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RESUMO

Os grdos possuem importante papel no sistema produtivo como ingrediente base nas dietas de
animais. Interferéncias de safra, falhas de manejo dos grdos no campo e principalmente sua
armazenagem inadequada, propiciam a vulnerabilidade desses grdos a acdo de fungos. Os
impactos provocados por fungos dentro da cadeia produtiva acarretam a baixa rentabilidade
da producdo dos animais em razdo da menor qualidade e produtividade da matéria prima. As
micotoxinas que estdo mais comumente relacionadas ao impacto no sistema produtivo avicola
sdo as toxinas T2, fumonisinas e aflatoxinas. Considerando-se a importancia da qualidade de
matéria prima fornecida as aves e a existéncia de poucos trabalhos realizados com poedeiras
comercias, além da auséncia da andlise da dindmica de desencadeamento das micotoxicoses
por tempo prolongado, este trabalho teve por objetivo estudar o efeito cumulativo de
multimicotoxinas (aflatoxinas, fumonisinas e toxina T-2) em poedeiras comerciais no periodo
de 32 a 68 semanas de idade, durante a fase de pico de producdo. Para isto, em uma granja de
poedeiras comerciais na regido Agreste do estado de Pernambuco, foram coletadas amostras
das racdes fabricadas e analisadas através da técnica de imunocromatografia para deteccao de
tricotecenos (toxina T-2), aflatoxinas e fumonisinas. Mensalmente, foram selecionadas cinco
aves ao acaso de cada grupo de aves (A, B e C), posteriormente as aves foram eutanasiadas e
coletadas amostras de sangue, figado e rim. O sangue foi centrifugado para a obtencdo do soro
para andlise de testes bioguimicos séricos de aspartato aminotransferase, alanina
aminotransferase, albumina, creatina quinase, proteinas totais, acido urico, colesterol e uréia.
Os fragmentos de rim e figado foram processados por técnicas histologicas para posterior
analise histopatoldgica. Os resultados de andlise de micotoxinas presentes em racGes
fabricadas consistiram em valores abaixos dos niveis recomendados para poedeiras e
caracterizando subdosagem durante todo estudo. As lesdes histopatoldgicas renais
encontradas foram glomerulopatia membranoproliferativa, membranosa e proliferativa,
hiperemia, nefrite, nefrose, necrose e proteinose tulares. As lesdes histopatoldgicas hepaticas
encontradas consistiram em esteatose, degeneracdo vacuolar, hepatite, hipertrofia e
microgranuloma de células de Kupffer, necrose de hepatdcitos e proliferacdo de ductos
biliares. Nas analises de bioquimica serica foram apresentadas normalidades nos testes de
acido urico, alanina aminotransferase e aspartato aminotransferase. Os testes de proteina total,
creatina quinase e uréia obtiveram niveis superiores e o teste de albumina obteve niveis
inferiores aos recomendados para poedeiras. Sugere-se que existe efeito progressivo e
cumulativo das lesdes renais e hepaticas em funcdo da idade das aves, correlacionada
diretamente com o tempo de exposi¢éo e ingestdo de multimicotoxinas.

Palavras-chave: bioquimica sérica, fungos, lesdo hepatica, lesao renal, histopatologia.



ABSTRACT

Grains play an important role in the production system as a basic ingredient in animal diets.
Due to crop interferences, grains handling failures in the field and mainly their inadequate
storage, they provide vulnerability of these grains to the action of fungi. The impacts caused
by fungi within the production chain lead to low profitability of animal production due to the
lower quality and productivity of the raw material. The mycotoxins that are most commonly
related to the impact on the poultry production system are T2 toxins, fumonisins and
aflatoxins. Considering the importance of the quality of raw material supplied to birds and the
existence of few studies carried out with commercial laying hens, in addition to the absence of
analysis of the dynamics of triggering mycotoxicosis for a prolonged period, this study aimed
to study the cumulative and synergistic effect of mycotoxins in laying hens for a period of 32
to 68 weeks of age, during the peak production phase. For this, in a commercial laying hen
farm in the Agreste region of the state of Pernambuco, samples of the manufactured rations
were collected and analyzed using the immunochromatography technique to detect
trichothecenes (T2), aflatoxins and fumonisins. Monthly, five birds were selected at random
from each group of birds (A, B and C), afterwards the birds were euthanized and collected
from liver and kidney blood samples. The blood was centrifuged to obtain the serum for
analysis of serum biochemical tests of aspartate aminotransferase, alanine aminotransferase,
albumin, creatine kinase, total proteins, uric acid, cholesterol and urea. The kidney and liver
fragments were processed by histological techniques for further histopathological analysis.
The results of analysis of mycotoxins present in manufactured diets consisted of lower values
than the levels recommended for layers and characterizing underdosing throughout the study.
The histopathological renal lesions found were membranoproliferative, membranous and
proliferative glomerulopathy, hyperemia, nephritis, nephrosis, necrosis and tulare proteinosis.
The histopathological liver lesions found consisted of steatosis, vacuolar degeneration,
hepatitis, hypertrophy and microgranuloma of Kupffer cells, hepatocyte necrosis and bile duct
proliferation. Serum biochemistry analyzes showed normality in uric acid, alanine
aminotransferase and aspartate aminotransferase tests. The total protein, creatine kinase and
urea tests obtained higher levels and the albumin test obtained lower levels than those
recommended for layers. It was observed that there is a progressive and cumulative effect of
kidney injuries depending on the age of the birds, directly correlated with the time of
exposure and ingestion of mycotoxins. It is suggested that there is a progressive and
cumulative effect of kidney and liver damage as a function of the age of the birds, directly
correlated with the time of exposure and ingestion of multimycotoxins.

Keywords: fungi, histopathology, kidney injury, liver injury, serum biochemistry.
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1 INTRODUGCAO

O sistema agropecudrio brasileiro tem como destaque a cultura de grdos para
alimentacdo humana e animal e, por consequéncia das atividades desempenhadas para
fortalecimento econémico nacional, torna-se um colaborador importante para o
desenvolvimento da balanca comercial brasileira (SOUZA et al., 2017).

A avicultura, com o desenvolvimento das industrias, conseguiu conquistar diversos
espacos produtivos nas mais diversas regides do territorio brasileiro decorrente
principalmente do aumento do consumo e demanda comercial (BELUSSO, 2010), levando
esta atividade a também contribuir para a balanga comercial e sistema agropecuério
brasileiro.

O ovo é considerado um dos alimentos mais acessiveis pelo mercado consumidor e
sua principal aquisicdo, desde sua domesticacdo, € de aves comerciais e caipiras
(CARNEIRO, 2012). A producédo de ovos pode ser destinada para varios setores, como as
empresas de incubatorios, reproducdo e melhoramento genético das aves para industrias
avicolas de corte e postura, e para 0 consumo direto e/ou indireto na alimentacdo humana. O
ovo é uma fonte barata de proteinas, gorduras, vitaminas, e minerais de boa qualidade, além
disso, possui acdo nas atividades contra microrganismos e na qualidade imunolégica. Sua
composicao nutricional quando comparada com a de outros alimentos, somada ao custo para
o consumo fazem dele uma 6tima opc¢éo de alimento nutritivo (TERRA, 1999).

Para atender a demanda dos consumidores ao sistema de producdo avicola, as
condicbes climaticas do pais permitem o plantio de vérias culturas, como a soja, o0 milho, o
sorgo, o trigo e entre outras de ampla importancia econémica e social que permitem a
continuidade e abastecimento do sistema produtivo. Porém, mesmo com esse crescimento
produtivo, alguns fatores limitam sua expansdo como, por exemplo, a presenca de toxinas
liberadas por fungos, conhecidas como micotoxinas (SIMAS et al., 2007).

A qualidade dos gréos, independentemente do seu destino, pode estar comprometida
por diversas falhas de tecnicas de producdo e armazenamento. Uma das principais
interferéncias na qualidade dos graos é a presenca de micotoxinas em estimulos de estresse,
principalmente as produzidas por fungos dos géneros Fusarium, Aspergillus e Penicilium
(HERMANNS et al., 2006). Dessa forma, os impactos provocados por estes fungos dentro
da cadeia produtiva acarretam a baixa rentabilidade da producdo dos animais em razdo da

menor qualidade e produtividade da matéria prima. Além disso, 0 aumento dos custos para o
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produtor com tratamentos e profilaxias € alto, pois 0os metabdlitos tdxicos dos fungos
causam efeitos deletérios aos animais (BERTHILLER et al., 2007).

A colonizagdo por fungos em matérias primas fornecidos para alimentacdo animal
pode ser de diversas formas. Estudos ja realizados apontam que as fases de
desenvOolvimento do gréo, colheita e armazenamento sdo determinantes para o crescimento
de fungos e consequentemente, producdo de micotoxinas (OLDENBURG et al., 2017).
Durante as mais variadas etapas de processamento de grdos, as micotoxinas se mostram
resistentes e ndo diminuem seu nivel de toxicidade (ALIM et al., 2018; MARTINS et al.,
2018; OUESLATI et al., 2018).

As racOes sdo compostas por varias outras fontes nutricionais, como por exemplo,
milheto, milho, soja e trigo, sendo que muitas delas também podem conter uma ou mais
micotoxinas, que somadas com a cronicidade de ingestdo do alimento se tornam ainda mais
preocupantes para o desencadeamento das micotoxicoses (OLDENBURG et al., 2017;
ASTOLFI et al., 2012).

Diferentemente dos frangos de corte, as poedeiras permanecem por um maior
periodo no sistema produtivo e por este motivo, tem mais chances de receber matéria prima
de diferentes safras e armazenagens, ou seja, mais predispostas ao consumo de alimentos
contaminados e, consequentemente, aos efeitos deletérios das micotoxicoses em toda sua
vida produtiva.Considerando-se a importancia da qualidade de matéria prima fornecida as
aves e a existéncia de poucos trabalhos realizados com poedeiras comercias, além da
auséncia de analise da dindmica de desencadeamento das micotoxicoses por tempo
prolongado, é de relevancia estudos detalhados sobre o efeito cumulativo e sinérgico das

micotoxinas em poedeiras comerciais por um periodo mais amplo de investigacéo.
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2 OBJETIVOS

2.1 OBJETIVO GERAL
e Auvaliar o efeito cumulativo demultimicotoxinas (aflatoxinas, fumonisinas e toxina T-
2) sob as alteracBes morfofuncionais do rim e do figado de de poedeiras comerciais

em diferentes idades em pico de producéo.

2.2 OBJETIVOS ESPECIFICOS
e Avaliar as alteragcbes bioquimicas e histopatoldgicas do figado de poederias
comerciais com idade entre 32 e 68 semanas alimentadas com dietas contendo
subdoses de multimicotoxinas (aflatoxinas, fumonisinas e toxina T-2);
e Avaliar as alteracdes bioquimicas e histopatoldgicas dos rins de poederias comerciais
com idade entre 32 e 68 semanas alimentadas com dietas contendo subdoses de

multimicotoxinas (aflatoxinas, fumonisinas e toxina T-2);
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3 REVISAO DE LITERATURA

3.1 MICOTOXINAS

Micotoxinas sdo metabolitos secundarios do metabolismo flngico que podem ocorrer
durante o processo de producéo e armazenamento de graos ou forragens. Os metabdlitos séo
geralmente associados a um grupo de fungos pertencentes aos géneros Fusarium,
Aspergillus e Penicillium, os quais crescem em forragens e gréos, tanto no campo como
durante o armazenamento (DAWSON, 2001).

Estudos ja revelaram que pelo menos 300 metabdlitos fungicos sejam altamente
toxicos para humanos e animais (DEVEGOWDA, 1998; TESSARI, 2005). Segundo Osuna
(1989), as consequéncias da ingestdo de racGes contaminadas por essas toxinas promovem a
reducdo drastica da produtividade, caracterizada por diminuicdo da velocidade de
crescimento e uma baixa eficiéncia alimentar. A contaminacdo de alimentos por
micotoxinas € frequente na inddstria e apresenta importancia em saude publica,
principalmente nos paises emergentes em que a exposicao a aflatoxina esta relacionada com
aproximadamente 40% das doencas que acometem humanos e animais (WILLIAMS, 2004).

As exposicdes as micotoxinas acontecem cotidianamente através da aquisicdo e
consumo de alimentos vegetais, cereais e de origem animal (BULLERMAN, 1986). A
contaminacdo atinge maior escala nos cultivos em climas quentes, tmidos e tropicais, mas
existe variabilidade ao decorrer dos anos (IARC, 1976; PROGRAM, 2011). Este tipo de
toxina interfere potencialmente nos processos enzimaticos dos nutrientes e ainda possuem
efeito imunossupressor (REDDY, 1982). Além de provocarem efeitos deletérios aos
animais, as micotoxinas conseguem ser transferidas para os produtos dos animais, como 0
ovo, por exemplo (REDDY, 1982)

Isto é de grande importancia para a salde publica uma vez que, o consumo de
produtos de origem animal contendo metabolitos fingicoscaracteriza um risco tambem para
a saude humana (JOBIM, 2001). Dessa forma, pela Resolucdo de Diretoria Colegiada
(RDC) n° 274 de 15 de outubro de 2002 e pela Portaria do Ministério da Agricultura
n° 183 de 21 de marco de 1996, os niveis aceitaveis de micotoxinas na matéria prima
destinada a alimentacdo animal sdo de 20 pg para Aflatoxinas e T2 e 200 pg para
fumonisinas. A maioria dos estudos desenvolvidos sobre as micotoxicoses na avicultura
foram através de experimentos com frangos de corte cujos sinais clinicos consistiram em:
hepatite aguda, anemia, diarreia, desidratagdo, termorregulacdo prejudicada, aumento de

mortalidade, hemorragia, lesdes renais e hepaticas, distarbios neurais, lesdo oral, reducéo no
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ganho de peso, crescimentos reduzidos e imunidade reduzida (DIAZ, 2016). Dentre as
micotoxinas presentes tanto em grdos quanto em racfes que mais comumente estdo
relacionadas aos decréscimos produtivos e prejuizos na sanidade avicola afetando o
desempenho dos animais, sdo a aflatoxina, toxina T-2 e fumonisina (BRYDEN, 2012;
MURUGESAN , 2015; WIELOGORSKA, 2016).

As micotoxinas possuem potencial toxigénico, causando doencas chamadas de
micotoxicoses, a partir da ingestdo de qualquer alimento contaminados por estas toxinas
(KEMPKEN; ROHLFS, 2010).

As micotoxinas podem ser ingeridas, inaladas ou absorvidas através da pele (FUJII
et al., 2004). Sua acdo pode promover diminuicdo progressiva da atividade motora,
infertilidade e doengas neuroldgicas, principalmente em bovinos, ovinos, suinos e aves
(FUJII et al., 2004).

No Brasil, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA), que determinou
a quantidade méxima de micotoxinas presentes nos alimentos para a sua comercializa¢do
(ANVISA, 2011). Quanto aos niveis maximos tolerados de micotoxinas para aves de

producdo, sdo obedecidos de acordo com o quadro abaixo:

Tabela 1. Limites maximos recomendados pelo Laboratério de analises de micotoxinas
(LAMIC), Universidade Federal de Santa Maria, Santa Maria, RS para aves de producao.

Toxinas (ppb)

Categoria Aflatoxina Tricotecenos Fumonisina
Frango Inicial 0 0 100
Frango Crescimento 2 50 500
Frango Final 5 50 500
Poedeiras 10 100 1000
Matrizes 10 100 1000

3.1.1 Aflatoxinas

As aflatoxinas (AFL) fazem parte de um grupo de metabdlitos secundarios
produzidos pelos fungos Aspergillus flavus, A. parasiticus e A. nominus (KURTZMAN,
1987). Esses fungos podem ser encontrados em grdaos de milho com alta incidéncia em
ambientes de armazenamento com umidade relativa em torno de 13% a 18% (PINOTTI,
2016).

Essa toxina € capaz de afetar o metabolismo dos lipidios de reserva energética das

aves, com aparecimento de palidez das aves e esteatose hepatica, resultante da diminuicao
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da lipase pancreatica e secrecdo biliar afetando absorcdo dos lipideos e principalmente os
carotenoides que sdo responsaveis pala pigmentacdo da pele e da gema dos ovos (RUIZ,
2011;GOMES, 2014). Uma das alteracbes no metabolismo lipidico é a esteatorréia ou
excrecdo aumentada de lipideos que pode ser facilmente detectada na presenca de particulas
integras de racdo nas fezes das aves, ou seja, a aflatoxicose provoca a ma absorcao
(OSBORNE & HAMILTON, 1981). Essa ma absorcao prejudica a eficiéncia de conversdo
alimentar e, consequentemente, aumenta o custo da produgdo podendo ser severa, com 0
aumento de até dez vezes o teor de gordura no material fecal (SCHAEFFER &
HAMILTON, 1991). Além disso observa-se, que as aves que consomem aflatoxinas em suas
dietas apresentam-se com palidez de mucosas, diminuig&o no transporte e deposicéo tecidual
dos carotenoides da dieta (LEESON, 1995).

Estudos comprovaram que o0s sinais de intoxicacdo por aflatoxinas eram mais
severos em aves quando esses eram alimentados com uma dieta de baixo nivel proteico em
comparacdo com aqueles que recebiam uma dieta normal de proteinas, ou seja, as proteinas
obtiveram um efeito protetor contra a aflatoxina (SISK & CARLTON, 1972). Dessa forma,
pode-se afirmar que aves desafiadas por aflatoxinas necessitam de uma suplementacdo mais
elaborada de proteinas para a obtencdo de um determinado nivel de produtividade. Contudo
0s sinais da aflatoxicose ainda sdo subclinicos e se desenvolvem afetando o desempenho
zootécnico, provocando maior conversdo alimentar com consequente diminuicdo no
crescimento e ganho de peso, digestdo ineficiente dos ingredientes da racdo devido ao
comprometimento da integridade intestinal, baixa produtividade de ovos e queda nos niveis
sanguineos de proteinas e lipideos (MURUGESAN, 2015; BRYDEN, 2012).

Como diagndstico, as analises soroldgicas através da quantificacdo das enzimas
hepaticas e proteinas séricas podem contribuir para detec¢do da aflatoxicose uma vez que
essas enzimas foram alteradas em decorréncia do comprometimento hepéatico (KANEKO,
2008).

3.1.2 Fumonisinas

As fumonisinas sdo metabolitos originados de compostos secundarios produzidos
pelos fungos, Fusarium verticillioides e Fusarium proliferatum. As aves intoxicadas por
fumonisinas apresentam diminuicéo significativa no ganho de peso e aumento da conversdo
alimentar; aumento no peso dos rins e figado; e aumento na concentracdo de hemoglobina
(WEIBKING, 1993).

O mecanismo de acdo dessas toxinas é verificado pelo bloqueio na sintese dos
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esfingolipidios, substancia importante para a integridade da membrana celular e transporte
ibnico através das células (WANG, 1991). Dessa forma, eles sdo predominantes no sistema
nervoso central e periférico, localizados nos oligodendrocitos e células de Schwann
(WANG, 1991).

Assim como nas demais micotoxinas, as fusariotoxinas presentes nos graos de milho,
séo causadoras de fusariotoxicoses e promovem lesdes orais que progridem para lesdes com
necrose e descamacdo que, de acordo com o0 tempo de exposi¢do, predispdem ao
aparecimento de lesbes orais com evolucéo para lesdes graves no intestino e 6rgdos como o
figado (ZACHARIASOVA , 2014).

3.1.3 Tricotecenos

Os tricotecenos sdo produzidos por varios géneros de fungos, contudo, o0 género
Fusarium, € responsavel pela maioria dos sinais clinicos de reducdo do desempenho,
necrose de tecidos linfoides, empenamento anormal, depreciacdo da qualidade das cascas
dos ovos e lesdes orais (REIS, 2012).

A fusariotoxina toxina T-2 tem elevada acdo sobre as mucosas pela ativacdo da
inflamacdo cronica prejudicando a produtividade das aves devido as lesdes na mucosa da via
oral e lingua, ou ulceracGes no palato e na comissura do bico dificultando o consumo de
alimento (KOSICKI, 2016). Além de afetar as mucosas, em situacfes mais graves podem
provocar hepatomegalia, assim como possiveis erosdes no ventriculo e proventriculo e
intestinos, levando a hemorragia e morte (MARIN et al., 2013; KOSICKI et al., 2016).

A intoxicacdo por toxina T-2 pode ocasionar comprometimento metabélico, reducao
de consumo de alimento, anemia, imunossupressdes, alteracdes sanguineas, com
hemorragias causadas por fatores relacionados a coagulacdo do sangue; e neurotoxicidade
(HUFF, 1992).

3.2. QUALIDADE DE MATERIA PRIMA E RAQOES

Existem diversos tipos de culturas de grdos que séo destinadas a alimentagdo animal,
dentre elas destacam-se o milho e o milheto. S&o plantas com abrangente cultivo nacional,
tendo a avicultura como maior consumidora desses cereais. O milho ainda representa a
maior parcela de consumo, sustenta a economia rural e representa a principal commodity que
da equilibrio ao comércio dos grdos (DEMETRIO, 2008; TONIN, 2009; FUMAGALI,
2017). O milheto é capaz de suprir as exigéncias nutricionais dos animais devido aos

maiores teores de proteinas. Além disso, sua cultura é eficaz na utilizacdo de agua,
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necessitando de até 70% menos agua que a cultura do milho para produzir a mesma
quantidade de matéria seca (SOBRINHO, 2009).

Apesar de serem culturas de destaque produtivo, ambas enfrentam dificuldades de
garantir sua qualidade e eficiéncia ap0s 0s processos de armazenagem, impactando
negativamente a producdo de aves. Essa armazenagem é ainda mais preocupante quando 0s
grdos no momento da colheita estdo Umidos. Isso se deve ao fato de predispor a maior acéo
microbioldgica dos fungos, que necessitam de umidade para se desenvolver (MEDINA et
al., 2015). A umidade aumenta a incidéncia de riscos para quebra e mofos nos gréos,
diminuindo seus niveis nutricionais e aumentando os niveis de toxinas (STRINGHINI et al.,
2014).

Mesmo com dificuldades de garantia de qualidade, os custos no sistema produtivo
com alimentacdo na avicultura de postura industrial representam cerca de 75% dos custos
totais de producdo. Desses valores, aproximadamente 85% correspondem aos niveis
energéticos e proteicos da dieta garantidos na matéria prima (SIBBALD, 1980). O consumo
de alimentos pelas aves é geralmente controlado pelo nivel energético da dieta e esta, deve
conter todos 0s nutrientes necessarios para as exigéncias de manutencéo e producdo, ou seja,
ingredientes inofensivos que ndo depreciem 0s niveis de exigéncias nutricionais. O
estabelecimento de correlacdo entre a necessidade energética e 0 consumo de alimentos é o
ponto fundamental da formulagdo préatica de ragdes, uma vez que quando essa relacao é pré-
determinada, a ingestdo dos nutrientes € alcancada (SIBBALD, 1980).

As galinhas poedeiras sdo animais mais sensiveis aos efeitos adversos que podem
ocorrer com 0 consumo de alimentos contaminados que podem ser associados
principalmente a uma reducdo drastica da produtividade, caracterizada por diminuicdo da
velocidade de crescimento e uma baixa conversao alimentar (OSUNA, 1989). O efeito
negativo deve-se ao desequilibrio dos diversos sistemas enzimaticos ligados ao processo
digestivo e do metabolismo dos nutrientes, além do efeito imunossupressor (REDDY,
1982).

A formulacdo de dietas e racGes fabricadas para aves e suinos consomem em média
60% dos grédos de milhos colhidos, os 40% sdo utilizados para consumo direto ou
processamento de alimentos para a alimentagdo humana (GONCALVES, 2003). As racdes
sdo formuladas para atender a exigéncia nutricional das aves e consequentemente 0s niveis
energéticos estdo baseados na qualidade da matéria prima. Para ser efetivo, é necessario unir
a qualidade sanitaria e nutricional (TAHIR, 2012).

A qualidade nutricional dos graos é verificada por sua composi¢do quimica de acordo
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com as Tabelas Brasileiras de Alimentos para Aves e suinos (ROSTAGNO et al., 2017) o
milho produz grdos com média de amido (73,5%), proteina (9%), lipideos (4,3%), acUcares
(1,9%), minerais (1,5%), porém esses valores sdo dependentes da eficiéncia de colheita,
manejo, safra e armazenagem. A qualidade fisica dos grdos também é de grande importancia
e estd correlacionada com a qualidade nutricional e sanitaria que, através da Instrucao
Normativa 60 de 2011 do Ministério da Agricultura Pecuaria e Abastecimento, classifica o
milho em 3 tipos:

Tipo 1: apresentam 1% de gréos ardidos, 6% de graos a variados, 3% graos quebrados,
1% com presenca de matérias estranhas e impurezas e 2% de carunchos.

Tipo 2: possui cerca de 2% de gréos ardidos, 105 de gréos avariados, 4% de graos
quebrados, 1,5% com matérias estranhas e impurezas, 3% carunchados.

Tipo 3: tem 3% de graos ardidos, 15% de gréos avariados, 5% de grdos quebrados,
cerca de 2% de matérias estranhas e impurezas e 4% de carunchos.

A qualidade sanitaria dos gréos esta relacionada com a presenca de microrganismos
como fungos e bactérias, que depreciam o valor nutricional do grdo através de alteracoes
quimicas de metabdlitos de bactérias e micotoxinas liberadas pelos fungos (ABDOLLAHI et
al., 2010). Os fungos conseguem colonizar os grdos muito antes de sua colheita, sdo
numerosos, resistentes as variagdes de temperatura e persistentes em silos das fabricas de
racGes causando alteracdes fisicas, visuais, e organolépticas na racdo, além de apresentar
toxidez aos animais (UBIALI et al., 2011; RUIZ et al., 2011MURUGESON et al., 2015).

3.3 BIOQUIMICA SANGUINEA EM AVES E SUA RELAQAO COM MICOTOXINAS

A avaliagdo da bioquimica sérica pode contribuir para o diagnéstico de enfermidades
e na profilaxia de tratamento para diversas enfermidades na producdo avicola. Contudo,
estudos sobre o papel fisiologico e avaliagdes quanto aos parametros laboratoriais sdo pouco
estudados (SCHIMIDT et al., 2007). As analises sdo realizadas no soro ou no plasma
sanguineo (SCHIMIDT et al., 2007) principalmente com o intuito de avaliar funges como a
hepatica, muscular e renal (CANDIDO, 2008).

Com os resultados das alteracdes € possivel investigar por exemplo, os padrbes das
proteinas, acido urico, colesterol, além de direcionar a uma melhor investigacdo diagnostica
em orgdos como o figado, rins e musculos (SCHIMIDT et al., 2007).

Os valores de creatinina plasmética refletem a capacidade de filtracdo renal, sendo
assim, seu aumento direciona a deficiéncia na funcionalidade dos rins (GONZALEZ e
SILVA, 2006).
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As concentracdes das proteinas plasmaticas totais nas aves sdo menores do que nos
mamiferos, variando de 2,5 a 4,5 g/dL. A albumina representa de 40 a 50% da proteina
plasmaética total das aves (teores normais variam de 0,8 a 2,0 g/dL), na insuficiéncia hepética
ha diminuicdo significativa dos valores das proteinas totais concomitantemente a diminuicéo
da proporcdo albumina/globulinas (SCHIMIDT, et al., 2007).Um dos agentes que podem
alterar os valores das proteinas totais sdo as aflatoxinas pois se ligam com constituintes
intracelulares da celula hepatica, como o DNA e RNA, dificultando a sintese de proteinas
(SANTURIO, 2000).

O colesterol em sua forma enddgena é feito principalmente pelo figado onde nas
concentragdes plasmaticas para a maioria das espécies de aves variam de 100 a 250 mg/dL
(SCHIMIDT, et al., 2007).

Dentre as enzimas hepéaticas na bioquimica sérica podemos citar a alanina-
aminotransferase (ALT) ou transaminase glutamico piravica (TGP) e aspartato
aminotransferase (AST) ou transaminase glutdmico-oxalacética (TGO) (BORSA et al.,
2006).

A asparato aminotransferase (AST) é uma enzima citoplasmatica e mitocondrial que
nas aves sua atividade é alta no figado (TRAESEL, 2009). Assim, em situacdo de lesdes
hepaéticas, intoxicacdo ou infeccdo, a atividade da AST e ALT sérica aumenta (NELSON e
COX, 2011). Sendo assim, os valores de AST acima de 275 UI/L pode estar relacionado a
distdrbios hepaticos e/ou musculares, e valores acima de 800 UI/L sdo altamente sugestivos
de dano hepatico severo (SCHIMIDT et al., 2007). Furlan et al. (1999) estabeleceram para
frangos de corte da linhagem comercial Ross o nivel de 112 mg/dL de colesterol, 332 Ul/ L
e 5,7 UI/L para os parametros de AST e ALT, respectivamente.

3.4 USOS DE ADSORVENTES EM RACOES

A introducgéo de compostos adsorventes inertes em ragdes tem sido muito importante
no processo de detoxificacdo das dietas, pois sdo produtos que uma vez degradados nédo
produzem substancias toxicas, reduzindo as micotoxinas na dieta sem afetaro valor
nutricional da mesma (MALLMANN , 2006).

Com habilidade de integracao fisica as micotoxinas, os adsorventes tem a finalidade
de impedir a absor¢édo das toxinas no instestino e sdo excretados juntamente com as toxinas
nas fezes (OLVER, 1997).

Com a ampla variabilidade de micotoxinas e consequentemente suas estruturas

quimicas diferentes (COLVERO, 2008), o maior critério de escolha de um bom adsorvente é
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a sua capacidade de sequestrar 0 maior numero de compostos secundarios de fungos
(SWAMY et al., 2005). As argilas sdo um produto extremamente selecionado e processado e
amplamente difundido por sua eficiéncia de adesdo das micotoxinas (MALLMANN et al.,
2006). Dentre as argilas utilizadas no mercado podemos citar: sepiolita, aluminosilicato de
sodio e calcio (bentonitas), diatomitas.

Fisicamente, o processo de ligacdo do adsorvente as micotoxinas é através da carga
elétrica por troca i6nica, sendo assim, as argilas possuem grande afinidade para essa fungdo
sequestrante (DIAZ et al., 2002). Contudo, as argilas podem adsorver algumas vitaminas e
minerais e 0s glucomananos esterificados de paredes de leveduras surgiram como proposta
de um composto que oferece uma grande superficie de adsorcdo as micotoxinas, mas que
necessitam de mais estudos (BUNZEN e HAESE, 2006).

4 MATERIAL E METODOS

4.1 LOCAL

Este estudo foi conduzido sob os termos e condi¢des dos principios éticos da
experimentacdo animal, do Conselho Nacional de Controle de Experimentacdo Animal
(CONCEA) aprovado junto & Comissdo de Etica no Uso de Animais da Universidade
Federal Rural de Pernambuco sob licengca nimero 069/2019.

O experimento foi realizado em trés galpdes de uma granja de poedeiras comerciais,
todos localizados na cidade de Orob6-PE a 120 km do Recife, durante os meses de setembro
de 2019 a junho de 2020. Foram utilizados trés galpdes convencionais, automatizados, com
420 cm?/ave na gaiola, ambos com orientagdo leste-oeste, n&o climatizados.

4.2. DELINEAMENTO

Neste estudo foram utilizadas um total de 150 aves, das linhagens Dekalb (A),
Bovans (B) e Lohmann Lite (C), todas vacinadas contra Doenca de Marek, Doenca de
Gumboro, Doenca de Newcastle, Coriza Aviaria, Pneumovirose, Bronquite infecciosa,
encefalomielite aviaria, Micoplasmose e Bouba Aviaria.

As aves alojadas nos aviarios foram acompanhadas durante seu periodo de pico de
producdo entre 32 e 68 semanas de idade. Cada lote, denominado por A, B e C alojava uma
linhagem diferente e receberam dieta com &gua e racdo a vontade e 2 Kg de seus respectivos
adsorventes, a base de bentonita (A), leveduras (B) e aluminosilicato de calcio e sodio

hidratado (C) por tonelada de ragé&o.
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Tabela 2. Delineamento experimental

Linhagens N° de Aves Idades Adsorventes
(semanas) (principal ativo)
Dekalb (A) 50 32-68 Bentonita (a)
Bovans (B) 50 32-68 Levedura (b)
Lohmann (C) 50 32-68 Aluminosilicato (c)

As dietas foram elaboradas baseadas nas recomendacdes para a linhagem e os
ingredientes tiveram valorizacdo nutricional segundo Rostagno et al. (2011), a formulagéo

da ragdo esta descrita no Quadro 2.

Tabela 3. Formulacdo de dieta base para as racoes de poedeiras entre 32 a 68 semanas.

Ingredientes e niveis nutricionais Pico
Macro Ingredientes

Milho % 201,000
Milheto % 500,000
Farelo de soja % 162,000
Farinha de carne % 29,000
Calcério grosso % 32,000
Calcério fino % 71,000
Sal % 1,800
Niveis Nutricionais

Proteina % 17,00
Gordura % 3,32
Fibra bruta % 2,63
Célcio % 4,15
Fosforo % 0,42
Energia metabolizével Kcal/kg 2.830,00

4.3 ANALISE DAS RACOES QUANTO A PRESENCA DE MICOTOXINAS
Considerando o periodo de coleta entre 32 e 68 semanas de idade das aves, a cada
quatro semanas foram coletadas amostras de racdo dos comedouros de forma aleatoria, em
diversos pontos totalizando 5 Kg. Posteriormente as amostras foram levadas ao laboratorio
da propria granja para detectar a presenga de micotoxinas por imunocromatografia de fluxo
lateral utilizando o Kit Reveal® Q+ aflatoxin, Kit Reveal® Q+ T-2 e Kit Reveal® Q+
fumonisin, seguindo as recomendagdes do fabricante com a leitura dos resultados realizada

pelo Accuscan® Pro.
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Para a analise de aflatoxinas e fumonisinas foram utilizados 10g de cada amostra
extraidos com 50ml de alcool etilico 65%. A amostra foi agitada neste meio por 3 minutos
vigorosamente e, em seguida, filtrados. Foram adicionados 500pL do diluente ao tubo de
diluicdo e coletado 100uL do filtrado, adicionando ao tubo de diluicdo. Em seguida foi
transferido 100uL do tudo de diluicdo para novo tubo e colocou a fita do teste Reveal® Q+
Aflatoxin, aguardando seis minutos para leitura dos resultados. Para analise dos
Tricotecenos, a Unica diferenca foi a utilizacdo da agua destilada para extragcdo ao invés do
alcool e o volume do diluente, que neste caso foram 200uL. As demais etapas foram
semelhantes a utilizada para aflatoxina e fumonisina, realizando a leitura ao final do
processo.

4.4 COLETA DE AMOSTRAS

No periodo entre 32 e 68 semanas de idade, a cada quatro semanas, cinco aves por
lote foram avaliadas e, em seguida, realizada a coleta na veia ulnar de 3mL de sangue, estes
foram acondicionados em tubos estéreis sem anticoagulante e deixados em repouso a
temperatura ambiente. As amostras foram centrifugadas a 1.600 g, durante 15 minutos para
obtencdo do soro e entdo, estes foram armazenados em microtubos de 1,5mL a -20°C até a
realizacdo das andlises bioquimicas.

Apo6s esse procedimento, para a realizacdo das necropsias, as aves foram
eutanasiadas por deslocamento cervical, sendo em seguida fotografado o figado e rins e as
lesGes macroscopicas observadas foram registradas em fichas. Para a analise histopatoldgica,
fragmentos desses 6rgdos foram coletados e acondicionados em frascos contendo
formaldeido a 10% tamponado (PBS 0,01M e pH 7,2).

4.5 ANALISE DA BIOQUIMICA SERICA

As amostras de soro previamente obtidas em cada coleta foram analisadas quanto a
funcéo renal e hepatica utilizando-se analisador bioquimico semiautomatico (Prietest Touch®) e
as determinacBes das atividades séricas foram realizadas mediante espectrofotometria
utilizando-se kits comerciais Labtest®. Todas as reacGes bioquimicas foram processadas
conforme orientacdo dos fabricantes para as analises de ureia, creatina quinase (CK), acido
arico, colesterol, albumina, proteinas totais, alanina aminotransferase (ALT) e aspartato

aminotransferase (AST).
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4.6 ANALISE HISTOPATOLOGICA
Seguindo o protocolo de rotina do Laboratério de Histologia Animal do
Departamento de Morfologia e Fisiologia Animal da UFRPE (DMFA-UFRPE), os
fragmentos de figado e rim foram desidratados em concentracdes crescentes de alcool
etilico, diafanizados em xilol, impregnados e incluidos em parafina. Em seguida os blocos
foram cortados em 3um de espessura em micrétomo rotativo, modelo RM2125RT da
Leica® e entdo foram corados pela hematoxilina e eosina e analisados no microscopio
trinocular Leica® DM500 e fotografadas pelo analisador de imagem Leica ICC 50 HD.
Para a avaliacdo histopatoldgica foi adotado o protocolo de Sesti et al. (2003) com
adaptacgdes, onde as lesbes foram analisadas quanto o grau de intensidade e distribuicdo da
natureza do processo necrotico, degenerativo e inflamatério, conforme apresentado no

quadro 2.

Quadro 4. Escore de lesdo para avaliacdo histopatologica de acordo com o grau de
intensidade e distribuicéo.

Categoria Escore Significado
Intensidade Ausente
Discreta
Moderada
Acentuada
Ausente
Focal
Focalmente extensa
Multifocal
Multifocal a coalescente
Difusa

Distribuicéo

OO WONPFPOWNEO

Fonte: Sesti et al. (2003), com adaptagdes.

4.7 ANALISE ESTATITICA

A andlise estatistica dos dados obtidos pela avaliacdo histopatolégica e dosagens
bioquimicas foi analisada utilizando o teste ndo paramétrico, por teste de Kruskal-Wallis e
Turkey, adotando-se nivel de significancia de 5% e utilizando GraphPad Prism 7,0. Todos
os resultados foram compilados e organizados em tabelas para elaboracdo das frequéncias
relativas, distribuicdo e intensidade das lesfes histopatologicas e bioquimicas sericas.

Através da analise estatistica foi possivel determinar quais lesGes foram mais frequentes,
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quais grupos obtiveram mais lesdes e a significancia das alteracdes com ou sem diferenca

estatistica.
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Abstract - Mycotoxins are caused by the metabolic stress of fungi, resulting from the storage of the grain and
the harvesting process. Thus, these metabolites may be present, therefore, in diets used for animal feed in the
production system. This study aimed to evaluate the cumulative and synergistic effect of mycotoxins present in
diets fed to laying hens at different peak production ages. Fifty commercial laying hens of the Dekalb strain at
peak production periods between 32 and 68 weeks were evaluated using serological samples, kidney, liver and
feed samples to detect and quantify the presence of aflatoxin, fumonisin and T-2 toxin by means of of serum
biochemistry tests. , histopathology and lateral flow immunochromatography, respectively. In the analysis of
mycotoxins in the diets, the presence of underdoses of aflatoxins, fumonisins and trichothecenes was
confirmed. Histopathological examinations showed lesions suggestive of mycotoxicosis, such as proliferative
and membranoproliferative glomerulopathy, tubular necrosis, nephritis and nephrosis, hepatic steatosis,
hepatitis, hepatocyte necrosis, bile duct proliferation, hypertrophy and Kupfer cell microgranuloma. In the
results of the serum biochemistry, the values of uric acid, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were normal. The results of tests for urea, creatinine, cholesterol, total proteins,
creatinine and albumin were presented. Thus, we can suggest that there is a progressive and cumulative effect
of kidney and liver damage, directly correlated with the time of exposure and chronic ingestion of
multimycotoxins.

Keywords: synergistic effect, dekalb, immunochromatography, multimycotoxins
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Introducao

Os fungos através do processo de esporulacdo produzem véarios metabdlitos secundarios que séo
associados a inducdo de efeitos toxicos quando ingeridos por animais e humanos, como é o caso das
micotoxinas (D’mello, 1997). O consumo de ragBes contendo micotoxinas acarretam em maior
susceptibiblidade ao desenvolvimento de imunossupressdo, pois a presenga dos agentes toxicos sdo capazes de
interferir nos processos enzimaticos dos nutrientes provocando diminuigdo do valor nutricional nos graos,
principalmente nos niveis de energia (Blinzen e Haese, 2006). Os impactos provocados por micotoxinas na
cadeia produtiva acarretam a baixa rentabilidade da producdo dos animais em razdo da menor qualidade e
produtividade da matéria prima e maior conversdo alimentar, sobretudo, o0 aumento dos custos para o produtor
com tratamentos e profilaxias na tentativa de reverséo dos quadros clinicos toxicos (Berthiller, 2007).

As aflatoxinas (AFL) fazem parte de um grupo de metabdlitos secundéarios produzidos pelos fungos
Aspergillus flavus, A. parasiticus e A. nominus (Kurtzman, 1987). Essa micotoxina é capaz de afetar o
metabolismo dos lipidios de reserva energética das aves, com aparecimento de palidez das aves e esteatose
hepatica, resultante da diminuicdo da lipase pancreética e secre¢do biliar afetando absorcdo dos lipideos
(Gomes, 2014 e Ruiz, 2011). As biotransformaces da aflatoxina B1 sdo diferentes entre as espécies animais,
0 que pode corresponder aos diferentes graus de susceptibilidade a aflatoxina B1 entre os individuos (Wogan,
1992). Estudos desenvolvidos por Patterson (1983) comprovam que a aflatoxina promove o desenvolvimento
de agentes precursores de tumores hepaticos em todas as espécies animais. Estdo realacionados em quadros de
aflatoxicose alteragBes principalmente hepdticas, com sinais clinicos de prostracdo, perda de peso, aves
ictéricas e alta mortalidade (Leeson, 1995)

As fumonisinas sdo metabolitos originados de compostos secundarios produzidos pelos fungos,
Fusarium verticillioides e Fusarium proliferatum. O mecanismo de agdo dessas toxinas € verificado pelo
bloqueio na sintese dos esfingolipidios, substancia importante para a integridade da membrana celular e
transporte ionico através das células (Wang, 1991). Estudos realizados sobre o potencial toxicologico das
fumonisinas em diferentes espécies permitiram determinar que 6rgdo alvo pudesse ser variavel em cada espécie
(Voss, 2001). Porém, certos orgdos, incluindo o figado e o rim, sdo frequentemente afetados, sendo
considerando seu potencial hepatotdxico em todos os animais testados (ratos, camundongos, coelhos, macacos,
porcos e cavalos) e nefrotoxico em ratos, coelhos, porcos e camundongos (Voss, 2001). A acdo nefrotdxica ja

foi relatada em mamiferos ndo ruminantes apresentando alteragdes na osmolaridade urinéria, através



39

comprometimento ocasionado pela hipertrofia do drgdo, e a necrose tubular renal prejudicando a funcédo
enzimatica e predispondo ao aparecimento de tumores renais (Khoury e Atoui, 2010).

Sendo assim, este estudo teve como objetivo avaliar o efeito cumulativo e sinérgico das micotoxinas
presentes nas ragOes durante diferentes idades em pico produtivo, através da avaliacdo de lesdes
histopatoldgicas e bioquimica sanguinea renais e hepaticas de poedeiras comerciais alimentadas a longo prazo
com dietas contendo subdoses de multimicotoxinas .

Material e métodos

Este estudo foi conduzido sob os termos e condi¢des da Comissdo de Etica no Uso de Animais da
Universidade Federal Rural de Pernambuco, aprovado sob o nimero 069/2019. O estudo foi realizado e
acompanhado em situacdo natural, em uma granja de poedeiras comerciais, localizada na cidade de Orobo,
regido Agreste de Pernambuco.

Foi utilizado um total de 50 aves, da linhagen Dekalb, clinicamente sadias, criadas em gaiolas com
densidade 420 cm2/ave e vacinadas contra Doenca de Marek, Doenca de Gumboro, Doenca de Newcastle,
Coriza Aviaria, Pneumovirose, Bronquite infecciosa, encefalomielite aviaria, Micoplasmose e Bouba Aviaria.
As aves alojadas nos aviarios foram acompanhadas durante seu periodo de pico de produgdo entre 32 e 68
semanas de idade. A dieta das aves foi composta por adsorvente para micotoxinasa base de bentonita com
dosagem recomendada por 2kg/tonelada de racéo.

Considerando o periodo de coleta (32 e 68 semanas de idade), a cada quatro semanas foram coletadas
amostras de racdo dos comedouros de forma aleatdria, em diversos pontos totalizando 5 Kg. Posteriormente as
amostras foram levadas ao laboratorio da propria granja para detectar a presenca de micotoxinas por
imunocromatografia de fluxo lateral utilizando o Kit Reveal® Q+ aflatoxin, Kit Reveal® Q+ T-2 e Kit
Reveal® Q+ fumonisin, seguindo as recomendacdes do fabricante, sendo a leitura dos resultados realizada pelo
Accuscan® Pro.

A cada quatro semanas, cinco aves foram avaliadas e, em seguida, realizada a coleta na veia ulnar de
3mL de sangue, estes foram acondicionados em tubos estéreis sem anticoagulante e deixados em repouso a
temperatura ambiente. As amostras foram centrifugadas a 1.600 g, durante 15 minutos para obtencdo do soro e
entdo, estes foram armazenados em microtubos de 1,5mL a -20 °C até a realiza¢do das andlises bioquimicas.

Apobs esse procedimento, para a realizacdo das necropsias, as aves foram eutanasiadas, sendo em
seguida, coletados fragmentos dos rins e acondicionados em frascos contendo formaldeido a 10% tamponado

(PBS 0,01M e pH 7, 2). As amostras de soro previamente obtidas em cada coleta foram analisadas quanto a
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funcdo renal (ureia, creatina quinase — CK e acido Urico) e hepatica (albumina, alanina aminotransferase-ALT,
aspartato aminotransferase- AST, colesterol e proteina total) utilizando-se kits comerciais Labtest® conforme
orientacdo dos fabricantes. Para a leitura dos resultados foi utilizado o analisador bioquimico semiautomatico
(Prietest Touch®) e as determinagdes das atividades séricas foram realizadas mediante espectrofotometria.

Nas coletas de todas as idades, os fragmentos dos rins e figado permaneceram 24 horas no fixador e
entdo foram clivados, sendo em seguida transferidos para solucdo de alcool a 70% até o inicio do
processamento histolégico. Este foi realizado seguindo o protocolo de rotina do Laboratério de Histologia
Animal do Departamento de Morfologia e Fisiologia Animal da UFRPE (DMFA-UFRPE), onde os fragmentos
de rim foram desidratados em concentragdes crescentes de alcool etilico, diafanizados em xilol, impregnados e
incluidos em parafina. Em seguida os blocos foram cortados em 3um de espessura em micrétomo rotativo,
modelo RM2125RT da Leica® e entdo foram corados pela hematoxilina e eosina e analisados no microscopio
trinocular Leica® DM500, sendo fotografadas pelo analisador de imagem Leica ICC 50 HD.

A andlise estatistica dos dados obtidos pela avaliagdo histopatoldgica e dosagens biogquimicas foi
analisada utilizando o teste ndo paramétrico de Kruskal-Wallis e Turkey, adotando-se nivel de significancia de
5%, tendo sido utilizado o software GraphPad Prism v.7.0. Todos os resultados foram compilados e
organizados em tabelas para elaboracdo das frequéncias relativas das lesdes histopatoldgicas e bioquimicas
séricas.

Resultados

A partir da dosagem de micotoxinas nas amostras de ra¢fes foi possivel verificar que a média das
quantidades de aflatoxinas, fumonisinas e tricotecenos permaneceram dentro dos valores permitidos (Tabelal).

De acordo com o Tabela 2, as lesdes histopatologicas mais frequentes nas aves consistiram em
glomerulopatia membranosa, proliferativa e membranoproliferativa, hiperemia, necrose tubular, nefrite
intersticial, nefrose e proteinose tubular. Observou-se que entre as lesdes de glomerulopatias, foram frequentes
em todas as idades das aves do estudo, sendo a do tipo proliferativa com maior frequencia em aves mais
jovens, caracterizada por um aumento de celularidade mesangial glomerular com predominio de distribuicao
multifocal e de intensidade leve. Ao decorrer da progressdo da idade, constatou-se que a glomerulopatia
membranoproliferativa caracterizada por deposi¢do de material eosinofilico proteindceo na membrana basal
dos tufos capilares e na cépsula de Bowman e aumento de nimero células mesangiais com predominio de

distribuicdo focal e de intensidade leve foi a lesdo mais frequente.
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A hiperemia teve predominio de distribuicdo multifocal e intensidade leve, sendo mais frequente nas
idades de 32, 36, 40 e 44 semanas.

A necrose tubular foi encontrada em todas as idades, independente do tipo de glomerulopatia
encontrada. A necrose se caracterizou pela presenca de células de revestimento dos tGbulos proximais e ductos
coletores com areas de vacuolizacéo citoplasmatica sem delimitagdo definida e aumento de eosinofilia, sendo
observados varios nucleos picnéticos e cariorréicos.

A nefrite foi caracterizada por infiltrados com distribuicdo peritubular, periglomerular e/ou multifocal
de intensidade leve a moderada.

A Nefrose caracterizou-se por degeneragdo hidropica tubular com distribui¢do multifocal e/ou difusa
de intensidade leve.

A proteinose foi evidenciada através da presenca de material granular eosinofilico associado ao
material fibrilar basofilico nos ductos coletores, sendo expressiva nas idades 32, 36, 40, 44 e 48 semanas.

De acordo com a frequéncia relativa dos figados das aves (Tabela 3) observa-se que
independentemente, da idade, as aves apresentaram esteatose hepatica. A esteatose do tipo degeneracdo
gordurosa macro e micro vesicular difusa moderada foi a lesdo de maior frequencia. Lesdes de degeneragdo
vacuolar difusa leve apresentaram maior frequéncia relativa nas idades mais jovens das aves.

As lesBes de hepatite apresentaram frenquencia relativa em todas as idades. Foi caracterizada por
infiltrados linfohistiocitario periportal focalmente extenso moderado e infiltrados linfohistioplasmocitario
multifocal acentuados.

Foi observada hipertrofia de células de Kupffer com distribuicdo multifocal e intensidade leve em
todas as idades das aves no estudo. A presence de microgranuloma de células de kupfer com distribuicdo
multifocal e intensidade leve foi evidenciado nas idades de 32, 44, 52, 56 e 60 semanas.

A necrose de hepatécitos apresentou distribuicdo focal e intensidade leve com frequéncia relativa
(Tabela 3) nas idades de 36, 48, 52, 56 e 68 semanas.

A proliferacdo de ductos biliares apresentou distribuicdo multifocal e intensidade leve com maior
frequéncia relativa a medida que as aves foram ficando mais velhas.

Quanto aos metabolitos dosados por meio da bioquimica sérica (Tabela 4), as médias dos valores de
cido Urico, ALT e AST permaneceram dentro do intervalo de referéncia. J& as médias dos valores detectados
para ureia, creatinina, colesterol e proteinas totais foram acima dos limites mé&ximos recomendados para

poedeiras em todas as idades. Os valores detectados no teste albumina foram abaixo do recomendado.
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Micotoxinas 32 semanas | 36 semanas | 40 semanas | 44 semanas | 48 semanas | 52 semanas | 56 semanas | 60 semanas | 64 semanas | 68 semanas Média
Aflatoxina (ppm) 2,5 2,6 2,6 3,0 1,7 2,5 2,5 2,3 2,6 2,3 2,4
Fumonisina (ppb) 1,2 1,1 0,5 <20 2,1 1,5 1,2 2 2,3 0,8 1,3
Tricotecenos (ppb) <25 <25 <25 <25 <25 <25 <25 <25 <25 <25 <25

Quadro 2. Frequéncia relativa (%) e absoluta de alteragdes histopatolégicas no rim de aves poedeiras comerciais com idades entre 32 e 68 semanas alimentadas com dietas contendo

subdoses de micotoxinas.

Alt . 32 semanas 36 semanas | 40 semanas | 44 semanas | 48 semanas | 52 semanas | 56 semanas 60 semanas 64 semanas 68 semanas
eragoes n=5 n=>5 n=>5 n=>5 n=5 n=5 n=5 n=>5 n=>5 n=>5

Gromerulopatia
membranoproliferativa 20 (1/5) 0 (0/5) 0 (0/5) | 20 | (1/5) | 60 | (3/5) | 20 | (1/5) | 20 | (1/5) 60 (3/5) | 60 | (3/5) 0 (0/5)
Glomerulopatia
membranosa 0 | (/)| 0 |(/5)| 0 (/5| 0 |[(0/5)| 0 |(0/5)| 80 | (4/5)| O |(0/5)| O |(0/5) | 20 | (1/5) | O | (0/5)
Glomerulopatia
proliferativa 0 (0/5) | 60 | (3/5) 0 (0/5) | 40 | (2/5) 0 (0/5) 0 (0/5) | 60 | (3/5) 0 (0/5) 0 (0/5) 80 (4/5)
Hiperemia 80 (4/5) | 60 | (3/5) | 40 | (2/5) | 80 | (4/5) 0 (0/5) 0 (0/5) 0 (0/5) 0 (0/5) 0 (0/5) 0 (0/5)
Necrose tubular 40 (2/5) | 60 | (3/5) ]| 60 | (3/5)| 40 | (2/5) | 40 | (2/5) | 20 | (1/5) | 40 | (2/5) 40 (2/5) | 20 | (1/5) 60 (3/5)
Nefrite intersticial 100 | (5/5) | 80 | (4/5) | 80 | (4/5)| 60 | (3/5)| 60 | (3/5)| 60 | (3/5) | 60 | (3/5) | 100 | (5/5) | 80 | (4/5) | 100 | (5/5)
Nefrose 60 (3/5) | 60 | (3/5)]| 80 | (4/5)| 80 | (4/5) | 60 | (3/5)| 60 | (3/5) | 80 | (4/5) 20 (1/5) | 60 | (3/5) 0 (0/5)
Proteinose tubular 40 (2/5) | 20 | (1/5) | 40 | (2/5) | 20 | (/5| 20 | (1/5) 0 (0/5) 0 (0/5) 0 (0/5) 0 (0/5) 40 (2/5)

Teste de Kruskal-Wallis ao nivel de 5% de significancia.

Quadro 3. Frequéncia relativa (%) e absoluta de alterag¢des histopatoldgicas no figado de aves poedeiras comerciais com idades entre 32 e 68 semanas alimentadas com dietas
contendo subdoses de micotoxinas.

32 semanas

36 semanas

40 semanas

44 semanas

48 semanas

52 semanas

56 semanas

60 semanas

64 semanas

68 semanas

Alteragdes

n=5

n=5

n=5

n=5

n=>5

n=>5

n=5

n=>5

n=>5

n=5
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Esteatose hepatica 80 | (4/5) [ 100 [ (5/5) ] 40 | (2/5) [ 100 [ (5/5) | 100 | (5/5) | 100 | (5/5) | 100 | (5/5) | 100 | (5/5) | 100 | (5/5) | 80 | (4/5)
Degeneragdo vacuolar | 20 | (1/5) | 0 | (0/5) | 40 | (2/5 | 0 |(0/5 ] 0 (/5] 0o [(©/5] 0 [(0/5] 0 [0/5] 0o [(©/5] 0o [(0/5
Hepatite 80 | (4/5) | 40 | (2/5) ] 20 | (1/5) | 20 | (1/5) | 60 | (3/5) | 80 | (4/5) | 60 | (3/5)| 40 | (2/5) | 20 | (1/5) | 20 | (1/5)
Hipertrofia de células

do Kupffer 40 | (2/5)| 20 |@/5)| o |(o/5)| 20 [(1/5) | 20 | (1/5)| 40 | (2/5)| 40 | (2/5) | 20 |(1/5) | 20 | (1/5)| 40 | (2/5)
Microgranuloma de

células de Kupffer 20 [(1/5) | o |/ | o | (/5| 40 | (2/5 | o |(0/5) | 100 | (5/5) | 40 |(2/5)| 20 | (/5)| o |(o/5)| 0 | (0/5)
Necrose de hepatécitos | 0 | (0/5) | 20 | (1/5) | 0 | (0/5 | 0 | (0/5) | 40 | (2/5) | 40 | (2/5)] 20 | (1/5)| 0 |(0/5 | 0 |(0/5 | 20 | (1/5)
Eirl‘i’:rfeegacéo deductos | | 95y | 20 | (1/5) | o |(o/5)| 20 |5y | 40 | 2/5) | 20 | (a/5) | 80 | a5y | a0 |25 | 60 | 3/5) | 20 | (1/5)

Teste de Kruskal-Wallis ao nivel de 5% de significancia.

Quadro 4. Bioquimica sérica dos parametros renais e hepaticos em poedeiras comerciais entre 32 e 68 semanas alimentadas com dietas contendo subdoses de micotoxinas

PariAmetros 32 semanas | 36 semanas | 40 semanas | 44 semanas | 48 semanas | 52 semanas | 56 semanas | 60 semanas | 64 semanas | 68 semanas
n=>5 n=>5 n=>5 n=>5 n=>5 n=>5 n=>5 n=5 n=>5 n=>5
Albumina 1,96 1,60 1,67 1,68 1,43 1,82 2,07 1,94 3,73 1,57
ALT 23,75 51,20 46,63 23,91 29,11 15,07 10,20 7,55 24,15 17,77
AST 186,50 225,52 247,18 222,61 8,71 41,43 193,16 200,27 156,56 159,45
Colesterol 131,22 112,27 143,15 94,35 632,52 582,35 375,27 767,76 166,27 145,43
Proteina Total 6,44 6,21 5,03 5,03 5,69 5,52 5,98 6,17 5,02 511
CK 2214,69 2023,83 2492,43 1410,49 1016,28 1507,14 758,34 865,36 1189,38 669,79
Acido trico 6,71 6,18 5,69 8,32 3,17 5,33 6,74 6,77 5,55 5,52
Uréia 8,38 5,89 6,64 7,40 10,58 6,70 6,34 6,95 2,98 5,86
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Discusséo

No estudo observa-se que o teste realizado nas amostras de racdes atraves da técnica de
imunocromatografia de fluxo lateral obteve resultados inferiores aos valores maximos recomentados, podendo
atribuir que as aves durante todo estudo consumiram, em condi¢des reais da granja, subdoses de micotoxinas. De
acordo com o Laboratério de Analises Micotoxicoldgicas (LAMIC), os niveis maximos de micotoxinas
recomendados na alimentacdo de poedeiras comerciais sdo de 10, 100 e 1.000 ppb para aflatoxina, tricotecenos e
fumonisina, respectivamente.

Observa-se que quanto mais jovens as aves, maior foi a frequéncia de glomerulopatia proliferativa. A
medida que as aves aumentavam a idade, observou-se que a maior frequéncia foi de glomerulopatia
membranoproliferativa, caracterizada por deposicdo de material eosinofilico proteinaceo na membrana basal dos
tufos capilares e na capsula de Bowman (espessamento) e aumento de nimero células mesangiais. Esses achados
estdo em conformidade com os encontrados por Valdivia et al. (2001) e Majid et al. (2007), e podem ser
compreendidos como resultado progressivo de lesdo renal a permanéncia de ingestdo de micotoxinas por
podeiras comerciais.

A presenga de infiltrado linfohistioplasmocitéario e/ou linfohistiocitario peritubular e periglomerular e
células tubulares apresentando nlcleos picndticos, ndcleos em cariorexe e em caridlise sdo achados
histopatologicos em quadros de micotoxicose. Achados como nefrite, nefrose e necrose tubular foram evidentes
em todas as idades. Segundo Keelly & Moura (1976), e Klaassen et al. (2008), a infiltragdo linfocitéria
caracterizada por células inflamatérias de linfocitos, mononucleares e polimorfonucleares podem estar
envolvidas em um processo regenerativo de celulas parenquimatosas ou nao parenquimatosas.

Observa-se que as aflatoxinas so responsaveis por alteraces no quadro histolégico do figado de diversas
espécies animais e que existe uma relacdo direta entre a quantidade de aflatoxina ingerida e a intensidade de
lesdo detectada no figado (Chen, 1984). Neste estudo, observamos que o tempo de exposi¢do ao consumo de
micotoxina, ainda que em subdoses, podem sugerir lesbes de micotoxicoses. Essas lesdes consistiram em
degeneragdo gordurosa macro e microvesicular difusa, além de hipertrofia células de Kupffer e proliferacdo de
ductos biliares, variando em sua distribuicdo e intensidade. De acordo com Galtier (1998), proliferacdo de
ductos biliares sdo lesdes comumente encontradas em estados cronicos de consumo de micotoxinas.

Segundo Rodrigues et al 1996, sugerem que aves com altos graus de necrose e vacuolizacdo dos
hepatdcitos podem apresentar essas lesdes, ainda que dependentes de doses de micotoxinas, em uma ingestdo

cronica da mesma. A degeneracdo vacuolar pode ocorrer em estagios iniciais de sensibilidade hepatica as
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micotoxinas (Carvalho, 1995). Os processos inflamatorios caracterizados por infiltrados linfocitarios e
linfohistiocitario sdo comuns em figados desafiados por agentes toxicos.

Mesmo representando condicdes naturais de uma granja de postura comercial, este estudo mostra que
ainda que se identifiquem quantidades de micotoxinas inferiores aos niveis maximos recomendados, a andlise
histotolégica sugere o desenvolvimento de lesfes renais e hepaticas progressivas o que poderia estar relacionado
a ingestéo cronica de subdoses das multimicotoxinas detectadas.

Na anélise de bioguimica sérica foi avaliado o acido Urico, pois é sintetizado no figado e nos rins, onde a
excrecdo € via secrecdo tubular em 90%, independente da reabsorcdo tubular de agua. Assim, os distdrbios na
funcéo renal podem aumentar a concentragdo do 4cido Urico no soro ou no plasma nas aves (Schmidt, 2007). De
acordo com Schmidt et al. (2007), valores entre 2 a 7 mg/dL sdo considerados normais para aves poedeiras. No
presente estudo foram obtidos valores dentro deste intervalo, apresentando normalidade. Contudo valores de
4cido Urico podem apresentar normalidade mesmo quando ha lesdo renal. Em nefropatias, por exemplo, a
filtracdo de urina pode estar aumentada compensando assim a diminuigdo da capacidade secretora (Capitelli e
Crosta, 2013).

Ja os niveis de ureia encontraram-se superiores a 5 mg/. Esse resultado deve-se ao fato de o teste de ureia
ser um excelente indicativo de desidratacdo. Quando comparado com os resultados de acido drico, e este
apresenta valores dentro da normalidade, pode-se desconsiderar a possibilidade de falhas renais e
comprometimentos na filtracdo (Capitelli e Crosta, 2013).

Os niveis de creatinina apresentam valores normais de acordo com Hochleither et. al (1994) entre 0,1 e
0,4 mg/dL. No presente estudo, foi encontrado aumento significativo em todas idades. Resultados superiores
podem ser encontrados em danos severos renais € musculares, desta forma, acredita-se que este aumento seja
ocasionado por manejo estressante em poedeiras (Rajman, 2006).

Na analise de bioquimica sérica (Tabela 4) foi avaliada a atividade das enzimas AST e ALT, onde
encontrou-se valores dentro dos recomentados por Schmidt (2007) de 0-100 mg/dL para ALT e de 0-350 mg/dL
para AST. O figado é o 6rgdo alvo nas aflatoxicoses em aves, a inclusdo desta micotoxina no alimento causa
alteragdes importantes no metabolismo hepatico, afetando a sintese de proteinas, lipideos e enzimas, podendo
também induzir a sindrome do figado gorduroso. Em pesquisa feita por Fernandez (1994), em galinhas poedeiras
com adicdo de aflatoxina na racdo ndo foi observada alteracdo nos niveis das enzimas, achado semelhante ao

encontrado neste estudo.
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Nas aves a maior fragdo protéica (40-60%) é correspondente a albumina que é sintetizada 100% no
figado, por isso sua medicdo pode ser uma ajuda complementaria no diagnéstico das doencas hepaticas. Os
niveis normais variam de 16 a 20 g/L, desta, forma as aves do presente estudo apresentaram valores de albumina
abaixo, devido a presenga de processos inflamatérios, dos recomendados por Schmidt (2007).

Os valores de proteina total nas espécies de aves costumam ser menores quando comparados com 0s dos
mamiferos, geralmente variam de 2,5 a 4,5 g/L (Harr, 2002). No presente estudo, foi observado aumento dos
valores de proteina total. Pode justificar-se esse aumento no periodo de postura devido a constante quantidade de
proteina que se pode mobilizar e armazenar na gema e na clara dos ovos; este aumento se deve considerar
fisioldgico quando se tem normalidade das demais enzimas hepaticas (Burke, 1996).

O colesterol plasmatico provém tanto da dieta como da sintese hepética. E eliminado na forma de &cidos
biliares e os seus valores normais vdo de 100 a 250 g/L. No presente estudo, observa-se que a medida que as
aves foram ficando mais velhas, aumentaram os niveis de colesterol. O aumento da concentracdo pode ocorrer
em casos de obstrucdo biliar extrahepética, fibrose hepética, hiperplasia de condutos biliares, hipotiroidismo,
dietas ricas em gorduras, lipemia e inanigdo (Hochleithner, 1994).

Os niveis de creatinina apresentam valores normais de acordo com Hochleither, 1994 entre 0,1 e 0,4
mg/dL. No presente estudo, foi encontrado aumentos significativos em todas as idades. Resultados superiores
podem ser encontrados em danos severos renais e musculares, desta forma, acredita-se que neste estudo, este
aumento seja ocasionado por manejo estressante em poedeiras (Rajman, 2006).

Diante do exposto, poedeiras comerciais alimentadas com subdoses de multimicotoxinas (aflatoxinas,
fumonisisinas e toxina T-2) em fase de pico produtivo apresentaram lesfes renais e hepaticas progressivas
sugestivas de micotoxicose cronica, embora a funcédo renal e hepatica permanecesse dentro da normalidade. Os
resultados sugerem que existe efeito progressivo e cumulativo das lesdes renais em funcdo da idade das aves,

correlacionada diretamente com o tempo de exposicao e ingestdo de multimicotoxinas.
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LEGENDA FIGURA

Figura 1. Fotomicrografia do figado de aves. (A) Degeneragdo gordurosa, HE, =barra
50 um; (B) Necrose de hepatocitos, HE, =barra 50 pm; (C) Infiltrado, HE, =barra 50
um; (D) Microgranuloma de células de Kupfer, HE =barra 50 pm.
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Figura 2. Fotomicrografia do rim de aves. (A) Glomerulonefrite, HE, =barra 50 pum;
(B) Necrose tubular, HE, =barra 50 um; (C) Nefrite, HE, =barra 50 um; (D) Nefrose,
HE =barra 50 pm.
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7 ANEXOS

7.1 LICENCA DA COMISSAO DE ETICA NO USO DE ANIMAIS
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7.2 NORMAS DE FORMATACAO DE ARTIGO PARA SUBMISSAO A REVISTA
TROPICAL ANIMAL HEALTH AND PRODUCTION

Instructions for Authors
Authorship Policy

Authorship should incorporate and should be restricted to those who have contributed substantially to the work
in one or more of the following categories:

* Conceived of or designed study

 Performed research

* Analyzed data

« Contributed new methods or models

* Wrote the paper

It is the responsibility of the corresponding authors that the names, addresses and affiliations of all authors are
correct and in the right order, that institutional approvals have been obtained and that all authors have seen and
agreed to a submission. This includes single authorship papers where appropriate. If at all in doubt please double
check with eg. Supervisors, line managers department heads etc.

Back to top
Types of articles

Manuscripts should be presented preferably in Times New Roman font, double spaced, using A4 paper size.
Please use the automatic page and line numbering function to number the pages and lines in your document and
number the lines in a single continuous sequence.

Regular Articles: Articles should be as concise as possible and should not normally exceed approximately 4000
words or about 8 pages of the journal including illustrations and tables. Articles should be structured into the
following sections;

(a) Abstract of 150-250 words giving a synopsis of the findings presented and the conclusions reached. The
Abstract should be presented as a single continuous paragraph without subdivisions.

(b) Introduction stating purpose of the work
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(e) Discussion (conclusions should be incorporated in the discussion!)

(f) Acknowledgements

(9) Statement of Animal Rights

(h) Conflict of Interest Statement

(i) References

Short Communications and Technical Notes: Short Communications and Technical Notes should not normally

exceed approximately 2000 words or about 4 pages of the journal, including illustrations, tables and references.
An abstract of 150-250 words should be included and a minimum number of sub-headings may be included if it
adds clarity to the article.

Short Communications report original scientific data.

Technical Notes describe innovative methodologies.

Reviews: Review articles will be welcomed. However, authors considering the submission of review articles are
advised to consult the Editor-in-Chief in advance.

Correspondence: Letters on topics relevant to the aims of the Journal will be considered for publication by the
Editor-in-Chief who may modify them.

It is the authors responsibility to ensure that submitted manuscripts comply with journal format as indicated in
the current instructions to authors and free sample articles on the springer.com journal homepage.

Back to top

Ethical standards
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Manuscripts submitted for publication must contain a statement to the effect that all human and animal studies
have been approved by the appropriate ethics committee and have therefore been performed in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

It should also be stated clearly in the text that all persons gave their informed consent prior to their inclusion in
the study. Details that might disclose the identity of the subjects under study should be omitted.

These statements should be added in a separate section before the reference list. If these statements are not
applicable, authors should state: The manuscript does not contain clinical studies or patient data.

The editors reserve the right to reject manuscripts that do not comply with the above-mentioned requirements.
The author will be held responsible for false statements or failure to fulfill the above-mentioned requirements
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Manuscript Submission
Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as
well as by the responsible authorities — tacitly or explicitly — at the institute where the work has been carried out.
The publisher will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are
required to obtain permission from the copyright owner(s) for both the print and online format and to include
evidence that such permission has been granted when submitting their papers. Any material received without
such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” on the right and upload all of your manuscript files following
the instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these source files might cause
unnecessary delays in the review and production process.

Costs of Color Illustrations

Online publication of color illustrations is always free of charge.

For color in the print version, authors will be expected to make a contribution towards the extra costs of EUR
950 / US$ 1150 (+ local tax) per article, irrespective of the number of figures in it.
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Back to top
Preprint Policy
Springer accepts posting of preprints of primary research manuscripts on preprint servers, authors’ or

institutional websites. Details of our policy on posting, licensing, citation of preprints and communications with
the media about preprints of primary research manuscripts may be found here.

Authors should disclose details of preprint posting, including DOI and licensing terms, upon submission of the
manuscript or at any other point during consideration at a Springer journal. Once the preprint is published, it is
the author’s responsibility to ensure that the preprint record is updated with a publication reference, including the
DOl and a URL link to the published version of the article on the journal website.

Preprints may be cited in the reference list of articles under consideration at Springer journals as shown below:

Babichev, S. A., Ries, J. & Lvovsky, A. I. Quantum scissors: teleportation of single-mode optical states by
means of a nonlocal single photon. Preprint at http://arxiv.org/abs/quant-ph/0208066 (2002).

Back to top
Title page
Title Page

Please make sure your title page contains the following information.

Title

The title should be concise and informative.

Author information

The name(s) of the author(s)

The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country

A clear indication and an active e-mail address of the corresponding author

If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

For authors that are (temporarily) unaffiliated we will only capture their city and country of residence, not their
e-mail address unless specifically requested.
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Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or
unspecified references.

For life science journals only (when applicable)

Trial registration number and date of registration

Trial registration number, date of registration followed by “retrospectively registered”

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

Declarations

All manuscripts must contain the following sections under the heading 'Declarations’.

If any of the sections are not relevant to your manuscript, please include the heading and write 'Not applicable
for that section.

To be used for all articles, including articles with biological applications

Funding (information that explains whether and by whom the research was supported)

Conflicts of interest/Competing interests (include appropriate disclosures)

Availability of data and material (data transparency)

Code availability (software application or custom code)

Authors' contributions (optional: please review the submission guidelines from the journal whether statements
are mandatory)
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Additional declarations for articles in life science journals that report the results of studies involving humans
and/or animals

Ethics approval (include appropriate approvals or waivers)

Consent to participate (include appropriate statements)

Consent for publication (include appropriate statements)

Please see the relevant sections in the submission guidelines for further information as well as various examples
of wording. Please revise/customize the sample statements according to your own needs.

Back to top
Text
Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX. We recommend using Springer
Nature’s LaTeX template.

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
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Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in
the reference list. They should not consist solely of a reference citation, and they should never include the
bibliographic details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case
letters (or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the
article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The
names of funding organizations should be written in full.

Please note:

Use the automatic page and line numbering function to number the pages and lines in your document.

Back to top
References

1. All publications cited in the text should be presented in the list of references. The typescript should be
carefully checked to ensure that the spelling of the authors® names and dates are exactly the same as in the
reference list.

2. In the text, refer to the author‘s name (without initial) and year of publication, followed, if necessary, by a
short reference to appropriate pages. Examples: *Peters (1985) has shown that . . . .. ““This is in agreement with
results obtained later (Kramer, 1984, pp. 12--16)°

3. If reference is made in the text to a publication by three or more authors, the abbreviation et al. should be
used. All names should be given in the list of references.

4. References cited together in the text should be arranged chronologically. The list of references should be
arranged alphabetically by authors‘ surname(s) and chronologically by author. If an author in the list is also
mentioned with co-authors the following order should be used: publications by the single author, arranged
according to publication dates; publications of the same author with co-authors. Publications by the same
author(s) in the same year should be listed as 1986a, 1986b, etc.

5. Use the following system for arranging each reference in the list:* For journal articles:Ahl, A.S., 1986. The
role of vibrissae in behaviour: a status review, Veterinary Research Communications, 10, 245--268 « For
books:Fox, J.G., Cohen, B.J. and Lowe, F.M., 1984. Laboratory Animal Medicine, (Academic Press, London) ¢
For a paper in published symposia proceedings or a chapter in multi-author books:Lowe, K.F. and Hamilton,
B.A., 1986. Dairy pastures in the Australian tropics and subtropics. In: G.T. Murtagh and R.M. Jones (eds),
Proceedings of the 3rd Australian conference on tropical pastures, Rockhampton, 1985, (Tropical Grassland
Society of Australia, St. Lucia; Occasional Publication 3), 68--79 * For unpublished theses, memoranda
etc:Crowther, J., 1980. Karst water studies and environment in West Malaysia, (unpublished PhD thesis,
University of Hull)* For Online documents: Doe J. Title of subordinate document. In: The dictionary of
substances and their effects. Royal Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate
document. Accessed 15 Jan 1999
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6. Do not abbreviate the titles of journals mentioned in the list of references.

7. Ttles of references should be given in the original language, except for the titles of publications in non-Latin
alphabets, which should be transliterated, and a notation such as ‘(in Russian)® or ‘(in Greek, with English
abstract)‘ added.

8. Citations of personal communications should be avoided unless absolutely necessary. When used, they should
appear only in the text, using the format: ‘E. Redpath, personal communication, 1986 and should not appear in
the Reference List. Citations to the unpublished data of any of the authors should not be included unless the
work has already been accepted for publication, in which case a reference should be given in the usual way with
"in press" in place of the volume and page numbers.

Please pay attention to our policy regarding citations.

Back to top

Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the table.

Identify any previously published material by giving the original source in the form of a reference at the end of
the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and
other statistical data) and included beneath the table body.

Back to top

Artwork and Illustrations Guidelines

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also
acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.
Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final
size.

All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale bars within the figures themselves.
Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering,
color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will still be visible.
Many colors are not distinguishable from one another when converted to black and white. A simple way to check

this is to make a xerographic copy to see if the necessary distinctions between the different colors are still
apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt
type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of
the main text. Do not number the appendix figures,"Al, A2, A3, etc.” Figures in online appendices
[Supplementary Information (SI)] should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in
the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.
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No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in
graphs.

Identify previously published material by giving the original source in the form of a reference citation at the end
of the figure caption.

Figure Placement and Size
Figures should be submitted separately from the text, if possible.
When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for single-
column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.
Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the
copyright owner(s) for both the print and online format. Please be aware that some publishers do not grant
electronic rights for free and that Springer will not be able to refund any costs that may have occurred to receive
these permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille
hardware)

Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be
able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1
Back to top
Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as
certain information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the journal’s Research
data policy. We encourage research data to be archived in data repositories wherever possible.

Submission
Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-
mail address of the corresponding author.
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To accommodate user downloads, please keep in mind that larger-sized files may require very long download
times and that some users may experience other problems during downloading.

High resolution (streamable quality) videos can be submitted up to a maximum of 25GB; low resolution videos
should not be larger than 5GB.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdv, 3gp
Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be
supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.
Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation,
similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)",
“... additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content of the file.
Processing of supplementary files

Supplementary Information (SI) will be published as received from the author without any conversion, editing,
or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please
make sure that

The manuscript contains a descriptive caption for each supplementary material
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Video files do not contain anything that flashes more than three times per second (so that users prone to seizures
caused by such effects are not put at risk)
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Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of
misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of
the research and its presentation is helped by following the rules of good scientific practice, which include*;

The manuscript should not be submitted to more than one journal for simultaneous consideration.

The submitted work should be original and should not have been published elsewhere in any form or language
(partially or in full), unless the new work concerns an expansion of previous work. (Please provide transparency
on the re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of submissions and submitted to
various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met. Examples
include: translations or a manuscript that is intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate data
manipulation (including image based manipulation). Authors should adhere to discipline-specific rules for
acquiring, selecting and processing data.

No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim),
summarized and/or paraphrased), quotation marks (to indicate words taken from another source) are used for
verbatim copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software, questionnaires/(web) surveys and
scales in their studies (if appropriate).

Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles) must cite
appropriate and relevant literature in support of the claims made. Excessive and inappropriate self-citation or
coordinated efforts among several authors to collectively self-cite is strongly discouraged.

Authors should avoid untrue statements about an entity (who can be an individual person or a company) or
descriptions of their behavior or actions that could potentially be seen as personal attacks or allegations about
that person.

Research that may be misapplied to pose a threat to public health or national security should be clearly identified
in the manuscript (e.g. dual use of research). Examples include creation of harmful consequences of biological
agents or toxins, disruption of immunity of vaccines, unusual hazards in the use of chemicals, weaponization of
research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of authors are
all correct at submission. Adding and/or deleting authors during the revision stages is generally not permitted,
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but in some cases may be warranted. Reasons for changes in authorship should be explained in detail. Please
note that changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such as copyright
and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of
the results presented. This could be in the form of raw data, samples, records, etc. Sensitive information in the
form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an investigation
following COPE guidelines. If, after investigation, there are valid concerns, the author(s) concerned will be
contacted under their given e-mail address and given an opportunity to address the issue. Depending on the
situation, this may result in the Journal’s and/or Publisher’s implementation of the following measures,
including, but not limited to:

If the manuscript is still under consideration, it may be rejected and returned to the author.
If the article has already been published online, depending on the nature and severity of the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or retraction note. Please
note that retraction means that the article is maintained on the platform, watermarked “retracted” and the
explanation for the retraction is provided in a note linked to the watermarked article.

The author’s institution may be informed

A notice of suspected transgression of ethical standards in the peer review system may be included as part of the
author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in their
published article. The author(s) is/are requested to contact the journal and explain in what sense the error is
impacting the article. A decision on how to correct the literature will depend on the nature of the error. This may
be a correction or retraction. The retraction note should provide transparency which parts of the article are
impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals when they
submit their manuscripts. When suggesting reviewers, authors should make sure they are totally independent and
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not connected to the work in any way. It is strongly recommended to suggest a mix of reviewers from different
countries and different institutions. When suggesting reviewers, the Corresponding Author must provide an
institutional email address for each suggested reviewer, or, if this is not possible to include other means of
verifying the identity such as a link to a personal homepage, a link to the publication record or a researcher or
author ID in the submission letter. Please note that the Journal may not use the suggestions, but suggestions are
appreciated and may help facilitate the peer review process.

Back to top

Authorship principles

These guidelines describe authorship principles and good authorship practices to which prospective authors
should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit consent to submit
and that they obtained consent from the responsible authorities at the institute/organization where the work has
been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is recommended that
authors adhere to the guidelines for authorship that are applicable in their specific research field. In absence of
specific guidelines it is recommended to adhere to the following guidelines™:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the acquisition, analysis, or
interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific publication, McNutt
at all, PNAS February 27, 2018
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Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or non-financial
interests, study-specific approval by the appropriate ethics committee for research involving humans and/or
animals, informed consent if the research involved human participants, and a statement on welfare of animals if
the research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on the scope of the journal, but
also the scope of the article. Work submitted for publication may have implications for public health or general
welfare and in those cases it is the responsibility of all authors to include the appropriate disclosures and
declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software application or custom code
support their published claims and comply with field standards. Please note that journals may have individual
policies on (sharing) research data in concordance with disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures that questions
related to the accuracy or integrity of any part of the work are appropriately addressed.

The Corresponding Author is responsible for the following requirements:

ensuring that all listed authors have approved the manuscript before submission, including the names and order
of authors;

managing all communication between the Journal and all co-authors, before and after publication;*

providing transparency on re-use of material and mention any unpublished material (for example manuscripts in
press) included in the manuscript in a cover letter to the Editor;

making sure disclosures, declarations and transparency on data statements from all authors are included in the
manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors during submission and
proofing may be delegated to a Contact or Submitting Author. In this case please make sure the Corresponding
Author is clearly indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete efforts, the
Publisher recommends authors to include contribution statements in the work that specifies the contribution of
every author in order to promote transparency. These contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:
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* Free text:

All authors contributed to the study conception and design. Material preparation, data collection and analysis
were performed by [full name], [full name] and [full name]. The first draft of the manuscript was written by [full
name] and all authors commented on previous versions of the manuscript. All authors read and approved the
final manuscript.

Example: CRediT taxonomy:

* Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and investigation: [full
namel], ...; Writing - original draft preparation: [full name, ...]; Writing - review and editing: [full name], ...;
Funding acquisition: [full name], ...; Resources: [full name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement should be included who had the idea
for the article, who performed the literature search and data analysis, and who drafted and/or critically revised
the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended that the student is
usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA Science Student
Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their work was done. If an
author has subsequently moved, the current address may additionally be stated. Addresses will not be updated or
changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the order of
authors at submission. Changes of authorship by adding or deleting authors, and/or changes in Corresponding
Author, and/or changes in the sequence of authors are not accepted after acceptance of a manuscript.

Please note that author names will be published exactly as they appear on the accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that addresses and
affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it may be
warranted. Reasons for these changes in authorship should be explained. Approval of the change during revision
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is at the discretion of the Editor-in-Chief. Please note that journals may have individual policies on adding and/or
deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration or acquire an
ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-review process,
and the co-authors feel it is appropriate to include the author, co-authors should obtain approval from a (legal)
representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the Journal will not
be in a position to investigate or adjudicate. Authors will be asked to resolve the dispute themselves. If they are
unable the Journal reserves the right to withdraw a manuscript from the editorial process or in case of a
published paper raise the issue with the authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes correspondence with
direct representatives from the Journal such as Editors-in-Chief and/or Handling Editors and reviewers’ reports
unless explicit consent has been received to share information.

Back to top
Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and
professional conduct have been followed, authors should include information regarding sources of funding,
potential conflicts of interest (financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled “Compliance with
Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest
Research involving Human Participants and/or Animals
Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or
double blind peer review) as well as per journal subject discipline. Before submitting your article check the
instructions following this section carefully.
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The corresponding author should be prepared to collect documentation of compliance with ethical standards and
send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The
author will be held responsible for false statements or failure to fulfill the above-mentioned guidelines.

Back to top
Conflicts of Interest / Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work submitted for
publication. Interests within the last 3 years of beginning the work (conducting the research and preparing the
work for submission) should be reported. Interests outside the 3-year time frame must be disclosed if they could
reasonably be perceived as influencing the submitted work. Disclosure of interests provides a complete and
transparent process and helps readers form their own judgments of potential bias. This is not meant to imply that
a financial relationship with an organization that sponsored the research or compensation received for
consultancy work is inappropriate.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the grant number) and/or
research support (including salaries, equipment, supplies, reimbursement for attending symposia, and other
expenses) by organizations that may gain or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated employment by any
organization that may gain or lose financially through publication of this manuscript. This includes multiple
affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or children) that may gain
or lose financially through publication of this manuscript; consultation fees or other forms of remuneration from
organizations that may gain or lose financially; patents or patent applications whose value may be affected by
publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such figure is
necessarily arbitrary, so one possible practical guideline is the following: "Any undeclared financial interest that
could embarrass the author were it to become publicly known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go beyond financial interests
that could impart bias on the work submitted for publication such as professional interests, personal relationships
or personal beliefs (amongst others). Examples include, but are not limited to: position on editorial board,
advisory board or board of directors or other type of management relationships; writing and/or consulting for
educational purposes; expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert synthesis of evidence
and may be treated as an authoritative work on a subject. Review articles therefore require a disclosure
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statement.Other article types such as editorials, book reviews, comments (amongst others) may, dependent on
their content, require a disclosure statement. If you are unclear whether your article type requires a disclosure
statement, please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that funding is a potential
conflict of interest (as mentioned above)) needs to be disclosed upon submission of the manuscript in the peer
review system. This information will automatically be added to the Record of CrossMark, however it is not
added to the manuscript itself. Under ‘summary of requirements’ (see below) funding information should be
included in the ‘Declarations’ section.

Summary of requirements
The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list

under a heading of ‘Funding’ and/or ‘Conflicts of interests’/’Competing interests’. Other declarations include
Ethics approval, Consent, Data, Material and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements according to your
own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one blanket statement.

Examples of statements to be used when funding has been received:

Partial financial support was received from [...]

The research leading to these results received funding from [...] under Grant Agreement No[...].
This study was funded by [...]

This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

The authors did not receive support from any organization for the submitted work.
No funding was received to assist with the preparation of this manuscript.

No funding was received for conducting this study.

No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

Financial interests: Author A has received research support from Company A. Author B has received a speaker
honorarium from Company Wand owns stock in Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.
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Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no compensation as member of
the board of directors.

Financial interests: Author A received a speaking fee from Y for Z. Author B receives a salary from association
X. X where s/he is the Executive Director.

Non-financial interests: none.

Financial interests: Author A and B declare they have no financial interests. Author C has received speaker and
consultant honoraria from Company M and Company N. Dr. C has received speaker honorarium and research
funding from Company M and Company O. Author D has received travel support from Company O.

Non-financial interests: Author D has served on advisory boards for Company M, Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

The authors have no relevant financial or non-financial interests to disclose.
The authors have no conflicts of interest to declare that are relevant to the content of this article.

All authors certify that they have no affiliations with or involvement in any organization or entity with any
financial interest or non-financial interest in the subject matter or materials discussed in this manuscript.

The authors have no financial or proprietary interests in any material discussed in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship
Principles. The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described
in this section.

Back to top
Research involving human participants, their data or biological material
Ethics approval

When reporting a study that involved human participants, their data or biological material, authors should
include a statement that confirms that the study was approved (or granted exemption) by the appropriate
institutional and/or national research ethics committee (including the name of the ethics committee) and certify
that the study was performed in accordance with the ethical standards as laid down in the 1964 Declaration of
Helsinki and its later amendments or comparable ethical standards. If doubt exists whether the research was
conducted in accordance with the 1964 Helsinki Declaration or comparable standards, the authors must explain
the reasons for their approach, and demonstrate that an independent ethics committee or institutional review
board explicitly approved the doubtful aspects of the study. If a study was granted exemption from requiring
ethics approval, this should also be detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval
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If a study has not been granted ethics committee approval prior to commencing, retrospective ethics approval
usually cannot be obtained and it may not be possible to consider the manuscript for peer review. The decision
on whether to proceed to peer review in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material (for which formal
consent may not be needed or is difficult to obtain) ethics approval may be required dependent on the law and
the national ethical guidelines of a country. Authors should check with their institution to make sure they are
complying with the specific requirements of their country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this subject. Authors should
check with their institution to make sure they are complying with the specific requirements of their institution
and seek ethics approval where needed. Authors should be aware to secure informed consent from the individual
(or parent or guardian if the participant is a minor or incapable) See also section on Informed Consent.

Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used by describing the
source of the cell line, including when and from where it was obtained, whether the cell line has recently been
authenticated and by what method. If cells were bought from a life science company the following need to be
given in the manuscript: name of company (that provided the cells), cell type, number of cell line, and batch of
cells.

It is recommended that authors check the NCBI database for misidentification and contamination of human cell
lines. This step will alert authors to possible problems with the cell line and may save considerable time and
effort.

Further information is available from the International Cell Line Authentication Committee (ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics committee (including
the name of the ethics committee) approved the study and that informed consent was obtained from the donor or
next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a DOI) for research
resources. This journal encourages authors to adopt RRIDs when reporting key biological resources (antibodies,
cell lines, model organisms and tools) in their manuscripts.

Examples:

Organism: Filipltmla(KOMP)Wtsi RRID:MMRRC_055641-UCD
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Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research resources already
have designated RRIDs. The portal also provides authors links so that they can quickly register a new resource
and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that prospectively
assigns human participants or groups of humans to one or more health-related interventions to evaluate the
effects on health outcomes". The WHO defines health interventions as “A health intervention is an act performed
for, with or on behalf of a person or population whose purpose is to assess, improve, maintain, promote or
modify health, functioning or health conditions” and a health-related outcome is generally defined as a change in
the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register prospective clinical trials
(phase Il to 1V trials) in suitable publicly available repositories. For example www.clinicaltrials.gov or any of the
primary registries that participate in the WHO International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line of the manuscript
abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register retrospectively
to ensure the complete publication of all results. The trial registration number (TRN), date of registration and the
words 'retrospectively registered’ should be included as the last line of the manuscript abstract.

Standards of reporting
Springer Nature advocates complete and transparent reporting of biomedical and biological research and

research with biological applications. Authors are recommended to adhere to the minimum reporting guidelines
hosted by the EQUATOR Network when preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions for Authors.



Checklists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT)

Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)

Quality improvement studies (SQUIRE)

Economic evaluations (CHEERS)

Summary of requirements
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The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list

under a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

* All procedures performed in studies involving human participants were in accordance with the ethical

standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The study was approved by the Bioethics Committee of the

Medical University of A (No. ...).

* This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by

the Ethics Committee of University B (Date.../No. ...).
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* Approval was obtained from the ethics committee of University C. The procedures used in this study adhere to
the tenets of the Declaration of Helsinki.

* The questionnaire and methodology for this study was approved by the Human Research Ethics committee of
the University of D (Ethics approval number: ...).

Examples of statements to be used for a retrospective study:

« Ethical approval was waived by the local Ethics Committee of University A in view of the retrospective nature
of the study and all the procedures being performed were part of the routine care.

* This research study was conducted retrospectively from data obtained for clinical purposes. We consulted
extensively with the IRB of XYZ who determined that our study did not need ethical approval. An IRB official
waiver of ethical approval was granted from the IRB of XYZ.

* This retrospective chart review study involving human participants was in accordance with the ethical
standards of the institutional and national research committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The Human Investigation Committee (IRB) of University B
approved this study.

Examples of statements to be used when no ethical approval is required/exemption granted:

* This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical approval is
required.

* The data reproduced from Article X utilized human tissue that was procured via our Biobank AB, which
provides de-identified samples. This study was reviewed and deemed exempt by our XYZ Institutional Review
Board. The BioBank protocols are in accordance with the ethical standards of our institution and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship
Principles. The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described
in this section.

Back to top
Informed consent
All individuals have individual rights that are not to be infringed. Individual participants in studies have, for

example, the right to decide what happens to the (identifiable) personal data gathered, to what they have said
during a study or an interview, as well as to any photograph that was taken. This is especially true concerning
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images of vulnerable people (e.g. minors, patients, refugees, etc) or the use of images in sensitive contexts. In
many instances authors will need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as facial features,
fingerprint, writing style, voice pattern, DNA or other distinguishing characteristic) and other information) of the
participants that were studied should not be published in written descriptions, photographs, and genetic profiles
unless the information is essential for scholarly purposes and the participant (or parent/guardian if the participant
is a minor or incapable or legal representative) gave written informed consent for publication. Complete
anonymity is difficult to achieve in some cases. Detailed descriptions of individual participants, whether of their
whole bodies or of body sections, may lead to disclosure of their identity. Under certain circumstances consent is
not required as long as information is anonymized and the submission does not include images that may identify
the person.

Informed consent for publication should be obtained if there is any doubt. For example, masking the eye region
in photographs of participants is inadequate protection of anonymity. If identifying characteristics are altered to
protect anonymity, such as in genetic profiles, authors should provide assurance that alterations do not distort
meaning.

Exceptions where it is not necessary to obtain consent;

* Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides unless there is a
concern about identifying information in which case, authors should ensure that consent is obtained.

* Reuse of images: If images are being reused from prior publications, the Publisher will assume that the prior
publication obtained the relevant information regarding consent. Authors should provide the appropriate
attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or guardian if the deceased
has not made a pre-mortem decision) must have given prior written consent. The aspect of confidentiality as well
as any wishes from the deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors should ensure,
as part of the informed consent procedure, that the participants are made aware what kind of (personal) data will
be processed, how it will be used and for what purpose. In case of data acquired via a biobank/biorepository, it is
possible they apply a broad consent which allows research participants to consent to a broad range of uses of
their data and samples which is regarded by research ethics committees as specific enough to be considered
“informed”. However, authors should always check the specific biobank/biorepository policies or any other type
of data provider policies (in case of non-bio research) to be sure that this is the case.
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Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in the study must be
obtained from participants (or their parent or legal guardian in the case of children under 16) and a statement to
this effect should appear in the manuscript. In the case of articles describing human transplantation studies,
authors must include a statement declaring that no organs/tissues were obtained from prisoners and must also
name the institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For manuscripts reporting
studies involving vulnerable groups where there is the potential for coercion or where consent may not have been
fully informed, extra care will be taken by the editor and may be referred to the Springer Nature Research
Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a journal article.
Authors should make sure to also seek consent from individuals to publish their data prior to submitting their
paper to a journal. This is in particular applicable to case studies. A consent to publish form can be found

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list
under a heading of ‘Consent to participate’ and/or ‘Consent to publish’. Other declarations include Funding,
Conflicts of interest/competing interests, Ethics approval, Consent, Data and/or Code availability and Authors’
contribution statements.

Please see the various examples of wording below and revise/customize the sample statements according to your
own needs.

Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.

Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication of the images in
Figure(s) 1a, 1b and 1c.
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The participant has consented to the submission of the case report to the journal.

Patients signed informed consent regarding publishing their data and photographs.

Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying information is
included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship
Principles. The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described
in this section.

Images will be removed from publication if authors have not obtained informed consent or the paper may be
removed and replaced with a notice explaining the reason for removal.

Back to top
Research involving animals, their data or biological material

The welfare of animals (vertebrate and higher invertebrate) used for research, education and testing must be
respected. Authors should supply detailed information on the ethical treatment of their animals in their
submission. For that purpose they may use the ARRIVE checklist which is designed to be used when submitting
manuscripts describing animal research.

For studies involving client-owned animals, authors must also document informed consent from the client or
owner and adherence to a high standard (best practice) of veterinary care.

Authors are recommended to comply with:

* The International Union for Conservation of Nature (IUCN) Policy Statement on Research Involving Species at
Risk of Extinction and consult the IUCN red list index of threatened species.

» Convention on the Trade in Endangered Species of Wild Fauna and Flora

When reporting results authors should indicate:

« ... that the studies have been approved by a research ethics committee at the institution or practice at which the
studies were conducted. Please provide the name of ethics committee and relevant permit number;
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» ... whether the legal requirements or guidelines in the country and/or state or province for the care and use of
animals have been followed.

Researchers from countries without any legal requirements or guidelines voluntarily should refer to the
following sites for guidance:

— The Basel Declaration describes fundamental principles of using animals in biomedical research

— The International Council for Laboratory Animal Science (ICLAS) provides ethical guidelines for researchers
as well as editors and reviewers

— The Association for the study of Animal Behaviour describes ethical guidelines for the treatment of animals in
research and teaching

— The International Association of Veterinary Editors’ Consensus Author Guidelines on Animal Ethics provide
guidelines for authors on animal ethics and welfare

Researchers may wish to consult the most recent (ethical) guidelines available from relevant taxon-oriented
professional societies.

If a study was granted exemption or did not require ethics approval, this should also be detailed in the
manuscript.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list
under a heading of ‘Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

* All procedures involving animals were in compliance with the European Community Council Directive of 24
November 1986, and ethical approval was granted by the Kocaeli University Ethics Committee (No. 29 12 2014,
Kocaeli, Turkey).

* All procedures performed in the study were in accordance with the ARVO Statement for Use of Animals in
Ophthalmic Vision and Research. The ethical principles established by the National Institutes of Health Guide
for the Care and Use of Laboratory Animals (NIH Publications No. 8523, revised 2011) were followed. The
research protocol was approved by the Ethics Committee on Animal Use (Protocol No. 06174/14) of
FCAV/Unesp, Jabaticabal.
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* This study involved a questionnaire-based survey of farmers as well as blood sampling from their animals. The
study protocol was assessed and approved by Haramaya University, research and extension office. Participants
provided their verbal informed consent for animal blood sampling as well as for the related survey questions.
Collection of blood samples was carried out by veterinarians adhering to the regulations and guidelines on
animal husbandry and welfare.

* All brown bear captures and handling were approved by the Ethical Committee on Animal Experiments,
Uppsala, Sweden (Application C18/15) and the Swedish Environmental Protection Agency in compliance with
Swedish laws and regulations.

« The ethics governing the use and conduct of experiments on animals were strictly observed, and the
experimental protocol was approved by the University of Maiduguri Senate committee on Medical Research
ethics. Proper permit and consent were obtained from the Maiduguri abattoir management, before the faecal
samples of the cattle and camels slaughtered in this abattoir were used for this experiment.

Examples of statements to be used when no ethical approval is required/exemption granted:

* No approval of research ethics committees was required to accomplish the goals of this study because
experimental work was conducted with an unregulated invertebrate species.

* As the trappings of small mammals were conducted as part of regular pest control measures in accordance with
the NATO Standardized Agreement 2048 "Deployment Pest and Vector Surveillance and Control ", no approval
by an ethics committee was required.

* All experiments have been conducted as per the guidelines of the Institutional Animal Ethics Committee,
Department of Zoology, Utkal University, Bhubaneswar, Odisha, India. However, the insect species used in this
study is reared for commercial production of raw silk materials, as a part of agro-based industry. Therefore, use
of this animal in research does not require ethical clearance. We have obtained permission from the office of
Research officer sericulture, Baripada, Orissa, India for the provision of infrastructure and support for rearing of
silkworm both in indoor and outdoor conditions related to our study to promote sericulture practices.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship
Principles. The Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described
in this section.

Back to top
After acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting. Once typesetting is
complete, you will receive a link asking you to confirm your affiliation, choose the publishing model for your
article as well as arrange rights and payment of any associated publication cost.
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Once you have completed this, your article will be processed and you will receive the proofs.

Article publishing agreement
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