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Resumo

ABREU, Mayara Caetano. Efeito imunomodulador do Bacillus toyonensis em
equinos imunizados com vacinas clotridiais recombinantes. 2024. 73f. Tese
(Doutorado em Ciéncias) — Programa de Pés-Graduacédo em Veterinaria, Faculdade
de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2024.
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Bacillus toyonensis é um probi6tico esporulante, bacteria ndo patogénica, GRAM
positiva, utilizado na suplementacdo animal. A suplementacdo com o B.toyonenesis
induz efeitos imunopontencializadores, aumentando a resposta vacinal em diferentes
espécies, porém em equinos ainda nao foi testado. O tétano e a hemoglobinuaria bacilar
sdo doencgas causadas por clostridios, produtoras de toxinas que causam alta taxa de
mortalidade em equinos. Esse estudo avaliou o efeito da suplementacdo com o
B.toyonensis na modulacéo da resposta immune em cavalos vacinados com vacinas
recombinantes contra as toxinas do Clostridium tetani e do Clostridium
haemolyticum.20 equinos foram divididos em 2 grupos, com 10 animais cada, sendo
eles: grupo 1, suplementados, com esporos viaveis de B. toyonensis (1x109); grupo 2
controle (placebo). Todos os grupos receberam seus respectivos tratamentos por 42
dias, iniciando 7 dias antes da primovacinag¢do. Foram coletadas amostras de soro
para avaliacdo da resposta imune humoral através de ELISA indireto e amostras de
sangue total para a avaliacdo da transcricdo de citocinas por qPCR pela proliferacéo
celular nas células do sangue periférico. Resultados: niveis de IgG totais 3 vezes
(p<0.05) maiores (dia35) no grupo suplementado contra o antigeno rTeNT, comparado
ao grupo controle. Os niveis de anticorpos especificos anti-rTCHB~2 vezes (p<0.05)
mais elevados do que os controles em todos os pontos estudados. Na titulacdo o grupo
nao suplementado obteve IgGs especificas até a diluicdo de 1:400, enquanto que 0
grupo suplementado chegou a 1:3200 anti-rTeNT, e grupo controle até 1:400,
enquanto que o grupo suplementado 1:800 anti-rTCHB. O grupo suplementado
apresentou niveis superiores de IgGa no dia 42 e de IgGT no dia 35 e 42 anti-rTeNT,
e lgGa e IgGT a niveis significativos (p<0.05) mais elevados (~1.5 vezes) dos que 0s
controles, ndo tendo influéncia na IgGb anti- rTCHB. Na expressao relativa de citocinas
0 grupo suplementado, quando estimulados com o probiético ~15 IL1, ~8,5 TNF-q, ~
71L10 e ~6,5 de IL4. Na expresséao relativa de citocinas o grupo suplementado quando
estimuladas com o rTCHB a expressao relativa das citocinas IL1 e TNFa foram
similares em ambos os grupos, entretanto a IL10 foi ~13 vezes superior no grupo
suplementado e a IL4 ndo foi detectada transcricdo. Conclusdo: cavalos
suplementados com o B. toyonensis obtiveram niveis de anticorpos maiores contra
rTeNT e contra rTCHB. A suplementacdo proporcionou uma resposta celular e
humoral do tipo mista Thl e Th2.



Palavras-chave: tétano; citocinas; imunopotencializador; probiético; vacinagao.



Abstract

ABREU, Mayara Caetano. The immunomodulatory effect of Bacillus toyonensis in
horses immunized with recombinant clostridial vaccines. 2024. 73p. Thesis
(Doctor degree in Sciences) - Programa de Pés Graduacdo em Veterinéria, Faculdade
de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2024.

Probiotic microorganisms can stimulate the immune response, enhancing vaccine
efficiency. Bacillus toyonensis is a non-pathogenic, Gram-positive bacterium that has
been used as a probiotic in animal supplementation. Supplementation with
B.toyonensis induces immunomodulatory effects, increasing vaccine response
indifferent species. This study evaluated the effect of supplementation with B.
toyonensis on the modulation of the immune response in horses vaccinated with
recombinant vaccines against toxins from Clostridium tetani and Clostridium
haemolyticum. For this purpose, horses were divided into 2 groups: group 1, animals
were orally supplemented for a period of 42 days with viable spores of B. toyonensis
(1x108), starting 7 days before the primary vaccination; group 2 received only the
placebo (40ml), the control group. Serum samples were collected to evaluate the
humoral immune response using an indirect ELISA, and whole blood samples with
sodium citrate were collected for cytokine transcription evaluation (QPCR) by cell
proliferation in peripheral blood cells. Results: Total IgG levels were 3 times higher
(p<0.05) on day35 in the supplemented group against the rTeNT antigen, compared to
the control group. Specific anti-rTCHB antibody levels were approximately 2 times
higher (p<0.05) than controls at all points studied. In titration, the non-supplemented
group obtained specific IgGs up to a dilution of 1:400, while the supplemented group
reached 1:3200 anti- rTeNT, and the control group reached up to 1:400, while the
supplemented group reached 1:800 anti-rTCHB. The supplemented group showed
higher levels of IgGa on day 42 and IgGT on days 35 and 42 anti-rTeNT, and IgGa and
IgGT at significantly higher levels (p<0.05) (~1.5 times) than controls, with no influence
on IgGb anti-rTCHB. In relative cytokine expression, the supplemented group, when
stimulated with the probiotic, showed approximately 15 IL1, 8.5 TNF-a, 7 IL10, and 6.5
IL4. In relative cytokine expression, the supplemented group, when stimulated with
rTCHB, the relative expression of IL1 and TNFa cytokines was similar in both groups,
however, IL10 was approximately 13 times higher in the supplemented group, and IL4
transcription was not detected. Conclusion: Horses supplemented with B. toyonensis
obtained higher antibody levels against rTeNT and rTCHB. Supplementation provided
a mixed Thl and Th2 cellular and humoral response.

Keywords: tetanus; cytokines; immunopotentiotor; probiotic; vaccination;
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1 Introducéo

Segundo dados do Instituto Brasileiro de Geografia e Estatistica, 0 nUmero de
cabecas do rebanho equino em 2022 é de 5.834.544 cabecas. A equideocultura
movimenta anualmente R$30 bilhdes no Brasil, destacando a importancia econémica
desta espécie (IBEqui, 2023). Os imunobioldgicos e antiparasitarios representam a
classe terapéutica mais comercializada no mercado veterinario, destacando a
importancia das vacinas, abrangendo 25% cada uma do mercado veterinario brasileiro
(SINDAN, 2022).

As vacinas tém sido uma importante medida de profilaxia e controle das
doencas infecciosas (Pollard e Bijker, 2021). As vacinas recombinantes vém se
destacando como uma alternativa promissora por terem o antigeno vacinal produzido
de forma segura, tanto durante a producdo quanto na inoculacdo na espécie alvo
(Moreira et al., 2018). As vacinas de subunidade ndo sdo muito imunogénicas, por isso
a necessidade fatores que aumentem a magnitude e qualidade da resposta
imunolodgica a elas (Aida et al., 2021). Objetivando ampliar a resposta a essas Vacinas
se estudam e se fazem uso de adjuvantes vacinais e probioticos.

Probiéticos sdo microrganismos vivos que administrados em doses adequadas
conferem beneficios a salude do hospedeiro (FAO/WHO, 2002). Diversos
microrganismos apresentam efeito probiotico (Sanchez et al.,, 2015) dentre eles
destaca-se o Bacillus toyonensis que tem demonstrado efeitos imunomoduladores.
Bacillus toyonensis € uma bactéria Gram positiva, ndo patogénica e tem sido utilizada
nas ultimas décadas como probiotico na suplementacdo animal (Gil-Turnes e
Conceicéo, 2007). A administracao de B. toyonensis induz efeitos imunomoduladores
com a capacidade de aumentar a eficacia das vacinas em diversas espécies (Santos
et al., 2021; Roos et al., 2018; Franz et al., 2021).

Clostridium spp. possui distribuicdo mundial e sua capacidade patogénica €
relacionada as toxinas produzidas por suas espécies (Popoff, Michel, 2020). O tétano
afeta todos os mamiferos, mas a espécie equina apresenta maior sensibilidade
(Hélene, Amory, 2011). A vacinacdo anual é recomendada ja que os indices de

letalidade sdo proximos a 75% (Magalhées, et al., 2016). Clostridium tetani possui 10
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sorotipos e produz 3 toxinas, sendo a tetanoespasmina, a neurotoxina de importancia
clinica (Hélene, Amory, 2011). O Clostridium haemolyticum produz uma B-toxina que
€ endoteliotéxica e hepatotdxica, podendo estar ligada a lesGes vasculares e
hepéticas, apesar de pouco relatada nesta espécie, as taxas de mortalidade alcancam
95%, por ter um curto curso clinico (Navarro & Uzal, 2020). O tratamento da
clostridiose varia dependendo da doenca especifica, mas pode envolver antibioticos,
antitoxinas, intervencao cirargica e cuidados de suporte. Medidas de prevenc¢éo, como
cuidados adequados com feridas, boas praticas de higiene e vacinacdo, sendo a
vacinacdo o melhor método preventivo para ajudar a reduzir a incidéncia destas
doencas (Lobato et al., 2013).

Este estudo objetiva avaliar a modulacao da resposta vacinal humoral e celular
em equinos suplementados com o probidtico B. toyonensis vacinados com bacterinas
recombinantes contra a toxina de Clostridium tetani e contra a 8 toxina do Clostridium

haemolyticum.



2 Revisdo da Literatura

2.1 Probiéticos

A primeira definicdo de probiotico foi definida por Metchnikoff, em 1908, que
dizia que o consumo de produtos lacteos fermentados prolonga a vida. Da
nomenclatura, na linguagem grega, probidtico significa “para a vida”. A definicao aceita
no meio cientifico & a de que probidticos sdo microrganismos vivos que administrados
em doses adequadas conferem beneficios a saide do hospedeiro (FAO/WHO, 2001).
Em 2014, a Associacao Cientifica Internacional de Probiéticos (ISAPP) definiu como:
microrganismos vivos, que quando administrados em quantidades adequadas
conferem um beneficio a satde do hospedeiro. Dentre os efeitos benéficos destaca-
se a modulacao probiédtica da imunidade (FAO, 2006).

Os probidticos sdo utilizados na saude animal em diversas vertentes e por
diferentes espécies (Zhong et al., 2022). Atuam principalmente no trato gastrointestinal
(TGI) modulando fungbes intestinais (Hidalgo- Cantabrana et al., 2014), e por
mecanismos de acao distintos que ainda ndo completamente esclarecidos (Yousefi et
al., 2019). Os probiéticos sdo capazes de estimular o sistema imune inato pelas células
apresentadoras de antigenos (APCs) (Medzhitov & Janeway Jr., 2000) e na imunidade
adquirida, estimulando a producédo de imunoglobulinas antigeno- especificas (Habil,
2015). As espécies bacterianas mais utilizadas em humanos e animais como
probidticos sdo Bifidobacterium sp., Lactobacillus sp. e Bacillus sp. (Yousefi et al.,
2019).

Existem dois mecanismos principais de ac¢des imunomoduladoras dos
probiéticos, pela regulacdo da expressdo génica e por vias de sinalizacdo nas
células hospedeiras, que sdo alcangcadas pela estimulagdo de células imunes
residentes no TGl, que resulta na atragcdo de macrofagos e no aumento da fagocitose
(Begum et al.,2021). Tal mecanismo de agédo é baseado na modulagéo do sistema
imunoldgico inato e adquirido do hospedeiro, através de seus metabdlitos que sdo
reconhecidos pelos receptores de reconhecimento conservados por células epiteliais

intestinais (IECs) e células imunes associadas ao intestino, como as células imunes
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efetoras de GALT que s&o constituidas principalmente por placas de Peyer, linfocitos
e plasmacitos, cuja funcéo principal € o monitoramento imunoldgico (Ding et al., 2021).

Células imunes neste local como as células Apresentadoras de Antigeno (APC)
podem afetar diretamente as respostas mediadas por células M, linfocitos T, linfocitos
B (Ding et al., 2021). As células M podem realizar o transporte das células bacterianas
e seus produtos por transporte trans epitelial do limen intestinal para os tecidos
linfoides (Yousefi et al., 2019). Tais células migram para os linfonodos mesentérios,
acessando a circulacao sistémica que estimulara a modulacdo imune tanto no local
de origem, quanto sistemicamente (Lebeer et al., 2006). As respostas imunes
sistémicas se dao quando as APCs maduras estimuladas por antigenos migram para
o linfonodo e diferenciam as células CD4+ ThO virgens em subpopula¢des Th de
acordo com o padréo de citocina secretada. As citocinas e células T diferenciadas vao
migrar para o figado e o baco, estimulando a producao de imunoglobulinas (Yousef et
al., 2019).

O efeito imunomodulatério probidtico também se da pela modulacdo da
atividade enzimética alterando o metabolismo microbiano, a imunomodulacédo é um
processo altamente complexo que resulta da interacédo entre o probidtico, microbiota
intestinal, epitélio do trato gastrointestinal (TGI) e células imunes associadas ao TGl
(Begum et al., 2021). A modulacdo imune mediada por probidticos tem sido
demonstrada pelo aumento da capacidade fagocitaria, proliferacdo de leucécitos,
producdo de anticorpos e alteragdes na expressao de toxinas (Erickson e Hublard,
2000). As acbes do efeito benéfico dos probidticos podem agir na producdo de
antimicrobianos, por exclusdo competitiva (bloqueando receptores ou no aumento do
muco intestinal impedindo a adesao ao epitélio), por inibicdo ou inativacao de toxinas
bacterianas (Schoster, et al., 2014). Este efeito também ¢é atribuido a liberacdo de
citocinas fatores de necrose tumoral (TNFs), interferons (IFNs), fator de crescimento
transformador (TGF) e quimiocinas que regulam o sistema imune inato e adaptativo
(Foligneé et al., 2010).

2.1.1 Suplementacgéo probidticaem equinos

Equideos possuem uma microbiota do trato gastrointestinal (TGI) superior

(estbmago, duodeno, jejuno) variavel, dependente da forragem ambiental. A
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microbiota do TGI posterior (ceco e co6lon) mais estavel, 0 que permite a utilizacdo da
forragem para uma nutricao ideal, tais microrganismos fornecem energia diaria através
da fermentacdo dos acidos graxos de cadeia curta, qualquer alteracdo nesta
microbiota pode causar alteracdes nos padrdes fermentativos (Kauter et al., 2019).

Pesquisas utilizando probiéticos vem sendo realizadas com o objetivo de
otimizar a microbiota do TGI posterior equino, minimizando o impacto negativo das
racdes ricas em amido, promovendo a producdo de lactato enquanto reduzem as
bactérias celuloliticas fermentadoras de fibras (Langner et al., 2019), as quais podem
causar distarbios metabdlicos, clinicamente se manifestando com laminite, colites e
doenca da grama (Kauter et al., 2019).

A maioria dos probi6ticos em equinos sao microrganismos isolados de outras
espécies (Kauter, et al., 2019). Estudos relatam o isolamento, em equinos saudaveis,
das bactérias Pediococcus acidilactici e Lactobacillus equi, suplementaram
camundongos com esses microrganismos e desafiaram com Salmonella Typhimurium
(Pei, Lulu et al., 2020). E observaram a diminui¢cao nas taxas de diarreia (L. equi 20%;
P. Acidilactici 30%; Grupo controle 60%) e mortalidade (L. equi 0%; P. acidilactici 10%;
Grupo controle 20%) demonstrando potencial para o tratamento de salmonelose (Pei,
Lulu et al.,, 2020). Outras cepas autécnes também estdo sendo estudadas, o
Enterococcus faecio EF 412 apresentou potencial contra Strongylus spp. e contra
Eimeria spp, além de tendéncia a estimulo fagocitario (Laukova et al., 2022).

Microrganismos do género Lactobacillus, Enterococcus, Bacillus sp.,
Streptococcus sp., Bifidobacterium sp. e Saccharomyces sp. sdo consideradas
probidticas em equinos (Kauter, et al.; 2019). Nao existem muitos estudos com
modulacgdo probidtica em equinos, no estudo utilizando o Saccharomyces cerevisiae
no terco final de éguas gestantes foi observado um aumento nas células
mononucleares e nos niveis de TGF-B no colostro dessas éguas, mas sem alteracdes
nos niveis de IgGs colostrais (Biaconi, 2019). Estudos utilizando cepas de
Lactobacillus acidophilus, Bifidobacterium animalis subesp. lactis e Lactobacillus
paracasei subesp. paracasei para uso topico em ferida de equinos, observaram uma
melhora de 50% da cicatrizacdo apos 12 dias de tratamento (Wilmink, J. M. et
al.,2020).

Para obtermos os efeitos benéficos do microrganismo probidtico é muito
importante a selecdo da cepa bacteriana correta e 0 niumero de células viaveis para a

dose estar adequada a espécie alvo (Markowiak e Slizewska, 2018). Em estudo
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realizado pelo grupo de Berreta, et al. (2021), avaliou 11 apresentacdes de probioticos
comerciais para equinos utilizando técnicas de cultura microbiolégica e PCR e
encontrou microrganismos nao listados na formula, diferenca entre os lotes testados
e falta de 1 ou mais microrganismos presentes no rétulo, demonstrando que mais

estudos séo necessarios a fim de determinar o efeito de probidticos em equinos.

Bacillus toyonensis

A utilizacdo de Bacillus spp. como probidtico tem apresentado efeitos positivos
como a influéncia na digestdo, afetando processos de absorcdo e produzindo
substancias biologicamente ativas, incluindo vitaminas e enzimas, que atuam na
inibicdo de espécies patogénicas, auxiliam na remocéao de substancias carcinogénicas
e téxicas, na diminuicdo do colesterol, da distensdo gasosa e na modulacdo do
sistema imunoldgico (Dimitrov et al., 2021). A esporulacao do B. toyonensis € bastante
vantajoso tanto na sobrevivéncia do microrganismo durante a passagem e na
aderéncia a mucosa do TGI, quanto na facilitacdo da sua elaboracao, no transporte e
no armazenamento nas racées ou nas formulagdes utilizadas (Coppola e Gil Turnes,
2004).

Bacillus toyonensis que tem demonstrado efeitos imunomoduladores, a
suplementacdo deste microrganismo tem demonstrado melhorar a eficacia da
resposta vacinal em diversas espécies (Santos et al., 2021; Roos et al., 2018; Franz
et al., 2021). Cées filhotes vacinados contra o parvovirus canino tipo 2 e
suplementados com 2x108 de B. toyonensis a partir dos 45 dias de vida foram
observados niveis séricos totais de 1gG 4 vezes superiores (P<0,05) ao grupo controle
(Franz et.al., 2021). Ainda, ovinos vacinados contra o Herpesvirus Bovino tipo 5 e
suplementados com B. toyonensis ou S. boulardii evidenciaram um aumento
significativo na soroconverséo contra BoHV-5, nos titulos de anticorpos neutralizantes
(P>0,05) e nos niveis de transcricdo de mRNA das citocinas IL-10 e IL-17A (Roos
et al., 2010). Em estudos, realizados por Santos et al. em 2021, o qual testou o efeito
imunomodulador da suplementagdo com B. toyonensis por 5 dias antes das doses
vacinais, tanto com vacina recombinante experimental contra Clostridium chauvoei
guanto com a vacina recombinante contra a toxina épsilon do Clostridium perfringens,

foi observou aumentos significativos dos titulos de IgGs especificas, 1IgG1 e 1IgG2 nos
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dias 21 e 42 do experimento comparados ao grupo controle sem suplementacao, e
aumento na transcricdo de mRNA de citocinas, IL2, IFNy e Bcl6 mais do que o grupo
controle em ovinos, observando uma resposta mista Th1/Th2 modulada pelo B.
toyonensis (Santos et al., 2021). Santos et al., 2021 observou que o0s niveis de
anticorpos especificos aos antigenos testados nos ovinos suplementados, também foi
maior a soroneutralizacdo das toxinas, sugerindo uma correlacéo entre os IgGs totais

e a neutralizagao.

2.2 Respostaimunolégicaem equinos

O sistema imunoldgico em equinos € responsavel pela protecdo do organismo
contra doencas e infeccdes. Assim como em outros animais, o sistema imunolégico
dos equinos é composto por uma complexa rede de 6rgaos, células e moléculas que
trabalham em conjunto para defender o corpo contra agentes patogénicos.

Inicialmente pelo sistema imunoldgico inato, presente em maior predominancia
nas mucosas, mantendo o mutualismo hospedeiro comensal. Além das barreiras
mecanicas como as juncdes estreitas entre as células epiteliais intestinais, 0 muco
produzido pelas células caliciformes, células hematopoiéticas, como as células
mononucleares e as Células Linfoides Inatas (ILCs) (Claesson et al.,2010). As ILCs
derivam da medula 6ssea, estando presentes nas mucosas do intestino e vias aéreas,
agem rapidamente frente a patdégenos, fazendo parte do sistema imune inato, sao
divididas em ILC1l(produzem IFN-Y, TNF-a), ILC2 (produzem IL-5, IL-12), ILC3
(produzem IL- 22, IL17), LTI (produzem linfotoxinas), células Natural Killers (NK), que
produzem IFN-Y, TNF-a, perforinas e graenzimas (Gabal-Vonaburg et al., 2020).

Os equinos possuem 11 isotipos de imunoglobulinas, séo elas: IgM, IgD, IgA, IgE e
IgG e 7 et al., 2008). A IgG é a imunoglobulina mais encontrada no soro equino, e
desempenha importantes fungbes, como a neutralizacdo de patogenos (Lewis et al,
2010). A IgM precede a IgG, e aparece precocemente na infec¢cao aguda, participando
da resposta imune primaria mediada por anticorpos (Wagner et al., 2006). A IgE tem
em menor quantidade no organismo e esta envolvida em reacdo de hipersensibilidade
tipo | e nas infeccbes parasitarias (Wagner et al.,, 2006). A IgA é a principal
imunoglobulina de superficie de mucosa (Lewis et al., 2010). A IgD provavelmente

possui baixa expressdo e sua funcdo ndo esta esclarecida (Wagner et al., 2003).
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Estudos funcionais e bioquimicos demonstraram diferencas na ativacdo do
complemento, na ligacdo com o receptor Fc, e na capacidade de ligacédo as proteinas
bacterianas entre os isotipos de IgG (Lewis et al, 2008). Estudos observaram que
IgG4, IgG7 e possivelmente IgG1l protegem contra patégenos intracelulares (Soboel
et al., 2011), enquanto que patdgenos extracelulares a resposta seria de IgG3 e IgG5
600 (Mealey et al., 2012). As subclasses de IgG podem ser indicadores indiretos de
respostas de linfécitos T e podem indicar resposta imune direcionada para o tipo
linfécitos T auxiliares (ex. Thl, Th2, Treg, etc.) (Estes et al., 2002). Os isotipos IgGa
(IgG1)1 e IgGb (IgG4/7) sao atribuidas a capacidade de fixar complemento e mediar
a citotoxicidade celular dependente de anticorpos, sendo a IgG T (IgG3/5) eficiente na
neutralizacdo de toxinas como as de Clostridium sp. (Lewis et al., 2008). A IgG3 é a
subclasse com maior capacidade de desencadear explosdo respiratoria via ligacdo
com receptores Fc (Lewis et al., 2008), e possui maior capacidade de neutralizacéao
de toxinas. A interacdo de probidticos com células intestinais epiteliais, células
dendriticas e linfécitos (Bermudees-Brito et al., 2012) induzem uma modulacdo da
resposta imune, inata e adaptativa, podendo aumentar a producdo de citocinas
polarizando as respostas dos linfécitos T auxiliares em Thl, Th2 e/ou Treg (Lebeer et
al., 2010).

2.3 Antigenos vacinais utilizados

O género Clostridium possui mais de 60 espécies, sao bastonetes Gram 629
positivos e desprovidos de cadeia respiratéria, obrigatoriamente anaerébios (Madigam
et al., 2026). Algumas espécies deste género estdo associadas a doencas de grande
importancia econémica em diversas espécies, tal capacidade patogénica esta ligada
a producéo de toxinas destes microrganismos (Alouf et al., 2015). As clostridioses tem
alta letalidade em equinos, apesar da prevaléncia variar de acordo com o agente
(Farias et al., 2013). As principais espécies envolvidas na clostridioses em equinos
sdo: C. tetani e C. botulinum (sintomas neuroldgicos); C. chavoei, C. septicum,
Paeniclostridium sordellii, C. novyi tipo A e C, C. perfringens tipo A (mionecrosante);
C. perfringes e C. difficile (doenca entérica) (Junior & Ribeiro, 2015). Clostridium
haemolyticum € um bastonete anaerdbico, que compartilha muitas caracteristicas 639

biolégicas com o C. novyi tipo B, por isso também é denominado de C. nowyi tipo D,
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caracteristica que melhor os difere € a toxina TcnA produzida pelo C. novyi tipo B, mas
nao pelo C. haemolyticum (Navarro & Uzal, 2020).

A B-toxina produzida pelo C. haemolyticum é endoteliotoxica e hepatotdxica,
promovendo trombose, necrose hepatica, aumento dos liquidos intracavitarios e lise
dos eritrocitos podendo manifestar hemoglobinemia e hemoglobindria (Navarro &
Uzal, 2020). O diagndstico geralmente é realizado pés mortem, devido ao curso da
doenca, e pode ser feito pelo isolamento do microrganismo das lesdes hepaticas,
imunofluorescéncia, imunohistoquimica e por PCR (Lobato et al., 2013). Poucos
relatos em equinos isolando o C. haemolyticum, foram reportados. Dentre eles, esse
agente foi isolado relacionado a peritonite séptica e relacionado a hepatite necrotica
envolvendo essa espécie (Hepworth et al., 2016) (Nyaoke et al.,2017). Em casos de
hepatite, uma doenca comum em bovinos, principalmente devido a migracéo da
Fasciola hepética, e de espécies da familia Strongylidae em equinos, gerando um
ambiente hipdéxico favoravel a proliferacdo clostridial, onde também foi isolado o C.
haemolyticum de equinos (Nyaoke et al., 2017; Davies et al., 2017). Cabe salientar a
dificuldade no isolamento dos clostrideos, tanto por serem microrganismos anaerébios
exigentes, quanto pela necessidade de preservacdo dos tecidos a serem analisados,
sendo a identificacdo molecular por PCR uma alternativa valiosa como diagndstico
diferencial em doencas com apresentacdes clinicas neuroldgicas, toxémicas,
insuficiéncias hepéticas agudas e peritonites em equinos (Nyaoke et al.,2017). A
endemia é favorecida pelo clima Uumido, solo alcalino e mal drenado, a toxemia € de
661 curso rapido, de 24 até 36 horas, e de desfecho fatal na maioria dos casos,
chegando 662 a taxa de 95% de mortalidade, o tratamento é realizado com altas doses
de antibibticos a base de penicilina e tetraciclinas, porém como o curso da doenca é
curto, 664 em geral ndo se tem sucesso (Lobato et al., 2013).

Clostridium tetani possui distribuicdo mundial, apresentando maior incidéncia
em regides quentes e umidas, devido as melhores condi¢des para esporulacdo do
agente (Popoff, 2020). O tétano afeta mamiferos em geral, sendo a espécie equina a
668 mais sensivel, a infeccdo acontece com esporos em lesdes de continuidade 669
penetrantes profundas em condicbes de anaerobiose (Héléne, Amory, 2011). Na
proliferacéo do C. tetani h4 a producéo de tetanoespasmina, tetanolisina e uma toxina
671 ndo-espasmogénica. A tetanolisina amplia a necrose tissular local, promovendo a
disseminacao da infeccao (Lima et al., 2013). A tetanolisina € uma toxina formadora
de poros (Van Galen, 2017).
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A tetanoespasmina se liga aos nervos sensitivos e motores, atraveés da corrente
circulatéria até chegar ao sistema nervoso central (SNC), provocando a inibicdo de
neurotransmissores (GABA e Glicina) das células de Renshaw, resultando na
inibicdo de neurdnios motores gama, nas jun¢des neuromusculares e de ganglios
autossdmicos induzindo a hipertonia e espasmos musculares (Hélene, Amory, 2011).
A TeNT € uma metaloprotease dependente de zinco, que quando absorvida se liga
aos neurbnios motores inibidores do SNC e impede a liberagdo dos
neurotransmissores, consequentemente, provoca uma constante contragdo dos
muasculos (Van Galen, 2017). Clinicamente se observa espasticidade muscular
constante e generalizada, hiperestesia, convulsdes, rigidez, movimentos mandibulares
restritos, membros ligeiramente separados, opistotono, cauda “bandeira”, orelhas
eretas e direcionadas para tras, narinas dilatadas, ocorrendo acentuacgao por qualquer
estimulo visual, tactil ou auditivo (Héléne, Amory, 2011).

O diagnéstico é baseado através do histérico, anamnese e dos sinais clinicos,
€ importante diferenciar de casos de intoxicacfes por metoclopramida, neurolépticos
e estricnina (Lobato et al., 2013). O tratamento se preconiza o uso de soro antetanico,
antibioticos a base de penicilina, debridamento do local de infec¢éo, uso de relaxantes
musculares e tratamento de suporte (Hélene, Amory, 2011). O principal fator
associado a sobrevivéncia foi a menor gravidade de sintomas (Pedroso, et al., 2012).

A vacina antitetanica faz parte da recomendacéo do Programa Nacional de
Sanidade em Equideos (PNSE) brasileiro juntamente com as vacinas contra a raiva,
contra as encefalopatias e contra a Influenza. Na reunido da Associacao Francesa de
Veterinarios de Equinos em Reims, (2016), foram elencadas 3 principais doencas
infecciosas que acometem equinos: Influenza Equina, Rinopneumonite (herpesvirus
tipo 1 e 4) e o tétano. No caso da doenca causada pelo C. tetani, foi recomendada a
vacinacdo anual e em casos de ferimentos e/ou cirurgias em que a Ultima imunizacao
datar de 6 meses ou mais, € preconizado uma dose de reforco, visando induzir uma
resposta imune anamnésica. Em casos de animais néo vacinados a recomendacao &
de vacinagédo emergencial e o uso do soro antitetanico, visando a neutralizacdo da
neurotoxina teténica, destacando também a importancia da deteccdo e desinfeccéo
do local de infeccdo. Mesmo a vacinagdo contra o tétano sendo recomendada ela ndo
€ um procedimento padrdo, o que eleva a mortalidade de 59% para 80% (Pedroso, et
al., 2012).

No mercado brasileiro existem 6 tipos de vacinas disponiveis contra a toxina
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tetdnica, sendo duas somente contra a toxina teténica e as outras se liga aos
neurdnios motores inibidores do SNC e impede a liberacdo dos neurotransmissores,
consequentemente, provoca uma constante contracdo dos musculos (Van Galen,
2017). Clinicamente se observa espasticidade muscular constante e generalizada,
hiperestesia, convulsfes, rigidez, movimentos mandibulares restritos, membros
ligeiramente separados, opistétono, cauda “bandeira”, orelhas eretas e direcionadas
para tr4s, narinas dilatadas, ocorrendo acentuagao por qualquer estimulo visual, tactil
ou auditivo (Hélene, Amory, 2011).

O diagnéstico é baseado através do histérico, anamnese e dos sinais clinicos,
€ importante diferenciar de casos de intoxicacfes por metoclopramida, neurolépticos
e estricnina (Lobato et al., 2013). O tratamento se preconiza o uso de soro antetanico,
antibiéticos a base de penicilina, debridamento do local de infec¢éo, uso de relaxantes
musculares e tratamento de suporte (Hélene, Amory, 2011). O principal fator
associado a sobrevivéncia foi a menor gravidade de sintomas (Pedroso, et al., 2012).

A vacina antitetanica faz parte da recomendacdo do Programa Nacional de
Sanidade em Equideos (PNSE) brasileiro juntamente com as vacinas contra a raiva,
contra as encefalopatias e contra a Influenza. Na reunido da Associacao Francesa de
Veterinarios de Equinos em Reims, (2016), foram elencadas 3 principais doencas
infecciosas que acometem equinos: Influenza Equina, Rinopneumonite (herpesvirus
tipo 1 e 4) e o tétano. No caso da doencga causada pelo C. tetani, foi recomendada a
vacinacao anual e em casos de ferimentos e/ou cirurgias em que a Ultima imunizacao
datar de 6 meses ou mais, € preconizado uma dose de reforgo, visando induzir uma
resposta imune anamnésica. Em casos de animais néo vacinados a recomendacao &
de vacinagédo emergencial e o uso do soro antitetanico, visando a neutralizacdo da
neurotoxina tetanica, destacando também a importancia da deteccao e desinfeccao
do local de infeccdo. Mesmo a vacinagdo contra o tétano sendo recomendada ela ndo
€ um procedimento padrdo, o que eleva a mortalidade de 59% para 80% (Pedroso, et
al., 2012).

No mercado brasileiro existem 6 tipos de vacinas disponiveis contra a toxina
tetanica, sendo duas somente contra a toxina teténica e as outras combinadas a outros
agentes que também sao de grande importancia a equideocultura. Para as outras
clostridioses que afetam equinos com excecdo da vacina Linovac® que apresenta
protecdo contra as toxinas botulinicas C e D com indicagcéo para equinos e bovinos, o

restante das clostridioses ndo possuem vacinas indicadas para equinos, no entanto
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ha vacinas multivalentes contra clostridioses com indica¢cdesara bovinos, ovinos e

caprinos.



3 Hipdtese e Objetivos

A suplementacdo com Bacillus toyonensis modula a resposta vacinal em

equinos.

3.1 Objetivo

Avaliar o efeito imunomodulador de B. toyonensis na resposta vacinal em
equinos vacinados com vacina recombinante contra as toxinas do Clostridium tetani e

Clostridium haemolyticum.

3.2 Objetivos Especificos

Avaliar o efeito imunomodulador do B. toyonensis em equinos; Avaliar se o
periodo de 42 dias de suplementacdo com o B.toyonesis é bem tolerado por
equinos;

Quantificar a presenca do B. toyonensis nas fezes de equinos suplementados
com o B. toyonensis;

Analisar os niveis de imunoglobulinas especificas das vacinas realizadas no
grupo suplementado com o B. toyonensis;

Quantificar a modulagdo na expressao relativa das citocinas no grupo

suplementado com o B. toyonensis.
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Abstract

Probiotic microorganisms can stimulate the immune response, increasing the efficiency
of vaccine. Bacillus toyonensis is a non-pathogenic Gram-positive bacterium and has
been used as probiotic in animal supplementation. The administration of B. toyonensis
induces immunomodulatory effects, increasing vaccine responses in several species. This
study aims to evaluate the effect of supplementation with B. toyonensis on the modulation
of the immune response in horses vaccinated with a recombinant Clostridium tetani toxin.
For this, horses were vaccinated twice with an interval of 21 days between doses. The
horses were divided into two groups: group 1) the animals were supplemented orally, for
a period of 42 days, with viable spores of B. toyonensis (1 x 108) mixed with molasses
(40 ml), starting 7 days before the first vaccination; group 2) received only molasses,
starting 7 days before the first vaccination, without the probiotic (control group). Serum
samples were collected to evaluate the humoral immune response using in-house indirect
ELISA and peripheral blood mononuclear cells (PBMCs) were collected to evaluate
cytokine transcription (qQPCR). Evaluating the specific IgG-anti-rTENT titer, a significant
(p<0.05) four folds higher ELISA values, was observed in supplemented group,
comparing with non-supplemented group. Also, the supplemented group showed higher
ELISA values of sub-isotypes IgGa and IgGT, comparing with non-supplemented group.
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In PBMCs stimulated with B. toyonensis relative cytokine transcription, of supplemented
group showed a 15-, 8-, 7- and 6-folds increase for IL1, TNFq, IL10 and 1L4 respectively,
whereas when stimulated with vaccine antigen a 1.6,1.8- and .5-fold increase for IL1,
TNFa, and IL4 respectively comparing with control group. Horses supplemented with B.
toyonensis had a significant better vaccine immune response than controls, been a

promising approach to be use improving vaccine efficacy.

Keywords: probiotic supplementation; horse vaccination; immunomodulation; vaccine

response.
1. Introduction

Vaccines have been an important measure for the prophylaxis and control of
infectious diseases [1]. Recombinant vaccines have stood out as a promising alternative,
principally because vaccine antigen is safer, during production and during its use into
the target species [2]. As a disadvantage, they are less immunogenic, which is why
alternatives are being sought to increase vaccine efficacy.

Probiotics are a promising alternative to improve the effectiveness of vaccines,
principally those based on recombinant antigens [3,4]. Probiotics are live microorganisms
that, when administered in adequate doses, provide health benefits to the host
(FAO/WHO, 2002). Several microorganisms have a probiotic effect [5], among which
Bacillus toyonensis stands out, which has demonstrated immunomodulatory effects. B.
toyonensis is a Gram-positive, sporulating, non-pathogenic bacterium that has been used
in recent decades as a probiotic in animal supplementation [6]. The administration of B.
toyonensis induces immunomodulatory effects with the ability to increase the
effectiveness of vaccines in several species [7-9]

Tetanus is among the main infections that affect horses. Tetanus is a worldwide
disease [10] that affects all mammals, with the equine species being the most sensitive
[11]. Vaccination against tetanus is recommended, since fatality rates in horses are close
to 75% [12]. Clostridium tetani produces 3 toxins, with tetanospasmin being the
neurotoxin of clinical importance [11]. Available vaccines against tetanus are produced
through the inactivation of tetanus toxin with formaldehyde, such preparation generates
biosafety risks and laborious cultivation and inactivation processes [13]. Aiming to
minimize such risks of traditional methods, recombinant antigens have been explored as

a promising alternative in the use of vaccines [2].
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Knowing that recombinant vaccines are less immunogenic, probiotics can be a
valuable alternative to increase the immunogenicity of these vaccines. This study aims to
evaluate the modulation of the probiotic B. toyonensis in the immune response of horses

vaccinated with an experimental recombinant vaccine against Clostridium tetani toxin.
2. Material and methods
2.1 Probiotic culture

Bacillus toyonensis strain (BCT-7112) was recovered from the microorganism
collection of the Microbiology laboratory, at the UFPel Biotechnology Center. B.
toyonensis preparations were made as previously described by Santos et al. (2018) [14].
The daily amount of probiotic supplied to the horses was 4 x 10° CFU of B. toyonensis
diluted in molasses (ALIMEL- Supra®- Lot 158613, pH ~6.0) in a 3:1 ratio. The
probiotic-molasses solution (40 ml) was added to 500 g of commercial feed and offered

individually to the animals, with the aim of increasing palatability.

2.2 Vaccine production

The recombinant tetanus vaccine, composed by 400 pg of recombinant Tetanus
toxin N-terminal (rTENT) adsorbed in 10% Aluminum Hydroxide (Sigma-Aldrich®, St.
Louis, MO, USA), was provided by the Applied Immunology laboratory CDTec/UFPel,
produced according to the protocol described by Moreira JR et al. (2016) [15] with some
modifications. Briefly, Escherichia coli BL21 (DE3) strain Star were transformed with
the recombinant vector pAE/TENT. Transformed bacteria were grown in Luria-Bertani
(LB) broth (37 °C, 150 RPM) supplemented with ampicillin (100 mg/mL). When the
culture reached ODsgo 0.6-0.8, the expression was induced with IPTG (0.5 mM) for 3 h
at 37 °C, 150 RPM. E. coli cells were harvested post-rTeNT protein expression by
centrifugation (10,000 x g, 15 min, 4°C), suspended in lysis buffer (0.2 M NaH2POa, 0.5
M NaCl, 10 mM imidazole), and incubated with 50 pg/mL of lysozyme for 1 h at room
temperature. The cells were then disrupted by sonication and centrifuged (10,000 x g, 30
min, 4°C). The inclusion body pellets were washed three times with lysis buffer and
incubated overnight at 4°C with lysis buffer supplemented with 8M urea, followed by
centrifugation (10,000 x g, 30 min, 4°C). Recombinant proteins were purified by affinity
chromatography using HisTrap™ HP 1 ml columns Ni Sepharose™ on the
AKTAprime™ automated liquid chromatography system. Purified fractions were
dialyzed against lysis buffer (pH 7.0) with 0.05% (v/v) Triton X-100 overnight. Protein
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quantification was performed using the BCA Protein Assay (Pierce), and the purity and

integrity of the recombinant antigens were evaluated by 12% SDS-PAGE.
2.3 Ethical Statement

All experiments were carried out in accordance with the recommendations of the
National Council for the Control of Animal Experimentation (CONCEA). The protocols
were reviewed and approved by the Ethics Committee on Animal Experimentation —
CEEA/UFPel (CEEA 6729-2021).

2.4 Experimental design

Twenty healthy horses of no defined breed, gelding, and mares with no history of
tetanus vaccination were used. The horses were divided into 2 groups, containing 10
animals each: Group 1. Supplemented daily with B. toyonensis; Group 2. Not
Supplemented. Supplementation was carried out for 42 continuous days, starting 7 days
before the primary vaccination, and maintained until day 35 of the experiment. All
animals were vaccinated, intramuscularly with two doses (2ml) of a recombinant tetanus
toxin vaccine on days 0 and 21 of the experiment. Blood samples were collected by
jugular venipuncture on days 0, 7, 14, 21, 28, 35, 42, 64 and 84. The experimental design
can be viewed in the graphical abstract. The animals were monitored daily for body
temperature, respiratory rate through auscultation, and hematological parameters weekly
(blood count and dosage of the enzymes Gamma Glutamil Transferase, Aspartate

Dehydrogenase, Alkaline Phosphatase and Creatinine).
2.5 Presence of B. toyonensis in animal feces

To analyze the transit time and quantify the concentration of B. toyonensis
eliminated by the supplemented group of horses, fecal samples were collected directly
from the rectal ampoule, daily, during the 42 days of supplementation, as well as in the
period of 20 days after the end of supplementation. After collection, the samples were
stored at 4 °C until analysis. The samples were subjected to heat treatment (86 °C for 15
min) to inhibit the growth of vegetative cells and contaminants [16]. After heat treatment,
logarithmic dilutions (base 2) were made and samples spreading into Brain Infusion Heart
(BHI; Neogen, Lasing, MI, USA) agar plates. The plates were incubated at 37 °C for 24h,
then colony counting (CFU) was evaluated. The identity of the microorganism was

confirmed through biochemical tests.
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2.6 Indirect enzyme-linked immunosorbent assay (ELISA)

An in-house indirect enzyme linked immunoassay (ELISA) was used to evaluate
the dynamics of specific anti-rTENT- IgG. Briefly, plates were coated overnight at 4 °C
with 0.2 ug of purified rTENT diluted in carbonate-bicarbonate buffer (0.05M pH 9.6).
To evaluate the total IgG response throughout the experiment, sera were analyzed
individually, diluted 1:100 in phosphate-buffered saline (PBS) and added in triplicate to
previously sensitized plates. To establish the optimal concentration of antigen to coating
plates as well as the optimal serum dilution to be tested, different concentrations of
rTENT and different control serum concentrations were screened in checkerboard
titrations. To total IgG titration the pooled serum samples from day 35 were diluted in
base 2, starting at 1:100 and increasing to 1:12800. The cut-off was determined as the
mean absorbance of the groups at day O plus 2 standards deviations. For the IgG sub-
isotypes, a Monoclonal Antibody Isotyping Reagents kit (Bio-Rad, Brazil, S&o Paulo,
SP), was used following the same protocol above describe. A monoclonal mouse anti-
horse IgGa (IgG1) (clone CVS48) and IgGb (IgG4-7) (clone CVS39) and a polyclonal
goat anti-horse 1gG(T) (IgG3-5) (AAI38) (Bio-Rad, Brazil, Sdo Paulo, SP) were used.
With serum diluted 1/100 in PBS-T and a polyvalent peroxidase conjugated anti-horse
IgG (Sigma-Aldrich, St. Louis, Missouri, US) was diluted 1/6,000. Reactions were
visualized with ortho-phenylenodiamine (OPD, Sigma-Aldrich) stopped with 2 N H2SOa.
The absorbance values were measured in an EZ Read 400 microplate reader (Biochrom®)
with a 492 nm filter.

2.7 PBMCs isolation, RNA isolation, cDNA synthesis and gPCR

To evaluate cytokine transcription, 10 ml of blood was collected from each horse
by jugular venipuncture, with a “vacuntainer BD®” needle in tubes with 0.38% Sodium
Citrate. Equine blood was centrifuged (Sorvall centrifuge® RC—6 plus (Langenselbold,
Germany) at 500 x g for 30 min to isolate and collect white blood cells (PBMCs) as
previously described by Leite et al. (2004) [17]. Then, two pools of cells from 5 horses
each was used. Briefly, 5 x 107 cells were cultured in 24-well plates (Kasvi, China)
containing 1 ml of RPMI 1640 medium (Gibco, USA) with 10% fetal bovine serum (FBS;
Gibco), 10,000 1U/ml of penicillin, 10 mg/ml streptomycin and 25 mg/ml amphotericin
B (Gibco) for 24 h at 37 °C in a 5% CO_ atmosphere. PBMCs were stimulated with
10pg/ml concanavalin A (ConcA, Sigma-Aldrich®), RPMI 1640, Bacillus toyonensis
(10° UFC), and rTENT (10pg/well). ConcA and RPMI 1640 will serve as positive and
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162  negative controls, respectively. After the incubation period, the supernatant was
163  discarded, and the cells were collected in TRIzol® (Sigma-Aldrich®). RNA was
164  extracted by the TRIzol method according to the manufacturer's instructions.

165 For cDNA synthesis and qPCR, 400 ng of RNA was used for cDNA
166  synthesis, the reaction was carried out according to the instructions of the High-Capacity
167 cDNA Reverse Transcription Kit (Thermo Fisher Scientific). gPCR reactions were
168  performed with 1 pl of cDNA, 5 pl of GoTag® qPCR, 0.25 of each primer oligomer
169  (Table 1) and 3.5 ul of RNAse-free water, being carried out on the CFX96/BioRad®
170  gPCR platform system. The mRNA transcription of the cytokines IL1, IL4, IL10 and
171  TNF-a was evaluated, where B-gus were used as reference genes. All samples were
172 analyzed in triplicate. From the Threshold Cycle (Ct) values obtained, the relative
173 transcription of the genes was calculated by comparison with the transcription of B-gus,
174  according to the 224°T method [18]. Relative transcription fold increase levels were
175  calculated by comparing threshold cycle (Ct) values of targeted genes with the Ct from
176  cells from the same group incubated with culture media (controls).

177
178
179  Table 1. Target genes and primers (5’ to 3") used to determine gene transcription levels in

180 PBMCs of vaccinated and control horses.

Gene Forward (5"-3") Reverse (5°-3")

IL1 TGTACCTGTGTTGTGGGATTGAAAG | GCTTTTCCATTTTCCTCTTTGGGTAA
IL4 TGGCCCGAAGAACACAGATG CTTGAGGTTCCTGTCCCAGTC

IL10 GTCATCGATTTCTGCCCTGT GCTTCGTTCCCTAGGATGC

TNF-a TTACCGAATGCCTTCCAGTC GGGCTACAGGCTTGTCACTT

B-gus GACATCCGAGGGAAGGGCT AGCCAACGAAGCAGGTTGA

181
182 2.8 Statistical analysis

183 Statistical evaluation was performed with GraphPad Prism v7. Two-Way
184  ANOVA was performed to analysis of variance followed by SIDAK for multiple

185  comparison tests. Significance was set at p<0.05.
186 3. Results

187 3.1 Clinical effect of B. toyonensis supplementation
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Supplementation with B. toyonensis BCT-7112 in horses did not cause
undesirable physiological changes, such as dysbiosis, diarrhea or inappetence. During the
42-day period of supplementation no adverse effects were observed on the respiratory
rate, body temperature, as well as on the hematological parameters of the supplemented

horses.
3.2 Detection of B. toyonensis in the feces of supplemented animals

B. toyonensis BCT-7112 was isolated from feces from the third day of
supplementation maintaining an average concentration of 3.5 x 10* CFU/g until the end
of the supplementation period (42 days). After interrupting supplementation, B.

toyonensis was detected up to 14 days after suspension (Figure 1).
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Figure 1. Presence of B. toyonensis BCT-7112 in the feces of supplemented horses.
Count of colony-forming units per g (CFU/g) of B. toyonensis in the feces of
supplemented and control horses. Supplementation occurred from day 0 to day 42 as
indicated by the arrow. The evaluation was carried during the experimental period, and

20 days after the end of supplementation.
3.3 Dynamic of antibodies response

Animals supplemented and not supplemented with B. toyonensis showed an
increase in the ELISA values (ODag2nm) Of anti-rTENT antibodies (1gG) in response to
vaccination from day 14 onwards. The supplemented animals showed 1gG ELISA values,
at 21 days post prime vaccination, ~2 times higher than the non-supplemented group (p
< 0.05), with the higher ELISA values maintained until the end of the experimental period
(Figure 2). At 28 days of the experiment (seven days after the second dose) supplemented

animals showed IgG ELISA values ~3 times higher (p<0.05) than not supplemented
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group. The highest ELISA values of antibodies in the supplemented group was observed
on day 35 (~1.4 O.D absorbance), while in the non-supplemented group the highest
ELISA values was observed on day 42 (~0.7 O.D absorbance) (Figure 2).
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Figure 2. Levels of rTENT-specific total IgG. The data represent the mean (+/- SEM) of
the ELISA values obtained in the analysis of individual sera in anti-rTENT specific 1gG
absorbance in supplemented and non-supplemented animals. Arrow heads indicate
vaccination dates. Asterisk (*) represents the statistical difference (p<0.05) between the
supplemented and non-supplemented groups, evaluated by Two-Way ANOVA followed
by SIDAK for multiple comparison tests.

In the titration of specific antibodies against rTENT on day 35 of the experiment,
it was observed by ELISA values that the supplemented group presented titers of 3200
while the controls (not supplemented) obtained titers of 400 (Figure 3).
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Figure 3. Titration of specific anti-rTENT total IgG. The data represent the means of anti-
rTENT specific 1gG ELISA values in pooled sera from supplemented and non-
supplemented animals on day 35 of the experiment.

In the characterization of 1gG sub-isotypes, the levels of IgGa and IgGT were
higher (p<0.05) in the supplemented group, on days 35 and 42 (p<0.05). In contrast, IgGb

did not show a different level between the groups (Figure 4).
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Figure 4. Assessment of specific anti-rTENT IgGa, IgGb and IgGT sub-isotypes. The
data represent the means (+/- SEM) of the absorbance values of the anti-rTENT specific
IgG sub-isotypes in two pooled sera from each group supplemented and non-
supplemented. Being (a) the 1gGa sub-isotype, (b) 1gGb sub-isotype and (c) the IgGT
sub-isotype. Asterisk (*) represents the statistical difference (SIDAK, p<0.05) between
the supplemented and non-supplemented group, on experimental days 35 and 42 and (#)
represent statistical difference in IgGa between day 35 and day 42 in the supplemented

group.

3.4 Cytokine response

Supplemented group PBMCs stimulated with B. toyonensis BCT-7112 showed
significantly higher (p<0.05) mRNA transcription levels of IL1 (~14.5-fold), IL4 (~6.5-
fold), IL10 (~7.0), TNF-«a, (~8.5 times) comparing with the cells incubated with culture
media, than non-supplemented animals (Figure 5A). Supplemented group PBMCs
stimulated with rTENT showed significantly higher (p<0.05) mRNA transcription levels
of IL1 (~3-fold), IL4 (~5-fold) and TNF-a, (~4 times) than non-supplemented animals
(Figure 5B). Note worth was rTENT stimuli induce less transcription in the PBMCs than
B. toyonensis, with no detected IL10 transcription (Figure 5). All cytokines evaluated in
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252  the present study respond with significative (p<0.05) higher relative transcription
253  expression in PBMCs from B. toyonensis supplemented horses stimulated with ConcA,
254  whereas the same stimuli in the cells from non-supplemented control horses was kept at
255  base level (Figure 5C).
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258  Figure 5. Relative transcription of the cytokines IL1, IL4, IL10 and TNF-a. Data represent
259 individual means (+/- SEM) of cytokine transcription in PBMCs stimulated with B.
260  toyonensis BCT-7112 (a), recombinant antigen — rTENT (b) and ConcA (c) in the
261  supplemented and non-supplemented group on day 37 of the experiment. The cells from
262  supplemented and not supplemented group incubated with media was used as a control
263  parameter. Asterisks (***) represent statistical difference (p<0.001) represent significant
264  of cytokine transcription in PBMCs from supplemented and not supplemented group
265  stimulated with B. toyonensis BCT-7112, and recombinant antigen — rTENT. Lowercase
266 letters represent statistical difference (p<0.05) between cytokine transcription between
267  both stimuli (B. toyonensis and rTENT) by Two-Way ANOVA followed by SIDAK for

268  multiple comparison tests.
269 4. Discussion

270 Supplementation with B. toyonensis BCT-7112 has proven to be a promising
271  option for increasing the effectiveness of the vaccine response, especially considering
272 vaccines with recombinant antigens [7]. During the experimental period, no adverse
273 effects were observed from supplementation with B. toyonensis BCT-7112. These results
274  are similar to those observed in studies carried out by our group with B. toyonensis in
275  other species (e.g., sheep, pigs, and dogs) [7,9,14]. However, our findings differ from
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those reported by Mair-Jenkins et al., (2015)[19], who reported a tendency to diarrhea in
foals supplemented with B. toyonensis.

In the present study, we observed the immunomodulatory effect of B. toyonensis
BCT-7112 on the vaccine response, confirming what our group had already reported for
other species [7,9,14]. The presence of B. toyonensis could be detected in feces from the
3 day of supplementation, reaching a plateau on the sixth day and remaining until 42
days. This finding suggests that the different vaccine response in the supplemented
comparing with non-supplemented group was mediated by the B. toyonensis.

We observed that the ELISA values of anti-rTENT antibodies in supplemented
animals were significantly higher (p<0,05) from day 21 post-vaccination and remained
higher until day 84 of the experiment compared to non-supplemented animals. ELISA
values specific antibodies against rTENT were 3 times higher in the supplemented group
on day 35 (14 days after the second dose) compared to the non-supplemented group. It is
worth noting that the highest ELISA values of specific total 1gG against rTENT in the
group not supplemented with the two vaccine doses were similar to the levels observed
in the group supplemented with only one vaccine dose (Figure 2). This same trend was
observed when we titrated total 1gG specific against rTENT. These data corroborate those
of Santos et al. (2021)[7], who reported a significant difference in the first vaccine dose
administered to animals supplemented with B. toyonensis BCT-7112 compared to
controls, suggesting an immunomodulatory effect already in the first vaccine
sensitization.

IgG sub-isotypes can be indirect indicators of T lymphocyte responses and may
indicate an immune response directed towards the helper T lymphocyte type (e.g., Thl,
Th2, Treg, etc.) [20]. The IgGa (1gG1) and IgGb (IgG4/7) sub-isotypes are attributed with
the ability to fix complement and mediate antibody-dependent cellular cytotoxicity, IgGT
(1gG3/5) does not have such characteristics, however, it is efficient in neutralizing toxins
such as those from Clostridium sp. [21]. Even knowing that ELISA values are not
quantitative and not knowing real affinity/avidity of sub-isotypes, one might suggest that
all samples are subjected to these variables, so a comparison was made. Assuming that,
our findings suggests that ELISA values for 1gGa sub-isotype was higher than the other
two sub-isotypes in both groups. In previous studies [22,23] with vaccines with different
antigens (bacterins and recombinant) the sub-isotype with high ELISA values was IgGT,
differing from the present study where IgGa was highest. So, one may speculate that the

high ELISA values observed for IgGa could be an effect mediated by B. toyonensis
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supplementation. According to Bannai et al., (2018)[24] the IgG1 subclass is related to
neutralization capacity against Equine herpesvirus type 1 (EHV-1), suggesting that
similar neutralizing capacity could occur for tetanus toxin.

Observing the dynamics of IgGT, and following the same IgGa presumption, one
can suggests that B. toyonensis also plays a role in modulating this sub-isotype. Our
finding shows from the 35" an increase in ELISA values for IgGT in the supplemented
group compared to the control group. In a study evaluating the immune response to
tetanus toxoid in horses, was reported that after vaccine boost there was a predominance
of the IgG T sub-isotype similar to that observed in the present study [25]. IgGT is the
subclass with the greatest capacity to trigger a respiratory burst via binding to Fc receptors
and has a greater capacity for neutralizing toxins, which is desirable in immunization
against tetanus [21]. However, no difference in ELISA values was observed for 1gGb
between the supplemented and control groups.

The mechanisms of action involving the modulation of the immune response by
probiotics are not fully understood. However, it is known that the interaction of probiotics
with intestinal epithelial cells, dendritic cells, and lymphocytes [26] induces a modulation
of the innate and adaptive immune response, and by doing, increase the production of
cytokines, polarizing the responses of T lymphocytes helpers in Thl, Th2 and/or Treg
[27]. The relative transcription of cytokines observed in PBMCs from horses
supplemented with B. toyonensis BCT-7112 may be a key factor in better understanding
the modulation of the vaccine response. PBMCs from animals supplemented and
stimulated with B. toyonensis had a higher fold mRNA transcription of IL1, TNF-a, /L4
and 1L10. Also, when PBMCS were stimulated with ConcA, only the PBMCs from
supplemented horse showed increased cytokines transcription. Interesting, when the
vaccine antigen rTENT was used to stimulate the PBMCs, a significant (p<0.05) lower
fold mRNA transcription levels was observed for both groups, supplemented and non-
supplemented. However, the rTENT stimuli in PBMCs from supplemented horses were
significant (p<0.05) higher than the no-supplemented control group, however no IL10
transcription was detected. Note worth, was IL10 transcription was only detected with the
B. toyonensis supplementation and/or stimuli. Our group and others have reported 1L10
transcription in experiment were the B. toyonensis supplementation able to modulate the
expression of 1L-10 [4,28-30]. Thus, one may suggest that B. toyonensis supplementation

might play a role in the IL10 transcription.
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IL-1 and TNF-a are pro-inflammatory cytokines that in the supplemented group
had an increase in mRNA transcription of 14.4 and 8.5 times respectively when compared
to the control group. There is evidence that IL1-mediated signaling in dendritic cells
contributes to their maturation, migration and accumulation in lymphoid organs, and
plays a role in secondary activation during communication between dendritic cells and T
lymphocytes [31], which plays an important role in the immunogenicity of vaccine
antigens [32].Tumor Necrosis Factor a is the cytokine with the greatest pro-inflammatory
action and plays important role in host defense, activating innate and adaptive immunity,
inducing the maturation of dendritic cells and activation of T lymphocytes [31,33,34]. It
Is also recognized that TNF-a had a vaccine adjuvant activity [24].

IL-4 is a hallmark cytokine of Th2 immune response , which is fundamental for
the humoral immune response, as it favors the production of antibodies [35]. IL-4 plays
an essential role in stimulating B lymphocytes to switch IgG classes and is also
responsible for activating innate immune cells, such as basophils and mast cells [35]. IL-
10 was initially described as a T helper 2 (TH2)-type cytokine [36], but further evidence
suggested that the production of IL-10 was associated with regulatory T (Treg) cell
responses [28,29]. IL-10 production seems to be associated with many immune cells,
affirming its crucial role as a feedback regulator of diverse immune responses. However,
has been described that this cytokine can also act by stimulating the proliferation of B
lymphocytes by stimulating the production of antibodies [37]. The supplemented group
showed an increase in IL4 and IL10 mRNA transcription of ~6.3-fold and ~7.0-fold,
respectively, when stimulated with B. toyonensis BCT-7112. These findings suggest that
one probable mechanism involved in the vaccine response in B. toyonensis supplemented

animals was mediated by the cytokines.
5. Conclusion

The data presented in this study demonstrated that supplementation with B.
toyonensis BCT-7112 modulates and improves the immune response to the experimental
recombinant vaccine against Clostridium tetani in horses. Our results suggest that B.
toyonensis BCT-7112 has an adjuvant effect, amplifying the immune response, opening
the prospect of its use as a strategy to improve the vaccine immune response in horses.
However, more studies are needed to better understand the mechanisms involved in

immunomodulation mediated by B. toyonensis BCT-7112 in horses.
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ABSTRACT

The immunological response in foals begins during intrauterine life and continues to
develop until the first year of life. Pathogens can affect foals early on after birth,
warranting vaccine schemes within this immunological window, providing greater
protection in this period. We vaccinated two-month-old foals and evaluated their
immunological response. We used 20 horses in two groups: (1) adult horses, two vaccine
doses; (2) pregnant mares, 3 vaccine doses in foals aged 60 days. Serum obtained weekly
was evaluated by indirect enzyme-linked immunosorbent assay (ELISA) of the humoral
response. Results: A humoral response was detected in foals after two vaccine doses, and
the response increased with the third dose. The 1gGa, 1gGb, and IgGT isotypes were
detected in foals. Adult horses and 60-day-old foals exhibited the same trend in total 19gGs
and isotypes. Conclusion: Two-month-old foals mounted a humoral response to the
experimental recombinant tetanus vaccine similar to that in adults.

KEYWORDS: vaccination; horses; neonates
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Introduction

Current guidelines recommend tetanus immunization for horses using three tetanus toxoid
vaccinations starting at three months of age. However, vaccination of dams usually starts
at 6 months, as colostral immunity can compromise the foal's response (AMERICAN
ASSOCIATION OF EQUINE PRACTITIONERS, 2023). Researchers have reported
fully mature immune responses in neonatal foals (TALLMADGE, 2017). Tetanus
mortality rate among foals is similar to that in adults (68.4 and 66.7%, respectively),
highlighting the importance of immunizing foals. Moreover, the average hospitalization
time for affected horses is 10 days and costs ~€902 in adults and €835 in foals (VAN
GALEN et al., 2017). Recombinant vaccines have stood out on the market for being safe,
both in their manufacture and in their use, in addition to a shorter production time
(MOREIRA et al., 2018).

Tetanus is a neurological disease caused by Clostridium tetani, which has worldwide
distribution. The disease is characterized by hypertonia of striated muscles with
overlapping clinical paroxysmal muscle spasms caused by neurotoxic toxins, including
tetanospasmin. (POPOFF, 2020). The disease can affect all mammals, but horses are the
most sensitive as the agent colonizes their enteric tract (HELENE, AMORY, 2011).

This study aimed to evaluate the humoral response of two-month-old foals
inoculated with an experimental recombinant tetanus vaccine compared with adult horses.

Materials and Methods
Experimental Design

Were used 10 pregnant mares and foals and 10 healthy adult horses from the
Palma Agricultural Center of the Federal University of Pelotas/RS. The pregnant mares
were monitored during pregnancy to ensure that there were no complications up to the
time of delivery, and blood samples were collected to obtain serum at 7 months of
gestation. The foals born to these mares were vaccinated 2 months after birth (day 0),
with a booster at 21 and 35 days after the first dose. We administered 1 mL of the
recombinant tetanus protein (rTENT, 200 pg) adsorbed in aluminum hydroxide (10%)
intramuscularly. Adult horses received two doses of same vaccine on days 0 and 21.
Blood samples (5 mL) were obtained in sterile tubes (Vacunteiner®) by venipuncture of
the jugular vein of parent mares, foals, and adult horses on days 0, 21, 35, 42 and 49 of
the experiment.

Humoral Response

Total IgG levels were evaluated using indirect enzyme-linked immunosorbent assay (ELISA).
Briefly, 96-well polystyrene plates were sensitized with 200 ng/well of rTENT diluted in
carbonate-bicarbonate buffer (pH 9.6) and incubated overnight at 37 °C. The serum
samples were diluted 1:100 in a skim milk powder solution in phosphate saline solution
(PBS, pH 7.6). Subsequently, the peroxidase-conjugated anti-horse (Sigma-Aldrich)
antibody was added and diluted 1:4000 in PBS. Between each step, the plates were
incubated for 1 h at 37 °C and washed with PBS-Tween™20 (0.05%). To visualize the
reactions, a chromogenic substrate was added (0.004 mg of o-phenylenediamine [OPD],
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15 pL of H20, and 10 mL of phosphate buffer citrate pH 4.0). After 15 min incubation
at room temperature (~25 °C) in the dark, a 3% sulfuric acid solution was used to stop the
chromogen reaction. Afterwards, the absorbances were measured on EZ Read 400
microplate reader (Biochrom®) reader at 492 nm. Isotyping was performed as previously
described (VIANNA et al., 2014). Briefly, anti-isotypes (BIO-RAD) for IgG1 and 1gG4-
7 were diluted in PBS 1:2000, while 1gG3-5 was diluted 1:5000. Statistical evaluation
was performed using GraphPad Prism v7. The t-test and one-way analysis of variance
(ANOVA) were used, followed by Tukey for multiple comparison tests.

Results and Discussion

Humoral Response

Anti-rTENT specific 1IgG was detected in the foals after the primary vaccination.
Antibody levels increased after the second and third vaccine doses (Figure 1). Levels of
anti-rTENT antibodies in dams were below the cut-off (~0.149), suggesting that the foals
produced anti-rTENT IgG in response to the vaccine and did receive them in colostrum
(Figure 1). This is consistent with our previous study evaluating a theileriosis
recombinant vaccine in two-month-old foals (SANTOS et al., 2021).
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Absorbance (O.D. 492 nm)
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0 21 28 35 42 49  days
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FIGURE 1. rTENT-specific antibody levels. The data represents the mean * standard
deviation (SD). Values were obtained from individual sera and anti-rTENT specific IgG
absorbance. The arrows represent the vaccination days.

The foals mounted a humoral response to the vaccine doses. The IgGb isotype
reached the highest levels, followed by IgGa (Figure 2), and IgGT with the lowest
response. 1gG isotypes can indicate the pattern of T lymphocyte responses and whether
an immune response is directed towards type 1 or 2 T helper cells (ESTES et al., 2002).
However, immunological response patterns in foals may vary depending on the antigen
used (TALLMADGE, 2017). For instance, in our previous study with a recombinant
theileriosis vaccine, the foals produced only IgGa for 3 months (SANTOS, et al, 2021).
Furthermore, an inactivated bovine respiratory virus vaccine elicited only IgGa and 1IgGT
isotypes, with three-month-old foals exhibiting higher antibody levels than three-day-old
foals (RYAN & GIGUERE, 2010).
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FIGURE 2. 1gGa, IgGb, and IgGT isotypes and anti-rTeNT specific total 1gGs. The
data represents the mean + standard deviation (SD) of the absorbance values for specific

anti-rTeNT 1gG isotypes in pooled sera. Data is shown separately for foals (A) and adult
horses(B).

An effective horse vaccine must induce IgG1, 19gG3, 1gG4, and 1gG7 subtypes
(Migdall et al., 2022). Adult horses and foals mounted a similar and specific humoral
response to the experimental vaccine (Figure 2), including IgGa, IgGT, and IgGb.
Moreover, the IgGa(1) and IgGb(4/7) isotypes were predominant in foals and adult
horses. This pattern is likely characteristic of the recombinant antigen used.

IgGa(1) and 1gGb(4/7) complement fixation and mediation of antibody-dependent
cellular cytotoxicity, whereas IgGT efficiently neutralizes toxins (Lewis et al., 2008).
IgGT levels in this study were lower than those of the other isotypes. However, an
increase in IgGT levels was observed after immunization, highlighting the efficacy of this
vaccine in eliciting a complete humoral response including toxin-neutralizing antibodies.

Conclusion

The recombinant tetanus vaccine induced a humoral response in vaccinated foals
at 2 months of age. The vaccine response in foals was similar to that in adult horses.
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RESUMO: As vacinas recombinantes tém sido uma alternativa mais segura na prevencido de doengas
infecciosas, mas em geral por serem menos imunogénicas, busca-se elementos que ampliem o
estimulo de resposta imune vacinal. Os microrganismos probidticos podem estimular a resposta
imune inata e adaptativa. Bacillus toyonensis é uma bactéria Gram positiva, ndo patogénica e tem sido
utilizada nas ultimas décadas como probidtico na suplementagdo animal. A suplementacdo com B.
toyonensis induz efeitos imunomoduladores, aumentando a resposta vacinais em diversas espécies.
Clostridium sp. possui distribuicio mundial e atinge todos mamiferos, sendo que C. haemolyticum
produz a f3 toxina que é epiteliotdxica e hepatotoxica. A prevengdo é realizada através da vacinagao
anual. Este estudo objetivou avaliar o efeito da suplementagdo com B. toyonensis na modulagdo da
resposta imune vacinal em equinos vacinados com uma vacina recombinante contra a hemoglobitria
bacilar (rTCHB). Foram utilizados 20 equinos, divididos em 2 grupos: grupo 1, os animais foram
suplementados via oral, por um periodo de 42 dias, com esporos viaveis de B. toyonensis (1x108), 7
dias anterior da primo vacinagdo; o grupo 2, controle, recebeu PBS nos mesmos dias da
suplementacdo com B. toyonensis. Foram coletadas amostras de sangue e o soro separado para
avaliacdo da resposta imune humoral através de ELISA indireto e celular através da analise da
transcricdo de citocinas (qPCR) em células do sangue periférico. Resultados: Os animais

suplementados com B. toyonensis obtiveram niveis de anticorpos especificos anti-rTCHB ~2 vezes
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mais elevados do que (p<0.05) os controle em todos os pontos estudados. Os animais suplementados
ja aos 14 dias po6s primo vacinacdo apresentavam anticorpos especificos anti-rTCHB, enquanto os
controles ndo. Ao avaliar os subtipos observamos um mesmo padrdo entre suplementados e
controles. Entretanto a suplementacdo modulou IgGa e IgGb a niveis significativos (p<0,05) mais
elevados (~1.5 vezes) dos que os controles, ndo tendo influéncia na IgGT. Na expressao relativa de
citocinas o grupo suplementado e estimulado com o B. toyonensis apresentou uma transcriciao
relativa das citocinas (p<0.05) superior em ~15 para IL1, ~8,5 para TNF-a ~ 7 para IL10 e ~6,5 para
IL4, e quando estimuladas com o rTCHB a expressao relativa das citocinas IL1 e TNF a foram similares
em ambos os grupos, entretanto a IL10 foi ~13 vezes superior no grupo suplementado e a IL4
apresentou uma transcricdo reduzida. Conclusdo: A suplementacdo de equinos com B. toyonensis
amplificou a resposta imune, humoral e modulou a resposta celular, para a vacina recombinante
experimental contra a hemoglobintria bacilar, sugerindo ser uma promissora alternativa para

aumentar a eficicia vacinal.

TERMOS INDEXADOS: imunomodulac¢do; imunoglobulinas; cavalos, citocinas;

INTRODUCTION
Segundo dados do Instituto Brasileiro de Geografia e Estatistica, o nimero de
cabecas do rebanho equino em 2022 é de 5.834.544 cabecas. A equideocultura movimenta
anualmente R$30 bilhdes no Brasil, destacando a importincia econdmica desta espécie (IBEqui,
2023). Os imunobiolégicos e antiparasitarios representam a classe terapéutica mais comercializada
no mercado veterindrio, destacando a importancia das vacinas, abrangendo 25% cada uma do
mercado veterinario brasileiro (SINDAN, 2022).

As clostridioses tem alta letalidade em equinos, apesar da prevaléncia variar de acordo com o
agente (Davies et al. 2017). Clostridium haemolyticum é um bastonete anaerébico, que produz a (3-
toxina, uma fosfolipase C, que é endoteliotéxica e hepatotdxica, promove a trombose, necrose
hepatica, aumento dos liquidos intracavitarios e lise dos eritrécitos podendo manifestar
hemoglobinemia e hemoglobindria (Navarro & Uzal, 2020). Poucos relatos em equinos isolando o C.
haemolyticum, foram reportados. Dentre eles, esse agente foi isolado em quadros de peritonite
séptica e hepatite necroética (Hepworth et al,, 2016) (Nyaoke et al., 2017). Em casos de hepatite, a
presenca de parasitos da familia Strongylidae pode gerar um ambiente hipoxico favoravel a
proliferaciao de Clostrideos , onde nesse casos foi isolado o C. haemolyticum de equinos (Nyaoke et
al.,2017)(Davies et al., 2017). Cabe salientar a dificuldade no isolamento dos Clostrideos, tanto por
serem microrganismos anaeroébios exigentes, quanto pela necessidade de preservagio dos tecidos a
serem analisados, sendo a identificagdo molecular por PCR uma alternativa valiosa como diagnostico
diferencial em doencgas com apresentagdes clinicas neurolégicas, toxémicas, insuficiéncias hepaticas
agudas e peritonites em equinos (Nyaoke et al.,2017).

O controle bem-sucedido das clostridioses foi alcangado pelo uso das vacinas, tais
vacinas comercialmente encontradas sdo produzidas por toxinas inativadas(toxdides) ou material

celular inativado(bacterinas) (Titball et al.,, 2003). As vacinas recombinantes vém se destacando
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como uma alternativa promissora por terem o antigeno vacinal produzido de forma segura, tanto
durante a producdo quanto na inoculacdo na espécie alvo (MOREIRA et al., 2018). Objetivando
ampliar a resposta vacinal se faz uso de adjuvantes ou imuno potenciadores. Probiéticos tem sido
utilizado como imuno potenciadores vacinais em vacinas convencionais ou recombinantes em
diferentes espécies (SANTOS et al,, 2021; ROOS et al,, 2018; FRANZ et al,, 2021). Probidticos sdo
microrganismos vivos que administrados em doses adequadas conferem beneficios a saide do
hospedeiro (FAO/WHO, 2002). Diversos microrganismos apresentam efeito probidtico (SANCHEZ et
al,, 2015). Entre os probidticos, o Bacillus toyonensis tem demonstrado efeitos imunomoduladores
aumentando a eficicia vacinal. Estudos de nosso grupo tem demonstrado que a suplementagdo com
Bacillus toyonensis, é uma alternativa vidvel e promissora para melhorar a resposta vacinal,
principalmente as vacinas compostas de antigenos recombinantes (Santos et al, 2011,2012, 2013,
2024; ROOS et al,, 2012). B. toyonensis é uma bactéria Gram positiva, ndo patogénica e tem sido
utilizada nas ultimas décadas como probidtico na suplementagdo animal (GIL-TURNES e
CONCEICAO, 2007). A administracdo de B. toyonensis induz efeitos imunomoduladores com a
capacidade de aumentar a eficacia das vacinas em diversas espécies (SANTOS et al., 2021; ROOS et
al, 2018; FRANZ et al,, 2021).

Sabendo que as vacinas recombinantes representam uma alternativa mais segura, porém
algumas sdo pouco imunogénicas, os probioticos podem ser uma alternativa valiosa para aumentar
a resposta imune dessas vacinas. Este estudo objetivou avaliar a modulacdo do probidtico B.
toyonensis na resposta imune de equinos vacinados com vacina recombinante experimental contra a

toxina de Clostridium haemolyticum.

MATERIAIS E METODOS

Probiotic culture. Bacillus toyonensis strain (BCT-7112) was recovered from the microorganism
collection of the Microbiology laboratory, at the UFPel Biotechnology Center. B.
toyonensis preparations were made as previously described by Santos et al. (2018) [14]. Briefly, the
bacteria were inoculated on Brain Heart Infusion (BHI) agar (Neogen, Lasing, MI, USA) and the plates
were incubated at 37 °C for 24 h. About 3-5 individual colonies were picked, inoculated into BHI
broth (Neogen), and placed on an orbital shaker at 37 °C maintained at 200 rpm for 16 to 18 h. The
culture served as an inoculum for propagation in a bioreactor (Biostat® B, Braun Biotech
International, Melsungen, Germany) containing 8 L of Nutrient Yeast Extract Salt medium (NYSM).
The fermentation conditions were controlled, and air supply was maintained between 0.5 and 1.5
(v/v), so that approximately 80% of the dissolved oxygen in the medium was utilized during
fermentation. The agitation speed was maintained at 300 rpm and temperature at 37 °C for 96 h.
When 90% of the bacterial cells had sporulated, as confirmed by Wirtz-Conklin stain, the culture was
centrifuged in a refrigerated Sorvall centrifuge® RC-6 Plus (Langenselbold, Germany) at 5.000 x g for
20 min at 4 °C. The supernatant was removed, and the spore pellet was suspended in 1 L of

phosphate-buffered saline. Spore counts were determined by serial dilution and plate count method


https://www.sciencedirect.com/science/article/pii/S0165242721000908#bib0245

54

The daily amount of probiotic supplied to the horses was 4 x 10° CFU of B. toyonensis diluted in
molasses (ALIMEL- Supra®- Lot 158613, pH ~6.0) in a 3:1 ratio. The probiotic-molasses solution (40
ml) was added to 500 g of commercial feed and offered individually to the animals, with the aim of
increasing palatability.

Vaccine production. The recombinant Bacillary Hemoglobinuria vaccine, composed by 400 pg of
recombinant Tetanus toxin N-terminal (rTCHB) adsorbed in 10% Aluminum Hydroxide (Sigma-
Aldrich®, St. Louis, MO, USA), was provided by the Applied Immunology laboratory CDTec/UFPel,
produced according to the protocol described by Moreira JR et al. (2016) [15] with some
modifications. Briefly, Escherichia coli BL21 (DE3) strain Star were transformed with the
recombinant vector pAE/TCHB. Transformed bacteria were grown in Luria-Bertani (LB) broth (37
°C, 150 RPM) supplemented with ampicillin (100 mg/mL). When the culture reached ODsoo 0.6-0.8,
the expression was induced with IPTG (0.5 mM) for 3 h at 37 °C, 150 RPM. Cells were harvested by
centrifugation (10,000 g, 15 min, 4 C), suspended in lysis buffer (0.2 M NaH2P04, 0.5 M NaCl, 10 mM
imidazol), incubated with 50 mg/mL lysozyme (1 h, 4 °C) and disrupted by sonication (60 kHz). Lysed
cells were centrifuged as described and the supernatant was collected, while pellets containing
inclusion bodies were solubilized with lysis buffer containing 8 M urea for 16 h at 4 °C under
agitation. Protein fractions were analyzed by SDS-PAGE (12%) prior to purification by Niquel-affinity
chromatography using AKTAprime (GE Healthcare) according to manufacturer’s instructions.

Purified proteins were dialyzed against PBS (pH 7,4) and quantified with BCA Protein Assay (Pierce).

Ethical Statement. All experiments were carried out in accordance with the recommendations of the
National Council for the Control of Animal Experimentation (CONCEA). The protocols were reviewed
and approved by the Ethics Committee on Animal Experimentation - CEEA/UFPel (CEEA 6729-
2021).

Experimental design. Twenty healthy horses of no defined breed, gelding, and mares with no history
of tetanus vaccination were used. The horses were divided into 2 groups, containing 10 animals each:
Group 1. Supplemented daily with B. toyonensis; Group 2. Not Supplemented. Supplementation was
carried out for 42 continuous days, starting 7 days before the primary vaccination, and maintained
until day 35 of the experiment. All animals were vaccinated, intramuscularly with two doses (2ml) of
a recombinant bacillary hemoglobinuria toxin vaccine on days 0 and 21 of the experiment. Blood samples
were collected by jugular venipuncture on days 0, 7, 14, 21, 28, 35, 42, 64 and 84. The experimental
design can be viewed in the graphical abstract. The animals were monitored daily for body
temperature, respiratory rate through auscultation, and hematological parameters weekly (blood
count and dosage of the enzymes Gamma Glutamil Transferase, Aspartate Dehydrogenase, Alkaline
Phosphatase and Creatinine).

Presence of B. toyonensis in animal feces. To analyze the transit time and quantify the concentration
of B. toyonensis eliminated by the supplemented group of horses, fecal samples were collected
directly from the rectal ampoule, daily, during the 42 days of supplementation, as well as in the period
of 20 days after the end of supplementation. After collection, the samples were stored at 4 °C until

analysis. The samples were subjected to heat treatment (86 °C for 15 min) to inhibit the growth of
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vegetative cells and contaminants [16]. After heat treatment, logarithmic dilutions (base 2) were
made and samples spreading into Brain Infusion Heart (BHI; Neogen, Lasing, M1, USA) agar plates.
The plates were incubated at 37 °C for 24h, then colony counting (CFU) was evaluated. The identity
of the microorganism was confirmed through biochemical tests.

Indirect enzyme-linked immunosorbent assay (ELISA). An in-house indirect enzyme linked
immunoassay (ELISA) was used to evaluate the dynamics of specific anti-rTCHB- IgG. Briefly, plates
were coated overnight at 4 °C with 0.2 pg of purified rTENT diluted in carbonate-bicarbonate buffer
(0.05M pH 9.6). To evaluate the total IgG response throughout the experiment, sera were analyzed
individually, diluted 1:100 in phosphate-buffered saline (PBS) and added in triplicate to previously
sensitized plates. To establish the optimal concentration of antigen to coating plates as well as the
optimal serum dilution to be tested, different concentrations of rTCHB and different control serum
concentrations were screened in checkerboard titrations. To total IgG titration the pooled serum
samples from day 35 were diluted in base 2, starting at 1:100 and increasing to 1:12800. The cut-off
was determined as the mean absorbance of the groups at day 0 plus 2 standards deviations. For the
IgG sub-isotypes, a Monoclonal Antibody Isotyping Reagents kit (Bio-Rad, Brazil, Sdo Paulo, SP), was
used following the same protocol above describe. A monoclonal mouse anti-horse IgGa (IgG1) (clone
CVS48) and IgGb (IgG4-7) (clone CVS39) and a polyclonal goat anti-horse I1gG(T) (IgG3-5) (AAI38)
(Bio-Rad, Brazil, Sdo Paulo, SP) were used. With serum diluted 1/100 in PBS-T and a polyvalent
peroxidase conjugated anti-horse IgG (Sigma-Aldrich, St. Louis, Missouri, US) was diluted 1/6,000.
Reactions were visualized with ortho-phenylenodiamine (OPD, Sigma-Aldrich) stopped with 2 N
H2S04. The absorbance values were measured in an EZ Read 400 microplate reader (Biochrom®)
with a 492 nm filter.

PBMC s isolation, RNA isolation, cDNA synthesis and qPCR. To evaluate cytokine transcription, 10 ml of
blood was collected from each horse by jugular venipuncture, with a “vacuntainer BD®” needle in
tubes with 0.38% Sodium Citrate. Equine blood was centrifuged (Sorvall centrifuge® RC-6 plus
(Langenselbold, Germany) at 500 x g for 30 min to isolate and collect white blood cells (PBMCs) as
previously described by Leite et al. (2004) [17]. Then, two pools of cells from 5 horses each was used.
Briefly, 5 x 107 cells were cultured in 24-well plates (Kasvi, China) containing 1 ml of RPMI 1640
medium (Gibco, USA) with 10% fetal bovine serum (FBS; Gibco), 10,000 IU/ml of penicillin, 10 mg/ml
streptomycin and 25 mg/ml amphotericin B (Gibco) for 24 h at 37 °Cin a 5% COz atmosphere. PBMCs
were stimulated with 10pg/ml concanavalin A (ConcA, Sigma-Aldrich®), RPMI 1640, Bacillus
toyonensis (106 UFC), and rTCHB (10pg/well). ConcA and RPMI 1640 will serve as positive and
negative controls, respectively. After the incubation period, the supernatant was discarded, and the
cells were collected in TRIzol® (Sigma-Aldrich®). RNA was extracted by the TRIzol method
according to the manufacturer's instructions. For cDNA synthesis and qPCR, 400 ng of RNA was used
for cDNA synthesis, the reaction was carried out according to the instructions of the High-Capacity
cDNA Reverse Transcription Kit (Thermo Fisher Scientific). qPCR reactions were performed with 1
ul of cDNA, 5 pl of GoTag® qPCR, 0.25 of each primer oligomer (Table 1) and 3.5 pl of RNAse-free
water, being carried out on the CFX96/BioRad® gqPCR platform system. The mRNA transcription of

the cytokines IL1, IL4, IL10 and TNF-a was evaluated, where B-gus were used as reference genes. All
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samples were analyzed in triplicate. From the Threshold Cycle (Ct) values obtained, the relative
transcription of the genes was calculated by comparison with the transcription of B-gus, according

to the 2-2ACT method [18].

Table 1. Target genes and primers (5’ to 3) used to determine gene transcription levels in PBMCs of

vaccinated and control horses.

Gene Forward (5°-3") Reverse (5°-3")

IL1 TGTACCTGTGTTGTGGGATTGAAAG GCTTTTCCATTTTCCTCTTTGGGTAA
L4 TGGCCCGAAGAACACAGATG CTTGAGGTTCCTGTCCCAGTC

IL10 GTCATCGATTTCTGCCCTGT GCTTCGTTCCCTAGGATGC

TNF-a TTACCGAATGCCTTCCAGTC GGGCTACAGGCTTGTCACTT

B-gus GACATCCGAGGGAAGGGCT AGCCAACGAAGCAGGTTGA

Statistical evaluation, was performed with GraphPad Prism v7. Two-Way ANOVA was performed to

analysis of variance followed by SIDAK for multiple comparison tests. Significance was set at p<0.05.

RESULTADOS

Resposta humoral. Os animais do grupo suplementado com B. toyonensis e do grupo ndo
suplementado apresentaram aumento nos niveis de anticorpos totais especificos anti-rTCHB (IgG)
em resposta a vacina¢do a partir do dia 14. Os animais suplementados apresentaram niveis de IgG,
aos 28 dias, ~2 vezes (p< 0,05) maiores do que o grupo ndo suplementado. Observando a dindmica
dos anticorpos, os dois grupos apresentaram um padrdo similar de resposta até o dia 84 do
experimento. Entretanto, niveis superiores para o grupo suplementado se mantiveram até o final do
periodo experimental (Figura 1).

A partir dos 14 dias p6s primo sensibilizacao (primeira dose vacinal) os niveis de IgG do grupo
suplementado se mantiveram ~2 vezes maiores (p<0.05) comparando aos do grupo controle. No dia
4?2 experimental observamos o pico dos niveis de anticorpos induzidos pela vacinagdo realizada nos
dois grupos, sendo o suplementado com niveis superiores. Interessante, a partir do dia 42 houve uma
queda gradativa nos niveis de anticorpos nos dois grupos, mantendo-se uma diferenca nos niveis de
anticorpos até o final das coletas deste estudo, sendo o grupo suplementado 2 vezes superior aos

controle (Figura 1).
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Figure 1. Kinetics of rTCHB-specific total IgG. The data represent the mean (+/- SEM) of the ELISA
values obtained in the analysis of individual sera in anti-rTCHB specific IgG absorbance in
supplemented and non-supplemented animals. Arrow heads indicate vaccination dates. Asterisk (*)
represents the statistical difference (p<0.05) between the supplemented and non-supplemented

groups, evaluated by Two-Way ANOVA followed by SIDAK for multiple comparison tests.

In the titration of specific antibodies against rTCHB on day 42 of the experiment, it was
observed by ELISA values that the supplemented group presented titers of 800 while the controls
(not supplemented) obtained titers of 400 (Figure 3).
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Figure 2. Titration of specific anti-rTCHB total IgG. The data represent the means of anti-
rTCHB specific IgG ELISA values in pooled sera from supplemented and non-supplemented animals

on day 42 of the experiment.



Absorbancia (D.O. 492 nm)

58

Na caracterizagdo da resposta IgG foram avaliados os isotipos IgGa (IgG1), IgGb (IgG4/7) e
IgGT (IgG3/5), nas coletas realizadas nos dias 42 e 64 do experimento. No grupo suplementado
(FIGURA 3a), se observa uma predominancia dos isotipos IgGb (3/5) com niveis superiores aos do
grupo controle, sendo o isotipo responsavel pelo pico de resposta dos IgGs especificos totais no grupo
suplementado. O isotipo IgG1l também foi superior no grupo suplementado no dia 42, tendo uma
queda em ambos os grupos pro dia 64, porém com o grupo suplementado mantendo -se com niveis
superiores ao grupo ndo suplementado, e foi o isotipo predominante no grupo nao

suplementado(Figura 3a e 3b). O isotipo IgGT (4/7) foi o isotipo obteve maiores niveis no grupo nao

suplementado(Figura 3b).
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Figure 3. Assessment of specific anti-rTENT IgGa, IgGb and IgGT sub-isotypes. The data represent the
means (+/- SEM) of the absorbance values of the anti-rTENT specific IgG sub-isotypes in two pooled
sera from each group supplemented and non-supplemented. Being (a) group supplemented, (b)
group non-supplemented. Asterisk (*) represents the statistical difference (SIDAK, p<0.05) between
the supplemented and non-supplemented group, on experimental days 42 and 64 and (#) represent

statistical difference in IgGa between day 42 and day 64 in the supplemented group.

Resposta celular. As células polimorfo nucleares do sangue periférico foram cultivadas e
estimuladas com o B. toyonensis BCT-7112(Figura 5a) e com o rTCHB(Figura 5b) e analisadas quanto
a transcrigdo relativa do mRNA para as citocinas IL1, IL4, IL10 e TNF-a no dia 35 ou 42 do
experimento (Figura 5). O estimulo com B. toyonensis induziu niveis de transcricio de mRNA
significativamente elevados (p<0,05) de IL1 (~14,5 vezes), IL 4 (~6.5 vezes), IL10 (~7,0), TNF-a
(~8,5 vezes) quando comparados com as células dos animais ndo suplementados (Figura 5a). Na
avaliacdo de expressdo relativa de mRNA das células estimuladas com o antigeno vacinal, pode ser
observado que das citocinas avaliadas a IL10 foi a de maior diferen¢a entre os grupos, chegando a

~13 vezes superior no grupo suplementado quando comparadas ao grupo nio suplementado (Figura
5b).
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Figure 4. Relative transcription of the cytokines IL1, IL4, IL10 and TNF-a. Data represent individual
means (+/- SEM) of cytokine transcription in PBMCs stimulated with B. toyonensis BCT-7112 (a),
recombinant antigen - rTCHB (b) in the supplemented and non-supplemented group on day 37 of
the experiment. Asterisks (*) represent statistical difference (p<0.05, by Two-Way ANOVA followed

by SIDAK for multiple comparison tests) between the supplemented and non-supplemented groups.

DISCUSSAO

A vacinacdo é um dos métodos mais eficazes para previnir as clostridioses, as vacinas estimulam o
sistema imunoldgico a identificar e erradicar patdégenos potencialmente fatais, como as espécies de
Clostridium (Khiav ate al., 2021). Em nosso estudo observamos que em ambos 0s grupos vacinados
responderam a vacinagdo. Mudialmente, hd uma grande variedade de vacinas toxoide clostridiais ou
bacterina-toxdide para a protecdo dos animais, as producfes em larga escala seguem inalteradas desde
1900, no entanto, j& foi comprovado que as nanovacinas e as vacinas recombinantes sdo eficazes e podem
ser alternativas pontenciais as convencionais (Khiav ate al.,2021). Visando minimizar riscos de
biosseguranca, e o0s exigentes meios e condi¢fes de cultivos dos clostrideos necessarios nos métodos
tradicionais, os antigenos recombinantes vém sendo pesquisados como alternativa promissora na utilizacéo
de vacinas (MOREIRA et al., 2018).

A suplementac¢do com o B. toyonensis BCT-7112 vem demonstrando ser uma op¢do valida no
aumento da resposta vacinal, principalmente considerando as vacinas com antigenos recombinantes
(Santos et al., 2021). Durante o periodo experimental, ndo foram observados efeitos adversos a

suplementacdo com B. toyonensis BCT-7112. Esses resultados sdo similares aos observados em
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estudos realizados por nosso grupo com B. toyonensis em outras espécies (ex. Ovinos, suinos e aves)
(Santos et al,, 2021; Franz et. al, 2020; Santos et al., 2018). Entretanto, nossos achados diferem dos
reportados por John et al, (2015), que reportaram uma tendéncia a diarreia em potros
suplementados com B. toyonensis, por um periodo de 2 meses de suplementagao.

Neste estudo observamos o efeito imunomodulador do B. toyonensis BCT-7112 na resposta
vacinal em equinos com antigeno recombinante da hemoglobinuria bacilar, confirmando que o grupo
ja havia reportado utilizando diferentes antigenos em diferentes espécies (Santos et al., 2021; Franz
et. al, 2020; Santos et al., 2018). Estudos anteriores demonstraram que a suplementa¢do com B.
toyonensis e sua presenca nas fezes dos animais corroboram com a literatura confirmado sua
presencga no tratogastrointestinal, e o seu papel imunomodulador na resposta vacinal. Observamos
que os niveis de anticorpos especificos contra o rTCHB nos animais suplementados foram
significativamente superior a partir do dia 14 p6s primo vacinacgdo, e se mantiveram superiores até
o dia 84 do experimento comparados com os animais ndo suplementados. Essa observacdo vem de
encontro com nossa hipétese que o estimulo do probiético se da ja na primo-vacinacdo amplificando
a resposta vacinal através da expressio de citocinas. Entretanto, sua continua suplementacio se
torna importante para a resposta anamnéstica vacinal e a modulagido da resposta imune vacinal. O
efeito probidtico é observado na dindmica da resposta vacinal na qual as curvas apresentam a mesma
tendéncia, entretanto o grupo suplementar sempre significativamente superior. A titulacdo confirma
os resultados encontrados na dindmica de IgGs totais, sendo 1:800 no grupo suplementado e 1:400
no grupo ndo suplementado.

Na resposta anamnésica, podemos sugerir que o grupo suplementado por ter alcangado um
nivel de anticorpos maiores, nos suplementados observamos 4,5 valores de ELISA enquanto nos
controles 0,2 valores de ELISA. Esses achados demonstram o efeito imuno mediador do probiético
na resposta vacinal. Interessante, é que os niveis de anticorpos ap6s 35 dias se mantem novamente
com a mesma tendencia de aumento, mas sempre com o grupo suplementado superior (Figural).
tais niveis se mantiveram por maior periodo. Tal tendéncia foi observada ao nos niveis de IgGs totais
especificas contra o rTCHB, esses dados corroboram com os de Santos et al. (2021), que relatou uma
diferenca significativa ja na primeira dose vacinal administrada nos animais suplementados com B.
toyonensis BCT-7112 comparando com os controles, sugerindo um efeito imuno modulador ja na
primo sensibilizacdo vacinal. Nos trabalhos realizados por Santos ab et al,2021, com antigenos
clostridiais em ovinos foi observado maiores niveis de IgGs totais especificos e maior
soroneutralizagdo nas ovelhas suplementadas com B. toyonensis, o que pode sugerir uma correlagio
positiva.

As subclasses de IgG podem ser indicadores indiretos de respostas de linfécitos T e podem
indicar resposta imune direcionada para o tipo linfécitos T auxiliares (ex. Th1, Th2, Treg, etc.) (Estes
et al, 2002). Os isotipos IgGa (IgG1)1 e Igb (IgG4/7) sdo atribuidas a capacidade de fixar
complemento e mediar a citotoxicidade celular dependente de anticorpos, sendo a Ig T (IgG3/5)
eficiente na neutralizagcdo de toxinas como as de Clostridium sp. (Lewis et al., 2008). Nos animais
suplementados foi observado uma co-predominancia do isotipo IgG T (3/5) e IgGa(1), responsavel

pelo pico de IgGs totais especificas observado dependendo do dia do experimento, IgGa com niveis
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suériores no dia 42 e IgGT(3/5) predominante no dia 64, podendo indicar uma resposta anamnésica
no grupo suplementado. Esse resultado sugere que a imunomodulagao de IgGT (3/5) foi mediada
pelo B. toyonensis BCT-7112, pois, em estudos anteriores foi o isotipo com menores valores de ELISA
em equinos vacinados com antigenos convencionais (Streptococcus equi) e recombinantes (Theileria
equi) (Santos et al., 2021).

Observando a dindmica da IgGT(3/5), sugere-se uma amplificacdo mediada pelo B. toyonensis,
ja que aos 42 e 64 dias houve um aumento 1,3 vezes maior do grupo suplementado comparado ao
grupo controle, fazendo uma curva crescente. A IgG3 é a subclasse com maior capacidade de
desencadear explosdo respiratoria via ligacdao com receptores Fc (LEWIS et al., 2008), e possui maior
capacidade de neutralizagdo de toxinas, o que é desejavel na imunizacdo contra 3 toxina do
Clostridium haemolyticum. A suplementacdo com o probidtico deu origem a uma resposta com as
duas vias de combate a patégenos do organismo, montando uma resposta mista Th1/Th2.

0Os mecanismos de acdo que envolvem a modulacdo da resposta imune por probiéticos ndo é
totalmente esclarecida. A capacidade do probidtico modular o trato gastrointestinal esta associada a
mucosa do sistema imune local, a imunomodulagio é um processo altamente complexo que resulta
da interacdo entre o probiotico, microbiota intestinal, epitélio TGI e as células imunes associadas ao
TGI (Begum et al.2021). A interacdo de probidticos com células intestinais epiteliais, células
dendriticas e linfocitos (Bermudees-Brito et al., 2012) induzem uma modula¢do da resposta imune,
inata e adaptativa, podendo aumentar a producio de citocinas polarizando as respostas dos linfécitos
T auxiliares em Th1, Th2 e/ou Treg (Lebeer et al., 2010). A transcricdo relativa de citocinas
observadas nas PBMCs dos equinos suplementados com o B. toyonensis BCT-7112 pode ser um fator
chave para entender a modulacdo da resposta vacinal. PBMCs dos animais suplementados e
estimuladas com o B. toyonensis tiveram uma transcri¢ao superior de mRNA para IL1, TNF-a, IL4 e
IL10. Desta forma, nossos resultados sugerem que as citocinas tiveram papel importante no aumento
da imunogenicidade da vacina recombinante experimental contra o tétano nos animais
suplementados.

IL-1 e TNF-a sdo citocinas que no grupo suplementado, quando estimuladas com o B.
toyonensis, tiveram um aumento significativo em suas transcrigdes, ~14,4 e 8,5 vezes
respetivamente, quando comparados ao grupo controle. Ha evidéncias de que a sinalizagdo mediada
por IL1 em células dendriticas contribui para sua maturacdo, migracdo e acimulo em oérgdos
linfoides, e exerce papel na ativagdo secundaria durante a comunicagdo entre células dendriticas e
linfécitos T (Wajant et al, 2007). Assim, podendo desempenhar um papel importante na
imunogenicidade de antigeno vacinal (Eeckhout et al., 2021). O Fator de Necrose Tumoral o é a
citocina de maior agdo pré inflamatéria e tem sido relacionada a atividade adjuvante (Brunner et al.,
2000; Kayamuro et al., 2009). E reconhecido que o TNF-a desempenha um papel importante na
defesa do hospedeiro, ativando a imunidade inata e adaptativa, induzindo a maturacao de células
dendriticas e ativa¢do de linfécitos T (Wajant et al., 2007).

IL4 e uma citocina Th2 e a IL10 uma citocina Treg anti-inflamatéria, IL4 indica a presenca de
populagdes de linfocitos que foram diferenciados em Th2, a qual é fundamental para a resposta

imune humoral, pois favorece a producdo de anticorpos (Parkin 2001; Paul, 2010). A IL4
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desempenha papel essencial na estimulagio de linfocitos B na mudanca de classe de IgG, e também é
responsavel por ativar células imunes inatas, como os basoéfilos e mastdécitos (Paul, 2010). AIL10 tem
sua acdo reguladora ja bastante conhecida, porém ha a descrigdo de que esta citocina pode também
atuar estimulando a proliferacéo de linfécitos B estimulando a produgio de anticorpos (Paul and Zhu,
2010). 0 grupo suplementado apresentou um aumento na transcricio de mRNA de [L4 e [L10 de ~6,3
vezes, e de ~7,0 vezes, respetivamente. quando estimulado com B. toyonensis BCT-7112, na
estimula¢do com o antigeno vacinal a transcricdo relativa de mRNA foi similar nos grupos quanto a
IL1, TNFa e IL4, a transcrigdo relativa de IL10 no grupo suplementado foi ~13 x superior que no
grupo nao suplementado, podendo sugerir, por ser uma citocina regulatéria, que pode ter inibido a
reacdo das outras citocinas testadas. Os efeitos supressores da IL10 sobre células dendriticas e
macrofagos causam inibicdo da produgdo de citocinas pré-inflamatoérias e, consequentemente,
diminuicdo do desenvolvimento de células Th1l (Wagner et al., 2008). Esses achados sugerem um
provavel mecanismo envolvido no efeito da resposta vacinal nos animais suplementados com B.

toyonensis venha ser mediado pelas citocinas avaliadas nesse estudo.

CONCLUSION
Os dados apresentados neste estudo demonstraram que a suplementagdo com B. toyonensis
BCT-7112 modula e melhora a resposta imune a vacina experimental recombinante contra
Clostridium haemolyticum em equinos. Nossos resultados sugerem que B. toyonensis BCT-7112 tém
um efeito modulador ampliando a resposta imune, confirmando que sua utilizagdo é uma estratégia
para melhorar a resposta vacinal em equinos. No entanto, mais estudos sdo necessarios para um
melhor entendimento dos mecanismos envolvidos na imunomodulagdo mediada por B. toyonensis

BCT-7112 em equinos.
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5 Consideracdes Finais

A suplementacdo com o B. toyonensis foi bem tolerada por equinos, ndo sendo
observado nenhum efeito adverso nos 42 dias de suplementacdo, nem nos 40 dias
seguintes. O melado foi um bom veiculo de administracdo, mantendo a viabilidade dos
esporos do B. toyonensis e faciltando a ingestdo dos equinos. O efeito
imunomodulador do B. toyonensis em equinos no estimulo da resposta as vacinas
clostridiais recombinantes testadas foi confirmado, aumentando os niveis de
anticorpos especificos totais e os isotipos de IgGs, tendo a modula¢do nos isotipos
IgGa e IgGT. Estimulando uma resposta mista Thl e Th2. A modula¢éo do probiético
testado na expressao relativa de citocinas pode ser observado nos ensaios realizados
em PBMCs. Mais estudos podem ser realizados, diminuindo o periodo de
suplementacao e com diferentes antigenos para uma maior compreensao do potencial
do B. toyonensis em equinos e na forma como pode ser suplementado.

Os potros de dois meses de vida vacinados com vacina recombinante de toxina
tetanica tiveram resposta humoral similares aos cavalos adultos. Tanto dos IgGs totais
guanto nos subtipos de IgGs, o que nos sugere que a resposta humoral de potros de
2 meses frente a vacinagdo pode ser viavel, podendo variar com o antigeno e tipo de
vacina. Porém, mais estudos sdo necessarios com outros antigenos e um maior
aprofundamento para aumentar o entendimento sobre a vacinagéo nesta categoria de

equinos.
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Anexo A - Parecer de Aprovacdo CEUA

PARECER N° 23/2021/CEEA/REITORIA
PROCESSO Ne 23110.006729/2021-81
Certificado

Certificamos que a proposta intitulada “Efeito imunomodulador de Bacillus toyonensis em equinos vacinados contra Streptococcus equi
subespécie equi”, registrada com o n°23110.006729/2021-81, sob a responsabilidade de Fabio Pereira Leivas Leite - que envolve a
produgdo, manuteng&o ou utilizagdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto humanos), para fins de pesquisa
cientifica (ou ensino) — encontra-se de acordo com os preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de
julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle de Experimentagdo Animal (CONCEA), e recebeu parecer

FAVORAVEL a sua execuco pela Comissio de Etica em Experimentacdo Animal, em reunifo de 06 de abril de 2021.

Finalidade (x) Pesquisa () Ensino
Vigéncia da autorizacéo 15/04/2021 a 15/04/2023
Espécie/linhagem/raga Equinos/Mesticos
N° de animais 20
Idade 3-10 anos
Sexo Machos e Fémeas
Origem Centro de Ensino e Experimentacéo em Equinocultrada Palma (CEEEP) UFPel -
Capao do Ledo

Cadigo para cadastro n® CEEA 6729-2021

M.V. Dra. Anelize de Oliveira Campello Felix

https://sei.ufpel.edu.br/sei/controlador.php?acao=documento_imprimir_web&acao_origem=arvore_visualizar&id_documento=143
46748&infra_sist...



Presidente da CEEA

' Eir ' Documento assinado eletronicamente por ANELIZE DE OLIVEIRA CAMPELLO FELIX, Médico
Sl S

assinatura Lﬁ
I eletrdnica

Veterinario, em 09/04/2021, as 15:05, conforme hordrio oficial de Brasilia, com

fundamento no art. 62, § 12, do Decreto n2 8.539, de 8 de outubro de 2015.

A autenticidade deste documento pode ser conferida no site

http://sei.ufpel.edu.br/sei/controlador externo.php?

acao=documento conferir&id orgao acesso externo=0, informando o cddigo verificador

1264538 e o codigo CRC 33EC3D3B.
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