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RESUMO 

 
 

IMPACTO DE TRATAMENTOS DE CAMA AVIÁRIA REUTILIZADA NA 
VIABILIDADE E INFECTIVIDADE DE MICRO-ORGANISMOS 

 
 

AUTORA: Daiane Voss Rech 
ORIENTADORA: Sônia de Avila Botton 

CO-ORIENTADORA: Clarissa Silveira Luiz Vaz 
 
 

A reutilização da cama aviária é uma prática comum na avicultura de corte. Porém, o reuso 
da cama requer a adoção de procedimentos eficientes na inativação e controle de micro-
organismos indesejáveis no intervalo entre os lotes, para preservar a saúde avícola e a 
qualidade do alimento produzido. A preocupação com as questões sanitárias na avicultura 
engloba a saúde dos frangos e do consumidor. A produção está sujeita às emergências 
sanitárias e deve estar preparada para empregar medidas adequadas de contenção e 
controle. Além disso, os mercados consumidores internacionais demandam comprovação da 
eficiência dos métodos de tratamento para o reuso da cama entre lotes de frangos. A 
eficiência dos tratamentos de cama sobre os patógenos é variável e multifatorial e pode ser 
influenciada pelo método de tratamento e/ou pelos micro-organismos avaliados. Deste 
modo, o objetivo desta pesquisa foi avaliar a eficiência de diferentes estratégias de 
tratamento da cama aviária sobre vírus da Doença de Newcastle (VDNC), vírus da Doença 
Infecciosa da Bursa (VDIB) e Salmonella Heidelberg. Enterobactérias totais foram 
analisadas como indicador da qualidade microbiológica da cama aviária. Inicialmente, a 
contaminação experimental pelos vírus aviários foi padronizada, comparando-se a excreção 
por aves inoculadas (seeder birds) versus a aspersão direta dos vírus na cama. Para 
avaliação dos tratamentos, cama aviária reutilizada foi contaminada com os três micro-
organismos e submetida aos tratamentos (T): T1- fermentação plana; T2- cal virgem; T3- 
fermentação plana seguida de adição de cal virgem; T4- não tratado. A cama aviária foi 
submetida às análises bacteriológicas e físico-químicas durante o tratamento. Aves 
sentinelas foram alojadas sobre a cama tratada, sendo monitoradas por meio de avaliação 
clínica e análises microbiológicas, sorológicas e moleculares. Os resultados demonstraram 
que as seeder birds foram eficientes em estabelecer a contaminação viral da cama. O T1 foi 
superior na redução de enterobactérias totais na cama aviária. A avaliação das aves 
sentinelas indicou que ambos T1 e T3 inativaram VDIB na cama aviária. O T2 não foi 
eficiente sobre os micro-organismos avaliados e sua associação ao T1 (T3) não 
potencializou a ação do tratamento. O VDNC não sobreviveu na cama, independente do 
tratamento aplicado. S. Heidelberg permaneceu viável na cama de todos os tratamentos, 
sendo também detectada nas aves sentinelas. A atividade antimicrobiana dos T1 e T3 foi 
relacionada aos maiores teores de amônia presentes na cama aviária. Os resultados 
indicam que a fermentação plana é eficiente para o controle do VDIB e enterobactérias 
totais residuais na cama aviária reutilizada. Todavia, na presença de S. Heidelberg outras 
alternativas devem ser consideradas no controle deste agente de importância na saúde 
animal e pública. 

 
 
Palavras-chave: Cama de aviário. Tratamento. Frango de corte. Vírus da Doença de 
Newcastle. Vírus da Doença Infecciosa da Bursa. Salmonella Heidelberg. 
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ABSTRACT 

 
 

IMPACT OF TREATMENTS FOR RECYCLED BROILER LITTER ON VIABILITY 
AND INFECTIVITY OF MICROORGANISMS 

 
 

AUTHOR: Daiane Voss Rech 
ADVISOR: Sônia de Ávila Botton 

CO-ADVISOR: Clarissa Silveira Luiz Vaz 
 
 
 

Reusing litter is a common practice in broiler farming. However, it requires the adoption of 
efficient procedures for inactivating and controlling residual microorganisms during downtime 
between flocks to ensure sanitary control over the next flock and the quality of the broiler 
meat. The broiler production adopts a series of stringent precautionary measures to avoid 
sanitary emergencies and should be able to employ appropriate control measures. In 
addition, international consumer markets require proof of the efficiency of treatment methods 
for broiler litter reuse. The efficiency of broiler litter treatments on pathogens is variable and 
multifactorial and can be influenced by the treatment method and/or microorganisms 
evaluated. This study aimed to evaluate the efficiency of different strategies of treatment of 
broiler litter on Newcastle disease virus (NDV), Infectious bursal disease virus (IBDV) and 
Salmonella Heidelberg. Total enterobacteria counts were carried out as an indicator of 
microbiological quality of litter. First, the experimental contamination of the broiler litter by 
viruses was standardized, comparing the seeder birds inoculated versus the direct spray of 
the virus in the broiler litter. To evaluate the treatments, reused broiler litter was 
contaminated with the three microorganisms and submitted to the treatments (T): T1- shallow 
fermentation; T2- quicklime; T3- shallow fermentation followed by quicklime; and, T4- 
untreated. The broiler litter was submitted to bacteriological and physico-chemical analyzes 
during treatment. Sentinel chicks were housed on the broiler litter treated and further 
monitored by clinical evaluation, as well as microbiological, serological and molecular tests. 
The results demonstrated that seeder birds were efficient to stablish viral contamination in 
broiler litter. T1 was superior in reducing total enterobacteria in the broiler litter. The 
evaluation of sentinel chicks also indicated that T1 and T3 inactivated IBDV in the broiler 
litter. T2 was not able to reduce the microorganisms evaluated, and its association with T1 
(T3) did not enhance the treatment action. NDV did not survive in broiler litter, regardless of 
the treatment applied. S. Heidelberg survived in broiler litter after all treatments evaluated 
and was also detected in the sentinel chicks. The antimicrobial activity of T1 and T3 was 
associated to ammonia levels present in the broiler litter. The results reveal that shallow 
fermentation is efficient to control residual IBDV and total enterobacteria in recycled broiler 
litter. However, other strategies should be considered in the presence of S. Heidelberg.  
 
 
Keywords: Broiler litter. Treatment. Broiler. Newcastle Disease Virus. Infectious Bursal 
Disease Virus. Salmonella Heidelberg.  
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1 INTRODUÇÃO 

 

A avicultura de corte é um dos segmentos produtivos mais significativos para 

o Brasil. O País é o segundo maior produtor e líder na exportação de carne de 

frango. No mercado interno, representa uma fonte proteica bastante acessível e 

muito consumida pelos brasileiros. Fatores como qualidade, sanidade e preço 

contribuíram para incrementar a produtividade (MINISTÉRIO DA AGRICULTURA, 

PECUÁRIA E ABASTECIMENTO, 2014). Entretanto, a Organização das Nações 

Unidas prevê que a população mundial será superior a nove bilhões de pessoas até 

a metade desse século e que será necessário dobrar a produção mundial de 

alimentos até 2050. Este aumento da produtividade depende da habilidade de 

intensificar a atividade agropecuária, garantindo o fornecimento de alimentos 

seguros, nutritivos, de custo acessível e produzidos de forma sustentável. 

Estimativas indicam que a taxa de crescimento anual da produção da carne de 

frango deve alcançar 4,22% (MINISTÉRIO DA AGRICULTURA, PECUÁRIA E 

ABASTECIMENTO, 2014). O aumento na produção elevará a demanda por 

insumos, bem como, o volume de resíduos gerados, salientando a importância da 

gestão sustentável da produção. 

A cama aviária é um importante insumo para a avicultura. Em contrapartida, 

também representa um dos principais resíduos da produção de frangos, além de 

contribuir com uma fração significativa do custo da produção (MARCOLIN, 2006). 

Sendo assim, a reutilização da cama aviária entre lotes de frangos vem sendo 

empregada em vários países, incluindo o Brasil. Entretanto, a cama recebe todas as 

excretas das aves que são acumuladas ao longo dos lotes e pode ser fonte de 

propagação de patógenos se não for adequadamente tratada. Portanto, devido ao 

risco sanitário e suas implicações na produção e saúde pública, é importante que a 

cama reutilizada seja submetida a um tratamento eficiente no período de vazio entre 

lotes para reduzir o risco microbiológico (MACKLIN et al., 2006; ÁVILA et al., 2007; 

GLOBALG.A.P., 2016). Adicionalmente, a Instrução Normativa (IN) 10/2013 do 

MAPA, que regulamenta a gestão de risco diferenciado em estabelecimentos 

avícolas, determina que a cama de núcleos positivos para Salmonella spp. deve ser 

submetida a tratamento capaz de inativar a bactéria (BRASIL, 2013). Da mesma 

forma, a IN 17/2006 do MAPA, que estabelece o Plano Nacional de Controle e 

Prevenção da Influenza Aviária (IA) e da Doença de Newcastle (DNC) (BRASIL, 
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2006), autoriza o trânsito interestadual de cama de aviário somente após a 

inativação de patógenos. Mais recentemente, a IN 21/2014, que define a 

compartimentação da produção avícola quanto ao status sanitário para os vírus da 

IA e DNC, reforça que a cama reutilizada precisa ser submetida a tratamento com 

eficácia cientificamente comprovada para inativar ambos os patógenos (BRASIL, 

2014). Igualmente, os processos de certificação para exportações à Comunidade 

Europeia exigem que os riscos microbiológicos da reutilização da cama sejam 

avaliados rotineiramente (GLOBALG.A.P., 2016). Em todos esses casos, as 

normativas não especificam quais métodos e/ou tempos de tratamento devem ser 

aplicados à cama. Desta forma, é importante que estudos científicos sejam 

desenvolvidos para avaliar a ação dos tratamentos de cama sobre patógenos 

relevantes para a produção avícola, respaldando as práticas adotadas.  

Diferentes métodos de tratamento da cama de aviário vêm sendo utilizados 

com o objetivo de reduzir o risco microbiológico. No Brasil, os métodos mais comuns 

são a fermentação em leira, a fermentação plana e a aplicação de cal (ROSA et al., 

2014). O método de fermentação em leira é internacionalmente utilizado com 

conhecida atuação sobre patógenos (MACKLIN et al., 2006; SILVA et al., 2007; 

CRESPO et al., 2016). O uso de cal também é uma prática comum no Brasil, mas os 

estudos têm apresentado resultados contraditórios (BENNETT et al., 2005; SILVA et 

al., 2007; SILVA et al., 2009; LOPES et al., 2015). Por outro lado, a fermentação 

plana da cama é uma metodologia mais recente, desenvolvida no Brasil, com bons 

resultados no controle de enterobactérias e Salmonella Enteritidis (SILVA et al., 

2007; SILVA et al., 2009). Todavia, são escassos os estudos envolvendo outros 

patógenos (LOPES et al., 2015). Desta forma, considerando que diferentes micro-

organismos podem apresentar grandes variações na suscetibilidade às condições 

ambientais (ISLAM et al., 2013), é importante que os tratamentos sejam avaliados 

sobre os mais diversificados patógenos. Neste contexto, destacam-se Salmonella 

Heidelberg e os vírus aviários com impacto à defesa sanitária. 

S. Heidelberg tem causado preocupação às empresas avícolas brasileiras, 

devido a sua resistência no ambiente (informação verbal)1 e está entre os sorovares 

mais prevalentes nos EUA (CENTERS FOR DISEASE CONTROL AND 

PREVENTION, 2015; UNITED STATES DEPARTMENT OF AGRICULTURE, 2016). 

_____________________ 
1 
Palestra apresentada por Dr. Alberto Back no XVI Simpósio Brasil Sul de Avicultura, Chapecó, SC, 

abril de 2015. 
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 A identificação de S. Heidelberg multirresistente aos antimicrobianos (ROTHROCK 

Jr et al., 2015) e a ocorrência de surtos interestaduais de infecção humana ligada ao 

consumo de carne de frango nos EUA (CENTERS FOR DISEASE CONTROL AND 

PREVENTION, 2013) denotam sua importância para a segurança dos alimentos. S. 

Heidelberg não está entre os sorovares mais frequentemente detectados em carne 

de frango produzida na Comunidade Europeia (EUROPEAN FOOD SAFETY 

AUTHORITY, 2015). Contudo, as notificações emitidas pelo sistema europeu de 

alerta rápido para alimentos quanto à presença de salmonelas na carne de frango 

brasileira, incluindo S. Heidelberg, são mais numerosas em relação aos outros 

perigos monitorados e tem sido restritiva a ponto de impedir a entrada do produto na 

Europa (RAPID ALERT SYSTEM FOR FOOD AND FEED, 2015). Trata-se, portanto, 

de uma barreira ao comércio internacional da carne de frango brasileira e reforça a 

necessidade de intervenções para reduzir a prevalência da bactéria nos aviários. 

A DNC e a IA são altamente contagiosas e fazem parte da lista de doenças 

emergenciais do código zoossanitário internacional da Organização Mundial de 

Saúde Animal (OIE). A ocorrência dessas doenças no plantel avícola brasileiro 

acarretaria danos econômicos inestimáveis, incluindo o impedimento da 

comercialização, o cancelamento das exportações, o sacrifício e a quarentena das 

aves, bem como um longo trabalho para reestabelecer a condição sanitária 

(BRASIL, 2006). Portanto, a prevenção e controle desses vírus são fundamentais. O 

vírus da Doença Infecciosa da Bursa (VDIB) é endêmico na avicultura e a doença é 

prevenida por meio da vacinação regular dos frangos (BERNARDINO e LEFFER, 

2009), entretanto surtos eventuais continuam sendo relatados (MÜLLER et al., 2003; 

CRESPO et al., 2016). Além disso, o VDIB tem sido considerado indicador da 

permanência de outros vírus menos sensíveis na cama aviária, incluindo o vírus da 

Doença de Newcastle (VDNC) e o vírus da Influenza Aviária (VIA) (GUAN et al., 

2010). Por razões de biosseguridade, a experimentação com cepas virulentas da 

DNC e IA é restrita, mas é possível estabelecer relações biológicas utilizando um 

modelo viral vacinal. 

Nesse cenário, este trabalho foi desenvolvido com o objetivo de avaliar o 

efeito de diferentes tratamentos sobre Salmonella Heidelberg, VDIB e VDN na cama 

aviária reutilizada, permitindo identificar procedimentos a serem recomendados em 

episódios sanitários ou como método de rotina quando da reutilização da cama entre 

lotes.   
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2 REVISÃO BIBLIOGRÁFICA 

 

2.1 CAMA DE AVIÁRIO: A MICROBIOTA E OS PATÓGENOS 

 

A cama aviária tem o papel de absorver a umidade das excretas e do 

ambiente; diluir as excretas, diminuindo o contato com as aves; atuar como isolante 

térmico, impedindo o contato da ave direto com o piso e reduzindo as oscilações de 

temperatura no galpão; fornecer conforto à ave, proporcionando uma superfície 

macia (ÁVILA et al., 2007; RITZ, et al., 2014), bem como, permite a expressão do 

instinto natural de ciscar e banhar-se das aves (BRACKE e HOPSTER, 2006).  

A deposição de micro-organismos a partir das excretas dos frangos 

desempenha um papel importante na formação da microbiota da cama do aviário. 

Ao final do lote, a cama apresenta micro-organismos da excreta das aves, além 

daqueles do próprio substrato ou carreados pelo ar, pessoas, vetores e 

equipamentos, atingindo concentrações próximas a 1 bilhão por grama (LU et al., 

2003). A composição e variedade desta microbiota dependem do número de aves 

alojadas, e podem sofrer modificações de acordo com a idade e dieta das aves 

(WADUD et al., 2012). Abordagens moleculares têm sido empregadas para 

caracterizar a microbiota da cama de aviário, permitindo identificar os gêneros 

bacterianos predominantes, tais como Lactobacillus, Pediococcus, Salinicoccus, 

Facklamia, Staphylococcus, Corynebacterium, Jeotgalicoccus,Virgibacillus, 

Brevibacterium e Bacillus (LU et al., 2003; CRESSMAN et al., 2010; WADUD et al., 

2012). 

Embora numericamente menos expressivos, importantes patógenos aviários 

estão frequentemente presentes na cama de frangos de corte (DAVIES e WRAY, 

1996; LU et al., 2003; FIORENTIN, 2006; ROLL; DAI PRÁ; ROLL, 2011; CRESPO et 

al., 2016). Entre esses micro-organismos destacam-se Salmonella spp. e 

Campylobater termófilos, implicados em problemas inerentes à segurança dos 

alimentos, bem como Escherichia coli, especialmente as linhagens patogênicas para 

aves (APEC) e causadoras de dermatite necrótica nos frangos. Outras bactérias, 

como Clostridium perfringens e Staphylococcus aureus também podem 

eventualmente causar infecções oportunistas e/ou levar à contaminação das 

carcaças no processamento (SILVA, 2011).  
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Vírus aviários, especialmente os que apresentam replicação entérica, 

também podem ser perpetuados na cama aviária (MÜLLER et al., 2003; GUAN et 

al., 2010; ISLAM et al., 2013; CRESPO et al., 2016). Destes, destacam-se o VIA e o 

VDNC, por sua importância para a defesa sanitária avícola como doenças 

emergenciais. Além destes, o VDIB, que é muito infeccioso e resistente à inativação 

(MÜLLER et al., 2003; CRESPO et al., 2016), tem sido recomendado como modelo 

para predizer a inativação de outros vírus menos resistentes na cama aviária, 

incluindo poxvirus, adenovirus, reovirus, VDNC e VIA (GUAN et al., 2010).   

Salmonella spp. continuam sendo os agentes bacterianos de maior 

preocupação para a avicultura e causam uma das doenças transmitidas por 

alimentos mais prevalentes em todo o mundo (CENTERS FOR DISEASE CONTROL 

AND PREVENTION, 2015; EUROPEAN FOOD SAFETY AUTHORITY, 2015). 

Existem mais de 2500 sorovares com ampla diversidade de reservatórios animais e 

capacidade de sobrevivência em ambientes adversos. Há dois grupos de Salmonella 

spp. que são de interesse para a avicultura: as salmonelas tíficas (S. Pullorum e 

S. Gallinarum), que são específicas das aves e nas quais causam doença clínica 

com perdas produtivas e econômicas impactantes; e as salmonelas paratíficas, que 

incluem os sorovares não restritos a um hospedeiro específico, como S. Heidelberg, 

que normalmente cursam com infecção subclínica em aves adultas, porém são 

potencialmente capazes de causar a contaminação dos alimentos e infecção 

humana (SHIVAPRASAD et al., 2013).  

A presença de Salmonella spp. na cama de aviário é crítica para a 

permanência da bactéria nas granjas, cuja fonte de contaminação pode ser os 

próprios pintos, vetores e porções de cama não submetidas ao tratamento entre 

lotes (DAVIES e WRAY, 1996). Salmonella spp. podem sobreviver no ambiente por 

longos períodos de tempo, chegando a 18 meses na cama aviária (WILLIAMS e 

BENSON, 1978). Algumas cepas podem sobreviver em extremos de temperatura 

(2°C a 54°C) e em ambientes com baixa umidade (ANDINO e HANNING 2015). A 

produção de biofilme e mecanismos adaptativos de tolerância aos fatores de stress 

também contribuem para a persistência de Salmonella spp. no ambiente. (ANDINO e 

HANNING 2015). A dificuldade de controle facilita sua perpetuação na produção 

avícola e a possibilidade de contaminação das carcaças no abate, com as devidas 

penalidades dentro do Programa de Redução de Patógenos do MAPA (BRASIL, 

2003). 
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Dentre as doenças virais, a DNC é uma enfermidade viral aguda, altamente 

contagiosa, com sinais respiratórios, manifestações nervosas, diarreia e edema da 

cabeça. Faz parte da lista de doenças emergenciais da OIE e a notificação dos 

focos da doença é compulsória quando causada por vírus, cuja patogenicidade 

intracerebral em pintos SPF de um dia, seja maior que 0,7 (WORLD 

ORGANIZATION FOR ANIMAL HEARTH, 2016). O VDNC pode persistir no 

ambiente por mais de uma semana, tempo suficiente para ser perpetuado ao lote de 

frangos subsequente, se nenhum método de controle eficiente for praticado 

(WORLD ORGANIZATION FOR ANIMAL HEARTH, 2016).  

A DIB ou doença de Gumboro é aguda e contagiosa, afeta a bolsa de 

Fabricius, leva a falta de apetite, diarreia, depressão, desuniformidade, mortalidade 

e imunossupressão (ENTERADOSSI e SAIF, 2008). A imunossupressão predispõe 

as aves a uma variedade de infecções secundárias. Adicionalmente, as aves podem 

apresentar uma reposta imune insatisfatória na vacinação contra outros micro-

organismos (MÜLLER et al., 2012). O VDIB não possui envelope, o que lhe confere 

maior estabilidade ao ambiente. Entretanto, é não-infectivo acima de 42°C e instável 

acima de 72°C, sendo que mudanças no pH não contribuem para sua estabilidade 

(RANI e KUMAR, 2015). É capaz de sobreviver em instalações por até 100 dias e a 

alta resistência a diferentes compostos químicos resulta em longa viabilidade, 

mesmo quando aplicadas rigorosas medidas de limpeza e desinfecção 

(ENTERADOSSI e SAIF, 2008).  

 

2.2 REUTILIZAÇÃO DA CAMA DE AVIÁRIO 

 

O alojamento de frangos sobre cama aviária reutilizada promove alteração da 

microbiota intestinal (CRESSMAN et al., 2010). Contudo, esta alteração não é 

necessariamente negativa. Estudos prévios demostram que a cama reutilizada entre 

lotes e adequadamente manejada não é prejudicial às aves; contudo, resulta em 

lotes com menor frequência de problemas sanitários, menor mortalidade e índices 

zootécnicos de produtividade similares ou superiores aos observados nos lotes 

criados em cama nova (JONES e HAGLER, 1983; RITZ; FAIRCHILD; LACY, 2014). 

Sugere-se que a cama reutilizada também tem efeito inibitório sobre Salmonella 

spp., quando comparada a cama nova (CORRIER; HARGIS; HINTON, 1992; ROLL; 

DAI PRÁ; ROLL, 2011).  
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A proteção da colonização intestinal em frangos criados sobre cama 

reutilizada pode ser atribuída à exclusão competitiva por sítios de adesão e 

produção de ácidos voláteis que reduzem o pH cecal (ZIPRIN et al., 1991) e 

estimulam o sistema imunológico aviário (OVIEDO-RONDON, 2009). Bactérias 

ácido-láticas presentes na cama podem produzir bacteriocinas que contribuem com 

a saúde intestinal (HIGGINS et al., 2008). Adicionalmente, alguns vírus vacinais 

sobrevivem na cama reutilizada entre lotes de frangos (ISLAM et al., 2013) e podem 

estimular a proteção imunológica do lote subsequente. 

Em termos econômicos, a substituição da cama de aviário a cada lote de 

frangos aumenta cerca de 77% o custo da produção avícola (MARCOLIN, 2006). 

Além disso, a escassez de bons materiais para servir de substrato à cama e o 

aumento de preço das matérias primas também dificultam a viabilidade da produção 

nas diversas regiões do País. Na ótica ambiental, o reuso da cama por 6 lotes 

preserva aproximadamente 95.200 árvores/ano e gera cinco vezes menos volume 

de resíduo se usada por um único lote (MARCOLIN, 2006).  

A IN 08/2004 do MAPA proibiu o uso de produtos de origem animal e 

resíduos da produção, incluindo cama de aviário, na alimentação de ruminantes 

como meio preventivo das encefalopatias espongiformes (BRASIL, 2004). Deste 

modo, o principal destino do resíduo de cama aviária é o uso como fertilizante 

agrícola. Cada quilograma de ave produzida gera de 1,2 a 1,5 Kg de resíduo de 

cama (ISLAM et al., 2013). Em regiões de alta concentração da produção avícola, 

entretanto, o descarte da cama de aviário a cada lote extrapolaria a capacidade de 

reuso como adubo frente ao excedente nutricional no solo (MARCOLIN, 2006). 

Porém, do ponto de vista sanitário, a cama, que recebe as excretas das aves ao 

longo dos lotes, pode ser uma fonte de propagação de patógenos, por isso, seu 

reuso no aviário de frangos de corte requer procedimentos eficientes na inativação 

de micro-organismos indesejáveis (ÁVILA et al., 2007).  

 

2.3 TRATAMENTOS DE CAMA AVIÁRIA ENTRE LOTES 

 

Existem vários métodos de manejo de cama voltados à inativação e controle 

de patógenos entre lotes, bem como há variações em um mesmo tratamento. A 

rigor, não há exigência para a unificação dos procedimentos, porém alguns 

mercados têm exigido comprovação científica de sua eficiência (GLOBALG.A.P., 
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2016). Formulado na Europa, a partir de 1997, o GlobalG.A.P. é uma organização 

que atua na definição de padrões de boas práticas agrícolas e é o principal 

programa certificador de garantia da qualidade agrícola mundial. O GlobalG.A.P., 

por exemplo, estabelece no documento “Control points and compliance criteria” (ítem 

5.5.5): “A cama reutilizada deve ser tratada e comprovadamente livre de riscos 

microbiológicos” (GLOBALG.A.P., 2016).  

No Brasil, os métodos de tratamento mais frequentemente utilizados são a 

fermentação em leira, a aplicação de cal e a fermentação plana (ROSA et al., 2014). 

Os tratamentos de cama aviária são aplicados após a despopulação, concomitante 

com a lavagem e desinfecção dos equipamentos. Considerando-se as variações de 

cada integração, os tratamentos baseiam-se nas etapas descritas a seguir, 

adaptadas de Rosa et al. (2014): 

 

2.3.1  Fermentação em leira 

 

a. Queima de penas com lança-chamas;  

b. Remoção de cama úmida e crostas do aviário; 

c. Amontoamento da cama, fazendo uma pilha ou leira no centro do galpão, ao 

longo do aviário; 

d. Cobertura da leira com lona plástica por 10-12 dias (período de fermentação); 

e. Remoção da lona e redistribuição da cama tratada no aviário, exceto na área 

dos pinteiros (25%); 

f. Queima de penas residuais com lança-chamas;  

g. Ventilação do aviário por 2 a 3 dias antes do alojamento; 

h. Adição de cama nova na área destinada ao pinteiro. 

 

2.3.2  Fermentação plana 

 

a. Umedecimento da cama utilizando cerca de 20 litros de água por metro linear; 

b. Revestimento da base (1 m) dos pilares centrais do aviário com lona; 

c. Remoção da cama das paredes laterais do aviário abrindo um sulco entre as 

paredes e a cama, para colocação da lona; 
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d. Cobertura da cama com lona em toda a extensão do aviário, colocando as 

laterais e extremidades da lona rente ao piso, por baixo da camada de cama, 

para evitar a entrada de ar; 

e. Remoção da lona após 10 dias de fermentação, retirando as crostas e 

revolvendo a cama em todo o aviário; 

f. Queima de penas com lança-chamas; 

g. Ventilação do aviário por 2 dias antes do alojamento; 

h. Adição de cama nova na área destinada ao pinteiro. 

 

2.3.3  Aplicação de cal 

 

a. Remoção de cama úmida e crostas do aviário;  

b. Queima de penas com lança-chamas;  

c. Distribuição de CaO (cal virgem) em todo o galpão (mínimo de 3,6 Kg/m³), até 72 

horas antes do alojamento, incorporando uniformemente o produto na cama; 

d. Queima de penas com lança-chamas;  

e. Adição de cama nova na área destinada ao pinteiro. 
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3 OBJETIVOS 

 

3.1 OBJETIVO GERAL 

 

Avaliar a viabilidade e infectividade do vírus da Doença de Newcastle, vírus 

da Doença Infecciosa da Bursa e Salmonella Heidelberg em cama aviária 

reutilizada, submetida a diferentes tratamentos. 

 

3.2 OBJETIVOS ESPECÍFICOS  

 

- Padronizar o protocolo de contaminação experimental da cama aviária 

com o vírus da Doença de Newcastle e o vírus da Doença Infecciosa da 

Bursa; 

- Otimizar a técnica de Reação em cadeia da polimerase em tempo real por 

transcriptase reversa (RT-qPCR) para detecção do  vírus da Doença 

Infecciosa da Bursa; 

- Avaliar o efeito dos diferentes tratamentos sobre Salmonella Heidelberg e 

enterobactérias totais na cama de aviário reutilizada no período de 

tratamento da cama; 

- Determinar os níveis de temperatura, material seca, pH e amônia na cama 

aviária submetida aos diferentes tratamentos;  

- Determinar o efeito da contaminação residual dos vírus da Doença de 

Newcastle, vírus da Doença Infecciosa da Bursa e Salmonella Heidelberg 

na cama de aviário tratada usando um modelo biológico (aves); 
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Abstract 

The microbiological risk of recycled litter depends on the efficacy of the 

management system applied to inactivate residual microorganisms and preserve the 

health of the successive broiler flock. This study aimed to assess the viability and 

infectivity of the Newcastle Disease Virus (NDV), Infectious Bursal Disease Virus 

(IBDV) and Salmonella Heidelberg in recycled litter exposed to different treatments. 

The litter was contaminated with microorganisms and submitted to the treatments (T): 

T1: shallow fermentation; T2: quicklime (calcium oxide); T3: shallow fermentation 

followed by addition of quicklime; T4: no treatment. Sentinel chicks housed on the 

treated litter showed that T1 and T3 inactivated residual IBDV. Analysis of the litter 

subjected to T1 also showed reduced levels of total enterobacteria. T2 was not able 

to reduce the microorganisms assessed and its association with T1 (T3) failed to 

enhance the effect of the treatment. NDV did not survive in the broiler litter, 

regardless of the treatment applied, and it was also not detected in the sentinel 

chicks. S. Heidelberg remained viable in the litter submitted to all studied treatments, 

being isolated from the sentinel chicks of all the experimental groups. The 

antimicrobial activity of T1 and T3 was associated to higher ammonia contents in the 

broiler litter. The results indicate that the shallow fermentation treatment is efficient 

for controlling residual IBDV and total enterobacteria in the recycled litter. 

 

Key words: litter treatment; broiler; Newcastle Disease Virus; Infectious Bursal 

Disease Virus; Salmonella Heidelberg. 
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1. Introduction 

Broiler industry in Brazil operates with an integrated production model between 

farmers and processing companies. The broilers are raised in broiler houses on litter, 

usually composed of wood shavings and sawdust, but the substrate varies according 

to the region and availability (Torok et al., 2009). Multiple broiler flocks are raised in 

the all in/all out system on a single litter batch, which is recycled according to the 

instructions of the processing company. During the downtime between flocks, caked 

portions are removed, residual feathers are burned with a flame thrower and the litter 

is treated in order to reduce the microbial load for receiving the next broiler flock 

(Macklin et al., 2006).  

Viable microorganisms remaining in the recycled litter interferes with the 

broilers' health, and can have a detrimental effect on productivity, trade restrictions or 

the safety of the broiler meat. Non-typhoidal Salmonella serovars are relevant 

concerns for poultry production as they are potential food contaminants (Shivaprasad 

et al., 2013). In Brazil, the prevalence of S. Heidelberg has been increasing in broiler 

production (Pulido-Landínez et al., 2013; Voss-Rech et al., 2015) and there is still a 

lack in the understanding about the role of litter management on the bacteria 

elimination at the end of the production cycle at farm level.  

Broiler litter is also a potential source of avian viruses, especially those that are 

shed in stools, such as the Newcastle Disease Virus (NDV) and the Infectious Bursal 

Disease Virus (IBDV) (Müller et al., 2003; Guan et al., 2009; Guan et al., 2010; Islam 

et al., 2013; Crespo et al., 2016). Residual viruses may originate from infections with 

or without apparent clinical signs of illness, and also from the prophylactic use of live 

vaccines. On the other hand, live vaccine strains are susceptible to mutations and 

genomic variation that can result in the emergence of antigenic variant strains 
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(Fleischmann, 1996). Moreover, failures in prophylactic management and/or in 

biosecurity programs (Müller et al., 2012) favor the eventual spread of the disease 

within a flock. Thus, efficient farming practices, which include litter treatment, are 

essential to prevent persistence of pathogens in the broiler house. For reasons of 

biosecurity, experimenting with pathogenic strains of NDV and IBDV is highly 

restricted, but it is possible to establish biological relations using a viral vaccine 

model. IBDV is highly infectious and very resistant to inactivation (Müller et al., 2003; 

Crespo et al., 2016). Overall, it has been recommended as a model to predict the 

inactivation of less resistant viruses during litter treatment, such as poxvirus, 

adenovirus, NDV, reovirus and avian influenza virus (Guan et al., 2010).  

In Brazil, the most commonly used methods to reduce microorganisms in litter 

recycled between broiler flocks are windrowing, shallow fermentation and the 

addition of quicklime (Vaz et al., 2017; Lopes et al., 2015). In a previous study, we 

demonstrated that windrowed litter produced a higher reduction of aerobic 

mesophiles, whereas shallow fermentation resulted in lower levels of total 

enterobacteria and all treatments reduced S. Enteritidis in recycled litter (Vaz et al., 

2017). Windrowing is used in several countries with good results (Macklin et al., 

2006; Vaz et al., 2017; Chen et al., 2015; Crespo et al., 2016). On the other hand, 

studies that have assessed the addition of quicklime have reported contradictory 

results (Bennett et al., 2005; Ruiz et al., 2008; Vaz et al., 2017; Lopes et al., 2015). 

Shallow fermentation, a more recent and widely applied method in Brazil, has not yet 

been more thoroughly studied (Vaz et al., 2017; Lopes et al., 2015) and its effect on 

the inactivation and/or reduction in the spread of avian viruses remains unknown. 

The infectivity of the residual microorganisms is a critical factor for evaluating 

the efficacy of treatments to reduce the microbial load in recycled litter. Some 
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microorganisms may not be detected by methods that require viable or high microbial 

titer, due to environmental degradation and/or very high contamination levels of the 

litter. Nevertheless, these microorganisms can multiply in more favorable conditions, 

such as by the infection of a new not immune live host (Islam et al., 2013; Crespo et 

al., 2016). In this context, this study aimed to evaluate the viability and the infectivity 

of NDV as a model for very liable enveloped viruses, IBDV as a non-enveloped virus 

very resistant to inactivation and S. Heidelberg due to its increased prevalence in 

broiler chickens, in recycled broiler litter submitted to different treatments.  

 

2. Materials and Methods 

2.1 Animal ethics 

All the chicks used in this study were treated in accordance to the standards of 

animal welfare and ethics adopted by the Brazilian Board for Animal Experimentation 

(Colégio Brasileiro de Experimentação Animal, COBEA), and the experimental 

animal protocol approved by the Embrapa Swine and Poultry Ethics Committee for 

Animal Experimentation (no. 003/2015). 

 

2.2 Standardization of the viral contamination of the litter 

Two methods were evaluated for experimentally controlled litter contamination 

with NDV and IBDV vaccine strains: (1) via live virus vaccine inoculated seeder birds 

and (2) via direct virus vaccine spraying. The litter used was of recycled wood 

shavings and sawdust from a commercial broiler producer and previously tested as 

negative for both viruses. The litter was distributed in two concrete-floored 

experimental boxes measuring 4 m2 in enough quantity to form a 10 cm high litter 
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layer. By the seeder birds method, 48 White Leghorn specific pathogen free (SPF) 

chicks at 10 days of age (12 birds/m2) were inoculated orally with 103.1 50% embryo 

infectious dose (EID50) of IBDV (vaccine strain GBV8) and intranasally with 105.6 

EID50 of NDV (vaccine strain La Sota), and housed on the litter for 7 days. On days 3, 

5 and 7 after inoculation (pi) litter samples were collected for reverse transcription 

and quantitative real time polymerase chain reaction (RT-qPCR) and viral isolation; 

and cloacal and oropharyngeal swabs were collected from the chicks and tested by 

NDV and IBDV RT-qPCR, in order to define the ideal time to obtain maximum viral 

shedding. In the direct spraying method, the litter was left to settle for seven days 

and then the vaccine strains of IBDV (105.7 EID50) and NDV (108.2 EID50) were 

sprayed over the litter. On days 3 and 5 after contamination, litter samples were 

taken to test for IBDV and NDV by RT-qPCR and viral isolation. After removal of the 

seeder birds or after the direct spraying, the litter was left to settle, without any 

intervention, for five days. On the sixth day, 10 SPF sentinel chicks at 10 days of age 

were housed on the contaminated litter in each box to evaluate the presence of 

residual vaccine viruses. On the fifth day of housing, the birds were euthanized and 

swabs from the cloaca and trachea were collected to test for IBDV and NDV by RT-

qPCR. 

 

2.3 Experimental design  

Five experimental groups were formed to evaluate the following treatments 

(T) in the recycled litter: T1 - shallow fermentation; T2 - quicklime (calcium oxide); T3 

- shallow fermentation followed by addition of quicklime; T4 - no treatment. 

Additionally, T5 consisted of a fresh wood shavings litter, not contaminated and 

untreated, and had the objective of monitoring the absence of cross contamination 
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between the other treatments. The treatments were conducted in experimental 

facilities, in individual rooms, with four repetitions in 2 m2 boxes for each treatment. 

Each room had an antechamber and footbath and different teams had access to 

each separate treatment. For each entry, clean clothes were worn and gloves and 

shoe covers were replaced between boxes. 

 

2.4 Contamination of the litter  

Recycled litter, previously used to raise six broiler flocks, was obtained from a 

commercial broiler producer, immediately after the removal of the broilers and tested 

negative for Salmonella spp., IBDV and NDV. The broiler litter was transported to the 

experimental facilities and distributed in the boxes in sufficient volume to form a 10 

cm high bedding. Viral contamination was conducted by the seeder bird method, as 

described (2.1), modifying the NDV dose to 106.6 EID50. On the sixth day of housing, 

the seeder birds were removed and oropharyngeal and cloacal swabs were collected 

to confirm viral replication by RT-qPCR for NDV and IBDV, respectively. Next, the 

litter was sprayed with a field strain of S. Heidelberg resistant to streptomycin and 

gentamicin (1.6 x 109 CFU/m2) and then turned, as previously established (Vaz et al., 

2017).  

 

2.5 Litter treatment  

The treatments were initiated immediately after contamination of the broiler 

litter (day 0) for a 14-day period. In T1 and T3 the litter was moistened with 1.5 L/m2 

of distilled water and covered with a 200 µm non-breathable tarpaulin laid out so that 

the edges were tucked in under the layer of litter to prevent gas exchanges with the 
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external environment. On day 12, the tarpaulin was removed in both treatments, with 

600 g/m2 of quicklime being incorporated into the litter in T3, corresponding to 

approximately 2% of the litter mass. The T1 and T3 litters were left to settle for two 

days. In T2 the litter was left to settle after contamination and on the 12th day 600 

g/m2 of quicklime was added. In T4 and T5 the litter was left in repose for 14 days. 

Litter samples of each treatment was collected in pools at five points in each box on 

days 0, 6, 12 and 14 for quantification of total enterobacteria, isolation and 

quantification of S. Heidelberg, pH, dry matter and ammonia content determination. 

In T1 and T3, the broiler samples contained in 20 x 10 cm polyester mash bags were 

distributed at five points in each box when the tarpaulin was laid out, and were 

collected by pulling tied strings without removing the tarpaulin.  

 

2.6 Sentinel birds 

At the end of the litter treatments, ten 3-day old SPF chicks were housed in 

each experimental box (5 chicks/m2) for 34 days, and given water and feed ad 

libitum. Chicks were daily monitored to mortality or clinical signs of illness. The chicks 

and litter were sampled in the first, third and fifth weeks of housing. The litter was 

tested for isolation of Salmonella spp.; and total enterobacteria and Salmonella spp. 

were enumerated using the colony-count method. At 1 and 3 weeks cloacal and 

tracheal swabs were taken individually for detection of IBDV (cloacal swabs) and 

NDV (tracheal swabs) by RT-qPCR. Cloacal swabs were also processed individually 

for the isolation of Salmonella spp.. In the fifth week the chicks were euthanized and 

cloacal and tracheal swabs were tested for IBDV and NDV by RT-qPCR as above. 

Liver and spleen, combined in individual pools, and cloacal swabs were taken for 
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isolation of Salmonella spp.. Serum samples were collected and tested for antibody 

titers to NDV and IBDV by enzyme-linked immunosorbent assay (ELISA).  

 

2.7 Bacteriological analyses 

For quantification of total enterobacteria and Salmonella spp., subsamples of 

10 g of litter were homogenized in 90 mL of phosphate-buffered saline (PBS) pH 7.4, 

in an orbital shaker (150 rpm/10 min) and submitted to ten-fold dilutions up to 10-5. 

Aliquots of 0.1 mL of each dilution were plated onto MacConkey agar (Acumedia, 

USA) for counting of total enterobacteria and onto Brilliant Green agar (BGA) (Oxoid, 

UK) containing novobiocin (40 mg/L), gentamicin (15 mg/L) and streptomycin (30 

mg/L) for counting of Salmonella spp.. The plates were incubated at 37°C for 48 h. 

One typical Salmonella spp. colony was selected from each plate for confirmation 

through biochemical testing. The detection limit was 100 colony forming unit (CFU)/g. 

For isolation of Salmonella spp., litter samples, cloacal swabs and fragments of 

tissues were individually homogenized in nine volumes of 1% buffered peptone water 

and incubated at 37°C for 24 h. Aliquots of 0.1 and 1 mL were inoculated in 

Rappaport-Vassiliadis broth (Himedia, India) and tetrathionate broth (Oxoid, UK), 

respectively, and incubated at 42°C for 24 h. Aliquots were then streaked onto xylose 

lysine tergitol-4 agar (XLT4) (Difco, USA) and BGA containing novobiocin (40 mg/L), 

streptomycin (30 mg/L) and gentamicin (15 mg/L). The plates were incubated at 37°C 

for 48 h and typical colonies were submitted to confirmatory biochemical tests. 
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2.8 Virus isolation 

NDV and IBDV were isolated in embrionated SPF chicken eggs (OIE, 2016). 

Cloacal and tracheal swabs harvested in 1 mL of tryptone peptone broth (TPB) were 

incubated with a 20% cocktail of antimicrobials containing streptomycin (50 mg/mL), 

gentamicin (10 mg/mL), amphotericin B (0.1 mg/mL), kanamycin (6.5 mg/mL) and 

penicillin G (10,000 IU) for 1 h and then inoculated into embrionated eggs of 9-11 

days incubation. The eggs were incubated for 7 days at 37ºC and the embryos 

analyzed for the presence of specific lesions and/or haemagglutination activity. A 

negative result was considered after the third passage in embrionated eggs. 

 

2.9 Total RNA extraction 

A total of 40 g of each litter sample was homogenized in 160 mL of PBS (140 

rpm/30 min) and refrigerated for 30 min. Then, the unsedimented suspension was 

clarified by centrifugation (2000 g/10 min) and aliquots were frozen at -70ºC. Total 

RNA was extracted with Trizol® reagent (Ambion, USA) and chloroform as indicated 

by manufacturer, and the total RNA contained in the aqueous phase was purified in a 

silica gel column (RNeasy Mini kit, Qiagen, Germany). The oropharyngeal and 

cloacal swabs, kept individually in 1 mL of TPB, were homogenized and kept frozen 

at -70ºC until processed. The total RNA was obtained by automated extraction 

(MagMax™ Express Magnetic Particle Processors, Applied Biosystems, USA) with a 

commercial kit (5X MagMax™ viral RNA Isolation Kit, Ambion, USA) and stored at -

70°C. 
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2.10 Reverse transcription and quantitative real time polymerase chain reaction (RT-

qPCR)  

Total RNA extracted from samples of litter suspensions, cloacal and 

oropharyngeal swabs were tested individually by one step RT-qPCR in an ABI 7500 

Real time PCR equipment (Applied Biosystems, USA), using a commercially 

available kit (AgPath-ID™ One-Step RT-PCR Kit, Ambion, USA). For NDV, a matrix 

gene region conserved in all avian Paramyxovirus 1 was amplified as described by 

Wise et al. (2004) in an assay extensively validated for official screening of NDV in 

poultry (OIE, 2016).  

For IBDV a RT-qPCR assay was established for amplification of a fragment of 

the VP1 gene located in segment B of the IBDV bisegmented RNA genome. The 

software Primer Express® (Applied Biosystems, USA) was used to design primers 

(Forward 1929+ 5’GGGATCGAGCAGGCATACA3’ and Reverse 1994- 

5’GTAGTTCCAACCACCTACCAACCT3’) and probe (1951-FAM 

5’TAGTCAGGTATGAGGCGTT-BHQ3’) for detecting classic and variant samples of 

IBDV. The RNA was denatured with 25% DMSO at 92ºC for 3 min and the one-step 

RT-qPCR performed at 50ºC for 30 min, 95ºC for 10 min, 40 cycles of 95ºC for 15 s 

and 60ºC for 45 s. A calibration curve with the number of known copies of IBDV 

(Lukert vaccine strain) was included in the assay. To construct the calibration curve 

indicator primers were designed with Primer3 program: (forward 1876+ 

5’GTTCTGCTGCGTATCCCAAG3’ and reverse 2168- 

5’TTCGGCTAGGCTCTCAGATG3’) and conventional RT-PCR was performed using 

the One-Step RT-PCR kit (Qiagen Germany) with the thermal profile of 50°C for 30 

min, 95°C for 15 min and 40 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 1 min, 

final extension at 72°C for 10 min and 4°C. The amplified product was cloned in the 
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TOPO TA cloning kit (Invitrogen, USA). The bacterial plasmid DNA was extracted 

with the Miniprep kit (Qiagen, Germany), linearized with BamHI and submitted to in 

vitro run off transcription with Megascript T7 (Invitrogen, USA). Serial tenfold dilutions 

of the transcribed RNA were amplified by RT-qPCR and amplification cycle threshold 

values obtained for each dilution were used to plot a calibration curve. The number of 

RNA copies in the test samples was estimated by linear regression from the 

calibration curve. Results were interpreted as positive by RT-qPCR when the value of 

the Quantification Cycle (Cq) was ≤36.  

 

2.11 Serological analyses 

Serum samples were tested to specific antibody detection using ELISA 

commercial kits for IBDV (IDEXX IBD Ab Tests, USA) and NDV (IDEXX NDV Ab 

Tests, USA), according to the manufacturer’s guidelines. The reading was measured 

with an ELISA microplate reader (BioTek, USA).  

 

2.12 Physicochemical analyses of the broiler litter 

The litter temperature was recorded every two hours during all the treatments 

applied by means of an automatic data recorder (iButton® DS1923, Maxim 

Integrated, USA) inserted in the center of the litter of each box at the beginning of the 

treatments. The pH was determined from litter samples suspended in ultrapure water, 

homogenized for 30 min and diluted at a ratio of 1:10. The dry matter content was 

ascertained by the difference of the drying weight of 2 g heated to 105°C for 18 h 

(IAL, 2008). The ammonia content (N-NH4
+) was determined according to the 

Kjeldhal method (APHA, 2012). 
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2.13 Statistical analysis 

For analysis of the IBDV and NDV quantification in the seeder birds, the number 

of viral copies was transformed to the base-10 log scale. The mean averages were 

calculated for each experimental unit (box) and analysis of variance was performed 

for the completely randomized design model. Whenever the F test detected a 

significant effect (p≤0.05) of treatments, drilldown analysis was conducted by means 

of the protected t test for multiple comparisons of means. Determination of total 

enterobacteria level, dry matter, pH, ammonia content and temperature of the litter 

was analyzed using the theory of mixed models for repeated measures, considering 

the treatment effects, days of treatment and interaction of these factors, and 15 types 

of variance and covariance matrix structures, using PROC MIXED (SAS, 2012), 

according to Xavier (2000). The structure used in the analysis was chosen based on 

the lowest value of the Akaike Information Criterion (AIC). The maximum likelihood 

estimation method was used. Breakdown of the effect of treatments was performed 

by means of the protected t test whenever the F test detected significant effect 

(p≤0.05) of the treatment. The total enterobacteria quantification data were 

transformed into base-10 log for analysis. For qualitative evaluations of Salmonella 

spp., IBDV and NDV Fisher's exact test was applied to compare the treatments on 

each day of the evaluation. 

 

3. Results  

3.1 Method of viral contamination of the litter 

Analysis of the cloacal swabs demonstrated that IBDV shed by seeder birds 

increased each day of the evaluation, whereas for NDV the frequency of positive 

oropharyngeal swabs reduced from the fifth day onwards (Figure 1). In terms of 
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allowing the highest levels of viral replication, the optimum housing time of the 

seeder birds, inoculated simultaneously with IBDV and NDV, was between days 5 

and 7 pi. The method of contamination by seeder birds allowed detection of both 

viruses in the litter by RT-qPCR and viral isolation, where IBDV was detected on 

days 3, 5 and 7 pi (3.6; 3.4 and 3.2 log10, respectively) and NDV only on days 3 and 

5 pi (2.3 and 1.4 log10, respectively). Furthermore, after exposure to the 

contaminated litter by the seeder bird method, 60% (6/10) of the sentinel chicks 

tested positive for IBDV and all tested negative for NDV. On the other hand, by the 

direct spray method only IBDV was detected in the broiler litter in the evaluated 

period, and all sentinel chicks tested negative for both viruses.  

 

3.2 Confirmation of experimental contamination  

Viral replication in the seeder birds used to contaminate the broiler litter was 

confirmed by RT-qPCR in all the experimental units from T1 to T4, with average RNA 

copy numbers of 1.21±0.13 log10
 for IBDV and 2.33±0.14 log10 for NDV. Initial 

contamination of the litter with S. Heidelberg from T1 to T4 was confirmed by 

microbiological isolation, whose average levels were lower than the detection limit in 

the quantitative analysis (100 CFU/g).  

 

3.3 Effect of the treatments on the broiler litter 

The results of the total enterobacteria level, pH, dry matter, ammonia content, 

and temperature measured in litter during the treatment period are presented in 

Table 1. A significant effect (p<0.05) was identified in all the factors for all variables 

on at least one evaluation day. S. Heidelberg was detected in the litter in T1, T2, T3 
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and T4 on every assessment day. On the other hand, T5 (uncontaminated fresh 

litter) remained negative throughout the experimental period (data not shown).  

 

3.4 Evaluation of sentinel birds housed on the litter 

No clinical sign of illness or mortality was observed in any of the sentinel 

chicks during the experiment in all the evaluated treatments. Figure 2 presents the 

percentages of sentinel birds tested positive for S. Heidelberg and IBDV during 

housing on the contaminated litter submitted to T1 to T4. The sentinel birds tested for 

NDV did not present seroconversion, and tested negative in the RT-qPCR analyses 

in all the treatments. In T2, the IBDV-positive sentinel birds presented average RNA 

copies of 3.71±1.20 and 2.02±0.86 log10 in the third and fifth weeks, respectively. In 

T4, these means were 3.34±1.40 and 2.39±0.97 log10, respectively. The sentinel 

birds housed on the fresh, uncontaminated litter (T5) remained negative throughout 

the experimental period (data not shown), confirming that no cross contamination 

occurred between the evaluated treatments.  

 

4. Discussion 

4.1 Methods of litter viral contamination and assessment of sentinel birds 

In this study, viral shedding promoted by seeder birds was more effective than 

the direct spraying in establishing litter viral contamination. The efficacy of the 

applied treatments was evaluated using a bioassay method (Islam et al., 2013; 

Crespo et al., 2016), in which the infectivity of the remaining microorganisms in the 

treated broiler litter was investigated through the use of sentinel birds, allowing the 
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treatment efficiency to be directly inferred in the host. This method especially favored 

viral detection in the litter in view of the limitations imposed by other techniques in 

differentiating infective and non-viable viruses and the limitations to isolate virus from 

highly contaminated environments (Guan et al., 2010; Islam et al., 2013).  

 

4.2 Effect of the litter treatments on microorganisms 

The result of the sentinel chicks in view of the RT-qPCR and ELISA tests to 

IBDV revealed that T1 and T3 inactivated this virus in the broiler litter. The sentinel 

chicks of all the treatments were negative for IBDV by RT-qPCR in the first week. 

Likewise, Crespo et al. (2016) detected IBDV in sentinel birds only after ten days of 

exposure to the contaminated litter and on the 12th day 30% of the birds tested 

positive. In this study, from the third week onwards the virus was detected in 50% 

and 40% of the sentinel chicks of T2 and T4, respectively, leading 100% of the birds 

to seroconversion by the fifth week. IBDV is notoriously highly contagious (Müller et 

al., 2012), as we observed in T2 and T4. Therefore, absence of the virus in the 

sentinel chicks of T1 and T3 demonstrated that these treatments inactivated IBDV in 

the litter. This result is important, firstly because it indicates that shallow fermentation 

is able to inactivate IBDV, which is highly resistant to environmental conditions 

(Müller et al., 2003; Islam et al., 2013; Crespo et al., 2016). Hence, this treatment 

could be an option to avoid the persistence of IBDV in broiler litter after episodes of 

the disease. Secondly, because it suggests that shallow fermentation also has an 

effect on other less resistant viruses in the litter (Guan et al., 2010). There was no 

difference between T1 and T3 in terms of viral inactivation; however, T1 was 

significantly superior to T3 in reducing total enterobacteria at the end of the litter 

treatment. This result indicates that the association of quicklime with shallow 
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fermentation did not enhance the treatment effect. In a previous study, T1 was also 

superior in reducing total enterobacteria, whereas T2 did not differ from the untreated 

group (Vaz et al., 2017). Studies with the addition of quicklime in the recycled litter 

have presented contradictory results in relation to antimicrobial activity (Bennett et 

al., 2003; Bennett et al., 2005; Ruiz et al., 2008; Vaz et al., 2017; Lopes et al., 2015). 

This variability may be due to different time of treatment and/or concentration of 

quicklime used (Bennett et al., 2005). Bennett et al. (2003) observed inhibitory action 

of the hydrated quicklime on Salmonella in concentrations of 5, 10 and 20%; 

however, this result was not obtained when lower concentrations (0, 2, 1 and 5%) 

were applied in the contaminated broiler litter (Bennett et al., 2005). Variation in the 

height and/or density of the litter also hinder comparisons between experiments. Fifth 

flock litter can be twice as dense as first flock litter (Loch et al., 2011).  

In this study, S. Heidelberg was detected in the broiler litter in all the 

treatments evaluated. In a previous study, T1, T2 and windrowing were able to 

inactivate S. Enteritidis in recycled litter (Vaz et al., 2017). However, the particular 

characteristics of each serovar or strain may influence the survival of Salmonella spp. 

in distinct niches (Chen et al., 2014; Andino et al., 2014), and therefore it is not 

surprising that the different Salmonella serovars respond differently to the same litter 

treatment. Detection of S. Heidelberg in sentinel chicks after exposure to 

contaminated litter revealed that broiler litter is a potential source of contamination for 

the subsequent flock. For this reason, other strategies are required to inactivate 

residual S. Heidelberg in recycled broiler litter. 

NDV failed to survive in the litter, regardless of the treatment applied. 

Elevating the inoculation dosage for the seeder birds resulted in higher titers of the 

virus in the chicks, but it did not remain viable in the litter. Single-stranded RNA 
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viruses are also known as being more sensitive to environmental conditions (Decrey 

et al., 2016). Reis et al. (2012) evaluated the tenacity of the avian influenza virus, 

another RNA virus, which only remained infective in the litter for up to three days. 

Other authors have also described that the vaccine strain of NDV shed by chickens is 

not readily transmitted through broiler litter (Islam et al., 2013) or survived for less 

than one week, being more rapidly inactivated in the litter than in other matrixes 

(Guan et al., 2009). 

 

4.3 Physicochemical factors and antimicrobial activity 

Physicochemical factors such as pH, temperature, moisture and ammonia 

contents interfere with the viability of microorganisms in the environment (Turnbull 

and Snoeyenbos, 1973; Islam et al., 2013; Chen et al., 2015; Magri et al., 2015). In 

this study, the ammonia content in the litter in T1 and T3 increased as from the 6th 

day in relation to the other treatments (Table 1) and this increase was associated to 

the observed antimicrobial effect. The effect of ammonia on Salmonella spp. is 

known (Turnbull and Snoeyenbos, 1973; Himathongkham and Riemann, 1999; Park 

and Diez-Gonzalez, 2003; Chen et al., 2015) as its virucidal activity (Ward, 1978; 

Scodeller et al., 1984; Magri et al., 2015; Decrey et al., 2016) but the mechanism 

involved is not completely clear (Chen et al., 2015). Scodeller et al. (1984) identified 

that the ionic strength of NH4 activated a viral endonuclease that degraded the foot-

and-mouth disease virus genome. It is also believed that NH3 causes a rapid 

alkalization of the cytoplasm because is passes through the cell membrane by simple 

diffusion and reduces the proton concentration (Park and Diez-Gonzalez, 2003) 

promoting alkaline hydrolysis and degradation of the viral RNA (Ward, 1978). 

Furthermore, the tarpaulin cover acts like an impermeable barrier that allows 
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ammonia to accumulate in the litter and favors the reduction of microorganisms 

(Macklin et al., 2006). 

On the other hand, the range of temperatures measured during the treatments 

(12.6 – 25.1°C) did not reach levels considered critical for the microorganisms 

evaluated (Macklin et al., 2006; Guan et al., 2009). Similarly, the pH and moisture 

content (interpreted as the inverse of dry matter content) exerted no detectable 

inhibitory activity on the microorganisms evaluated. In T1 and T3 the addition of 

water to the litter prior to the tarpaulin covering resulted in lower levels of dry matter 

and, despite this, these treatments were more effective on microbial reduction. 

Additionally, although in T2 and T3 the pH and dry matter content increased on day 

12 with the addition of quicklime, T2 failed to inhibit the evaluated microorganisms. 

Quicklime has a drying action and its antimicrobial activity results from the reduction 

of available water associated to the increased pH of the litter (Ruiz et al., 2008). In a 

previous study, quicklime applied for the same period of time to the broiler litter, 

however in a lower concentration, resulted in pH 9.6, eliminating S. Enteritidis but not 

reducing the level of total enterobacteria (Vaz et al., 2017). In the present study, the 

concentration of quicklime was high (600g/m2), resulting in a higher pH level (10) 

which, however, was not reflected in microbial reduction. In the USA, when quicklime 

is the option used for microbial reduction in sewage sludge, the rule requires that 

sufficient quicklime is added to raise the pH to 12 for 2 h to kill pathogens (EPA, 

1999). However, the concentration of quicklime used in this study, and even the 

natural buffering activity of the litter (Cassity-Duffey et al., 2015), did not allow 

reached this pH level. 
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5. Conclusion 

The shallow fermentation treatment eliminated IBDV and reduced total 

enterobacteria in the recycled litter, but had no effect on S. Heidelberg. The NDV did 

not survive in the broiler litter, regardless of the treatment applied. The antimicrobial 

activity was related to higher ammonia content in the broiler litter in relation to the 

other treatments evaluated. The use of this treatment in litter recycled between 

broiler flocks should be complemented by another control strategy to inactivate S. 

Heidelberg. 
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Table 1. Means and standard errors of the variables measured in the broiler litter 

according to treatments and time of treatment. 

Time 

(days) 

Treatment 
Pr>F 

1 2 3 4 

Total enterobacteria (log10 CFU/g) 

0 5.662±0.210 5.091±0.427 5.864±0.150 5.005±0.146 0.2747 

6 4.096±0.429 4.875±0.217 5.106±0.321 4.919±0.260 0.2289 

12 4.469±0.309 4.062±0.597 4.898±0.304 4.742±0.139 0.3981 

14 3.435±0.254 a 4.921±0.430 b 4.375±0.256 ab 5.282±0.735 b 0.0060 

Dry matter (%) 

0 73.10±0.66 b 79.52±0.38 a 73.24±0.70 b 78.91±0.51 a <.0001 

6 72.16±0.73 b 82.94±0.44 a 71.57±0.97 b 82.68±0.25 a <.0001 

12 73.96±0.65 b 82.45±0.33 a 73.61±0.46 b 81.13±0.38 a <.0001 

14 74.33±0.26 c 81.86±0.35 a 74.96±0.37 c 80.87±0.27 b <.0001 

N-NH4
+ (mg/Kg) 

0 1520±60 bc 1483±60 c 1646±47 ab 1705±52 a 0.0221 

6 2767±170 a 1256±68 b 2751±176 a 1319±68 b <.0001 

12 2828±163 a 1218±25 b 2541±122 a 1455±106 b <.0001 

14 2178±94 a 1053±25 c 1742±127 b 1175±26 c <.0001 

Temperature (ºC) 

0 21.40±0.23 a 20.80±0.11 b 21.37±0.13 a 19.93±0.21 c 0.0002 

6 19.38±0.37 a 17.07±0.20 b 19.47±0.33 a 15.46±0.62 c <.0001 

12 18.17±0.26 a 17.03±0.22 b 18.67±0.28 a 15.55±0.42 c <.0001 

14 19.09±0.22 a 18.98±0.26 a 19.48±0.18 a 17.48±0.31 b 0.0005 

pH 

0 8.690±0.026 8.558±0.046 8.545±0.027 8.563±0.060 0.1901 

6 8.693±0.095 8.593±0.027 8.695±0.057 8.585±0.043 0.2776 

12 8.858±0.013 c 10.01±0.06 a 9.423±0.067 b 8.530±0.052 d <.0001 

14 8.825±0.009 b 9.275±0.063 a 9.303±0.036 a 8.488±0.074 c <.0001 

Averages followed by distinct letters on the rows differ significantly by the t test 

(p≤0.05). 
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Figure 1. Frequency of IBDV- and NDV-positive seeder birds, by the RT-qPCR test 

of cloacal and tracheal swabs, respectively. 
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Figure 2. Frequency of S. Heidelberg-positive sentinel chicks (A) in bacteriological 

isolation and IBDV-positive sentinel chicks (B) by RT-qPCR and ELISA tests. 
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Highlights 

- Residual Infectious Bursal Disease Virus (IBDV) and Salmonella Heidelberg 

remained infective in the recycled broiler litter; 

- The shallow fermentation treatment inactivated IBDV and reduced total 

enterobacteria levels in the broiler litter; 

- The antimicrobial activity of shallow fermentation was related to the ammonia 

content of the litter; 

- S. Heidelberg resisted to all litter treatments evaluated. 
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Abstract Graphical 
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5 CONCLUSÃO 

 

O tratamento de fermentação plana eliminou o VDIB e reduziu enterobactérias 

totais na cama aviária reutilizada; todavia, não foi verificado efeito sobre S. 

Heidelberg. A ação antimicrobiana deste tratamento pode ser relacionada aos 

maiores teores de amônia presentes na cama aviária em relação aos demais 

tratamentos avaliados. O VDNC não sobreviveu na cama aviária, independente do 

tratamento aplicado. O uso da fermentação plana para o tratamento da cama aviária 

reutilizada entre lotes deve ser complementado por outra estratégia de controle na 

presença de S. Heidelberg. Adicionalmente, observou-se que a contaminação 

experimental da cama aviária pelos vírus aviários foi mais eficiente com o uso de 

seeder birds, quando comparada à aspersão direta na cama. A avaliação de aves 

sentinelas apresentou-se uma estratégia adequada para monitorar a eficiência dos 

tratamentos de cama sobre os micro-organismos estudados. 
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APÊNDICE A – ARTIGO ADICIONAL DESENVOLVIDO NO MESTRADO E 

ACEITO PARA PUBLICAÇÃO NA REVISTA FOODBORNE PATHOGENS AND 

DISEASES (FPD) (ISSN 1556-7125) 
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ANEXO A – COMPROVANTE DA SUBMISSÃO DO MANUSCRITO PARA A 

REVISTA VETERINARY MICROBIOLOGY 
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ANEXO B – AUTORIZAÇÃO DA REVISTA FPD PARA INCLUIR O ARTIGO NA 

DISSERTAÇÃO 

 

 

 


