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RESUMO

O objetivo deste estudo foi determinar o impacto da vacinacdo contra
coccidiose no desempenho produtivo, microbiota cecal e sistema imune
de frangos de corte quando suplementados com aminoacidos e vitamina
E. Frangos Cobb® machos foram alimentados com gelatina incluida a 2%
para melhorar os niveis de glicina e prolina, além da adicéo de vitamina E
(70 mg/kg de alimento). Metade das aves recebeu vacina viva
administrada via agua no primeiro dia, enquanto a outra metade recebeu
um anticoccidiano (salinomicina) na dieta até os 35 dias de idade. Oito
tratamentos foram divididos em 7 repeticdes (boxes), com 10 aves por box.
Os resultados foram divididos em dois artigos. Artigo 1: Efeitos da
vacinacdo e do anticoccidiano sobre a microbiota cecal dos frangos de
corte. Os genes bacterianos 16S rRNA foram classificados como 3 filos
principais (Bacteroidetes, Firmicutes e Proteobacteria), representando
mais de 98% da comunidade bacteriana identificada. A vacina n&o reduziu
a a-diversidade e B-diversidade (P>0.05). O enriguecimento de
Bacteroidetes foi relacionado ao grupo salinomicina, enquanto Firmicutes
e Proteobacterias foram encontrados em maior abundancia no grupo
vacinado (P<0.05). Artigo 2: Resposta imune e desempenho zootécnico
de frangos de corte vacinados contra coccidiose ou tratados com
salinomicina, suplementados com aminoé&cidos e vitamina E. A vacinagéo
afetou negativamente o desempenho dos animais, no entando, a oferta
aminoacidica através da gelatina e vitamina E reduziu a resposta negativa
a vacina de 22 a 42 dias, mas também proporcionou beneficios as aves
que receberam salinomicina. No grupo vacinado aumentou a expressao
génica de citocinas inflamatérias como IFN-y e IL1-B e genes de
recuperacéo intestinal como MUC2 e TFF2 (P<0,05) em comparacdo ao
grupo salinomicina, enquanto que diminuiu a expressao de citocinas
antiinflamatorias IL-10 e IL-4 (P<0,05). As aves vacinadas e
suplementadas tiveram reducdo na expressao de citocinas IFN-y e IL1-8,
MUC2 e TFF2 (P<0,05) e maior expresséao da citocina anti-inflamatoria IL-
4. A vacina ndo diminuiu a riqueza e diversidade de espécies, mas
diminuiu a porcentagem de Bacteroidetes. O grupo vacinado também
apresentou maior porcentual do filo Proteobacteria, o que pode ajudar a
explicar seu pior desempenho. A vacinacdo pode aumentar o estado
imunoldgico pré-inflamatério e aumentar a expressao de mucinas em
comparacao a adicdo de salinomicina na dieta e esses eventos podem
estar contribuindo para o desempenho inferior observado. O uso de
vitamina E e aminoacidos suplementares podem minimizar os efeitos
imunoldgicos negativos.

1Tese de Doutorado em Zootecnia - Producao Animal, Faculdade de Agronomia,

Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (105 p.). Mar¢o,
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ABSTRACT

The objective of this study was to determine the impact of cocci-vaccine on
performance and immune status in broilers when supplemented with amino
acids and vitamin E. Male Cobb® chickens were fed gelatin included at 2%
to improve levels of proline and glycine, and vitamin E at 70 mg per kg of
diet. Half of the chicks received live vaccine against coccidiosis
administered via water on the first day, while the another half received an
anticoccidial (salinomycin) in the feed until 35 days of age. Eight treatments
were divided into 7 repetitions with 10 birds per box. The results were
divided in two manuscripts: 1: Effects of vaccination and anticoccidial on
the cecal microbiota of broilers. The bacterial 16S rRNA genes were
classified as 3 main phyla (Bacteroidetes, Firmicutes and Proteobacteria),
representing more than 98% of the total bacterial community. The vaccine
did not reduce a-diversity and B-diversity (P>0.05). The salinomycin group
was related to the enrichment of Bacteroidetes, while Firmicutes and
Proteobacteria were found in high abundance in the vaccinated group
(P<0.05); 2: Immune status and performance of chickens vaccinated
against coccidiosis or treated with salinomycin when supplemented with
amino acids and vitamin E. Vaccination affected negativiey the
performance of the broilers, however, the amino acid and vitamin supply
reduced the negative response to the vaccine from 22 to 42 days, and also
provided benefits to the broilers that received salinomycin. The vaccinated
group increased the expression of inflammatory cytokines such as IFN-y
and IL1-B and intestinal recovery genes such as MUC2 and TFF2 (P <0.05)
compared to the salinomycin group, while decreasing the expression of IL-
10 and IL-4 anti-inflammatory cytokines (P <0.05). The supplemented
vaccinated broilers showed a reduction in the expression of cytokines IFN-
y and IL1-B, MUC2 and TFF2 (P<0.05) and a greater expression of anti-
inflammatory as IL-4. It was observed that the vaccine did not decrease the
richness and diversity of the species, but decreased the percentage of
Bacteroidetes. Vaccination can increase the proinflammatory immune
status, increase mucin expression compared to dietary salinomycin. These
events may be contributing to poor performance. Vitamin E and
supplemental amino acids may minimize negative immune effects. The
vaccine group also had a higher percentage of the Proteobacteria phylum,
which may help explain its poorer performance.

Keywords: Cytokines; Eimeria; Immunity; Gut health; Microbiota

1Doctoral thesis in Animal Science, Faculdade de Agronomia, Universidade Federal do
Rio Grande do Sul, Porto Alegre, RS, Brazil. (105 p.) March, 2021
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INTRODUCAO

A interacdo entre a nutricdo, imunidade e microbiota tem
ganhado espaco devido as recentes normas que vem impossibilitando o
uso de diversos quimioterapicos na nutricdo animal. A nutricio como
ferramenta para modular o sistema imunoldgico, tem se tornado fato real,
nao apenas em estados patoldgicos, como também para a manutencao
de estados saudaveis.

A coccidiose aviaria € uma doenca intestinal causada por
protozoarios do género Eimeria spp. que se multiplicam no intestino
causando destruicdo tecidual, prejudicando a digestdo e absorcdo de
nutrientes resultando em diarreia (Berchieri Jr. et al., 2009). A vacinacao
para controle da coccidiose, pode ser uma alternativa ao uso de
anticoccidianos e embora estudos tenham provado a efetividade da
vacinacao (Lee et al., 2009), existe uma relutancia generalizada em usa-
la em frangos de corte. O principal motivo para esta aversdo sao relatos
de menor desempenho, ganho de peso reduzido e menor eficiéncia
alimentar em comparacao a aves que recebem anticoccidianos na racao
(Williams, 2002, Lee et al., 2011a).

Varios sao os fatores fisiol6gicos e metabodlicos desencadeados
pela vacinacdo que podem influenciar o desempenho animal e
compreendé-los é muito importante para que, através da nutricdo
possamos minimizar esse impacto. A mucosa intestinal em resposta a
vacinacdo aumenta producdo de mucina (Miller e Narva, 1979) a qual é
composta por aminoacidos nao essenciais como glicina e prolina (Moran,

2008). Nem sempre em situacdes de desafio € possivel sintetizar esses
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nutrientes na velocidade que sao requeridos. A gelatina € um ingrediente
que possui um conteudo substancial de aminoacidos nao-essenciais
(Boomgaardt e Baker, 1972) e desta forma, pode servir como ingrediente
alternativo para fornecer 0s aminoacidos requeridos em maiores
quantidades durante o desafio vacinal. A vacinacao também pode causar
um processo inflamatorio que estimula a producdo de mucina pela mucosa
intestinal. A camada de mucina contém uma diversidade de componentes
de carboidratos, com locais potencialmente anexaveis para bactérias
comensais e patogénicas (Sonnenburg et al., 2005). Notavelmente, alguns
patdgenos como clostridium utilizam mucina como fonte de nutrientes
(Adedokun et al., 2012). O aumento da mucogénese induzida pela vacina
pode aumentar a proliferacdo da microbiota patogénica, impactando o
desempenho zootécnico. Para minimizar os efeitos inflamatérios e diminuir
a mucogénse, existe a possibiidade da utilizacdo de anti-inflamatérios néo
esteroides, como a vitamina E (Silva et al., 2011).

Com o objetivo de fornecer uma descricdo dos reflexos da
vacinagao sobre imunidade e microbiota foi conduzido um experimento
para entender os efeitos vacinais e buscar melhores formas de

recuperacdo do desempenho por meio de alteracdes dietéticas.



16

2.  REVISAO BIBLIOGRAFICA

2.1 Coccidiose aviaria

A coccidiose aviaria € uma doenca intestinal causada por
protozoarios do género Eimeria spp. que se multiplicam no intestino
causando destruicdo tecidual e prejudicando a digestao e a absorcéao de
nutrientes, resultando em diarreia aquosa ou hemorragica (Berchieri Jr. et
al., 2009). E uma das doencas entéricas mais investigadas, principalmente
devido ao grande impacto negativo na eficiéncia econémica na industria
avicola. Espécies que comumente infectam aves foram descritas por
Tyzzer (1929) e Levine (1942), incluindo E. acervulina, E. tenella, E. mitis,
E. praecox, E. maxima, E. necatrix e E. Brunetti.

Os ciclos de vida dos parasitas Eimeria envolvem reproducao
assexuada e sexual e ocorrem dentro e fora do hospedeiro (Yun et al.,
2000). Frangos de corte séo suscetiveis a infeccdo por coccidiose durante
todo o periodo de criacdo e a infecgcdo ocorre quando uma ave ingere um
oocisto esporulado. Cada oocisto esporulado contém 4 esporocistos, cada
um contendo 2 esporozoitos infecciosos (Fayer, 1980). Quando o oocisto
esporulado € ingerido, a parede de camada dupla € rompida e 2
esporozoitos sao liberados de cada esporocisto (Current et al., 1990). Os
esporozoitos liberados, se fixam e invadem as células epiteliais
intestinais, onde se desenvolvem em trofozoitos e sofrem reproducédo
assexuada (esquizogonia) para produzir merozoitos (Hammond, 1973;
Fayer, 1980). Os merozoitos rompem a célula epitelial e continuam
invadindo e danificando novas células epiteliais (Hammond, 1973;
McDougald e Reid, 1991). Apds a divisdo assexuada, 0S merozoitos
sofrem reproducdo sexuada (gameteogonia) e se desenvolvem em
microgametas (machos) e macrogametas (fémeas) (Current et al., 1990).
Os microgametas fertilizam os macrogametas, resultando em zigotos e se
desenvolvendo em oocistos ndo esporulados, entdo excretados pela ave
para o ambiente (McDougald e Reid, 1991). A gravidade da infecg&o varia
em funcéo de varios fatores, como a espécie de Eimeria, quantidade de
oocistos ingeridos e estado imunologico da ave (McDougald e Reid, 1991).

O dano ao epitélio intestinal ocorre durante uma infec¢do por
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coccidiose, pois o0s parasitas coccidios infectam, se proliferam e destroem
as células. O pico de dano intestinal ocorre aproximadamente 6 dias apos
a infeccdo, causando vilosidades encurtadas e espessadas, e também
aumento da profundidade da cripta (Turk, 1974; Fernando e McCraw,
1973). Impactos negativos sdo observados na digestdo e absorcao de
nutrientes devido a diminuicdo da éarea de superficie de absorcao
(McDougald e Reid, 1991; Forder et al., 2007). A rapida renovacgéo das
células intestinais ocorre para reparar danos e manter a integridade
intestinal (Fernando e McCraw, 1973), no entanto, esta rapida renovacao
aumenta a necessidade nutricional, pois a renovacao dos enteroécitos €

energeticamente exigente (Fernando e McCraw, 1973).

2.2 Métodos de controle da coccidiose

O uso indiscriminado de anticoccidianos tem resultado na
selecdo de cepas resistentes a drogas, as quais reduzem a eficacia
desses produtos em uso (Li et al.,, 2005). Diante da atual estratégia
profilatica, o Conselho da Unido Europeia propds a retirada progressiva
dos anticoccidianos utilizados como aditivos na alimentacdo animal. Pelos
motivos expostos, cada vez mais sao retirados do mercado medicamentos
para controlar a coccidiose aviaria. Desta forma, existe uma necessidade
de novos conceitos estratégicos para o controle da eimeriose aviaria
(Vermeulen et al., 2001), tornando-se necessario aprimorar a capacidade
de vacinagéo efetiva contra esta doenca.

O metodo mais usual usado na industria para controle da
doenca é por meio de anticoccidianos adicionados a ragdo que podem ser
ionoforos ou quimicos. O modo de agdo varia entre os dois produtos; 0s
ionoforos séo oriundos de processos fermentativos e rompem a membrana
da célula por meio do equilibrio osmotico. Ja os anticoccidianos quimicos
séo produzidos por sintese quimica e afetam a fungé&o mitocondrial e co-
sintese de fatores (Chapman, 2002). O uso dos ionéforos ndo € permitido
em sistemas livres de antibiéticos porque estas substancias exercem uma
funcdo de antibidtico. Os anticoccidianos quimicos podem ser usados,

porém o desenvolvimento de resisténcia pelos coccidios limita sua
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utilizacdo e eficacia (Chapman, 2002). Considerando esses fatos,
aumentou-se o0 uso de vacinas na producao de frangos de corte.

Atualmente, inumeras vacinas anticoccidianas vivas
compreendendo formulac¢des variadas de cepas virulentas ou atenuadas
de uma ou mais espécies estdo comercialmente disponiveis (Shirley et al.,
2005). As vacinas ndo atenuadas ou virulentas sdo compostas por cepas
de labotatério ou de campo e nédo foram modificadas conforme o modelo
natural que o oocisto age sobre o epitélio intestinal. J& as vacinas
atenuadas utilizam oocistos que tém uma viruléncia artificialmente
reduzida (Dalloul e Lillehoj, 2005).

As vacinas sao constituidas de um pool de Eimeria,
tipicamente E. acervulina, E. maxima, E. mivati e E. tenella, e s&o
projetadas para serem pulverizadas, ingeridas pela ave via agua ou
injetadas in ovo (Tellez et al. , 2014). E importante a presenca de todas
as espécies de Eimeria na composicdo da vacina, pelo fato que a
imunidade ndo é cruzada entre as diferentes espécies do género. Para
induzir imunidade através da vacinacdo, € necessario a reciclagem de
oocistos na cama do galpdo. Essa reciclagem permite que ocorra varias
reinfeccdes considerando a eliminacdo e a ingestdo de oocistos o que
permite que a ave desenvolva a imunidade (Williams, 2002). As vacinas
que séo utilizadas em frangos de corte sdo compostas pelas espécies de
E. Acervulina, E. Maxima e E. tenella.

A vantagem das vacinas atenuadas consiste na menor
possibilidade de lesdo intestinal, devido ao seu menor potencial
reprodutivo (Tomasi, 2006). Porém, apesar da promocao da imunidade,
existe a possibilidade de reverséo da atenuacgéo e desenvolvimento de
lesdes mais intensas, que podem acarretar em perda de peso. As vacinas
vivas atenuadas contra coccidiose oferecem uma vantagem significativa
em termos de seguranga em relagdo as vacinas vivas virulentas. Sao
consideradas de segunda geracdo e, possuem um mercado crescente
desde o seu lancamento, porém seu uso € inferior ao da vacina de cepas
virulentas (Lillehoj et al., 2000).

Varios estudos relataram a geracdo de imunidade pela vacina

contra coccidiose (Brake et al., 1997; Shirley et al., 2005; Lee et al.,
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2011a). Porém, ainda existe uma relutancia generalizada em utiliza-la. A
justificativa para essa aversao sao relatos de reduc¢fes no crescimento e
na eficiéncia alimentar (Lehman et al., 2009, Lee et al., 2011a). O
desempenho reduzido como consequéncia das vacinas esta associado a
infeccbes leves (Lee et al., 2011a) que poderiam resultar em area de
superficie absorvente reduzida (Lehman et al., 2009) e menor absor¢ao
de nutrientes e inflamacao. O efeito pirogénico da vacina (febre) faz com
que ocorra um aumento de 10 a 15% na taxa metabdlica basal para cada
1°C de elevacédo de temperatura corporal. Essas mudancas metabdlicas,
mediadas pelas citocinas, fazem com que a glicose e aminoacidos sejam
mobilizados dos tecidos periféricos e direcionada para os sitios de geracao
da resposta imune (Fernandes et al., 2013).

A recuperacdo e 0 ganho compensatério ndo sédo atingidos,
devido ao tempo relativamente curto de criacdo, insuficiente em alguns
casos para compensar a perda inicial, antes do abate (Williams, 1998;
Lehman et al., 2009; Williams, 2010). Lehman et al., (2009) relatou que
frangos de corte medicados tem maiores pesos corporais em comparagao
com aves vacinadas durante as primeiras 3 semanas. Um menor ganho
de peso foi observado na primeira semana em frangos de corte vacinados
contra coccidiose e os autores atribuiram ao aumento da demanda de
nutrientes para manter a homeostase, frente ao desafio imunolégico e
reparacdo da mucosa agredida pela replicacdo das eimerias (Fernandes
et al., 2013).

LesOes leves, pontuadas 1 ou 2 na escala de Johnson e Reid
(1970), séo vistas em aves vacinadas sob condicoes comerciais. O
trabalho de Williams e Andrews (2001) mostrou que num grupo de frangos
de corte saudaveis, isolado de infec¢cbes externas, monitorado
diariamente, as lesdes induzidas pela vacina ocorreram aleatoriamente de
5 dias até 23 dias apds a vacinacdo. Tanto vacinas virulentas, quanto
vacinas atenuadas podem dar origem a lesdes leves como resultado da
vacinacao. Independentemente do tipo de vacina viva utilizada, para que
ocorra 0 processo de producdo de imunidade contra coccidiose, faz-se
necessario que os protozoarios completem ciclos no epitélio intestinal,

gerando um processo inflamatorio nos enterécitos (Tomasi, 2006).
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De acordo com Maiorka et al. (2003), animais com uma maior
renovacdo celular da mucosa do intestino tém criptas mais profundas
como resultado da alta atividade mitotica e hiperplasia. Mcbride e Kelly
(1990) estimaram que a manutencdo do epitélio intestinal e estruturas
anexas de suporte tém custo de 20% da energia bruta consumida pelo
animal. Portanto, a agressao a mucosa intestinal exerce grande influéncia
sobre a homeostase metabdlica e a produtividade das aves.

Os estudos que avaliaram a eficacia da vacina e os reflexos
sobre o desempenho zootécnico relatam uma perda maior nos primeiros
21 dias de vida dos animais. Parker et al. (2007) observou que frangos
reduziram o consumo de ragao e consequentemente o ganho de peso aos
17 dias de vida comparado a utilizacdo de anticoccidianos. No entanto,
Lehman et al. (2009) continuaram a observar reflexos negativos da
vacinacdo sobre conversdo alimentar e ganho de peso até a oitava
semana. Pode-se pensar que ao longo dos anos as cepas de Eimeria se
tornaram mais resistentes as drogas e o melhoramento genético, voltado
para a maior producédo, tornou a ave mais susceptivel. Um trabalho mais
antigo (Mathis,1999) observou um menor ganho de peso corporal e pior
conversado durante as primeiras 3 semanas, porém observou que as aves
tiveram um ganho de peso compensatério, diminuindo quaisquer perdas

iniciais, na fase final de criacdo de 35-42 dias de idade.

2.3 Sistema imunologio

2.3.1 Orgaos do sistema imune

O sistema imune € o responsavel por formar e desencadear
mecanismos que protegem o organismo contra o ataque de patdégenos ou
agente nocivos. E composto por dois grupos de 6rgaos,
0s 6rgaos imunitarios primarios e secundarios. Os 6rgaos primarios sdo o
timo e bolsa cloacal, responsaveis pela diferenciagdo das células do
sistema imune. O timo é responsavel pelo desenvolvimento e
diferenciacéo dos linfocitos T. A Bursa de Fabricius, exclusiva das aves, €
aonde ocorre o amadurecimento e diferenciacdo dos linfécitos B. J& os
orgdos secundarios sdo compostos pelas glandulas de Harder, baco,
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tonsilas cecais e placas de Peyer. Estes sdo responsaveis pelo
agrupamento das células, formando sitios de amadurecimento e atuacéao.

E nos 6rgéos e tecidos linfoides secundarios que se desenvolve a
resposta imune humoral. Nestes locais os antigenos sdo capturados e
processados por células apresentadoras de antigeno (APCs) e
apresentados ao sistema imune adaptativo. S80 nestas estruturas que 0s
linfécitos T ativados, apds o reconhecimento do antigeno na superficie de
uma APC, estimulam a diferenciacdo dos linfécitos B em células
produtoras de anticorpos (Campbell, 2004; Erf, 2008).

Diferentemente dos mamiferos, os linfonodos estdo ausentes
nas aves. Assim, a defesa das mucosas ocorre devido a tecidos linfoides
altamente especializados, como o GALT (Gut-Associated Lymphoid
Tissues), BALT (Bronquial Associated Lymphoid Tissues) e CALT
(Conjuntiva Associated Lymphoid Tissues). Uma vez que os parasitas de
Eimeria invadem o intestino, as respostas imunes sdo coordenadas
principalmente pelo tecido linféide associado ao intestino (GALT), que é
composto pela camada mucosa, bursa de Fabricius e tecido linféide
agregado no diverticulo de Meckel, placas de Peyer e tonsilas cecais (Yun
et al., 2000).

2.3.2 Células do sistema imune

O sistema imunolégico conta com uma rede de células que
através do contato direto ou pela secrecao de citocinas, fazem os fagocitos
comunicarem-se com outras células, promovendo ou regulando as
respostas imunes (Abbas, 2017). Os macrofagos desempenham um papel
importante da defesa inata das aves, atuando imediatamente quando um
microrganismo invade o hospedeiro e também como célula efetora durante
a fase tardia na imunidade adquirida. Apés uma exposicao a coccidios, a
imunidade inata esta associada a fase inicial da infec¢cdo, enquanto a
imunidade adquirida segue uma infeccdo secundéria, pois leva mais
tempo para iniciar devido a uma resposta especifica ao patdégeno invasor
(Lillehoj et al., 2007).

Na imunidade, o0s macréfagos apresentam funcdes

antimicrobianas, fagociticas e antitumorais e agem como células
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regulatorias através da producéo de citocinas e outros metabdlitos, que
podem estimular o desenvolvimento de outras células do sistema imune
(Jeurissen e Janse, 1994; Qureshi et al.,2000). Os heteroéfilos sao células
semelhantes aos neutrofilos dos mamiferos (Macari et al., 2002; Campbell,
2004). Os heterdfilos sdo as primeiras células a migrarem para o sitio
inflamatorio e além de realizarem fagocitose, também produzem citocinas
pro-inflamatérias, tais como a interleucina 1 beta (IL-18), IL- 6 e IL- 8.

A resposta imune adaptativa pode ser subdividida em resposta
imune humoral e em resposta imune celular. A resposta humoral tem como
moléculas efetoras os anticorpos e € em parte, dependente dos linfécitos
T auxiliares (CD4%), especificamente a populacdo de células efetoras
auxiliares do tipo 2 (T helper 2,Th2). Esta resposta € mais eficiente na
eliminacdo de microrganismos extracelulares (Erf, 2008). A imunidade
celular é dirigida contra patdgenos intracelulares (virus, bactérias e
parasitas intracelulares como a Eimeria). Esta resposta € dependente de
linfécitos T CD4+ da sub-populacao efetora auxiliares do tipo 1 (T helper 1,
Thl), linfécitos T CD8* (citotdxico) e células Natural Killer (NK) (Erf, 2008;
Fellah et al., 2008).

Nas aves, existem apenas trés classes de anticorpos: IgY, IgM
e IgA (Qureshi et al., 1998; Chacana et al., 2004; Erf, 2008; Magor et al.,
2013). As IgM sao imunoglobulinas de fase aguda, produzidas durante a
resposta imune primaria e expressas também na forma de receptores de
membrana plasmatica dos linfécitos B. A IgY é analoga da IgG e IgE dos
mamiferos, estando predominantemente presente no soro, e é
responsavel pela defesa contra infecgbes sistémicas e pelas reacdes
anafilaticas em aves (Macari et al., 2002.).

As IgAs sdo as imunoglobulinas predominantemente
produzidas pelos plasmacitos presentes nas placas de Peyer e nos MALTs
presentes nas tonsilas cecais (Kumar et al.,2009). A IgA envolve a
protecdo da superficie da mucosa (Woof et al., 2006), é o anticorpo
primério nas secre¢cfes da mucosa e anticorpos IgA especificos contra
parasita foram detectados na circulacdo apdés infeccdo por coccidiose
(Lillehoj e Trout, 1996; Yun et al., 2000).

A producdo de anticorpos é dependente da natureza dos
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antigenos. Os anticorpos circulantes (imunidade humoral) tém capacidade
minima para limitar uma infeccéo por coccidios e, portanto, as respostas
imunes mediadas por células sdo as mais eficazes durante uma infecgcéo
por coccidios (Lillehoj e Trout, 1996; Allen e Fetterer, 2002).

2.3.3 Desencadeamento da resposta imunolégica

A imunidade inata é a primeira linha de defesa contra infeccbes
(Abbas, 2017). A resposta imune inata € composta pelas células de defesa
como os macrofagos, células dendriticas, Natural Killer, heterdfilos,
enzimas, proteinas e peptideos. As células imune inatas sdo as primeiras
a responder e sao mais versateis devido ao grande repertério de
receptores de superficie (Hamon e Quitin, 2016).

Nas células imune existem estruturas que fazem o
reconhecimento do antigeno, os receptores de reconhecimento padrdo
(PRRs). Os principais receptores sao do tipo Toll-like (TLRs), lectina do
tipo C, RIG-1 e receptores NOD (Hamon e Quitin, 2016). Esses receptores
estdo presentes nas membranas ou nos compartimentos endolisossomial
de células eucaridticas de organismos multicelulares (Keestra et al., 2013).
Os TLRs dos endossomos reconhecem patdgenos extracelulares,
enquanto que, os RIG e NOD localizados nas membranas citoplasmaticas,
séo importantes para o reconhecimento de virus (Abbas, 2017). Os PRRs
reconhecem moléculas especificas chamadas de padrées moleculares
associados a patdégenos (PAMPS) que incluem glucanos da parece celular,
acidos nucleicos, fimbrias e flagelos. Quando o antigeno se liga aos
receptores da célula do hospedeiro, iniciam-se as sinalizacbes que
desencadeia a transcricdo do NF-kB (fator de transcricao nuclear kappa-
beta) pela célula, que direciona a expressao de mediadores quimicos proé-
inflamatorios, como as citocinas (Santin et al., 2017).

O reconhecimento de padrdes moleculares desencadeia a
sintese de citocinas e a fagocitose, essenciais para induzir uma resposta
inflamatodria. A inflamagéo € induzida pelas citocinas pré-inflamatorias
liberadas pelas células reconhecedoras de antigenos. Dentre as citocinas
podemos citar o fator necrético tumoral a (TNF- a), IL-18, IL-6, IL-8 e IL-

12. O TNF-a é secretado em respostas inflamatorias da fase aguda inicial
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(Kim et al., 2008). Logo ap0s ocorre o recrutamento de mondcitos e
heterdfilos da corrente sanguinea (Hamon e Quitin, 2016). A fagocitose
induz a um metabolismo oxidativo conhecido como exploséo respiratoria
e que resulta na producdo de uma seérie de substancias como peréxido de
hidrogénio e radicais de hidrogénio que resultam na morte do
microrganismo (Fairbrother et al., 2004). Os efeitos relativos da vacinacao
contra a coccidiose nos niveis séricos de Oxido nitrico e anticorpos
especificos e nos niveis intestinais da transcrigdo das citocinas, refletem
um estado inflamatério (Lee et al., 2013). O oxido nitrico é produzido por
monaocitos e macrofagos apds exposicdo a patdgenos entéricos, como
Salmonella, Clostridium e Eimeria (Lillehoj e Li, 2004; Babu et al., 2006; Li
et al., 2010).

Os neutrdfilos (heteroéfilos) sdo a populacdo mais abundante e
sdo os primeiros a responder a lesao inflamatéria; sua migracéo para o
local € induzida por citocinas (IL-8) (Abbas, 2017). Estes
neutroéfilos fagocitam os patdgenos e liberam mediadores que contribuem
na resposta inflamatéria, sendo os mais importantes as citocinas que
atraem os macréfagos para o local de inflamacéo. Os heterofilos agem no
sitio de atuacédo entre 6h a 12 horas apos a infeccdo (Harmon, 1998). Os
macréfagos, ao serem ativados, apresentam fagocitose aumentada e
liberacdo aumentada de mediadores (prostaglandinas e leucotrienos)
e citocinas pro-inflamatorias (IL-1, IL-6 e TNF-a). Os macréfagos e células
dendriticas sdo detectados apds 48 horas da infeccao (Harmon, 1998).
Sao as citocinas produzidas pelos macréfagos que atraem os leucdcitos
para o sitio de atuacéo. Nessa fase de inflamacao a ave diminui 0 consumo
de alimento e ganho de peso. Esses resultados estao correlacionados com
0 aumento das citocinas pré-inflamatérias (IL-1p3, IL-2 e IL-12) no figado,
que sugerem que as citocinas pro-inflamatérias, desencadeiam
mecanismo hormonal inverso no centro da fome (Santin et al., 2017).

A fagocitose e a apresentacdo do antigeno interligam a
resposta imune inata a resposta imune adaptativa (Scott, 2004; Abbas et
al., 2017). A primeira estimula a segunda por meio da captura do antigeno
por células especializadas, como as células APCs que apresentam

peptideos antigénicos aos linfocitos T, via moléculas de
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histocompatibilidade principal de classe II (MHC 1), e estimulam
diferenciacdo dos linfécitos B em plasmdcitos produtores de anticorpos
(Erf,2008; Juul-Madsen et al., 2008; Abbas et al., 2017).

ApOs a captura e processamento do antigeno pelas APCs,
estas células expressam as moléculas de MHC de classe Il associadas ao
antigeno e as apresentam aos linfocitos T, resultando na liberacdo de
citocinas e ativagéo da resposta imune (Kenneth, 2004; Erf, 2008; Abbas
et al.,, 2017). Na resposta imune celular, os linfécitos T se dividem em
CD4+, cuja funcdo é ativar outras células e CD8+, células citotoxicas.
Durante o reconhecimento antigénico, as células CD4* reconhecem
antigenos apresentados pelo pelos receptores MHC II, e células CD8*
reconhecem pelos MHC |. As células CD8* sdo importantes para a defesa
de patdgenos intracelulares. Quando encontram uma APCs ligado aos
receptores de classe |, as células CD8* se ligam e direcionam o aparelho
secretor a célula alvo, causando apoptose (Santin et al., 2017). Sua acdo
focalizada a célula infectada ndo permite causar danos ao tecido (Keneth
et al., 2010).

As células CD4* também sdo denominadas células T auxiliares
(T helper), sendo T helper 1 as células que ativam os macrofagos e
também estimulam as células B a produzir anticorpos para a resposta
imune humoral. As células T helper 2 atuam na resposta a parasitas e
ajudam na producédo de anticorpos. As células T reguladoras (T reg) tém
funcdo de suprimir as respostas das células T e estdo envolvidas na
tolerancia imunoldgica. As células T reg possuem expressdo CD4* e
CD25" na sua superficie e produzem altos niveis de TGF e IL-10 que sé&o
potentes mediadores com atividade anti-inflamatéria. As atividades
imunossupressoras das T reg ocorrem pelo contato com células efetoras
T ou mediada pelas citocinas TGFB e IL-10. As células T reg sdo ativadas
pelos TLR, quando ocorre infec¢do sdo ativadas e inibidas quando diminui
a concentragdo de patdgenos (Santin et al.,2017).

Linfocitos Thl estimulam as células T CD8*, células NK e
macréfagos, enquanto os linfécitos Th2 estimulam os heterofilos e
linfcitos B a agirem sobre os patégenos (Kaiser, 2010). As células B se

diferenciam em plasmdcitos e secretam anticorpos que € a principal
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funcdo destas células na imunidade especifica. As citocinas que
estimulam a resposta imune humoral sao IL-4, IL-5, IL-10 e o fator de
crescimento transformador-f (TGF-B) (Scott, 2004).

Em aves a IL-6 é responséavel pela diferenciacéo das células B
em plasmdécitos secretores de anticorpos (Ratcliffe, 2002). Os linfocitos T
CD4* (T helper 2) dao origem a producéo de citocinas IL-4 e IL-6, enquanto
que os linfécitos T CD4* (T helper 1) produzem IL-2 e IFN-y. A citocina IL-
4 é conhecida como citocina anti-inflamatéria e desempenha um papel
significativo na supresséao de citocinas pro-inflamatorias como a IL-6 e IFN-
y (Jolly, 2004).

A Interleucina-2 (IL-2), uma citocina que é ativada por
antigenos, atua de forma autdcrina estimulando a proliferacéo das células
T. Agem também, potencializando a morte celular por apoptose de células
ativadas por antigeno. Dessa forma, a IL-2 é necesséria tanto para a
inducéo como para a regulacédo de respostas imune mediadas pela célula
T, apresenta também a capacidade de estimular a proliferacdo e a
diferenciacéo de células NK e de células B. A Interleucina-6 (IL-6) € uma
citocina produzida por muitos tipos celulares, incluindo os fagécitos
mononucleares, as células endoteliais e fibroblastos, atua na imunidade
inata e adaptativa. O Interferon-gama (IFN-y) € uma citocina produzida
pelos linfécitos T e células NK cuja principal funcao é ativar os macréfagos
estimulando a fagocitose e a expressdo do complexo de
histocompatibilidade principal (MHC) classe II.

A infeccdo com protozoarios de Eimeria regula a expresséo de
citocinas proé-inflamatérias, ao mesmo tempo que reduz a regulacdo da
expressado de citocinas anti-inflamatérias (Engberg et al., 2000; Lillehoj et
al., 2004, 2007; Lee et al., 2011c). Esses efeitos imunoldégicos humorais e
celulares combinados provavelmente refletem reacdes do hospedeiro ndo
apenas a vacina de coccidiose, mas também aos microrganismos

infecciosos Eimeria (Lee et al., 2013).

2.3.4 Imunidade de mucosas

Também fazem parte da resposta imune inata as mucinas, que

sao proteinas extensamente glicosiladas que formam uma barreira fisica
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viscosa, impedindo o contato entre os microrganismos e as células do
trato gastrointestinal. Apos a infeccdo, um patégeno que rompeu a barreira
da mucosa provoca uma resposta imune inata, intensificando uma
resposta inflamatoria de citocinas para sinalizar e ativar células imunes
adicionais no local da infeccao.

As mucinas secretadas (MUC2, MUC5 e MUCG6) formam um gel
hidratado que protege as células epiteliais de revestimento do contato com
microrganismos. Serve também como matriz para exposicdo de
substancias antimicrobianas produzidas pelas células epiteliais. Além do
muco secretado, a superficie apical das células epiteliais gastrointestinais
€ coberta com mucinas ligadas a membrana, sendo elas: MUCL,
MUC3A/b, MUC12, MUC13 e MUC17. Essas mucinas ligadas a
membrana combinam-se com glicolipideos e formam uma camada
macromolecular densa (30 a 500 nm) na superficie do epitélio, chamada
glicocalice (Abbas et al., 2017).

Uma vez que os parasitas de Eimeria invadem o intestino, as
respostas imunes sdo coordenadas principalmente pelo GALT, que
também é composto pela camada mucosa. O GALT serve como defesa
do hospedeiro contra uma infeccdo patogénica, processando e
apresentando antigenos. O GALT também produz anticorpos por meio do
sistema imune humoral e de células dentro do préprio GALT, como as
placas de peyer, células linfoides e de apresentacdo de antigenos
encontradas através da camada mucosa intestinal, que ativam a
imunidade mediada por células (Brandtzaeg et al., 1987).

Uma camada de muco ndo autodigerivel revestindo a superficie
interna € a primeira protecao do trato intestinal (Boleli e Morita, 2017). Faz
parte dos varios sistemas de protecdo desenvolvidos pelas células
intestinais, tem papel importante contra a agdo mecénica, lubrificando o
intestino e, também, na protecdo contra infecgdes, pois funciona como
barreira protetora que impede o contato direto de microrganismos com as
células epiteliais (Maiorka, 2004).

As mucosas podem desempenhar um papel importante na
infeccédo intestinal e na recuperacao da doenca, ou ainda, podem diminuir

0 impacto da vacinagdo contra coccidiose. As células caliciformes
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secretam varias substancias, como as mucinas (MUC2), moléculas
bioativas ligadas a membrana apical (MUC1, MUC3 e MUC17), moléculas
B como a resistina (RELMp), peptideos (TFF) e Fc-y proteina de ligacao
(Fcgbp). A MUC2 é o componente mais abundante da camada de muco.
Ela forma trimeros com os dominios do fator Von Willebrand que,
acoplados com TFF e Fcgbp, resultam em uma camada de muco
altamente viscosa, porém, permeével aos nutrientes (Boleli e Morita,
2017). Os genes expressos da familia trifdlios (TFF1, TFF2 e TFF3)
interagem cooperativamente com a mucina para manter a funcao de
barreira (Lee et al., 2006) e desempenham um papel importante no reparo
da mucosa intestinal danificada, com a expressdo aumentada ap6s o dano
da mucosa (Kurt-Jones et al., 2007). Os peptideos TFF, sdo produzidos
pelas células caliciformes e estdo associados a restauracdo do epitélio
intestinal (Kjellev et al 2009). A microbiota intestinal se fixa a camada mais
exterior ao muco, interagindo com diversos oligossacarideos da MUC2
(Linden et al.,2008; Kim e Ho, 2010; Kim e Khan, 2013).

A coccidiose causa lesdes no intestino que predispdem a ave
também a infeccdo por Clostridium Perfringens (McDevitt et al., 2006). A
infeccdo por C. Perfringens nas células epiteliais também aumenta a
producdo de muco (Collier et al., 2008). Forder et al. (2012) consideraram
genes de sintese de mucina intestinal (Muc) em aves desafiadas com
Eimeria, C. perfringens, ou ambas, com ou sem antimicrobianos. Eles
relataram que a expressao de Muc2 e Mucl3 estava deprimida por um
desafio com ambos 0s organismos, mas que 0S antimicrobianos
impediram essa depresséo. A infecgcdo com Eimeria também diminuiu os
niveis de RNAm do gene MUC2 (Kitessa et al., 2014). O aumento nos
niveis de RNAmM de Muc5ac no jejuno das aves desafiadas com Eimeria
foi relatado por Forder et al. (2012). Esses autores também relataram um
declinio significativo nos niveis de transcricio de RNAm de MUCI13 e
MUC2 em resposta ao desafio de Eimeria e C. Perfringens. Esses autores
explicaram que, a medida que a mucosa se deteriora como resultado do
desafio, a expressdo de MUC2 torna-se impedida, o que poderia evitar o
reabastecimento da camada de muco e aumentar a chance de novas

infecgdes e danos.
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2.3 Efeitos da coccidiose sobre requisitos nutricionais,
metabolismo intestinal e microbiota

A funcdo de barreira comprometida durante um desafio por
coccidiose leva a uma resposta inflamatéria, aumento do vazamento de
proteinas plasmaticas para o lumen intestinal e ma absorcao de nutrientes
(Joyner et al., 1975). Quando as aves experimentam um infecgéo intestinal
h& relatos de aumento da producédo de mucina como forma de aumentar
mecanismos para prevenir a adesdo de patdégenos em superficies
epiteliais e proteger contra novas infec¢des (Collier et al., 2008; Horn et
al., 2009). Consequentemente, o vazamento de proteinas plasmaticas e o
aumento da mucogénese podem promover a proliferacdo de Clostridium
perfringens e microbiota patogénica (Williams, 2005).

As vacinas vivas também sdo consideradas como um fator
predisponente para a enterite necrética (Chapman et al., 2002, Lehman et
al., 2009). Os clostridios utilizam proteinas plasmaticas, que sdo um
substrato rico em nutrientes (McDougald, 2003; Montagne et al., 2004). O
clostridium faz parte da microbiota normal dos cecos e um desbalancgo do
metabolismo normal do intestino em termos de digestibilidade de
nutrientes e aumento de producdo de mucinas pode fazer com que ele
migre do ceco para o intestino delgado, causando enterite. Com o
vazamento de proteinas plasmaticas ocorre um aumento da viscosidade
da digesta, 0s nutrientes se tornam menos acessiveis ao hospedeiro e as
fezes ficam mais Umidas, ocorrendo lesdes na mucosa do intestino e
desequilibrio na microbiota intestinal, entre outros problemas.

A vacinacéo leva ao aumento da producdo de citocinas pro-
inflamatorias que podem diminuir o apetite (Klasing e Barnes, 1988;
Cartmell et al.,, 1999). A reducdo na ingestdo de racao prejudica o
desempenho dos frangos, pois resulta em aves consumindo menos
nutrientes necessarios para o reparo intestinal, funcdo do sistema
imunologico e crescimento. Portanto, uma resposta imune pode provocar
uma série de mudancas metabdlicas, resultando em uma interrupgdo na
utilizacdo de nutrientes e prejudicando o desempenho seja ela
ocassionada pela infec¢cdo natural ou pela vacina. A m4 absorcdo de
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nutrientes devido a coccidiose foi relatada para glicose, proteinas,
aminoacidos, lipidios, energia metabolizavel, minerais e carotendides
(Preston-Mafham e Sykes, 1970; Turk, 1973; Tyczkowski et al., 1991;
Persia et al.,, 2006). Estudos que avaliaram digestibilidade ileal de
aminoéacidos de frangos desafiados com Eimeria relataram reducdo de
16% da digestibilidade (Amerah e Ravindran, 2015). Rochell et al. (2016)
observaram uma reducéo linear na digestibilidade ileal aparente de todos
os aminoé&cidos medidos, exceto triptofano e glicina.

Reducbes de digestibilidade para glicina, treonina e cisteina em
frangos desafiados tém sido comumente relatadas (Parker et al., 2007;
Adedokun et al., 2012). Treonina, cisteina, glicina, serina e prolina, sédo o0s
principais componentes estruturais da mucina intestinal e estao envolvidos
na integridade intestinal (Adedokun et al., 2012). O aumento da
mucogénese e a resposta imune elevada durante a infeccao,
provavelmente influenciardo as necessidades de aminoécidos dos frangos
durante a coccidiose e os aminoacidos envolvidos nesses processos
podem exibir as maiores perdas e tornarem-se limitantes (Parker et al.,
2007). O aumento da mucogénese, rapida renovacado e descamacao das
células intestinais, bem como o0 vazamento de proteinas plasmaticas para
o limen causado pela coccidiose, provavelmente aumentardo as perdas
de aminoacidos enddgenos (Fernando e McCraw, 1973; Collier et al.,
2008; Amerah e Ravindran, 2015).

A digestao e absorcéo de lipidios sé@o processos relativamente
complexos e as reducBes na digestibilidade de lipidios durante a
exposicao a coccidios ndo sdo bem compreendidas. Kitessa et al. (2014)
consideraram desafios com Eimeria e/ou Clostridium perfringens sobre o
transporte de lipidios e metabolismo dos enterdcitos testando a expressao
do cluster de diferenciacédo 36 (CD36). O estudo observou diminui¢cao
significativa nos niveis de RNAm de CD36 em resposta aos principais
efeitos da infeccéo por Eimeria e Clostridium perfringens, sugerindo que
esses protozoarios interrompem 0s processos metabdélicos nas células
epiteliais do intestino delgado (Kitessa et al., 2014). Estudos mostraram
gue CD36 desempenha um papel na absorcao de acidos graxos de células

7

intestinais (Chen et a., 2001; Kitessa et al.,2014) e € uma das trés
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proteinas de transporte de acidos graxos conhecidas (Abumrad, et al.,
1993).

A reducdo do consumo de ragcdo e as mudancas metabdlicas
que ocorrem durante uma doenca intestinal podem influenciar as
necessidades nutricionais das aves (Choct, 2009). Ajustes dietéticos,
especialmente durante os periodos de interrup¢do intestinal, podem
melhorar o desempenho dos frangos. Durante os periodos de
digestibilidade reduzida dos aminoécidos, as dietas para frangos de corte
gue contém um aumento no suprimento total de aminoacidos podem levar
a uma melhora geral em frangos vacinados para coccidiose. O aumento
das concentragdes de aminoacidos suplementares na dieta pode apoiar o
desempenho dos frangos de corte durante um periodo de infecgéo, e o
uso de gelatina, por ter aminoacidos altamente digeriveis, pode ser
benéfico durante os periodos de lesao intestinal.

A alta digestibilidade dos aminoacidos suplementares oriundos
da gelatina, além do aumento dos niveis de inclusdo, pode beneficiar
frangos de corte quando a capacidade de absorcdo do intestino é
prejudicada e a digestibilidade dos nutrientes € comprometida devido a
uma interrupcdo na integridade intestinal. Compreender a suplementacéo
de nutrientes durante os periodos de dano intestinal ocassionado pela
vacinacdo € fundamental para fornecer estratégias nutricionais que
apoiem o desempenho dos frangos durante os estagios criticos da

vacinacao.

2.4 Gelatina

O colageno é uma proteina fibrosa encontrada em todo o reino
animal, contém cadeias peptidicas dos aminoacidos glicina, prolina, lisina,
hidroxilisina, hidroxiprolina e alanina (Silva et al., 2011). A gelatina
comercial € um produto proteico sollivel em agua quente, obtida por meio
de hidrélise parcial do colageno (Haug et al., 2004). A analise da gelatina
mostrou apenas a presencga de 14 aminoacidos, tendo como caracteristica
peculiar alto conteddo de glicina, hidroxiprolina e prolina (Tabela 2). A

gelatina contém 90-95% de proteina bruta (Boomgaardt e Baker, 1972), e
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tem mais de 90% de digestibilidade (Reuhmmtersward, 1984) (Tabela 1).
E uma proteina deficiente em todos os aminoacidos essenciais
principalmente em triptofano e cisteina. Por outro lado, embora a gelatina
nao apresente composicdo adequada para promover crescimento e
manter o balanco de nitrogénio no organismo, seu perfil atipico de
aminoacidos estimula a sintese de colageno nas cartilagens e na matriz
extracelular dos tecidos (Moskowitz, 2000; Nickerson et al., 2006).
Glicoproteinas de alto peso molecular séo os constituintes da camada de
muco protetor que cobre as células epiteliais do trato gastrointestinal,
considerado como a primeira linha em defesa contra patdégenos intestinais
(Walk etal., 2011a). Ap6s uma infecgéo por coccidiose, as aves aumentam
a producdo de muco e precisam regenerar os filamentos de mucina na
superficie dos enterdécitos danificados (Lehman et al., 2009). A vacinacao
induz a camada mucosa a produzir mais mucina (Miller et al., 1979; Miller
e Narva, 1979). O aumento da producdo de muco aumenta necessidade
para treonina, glicina e serina (Gli + Ser) e prolina (Moran, 2008). A mucina
€ composta por uma alta porcentagem de aminoacidos como treonina,
prolina, glicina e serina (Lehman et al., 2009). Embora a ave seja capaz
de sintetizar estes, a sintese pode nao ser suficientemente rapida para
satisfazer altas demandas, especialmente ap6s o dano no tecido intestinal
causado por infeccao ou pela administragéo da vacina contra a coccidiose
(Corzo et al., 2004; Jiang et al., 2005; Dean et al., 2006).

A eficdcia das vacinas anticoccidianas esta relacionada a
funcdo imune adequada em aves, 0 que, por sua vez, esta associado a
nutricdo adequada. Lehman et al. (2009) testou a adicdo dietética de
gelatina, como fonte de aminoacidos condicionalmente essenciais, como
glicina, serina e prolina, para dietas com baixo e alto nivel de proteina para
auxiliar a recuperagéo de uma vacina de oocisto vivo. Neste estudo, 0s
resultados de desempenho nas primeiras trés semanas e todo o periodo
experimental (0-8 semanas) confirmaram o efeito prejudicial da vacinacdo
sobre o desempenho precoce das aves. A adi¢cdo de gelatina melhorou a
resposta da vacinacao, concluindo que os aminoacidos condicionalmente
essenciais podem ser fatores importantes na recuperacdo de vacinas

vivas.
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A administracdo de colageno hidrolisado de origem bovina e
suina para reduzir os efeitos de Ulceras, foi observada em ratos. Esse
tratamento reduziu de 40% a 77% o indice de lesdo de Ulceras no trato
gastrointestinal. O mecanismo para a prote¢cao da mucosa envolveu um
aumento significativo (50-267%) da producdo de muco. Assim, o colageno
hidrolisado, tanto de origem bovina quanto o de origem suina, apresentou
efeito aumentando a produgéo de muco (Castro et al., 2010), e poderia ser
um excelente ingrediente para aumentar aminoacidos condicionalmente
essenciais e diminuir os efeitos da vacinacao de coccidiose em frangos de

corte.

Tabela 1. Composicdo nutricional da gelatina bovina utilizada no

experimento

INFORMACAO NUTRICIONAL

Quantidade em 100g de

produto
Calorias 369 kcal — 1549 kJ
Gordura total 0g
Gordura saturada 0g
Gordura trans 0g
Colesterol Omg
Sédio <250mg
Carboidratos totais 0g
Fibra dietética 0g
AcuUcares totais 0g
Proteina bruta 874
Vitamina D 0 mcg
Calcio 152.70 mg
Ferro 1.90 mg

Potassio 2.50 mg
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Tabela 2. Perfil de aminoacidos da gelatina utilizada no experimento

100 gramas Minimo Maximo
) (9)
Alanina 8.20 9.15
Arginina 6.97 7.78
Acido Aspartico 5.28 5.89
Acido Glutamico 9.25 10.33
Glicina 22.06 24.63
Histidina* 0.69 0.77
Hidroxiprolina 10.21 12.48
Hidroxilisina 0.50 1.20
Isoleucina* 1.41 1.57
Leucina* 2.70 3.01
Lisina* 3.39 3.78
Metionina* 0.82 0.91
Fenilalanina* 1.79 1.99
Prolina 12.80 14.29
Serina 3.07 3.43
Treonina* 1.68 1.87
Tirosina 0.47 0.53
Valina* 2.08 2.33

* Aminoacidos essenciais

2.5 Vitamina E

A vitamina E € o principal antioxidante lipossoluvel presente na
membrana celular. Desempenha um papel importante como antioxidante
lipidico sequestrando radicais livres nas membranas de células e 6rgéaos
subcelulares (Leshchinski e Klasing, 2001). Suplementag&o com vitaminas
antioxidantes como a vitamina E, protegem as respostas imunes em
individuos expostos a radicais livres (Fialkow et al., 2007).

Dunstan et al.,, (2006) e Wintergerst et al., ( 2007)
demonstraram que o suplemento de vitamina E aumentou o titulo de
anticorpos para uma vacina especifica, aumentando assim as fungdes
mediadas pelas células T. Em um trabalho oferecendo de 0 a 200 mg/kg
de suplementacdo de vitamina E a frangos sob desafio vacinal,
Leshchinski e Klasing (2001) encontraram que 0s niveis moderados (25 e
50 mg/kg) foram mais imunomoduladores do que os mais altos. Para

explicar os resultados, os autores formularam a hipétese de que os niveis
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moderados (25 e 50 mg/kg) e os altos (100 e 200 mg/kg) de
suplementacdo tém efeitos diferentes no balanco antioxidantes/radicais
livres, alterando assim 0s eventos que se sucedem na atividade das
células imunitarias. Os autores concluiram que a producéo de anticorpos
depende da natureza do antigeno e que niveis de 25 a 50 mg/kg de
vitamina E seriam mais efetivos em desencadear resposta imune do que
niveis altos. A vitamina E também foi relatada influente sobre a atividade
fagocitaria de macréfagos na fase jovem da vida das aves (Konjufca et al,
2004).

Sabe-se que a vitamina modula a sinalizacdo inflamatéria,
regula a producdo de prostaglandinas e leucotrienos (Friedman et
al.,1998). Os efeitos anti-inflamatérios, se ddo porque a vitamina E inibe
0s eicosanodides mediados por ciclooxigenase (COX-2), uma enzima
chave que catalisa a conversao de acido araquidoénico em prostaglandinas
e tromboxanos, também inibe a lipoxigenase (5-LOX), a qual € uma
enzima chave na biossintese dos leucotrienos (Jiang 2014). A vitamina E
também atua suprimindo os fator de transcricdo (NF-kB) e (JAK-STAT 6)
ou vias de sinalizacdo JAK-STAT3 em varios tipos de células imunes,
principalmente citocinas antiinflamatorias (Jiang, 2014).

Sakamoto et al. (2006), trabalhando com frangos de corte,
encontraram maior producéo de anticorpos contra SRBC, aos 10 dias de
idade, com 10 mg/kg de vitamina E associada a glutamina do que com 500
mg/kg, ndo obtendo resposta aos 35 dias de idade. Boa-Amponsem et al.
(2000) observaram queda na producdo de anticorpos, maior relacao
heterdfilo/linfocito (H/L) e resposta celular deprimida seis dias apos a
inoculagdo de SRBC em galos recebendo 300 mg/kg de vitamina E na
dieta, quando comparados aos que receberam 10 mg/kg.

Silva et al. (2011) desafiaram frangos de corte suplementadas
com vitamina E com vacina contra coccidiose e contra a Doenca de
Newcastle. As aves que receberam 65 mg/kg de vitamina E apresentaram
reacao celular duradoura e maior produgéo de anticorpos, o que indica que
esse nivel de vitamina E melhorou a resposta imune celular das aves
devido as suas propriedades antioxidantes e imunomoduladoras. A

vitamina E por ser um anti-inflamatorio ndo esteroide auxilia na diminuigdo
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dos efeitos pro-inflamatérios pds vacinais, e podera minimizar as reacdes

vacinais contra coccidiose.
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3. HIPOTESES E OBJETIVOS

3.1 Hipoteses

bY

Como resposta a vacinagao contra coccidiose, a mucosa
intestinal aumenta a producdo de mucina e diminui a absorcdo de
nutrientes. A mucina contém componentes com possiveis sitios de ligacao
ao patdégeno e a menor digestibilidade dos nutrientes pode beneficiar a
microbiota patogénica. A vacina pode alterar o microbioma intestinal
comparada aos métodos comuns de controle da coccidiose
(anticoccianos), e isso pode influenciar o desempenho dos frangos de

corte.

A vacina contra coccidiose causa desequilibrio imunolégico em
direcdo a um estado pro-inflamatério comparada aos anticoccidianos. A
suplementacdo com gelatina pode fornecer aminoécidos nao-essenciais
requeridos em maiores quantidades devido ao aumento na producéo de
muco, regenerando os filamentos de mucina na superficie dos enterdcitos
e diminuindo os efeitos da vacina sobre o epitélio intestinal. Ja a vitamina
E por ser um anti-inflamatério ndo esteroide, auxilia na diminuicdo dos

efeitos pro-inflamatdrios pds vacina.

3.2 Objetivos

3.2.1 Geral

Avaliar os efeitos da vacina para coccidiose sobre a microbiota cecal.
Avaliar se a suplementacdo com gelatina e vitamina E pode mitigar os

efeitos negativo da vacina.

3.2.2. Especificos

e Avaliar os efeitos da vacina viva atenuada para coccidiose sobre a
microbiota intestinal comparada a salinomicina.
e Auvaliar a atividade anti-inflamatodria da vitamina E e o efeito da

suplementacéo de gelatina.
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ABSTRACT The objective of this study was to characterize differences in the cecal
microbiota of chickens vaccinated for coccidiosis or receiving Salinomycin in the diet.
In this study, 140 male 1-day-old broiler chickens were divided in 2 groups: Vaccine
group (live vaccine) vaccinated at the first day and Salinomycin group (60 ppm/kg
since the first day until 35 days of age). Each treatment was composed for 7 replicates
of 10 birds per pen. At 28 days, the cecal content of one bird per replicate was collected
for microbiota analysis. The genetic sequencing was conducted by the Miseq Illumina
platform. Vaccine group showed lower body weight, weight gain and poorer feed
conversion in the total period (P<0.05). Bacterial 16S rRNA genes were classified as 3
major phyla (Bacteroidetes, Firmicutes, and Proteobacteria), accounting for more than
98% of the total bacterial community. The microbiota complexity in the cecal was
estimated based on the a-diversity indices. The vaccine did not reduce species richness
and diversity (P>0.05). The richness distribution in the Salinomycin group was larger
and more uniform than the vaccinated birds. Salinomycin group was related to the
enrichment of Bacteroidetes, while Firmicutes and Proteobacteria phyla were in greater
proportions in the Vaccine group. The last phylum includes a wide variety of
pathogenic bacteria. Vaccination against coccidiosis The vaccine did not decrease the
species richness but decreased the percentage of Bacteroidetes, a phylum compoused by
genera that produce short chain fatty acids improving intestinal health. VVaccine group

also had higher Proteobacteria phylum, which may help explain its poorer performance.

Keywords: broiler chicken, cecal bacterial community, 16S rRNA sequencing
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INTRODUCTION

The concerns about the development of antimicrobial resistance and potential
antibiotic residues in meat and eggs were recently increased, pressing the poultry
industry to reduce, or even eliminate, the use of anticoccidials in poultry diets. Intensive
production system depends on antimicrobials to prevent and treat diseases, as well as, to
enhance growth performance and the prohibition of antimicrobials as additives may lead
to an increase in the incidence of enteric diseases (Castanon, 2007).

Eimeria, an apicomplexan protozoan parasite, is the cause of coccidiosis in the
poultry industry. Coccidial infection in broilers results in epithelial cells damage,
diarrhea, osmotic stress in the intestine (Perez-Carbajal et al., 2010) and, consequently,
malabsorption of nutrients (Metzler-Zebeli et al., 2009). As an alternative to the use of
anticoccidials, there are vaccines against coccidiosis. However, the performance of the
broilers receiving this vaccine is lower compared to broilers that receive anticoccidial in
the diet (Arczewska-Wtosek et al., 2018). The administration of live oocysts through the
vaccine results in a low infection level of the intestinal tract, necessary for immunity
induction. Mucosal response to vaccination involves an increase in mucin production
(Miller et al., 1979; Miller and Nawa, 1979). The mucin layer contains a diversity of
carbohydrate components, with potentially attachable sites for commensal and
pathogenic bacteria (Sonnenburg et al., 2005). Notably, some pathogens utilize mucin
as a nutrient source (Adedokun et al., 2012). The increased vaccine-induced
mucogenesis may increase the proliferation of pathogenic microbiota, worsening
performance.

Therefore, a better characterization of how vaccine impacts the chickens cecal
microbiota is fundamental to improve the use of this alternative method. This study

was designed to understand how vaccine changes the intestinal microbiome compared
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to the common methods of fighting coccidiosis (anticoccidials), in the perspective of
explaining the effects in broilers performance.
MATERIAL AND METHODS
All procedures were approved by the Ethics Committee on Animal Use from the

Universidade Federal do Rio Grande do Sul, Brazil (35670).

Experimental procedures

A total of 140 broiler chicks of Cobb ® strain, with one-day of age, were raised
in a poultry house comprised of 14 pens. Each pen housed 10 chicks up to 42 days of
age. At the beginning of the trial, the groups were distributed with a 2.5% weight
variation of the mean of the total group. The average weight of the 1-day- old chicks
was 48.3 g. The broilers were reared in a wood shaving litter that had been reused for
six times. This approach represents a more realistic concept of the field condition.
Environmental temperature management to maintain chickens in thermoneutral
conditions during all growth stages were performed using air conditioning, fans and
exhaust fans according to the range established by cobb manual was followed. The
temperature (celsius) and relative humidity (%) were measured daily and the maximum
and minimum were registrate and we can sure there was a humid and hot environment
capable of stimulate sporulation and reinfection. We also lightly humidify the litter in
the sixth day to assure those conditions.

The basal diets consisted of corn and soybean meal, as main ingredients, and
were isonutritive (Table 1). Feed and water were available ad libitum from tubular
feeders and nipple drinkers. Half of the chicks received a diet containing 60 ppm of
Salinomycin since the first day, until 35 days of age, and the other half were vaccinated,
via water, against coccidiosis with a live attenuated vaccine (LIVACOX, 30 - 50

thousand oocysts of each attenuated strain of E. tenella, E. acervulina and E. maxima)
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on the first day of life. Broiler weight and feed intake were measured weekly. These
data were used to calculate the average daily gain, daily feed intake, and feed

conversion ratio.

Sample Collection, Cecal DNA Extraction and Library Preparation
At 28 days of age, 1 bird within the average weight of each replicate were
euthanized. When the birds were slaughtered for the sample collection of the cecal

content, scores of the 1 and 2 intestinal lesions (Johnson and Reid Scale 1970) were

observed in the vaccinated birds. Ceca luminal samples were collected from the
bottom of the cecum aseptically. All samples were gathered within 30 min after
slaughter and immediately transferred into a -80 °C refrigerator until use sample
analysis.

The cecal samples were thawed and homogenized, and ~200 mg of each sample
was used for extraction of microbial genome DNA using the E.Z.N.A. Stool DNA Kit
(Omega Bio-Tek) according to the manufacturer’s instructions. The DNA concentration
was measured by Qubit® 3.0 Flurometer.

The V4 region of bacterial 16S rRNA gene was amplified using F515
(5 CGTCGGCAGCGTCAGATGTGTATAAGAGACAGGTGCCAGCMGCCGCGGA 3°) and R806
(5 GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGGACTACHVGGGTWTCA 3) primers
to characterize the cecal bacterial composition, both modified to contain an Illumina
adapter region as described by Caporaso et al. (2010). Amplification was performed in a
25 pL mixture, consisting of ~100 ng of genomic DNA, 1.0 mM MgClz, 0.5 uM of each
primer, 0.2 mM of each dNTP, 2U PlatinumTaq DNA Polymerase High Fidelity (Life
Technologies), and 1x reaction buffer. Amplification was carried out in a Mastercycler

Personal 5332 Thermocycler (Eppendorf®) according to the following program: initial
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denaturation at 94 °C for 2 min, followed by 25 cycles of 45 sec at 94 °C, 45 sec at 55
°C 1 min at 72 °C and a final cycle at 72 °C for 6 min. Five microliters of each PCR
product was used to verify amplification by gel electrophoresis on a 1 % agarose gel.
Amplicons were purified using Agencourt AMPure XP beads following

manufacturer instructions. Purified products were again quantified checked in Qubit®
Fluorometric Quantitation. Indexes were added to DNA libraries following the
manufacturer instructions (lllumina Inc., San Diego, California, USA). Sequencing was
conducted on platform Illumina MiSeq with a v2 500 kit, which generates paired-end

reads of 250 bp.

Sequences Processing, Classification of samples and Statistical analysis  of
microbiota and performance

Bioinformatics analysis of 16S rRNA amplicons were performed using QIIME 2
version 2019.4 (Bolyen et al., 2019). Raw sequence data were quality filtered, denoised
and chimera filtered using the g2-dada2 plugin with DADAZ2 pipeline Callahan
(Callahan et al., 2016). The 5* end 5 nucleotide bases were trimmed from forward and
reverse read sequences due to low quality. Reads with a number of expected errors
higher than 2 were discarded. Read length filtering was applied and the reads were
trimmed at the first instance of a quality score less than or equal to 11. The resulting
reads with nucleotide overlap between the forward and reverse reads below 20 and
shorter than 250 bp length were discarded. Chimera removal was performed using the
consensus method. The amplicon sequence variants (ASVs) obtained by DADA2
pipeline were merged into a single feature table using the g2-feature-table plugin. The
ASV’s were aligned with MAFFT (via g2-alignment) (Katoh, 2002) and used to

construct a phylogeny with fasttree2 (via q2-phylogeny) (Price et al., 2010). Taxonomy
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was assigned to ASV’s using the g2-feature-classifier (Bolyen et al., 2019) classify-
sklearnnaive Bayes taxonomy classifier. The classifier was trained using extracted
Greengenes 13_8 reference sequences with 99% similarity truncated at 250 bp length
from 16S rRNA variable region 4 (V4). The resulting feature table, rooted tree from
reconstructed phylogeny, and taxonomy classification were imported from Qiime2 to R
v3.6.1 environment for further data analysis using Microbiome v1.6.0 (Stevenson and
Weimer, 2007) and Phyloseq v1.28.0 R packages (McMurdie and Holmes, 2013). For
Taxonomic analysis, feature table was transformed to compositional data for taxa bar
plot composition visualization of the 10 most abundant genera using plot composition
function from Microbiome R package. Community Analysis, Alpha-diversity metrics
(Shannon, Simpson, Chaol, Log Modulo Skewness), beta diversity metrics Weighted
UniFrac (Lozupone and Knight, 2005), unweighted UniFrac (Lozupone et al., 2007) and
Bray-Curtis dissimilarity were estimated using Microbiome and Phyloseg packages in R
statistical software. R. Canonical Correspondence Analysis (CA) and Detrended
correspondence analysis (DCA) were applied to beta diversity chosen metrics using plot
ordination function from Phyloseq. Alpha diversity significance was estimated with a
pairwise comparison using the non-parametric test Wilcoxon (WILCOXON, 1946), by
Microbiome R package functions. Beta diversity significance were estimated with a
permutational multivariate analysis of variance (Anderson et al., 2011) using distance
matrices obtained by ordination previously described with Permutational Multivariate
Analysis of variance test (PERMANOVA), Adonis function of Vegan R package
(Oksanen et al., 2007).

The ASV’s, with less than two samples and less than 20 abundance frequency,
were removed from the feature table. The resulting filtered features were grouped

collapsed at genus level using g2-taxa plugin for differential abundance analysis.
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Differential abundance analysis was performed using ANCOM g2-composition plugin,
with mean difference as fold difference in feature abundances across groups and
centered log-ratio (clr) as transform-function for volcano plot. All sequence data have
been deposited in the NCBI Sequence Read Archive (accession no. PRINA594997).
Data of broilers performance were analyzed by ANOVA using the Generalized
Linear Model (GLM) procedure of SAS (SAS Inst. Inc., Cary, NC) and the level of 5%

was the significance level considered.

RESULTS AND DISCUSSION

Performance of broilers
The performance data are presented in Table 2. Broilers that received
Salinomycin had higher body weight at 42 days, higher weight gain and, consequently,
a better feed conversion rate than the Vaccine group (P < 0.05). No differences were
observed for feed intake (P>0.05). The effects of those drugs are not fully understood,
but the potential of the intestinal microbiota in increasing feed efficiency has been
shown (Singh et al., 2012; Cox et al., 2014) and may be considered in this study.
Challenged broilers receiving monensin reduced the bacterial domain and E. coli
(Moraes et al., 2019) and Ribeiro et al. (2000) observed that broilers receiving
monensin, without any microbial challenge, showed better feed conversion in relation to
broilers without the drug, especially from 21 to 40 days.
Anticoccidial compounds have been used to control coccidiosis, but Eimeria
species have developed resistance to both chemical and ionophore drugs over time
(Stringfellow et al., 2011). In addition, the use of these substances in animal production
can turn bacterial strains resistant to the environment. VVaccines, as an alternative for the

control of coccidiosis, provide protection and also help reducing resistance to Eimeria
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by systematically replacing resistant field strains and inducing specific protective
immunity by exposing the broilers immune system to Eimeria antigens (Williams and
Gobbi, 2002; Dalloul and Lillehoj, 2005; Stringfellow et al., 2011)

Administration of live oocysts of the vaccine results in a low level of infection
necessary for immunity development (Dalloul and Lillehoj, 2005; Li et al., 2005;
Stringfellow et al., 2011). This low level of infection is one of the factors responsible
for affecting performance. The infection, even low, leads to decreased absorbent
intestinal surface area and generates an inflammatory process (Lehman et al., 2009). As
the poultry cycle is short, the producer who uses vaccines faces a dilemma: there is not
always time enough for broilers to recover the weight. In this experiment, we observed
that Vaccine group were not able to achieve the same performance as Salinomycin
supplemented broilers.

The pyrogenic effect of the vaccine can increase body temperature and energetic
demand, diverting nutritional resources from performance to maintain body
homeostasis. In addition to this demand, the intestinal mucosa responds to vaccination
by increasing mucin production as a form of protection (Miller and Nawa, 1979; Miller
et al., 1979). Mucin is composed of amino acids, such as threonine, glycine, proline and
serine (Faure et al., 2005; Lehman et al., 2009), as well as, carbohydrates with possible
pathogenic attachable sites (Sonnenburg et al., 2005) and increasing mucin production
may benefit pathogenic microbiota proliferation (Adedokun et al., 2012). This feature
may also be a predisposing factor for a poor performance. The variation in the growth
rate may be associated with differences in the microbiome, which has a considerable
effect on nutrient digestion, absorption, and metabolism in animal’s body (Turnbaugh et
al., 2006; Rinttild and Apajalahti, 2013), and it is also highly associated with host

immune systems and health status in animals (Lan et al., 2005; Kogut, 2013).
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Microbiota cecum
A total of 75209 reads were randomly subsampled to normalize sequence
numbers. The subsampling yielded a coverage of 99.9%, indicating that it was

representative of the total population.

Alpha diversity
There was no statistical difference between groups regarding to the estimated
richness (Chaol) or diversity (Simpson, Shannon and Skewnees indices) (Figure 1). The
vaccine did not decrease the species richness estimated by the Chao index (P = 0.94)
compared to the Salinomycin group . Also, there were no differences for diversity
species through the Simpson Index (P = 0.84), Shannon (P = 0.95) and Skwnees (P =
0.73). On the other hand, independently the statistical significance, Chaol index showed
a larger and more uniform distribution in Salinomycin broilers, while Shannon graphic
showed a lower a-diversity species for the microbiota of vaccinated broilers. According
to Yegani and Korver (2008), several factors such as diet, environment, and genetics
induce changes in the intestinal microbiota; the use of antimicrobials is one of the most

important factors.

Beta diversity
Detrended correspondence analysis (DCA) of genes was used to evaluate
functional structure changes in the microbial communities. DCA did not clearly
separate populations, with a 27.7% and a 37% variation explained for DCA1 and
DCAZ2, respectively (Figure 2A). This indicates that the structures of the bacterial

communities are very similar between both groups.The ordering of bacterial
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communities (CAl 13,2% and CA2 16,1%) showed a non-distinct cecum microbiota
according to intervention (Figure 2B), contrarily to the finds of Czerwinski et al., (2012)
whom showed that Salinomycin supplementation suppressed microbial activity and alter

the microbial community structure.

Relative Abundances

As it was seem, none of the treatments caused significant changes in the cecal
microbial structure (related to the genera that form a community and how they are
distributed), but it affected the microbial participation (the different percentages of
phyla and genera in the cecum). In both treatments, five phyla were more common
(>1%), highlighting the predominance of Firmicutes and Bacteroidetes, followed by a
small proportion of Cyanobacteria, Proteobacteria, and Tenericutes. Whithin the groups,
Salinomycin had higher Bacteroidetes proportions (54.6 vs. 44,5%), while Firmicutes
were in lower proportions (42.8 vs. 51.4%; Figure 3), compared to Vaccine group.
Firmicutes and Bacteroidetes have been associated with higher energy uptake bacterial
profiles capacity (Xiao et al., 2017) and the last one, has been associated with short
chain acid metabolism (Pandit et al., 2018). Short chain fatty acids (SCFA) are
considered stimulators of broiler performance and intestinal epithelium growth as well
as modulators of composition and activity of the gastrointestinal microbiota
(Czerwinski et al., 2012) attributed the best performance of chickens to the increase of
the Bacteroidetes phylum.

Firmicutes are in smaller proportions in the Salinomycin group. Most of this
phylum of bacteria, have a gram-positive cell wall and the results can be explained as
Salinomycin exhibit high activity against gram-positive bacteria. Firmicutes are

associated with the fermentation of undigestible feeds in the ceca, improving the
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digestibility of nutrients. However, Lee et al. (2017) did not associate or correlate this
group with better broiler performance. The Proteobacteria more than doubled its
percentage in the Vaccine group (1.2% vs. 3.1%). This phylum is formed by gram-
negative bacteria and includes a wide variety of pathogenic species such as Escherichia
spp., Campylobacter spp., Salmonella spp., Pseudomonas spp. The lower percentage of
Proteobacteria phylum in Salinomycin group may indicate a healthy intestinal
environment (Dai et al., 2018), and probably contributed for the better performance
observed in this chickens. Tenericutes phylum (0.8 vs. 0.1%) e Cyanobacteria (0.5 vs.
0.7%) were also classified, but these bacteria were present at relatively low abundance.
At the genus level, genera whose proportion exceeds 1% corresponds to 68.5%
and 61.5% of the total genera found for the Salinomycin and Vaccine groups,
respectively. Within the phylum Bacteroidetes, Bacteroides genus were found inthe
highest percentages in the caeca ( 39% in the Salinomycin vs. 36% in the Vaccine
group). This genus is related to the ability to degrade indigestible fiber in the cecum
(Lee et al., 2017). The fermentation of indigestible fibers may increase the production of
SCFA, helping the host-beneficial cecal microbiota. A higher relative abundance of
Alistipes in the Salinomycin group was observed in relation to the Vaccine group (10
vs. 5%). Alistipes belong to the same Bacteroidetes phylum and is the main member
within Rikenellaceae family. They are resistant organisms with the ability of fermenting
carbohydrate to produce acetic acid and are generally considered as beneficial bacteria
(Rautio et al., 2003). Odoribacter, the mainly detected genus in the
Porphyromonadaceae family was found in a similar percentual between both groups
(1.6 vs. 1.4%). This genus is very important for both microbial and host epithelial cell

growth (Meehan and Beiko, 2014).
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As for Firmicutes phylum, the genus Oscillospira, was observed in a percentage
of 4.1% for Salinomycin group and 5.1% for Vaccine group. In the same phylum, the
Ruminococcus genus was found in a proportion of 3.8% in Salinomycin and 2.6% in
Vaccine group. As members of Ruminococcaceae family, this genus can produce SCFA
through glucose metabolism and digest cellulose in feed (Liu et al., 2008).

The Lactobacillus genus was observed at 4.5 vs. 5.2%, for Salinomycin and
Vaccine groups respectively. This genus is considered a crucial member of the
commensal microbiota regarding health of the host. In a study developed by Czerwinski
et al., (2012), the authors noted a lower value of total bacteria and Lactobacillus in the
cecum of chickens fed a Salinomycin-supplemented diet. The authors justified that this
drug can suppress the dominant lactic acid bacteria, potentially Lactobacillus. As seem,
in our experiment, although no statistical difference was found between the treatments,
it was observed a lower percentage of lactobacillus in the Salinomycin group.
Faecalibacterium genus showed similar amount in both groups (2.3 vs. 2.4%). Male
chickens with higher body weight were associated to the enrichment of
Faecalibacterium (Lee et al., 2017). Subdoligranulum genus, member of Firmicutes
family was presented at 1.2 vs. 0.6% for Salinomycin and Vaccine birds, respectively.
This genus comprises species that produce butyrate in caeca (Lund et al., 2010).
Shigella affiliated to Proteobacteria, potentially pathogenic, was found in similar
percentages in both groups (1.1 vs. 1.6%), showing no treatment influence.

One of the major concerns using vaccine to control coccidiosis is the
predisposition of opportunistic bacteria proliferation such as Clostridium, which may
benefit from mucus produced by the epithelium and cause disease such as necrotic
enteritis. In our study, the genus Clostridium appeared at level <1% and did not show

statistical difference between groups.



342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

The relationship between the genus found in cecal microbiota shows that groups
of Bacteroides have a strong relationship to each other, and also to the genus Alistipes
(Distance 0.1) (Figure 4), possibly because they are formed by beneficial
microorganisms, responsible for degrading insoluble fibers and generating SCFA.
Bacteroides also have a close relationship to the genus Lactobacillus, Subdoligranulum
and Faecalibacterium (Distance 0.1). The genus Alistipes has a moderate relationship
to Defluviitalia and Oscillospira (Distance 0.2), and a strong relationship to
Faecalibacterium (Distance 0.1).

The genus of Ruminoccocus has a strong relationship (Distance 0.1) to Shigella
and Streptococcus, which are pathogenic bacteria causing harm to healthy birds. This
relationship is still poorly understood and it’s not possible to describe in what sense it
goes: we cannot describe in what sense it goes: whether it is beneficial or maleficent.
Undoubtedly one of the most important and discussed groups of bacteria is the
Clostridium genus. This genus was shown to be moderately related to Lactobacillus and
Occilospira (Distance 0.2), but strongly correlated with Shigela, a pathogenic group
(Distance 0.1). In this case, Lactobacillus and Oscillospira could control the population
growth of the genus Clostridium and in the last case, a correlation in the same direction,
I.e., causing damage to the birds.

The difference between coccidiosis control methods, Salinomycin vs. Vaccine,
lays in the fact that birds receiving Salinomycin have a higher percentage of phyla and
genera related to short chain fatty acid production, resulting in the improvement of
intestinal health besides controlling pathogenic bacteria growth. This is confirmed since
the Vaccine group had a lower percentage of Bacteroidetes phylum and a higher

percentage of Proteobacteria phylum. For future studies, we suggest the association of
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organic acids or prebiotics for the benefit of the SCFA producers bacteria in chickens

receiving coccidiosis vaccine in order to improve those groups of bacteria.
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Table 1. Nutritional composition of the experimental diets

PTe-Stdrter

Ingredients (%) Starter Grower Finisher
1-7d 8-21d 22 -33d 34-42d
Soybean meal 37.66 34.84 31.86 27.77
Maize 56.64 58.91 61.21 65.66
Soybean oil 1.38 2.32 3.45 3.42
L-Lysine 0.30 0.33 0.24 0.27
DL-Methionine 0.36 0.31 0.28 0.27
L-Treonine 0.11 0.07 0.06 0.06
NaCl 0.52 0.5 0.47 0.46
Limestone 0.91 0.94 0.88 0.8
Phosphate 1.89 1.55 1.32 1.11
Choline 0.05 0.05 0.05 0.05
Min Premix* 0.10 0.10 0.10 0.10
Vit- Premix? 0.034 0.034 0.034 0.034
Salinomycin or Kaolin® 0.05 0.05 0.05 X
Nutrient composition, calculated
ME (kcal/kg) 2960 3050 3150 3200
CP, % 22.40 21.21 19.90 18.400
Ca, % 0.920 0.841 0.758 0.663
Available P, % 0.470 0.401 0.354 0.309
Na, % 0.220 0.21 0.200 0.195
Digestible Arg, % 1.393 1.308 1.221 1.145
Digestible Lys, % 1.324 1.275 1.131 1.060
Digestible Met % 0.651 0.588 0.552 0.525
Digestible Met + Cys, % 0.953 0.876 0.826 0.774
Digestible Trp, % 0.257 0.241 0.225 0.211
Digestible Thr, % 0.861 0.791 0.735 0.689

! Mineral premix (per kg/feed) = cobalt 200 mg, 88,000 mg manganese, 95,535 mg
zinc, 64,715 mg iron, 15,000 mg copper, 1795 mg iodine, 200 mg selenium.

2 Vitamin premix (per kg/feed) = 34.520.000 IU vitamin A, 7.200. 000 1U vitamin D3,
90.000 IU vitamin E, 8.600 mg vitamin K, 6.700 mg vitamin B1, 20.000 mg vitamin
B2, 9000 mg vitamin B6, 72.000 mcg vitamin B12, 34.000 mg pantothenic acid,
140.000 mg niacin, 2.800 mg folic acid, and 240 mg biotin.

3 Kaolin is considered to have zero nutrient contribution.



Table 2. Performance of broilers vaccinated for coccidiosis or supplemented with
salinomycin in diets to 1 — 42 days

. Treatments
Variables - - - P Valuet! SE?
Salinomycin  Vaccinated
Body Weight (g) 3213 3090 0.012 42.7
Body Weight Gain () 3165 3042 0.050 32.3
Feed Intake (g) 5003 4995 0.660 42.8
Feed Conversion Rate (g/g) 1.58 1.64 0.007 0.01

! For the effects of treatments salinomycin or vaccinated
2 SEM = standard error of the mean
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Figure 2. First two dimensions of the Detrended Correspondence Analysis (DCA) and
Canonical Correspondence Analysis (CA) and the amount of variation
explained are shown. Each circle represents the populations, and colors
represent the groups
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Figure 4. Total relationship between genus found in the cecum of broilers
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Immunology, Health and Disease
ABSTRACT Experimentation determined if gelatin and vitamin E
supplementation would relieve the impaired performance of broilers vaccinated
for coccidiosis. Male Cobb broilers were fed with gelatin, when employed, was
included at 2% to improve the levels of proline and glycine in the diet, also vitamin
E at 70 mg/kg of feed. Half of the chicks were vaccinated via water (live oocysts),
while the other half received medication (salinomycin) in the feed until 35 days of
age. The effects of coccidiosis vaccine on performance and mRNA levels of genes
involved in mucin synthesis, cytokines, trefoil family factor-2 (TFF2) and
metabolic processes (CD36) in the jejunum of broilers were measured.
Vaccination negatively affected performance in the first 21 days; however,
inclusion of gelatin and vitamin E reduced the negative response of the
vaccination, also providing improvement broilers receiving the coccidiostat
(P<0.05). In the last 2 weeks, supplemened vaccinated birds experienced better
body weigth gain than birds without gelatin and vitamin E (P<0.05). Vaccinated
chickens had decreased body weight, lower antiinflammatory expression and
higher inflammatory cytokines expression, high mucin 2 expression and TFF2
compared with salinomycin-fed broilers. Transcripts for IL-1B, IFN-y, MUC2,
TFF2 were decresead while mRNAs for IL-4 and IL-10 were increased in
supplemened broilers compared to vaccinated (P<0.05). In conclusion, vaccination
against avian coccidiosis may be more incresead pro-inflammatory immune status,
incresead mucins expression compared with dietary salinomycin. These events can
be contributing for lower performance. Vitamin E and gelatin can minimize the
negative immune effects and promote the same performance of animals treated

with salinomycin.
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INTRODUCTION

A healthy gut is fundamental for optimum performance, better feed
efficiency, and overall health of poultry. The healthy gut can be compromised by
coccidiosis, a parasitic disease that results in intestinal infection. Eimeria infection
of broiler chickens can be controlled by vaccination with live parasites or by
coccidiostat drugs (Williams, 2005; Shirley and Lillehoj, 2012). Mass
administration of cocciodiostat drugs has long been employed as a highly effective
method control, however drug resistance is widespread, and we have pressure
demanding reduced use in livestock production (Antonissen et al., 2016;
Karavolias et al., 2018).

Vaccination for coccidiosis may be an alternative to anticoccidials.
However, vaccine has been shown to adversely affect performance broilers
compared to those given a dietary anticoccidial (Lehman et al., 2009). The reduced
performance because of the vaccines is associated with low infections (Lee et al.,
2011) necessary for induce the immunity, results in a decrease in the absorbent
intestinal surface area (Lehman et al., 2009). In response to the vaccination, the
mucosa intestinal increase the production mucin (Miller and Narva, 1979) which
is rich in amino acids such as glycine, serine, proline and mainly threonine (Moran,
2008). Further than, mucin stimulation a increase production of proinflammatory
cytokines the pyrogenic effect of the vaccine (fever), increasis 10 to 15% basal

metabolic rate for every 1°C rise in body temperature. These metabolic changes,
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mediated by cytokines, cause glucose and aminoacid mobilization in peripheral
tissues and directed to the sites of generation of the immune response (Fernandes
etal., 2013).

The objective this study is through nutritional strategies decrease the
effects of the vaccine against coccidiosis and prevent the decrease in performance
using ingredients that provide important nutrients for the recovery from adverse
effects. Gelatin is an ingredient that has a substantial content of non-essential
amino acids (Boomgaardt and Baker, 1972) and can be an alternative to supply
required in greater quantities to produce mucin and recovery of the intestinal
epithelium. To control the inflammatory effects, we can mention the use of non-
steroidal anti-inflammatory additive, such as vitamin E (Silva and Penna, 2012).
Vitamin E supplementation preserve immune responses in individuals exposed to
free radicals (Fialkow et al., 2007) and minimizes pro-inflammatory effects (Jiang,
2014). Contributing through nutrition for the development of immunity,
reconstruction of the intestinal epithelium and maintenence of high performance
is justified. To investigate the questions posed above, an experiment was conduct
to evaluate the use of nutrients (amino acids and vitamin E) in the feed that reduce
the impact of the coccidiosis vaccine on the intestinal epithelium and contribute to
the recovery of broilers from the vaccine effects.

MATERIAL AND METHODS
All procedures were approved by the Ethics Committee on Animal Use from the
Universidade Federal do Rio Grande do Sul, Brazil (number 35670).
Broilers husbandry
A total of 560 1-day-old, male chicks (Cobb 500 ®) were vaccinated

according to the vaccine schedule at the hatchery (Languiru Group, Brazil). Chicks
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had 48 g and were randomly placed into 56 floor pens (10 birds per pen) respecting
a variation between the replicates of + 2.5% of total body weight. Pens were
covered with wood shavings used previously and were equipped with a tube feeder
and nipple drinkers. Environmental temperature management to maintain chickens
in thermoneutral conditions during all growth stages were performed using air
conditioning, fans and exhaust fans. Birds had ad libitum access to water and mash

feeds.

Experimental design, Diets and Experimental Procedures

Broilers were distributed in eight experimental treatments with 7 replicates
(10 birds/each) in a completely randomized design. Half of the birds were
vaccinated and the rest were protected with a dietary coccidiostat. Half of the
chicks (four groups) received a diet containing 60 mg/kg of Salinomycin since the
first day until 35 days of age. The other half were vaccinated (the other four
groups), via water, against coccidiosis with a live attenuated vaccine (LIVACOX,
30 - 50 thousand oocysts of each attenuated strain of E. tenella, E. acervulina and
E. maxima) on the first day of life. Two groups (Coccidiostat vs. VVaccine) received
the addition of 70 mg of the kg/feed the vitamin E or 2% gelatin inclusion in the
diets, or both associated. Control group received 35 mg of vit E and did not receive
gelatin supplementation. The lower level of dietary vitamin E (35 ppm) used in
this study was chosen to approximate concentrations found in commercial starter
rations. The experimental treatments was described in the Table 1. The feeding
program used was diet pre-starter (1-7 days), starter (7—21 days), grower (21-35

days) and finisher (35-42 days). The diets formulated according to Rostagno et al.
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(2011), consisted of corn and soybean meal, as main ingredients, and were
isonutritive (Table 2).

Body weight (BW) averaged by pen was recorded weekly. Body weight
gain (BWG), feed intake (FI), and feed conversion ratio corrected for the weight
of dead birds (FCR) were determined by feeding phase. Mortality was recorded
daily. At 28 days of age, 1 chicken per replicate was euthanized for the collection
of 5 cm of intestinal tissue located in the jejunum/ileal junction. Immediately after

the collect the samples were frozen in liquid nitrogen and stored at - 80°C.

Gene expression

Based on differential expression levels of genes we tryed to characterize
the changes in the intestinal immune status and the choose a panel of genes selected
to further investigate shown on Table 3. Trizol® reagent (Invitrogen, Carlsbad,
CA, USA) was used for RNA extraction according to manufacturer
recommendations, 1 mL/100 mg tissue. Tissue was triturated using TissueLyser
(Qiagen Retsch MM300 TissueLyser) (tissue + Trizol) to complete dissociation. It
was added 200 pL chloroform and homogenized by hand for 1 min. The upper
aqueous phase was obtained by centrifuging the homogenate at 12,000 g (320R
Refrigerated bench centrifuge; Hettich, Tuttlingen, Germany) for 15 min at 4°C.
Liquid phase was collected and transferred to clean tube with 500 uL isopropanol
in each tube. Solution was incubated at room temperature for 10 min and after
being centrifuged at 12,000 g for 10 min at 4°C. Supernatant was discarded, and
precipitate was washed with 950 uL 75% ethanol. Pellet was dried for 15 min and
material resuspended in RNase-free ultrapure water. The quality of RNA was

determined by (NanoDrop-1000, Thermo Fisher Scientific, Waltham, MA) and de
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values OD260/280 of all samples were limited to the range of 1.9 to 2.0. No sample
was excluded based on this. The integrity of the (mMRNA) total RNA was
determined using ultraviolet spectrophotometry and agarose gel electrophoresis.
All samples had clear 28S and 18S ribosomal RNA bands, and no sample was
excluded. The RNA samples were stored at -80°C until required for cDNA
synthesis. The total concentration of RNA was determined by Qubit (Qubit 3.0
Fluorometer) and after 1 pug was treated with Deoxyribonuclease | (Fermentas Life
Sciences). O RNA treated was used for reaction of Reverse transcription (cDNA)
using the high GoScript™ Reverse Transcription Mix, Oligo(dT) (Promega),
following the manufacturer's protocol. The cDNA was diluted 1:100 in nuclease-
free water and stored at -20°C for subsequently was used for gene expression
profiling.

gRT-PCR primers were designed using Primer-BLAST on the NCBI
website and the GAPDH was used as reference genes on all PCR plates and genes
tested. qRT PCR was performed using an StepOnePlus™ Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA) with a PowerUP SYBR Green PCR
Master Mix (Thermo Fisher Scientific). The PCR mixture contained 5 pL
PowerUP SYBR Green Supermix, 0.5 pL (10 mmol) of each primer, and 1 L of
cDNA, along with add H-O for a total volume of 10 puL. The procedure was as
follows: UDG activation 50°C for 2 min, Dual-Lock DNA polymerase 95°C for 2
min, followed by 40 cycles of denaturation at 95°C for 15 s and
annealing/extention for 1 min at 60°C. The individual measurements were
performed in triplicate, and the relative gene expression was calculated using the
2—AACt method.

Statistical Analysis
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All statistical analyses for gene expression were performed on transformed
GAPDH-normalized data. The SAS 9.3 Software was used to perform the contrasts
analyses. The partitioning of growth rate reduction under vaccine was calculated
as described by Pastorelli et al. (2012). In brief, the relationship between feed
intake (AFI) and weight gain (AWGQG) of vaccinated birds relative to medicated
birds (expressed as percentage) was analysed using linear regression: ABWG = a
+ AFL. The analysis was carried out using the REG procedure in SAS. The intercept
(o) represents ABWG related to changes in maintenance, which is not associated
with AFI. The coefficients represent the extent of ABWG associated with AFI.

RESULTS

The objective of this experiment was to characterize if the magnitude of
coccidiosis vaccination at first day of hatch influences growth performance and
immune response in floor-reared broilers when received better support nutrition
with amino acids and vitamin E.

Performance

Average mortality was 2.86% and there was no difference between groups.
During the first 3 weeks, temporary infection from vaccination created more
stress than anticoccidial medication, evidenced by reduced BWG and lower
BW at 1 to 21 days (P<0.05) (Table 4). Lower final BW and poor FCR of birds
vaccinated was observed at 42 days (P<0.05), however, no differences were
observed for BWG among vaccinated or salinomycin birds of 22 to 42 days
(P>0.05). No statistical differences were observed between vaccinated or
anticoccidial treated for FI (P>0.05).

Gelatin or vitamin E (or both associated) improved BWG and BW from 1

to 21 d when using a coccidiostat for protection (P<0.05). The addition of gelatin
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to the poultry diet or gelatin associated with vitamin E improved FCR between 1
to 21 days (P<0.05), however, nonpositive effect of the individual addition was
observed in performance from 1 to 42 d, only when both were utilized together.
Although the addition of gelatin or vitamin E had no effect on live performance of
birds receiving coccidiostat from 1 to 42 days (P>0.05), the converse occurred
when associated both substances, being advantageous the addition of gelatin and
vitamin E for higher final BW, better BWG and FCR (P<0.05). Any improvement
from gelatin or vitamin E when using a coccidiostat for protection was not evident
in FI and live performance between 22 to 42 d (P>0.05) (Table 5).

To minimize the impact of the vaccine on live performance only with
gelatin or vitamin E was not enough in the period from 1 to 21 days, as well as,
from 1 to 42 days (P>0.05). Vitamin E combined with gelatin improved the final
BW of the broilers at 42d compare to the vaccine group without nutritional
adjustment (P<0.05). This higher final BW may be a reflex of the tendence
improvement in dietary conversion of the 1 to 21 days (P = 0.07). Gelatin
inclusion improved live performance of vaccinated birds and permitted the
broilers to recuperate better from the effects of the vaccine in the period of 22 to
42 days showing BWG and FCR in the final phase (P<0.05).

The correlation between variation (A) in weight gain and feed intake
caused by vaccination was R?=0.509 (P<0.05) (Figure 1). The variation in weight
gain (AWG) showed a linear relationship with variation in feed intake (AFI). The
intercepts of the equations were different from zero and negative. The partition of
the effects on AWG corrected for the average AFI is presented in Figure 1.
Intestinal genes MRNA levels

The levels of inflamamatory intestinal genes transcripts for IL-1f (Pro-
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inflammatory) and IFN- y (T helper 1) were increased in the vaccinated chickens
compared with salinomycin-fed chickens at day 28 (P<0.05). Transcript levels of
the IL-1B e IFN- v in vaccinated chickens receiving gelatin and vitamin E were
less (P<0.05), while TNFSF15, IL-17F, IL-2 and IL-12 transcripts levels do not
show differences (Fig. 2, 3). When evaluated transcripts levels for 1L-4 and IL-10
antiinflammatory cytokines, it has been observed decrease in vaccinated broilers
compared with salinomycin-fed chickens (P<0.05). IL- 10 transcript levels in
immunized chickens were greater when fed with diets supplemented with vitamin
E and gelatin (P<0.05) (Fig. 4).

Intestinal MUC2 gene transcription was increased in the vaccinated
without versus unvaccinated broilers (P<0.05). Broilers chickens vaccinated
receiving the inclusion of vitamin E associated with gelatin in the diet had lower
expression MUC2 gene transcription (P<0.05) compare to vaccinated. No
difference between treatments was observed between for MUC13 and MUC5ac
(P>0.05) (Fig. 5). Similar to what was observed for MUC2, TFF2 transcription
was higher in the vaccinated chicks (P<0.05) in relation salinomycin, also when
compare to supplemented with vitamin E and gelatin. INOS and CD36
transcription was not significantly affected by either diet supplementation and

treatment by vaccination or salinomycin (P>0.05) (Fig. 5).

DISCUSSION
Vaccination for coccidiosis negatively influenced the live performance of
broilers compared with control through coccidiostats. The observed increase of
performance at day 21 and 42 in medicated versus vaccinated chickens consistent
with the study by Lehman et al. (2009) who reported that broilers immunized with

Paracox® vaccine had poor performance during the first 3 weeks post-hatch
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compared with chickens that received the antibiotic growth promoter. It may be
possible that antibiotic ionophores promote early weight gain while the severe
effects of vaccination are manifested in this period. Niewold (2007) hypothesized
that antibiotics may be growth permitting by inhibiting the production and
excretion of cytokines by immune cells. Cytokine release would then lead to an
acute phase response leading to loss of appetite and muscle tissue catabolism
(Niewold, 2007). Certainly, inflammation leads to performance decreases
(Humphrey and Klasing, 2003), but equally may act by shifting the microbiota
composition towards one that is less capable of evoking an inflammatory response.
Antibiotics could also simply lower the total microbial load, leading to less
inflammation and lower energetic cost for the animal.

Coccidiosis vaccines can induce a mild transient form of coccidiosis,
usually occurring between 14 and 28 d post-hatch, which can impair broiler
performance (Lehman et al., 2009). This transient form of coccidiosis that usually
occurs in the second cycle of oocysts, around 21 days, reflects a low performance
more significant at this phase. Silva et al. (2009) similarly reported a vaccine-
induced reduction in BWG at 21 d of age but observed no differences in BWG
between vaccinated and non-vaccinated birds at final phase (36 d of age). One of
the negative responses often associated with a coccidiosis vaccination is a decline
in body weight gain and in the current study we observed this at 21 d. This
suggests that the chicks were in fact experiencing a low level of infection at the
end of the approximate second coccidiosis shedding cycle (1-21 d). Lower body
weight was observed at 42 days of the birds vaccinated, however, was observed
the same BWG between the groups of 22 to 42 days. As the poultry cycle is short,

despite possible compensatory gain at this phase, it was not enough for chickens
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to regain the same final BW as broilers receiving anticoccidials. The high in body
temperature can increase the energy demand and lead to the lowest observed body
weight.

Experimental treatments with these alternative formulations, amino acids

and vitamin E, improved broilers performance at 21 days when were treated with
salinomycin.
This suggests that despite the good support of salinomycin, conditionally essential
amino acids can be important factors in the performance of animals even when
broilers are not challenged by vaccine. Also, Vitamin E can protecting cells against
free radical oxidative processes (Tappel, 1972) and can also function as an
immunomodulator (Boa-Amponsem et al., 2000). The negative effects of vaccine
were more pronounced until 21 days of age and support with gelatin and vitamin
E reflected in better BWG and FCR in the period of 22 to 42 days. The amino acid
supply, the antioxidant and immunomulator effect of vitamin E seems to allow
birds to recover better from vaccine effects in the final period of raising. Increasing
amino acid levels and using a non-steroidal antioxidant with anti-inflammatory
functions such as vitamin E can minimize the lower performance of vaccinated
birds.

The intercepts from vaccine groups were negative, suggesting that when
AFI was not affected, the fraction due to change in maintenance contributing to
ABWG was negative and independent of the consume. Therefore, under vaccine
infection, broilers would have an increased maintenance requirement, and thus a
lower BWG. In addition, it was noticed that the fraction of change in maintenance
for the vacinne group was —1.23 % of the total decreased BWG (Fig. 1b).

Intestinal gene transcripts for IL-B and IFN-y were increased, whereas IL-
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4 and IL-10 transcripts were decreased in immunized chickens compared with
salinomycin-fed birds at 28 days. Salinomycin may activate anti-inflammatory
pathways in the avian gut, as evidenced by increased transcription of the counter-
regulatory cytokines IL-4 and IL-10 compared with cocci-vaccine. Intestinal
inflammation can be contribute to the reductions in performance experienced by
coccidiosis-vaccinated broilers. Inflammation is induced by pro-inflammatory
cytokines released by antigen-recognizing cells, including IL-1p. The relative
effects of coccidiosis vaccination on intestinal levels of proinflammatory cytokine
transcript, may reflect the heightened inflammatory status induced by the live
parasites.

It was observed beneficial effect of apport nutritional with gelatin and
vitamin E in the reduction of inflammatory state, broilers had lower IL-1p and
IFN-vy intestinal levels of cytokine transcript. Attenuated parasite need invading
the gut epithelium to generate immunity, causing an inflammatory response,
replicationing and producing oocysts. Vitamin E it is absorbed in its unesterified
form through the intestinal epithelium and is readily incorporated into cellular
membranes where it acts as an antiinflamatory immunomodulator in chickens
(Boa-Amponsem et al., 2000). This effect can be seen in the lower expression of
the IFN-y cytokine in the groups treated with vitamin E. The beneficial effects of
vitamin E may be due to the ability of its phosphorylated metabolite inflammation
and immune system disorders (Azzi et al.,2016).

Coccidiosis vaccination skews the immune balance toward a pro-
inflammatory/Th1 state, while dietary salinomycin favors an anti-inflammatory
status. Infection with Eimeria protozoa up-regulates the expression of pro-

inflammatory cytokines while decreased the expression of anti-inflammatory
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cytokines (Engberg et al., 2000; Lillehoj et al., 2004, 2007; Lee et al., 2011). The
low levels of exposure to coccidia vaccine decreased the sensitivity of detecting
cytokine expression and is not observed the IL-6 and IL-13 expression (data do
not showed). It was not observed increased of the INOS expression between the
groups at 28 d and this can be related to the time when the acute phase of infection
occurs, between 4 and 7 days post vaccination. The acute stage of
infection/vaccination occurr between 4- and 7-days (Allen and Fetterer, 2002). In
the current experiment, coccidiosis vaccination did not increase nitric oxide in the
intestinal mucosa, which is in agreement with the findings of Perez-Carbajal et al.
(2010). Nonetheless, it appears that the transient coccidiosis elicited by
vaccination does not induce nitric oxide production as do more severe challenges.

Increased mucin production is a reflection of the intestinal inflammatory
process caused by vaccine. Supplementation with vitamin E and gelatin provided
better recovery of the intestinal epithelium, explained by the lower production of
mucin as a better response to infection generated by the vaccine. The vaccinated
group also showed higher expressions than the group treated with salinomycin.
After a coccidiosis infection , by oocysts or vaccine, broilers increase secretory
mucin (MUC2) production and need to regenerate the the surface of the damaged
intestinal enterocytes. A coccidiosis infection has been shown to increase mucin
production through inflammatory cytokine production leading to increased
mucogenesis (Collier et al., 2008).

Mucin is composed of a high amounts of nonessential amino acids, and
although the broilers is able to synthesize may not be rapid enough to satisfy high
demands after vaccination (Lehman et al., 2009). It was provide these nonessential

amino acids in a greater proportion to the broilers in the form of gelatin as a means



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

to enhance recovery from coccidial vaccination. It was observed increased levels
of MUC2 intestinal gene transcripts at the vaccinated group.

Although it is not clear which amino acids provide the benefit during the
vaccine challenge, proline and glycine are two amino acids that are extremely
important to the improved performance. Glycine is readily synthesized by the
chick, but this synthesis may not be rapid enough to satisfy the needs for fast tissue
growth (Jiang et al., 2005; Corzo et al., 2004; Dean et al., 2006), especially after
tissue damage caused by infection. Though the importance of these two
conditionally nonessential amino acids is evident, the requirement for these under
varying conditions is still not fully known. Forder et al. (2012) explained that,
mucosa deteriorated as a result of the coccidiosis challenge, the expression of
MUC?2 becomes impeded, which could prevent replenishment of the mucus layer
and increase the chance of new infections and damage. However, the vaccine did
not cause a sufficient degree of lesion to prevent replenishment of the mucus layer
and this group showed greater expressions of MUC2 in relation to the salinomycin
group and also in relation to the vaccinated group that received gelatin and vitamin
E supplementation. MUC2 has been shown to have NF-kKB binding sites within the
promoter region which is upregulated in the intestinal tract during inflammation
(Kim and Ho, 2010). This suggests that a low level infection is enough to stimulate
the physical gut barrier function through the upregulation of MUC2. Trefoil family
factor genes (TFF2) to interact cooperatively with mucin to maintain barrier
function (Suzuki et al., 2006) and play an important role in the repair of damaged
intestinal mucosa, with their expression increased after mucosal damage (Kurt-
Jones et al., 2007). TFF2 mRNA transcripts were significantly incresead by

vaccine and barrier function was reestablished by vitamin and gelatin.
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The relative effects of coccidiosis vaccination on intestinal levels of
cytokine transcript, may reflect the heightened inflammatory status. As seen, the
weight gain depression occurred between days 1 to 21 post vaccination, using
better nutritional support can be a good alternative to reduce the negative effect of
vaccination on bird’s performance. Coccidiosis vaccines can be a good alternative
to prevent coccidiosis in broiler flocks but can induce low damage to the intestinal
epithelium necessary to induce immune response and this impair live performance,
also increase in the metabolic cost associated with the activation of the immune
system. In conclusion, results reported herein indicate that coccidiosis vaccination
had significant adverse impact on overall BW, BWG and FCR of vaccinated birds,
although overall FI was not impaired by vaccination. It can be concluded that,
when given diets with adequate aminoacids, coccidiosis-vaccinated broilers
benefit from additional aminoacids, especially proline and glycine, provide by

gelatin.
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Table 1. Experimental treatments

Treatment Dietary Treatments Protection
T1 Salinomycin Coccidiostat
T2 Egllnomycm + Vitamin Coccidiostat
T3 Salinomycin + Gelatin? Coccidiostat

Salinomycin + Vitamin -
T4 . Coccidiostat
E + Gelatin?
T5 Vaccine Vaccination
T6 Vaccine + Vitamin E? Vaccination
T7 Vaccine + Gelatin! Vaccination
T8 VaCC|_ne + Vitamin E + Vaccination
Gelatin

12% inclusion of gelatin is expressed on a total mixed diet basis
2 70mg/kg of Vitamin E is expressed on kg of feed
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Table 2. Experimental diets with and without Gelatin and Vitamin E

Pre-Starter (1-7 d) Initial (8 -21d) Grower (22 -35d) Finisher (36 - 42d)

%, ingredient control  w/ gelatin  control w/ gelatin  control w/ gelatin  control w/ gelatin
Corn 56.64 56.71 58.91 60.7 61.21 62.99 65.66 67.42
Soybean meal 37.76 35.54 34.84 30.54 31.85 27.55 27.77 23.51
Soybean oil 1.38 1.42 2.67 2.67 3.45 3.8 3.42 3.77
L-Lysine HCI 0.3 0.3 0.38 0.38 0.24 0.29 0.27 0.32
DL-Methionine 0.36 0.36 0.35 0.35 0.28 0.33 0.27 0.31
L-Threonine 0.11 0.11 0.1 0.1 0.06 0.09 0.06 0.09
NaCl 0.52 0.52 0.5 0.5 0.47 0.47 0.46 0.46
Bicalcium Phosphate 1.89 1.9 1.59 1.59 1.32 1.36 111 1.15
Limestone 0.91 0.91 0.94 0.94 0.88 0.88 0.8 0.79
Choline 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Gelatin® 0 2.0 0 2.0 0 2.0 0 2.0
Constantz i eniereneeeeeeneeeessesseeneesesesreseeneee s 2080 TOOY0uiiiiieiiitieeeeeeeeeee e
calcutaled composition
ME, kcal/kg 2960 3050 3150 3200
CP, % 22.4 21.21 19.9 18.4
Amino Acids
Dig Lys, % 1.324 1.324 1.275 1.275 1.131 1.131 1.067 1.067
Dig Met, % 0.651 0.655 0.588 0.627 0.552 0.592 0.525 0.525
Dig Met+Cis, % 0.953 0.953 0.876 0.876 0.826 0.826 0.774 0.774
Dig Thr, % 0.861 0.861 0.791 0.791 0.735 0.735 0.689 0.689
Dig Trp, % 0.257 0.254 0.241 0.217 0.225 0.2 0.211 0.211
Dig Arg, % 1393 1394 1308 1317 1221 1.23 1145 1148
Dig Val, % 0.927 0.923 0.876 0.837 0.824 0.785 0.763 0.754
Dig Iso, % 0.865 0.86 0.814 0.763 0.762 0.711 0.711 0.6453
Dig Leu, % 1.723 1.716 1.651 1.584 1.576 1.509 1.424 1.357
Dig His, % 0.536 0.532 0.509 0.466 0.482 0.439 0.442 0.399
Noessential Amino Acids
Dig Gli, % 0.910 1.360 0.860 1.276 0.810 1.226 0.736 1.162
Dig Pro, % 1.306 1.543 1.258 1.462 0.974 1.412 1.152 1.356
Dig Ser, % 1.136 1.152 1.075 1.047 1.012 0.985 0.931 0.905

Pure beef gelatin, Gelnex Company, Road 283, km 36. Ita, SC —Brazil 89760-000.

2Constant included 0.034% and 0.100% each vitamin & mineral premixes (provided the following per kg of
premix: Vitamin premix = 34.520.000 IU vitamin A, 7.200. 000 1U vitamin D3, 8.600 mg vitamin K, 6.700
mg vitamin B1, 20.000 mg vitamin B2, 9000 mg vitamin B6, 72.000 mcg vitamin B12, 34.000 mg pantothenic
acid, 140.000 mg niacin, 2.800 mg folic acid, and 240 mg biotin. Mineral premix = cobalt 200 mg, 88,000
mg manganese, 95,535 mg zinc, 64,715 mg iron, 15,000 mg copper, 1795 mg iodine, 200 mg selenium). 70
mg/kg Vitamin E was add on top according to treatments. Coccidiostat Group feed with 0.05% Salinomycin
(Bio-Cox 60 Granular, Alpharma Inc). Kaolin was add according to treatments and considered to have zero
nutrient contribution. Vaccinated Group feed without coccidiostat - birds vaccinated.
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Table 3. Oligonucleotide primers used for quantitative reverse transcription-PCR of

chicken cytokines

Type Gene Primer Sequence! Genbank accession no.®
F.:GGTGGTGCTAAGCGTGTTAT
Reference GADPH*2 KO1458
R:ACCTCTGTCATCTCTCCAC
F- TGGGCATCAAGGGCTACA
IL-1B AF111631
R:TCGGGTTGGTTGGTGATG
F:CAAGGTGACGGAGGAGGAC
IL-6 AJ309540
R:TGGCGAGGAGGGATTTCT
Pro inflammatory
F:CTCCGATCCCTTATTCTCCTC
IL-17 AJ493595
R:AAGCGGTTGTGGTCCTCAT
F:CCTGAGTATTCCAGCAACGCA
TNFSF15 AB194710
R: ATCCACCAGCTTGATGTCACTAAC
F:AGCTGACGGTGGACCTATTATT
IFN-y Y07922
R.GGCTTTGCGCTGGATTC
F: TCTGGGACCACTGTATGCTCT
Thl IL-2 AF000631
R:ACACCAGTGGGAAACAGTATCA
F:AGACTCCAATGGGCAAATGA
IL-12 NM_ 213571
R:CTCTTCGGCAAATGGACAGT -
F:AACATGCGTCAGCTCCTGAAT
IL-4 FJ907790.1
R:TCTGCTAGGAACTTCTCCATTGAA
F:CGGGAGCTGAGGGTGAA
Th2 IL10 AJ621614
R:GTGAAGAAGCGGTGACAGC
F:CCAGGGCATCCAGAAGC
IL13 AJ321735
R:CAGTGCCGGCAAGAAGTT
. F:GGCTTGCTAGGGGAAATGA
Chemokine IL8 AJ009800
R: AGCTGACTCTGACTAGGAAACTGT
F:ATGCGATGTTAACACAGGACTC
MUC2 JX284122.1
R:GTGGAGCACAGCAGACTTTG
. F. TGTGGTTGCTATGAGAATGGA
Mucins Mucb5ac XM_025151100.1
R:TTGCCATGGTTTGTGCAT
F:GCATTCCTCAAGCAGAGGTG
Mucl3 XM_025152568.1
R:CTCAGGCTGCCGTGATATTT
Trefoil F:GCTGTAGCCCTCATCAGCTC
TFF2 XM_010724393.2
factor 2 R:CTGGCAGCTATTTTGCACTG
CD36 F:GAATTGCTGTGGAAGTGCTG
molecule CD36 XM_025147445.1
R:TGGTCCCAACAGACTCACTG
ible nitri F:.TGGGTGGAAGCCGAAATA
Inducible nitric iINOS XM_034069034.1

oxide synthase

R:GTACCAGCCGTTGAAAGGAC

1F: forward; R reverse;

2Glyceraldehyde-3-phosphate dehydrogenase

31D: GenBank access number
*Housekeeping gene


https://www.ncbi.nlm.nih.gov/nucleotide/FJ907790.1?report=genbank&log$=nuclalign&blast_rank=1&RID=5AZMY4BU01R
https://www.ncbi.nlm.nih.gov/nucleotide/JX284122.1?report=genbank&log$=nucltop&blast_rank=2&RID=J12TE20G016
https://www.ncbi.nlm.nih.gov/nucleotide/XM_025151100.1?report=genbank&log$=nucltop&blast_rank=3&RID=J133NM06014
https://www.ncbi.nlm.nih.gov/nucleotide/XM_025147445.1?report=genbank&log$=nuclalign&blast_rank=1&RID=J1BJ2XSK01R

Table 4. Performance of broilers vaccinated or not for coccidiosis receiving supplementation with gelatine (Gel) and vitamin E
(VItE)

Treatments BW 21 BWG 1-21 FlI1-21 FCR1-21 BW 42 BWG 1-42 Fl 1-42 FCR 1-42
Coccidiostat 971 923 1265 1.37 3213 3165 5010 1.58
Coccidiostat + Vitamin E 1048 1000 1317 1.32 3240 3163 5028 1.60
Coccidiostat + Gelatin 1102 1053 1308 1.24 3293 3250 5125 1.57
Coccidiostat + Vitamin E + Gelatin 1096 1048 1322 1.26 3357 3318 5108 1.53
Vaccine 914 866 1206 1.39 3090 3042 4995 1.64
Vaccine + Vitamin E 891 842 1216 1.44 3060 3011 4960 1.64
Vaccine + Gelatin 891 843 1169 1.39 3162 3104 4959 1.59
Vaccine + Vitamin E + Gelatin 959 910 1208 1.32 3204 3152 5011 1.59
Contrasts P Value?
Coccidiostat vs. Vaccine 0.046 0.032 Ns ns 0.031 ns Ns ns
Coccidiostat vs. Coccidiostat + Vitamin E 0.008 0.011 Ns ns ns ns Ns ns
Coccidiostat vs. Coccidiostat + Gelatin <.0001 <.0001 Ns <0.001 ns ns Ns ns
Coccidiostat vs. Coccidiostat + Vitamin E + Gelatin  <.0001  <.0001 ns 0.003 0.012 0.012 Ns 0.001
Vaccine vs. Vaccine + Vitamin E ns Ns Ns ns ns ns Ns ns
Vaccine vs. Vaccine + Gelatin ns Ns Ns ns ns ns Ns ns
Vaccine vs. Vaccine + Vitamin E + Gelatin ns Ns Ns 0.070 0.046 ns Ns ns
SE ?

15.5 15.6 16.0 0.01 26.3 32.9 52.6 0.01

Probabilities lower than 0.05 are considered.
2 Standard Error
ns = no significance



Table 5. Performance of broilers vaccinated or not for coccidiosis receiving supplementation with gelatine (Gel) and vitamin E

(Vit E) of 22 to 42 days
Treatments BW 42 BWG 22-42 Fl 22-42 FCR 22-42
Coccidiostat 3213 2240 3406 1.52
Coccidiostat + Vitamin E 3240 2192 3381 1.54
Coccidiostat + Gelatin 3293 2191 3392 1.54
Coccidiostat + Vitamin E + Gelatin 3357 2270 3431 1.51
Vaccine 3090 2224 3377 1.52
Vaccine + Vitamin E 3060 2168 3280 151
Vaccine + Gelatin 3162 2260 3329 1.47
Vaccine + Vitamin E + Gelatin 3204 2243 3347 1.49
Contrasts P Value!
Coccidiostat vs. Vaccine 0.031 ns ns ns
Coccidiostat vs. Coccidiostat + Vitamin E Ns 0.077 ns ns
Coccidiostat vs. Coccidiostat + Gelatin Ns ns ns ns
Coccidiostat vs. Coccidiostat + Vitamin E + Gelatin 0.012 ns ns ns
Vaccine vs. Vaccine + Vitamin E Ns ns ns ns
Vaccine vs. Vaccine + Gelatin Ns 0.019 ns 0.010
Vaccine vs. Vaccine + Vitamin E + Gelatin 0.046 0.083 ns ns
SE?
18.3 10.5 15.7 0.007

!Probabilities lower than 0.05 are considered.
2 Standard Error
ns = no significance
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Figure 1. Relationship between the reductions in feed intake and growth rate
(based on Pastorelli et al. 2012): (a) Relationship between the change in growth
(AWG, Weight Gain 1 to 42 days) and feed intake (AFI, Feed Intake 1 to 42 days)
of chickens vaccinated for coccidiosis. Responses are expressed as results of the
chickens protect by coccidiostats relative to that of vaccinated chickens on each
group. The lines represent the linear model adjustments. (b) Partitioning of the
reduction in the average growth rate resulted from vaccination between the
fraction due to change in maintenance requirement ( [J not associated with a
reduction in feed intake) or due to the change in feed efficiency ( @ associated
with a reduction in feed intake).
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Figure 2. Effect of coccidiosis vaccination or in-feed salinomycin on pro-
inflammatory intestinal cytokine transcript levels. At 28 days post-hatch, intestinal
tissues were removed and the levels of transcript for IL1p, TNFSF15, IL-17F, and
GAPDH were quantified by real time RT-PCR. The mRNA levels for each
cytokine were normalized to the GAPDH internal control. Vertical bars represent
mean + SD normalized mRNA levels (n = 7 repetition/treatment). Contrast Bars
are significantly different (P < 0.05).
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Figure 3. Effect of coccidiosis vaccination or in-feed salinomycin on T helper 1
intestinal cytokine transcript levels. At 28 days post-hatch, intestinal tissues were
removed and the levels of transcript for IFN-y, IL-2, IL-12, and GAPDH were
quantified by real time RT-PCR. The mRNA levels for each cytokine were
normalized to the GAPDH internal control. Vertical bars represent mean £ SD
normalized mMRNA levels (n = 54). Contrast Bars are significantly different (P <
0.05).
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Figure 4. Effect of coccidiosis vaccination or in-feed salinomycin on T helper 2
intestinal cytokine transcript levels.. At 28 days post-hatch, intestinal tissues were
removed and the levels of transcript for IL-10, IL-4, IL-8, and GAPDH were
quantified by real time RT-PCR. The mRNA levels for each cytokine were
normalized to the GAPDH internal control. Vertical bars represent mean £ SD
normalized mRNA levels (n = 7). Contrast Bars are significantly different (P <
0.05).
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Figure 5. Effect of coccidiosis vaccination or in-feed salinomycin on intestinal
mucins transcript levels. At 28 days post-hatch, intestinal tissues were removed
and the levels of transcript for MUC2, MUC5ac, MUC13, and GAPDH were
guantified by real time RT-PCR. The mRNA levels for each prime were
normalized to the GAPDH internal control. Vertical bars represent mean + SD
normalized mRNA levels (n = 7). Contrast Bars are significantly different (P <
0.05).
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Figure 6. Effect of coccidiosis vaccination or in-feed salinomycin on intestinal
gens transcript levels. At 28 days post-hatch, intestinal tissues were removed and
the levels of transcript for INOS, TFF, CD36, and GAPDH were quantified by real
time RT-PCR. The mRNA levels for each prime were normalized to the GAPDH
internal control. Vertical bars represent mean = SD normalized mRNA levels (n =

7
;
;
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7). Contrast Bars are significantly different (P < 0.05).

@ Coccidiostat
BCocc + Vit E
@Cocc+ Gel

BCocc + Vit E + Gel
OVaccine

EVacc + Vit E
@Vacc + Gel
@Vacc + Vit E + Gel



CONSIDERACOES FINAIS

Este trabalho mostrou que e a inflamacéo causada pela vacinacao
leva a diminuicdo do desempenho e também pode agir mudando a
composi¢cdo da microbiota. Principalmente com a possibilidade da
proibicdo dos antibidticos promotores de crescimento, € preciso ampliar o
conhecimento e as estratégias nutricionais para usar essa ferramenta
como controle da cocccidiose intestinal.

A vacinagdo para coccidiose influenciou negativamente o
desempenho vivo de frangos de corte em comparacdo ao controle por
coccidiostaticos. Os antibiéticos ionéforos podem permitir o crescimento
das aves por meio da inibicdo da producao e excrecao de citocinas pelas
células imunes e beneficiar a microbiota comensal. Os antibidticos
também podem simplesmente diminuir a carga microbiana total, levando
a menos inflamacéo e menor custo energético para o animal.

O suprimento de aminoacidos como a glicina e prolina, o efeito
antioxidante e imunomulador da vitamina E parecem permitir que as aves
se recuperem melhor dos efeitos da vacina nas ultimas 2 semanas, porém
sao insuficiente para que as aves tenham o mesmo desempenho do que
guando séo tratadas com um antibiotico ionéforo. O aumento dos niveis
de amino&cidos e o0 uso de um antioxidante nao esteroidal com funcées
antiinflamatérias, como a vitamina E, podem minimizar o desempenho
inferior das aves vacinadas em relacao ao grupo que nao recebeu o aporte
nutricional.

A realizacao desta pesquisa, entre outras realizadas que nao foram
incluidas nesse material, como o desenvolvimento de duas meta-analises;
a primeira avaliando a respostas de desempenho de frangos desafiados
por Eimeria spp. e a segunda avaliando o uso da molécula de ractopamina
em suinos em terminacdo: meta-analise e avaliagcdo do ciclo de vida,
proporcionou experiéncia e conhecimento. Também foi conduzido um
experimendo avaliando niveis proteicos e adicdo de protease sobre a
microbiota das aves que somou a minha trajetoria académica. Esses

quatros anos possibilitou trabalho com areas distintas da producéo animal,



em diferentes laboratorios, contribuindo para um aprendizado
interdisciplinar em areas como biologia molecular e sequenciamento
genético de Ultima geracdo e uma visao sistémica do objeto de pesquisa.
Este trabalho deixa além de um aprendizado cientifico e técnico,

guestionamentos que podem continuar a serem explorados.
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APENDICES

APENDICE A - Condi¢bes ambientais durante o periodo experimental

Temperatura e Umidade Relativa
90
80
70
60 \/\’\/\/"—"/\W\—/\/\
50
40
0 DAL= AN
20 N e —\

10

0
1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41

= Temp °C max H% max Temp °C min  em—H% min



