estudo foi medir o
impacto de diferentes protocolos de vacinacdo em matrizes para o Circovirus Suino 2 nos
parametros reprodutivos, viroldgicos e sorologicos em granjas subclinicamente infectadas por
esse agente (PCV-2-Sl).Além disso, determinar a frequéncia do PCV-2-SI em granjas

comerciais no Brasil.
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2. CAPITULO I - REVISAO DE LITERATURA

2.1 Introducao

A suinocultura brasileira estd entre as maiores e mais importantes do mundo. Os
resultados zootécnicos e custo de producdo atingidos na atividade conferem ao Brasil posi¢éo
de destaque. O investimento em melhorias na genética, nutricdo, programas de vacinagao,
manejo, instalacOes e atualizacdo técnica sdo fundamentais. Por outro lado, a globalizac&o da
atividade faz com que o Brasil corra o risco de enfrentar alguns desafios sanitarios presentes
na suinocultura mundial e ausentes no nosso pais (ABCS, 2019).

Entre os desafios ja presentes no Brasil destacam-se as doencas associadas ao
Circovirus Suino 2(PCVAD) descritos na Tabela 1. Isso vem sendo complicado pelo
crescente grau de variabilidade genética do agente, o que faz surgir novas variantes virais
(PCV-2a,b,c,d,e,f,g,h, PCV3 e PCV4), os quais em sendo detectados progressivamente em
varios paises do mundo incluindo o Brasil e representam um grande desafio sanitario a
producéo de suinos (SEGALES et al., 2012). No Brasil 0 virus teve seu primeiro relato no ano
de 2000 no estado de Santa Catarina (ZANELLA, 2001).

Tabela 1-Doencas associadas ao Circovirus Suino2 (PCVAD) e suas manifestacdes clinicas:
Adaptado de SEGALES, 2012

Doencas associadas ao PCV-2 Manifestacdes das

(PCVD) Doencgas
PCV-2 -SD - Atraso no crescimento, perda de peso, palidez, sinais respiratorios ou digestivos.
Doenca sistémica - Severa a moderada deplecéo linfocitaria com inflamag&o.
- Insuficiéncia respiratoria, dispneia.
- Pneumonia linfohistiocitaria a granulosa ou bronco intersticial, fibroplasia
PCV-2-LD

peribronquilar, bronquiolite ulcerativa necrosante ou pneumonia proliferativa
necrosante em auséncia das lesdes linfoides indicadas na doenga sistémica.
- Moderada a elevada quantidade de virus no pulméo.

- Auséncia de lesdes nos tecidos linféides.
- Abortos e fetos mumificados.

- Falhas reprodutivas no final da gestagdo.
- Miocardite fibrosa e necrosante em fetos.
- Moderada a elevada quantidade de PCV-2no coragéo.
- Retornos a estro regulares ou irregulares.

Doenga Pulmonar

PCV-2-RD
Doenca Reprodutiva

PCV-2-ED - Diarreia.
Doenga Entérica - Enterite granulomatosa e deple¢do linfocitaria com inflamagcéo granulomatosa em
Placas de Peyer (mas ndo em outros tecidos linféides).
- Moderada a elevada quantidade de PCV-
2na mucosa intestinal/ Placas de Peyer.
- Menor ganho de peso diario (GPD) em auséncia de sinais clinicos evidentes.
LesGes histoldgicas leves ou ausentes (principalmente em tecidos linfoides).
- Baixa carga virica em tecidos linfoides e soro.

PCV-2 -SlI
Infecdo Subclinica
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- Papulas e méculas vermelhas escuras na pele, principalmente nas extremidades
SDNP dos membros posteriores e regifo perineal
Sindrome de dermatite e - Vasculite necrosante sistémica com glomerulonefrite necrosante ou fibrosa
nefropatia suina

O resultado da infeccdo in utero do PCV-2 em granjas produtoras de leitbes foi
dividida em duas manifestacbes denominadas falha reprodutiva (PCV-2 — RD) e infec¢édo
subclinica (PCV-2-SI) conforme est4 na Figura 1 (MADSON & OPRIESSNIG, 2011).

Infecgao in
utero do
PCV-2

Falhas reprodutivas Infecgdo subclinica

(PCV-2 - RD) (PCV-2 - SI)

Sinais clinicos: Sinais clinicos:
Observados inicialmente em nuliparas Todas as matrizes podem ser infectadas

Aumento no numero de mumificados e Sem sinais clinicos ou poucos leitdes nascidos

natimortos com baixa viabilidade

Diagndstico:

Diagndstico:

Tecidos fetais o ) .
Soro de leitdo recém nascido

sl -Deteccdo do DNA viral (PCR)
-Detecgdo de anticorpos (ELISA, IPMA, IFA)

- Miocardite e deplegdo linféide

- PCV-2 detectado na imuno-histoquimica

Figura 1: Resultado da infeccdo in utero causada pelo PCV-2: Adaptado de
MADSON e OPRIESSNIG (2011)

A inclusdo do PCV-2 como agente potencial em falhas reprodutivas foi iniciada apds o
isolamento deste agente em leitbes natimortos de uma granja com histérico de baixa eficiéncia
reprodutiva. A partir dai, diversos paises diagnosticaram o PCV-2 como causador de
problemas reprodutivos nas granjas (WEST et al., 1999).

No Brasil, estudos iniciais consideraram o PCV-2 como patdgeno viral de pouca
importancia em casos de fetos natimortos, mumificados e abortados: 5,78% (7/121)
(PESCADOR et al., 2007) e 0% (0/1042) (MORENO et al., 2007). Posteriormente estudos
detectaram um aumento significativo na prevaléncia do PCV-2 em fetos mumificados e
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natimortos: 50,3% (74/146) (ROCHA, ALBERTON e SANTOS, 2010) e 87% (87/100)
(HERDT et al., 2019), todavia sem a comprovagdo que 0 virus era o causador da morte fetal.

2.2 Etiologia

O Circovirus suino2 faz parte da familia Circoviridae. Esta familia est4 dividida em
dois géneros: o género Circovirus, onde estdo incluidos o Circovirus suinol (PCV-1), o
Circovirus suino 2 (PCV-2), o Circovirus suino 3 (PCV-3) e o Circovirus suino 4 (PCV-4) e 0
género Cyclovirus (TISCHER et al., 1982; ZHANG et al., 2019; ROSARIO et al., 2017).

O Circovirus suino 2 (PCV-2) é um virus pequeno (15-20nm), com um dos menores
genomas que infectam vertebrados, icosaédrico, nao-envelopado e contém fita circular
simples de &cido desoxirribonucléico (TISCHER et al., 1982). O genoma do PCV-2 contém
quatro genes principais, em regifes denominadas ORFs (open reading frames ou regides
abertas de leitura). A ORF2 codifica a proteina do capsideo (Cap) que é responsavel pela
inducdo de anticorpos protetores (GOMES et al., 2007; JIANG et al., 2017). Recentemente, a
classificacdo da genotipagem estendeu-se para oito genotipos, variando do PCV-2a — PCV-2h.
(PARK e CHAE, 2021). No inicio dos anos 1990 o gendétipo mais prevalente foi o PCV-2a,
sendo substituido dez anos mais tarde pelo PCV-2b (SEGALES & SIBILA, 2022). No Brasil
em um estudo realizado em 20190s gendétipos mais importantes foram o PCV-2b e PCV-2d
(NASCIMENTO et al., 2021) em concordancia o que ocorre em outros paises, onde esses
dois gendtipos sdo também os mais prevalentes (SIBILA et al., 2021).

Alguns trabalhos tém demonstrado sinergismo entre PCV-2 e outros agentes virais no
desenvolvimento da PCV-2-SDe PCV-2 - LD, dentre os quais se destacam 0 parvovirus
suino, e o virus da sindrome reprodutiva e respiratéria suina (ELLIS et al., 1999;
KRAKOWKA et al., 2000; QUINTANA et al., 2001; KIM et al., 2003; KAICHUANG et al.,
2008; KRAKOWKA et al., 2008). Ja no PCV-2- RD, as falhas reprodutivas associadas ao
PCV-2podem ocorrer sem a participacdo de outros agentes infecciosos (WEST et al., 1999;
SANCHEZ et al., 2001; PARK et al.,2005), entretanto, pode ser observado em alguns casos a
coinfecgéo, principalmente com o parvovirus suino (O’CONNOR et al., 2001; PESCADOR et
al., 2004; HERDT et al., 2019).

2.3 Epidemiologia e Transmissao
Estudos tém demonstrado a disseminagdo mundial do PCV-2 na populagdo de suinos
(BARBOSA et al., 2005; GARKAVENKO et al., 2005; SEGALES et al., 2022). Entretanto,
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vale ressaltar que o PCV-2 tem sido comum a populacdo de suinos antes das manifestacdes
clinicas se tornarem evidentes (MAGAR et al., 2000; ZANELLA et al., 2006).

Suinos domésticos e selvagens parecem ser 0s hospedeiros naturais, enquanto espécies
ndo suideas parecem ndo serem susceptiveis a infeccdo pelo PCV-2 (TISCHER et al., 1982;
VICENTE et al., 2004). Entretanto, NAYAR et al. (1999) relataram a deteccdo de PCV-2 em
pulmé&o de bovinos e fetos abortados de bovinos.

A transmissdo do PCV-2 pode ocorrer de forma horizontal ou vertical (BALASCH et.
al., 1999; ELLIS et al., 1999; PENSAERT et al., 2004; PARK et al.,2005). A via oronasal tem
sido utilizada em estudos de reproducdo experimental doPCV-2-SD (BALASCH et al., 1999;
ELLIS et al., 1999). O PCV-2 tem sido detectado em secre¢des nasais, saliva, fezes e soro de
suinos, o que indica a disseminacdo horizontal (KRAKOWKA et al., 2000; SEGALES et al.,
2005). MADOSN & OPRIESSNIG (2011) demonstraram que a transmissdao do PCV-2
também pode ocorrer pelo leite e colostro da matriz para suas leitegadas. Entretanto, estudos
tém demonstrado diferencas nas concentragdes virais em animais com ou sem a manifestagéo
clinica da PCV-2-SD. Neste sentido, SEGALES et al. (2012) demonstraram que a excre¢ado
viral foi significativamente maior em animais com a manifestacdo clinica da PCV-2 - SD.
Estudos sugeriram que concentracdes virais acima de 107 copias de genoma/ml de soro sdo
observadas em animais com a manifestagdo clinica do PCV-2— SD (BRUNBORG et al.,
2004; OLVERA et al., 2004). Por outro lado, animais sem manifestacdo clinica também
podem eliminar o PCV-2 e servir como fonte de infec¢do para outros animais (KRAKOWKA
et al, 2005; SEGALES et al., 2012), caracterizando a forma subclinica da doenca (PCV-2-SI).
E importante ressaltar que procedimentos inadequados de manejo tais como: densidade de
alojamento elevada, baixa qualidade do ar, agua e racdo, mistura de lotes de origens diferentes
podem predispor a manifestacdo da PCV-2 - SD e, consequentemente, maior excrecdo do
PCV-2 (MADEC et al., 2000; PATTERSON et al., 2015).

A transmissdo vertical também foi demonstrada, sendo que, a infeccdo transplacentéaria
pode ocorrer em qualquer idade de gestacdo (PENSAERT et al.,2004; PARK et al., 2005).0s
embribes suinos com a zona peldcida intacta podem ser resistentes ao PCV-2, entretanto,
tornam-se mais susceptiveis com o avango dos estdgios embrionarios (MATEUSEN et al.,
2004). O PCV-2 também foi detectado no sémen e em o0citos de reprodutores soropositivos e
clinicamente sadios (LAROCHELLE et al., 2000, BIELANSKI et al., 2004; SCHMOLL et
al., 2008). GAVA et al. (2008) demonstraram que o PCV-2 pode ser transmitido pelo sémen

para matrizes e seus respectivos fetos durante a gestacao.
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2.4 Imunidade

O estudo da dindmica da imunidade humoral passiva e ativa, bem como da imunidade
celular, também ¢é importante para compreender o potencial do PCV-2em atravessar a barreira
placentaria e causar infeccdo em embrifes e fetos. Pode haver diminui¢cdo no titulo de
anticorpos para o PCV-2 em leitoas proximo a idade de reproducao, bem como, haver viremia
em leitoas e matrizes soropositivas sem sinais clinicos de PCV-2 — SD (LAROCHELLE et al.,
2003; CARASOVA et al., 2007; CALSAMIGLIA et al., 2007).

A imunidade passiva ao PCV-2, transmitida via colostro aos leitdes, declina durante o
periodo de lactacdo e de creche (LAROCHELLE et al., 2003; CARASOVA et al., 2007).
Desta forma, a PCV-2 - SD ndo é usualmente observada em leitbes com menos de quatro
semanas de idade (SEGALES et al., 2005; CARASOVA et al.,2007). A soroconversio ativa
foi observada em leitbes entre oito e 15 semanas deidade (LAROCHELLE et al., 2003;
CARAROVA et al., 2007). Em condicGes experimentais, a soroconversdo ativa ocorreu entre
11 a 21 dias ap6s a infeccdo (BALASCH et al., 1999; LAROCHELLE et al.,
2000;CARASOVA et al., 2007).

Viremia em animais de terminagdo e matrizes, mesmo com altos titulos de anticorpose
sem sinais clinicos de PCV-2 — SD também séo observados (LAROCHELLE et al., 2003;
MCINTOSH et al., 2006;CALSAMIGLIA et al., 2007).

A titulacdo de anticorpos anti-PCV-2, bem como a deteccdo de PCV-2 no soro, é
variavel entre matrizes num mesmo rebanho (OLIVER FERRANDO et al., 2018). A
vacinacdo sistematica de leites nas granjas causou uma reducdo na pressdo de infec¢do do
PCV-2. Com menos virus circulantes, alguns animais chegam ao final do periodo de
terminacdo soronegativos. Se considerarmos que esta situacdo pode ocorrer em leitoas de
reposicdo, a porcentagem de animais suscetiveis na populacéo estd aumentando (OLIVER —
FERRANO et al.,2018).

Os fetos provenientes dessas fémeas suscetiveis correm um risco maior de infeccao
por PCV-2 no atero. Como consequéncia ocorre um aumento na mortalidade fetal. Além
disso, a protecdo do colostro fornecida por essas fémeas aos seus leitdes é menor
(PLEGUENZUELO et al., 2021).

2.5 Falhas reprodutivas
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As falhas reprodutivas em suinos, tais como aborto, retorno ao cio, fetos natimortos e
mumificados, podem ser de origem infecciosa ou ndo. Estas falhas de origem ndo infecciosa
podem ser causadas, entre outras, por intoxicacdes e falhas nos procedimentos de manejo
(HOLLER, 1994). O tamanho da leitegada e a ordem de paricdo da matriz também sao
exemplos de causas ndo infecciosas que podem influenciar a sobrevivéncia fetal
(SCHNEIDER et al., 2001; VANDERHAEGE et al., 2013). Entre as causas infecciosas
alguns agentes virais e bacterianos merecem destaque, como: parvovirus suino (PPV), virus
da sindrome reprodutiva e respiratoria dos suinos (PRRS), virus da doenca de Aujeszky, virus
da peste suina cléssica, Leptospira spp,Erysipelothrix rhusiopathiaee o Circovirus suino 3
(PCV3) (HOLLER, 1994; KIM et al., 2004; MORENO et al., 2007; SAPORITI et al., 2020).
Com relacdo ao PCV-2, foi demonstrado que os gendtipos PCV-2a, PCV-2b e PCV-2d podem
ser letais aos fetos (LEFEBVRE et al. 2008; PLEGUEZUELOS et al., 2021).

A ampla disseminagdo do PCV-2 no mundo (SEGALES et al., 2005), levantou a
discussdo se este agente seria importante em quadros clinicos de falhas reprodutivas, uma vez
que boa parte das matrizes sdo soropositivas (SANCHEZ et al., 2001). Dependendo da fase
gestacional em que a infeccdo transplacentaria ocorre, diferentes manifestacfes clinicas
podem ser observadas (MADSON & OPRIESSNIG, 2011), como demonstrado no Tabela 2.

Tabela 2.Manifestacdo clinica da infeccéo intrauterina causada pelo PCV-2 e diferentes
fases de gestacdo: Adaptado de MADSON &OPRIESSNIG (2011)

Fase da gestacao Manifestacéo clinica Referéncia

Precoce (1-35 dias) Morte embrionéria Kim et al. (2004)
Retorno ao estro irregular Mateusen et al. (2007)
Pseudogestagéo Josephson and Charbonneau (2001)
Leitegadas com tamanho reduzido West et al. (1999)

Intermediéria (35-70 dias) Fetos mumificados Kim et al. (2004)
Abortos Kim et al. (2004)

Tardia (70-115 dias) Fetos mumificados Johnson et al. (2002)
Fetos natimortos O’Connor et al. (2001)
Leitdes nascidos com baixa viabilidade Nielsen et al. (2004)
Aumento do tempo de gestagdo Ladekjer-Mikkelsen et al. (2001)
Leitegadas normais Madson et al. (2009a)
Abortos Cariolet et al. (2002)

Neste sentido, PENSAERT et al. (2004) demonstraram que o PCV-2 pode atravessar a
barreira placentéria e causar infeccdo em embries ou fetos mesmo em matrizes soropositivas.
Neste estudo, os autores demonstraram que o PCV-2pode causar viremia de forma livre no
plasma ou associada a célula. Os virus que circulam livremente pelo plasma s&o
eficientemente controlados por anticorpos maternos, enquanto na viremia de forma associada

a célula, os virus podem atravessar a placenta sem o0 contato com anticorpos maternos. As
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chances de infecgdo transplacentaria aumentam com a maior concentragéo viral, duragdo da
viremia e viruléncia da amostra (PENSAERT et al., 2004).

Alguns estudos reproduziram de forma experimental a transmissdo vertical e
observaram abortamento (SANCHEZ et al., 2004; PARK et al., 2005). Autores relataram que
0 PCV-2 pode atravessar a barreira placentaria em qualquer idade de gestacdo (KIM et al.,
2004; PARK et al., 2005). MATEUSEN et al. (2007) relataram que o PCV-2 pode causar
retorno ao cio, inclusive regular, quando infec¢des transplacentarias ocorrerem em estagios
iniciais de gestacdo. Entretanto, Sanchez et al. (2001) nao observaram interrupcao da gestacéo
apos inoculacdo intra-fetal com o PCV-2. Estas diferencas observadas no curso da gestagédo
podem estar relacionadas, entre outras, com a via de inoculacgéo e a viruléncia das amostras.

Estudos também demonstraram o potencial do PCV-2 em causar morte fetal
(SANCHEZ et al., 2001; JOHNSON et al., 2002; MATEUSEN et al., 2004; SANCHEZ et al.,
2004; PARK et al.,, 2005). A mumificacdo ou natimortalidade fetal depende do periodo
gestacional nas quais os fetos foram expostos ao PCV-2. Fetos infectados antes de 75 dias de
gestacdo apresentaram maiores chances de mumificacdo fetal enquanto fetos infectados apos
esta idade se apresentaram natimortos ou fracos ao nascimento (SANCHEZ et al., 2001).
Alguns fetos infectados durante a gestacdo podem nascer vivos e indicam um potencial
carreador do virus para a vida pos-natal, além de ser o disseminador do virus na granja
(SANCHEZ et al., 2001; JONHSON et al., 2002;SANCHEZ et al., 2004; PARK et al., 2005).
Entretanto, o desenvolvimento da PCV-2-SD nestes leitdes fracos ao nascimento ndo estdo
determinados. Sanchez et al. (2001) relataram congestdo hepatica, hipertrofia cardiaca como
as principais lesdes macroscépicas em fetos inoculados com o PCV-2. LEFEBVRE et al.
(2008), em estudo de inoculagdo experimental de fetos relataram diferentes lesdes
macroscépicas de acordo com as doses infectantes. As principais lesbes histologicas em fetos
infectados com o PCV-2 foram miocardite fibrosante e/ou necrosante (WEST et al., 1999;
O’CONNOR et al., 2001; BRUNBORG et al., 2007) e pneumonia discreta, caracterizada por
infiltrado de células mononucleares no espaco alveolar (PARK et al., 2005). Entretanto, no
estudo de PARK et al. (2005), apenas 30% dos fetos natimortos de matrizes inoculadas com
PCV-2 apresentaram les6es histologicas discretas no pulmao.

Segundo ALBANES (1998) exames histopatologicos em quadros de infeccdo viral no
tecido cardiaco podem apresentar baixa sensibilidade. Os virus podem causar insuficiéncia do
miocardio por dois mecanismos, efeito citotoxico direto ou deforma indireta como
consequéncia de resposta imunoldgica. A gravidade da lesdo cardiaca depende, entre outros,

da localizacdo e extensdo. A lesdo focal é bem tolerada, porem se o processo inflamatorio
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ocorrer nas proximidades do tecido de conducdo poderd ocorrer graves consequéncias. O
autor ainda ressalta que a persisténcia de material genético viral tem sido demonstrada, por
meio de técnicas como PCR ou hibridizacdo “in situ”, na auséncia de processo inflamatorio e
tem sido associada a evolucdo desfavoravel da insuficiéncia miocéardica.

O envolvimento do PCV-2 como causa de mortalidade fetal (natimortos e/ou
mumificados) nas granjas é variado como demonstrado na Tabela 3.

Tabela 3: Prevaléncia da doenca reprodutiva associada ao PCV-2 (PCV-2 — RD) e

infecgdo fetal pelo PCV-2 em diferentes paises. Adaptado de MADSON & OPRIESSNIG

Pais Ano Fetos (n) Granjas Prevaléncia Referéncia
Brasil 2000 - 2007 1042 285 0/1042 (0%) Moreno et al. (2007)
2005-2007 121 9 7/121 (5,7%) Pescador (2007)
7 169 21 29/169 (17%) Ritterbusch et al. (2010a)
2006 - 2008 147 39 74147 (50,3%) Rocha et al. (2010)
2018 100 87 87/100 (87%) Herdt et al. (2019)
Canada 1995-1998 36 29 0/36 (0%) Bogdan et al. (2001)
Republica Tcheca ~ 2005-2007 232 7 2005=21.7% Zizlavsky et al. (2008)
2006=42%
2007=54%
Alemanha 7 210 87 57/210 (27%) Ritzmann et al. (2005)
2006-2009 788 7? 128/788 (16%) Nathues et al. (2010)
Coréia do Sul 2000-2002 350 321 35/350 (10%) Kim et al. (2004)
México 2006-2008 269 ?7? 100/269 (37%) Quintero et al. (2010)
7 107 7? 55/107 (51%) Enriquez et al. (2010)
2015 303 9 99/303 (32,6%) Palacios (2016)
Espanha 2002 100 100 1/100 (1%) Maldonado et al. (2005)
1999-2001 195 125 1/125 (0.8%) Segalés et al.(2002)
US.A. 1999-2000 171 3 28/171 (16%) Farnham et al. (2003)
2009 499 5 199/499 (40%) Shen et al. (2010)

No Brasil poucos sdo os estudos que detectaram a frequéncia do PCV-2 em fetos
mumificados e natimortos. MORENO et al. (2007) realizaram estudo por meio de PCR com
1042 fetos mumificados, natimortos e abortados, sendo todas as amostras negativas para o
PCV-2. Neste estudo, os agentes mais detectados foram o Parvovirus suino (17%) seguido
pela Leptospira spp (13%). PESCADOR et al. (2007) relataram 5,7% das amostras positivas
ao PCV-2 do total de 121 fetos. ROCHA, ALBERTON & SANTOS (2010) detectaram 50,3%
dos fetos natimortos e mumificados por meio de PCR positivos para 0 PCV-2 (74/146) e,
finalmente, HERDT et al. (2019) através da PCR, detectou 87% dos fetos mumificados e
natimortos positivos para o PCV-2 (87/100).

2.6 Diagnostico
As falhas reprodutivas sdo consideradas como a principal causa de descarte nos

plantéis produtivos podendo ser causadas por fatores infecciosos ou ndo. Dentre estes se
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atribuem 30-40% relacionadas a agentes infecciosos e 60-70% relativos a fatores néo
infecciosos (EMBRAPA, 2011; LEFEBVRE, 2015). De acordo com Pieroni (2013) a
mortalidade fetal € responsavel pela perda de pelo menos um leitdo desmamado/fémea/ano.

Tais falhas reprodutivas podem ser caracterizadas como retorno ao estro, aborto,
mortalidade embrionaria e fetal responsaveis pelo comprometimento do nimero de leitdes
nascidos vivos e desmamados fémea/ano, estando diretamente ligadas ao fator econémico e
do sucesso da granja (ROCHA, ALBERTON & SANTOQOS, 2010).

Segundo MADSON et al. (2012) existe a necessidade da diferenciacdo entre o PCV-2
—RD e a infecgdo subclinica do PCV-2 — Sl. Semelhante & diferenciacéo entre o PCV-2 — Sl e

0 PCV-2- SD em suinos em crescimento e terminacéo.

2.6.1Diagndstico da doenca reprodutiva associada ao circovirus suino 2 (PCV-2-RD)

O diagnéstico definitivo do PCV-2 — RD segue 3 critérios bem definidos: 1) sinais
clinicos como aumento de fetos mumificados e/ou natimortos e/ou aumento do nascimento de
leitdes com baixa viabilidade, 2) LesGes microscopicas em tecidos fetais (principalmente no
coracdo e linfonodos), e 3) Deteccdo do DNA do PCV-2 nos tecidos fetais através da técnica
de PCR (MADSON et al. 2012; SEGALES, 2012).

A deteccdo do PCV-2 pela imuno-histoquimica no coracdo fetal é de grande valia no
diagnostico da fase aguda da PCV-2— RD; todavia a qPCR tem se mostrado um método mais
sensivel (HANSEN et al., 2010). Valores nagPCR acima de 107 cdpias de DNA viral/500ng
de tecido fetal sdo considerados como forte indicador de PCV-2 — RD (BRUNBORG et al.,
2007; HANSEN et al., 2010) e valores acima de 10° copias de DNA viral/500ng de tecido
fetal foram encontrados em fetos com miocardite (BRUNBORG et al., 2007).

O exame histopatoldgico pode ser realizado em tecidos de fetos abortados e natimortos
(PARK et al., 2005), desde que nao apresentem estagio avancado de autélise. Entretanto, as
lesbes histopatoldgicas descritas (WEST et al, 1999; O’CONNOR et al., 2001) ndo sdo
patognoménicas do PCV-2, sendo necessaria a utilizacdo de outras técnicas para confirmacao.
N&o h& um consenso na literatura sobre o 6rgdo ou 6rgaos de elei¢do para detecgcdo do PCV-2
em fetos, entretanto, a maioria dos estudos demonstraram o coracao de fetos como o 6rgao de
maior titulo viral, independente do periodo gestacional (SANCHEZ et al., 2001; SANCHEZ
et al., 2003; LEFEBVRE et al., 2008). Outros autores destacaram a miocardite como a
principal lesdo histopatoldgica em fetos (WEST et al, 1999; O’CONNOR et al., 2001;
BRUNBORG et al., 2007).
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Outro ponto importante no processo de diagndstico de agentes infecciosos associados
a falhas reprodutivas é o nimero de amostras ou fetos a serem enviados ao laboratdrio. E
interessante enviar 0 maior numero de fetos possiveis (abortos, natimortos ou mumificados)
por leitegada e de diferentes leitegadas. A disseminacdo do PCV-2no ambiente uterino pode
ser lenta e nem todos os fetos de uma leitegada podem estar infectados (SANCHEZ et al.,
2001; PARK et al., 2005). Fetos inferiores a 16centimetros (medida entre a nuca e a garupa),
antes da fase de imuno competéncia, tendem a apresentar maior titulo viral (SANCHEZ et al.,
2001). Por outro lado, estudos comprovam a presenca de DNA do PCV-2 associado a

anticorpos durante a fase de imuno competéncia (SANCHEZ et. al., 2001).

2.6.2 Diagnostico da infeccdo subclinica do PCV-2 (PCV-2 -SI)

A infeccdo subclinica do PCV-2 é diagnosticada através da deteccdo do DNA viral em
diversos tipos de amostras: tecido fetal, preferencialmente no miocéardio, soro de leitdes
recém-nascidos, fluido torécico fetal, colostro, soro das matrizes e, mais recentemente, no
soro de corddo umbilical (PUCS) sem a presenca de lesdes microscopicas ou indicativos de
sinais clinicos de falha (MADSON & OPRIESSNIG, 2011; RUSTON et al.
2017;PLEGUEZUELO et al., 2021; SEGALES & SIBILA 2022).

A utilizagdo do PUCS como amostra na detecgdo do DNA do PCV-2 demonstrou ter
uma alta sensibilidade, semelhante ao colostro e soro de leitdes recém-nascidos antes de
mamarem o colostro e superior ao soro das matrizes e fluidos de processamento (RUSTON et
al., 2017; OCHOA et al., 2018; PERKINS et al., 2019; PLEGUEZUELO et al., 2021).

2.7 Prevencao

A vacinacdo frente o PCV-2 é a ferramenta mais eficaz no controle da infeccdo por
esse virus. Todas as vacinas comerciais para 0 PCV-2 reduzem a viremia, infeccdo dos
tecidos linfoides e a excre¢do viral (SCHEN et al., 2010; PLEGUEZUELOS et al., 2021)

A vacinagdo de matrizes foi proposta originalmente com o objetivo de promover a
protecdo do leitdo através da imunidade passiva fornecida pelo colostro. Essa vacinagdo
aumenta o nivel de anticorpos séricos reduzindo a viremia pelo PCV-2em leitbes filhos de
matrizes vacinadas (CYBULSKI et al., 2020).

Todavia com o passar dos anos os protocolos de imunizacéo frente o PCV-2 focaram
quase que exclusivamente na vacinacdo de leitGes, realizada normalmente no periodo do
desmame, resultando na reducdo significativa das manifestacdes clinicas do PCVAD e

melhoria dos indices zootécnicos, além da redugdo da mortalidade (CYBULSKI et al., 2020).
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Apos o langamento de diversas vacinas comerciais frente o PCV-2 com o protocolo de
vacinacao focado apenas em leitbes ao desmame, uma reducdo significativa na vacinacao de
matrizes e leitoas nas granjas comerciais foi observada. A vacinagdo sistematica de leitdes no
periodo de desmame reduziu significativamente a pressao de infeccdo nas granjas, a ponto de
alguns lotes de animais se tornarem soronegativos ao abate ou com um ndmero baixo de
animais soropositivos. Se a granja em questdo for uma fonte de producdo de leitoas de
reposicdo para outras granjas, reprodutoras com diferente status sanitario podem ser alojadas
na granja de destino causando um desequilibrio no status imunitario dessas granjas. Esse
desequilibrio pode levar a um aumento da pressdao de infeccdo e, consequentemente, a
alteracOes de carater reprodutivo e/ou produtivo (SEGALES & SIBILA 2022). Observactes
de campo indicam que a vacinacdo de matrizes pode apresentar um impacto positivo nos
parametros reprodutivos mesmo em granjas endemicamente infectadas pelo PCV-2 que
apresentam uma viremia baixa ou abaixo do limite de detec¢do pela técnica de PCR
(CYBULSKI et al., 2020; PLEGUEZUELOS et al., 2021)

Todavia, a literatura é escassa ao descrever o impacto da vacinacdo de matrizes nos
parametros reprodutivos e produtivos em granjas que apresentam PCV-2- RD ou PCV-2 - SI.
Atualmente apenas seis publicacdes peer reviewed descreveram esse impacto utilizando
diferentes vacinas e protocolos vacinais.

No primeiro estudo, matrizes foram vacinadas para o PCV-2, 4 e 2 semanas antes da
inseminacdo artificial e 4 semanas antes do parto por um periodo de 14 meses. Ndo foi
observada diferenca na taxa de parto, tamanho da leitegada, taxa de mumificados e taxa de
abortos quando comparada a matrizes ndo vacinadas. A explicacdo para a negatividade de
efeito sugerida pelos autores foi que a granja apresentava baixa circulacdo de PCV-2 no seu
plantel, confirmado através do gPCR no soro das matrizes (< 5x10° copias/ml) e pelo fato de
que problemas reprodutivos causados pelo PCV-2sejam infrequentes (KURMANN et
al.,2011).

No segundo estudo, a vacinagdo sistematica frente o PCV-2 foi realizada em matrizes
por um periodo de trés anos. A vacinacédo era realizada com seis e trés semanas antes do parto
para nuliparas e com trés semanas antes do parto para fémeas multiparas. A granja
apresentava PCV-2-RD que impactava principalmente na taxa de parto (65%). Dois anos apds
a implantacdo do protocolo de vacinagdo, a granja apresentou como resposta ao protocolo
vacinal, 93% de taxa de parto. O numero de leitbes desmamado por fémea por ano aumentou

de 10,31 para 11,74 apés um ano de vacinacdo e os leitdes nascidos com menos de 1,0 kg
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diminuiram significativamente. Os autores também comentaram que os indices reprodutivos
se tornavam melhores a cada ciclo das fémeas (PEJSAK et al., 2012).

No terceiro estudo as matrizes eram imunizadas com seis e trés semanas antes do parto
no primeiro ciclo e com duas semanas antes do parto no segundo ciclo. As matrizes vacinadas
apresentaram 1,3 leitdes nascidos a mais quando comparadas a fémeas ndo vacinadas no
segundo parto; além disso, o indice de vitalidade foi 12,7% maior nos leitGes provenientes de
fémeas vacinadas. A granja utilizada ndo apresentava PCV-2-RD, apenas PCV-2-Si
(CYBULSKI et al.,2020).

No quarto estudo, dois grupos de matrizes foram vacinadas 1 dia e 28 dias apds o
desmame, respectivamente, e um terceiro grupo ndo foi vacinado. A granja apresentava um
alto status sanitario e apenas infeccdo subclinica para o PCV-2, sem a presenca de PCV-2-
RD. Os autores ndo encontraram diferenca significativa no numero de leitdes nascidos vivos,
taxa de natimortos e leitbes nascidos com baixa viabilidade entre os grupos de matrizes
vacinadas e ndo vacinadas (OLIVER-FERRANDO et al., 2018).

No quinto estudo, trés grupos de matrizes foram vacinadas em diferentes momentos do
ciclo reprodutivo e um grupo ndo foi vacinado. A granja apresentava apenas PCV-2— Sl sem a
presenca de PCV-2-RD. Os grupos de fémeas vacinadas apresentaram seus leitdes com maior
peso ao nascer e, a0 desmame, reducdo da excrecdo viral e da viremia utilizando como
amostra coletiva de PUCS para deteccdo de DNA viral e maiores niveis de anticorpos nas
matrizes quando comparadas a fémeas ndo vacinadas. A porcentagem de fetos mumificados
foi significativamente (p<0,05) menor em matrizes vacinadas no periodo de lactacdo (1,1%)
quando comparada a matrizes ndo vacinadas (2,2%) (PLEGUENZUELOS et al., 2021)

No sexto estudo, o principal objetivo foi avaliar o efeito nos indices produtivos,
viremia e soroconversdao em leitbes provenientes de matrizes vacinadas comparados com
matrizes ndo vacinadas. Leitdes filhos de fémeas vacinadas apresentaram maior peso as 25
semanas de vida (p<0,05) quando comparado aos filhos de fémeas ndo vacinadas. A granja
apresentava apenas PCV-2 — Sl (FRAILE et al., 2012).

Assim, apesar de poucas publicacdes terem descrito o beneficio da vacinagdo de
matrizes frente 0 PCV-2 na melhoria de indices reprodutivos e produtivos em condicfes de
campo, nos estudos ja realizados esse protocolo tem demonstrado ser uma ferramenta eficaz
para reducdo das perdas reprodutivas causadas pelo agente, além de diminuir a viremia,
excrecédo viral pelo animal e uniformizar a imunidade do plantel, tanto em granjas com PCV-

2-RD quanto naquelas com PCV-2-Sl.
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Abstract

Porcine circovirus 2 (PCV-2) is the agent of one of the most important diseases in the swine
industry. Although it has been controlled through vaccination, viremic piglets at birth may
represent a risk by reducing vaccination efficacy. Since there are few reports on the viremic
status of pre-suckling piglets regarding PCV-2 infection, we assessed the PCV-2 frequency in
sows housed in 18 breeding farms with no history of clinical PCVAD in Brazil, using
placental umbilical cord serum (PUCS). The selection criteria were breeding farms with more
than 1,000 sows; sows not vaccinated for PCV-2 at least for 2 years prior to the study; farms
with no history of PCV-2 clinical disease in the last 12 months; and production systems with a
maximum of two sites. Blood from the umbilical cords in sow placenta or directly from
piglet’s immediately after birth was collected from 30 litters on each farm for PCR. In
addition, blood from 538 sows was collected for PCV-2 antibody detection. A total of 17.29%
of the PUCStested positive. The PCV-2 DNA was detected in PUCS from 94.4% of all farms.
A total of 94.8% of the sow’s was positive for PCV-2 antibodies. However, seronegative
sows were detected in 44.4% of farms. All 18 farms had at least 46.9% seropositive dams. A
higher percentage of seronegative sows was observed for farms with more than 10% of PCV-
2-positive litters compared to those with < 10% of PCV-2 positive litters (8.9 +/-1.7% vs 1.5
+/- 0.7%, P < 0.01, respectively).

1. Introduction

Porcine circovirus 2 (PCV-2) is one of the most economically important pathogens in the
swine industry worldwide (1). This virus is endemic in pig farms and causes several clinical
syndromes unified as “porcine circovirus-associated diseases” (PCVAD), encompassing
porcine dermatitis and nephropathy syndrome (PDNS); PCV-2 lung disease (PCV-2-LD);
PCV-2 enteric disease (PCV-2-ED); PCV-2 systemic disease (PCV-2-SD); PCV-2
reproductive disease (PCV-2-RD), and PCV-2 subclinical infection (PCV-2-Sl) (1-4). The
major differences between subclinical and clinical infections are the presence of clinical signs,
losses in production, and the severity of lesions (5). Whilst subclinical PCV-2 infections are
usually correlated with no gross findings and the absence or presence of mild microscopic
lesions, clinical infections are characterized by moderate to severe lesions in the affected
tissues (6).

The PCV-2-SD is one of the most common syndromes reported in the literature and has
frequently been observed in the field since 2002 (2). However, the epidemiology of PCV-2
has been modified substantially, and nowadays, PCV-2-SI is the most prevalent form of
manifestation due to the massive use of efficient commercial vaccines worldwide (5).
According to the vaccination protocol adopted (piglets and gilts, gilts/sows only, gilts/sows
and their litter vaccination, or piglets only), the PCV-2 infection dynamics probably changed
in the mid—long term (5). The vaccination of gilts and sows prior to insemination is justified
by evidence that piglets may become infected with PCV-2 in the uterus via transplacental
infection (7-9). The progression for clinical signs of the disease in sows is dependent on a
high viral replication or protracted viremia and the timing of viral infection, which can also
determine the occurrence of clinical reproductive failure (10).

Additionally, piglets are frequently vaccinated at weaning to improve performance and reduce
viremia, which is achieved even in the presence of maternal delivered antibodies. However,
several pigs may reach the end of the finishing phase seronegative for PCV-2 if vaccination
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has been performed only at weaning (11,12). In the case of multiplier farms, the absence of
later vaccination could increase the chances of the emergence of subpopulations of
replacement gilts with low antibody titers against PCV-2 (5). This situation can increase the
prevalence of infected newborn piglets (13-16), and colostrum protection from sows to their
offspring might be weak (17). A high number of pre-suckling infected piglets has been
associated with a higher chance of horizontal transmission of PCV-2 among littermates,
increasing the number of infected piglets at weaning. Consequently, a decrease in vaccination
efficacy may be observed since the piglets would already be infected with PCV-2 at the time
of vaccination. Some of them may develop the clinical disease earlier (6-8 weeks of age) or
maintain a subclinical condition (PCV-2-SI), with impacts on their zootechnical performance
(18-20). However, these problems are not limited to piglets born to primiparous sows.

The detection of high titers of PCV-2 antibodies or the presence of seronegative sows have
been reported in sows from different parity orders (13,21). Blood sampling soon after
farrowing has been used to assess PCV-2 serology in sows (10). Additionally, placental
umbilical cord serum (PUCS), pre-suckling piglet serum, umbilical cord tissue, colostrum,
and fetal tissues have been used to determine sow herd PCV-2 prevalence through the
measure of PCV-2 viremia (8,15,22—24). The use of PUCS as a sample to detect PCV-2 has a
high sensitivity, similar to that of colostrum and pre-suckling serum and higher to that of sow
serum and processing fluids (23,25). PUCS was used to determine prevalence of PCV-2
infection as a diagnostic specimen in some studies (16,24) and also to evaluate the effects of
sow vaccination against PCV-2 in different stages of the production cycle (22). Therefore, the
aim of this study was to assess the frequency of viremic newborn piglets for PCV-2 using
gPCR based on PUCS and to determine immune status of sows using serology (ELISA). Also,
the relationship between seronegative sows and positive PUCS for PCV-2 in 18 breeding
farms with no history of clinical PCVAD in Brazil was assessed.

2. Materials and methods

The Research Committee of the Federal University of Rio Grande do Sul approved the use of
animals in this study (#44611).

2.1 Farm selection

A total of 18 farms (abbreviated from A-R) from four pig companies (X, Y, Z and W), located
in the main Brazilian pork-producing states (26), were randomly selected for the study (5 in
Mato Grosso- MT, 1 in Parana - PR, 5 in Santa Catarina — SC, and 7 in Rio Grande do Sul -
RS). All farms were selected according to the following criteria: size (> 1,000 sows); farms
which had not vaccinated sows for PCV-2 for at least 2 years (except prepubertal gilts); farms
with no history of clinical PCVAD in the last 12 months; farms with a maximum of two sites
(sow farm or sow farm with nurseries) (Table 1). These farms represent the commonest piglet
production models in Brazil. All farms presented a regular parity order distribution (PO — 1 to
12), except farm C, which had only primiparous sows, and farms A and B, which had no
primiparous sows (PO from 2-12). The average weaning age varied from 21 + 4 (Company
X) to 23 £ 4 days (Companies Y, Z, and W). All farms were historically negative for PRRSv.

2.2  Sow blood collection and placental umbilical cord serum sampling
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Placental umbilical cord serum was collected directly from the placenta within 12 hours post-
farrowing or directly from the umbilical cord of piglets immediately after birth and before
colostrum intake. Convenience sampling was performed, in which the litters from the sows
that were farrowing during the time that the farms were visited were selected. A total of three
to four umbilical cords per litter (29-32/farm) were stored inside sterile tubes with clot
activator to reach a volume of least 3 ml. Each tube was considered one PUCS sample. To
minimize sample contamination with environmental PCV-2 DNA, all utensils (e.g., scissors)
were cleaned mechanically with disposable paper, washed with water and disinfected with
70% ethanol, and gloves were changed for each PUCS sampling according to Pleguezuelos et
al. (2021)(22). Additionally, blood samples were collected from 29-32 sows per farm up to 4
days after farrowing, being the sows not the same as the ones from the PUCS litters. All
samples (PUCS and blood from sows) were stored at 4°C for 24 hours. Subsequently, the
samples were centrifuged (3,000 rpm for 15 minutes) to obtain the serum, which was placed
in 1.5-mlsterile microtubes and stored at -20°C to be tested within 30 days. A total of 1,076
samples from piglets and sows (PUCS and blood, respectively) were collected (Table 1).

2.3  Diagnostic test methods
2.3.1 Serology

All serum samples from sows were tested for the presence of anti-PCV-2 antibodies using a
commercial enzyme-linked immunosorbent assay (indirect ELISA) kit (Porcine Circovirus 2
Antibody Test, BioChek B.V., Reeuwijk, Holland) according to the manufacturer’s
instructions. Serum samples were considered positive for the presence of PCV-2 antibodies
when the S/P ratio was > 0.5.

2.3.2 PCR detection for PCV-2

The DNA was extracted from PUCS using commercial kits (NewGenePrepAmp,
SimbiosBiotecnologia, Cachoeirinha, Brazil). The PCV-2 quantitative real-time PCR (qPCR)
was performed using the NewGenePCVAmp kit (SimbiosBiotecnologia, Cachoeirinha,
Brazil) and specific primers (32). The standard curve was generated using references with
high (10,000,000 genomes/ml), low (10,000 genomes/ml), and intermediate (10,000—
1,000,000 genomes/ml) load, considering a linear regression coefficient (R2) above 0.9. The
gPCR was considered positive with a Ct value < 37. Viral titers inferred from the PCR results
were expressed as the viral copy number per milliliter (copies/ml).

2.4  Statistical analysis

All statistical analyses were performed using the Statistical Analysis System — SAS® 9.4
(SAS Institute Inc., Cary, NC, USA). Descriptive analyses were carried out to present the
means * standard error, quartiles, and frequencies of PCV-2 genome sequence and S/P values,
considering all samples or by farm. The Pearson correlation (PROC CORR procedure) was
applied using the farm as observational unit to associate the percentage of positive PUCS with
the average S/P value of sows and the percentage of seronegative sows. Based on the median
of the percentage of PUCS positive for PCV-2, the farms were classified in those with < or >
10% of samples positive. These two classes of farms were included as fixed effect in the
model (PROC GLIMMIX) to identify as outcome the percentage of sows seronegative for
PCV-2 in each farm (binomial distribution) and the percentage of farms with seronegative
sows for PCV-2. In the last outcome variable, the farms were classified as those with the
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presence of at least one seronegative sow for PCV-2 (> 1 sow) and those with no seronegative
sow (absence) and analyzed using binary distribution.

3 Results

A total of 17.29% (93/538) of the PUCS showed positive (Ct < 37) for PCV-2 by gPCR (Fig.
1). The average PCV-2 viral load was 10%® (lower quartile — 10%2; upper quartile -10*"), and
the farms O (10°° + 7.3), L (10%2), and H (10*° + 1.1) had the highest PCV-2 viral load (Fig.
2). The PCV-2 was detected in at least one PUCS in 94.4% of the sampled farms (17/18),
with a frequency by farm ranging from 3.3% to 86.7% (Fig. 1).

A total of 94.8% (510/538) sow serum samples showed positive antibodies for PCV-2. All 18
farms had at least 46.9% of PCV-2-seropositive sows. The average S/P value was 1.79 + 0.03
(lower quartile -1.45; upper quartile -2.26), and farms P (2.23 + 0.11) and F (2.27 £ 0.06) had
the highest average serological values (Fig. 3). Seronegative sows were detected in 8 out of
the 18 farms (A — 1/31; B — 2/30; D — 2/30; E — 17/32; J — 1/30; M — 3/30, N — 1/30, and Q —
1/29).

There was no correlation (P > 0.51) between the percentage of litters positive for PCV-2 by
PUCS with the S/P value and the percentage of sows seronegative for PCV-2 in each farm
(Table 2). However, a higher percentage of seronegative sows (P < 0.01) was observed in
those farms with more than 10% of litters positive for PCV-2 by PCR (8.9 + 1.7%) compared
to those with < 10% of PUCS-positive litters (1.5 £ 0.7%). In contrast, the frequency
distribution of farms with at least one seronegative sow was not associated (P = 0.36) with the
frequency of positive PUCS (< or > 10%, Table 2).

4 Discussion

The aim of this study was to assess the frequency of viremic newborn piglets for PCV-2 using
gPCR from PUCS and to determine immune status of sows using serology (ELISA). Also, the
relationship between seronegative sows and positive PUCS for PCV-2 in 18 breeding farms
with no history of clinical PCVAD in Brazil was assessed.

To the best of the authors’ knowledge, this is the first study regarding PCV-2 detection in
PUCS in Brazil.

Based on the results, 94.8% of the sows showed PCV-2 seropositivity at sampling, and high
levels of PCV-2 antibodies were detected. Since the sows enrolled in this study were
vaccinated only when they were around 21 days of age, the serological response detected by
ELISA could have occurred just due infection because the duration of immunity of such
vaccines are considered to last around 6 months (5). Despite the high frequency of
seropositive samples (94.8%), seronegative sows were detected in 8 out of the 18 farms
(44%). 1t was demonstrated that in multiplier farms, where only piglet vaccination is used, a
part of these animals may be seronegative at the end of the fattening period (12). If some of
these animals eventually become replacement stock, a percentage of seronegative gilts
potentially becomes susceptible to infection, generating seronegative subpopulations (13).
Taking this subpopulation of seronegative sows into consideration, sow vaccination should be
considered to increase immunity and decrease virus circulation since the subclinical status can
easily lead to a clinical PCVAD (22,28).
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Although a high proportion of sows presented antibodies against PCV-2, 94.4% of the farms
presented at least one positive PUCS by PCR, with a frequency of 17.29%, reaching up to
86.67% in one of the farms. These data suggest the maintenance of the virus even in clinically
stable farms (without a history of PCVAD in the last 12 months) with a high proportion of
serologically positive sows. Studies performed in the USA with pre-suckling piglets showed a
PCV-2 prevalence ranging from less than 10% (28) to up to 82% (15) by PCR, similar to our
findings. In contrast, European studies reported no PCV-2 DNA detection in any of the pre-
suckling piglets (14,16). In one of these studies (14), only sow farms with less than 1,000
sows were selected. In our study, we selected farms with more than 1,000 sows, and farm size
may have contributed to our results since the larger number of animals could have increased
the odds of virus survival and circulation among pigs.

The presence of pre-suckling viremic piglets has been associated with a higher chance of
horizontal transmission of PCV-2 among littermates, increasing the number of infected piglets
at weaning, which also increases the risk of low vaccine efficacy (10). The higher risk of
reducing vaccine efficacy occurs because piglets might already be infected with PCV-2 at the
time of vaccination, and some of them may develop the clinical disease earlier or maintain a
subclinical condition (PCV-2-Sl), which can impact the zootechnical performance (18-20).
Some risk factors can also potentiate viral replication, facilitating the shift from a subclinical
to a clinical condition. Some studies demonstrated that a nonspecific stimulation of the
immune system, such as vaccination, combined with a preexistent subclinical and endemic
PCV-2 infection, may favor the development of PCVAD (28,29). Moreover, piglets are more
likely to exhibit PMWS after early infection by PCV-2 and when weaned before 21 days (19).
These risk factors are common in Brazilian farms, and the association of them with the
presence of pre-suckling infected piglets may reduce the efficacy of PCV-2 piglet vaccination.
We did not assess the piglets of this study during the nursery and/or finishing phases and
could therefore not evaluate the impact of PCV-2 detection by PUCS on performance or
clinical condition in the downstream flow. However, our results suggest that this should be
investigated in future studies.

A higher percentage of seronegative sows (P < 0.01) was observed in those farms with more
than 10% of litters positive for PCV-2 (8.9 + 1.7%) compared to those with < 10% of PUCS-
positive litters (1.5 + 0.7%). Most likely, the seronegative sows increase the frequency of
infected newborn piglets (13-16), and colostrum protection from these sows to their offspring
might be weakened (17).

Finally, the combined results of PUCS and serology suggest a heterogeneous immune
situation of sow farms in Brazil. In this scenario, the assessment of PCV-2 infection in the
early life of piglets would be important to clarify the infection dynamics in farms since the
presence of pre-suckling infected piglets suggests a higher chance of the horizontal
transmission of PCV-2 and/or an increased risk of low vaccine efficacy (10). The reduction in
vaccination efficacy associated with risk factors can easily trigger PCVAD (19,31,32). In
future studies, a longitudinal approach can be used to define the infection dynamic within the
farms. Also, a more embracive study can be done with the correlation of reproductive data
and PCV-2 infection dynamic. Another important pattern that could be analyzed is the impact
of the prevalence within the sow farm and the impact of it in the following production stages.
In conclusion, the results of our study indicate a high proportion of infected pigs showing no
clinical signs on Brazilian farms, with newborn piglets detected positive for PCV-2,
highlighting the need for preventive measures on these farms and on the downstream flow.
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Table 1: Description and distribution of the farms and number of sampled animals per farm.

Farm Compan Location  Sites Sows/farm  Number of Number of
y sow samples PUCS
samples
A X SC WIN 6,000 31 31
B X SC W/N 4,000 30 30
C X SC W 2,000 28 28
D Y SC W 3,770 30 30
E Y SC W 3,200 32 32
F Z RS W 1,500 30 30
G z RS W 1,000 30 30
H Z RS W 7,500 29 29



| z RS W 2,330 29 29
J z RS W 2,880 30 30
K z RS W/N 2,150 30 30
L W MT W 3,250 30 30
M W MT W 4,400 30 30
N W MT W 4,400 30 30
0 W MT W 4,400 30 30
P W MT W 4,400 30 30
Q W MT W 4,400 29 29
W PR W 5,000 30 30

Total 66,580 538 538

W = breeding farms with piglets up to weaning; W/N = breeding farms with nurseries
SC - Santa Catarina; RS - Rio Grande do Sul; MT - Mato Grosso; PR — Parana - PR
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Figure 1. Frequency of PCV-2-PCR positive placental umbilical cord serum (PUCS) from
litters of 18 breeding farms.
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Figure 2. Average viral load of PCV-2-positive PUCS samples with standard deviation in all
18 breeding farms. The results are expressed as the log10 viral copy number per milliliter of

PUCS (copies/ml).
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Figure 3. PCV-2 S/P values of farrowing sows (n = 538) in 18 farms. Sows were considered
seropositive against PCV-2 when the S/P ratio was > 0.5.
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Table 2. Association of farms (n = 18) with litters positive for PCV-2 by porcine umbilical
cord serum (PUCS) and PCV-2-seronegative sows.

Correlation r P-value
Positive PUCS (%) vs Sows S/P value -0.17 0.51
Positive PUCS (%) vs Seronegative sows (%) -0.04 0.87
Frequencies Positive PUCS (%)

<10 >10
n 9 9
Seronegative sows, % 1.5+£0.7 89+17 <0.01
Farms with seronegative sows, % 33.3+£15.7 55.6+16.6 0.36

S/P value — average of S/P value in each farm.

Positive PUCS — percentage of litters positive for PCV-2 by PCR on each farm.
Seronegative sows — percentage of sows seronegative for PCV-2 by ELISA on each farm.
Farms with seronegative sows — farms with at least one sow seronegative for PCV-2,

TFarms with less or more than 10% of litters positive for PCV-2 by PCR, classified based

on the median of the farms included in the study.
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Effect of different protocols of porcine circovirus 2 (PCV-2) sow vaccination on
serological, virological and reproductive parameters in a PCV-2 subclinically infected

breeding herd in Brazil.

Abstract

Studies under field conditions measuring the impact of PCV-2 vaccination of dams on
reproductive parameters and litter performance are scarce and have contradictory results.
Because of this, this study aimed to evaluate the effect of different protocols of sow
vaccination against PCV-2 on reproductive parameters as well as on virological and
serological parameters in sows and their progeny. A farm with 4400 dams was selected for the
study, and a total of 161 dams were selected for this trial. The farms were divided into three
groups. Dams in group A (n=54) were vaccinated intramuscularly in mid-gestation (48 — 54
gestation days) with one dose of 1 ml of the vaccine Ingelvac CircoFLEX® and one dose of
1ml of saline solution 0.9% 30 days after, Group B (n=55) was vaccinated intramuscularly
with a first dose in mid-gestation (48 — 54 days) and a second dose 30 days after with 1ml of
the vaccine Ingelvac CircoFLEX® and Group C was unvaccinated. Blood was collected from
all the dams at mid-gestation, farrowing, and from three to four umbilical cords (PUCS) per
litter. All the piglets born were weighed within 12 hours after the end of the farrowing
process. Additionally, the number of stillborn, mummies, and piglets born alive and the
duration of parturition were recorded. There was no significant difference in results of dam’s
serology, gPCR from PUCS, and reproductive parameters between vaccinated and not
vaccinated dams. The virological, serologic, and clinical patterns suggest that the herd was
already stable for PCV-2, underestimating the possible results of sow vaccination for PCV-2.

Keywords: PCV-2, PCR, PUCS, reproductive parameters, serology, swine

1. Introduction

Porcine circovirus 2 (PCV-2) is a small, circular, non-enveloped, single-stranded DNA
virus of 20 nm in diameter approximately, belonging to the genus Circovirus, family
Circoviridae (OPRIESSNIG et al., 2012). In pig farms, PCV-2 is endemic and causes several
clinical syndromes unified as “porcine circovirus-associated diseases” (PCVAD). The
PCVAD embrace porcine dermatitis and nephropathy syndrome (PDNS); PCV-2 lung disease
(PCV-2-LD); PCV-2 enteric disease (PCV-2-ED); PCV-2 systemic disease (PCV-2-SD);
PCV-2 reproductive disease (PCV-2-RD), and PCV-2 subclinical infection (PCV-2-Sl)



45

(SEGALES, 2011). PCV-2 infections occurring within the uterus at various stages of
pregnancy can result in a range of reproductive disorders influenced by the immunological
status of the fetus and dams. Clinical signs of PCV-2 infection in the dam are typically absent
or inapparent. The most consistent clinical presentation of PCV-2 RD is increased stillborn
and mummified fetuses (O’CONNOR et al., 2001). Moreover, there is also a risk that piglets
are born viremic with PCV-2 due to transplacental infection. Seronegative dams in the
breeding batches might potentially increase the prevalence of viremic newborn piglets
(DIESTE-PEREZ et al., 2018; EDDICKS et al., 2016; OLIVER-FERRANDO et al., 2018;
SHEN et al., 2010; FAN et al., 2023), and colostrum protection from dams to their offspring
might be weakened(KURMMAN et al., 2011).

Pre-suckling infected piglets have been associated with a higher chance of horizontal
transmission of PCV-2 between littermates, increasing the number of infected piglets at
weaning. This has been reported in the field and experimental studies, increasing the risk of
low vaccine efficacy (MADSON et al., 2009; ANDRAUD et al., 2008; ROSE et al., 2012;
YU et al., 2007). The higher risk of reduced vaccination efficacy occurs because piglets might
be already infected with PCV-2 at the time of vaccination, and some of them may develop the
clinical disease earlier or maintain a subclinical condition (PCV-2-Sl), having an impact on
the zootechnical performance (ANDRAUD et al., 2009; ROSE et al., 2012).

Several samples have been used to determine the prevalence of PCV-2 viremic
newborn piglets. These include pre-suckling piglet serum, umbilical cord tissue, processing
fluids, and placental umbilical cord serum (PUCS) (DIESTE-PEREZ et al., 2018; EDDICKS
et al., 2016; SHEN et al., 2010; RUSTON et al., 2017; KNOX et al., 2017; BAUMERT et al.,
2013). PUCS was shown to have a high specificity and sensibility compared to pre-suckling
piglet serum (BAUMERT et al., 2013). Also, PUCS was used as a diagnostic sample in some
studies to find out how frequently in newborn piglets was PCV-2 infection and to evaluate
vaccination against PCV-2 in the production cycle (DIESTE-PEREZ et al., 2018; FAN et al.,
2023; PLEGUEZUELQOS et al., 2021). Studies performed in the USA with pre-suckling
piglets showed a PCV-2 prevalence ranging from less than 10% (KNOX et al., 2017) to up to
82% (SHEN et al., 2010) by PCR. Similar results were found in Brazil, which detected a
frequency of newborn viremic piglets ranging from 0% to 86% between 18 farms investigated
by gPCR in PUCS (LIPPKE et al., 2024).

PCV-2 vaccination of dams represents the better approach to mitigate the transmission
of PCV-2 to their offspring, thereby reducing the risk of PCV-2-related reproductive failure
and viremic newborn piglets (OLIVER-FERRANDO et al., 2018; PLEGUEZUELOS et al.,
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2021; PEJSAK et al., 2012). However, other studies have demonstrated that sow vaccination
does not entirely prevent PCV-2 vertical transmission (MADSON et al., 2009). Studies under
field conditions measuring the impact of dam vaccination on reproductive parameters and
litter performance are scarce and have shown contradictory results. One study showed that
piglets from vaccinated sows demonstrated a significantly higher average birth weight when
compared to unvaccinated dams. However, no statistical differences were observed regarding
stillborn, mummies, and liveborn piglets (PLEGUEZUELOS et al., 2021). Also, in the other
two studies, there was an improvement in the number of liveborn piglets with no difference in
stillborn and mummies from vaccinated dams (OLIVER-FERRANDO et al., 2018; PEJSAK
et al., 2012). On the other hand, some published data did not find a significant impact on
reproductive performance when a PCV-2 vaccine was used in dams (KURMMAN et al.,
2011; CYBULSKI et al., 2020).

Studies also demonstrated that dam vaccination reduced the number of newborn
viremic piglets (SHEN et al., 2010; O’NEILL et al., 2012). In one of these studies, a reduction
of 44% (p < 0.001) in PCV-2 viremic piglets and a decrease of 31,5% (p = 0.036) in the
prevalence of litters with PCV-2 viremia when piglets born from PCV-2 vaccinated were
compared with unvaccinated dams (O’NEILL et al., 2012). The reasons for that could be the
hiding of intrauterine infection or the decrease of infection via colostrum shortly after birth
(MADSON et al., 2009). This study aimed to evaluate the effect of different protocols of sow
vaccination against PCV-2 on reproductive parameters and virological and serological

parameters in sows and their progeny.

2. Materials and Methods

2.1. Herd Description

The study was conducted in a two-site commercial farm located in west-center Brazil.
The farm had around 4400 dams and had a weekly farrowing batch system. Piglets were
weaned around 23 days of age. The herd was negative for porcine reproductive and
respiratory syndrome virus (PRRSV), and three genetic lines (A, B and C) were used to
produce commercial pigs. However, in the last two years, only one herd from one genetic line
(HS) was the source of replacement gilts multiplied at a different location and periodically
transported (respecting quarantine rules) from the nucleus farm belonging to the same
company and having the same health status. The vaccination protocol included gilts and sows

immunization pre-farrowing against porcine parvovirus, Erysipelothrix rhusiopathiae,
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Leptospira spp., Salmonella Typhimurium and Choleraesuis, Glaesserella parasuis,
Pasteurella multocida type A and D, Bordetella bronchiseptica, Escherichia coli and
Clostridium perfringens type C. Piglets were vaccinated 1 — 3 days before weaning against
PCV-2, Mycoplasma hyopneumoniae, Glaesserella parasuis, Pasteurella multocida type A,
Salmonella Typhimurium and Choleraesuis and Lawsonia intracellularis. Inclusion criteria
for dam selection were a) healthy animals, b) from all genetic lines, and c) of all parties (gilts,
primiparous, and multiparous).

Four months before the start of the study, PCV-2 DNA was detected in placental
umbilical cord serum (PUCS — pools of 3-4 samples) from 26 out of 30 litters (86.6%, viral
load range was 10> and 108’2 genome copies/ml), indicating a PCV-2-SI scenario with no
clinical PCVAD. Also, serology for PCV-2 using a commercial ELISA kit to assess dams
during the lactation period revealed 100% positive results with an average of 2.23 ELISA S/P

value.

2.2. Study design

Dams were randomly allocated into three treatment groups blocked by parity (from 0
to 9) and genetic lines (DB, TOPIGS, or HS). A total of 161 dams were selected for this trial.
One Dbreeding batch that had an expected birth for October 2023 was divided into three sub-
groups, to which different PCV-2 vaccination protocols were applied. Dams in Group A
(n=54) were vaccinated intramuscularly in mid-gestation (48 — 54 gestation days) with one
shot of 1 ml of the vaccine Ingelvac CircoFLEX®, and one shot of 1mlof saline solution 0.9%
with 78 — 84 days. Group B (n=55) was vaccinated intramuscularly with a first shot in mid-
gestation (48 — 54 gestation days) and a second dose 30 days apart (78 — 84 gestation days) of
1mlof the vaccine Ingelvac CircoFLEX®. Group C (n=52) remained unvaccinated; however,
they received two shots of 1mlof saline solution, 0.9%, with 48 — 54 gestation days and 78 —
84 gestation days. Dams from all treatment groups were housed in the same barn,
individualized, and transferred to the farrowing rooms with 111 days of gestation. The study
design is summarized in Fig. 1.

All piglets from the 161 dams were weighed within 12 hours after the farrow end. The

number of stillborn, mummies, born alive and farrowing duration were also recorded.

2.2.1 Sow blood collection and placental umbilical cord serum sampling
Blood from three to four umbilical cords per litter from all 161 dams was milked out

inside a sterile tube with a clot activator to reach a volume of at least 3 ml. Each tube was
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considered one PUCS sample. Placental umbilical cord blood was collected directly from the
placenta within 12 hours post-farrowing or directly from the umbilical cord of piglets
immediately after birth and before colostrum intake. To minimize sample contamination with
environmental PCV-2 DNA, gloves were changed, and all utensils (e.g., scissors) were
cleaned mechanically with disposable paper, washed with water, and disinfected with ethanol
70% for each PUCS sampling according to Pleguezuelos et al. (2021).Additionally, blood
samples from all (n=161) dams were collected twice, at mid-gestation (48 — 54 gestation
days) and farrowing (0 - 3 days after farrowing), being the dams the same ones from the
PUCS litters. All samples (PUCS and blood from dams) were stored at 4 °C for 24 hours.
Subsequently, the samples were centrifuged (3000 rpm for 15 minutes) to obtain the serum,

which was placed in 1.5-ml sterile microtubes and stored at -20°C to be tested within 30 days.

2.3 Diagnostic test methods

2.3.1 Serology

All serum samples from dams were tested for the presence of anti-PCV-2 antibodies
using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Porcine Circovirus 2
Antibody Test, BioChek B.V., Reeuwijk, Holland) according to the manufacturer's
instructions. Serum samples were considered positive for PCV-2 antibodies when the S/P

value was > 0.5.

2.3.2 PCR detection for PCV-2

The DNA was extracted from PUCS using commercial kits (NewGenePrepAmp,
Simbios Biotecnologia, Cachoeirinha, Brazil). The PCV-2 guantitative real-time PCR (qPCR)
was performed using the NewGenePCVAmMp kit (Simbios Biotecnologia, Cachoeirinha,
Brazil) and specific primers (BALESTRIN et al., 2022). The standard curve was generated
using references with high (10,000,000 genomes/ml), low (10,000 genomes/ml), and
intermediate (10,000-1,000,000 genomes/ml) load, considering a linear regression coefficient
(R2) above 0.9. The gPCR was considered positive with a Ct value < 37. Viral titers inferred

from the gPCR results were expressed as the viral copy number per milliliter (copies/ml).

2.3.3Statistical analysis
All statistical analyses were performed using the Statistical Analysis System - SAS®
9.4 (SAS Institute Inc., Cary, NC, USA).The GLIMMIX procedure included the treatments as
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fixed effect. Frequency variables were analyzed using binomial distribution and continuous
variables by Gaussian distribution. Comparisons were performed using the Tukey—Kramer

test.

3. Results

3.1. Reproductive parameters

Reproductive parameters were obtained from 161 dams of first-ninth parity from 3
genetic lines and 2.450 piglets from the same farrowing batch. The comparison of these
parameters among each treatment group is detailed in Table 1. In Group B (dams vaccinated
twice for PCV-2 during gestation), the highest total born (15.94), and liveborn (13.98)were
observed. However, there was no statistical difference in any of reproductive parameters

between treatments.

3.2. PCV-2 antibody values in serum samples of dams

The dynamic of IgG antibodies against PCV-2 are shown in Fig.2. In the mid-
gestation, Group A, B, and C had 1.5, 1.36, and 1.39 S/P values, respectively, with a standard
deviation of 0.28, 0.41 and 0.42. However, there was no statistical difference between the
groups. At farrowing, group B showed significantly higher average S/P values (1.86) than
group A (1.68) and C (1.61). Vaccinated groups (A and B) had a lower standard deviation (A
=0.29; B = 0.23) when compared to the non-vaccinated group (0.35).

3.3 PCV-2 DNA detection in serum samples from placental umbilical cord pools

Only eight PUCS were positive for PCV-2 DNA throughout the study. Two from
group A (both with 1022 PCV-2 copies/ml), four from group B (ranging from 10%2° — 1058
PCV-2 copies/ml), and two from group C (1028 and 10%%2 PCV-2 copies/ml).

4. Discussion

The present study evaluated the impact of different protocols in sow vaccination for
PCV-2 on serological, virological, and reproductive parameters in a subclinically infected
herd of 4.400 sows. The comparison of the number of total born, liveborn, stillborn,
mummies, duration of farrowing, and newborn piglets’ weight between vaccinated and non-
vaccinated dams did not show any statistical difference independently. This agrees with two

studies that reported no difference in reproduction parameters between vaccinated and non-
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vaccinated dams (KURMANN et al., 2011; CYBULSKI et al., 2020). In the first study, the
dam's vaccination for PCV-2 at 4 and 2 weeks before insemination and four weeks prepartum
during 14 months in two farms with no apparent reproductive problems did not determine
better reproductive parameters. The second study was conducted in a high-health status herd
with a highly prolific genetic and with no problem with PCV-2 RD. It was carried out using
three groups of dams vaccinated against PCV2 1 day after weaning, 28 days after weaning,
and non-vaccinated. The herd used in our study was a PCV-2 subclinically infected herd with
no history of PCV-2 RD. This is probably why we did not find a significant difference in
reproductive parameters between vaccinated and non-vaccinated groups.

This finding differs from other works where higher birth weights in piglets from
vaccinated dams for PCV-2 were reported (PLEGUEZUELOS et al., 2021; PEJSAK et al.,
2012). Pleguezuelo et al. (2021) found a significant increase in 600 grams in piglets born
from vaccinated dams (1.64 Kg) compared to non-vaccinated (1.58 Kg) dams in a herd with
PCV-2 SI. Furthermore, Pejsak et al. (2012) reported a significant increase in the birth weight
of newborn piglets born from non-vaccinated (1.25Kg) from vaccinated dams in the first
cycle (1.37 Kg) and in the first year (1.46 Kg) (PEJSAK et al., 2012). The only numerical
difference found in our study could be due to a shallow challenge with PCV-2 in our assessed
herd, as only 4.9% (8/161) of PUCS were positive.

The low challenge for PCV-2 in the current herd was shown by the deficient number
of positive PUCS (4.9%) detected considering all groups. These results were in significant
contrast with those obtained in the screening from the same herd four months prior to the start
of the study, where PCV-2 genome was detected in 86% of all PUCS collected (with 100%
seropositive dams with 2.23 average ELISA S/P value). Over time, the dams had improved
their immune status to PCV-2 due to the previous high circulation and reduced the subsequent
PCV-2 infection pressure in the herd.

Based on the results, 97.5% of the dams demonstrated seropositivity with high levels
(1.42 average S/P value from all groups) and high heterogeneity (ranging from 0.2 to 2.29 S/P
value) of PCV-2 antibodies at sampling time in the mid-gestation with no significant
difference in the average S/P value between vaccinated and non-vaccinated groups. It must be
considered that the dams in this study were vaccinated only at around 21 days of age. The
serological ELISA response was probably due to infection, as the vaccine protection is known
to last roughly six months (SEGALES & SIBILA, 2022). Similar results in prevalence (89%)
and heterogeneity (ranging from 0.2 to 1.49 in S/P value) were observed by Oliver-Ferrando

et al. (2018) in a herd that did not vaccinate dams for PCV-2. Even though all groups had an
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increase in S/P value at farrowing, the "two doses" vaccinated group (group B) showed higher
(p < 0.05) antibody levels (1.88 S/P value) and the lower standard deviation (0.23) when
compared to group A (0.29) and group C (0.35). This finding is consistent with prior research,
which indicated that vaccinating dams before farrowing resulted in a strong antibody response
(SIBILA et al., 2013), including neutralizing antibodies in the serum (GERBER et al., 2011).
The increase in antibody levels detected by ELISA is linked to PCV-2 neutralizing antibody
titers (OLIVER-FERRANDO et al., 2016), even though these values were not directly
assessed in this investigation. The booster vaccination in group B led to increased antibody
levels compared to group A, indicating a possible increase in protection for both dams and

piglets.

5. Conclusion

Vaccination of the breeding herd against PCV-2 (sows and gilts) improved the
immune status of dams. However, there was no difference in reproductive and PCR detection
of PCV-2 between vaccinated and non-vaccinated dams. The virological, serologic, and
clinical patterns suggest that the herd was already stable for PCV-2, possibly underestimating

the results of sow vaccination for PCV-2.
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« All dams were randomly allocated by genetic and parity
» Group A (n =54) —vaccinated IM with Ingelvac Circoflex (1ml)

\WIESESERINE « Group C (n = 52) — injected with Saline solution 0,9% (1ml) IM
RV« ELISA for all sow sera samples

 Group B (n = 55) — vaccinated IM with Ingelvac Circoflex (1ml) IM

~

J

» Group A —injected IM with saline solution 0,9% (1ml) IM
» Group B — vaccinated IM with Ingelvac Circoflex (Iml) IM

e« Group C — injected IM with saline solution 0,9% (1ml) IM
(78 - 84d)

* PCV-2 gPCR from 3 — 4 PUCS/sow
« ELISA from all sow sera sample
* Reproductive parameters recorded

IM = intramuscularly

Figure 1: Experimental study design, including sampling time points and PCV-2
vaccine/saline solution application timing; PCV-2 vaccine: 1 ml of PCV-2 Ingelvac
Circoflex®.
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Table 1. Reproductive parameters (mean £ SE) of sows treated with different vaccination
protocols for PCV-2 during gestation.

. Groups*
Variables A B c
n 54 55 52
Total born piglets/ sow 14.63 + 3.01 15.94 + 3.19 1523 +3.14
Live born piglets/sow 12.96 + 2,65 13.98 + 2.36 13.77 + 3.38
Stillbirth (%) 1.94+£1.22 2.06 £1.23 1.85+1.84
Mummies (%) 1.44 +0.7 1.60+0.84 15%£0.73
Piglets birth weight (Kg) 1.40+0.22 1.37+£0.20 1.35+0.19
Parity 33315 3.63+2.12 3.8+£1.95

*A - Vaccinated with one shot of 1 ml of Ingelvac CircoFLEX® in mid gestation (48 — 54 days post-
insemination) with one shot of 1ml of saline solution 0,9% in late gestation (78 — 84 days post-insemination); B
- vaccinated with a first shot in mid-gestation (48 — 54 days post-insemination) and a second dose 30 days apart
(78 — 84 days post-insemination) of 1mlof Ingelvac CircoFLEX®; C - remained unvaccinated, however received
2 shots of 1ml of saline solution 0,9% with 48 — 54 days and 78 — 84 days post-insemination.
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Figure 2.PCV-2 ELISA S/P values from dams of the three experimental groups. Dams
were considered seropositive against PCV-2 when the S/P value was > 0.5.

Different letters in superscript in a row indicate significant differences (p < 0.05) between groups A, B and C.
Group A - Vaccinated with one shot of 1 ml of IngelvacCircoFLEX® in mid gestation (48 — 54 days post-
insemination) with one shot of 1ml of saline solution 0,9% in late gestation (78 — 84 days post-insemination);
Group B - vaccinated with a first shot in mid-gestation (48 — 54 days post-insemination) and a second dose 30
days apart (78 — 84 days post-insemination) of 1mlof IngelvacCircoFLEX®; Group C - remained unvaccinated,
however received 2 shots of 1ml of saline solution 0,9% with 48 — 54 days and 78 — 84 days post-insemination.
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5. CONCLUSAO

A epidemiologia do PCV-2 tem sido substancialmente modificada desde o advento das
vacinas e seu uso massivo em todo o mundo. Apesar do virus ainda ser onipresente nos
rebanhos, o padrdo de infeccdo, a carga viral, a porcentagem de animais infectados com
infeccdo natural e a apresentacdo da doenca mudaram a ponto de, eventualmente, se poder
gerar lotes de animais com exposi¢cdo minima ou nenhuma ao virus desde o desmame até o
abatedouro. Esse fendbmeno gera subpopulagdes de matrizes soronegativas que apresentam
maior chanceem transmitir pela rotaintrauterina o PCV-2, causando morte fetal e/ou o
nascimento de leitdes virémicos. Considerando a importancia das matrizes na epidemiologia
da infeccdo pelo PCV-2, essa tese teve dois objetivos principais: o primeiro, o de acessar a
frequéncia de leitdes virémicos e do status imunitario das matrizes frente 0 PCV-2 em granjas
comerciais do Brasil e o0 segundo, utilizar diferentes protocolos de vacinacdo de matrizes
frente 0 PCV-2 com o objetivo de avaliar o efeito em parametros reprodutivos assim como em

pardmetros viroldgicos e sorologicos das matrizes e suas leitegadas.

No primeiro estudo, encontramos uma alta prevaléncia de rebanhos com viremia
porPCV-2 em leitbes recem-nascidos em rebanhos comerciais noBrasil, sem historia de
doenca clinica associada ao PCV-2. Além disso, o status imunoldgico das matrizes teve
grande heterogenicidade com uma frequéncia importante de fémeas soronegativas detectadas
em quase metade das granjas avaliadas. Neste cenério, aa valiacdo da infec¢do por PCV-2 no
inicio da vida de leitdes utilizando o PUCS e o status imunolégico das matrizes ao parto
podem ser utilizados como ferramenta de monitoria ativa para esclarecer a dindmica da

infeccdo porPCV-2 emgranjas de suinos.

No segundo estudo o protocolo de vacinacdo de matrizes com duas doses contra 0
PCV-2 melhora o estado imunoldgico das matrizes pelo aumento da quantidade de anticorpos
no soro, porém sem diferenca no desempenho reprodutivo, e detecgdo do PCV-2 em leitdes
recém-nascidos. Os padrdes viroldgicos, sorolégicos e clinicos sugerem que a granja utilizada
no experimento apresentava-se estavel para o PCV-2, subestimando os possiveis resultados da

vacinacao de porcas para PCV-2.
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