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Resumo 

 

O presente estudo teve como objetivo avaliar a sobrevivência de larvas de Litopenaeus 

vannamei tratadas com bactérias probióticas e posteriormente infectadas por Vibrio harveyi e 

Vibrio alginolyticus. Os camarões foram mantidos em dois tanques de 80L nas mesmas 

condições, mas apenas um deles foi previamente tratado com probiótico comercial (Bacillus 

spp.) adicionado diariamente na água na concentração de 105 UFC/ml. Este protocolo foi 

mantido até os animais alcançarem o estágio de desenvolvimento larval necessário para os 

experimentos de infecção por Vibrio spp. Foram realizados três experimentos independentes 

de infecção: Zoea1 a Zoea3, Mísis1 a Mísis3 e Pós-larvas (PL)10 a PL14 com os seguintes 

tratamentos com quatro repetições cada: somente V. harveyi; probiótico comercial + V. 

harveyi; somente V. alginolyticus; probiótico comercial + V. alginolyticus; sem Vibrio spp. e 

probiótico (controle). No experimento com PL, somente os tratamentos com V. harveyi; 

probiótico comercial + V. harveyi e controle foram utilizados. As espécies de Vibrio foram 

inoculadas apenas no início de cada experimento na concentração de 107 UFC/ml. Ao final 

dos experimentos, uma amostra de água e camarão de cada parcela experimental foi 

submetida à quantificação de Vibrio spp. Adicionalmente foi realizado um teste de 

antagonismo in vitro de Bacillus spp. contra Vibrio spp. Nos experimentos com zoea e mísis, 

as larvas cultivadas no tratamento V. harveyi apresentaram uma sobrevivência 

significativamente inferior quando comparadas com as dos tratamentos V. alginolyticus e 

controle. Houve um aumento significativo na sobrevivência de larvas zoea e mísis tratadas 

com probiótico + V. harveyi com 81,07 e 90,13%, em comparação com as larvas infectadas 

apenas com V. harveyi com 12,80 e 69,13%, respectivamente. Não foram observadas 

diferenças significativas na sobrevivência das pós-larvas entre tratamentos. A quantidade total 

de Vibrio spp. na água e camarões diminuiu nos tratamentos com o uso de probiótico. O 

probiótico (Bacillus spp.) apresentou atividade inibitória contra Vibrio spp. in vitro. Os 

resultados indicaram um aumento na sobrevivência dos estágios larvais iniciais (zoea e mísis) 

infectadas por V. harveyi após tratamento com Bacillus spp. A administração de bactérias 

probióticas é uma alternativa promissora para a prevenção de Vibrio spp. na larvicultura de L. 

vannamei. 

 

Palavras-chave: Bacillus, Vibrio harveyi, Vibrio alginolyticus, camarão marinho 
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Abstract 

 

This study aimed to evaluate the survival of Litopenaeus vannamei shrimp larvae 

treated with probiotic bacteria and subsequently infected by Vibrio harveyi and Vibrio 

alginolyticus. Shrimp were kept in two 80L tanks under similar culture conditions, but only 

one tank was previously treated with commercial probiotic (Bacillus spp.) added daily in the 

water at a concentration of 105 CFU/ml. This protocol was maintained until the animals reach 

the stage of development needed for the infection experiments by Vibrio spp. Three 

independent infection experiments were performed: Zoea1 to Zoea3, Mysis1 to Mysis3 and 

Postlarvae (PL)10 to PL14 with the following treatments with four replicates each: only V. 

harveyi; commercial probiotic + V. harveyi; only V. alginolyticus;  commercial probiotic + V. 

alginolyticus;  and without Vibrio spp. and probiotic (Control). In the experiment with PL, 

only the treatments with V. harveyi; commercial probiotic + V. harveyi and control were used. 

Vibrio species were inoculated only at the beginning of each experiment at a concentration of 

107 CFU/ml. At the end of experiments, a sample of water and shrimp from each experimental 

unit was submitted to quantification of Vibrio spp. Additionally, was realized an antagonism 

test of Bacillus spp. against Vibrio spp.  In the experiments with zoea and mysis, larvae 

cultured in treatment V. harveyi had a significantly lower survival when compared with 

treatments V. alginolyticus and control. There was a significant increase in survival of zoea 

and mysis larvae treated with probiotic + V. harveyi with 81.07 and 90.13%, differentiating 

the larvae infected only with V. harveyi with 12.80 and 69.13%, respectively. There were no 

significant differences in survival of postlarvae among treatments. Total Vibrio spp. counts 

decreased in the water and shrimp of treatments with the use of probiotic. The probiotic 

(Bacillus spp.) showed inhibitory activity against Vibrio spp. in vitro. The results indicated an 

increase in the survival of early larval stages (zoea and mysis) infected by V. harveyi after 

treatment with Bacillus spp. The administration of probiotic bacteria is a promising alternative 

for the prevention of Vibrio spp. in larviculture of L. vannamei. 

 

Keywords: Bacillus, Vibrio harveyi, Vibrio alginolyticus, marine shrimp 

 

VI 



 

 

Lista de figuras  
 

                                                                                                                                          Página 

 

 

 

............................................................................................................................................  41 

 

 

 

 

 

 

 42

VII 

Figure 1- Petri dishes containing Bacillus spp. probiotic in the wells (A) showing 

inhibitory zones (d = diameter) against the growth of V. harveyi (VH), V. 

alginolyticus (VA) and control (C) with no inhibitory zone………………………….. 

 

Figure 2- Survival of Litopenaeus vannamei Zoea (Z), Mysis (M) and Postlarvae 

(PL) treated with commercial probiotic (Bacillus spp.) and exposed to experimental 

infection by Vibrio sp. VH = only V. harveyi; VA = only V. alginolyticus; PVH = V. 

harveyi + commercial probiotic; PVA = V. alginolyticus + commercial probiotic; C 

= control, without inoculum of probiotic and Vibrio sp. Means with different letters 

were significantlly different (P<0,05)………………………………………………... 



 

 

Lista de tabelas  

                                                                                                                                        Página 

 

 

 

............................................................................................................................................43 

 

 

 

 

 

 

 

 

 

VIII 

Table 1 - Mean (± SE) values of total Vibrio spp. count in the water and shrimp 

Litopenaeus vannamei (stages Zoea3, Mysis3 and PL14) treated with commercial 

probiotic (Bacillus spp.) and exposed to experimental infection by Vibrio sp……….. 



 

 

Sumário 

 

                                                                                                                                         Página 

Dedicatória..........................................................................................................................   

Agradecimentos ..................................................................................................................  

Resumo ...............................................................................................................................  

Abstract...............................................................................................................................  

Lista de figuras ...................................................................................................................  

Lista de tabelas ...................................................................................................................  

 

1. Introdução.......................................................................................................................  12 

2. Revisão de literatura .......................................................................................................  13 

3. Referências bibliográficas ..............................................................................................  18 

4. Artigo científico: Effect of the addition of probiotic bacteria on the survival  

of marine shrimp Litopenaeus vannamei larvae submitted to infection  

by Vibrio spp .....................................................................................................................  23 

4.1. Normas da Revista Aquaculture ..................................................................................  43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II 

III 

V 

VI 

VII 

VIII 



VOGELEY, J. A. L. Efeito do uso de bactérias probióticas na sobrevivência...     

 

 

12 

1. Introdução 

O crescimento mundial da produção de Litopenaeus vannamei deve-se ao avanço de 

novas tecnologias de reprodução em cativeiro e larvicultura, além da crescente demanda do 

produto no mercado internacional, da boa rentabilidade do agronegócio e da capacidade de 

gerar renda, empregos e divisas (ROCHA e RODRIGUES, 2004). Porém, a intensificação da 

carcinicultura vem sendo acompanhada pela ocorrência de doenças, destacando-se as 

causadas por bactérias patógenas oportunistas (SHARIFF et al., 2001). 

 Entre as bactérias potencialmente patógenas, as do gênero Vibrio são frequentemente 

associadas com baixas taxas de sobrevivência em larviculturas ou sistemas de engorda 

(SAULNIER et al., 2000). Espécies como Vibrio harveyi e Vibrio alginolyticus podem 

infectar larvas, juvenis e adultos de camarões peneídeos, comprometendo a cadeia produtiva 

(LAVILLA PITOGO et al., 1998). Essas bactérias podem sem encontradas fixadas em 

microalgas, no zooplâncton, na comunidade bacteriana do trato digestório dos camarões e no 

biofilme da parede dos tanques de cultivo (THOMPSON et al., 2002). Dessa forma, a 

abundância natural de Vibrio spp., assim como sua ubiquidade, taxa de multiplicação e 

habilidade para adaptar-se à mudanças ambientais em sistemas aquícolas, ressaltam a 

importância da avaliação de seus efeitos patogênicos nos camarões e do seu controle nos 

sistemas de cultivo (SAULNIER et al., 2000). 

 A tentativa de controle de bactérias potencialmente patógenas tornou-se uma prática 

comum entre os administradores de larviculturas (GOMEZ-GIL et al., 2000). No entanto, o 

uso abusivo de antibióticos pode causar maior resistência nas linhagens bacterianas 

(GULLIAN et al., 2004). Nesse sentido, um método alternativo, em detrimento do uso de 

antibióticos em sistemas de aquicultura, é a aplicação de probióticos que são definidos como 

um conjunto de microrganismos vivos que, quando consumidos em quantidades adequadas, 

conferem benefícios a saúde do hospedeiro (REID et al., 2003).  
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 Entre as bactérias probióticas utilizadas na aqüicultura, o gênero Bacillus tem 

demonstrado atividade inibitória contra várias espécies de Vibrio em testes realizados in vitro 

e in vivo. Nesse sentido, o objetivo da presente pesquisa foi avaliar o efeito do uso de 

bactérias probióticas na sobrevivência de larvas de L. vannamei expostas à infecção por V. 

harveyi e V. alginolyticus.  

 

2. Revisão de literatura 

O cultivo de camarões marinhos tornou-se uma importante atividade em muitos países 

tropicais. No Brasil, a partir da década de 90, com a introdução da espécie L. vannamei, essa 

indústria experimentou um período de rápido crescimento alcançando uma produção de 

90.190 t em 2003, com destaque para a região Nordeste, a qual foi responsável por 95,2% 

dessa produção (ROCHA, 2007). No ano seguinte, houve uma queda de 16% na produção de 

camarão devido a alguns fatores como a desvalorização do dólar e a ocorrência de 

enfermidades, as quais são consideradas como uma das principais causas de variação na 

produção de camarões (MOSS, 2002; MADRID, 2005). 

Em vários países, a intensificação das atividades de carcinicultura tem resultado em um 

aumentado na incidência de doenças causadas por bactérias patógenas oportunistas como as 

do gênero Vibrio, as quais são frequentemente associadas com altas taxas de mortalidade no 

cultivo de camarões peneídeos (SAULNIER et al., 2000). Mortalidades associadas à presença 

de Vibrio sp. têm sido relatadas para Penaeus monodon e L. vannamei na Indonésia 

(SUNARYANTO e MARIAM, 1986), Tailândia, India (KARUNASAGAR et al., 1994), 

Filipinas (BATICADOS et al., 1990; LAVILLA-PITOGO et al., 1990), Austrália  

(PIZZUTTO e HIRST, 1995), Taiwan (SONG e LEE, 1993; LIU et al., 1996) e Equador 

(ROBERTSON et al., 1998).   

Espécies como V. vulnificus, V. alginolyticus, V. campbellii, V. splendidus, V. damsela, 

V. parahaemolyticus, V. penaeicida e Vibrio harveyi são descritas como as principais 
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bactérias patogênicas para camarões peneídeos (LIGHTNER, 1996). Assim, algumas 

pesquisas têm sido realizadas para avaliar a suscetibilidade de camarões a diferentes linhagens 

dessas espécies. Soto-Rodríguez et al. (2006) ao submeterem diferentes fases larvais de L. 

vannamei a infecção por V. campbellii observaram um significativo aumento na taxa de 

mortalidade desses animais. Resultados similares foram encontrados por Aguirre-Guzmán et 

al. (2001) para V. penaeicida, V. harveyi e V. parahaemolyticus. Em outro estudo, Lee et al. 

(1996) obtiveram 50% de mortalidade em P. monodon após sete dias de infecção dos animais 

com V. alginolyticus através de injeção intra-muscular. 

 Alguns produtos extracelulares como proteases, fosfolipases e hemolisinas são 

considerados como um dos mecanismos de patogenicidade de Vibrio spp. Pesquisas foram 

realizadas com a exposição de diferentes espécies de camarões a esses produtos, resultando 

em um significativo aumento na taxa de mortalidade dos animais (AUSTIN e ZHANG, 

2006). Além disso, órgãos como hepatopâncreas e brânquias quando infectados por Vibrio 

spp. podem ter suas funções comprometidas, levando o animal à uma consequente morte 

(ESTEVE e HERRERA, 2000). 

Segundo Saulnier et al. (2000), Vibrio spp. podem atuar como agente primário ou 

secundário de infecção. Essas bactérias podem agir de forma oportunista, quando os camarões 

estão imunologicamente comprometidos devido a causas primárias como a presença de outros 

agentes infecciosos, deficiência nutricional, práticas de manejo e estresse ambiental em 

decorrência de bruscas alterações nos parâmetros físico-químicos da água de cultivo. Em 

estudo realizado por Wang e Chen et al. (2005), juvenis de L. vannamei submetidos a estresse 

por salinidade tiveram uma diminuição na resposta imune resultando numa menor resistência 

a V. alginolyticus. Phuoc et. al (2008) concluíram que em ausência de estresse por exposição a 

concentrações de amônia ou salinidade, as pós-larvas de L. vannamei não foram suscetíveis a 

infecção por diferentes linhagens de V. campbellii, V. harveyi e V. penaeicida. 
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Antibióticos vêm sendo utilizados na tentativa de minimizar os problemas causados por 

Vibrio spp. na aquicultura (GULLIAN et al., 2004). No entanto, o emprego abusivo dessas 

substâncias tem causado um aumento na resistência de linhagens de bactérias patógenas e 

preocupação da sociedade que consome produtos aquícolas (ESIOBU et al., 2002). Nesse 

sentido, o uso de bactérias probióticas vem surgindo como uma alternativa para o uso de 

antibiótico. Verschuere et al. (2000) definem probióticos como “suplementos microbianos 

vivos que têm efeito benéfico ao hospedeiro, através da modificação da comunidade 

microbiana no hospedeiro ou no ambiente, o que proporciona melhorias na utilização dos 

alimentos, maior resposta imunológica do hospedeiro a doenças, e melhor qualidade de água”.  

De acordo com Decamp e Moriarty (2006), probióticos têm proporcionado um 

incremento na produção de camarão similar aquele encontrado quando substâncias 

antimicrobianas são utilizadas. Vários benefícios têm sido relatados para utilização de 

bactérias probióticas em sistemas de aquicultura, como a criação de um ambiente hostil para 

patógenos pela produção de compostos inibitórios (bacteriocinas, lisozimas, proteases e 

peróxido de hidrogênio) e competição por nutrientes e locais de adesão; fornecimento de 

nutrientes essenciais e enzimas que resultam em uma melhor nutrição dos animais cultivados, 

conversão do material orgânico dissolvido na água de cultivo e melhora da resposta imune 

(GATESOUPE, 1999; GOMEZ-GIL et al., 2000; IRIANTO e AUSTIN, 2002; BALCAZAR 

et al., 2006).  

Espécies do gênero Bacillus são facilmente encontradas em sedimentos marinhos, 

brânquias, cutícula e trato intestinal dos camarões (SHARMILA et al., 1996). Essas bactérias 

são amplamente utilizadas na aquicultura, podem ser administradas tanto através do alimento 

como diretamente na água de cultivo (MORIARTY, 1998), e têm demonstrado atividade 

inibitória contra várias espécies de Vibrio. Vaseeharan e Ramasamy (2003) ao avaliarem o 

antagonismo in vitro de Bacillus subtilis BT 23 contra o V. harveyi em P. monodon, 

encontraram zonas inibitórias ao redor do crescimento do Bacillus de 3 a 6 mm e redução da 
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mortalidade dos camarões em condições in vivo, demonstrando que o crescimento dessa 

espécie patogênica foi controlado. Resultados similares foram encontrados por Balcazar et al. 

(2007), onde a mortalidade de L. vannamei infectados por V. parahaemolyticus foi reduzida 

após adição de B. subtilis na ração. 

Rengpipat et al. (2000) demonstraram que é possível aumentar a produção de camarões 

pela adição de Bacillus S11 no cultivo de P. monodon, pois o crescimento e a sobrevivência 

das pós-larvas foram significativamente superiores comparados ao grupo controle. Ao 

administrar B. subtilis E20 na água de cultivo de larvas e pós-larvas de L. vannamei, Liu et al. 

(2010) encontraram melhor taxa de sobrevivência e desenvolvimento larval, maior inibição do 

crescimento de espécies de Vibrio na água e uma significativa diminuição da mortalidade dos 

camarões submetidos a estresse de salinidade e exposição a concentrações de nitrito.   

 A composição natural da flora bacteriana intestinal de camarões marinhos pode ser 

modificada pelo fornecimento de bactérias probióticas diretamente na alimentação (ZIAEI-

NEJAD et. al., 2006). Ao utilizar B. subtilis UTM 126 no controle de Vibrio spp. Balcazar et. 

al. (2007b), observaram que o mecanismo de ação do probiótico pode ter sido a exclusão 

competitiva, pois detectaram ao final do estudo a presença de B. subtilis no hepatopâncreas de 

juvenis de L. vannamei. Ke Li et al. (2007) ao administrar Bacillus licheniformis a juvenis de 

L. vannamei encontraram uma quantidade significativamente mais baixa de Vibrio spp. no 

trato intestinal desses animais.  

A adição de bactérias probióticas em sistemas de aquicultura pode estimular a resposta 

imunológica do hospedeiro contra a infecção por bactérias patogênicas. A utilização de 

Bacillus sp. proporcionou uma proteção contra doenças através da ativação das defesas 

imunológicas humoral e celular no camarão P. monodon (RENGPAT et al., 2000). Tseng et 

al. (2009) ao administrar B. subtilis para juvenis de L. vannamei observaram um incremento 

da atividade da fagocitose e um aumento na resistência dos camarões contra V. alginolyticus. 
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Algumas bactérias podem participar do processo digestório dos camarões pela produção 

de enzimas extracelulares como proteases e lipases (OCHOA e OLMOS, 2006). Zhou et al. 

(2009), encontraram um aumento na atividade da amilase, lipase e protease em larvas de L. 

vannamei tratadas com Bacillus coagulans e sugeriu que o consequente aumento da digestão e 

absorção do alimento contribuiu para o incremento na sobrevivência. A administração de B. 

subtilis E20 para larvas de L. vannamei resultou em um significativo aumento na 

sobrevivência dos camarões devido a uma possível melhora no estado nutricional dos animais, 

a qual pode ter sido causada pelo incremento da atividade enzimática e consequente maior 

absorção de nutrientes (LIU et al., 2010). 

A biotecnologia avançou ao ponto em que probióticos comerciais estejam disponíveis 

para utilização na aquicultura. O emprego de um probiótico comercial (BACILLOGEN-

ZINC) e culturas de Bacillus pumilus no cultivo de larvas de Marsupenaeus japonicus 

resultaram em um aumento de 97 e 95%, respectivamente, na sobrevivência dos animais 

comparados com o grupo controle (EL-SERSY et al., 2006). Em outro estudo, a adição de um 

probiótico comercial composto por cepas de Bacillus spp. no cultivo de diferentes estágios de 

larvas do camarão Fenneropenaeus indicus proporcionou uma maior sobrevivência dos 

animais (ZIAEI-NEJAD et al. 2006). 

Diante do exposto, a utilização de bactérias probióticas parece ser uma alternativa 

promissora para o cultivo de camarões marinhos, sobretudo na produção de larvas.  

Considerando a importância da carcinicultura para o Nordeste do Brasil, as perdas na 

produção devido à ocorrência de doenças e a disponibilidade de probióticos comerciais para 

utilização nas larviculturas regionais, estudos que avaliem o desempenho desses produtos 

frente a infecções bacterianas por diferentes espécies e linhagens de Vibrio spp. se fazem 

necessários. Dessa forma, o presente estudo avalia o efeito do uso de bactérias probióticas na 

sobrevivência de larvas de L. vannamei expostas a infecção experimental por V. harveyi e V. 

alginolyticus.  
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Abstract 17 

This study aimed to evaluate the survival of Litopenaeus vannamei shrimp larvae treated with 
18 

probiotic bacteria and subsequently infected by Vibrio harveyi and Vibrio alginolyticus. 
19 

Shrimp were kept in two 80L tanks under similar culture conditions, but only one tank was 
20 

previously treated with commercial probiotic (Bacillus spp.) added daily in the water at a 
21 

concentration of 105 CFU/ml. This protocol was maintained until the animals reach the stage 
22 

of development needed for the infection experiments by Vibrio spp. Three independent 
23 

infection experiments were performed: Zoea1 to Zoea3, Mysis1 to Mysis3 and Postlarvae 
24 

(PL)10 to PL14 with the following treatments with four replicates each: only V. harveyi; 
25 

commercial probiotic + V. harveyi; only V. alginolyticus; commercial probiotic + V. 
26 

alginolyticus;  and without Vibrio spp. and probiotic (Control). In the experiment with PL, 
27 

only the treatments with V. harveyi; commercial probiotic + V. harveyi and control were used. 
28 

Vibrio species were inoculated only at the beginning of each experiment at a concentration of 
29 

107 CFU/ml. At the end of experiments, a sample of water and shrimp from each experimental 
30 

unit was submitted to quantification of Vibrio spp. Additionally, was realized an antagonism 
31 

test of Bacillus spp. against Vibrio spp.  In the experiments with zoea and mysis, larvae 
32 

cultured in treatment V. harveyi had a significantly lower survival when compared with 
33 

treatments V. alginolyticus and control. There was a significant increase in survival of zoea 
34 

and mysis larvae treated with probiotic + V. harveyi with 81.07 and 90.13%, differentiating 
35 

the larvae infected only with V. harveyi with 12.80 and 69.13%, respectively. There were no 
36 

significant differences in survival of postlarvae among treatments. Total Vibrio spp. counts 
37 

decreased in the water and shrimp of treatments with the use of probiotic. The probiotic 
38 

(Bacillus spp.) showed inhibitory activity against Vibrio spp. in vitro. The results indicated an 
39 

increase in the survival of early larval stages (zoea and mysis) infected by V. harveyi after 
40 

treatment with Bacillus spp. The administration of probiotic bacteria is a promising alternative 
41 

for the prevention of Vibrio spp. in larviculture of L. vannamei. 
42 
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44 

1. Introduction 45 

Farming of white shrimp Litopenaeus vannamei has become a significant economic 46 

activity in several developing countries, such as Brazil. However, this industry has been 47 

suffering with an increased incidence of infectious pathogens. Bacterial diseases are often 48 

associated with low survival rates during larvae production, and the genus Vibrio has been 49 

closely related with this problem (Saulnier et al., 2000, Decamp et al., 2008). Furthermore, 50 

Vibrio species can affect shrimp at juvenile and adult stages (Gomez Gil et al., 1998; Lavilla 51 

Pitogo et al., 1998), compromising the whole production cycle. 52 

In order to overcome bacterial diseases and improve larvae production, many hatcheries 53 

have been relying on the use of antibiotics. However, this procedure has resulted in the 54 

presence of resistant strains of bacteria in shrimp culture (Gullian et al., 2004). In this context, 55 

the use of probiotics has been increasingly reported as an alternative to antibiotic treatment 56 

(Balcazar et al., 2006). Probiotics are defined as ‘‘live microorganisms, which when are 57 

consumed in adequate amounts, confer a health benefit for the host’’ (Reid et al., 2003). The 58 

benefits of probiotics in aquaculture may include the competitive exclusion of pathogenic 59 

bacteria, supply of essential nutrients and enzymes resulting in enhanced nutrition of the 60 

cultured animal, improvement of water quality and lower incidence of diseases by 61 

enhancement immune response of shrimp (Verschuere et al., 2000). 62 

The genus Bacillus is known to antagonize potential pathogens in the aquatic environment 63 

(Irianto and Austin, 2002). These microorganisms compete with other bacteria for nutrients 64 

and space and can exclude them through the production of different antibiotic compounds 65 

(Moriarty, 1998). Therefore, the genus Bacillus contains most of the bacteria species used as 66 

probiotics by the aquaculture industry (Ninawe and Selvin, 2009). The effect of these 67 

probiotic bacteria in reducing shrimp mortality against Vibrio infection has been described in 68 
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previous papers (Vaseeharan and Ramasamy, 2003; Balcazar et al., 2007ab; Das et al., 2010), 69 

but there are few studies covering all larval stages. Thus, the objective of this study was to 70 

evaluate the effect of Bacillus spp. addition on the survival of L. vannamei larvae submitted to 71 

infection by Vibrio spp. 72 

 73 

2. Materials and Methods 74 

2.1 Source of bacterial strains and inoculum preparation  75 

Three Bacillus strains were obtained from a commercial probiotic (INVE Sanolife® 76 

MIC) containing spores of B. subtilis, B. licheniformis and B. pumilus. Before application of 77 

the commercial probiotic in the water, spores were rehydrated according to manufacturer’s 78 

instructions and a sample was plated onto marine agar (MA; Himedia) by the spread plate 79 

technique to confirm the density of probiotic bacteria.  80 

The strains of Vibrio harveyi and Vibrio alginolyticus used to infection experiments 81 

were obtained from the collection of Laboratório de Camarões Marinhos at the Federal 82 

University of Santa Catarina, Brazil. The strains were stored in cryovials (-80 °C) containing 83 

tryptic soy broth (TSB; Himedia) supplemented with 2.0% NaCl and sterile glycerol (30% 84 

v/v) prior to use.  85 

For preparing Vibrio inoculum, the strains were recovered from cryopreservation, 86 

plated in tryptic soy agar (TSA; Himedia) enriched with 2.0% NaCl and incubated overnight 87 

at 30 °C. The bacterial colonies were grown in 12 ml of TSB supplemented with 2.0% NaCl 88 

at 30 °C for 24 h. After incubation, the cells were harvested by centrifugation (4000 rpm for 89 

15 min), washed twice with sterile saline solution (2.5% NaCl) and re-suspended in the same 90 

solution. This suspension was serially diluted and the dilutions was both inoculated onto 91 

thiosulfate citrate bile salts sucrose agar (TCBS; Himedia) and measured using a 92 

spectrophotometer at the optical density of 600 nm. This procedure aimed to verify the 93 

relationship between absorbance and Colony Forming Units (CFU) per milliliter. Then, the 94 
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absorbance was adjusted to an optical density at 600 nm, corresponding to a cell density of 95 

approximately 109 CFU/ml. The bacterial suspension of V. harveyi and V. alginolyticus was 96 

serially diluted to achieve the density of 107 CFU/ml, used for shrimp infection bioassays.  97 

 98 

2.2 Antagonism assays 99 

Antagonism assays were performed by the agar well diffusion plate method, adapted 100 

from Vaseeharan and Ramasamy (2003). All assays were carried out in triplicate. The strains 101 

of V. harveyi, V. alginolyticus and commercial probiotic (Bacillus spp.) were grown in TSB 102 

supplemented with 2.0% NaCl at 30 °C. After 24 h of incubation, samples of culture Vibrio 103 

species were plated in TSA enriched with 2.0% NaCl and incubated overnight at 30 °C. 104 

Colonies were suspended in sterile saline solution (2.5% NaCl) and centrifuged (4000 rpm for 105 

15 min). The bacterial suspension was adjusted to an optical density of 0.5 MacFarland 106 

Standard, corresponding to 108 CFU/ml. V. harveyi and V. alginolyticus were inoculated 107 

evenly into the separate TSA plates enriched with 2.0% NaCl containing four punched wells 108 

of 3 mm diameter, using swabs soaked in the bacterial suspension. The commercial probiotic 109 

culture with 2 days old was centrifuged (4000 rpm for 15 min) and supernatant was discarded. 110 

The bacterial cells were suspended in sterile TSB enriched with 2.0% NaCl. Thereafter, 20 µl 111 

of Bacillus spp. suspension was introduced into the three wells of the agar medium and 112 

incubated. One well served as a control and was inoculated only with sterile TSB with 2.0% 113 

NaCl. After incubation at 30 °C for 24h, the diameter of the clear zone around each well was 114 

measured using a dial caliper. 115 

 116 

2.3 Probiotic treatment and experimental design 117 

L. vannamei larvae used in this study were obtained from a commercial hatchery 118 

(Maricultura Netuno S/A) located in Pernambuco, Brazil, and transferred to our laboratory in 119 

the previous development stage needed for each experiment. Three independent infection 120 
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experiments were performed: Zoea1 to Zoea3 (Experiment Z), Mysis1 to Mysis3 (Experiment 121 

M) and PL10 to PL14 (Experiment PL). Before infection, shrimp were maintained in two 122 

fiberglass tank (80 L) under constant aeration, temperature of 32 ± 1 °C and salinity 34-35‰. 123 

In a tank, the animals were treated with commercial probiotic (Sanolife® MIC, INVE) added 124 

daily in the water until they reached the development stage needed for each infection 125 

experiment, as follows: Nauplius1-2 to Zoea1, Zoea1 to Mysis1 and PL1 to PL10 for experiments 126 

Z, M and PL, respectively. The concentration of probiotic used in this study followed 127 

manufacturer’s recommendations for shrimp larviculture, corresponding to a cell density of 128 

105 CFU/ml. The second tank was maintained at the same conditions, but it was not treated 129 

with commercial probiotic. 130 

The water of the two tanks was supplemented with the microalgae Chaetoceros 131 

calcitrans at a concentration of 10.0x104 cells/ml. Specific commercial diets (Frippak-INVE) 132 

for L. vannamei Zoea (1 CAR), Mysis (2CD), PL1-4 (3CD) and PL5-10 (PL+300) were offered 133 

every 2 hours in all experiments. Moreover, in mysis and PL phases, frozen and live Artemia 134 

nauplii were offered ad libitum once a day, respectively. 135 

 136 

2.3.1 Shrimp infection bioassays 137 

After treatment with probiotic, shrimp larvae were transferred to experimental units 138 

with 5 L capacity. All experimental units remained submerged in a water table equipped with 139 

immersion heater to maintain the same conditions of the previous probiotic treatment. The 140 

animals were infected with bacterial suspension of V. harveyi and V. alginolyticus added 141 

directly into the water only at the beginning of the experiments at a concentration of 107 142 

CFU/ml. The infection bioassays lasted 96 hours and there was no water renewal during this 143 

period. The experiments Z and M consisted of five treatments with four replicates each at a 144 

density of 100 larvae/L, where: VH = only V. harveyi; PVH = commercial probiotic + V. 145 

harveyi; VA = only V. alginolyticus; PVA = commercial probiotic + V. alginolyticus; C = 146 
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without inoculum of probiotic and Vibrio. In experiment PL, only treatments with V. harveyi 147 

were used (VH, PVH and C), and shrimp were stocked at a density of 40 PL/L. In all the 148 

experiments, the shrimps of treatment VH, VA and C was not treated with probiotic 149 

previously. After the infection of experimental units, water samples were inoculated onto 150 

TCBS agar plates to confirm the concentration of Vibrio sp. required in the trials. During the 151 

infection bioassays, the experimental units were continuously inoculated with commercial 152 

probiotic at the same concentration (105 CFU/ml). At the end of each experiment, survival 153 

was determined by counting the animals.  154 

 155 

2.4 Bacterial quantification 156 

Samples of water were collected from each experimental unit at the end of all 157 

bioassays to Vibrio spp. quantification. The same was performed for shrimp larvae, by 158 

maceration. All samples were serially diluted (1/10) in sterile saline solution (2.5% NaCl) 159 

followed by plating on medium agar TCBS to determine the presumptive Vibrio spp. counts. 160 

After the incubation period of 24 hours at 30 ºC, the number of bacterial colonies was counted 161 

and the amount of bacteria was calculated as CFU.  162 

 163 

2.5 Statistical analysis 164 

The values of survival and concentration of Vibrio spp. in the water and shrimp were 165 

analyzed by one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test to 166 

determine differences among treatments. Results are presented as means ± standard error 167 

(SE). 168 

 169 

3. Results 170 

3.1 Antagonism assay 171 
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 The commercial probiotic composed of Bacillus spp. showed inhibitory activity 172 

against V. harveyi and V. alginolyticus. The diameter of the inhibitory zones around the wells 173 

was 12 mm for both Vibrio species. No inhibitory zone was found around the control well 174 

(Figure 1). 175 

 176 

Insert Figure 1 177 

 178 

3.2 Shrimp infection bioassay 179 

In the experiment Z, there was no significant difference in the zoea survival of 180 

treatments VA (62.7 ± 9.9%), PVA (66.4 ± 6.8%) and C (66.0 ± 1.7%). A similar pattern was 181 

observed for mysis (experiment M) with values of 95.0 ± 1.2% (VA), 98.5 ± 1.0% (PVA) and 182 

98.8 ± 0.8% (C). On the other hand, larvae exposed to V. harveyi (VH) presented a 183 

significantly lower survival than the control (C). This difference in larvae survival related to 184 

V. harveyi was more pronounced for zoea than mysis stage (Figure 2). 185 

In the experiment Z and M, larvae infected by V. harveyi (VH) showed a significant 186 

increase in their survival when the probiotic was used (PVH) (Figure 2). In addition, zoea 187 

larvae reared in the treatment PVH obtained a higher survival (81.1 ± 2.2%) when compared 188 

to control (66.0 ± 1.7%), but there was no significant difference. However, postlarvae survival 189 

(experiment PL) was not affected by the presence of V. harveyi (VH) nor probiotic (PVH) in 190 

comparison to control treatment (Figure 2). 191 

 192 

Insert Figure 2 193 

 194 

3.3 Bacterial quantification 195 

After the infection, all treatments with V. harveyi and V. alginolyticus were at the 
196 

required concentration of Vibrio (107 CFU/ml). At the end of the trials, the concentration of 
197 
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Vibrio spp. in the water showed a significant increase in the treatments with V. harveyi (VH) 
198 

in the experiments Z and M, when compared with the control (Table 1). However, for V. 
199 

alginolyticus (VA), only the final concentration of Vibrio spp. in the experiment M differed 
200 

significantly from the control. In the experiment PL, there was a significant difference 
201 

between treatments, showing a higher concentration in the treatment VH (17.0±1.1x103 
202 

CFU/ml), followed by treatments PVH (7.2±0.5x103 CFU/ml) and C (2.6±1.0x103 CFU/ml). 
203 

 At the end of the experimental period, Zoea3 infected by V. harveyi showed a 204 

significantly higher concentration of Vibrio spp. when compared with shrimp treated with 205 

probiotic and control. However, the same was not observed for V. alginolyticus. Mysis3 and 206 

PL14 in the treatments infected by Vibrio species showed a higher concentration of these 207 

bacteria than in shrimp treated with probiotic and control, but no significant differences were 208 

found (Table 1).  209 

 210 

Insert Table 1 211 

 212 

4. Discussion 213 

In the present study, Bacillus spp. probiotic promoted a clearing zone with a diameter 214 

of 12 mm against V. harveyi and V. alginolyticus. Balcazar et al. (2007ab) tested in vitro B. 215 

subtilis UTM 126 and other bacterial species against V. parahaemolyticus and encountered 216 

clear zones of 8-12 mm. In another study, the same authors observed clear zones of 10-15 mm 217 

against different V. harveyi strains and V. alginolyticus. The inhibitory mechanism between 218 

Bacillus spp. and Vibrio spp. was not characterized in our study. Nevertheless, previous 219 

studies reported that the antibacterial mechanism of bacteria can be due several factors, either 220 

singly or in combination, such as production of antibiotics, bacteriocins, lysozymes, 221 

proteases, hydrogen peroxide and the alteration of pH values by the production of organic 222 

acids (Verschuere et al., 2000). Ma et al. (2009) observed antimicrobial activity of the 223 
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Lactobacillus spp. against V. parahaemolyticus and V. harveyi. These authors suggested that 224 

the antimicrobial activity was caused by bacteriocin-like substance. Nakayama and Nomura 225 

(2009) investigated in vitro the effect of Bacillus species against V. harveyi and observed that 226 

B. subtilis inhibited Vibrio growth while B. licheniformis and Bacillus megaterium suppressed 227 

the Vibrio haemolysins, which is considered virulence factor in V. harveyi. 228 

 The infection of zoea and mysis with V. alginolyticus did not influence overall 229 

survival of animals in the present study. Some V. alginolyticus strains have been reported as 230 

probiotic bacteria (Austin et al., 1995; Vandenberghe et al., 1998; Gomez-Gil et. al., 2002), 231 

while others as pathogenic agents to shrimp (Lightner, 1996; Lee et al., 1996; Chiu et al., 232 

2007). Different authors suggested that survival of shrimp larvae depends on the source of 233 

bacterial isolates (Muroga et al., 1994; Karunasagar et al., 1994; Austin and Zhang, 2006). As 234 

an example, a V. harveyi strain at a concentration of 102 CFU/ml caused mortality in penaeid 235 

shrimp larvae (Prayitno and Latchford, 1995), while other strains of the same species did not 236 

affect survival at concentration of 106 CFU/ml (Abraham et al., 1997). 237 

In this study, differences in the shrimp survival were observed between Vibrio species, 238 

where V. harveyi infections resulted in higher mortality of larvae. Moreover, the zoea stage 239 

was more susceptible to V. harveyi than mysis stage. Similar results were obtained by 240 

Aguirre-Guzmán et al. (2001) when submitted L. vannamei larvae to V. harveyi and V. 241 

alginolyticus at the concentration of 107 CFU/ml. These authors concluded that bacterial 242 

species and strains influenced larval survival, and that early larval stages were less resistant 243 

than advanced ones, corroborating with our results. In another study, Soto-Rodriguez et al. 244 

(2006) infected larvae of L. vannamei with V. harveyi and Vibrio campbelli and also observed 245 

differences in the survival of shrimp between Vibrio species, being zoea stage more 246 

susceptible to infection by V. campbellii than mysis.  247 

V. harveyi-related isolates have been associated with different diseases and high larval 248 

mortality of several penaeid species, including L. vannamei (Karunasagar et al., 1994; 249 
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Praytino and Latchford, 1995; Robertson et al., 1998; Vandenbergue et al., 1999). The 250 

pathogenicity mechanisms of V. harveyi were not investigated in this study, however, 251 

extracellular products (toxins) such as proteases and haemolysins, and the ability to attach to 252 

host cells have been considered to be determinants of virulence (Austin and Zhang, 2006). 253 

According to Esteve and Herrera (2000), shrimp exposed to Vibrio spp. will die when a 254 

sufficiently large number of hepatopancreatic cells are damaged by the pathogen, rendering 255 

the organ nonfunctional.  256 

In our experiment with L. vannamei postlarvae, only V. harveyi was tested as this 257 

bacterium was the most pathogenic to zoea and mysis stages. However, postlarvae survival 258 

was not affected by the presence of V. harveyi, which appeared to be more virulent to early 259 

larval stages (Lavilla-Pitogo et al., 1990; Prayitno and Latchford, 1995). Although Vibrio spp. 260 

act as primary pathogen, these bacteria are also considered as a secondary pathogen. 261 

Therefore, disease outbreaks and shrimp mortality could occur when the animals are 262 

submitted to stress situations, such as abrupt changes in environmental conditions, nutritional 263 

deficiencies or poor management practices (Saulnier et al., 2000; Liu et al., 2010). 264 

Nevertheless, in our study the animals were submitted to controlled and stable conditions, 265 

which may have contributed to the high survival in PL stage. 266 

Probiotic bacteria have been used to enhance the survival, growth, immunity, and 267 

disease resistance in aquaculture species (Farzanfar, 2006). The present findings suggested 268 

that the addition of Bacillus spp. probiotic significantly improved survival of zoea and mysis 269 

larvae infected by V. harveyi. Our results are in agreement with those found by Vaseeharan 270 

and Ramasamy (2003) showing 90% reduction in cumulative mortality of P. monodon 271 

juveniles treated with B. subtilis BT23 and infected with V. harveyi (in vivo). These authors 272 

also observed a greater inhibitory effect of B. subtilis BT23 against the growth of V. harveyi 273 

(in vitro). In addition, Balcazar et al. (2007) found a reduction in mortality of juveniles of L. 274 

vannamei infected with V. parahaemolyticus after treatment with B. subtilis UTM 126. 275 
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Furthermore, the same commercial probiotic used in our study (Sanolife® MIC, INVE) 276 

improved survival of P. monodon postlarvae after infection with V. harveyi added in the water 277 

(Das et. al. 2010). 278 

Previous studies reported that probiotic bacteria may stimulate the immune response 279 

and, consequently, improve resistance of shrimp to infectious agents (Rengpipat et al., 2000; 280 

Tseng et al., 2009). Juveniles of L. vannamei treated with Lactobacillus plantarum had an 281 

increase in their immune response and disease resistance against V. alginolyticus (Chiu et al., 282 

2007). Similarly, the administration of B. subtilis E20 to larvae of L. vannamei increased 283 

phenoloxidase and phagocytic activity, resulting in higher survival after challenged with V. 284 

alginolyticus (Liu et al., 2010). These results encourage us to suppose that probiotic bacteria 285 

may have contributed to immune response and increased larval survival of L. vannamei in the 286 

present study.  287 

Probiotics compete with bacterial pathogens for nutrients and adhesion sites and 288 

inhibit the growth of pathogens (Moriarty, 1999; Irianto and Austin, 2002). Kennedy et al. 289 

(1998) suggested that the inoculation of B. subtilis in the water resulted in the apparent 290 

reduction of Vibrio spp. in fish larvae. In our study, we observed a tendency of reduction in 291 

the Vibrio spp. counts for shrimp treated with probiotic. Balcazar et al. (2007) suggested that 292 

the main action mechanism of B. subtilis was the competitive exclusion of the pathogen, as 293 

they found the presence of B. subtilis UTM 126 in the L. vannamei hepatopancreas infected 294 

by V. harveyi. In addition, P. monodon treated with Bacillus S11 and exposed to V. harveyi 295 

had a greater survival compared with the control group, which was associated by the authors 296 

with the ability of Bacillus spp. to colonize both the culture water and P. monodon digestive 297 

tract, replacing the Vibrio spp. (Rengpipat et al., 2000). 298 

At the end of all trials, the concentration of Vibrio spp. in the culture water infected 299 

only by V. harveyi was higher than control. However, a decrease in Vibrio spp. concentration 300 

was observed when the probiotic was added in the water. Similarly, Decamp et al. (2008) 301 
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tested the same commercial probiotic used in the present study in the larviculture of L. 302 

vannamei during 12 months and showed that these probiotic bacteria were able to inhibit the 303 

growth of Vibrio spp. and improve larvae survival. Das et al. (2010) used Bacillus sp. as 304 

probiotic for P. monodon postlarvae before the infection by V. harveyi, resulting in lower 305 

mortality of shrimp and Vibrio spp. counts in the water.  306 

In summary, the probiotic evaluated in this study increased the survival of larvae 307 

infected with V. harveyi and decreased Vibrio spp. counts in the water and larvae. The results 308 

also indicated a positive effect of Bacillus spp. against Vibrio spp. under in vivo and in vitro 309 

conditions. Our findings support the view that the administration of probiotic bacteria is a 310 

promising alternative to prevention of Vibrio spp. during the larviculture of L. vannamei. 311 
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 421 

Figure 1 – Petri dishes containing Bacillus spp. probiotic in the wells (A) showing inhibitory 422 

zones (d = diameter) against the growth of V. harveyi (VH), V. alginolyticus (VA) and control 423 

(C) with no inhibitory zone. 424 
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 425 

Figure 2 – Survival of Litopenaeus vannamei zoea (Z), mysis (M) and postlarvae (PL) treated 426 

with commercial probiotic (Bacillus spp.) and exposed to experimental infection by Vibrio 427 

sp. 428 

VH = only V. harveyi; VA = only V. alginolyticus; PVH = V. harveyi + commercial probiotic; 429 

PVA = V. alginolyticus + commercial probiotic; C = control, without inoculum of probiotic 430 

and Vibrio sp. Means with different letters were significantlly different (P<0,05). 431 
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Table1. Mean (± SE) values of total Vibrio spp. count in the water and shrimp Litopenaeus 432 

vannamei (stages Zoea3, Mysis3 and PL14) treated with commercial probiotic (Bacillus spp.) 433 

and exposed to experimental infection by Vibrio sp. 434 

 Stages Treatments Vibrio spp. counts 

   Water  

(103 CFU/ml) 

Shrimp  

(102 CFU/shrimp) 

     

VH 4.5 ± 2.3a 13.0 ± 3.7a 

PVH 0.6 ± 0.2ab 1.5 ± 0.3b 

VA 0.6 ± 0.0ab 6.5 ± 2.3ab 

PVA 0.8 ± 0.3ab 1.0 ± 0.0b 

 

Experiment 

Z 

 

 

Zoea3 

 

C 0.2 ± 0.0b 1.0 ± 0.0b 

     

VH 30.0 ± 3.8a 119.0 ± 110.0a 

PVH 6.2 ± 1.1ab 9.6 ± 2.6a 

VA 26.0 ± 3.1a 24.9 ± 9.9a 

PVA 32.0 ± 23.0a 10.5 ± 5.2a 

 

Experiment 

 M 

 

 

Mysis3 

 

C 1.8 ± 0.5b 1.5 ± 0.1a 

     

VH 17.0 ± 1.1a 82.0 ± 37.0a 

PVH 7.2 ± 0.5b 29.0 ± 9.8a 

Experiment 

PL 

 

PL14 

 C 2.6 ± 1.0c 28.0 ± 6.1a 

Different superscript letters in the same column (within the same ontogenic stage and 435 

experiment) indicate significant differences (p<0.05). 436 

VH = only V. harveyi; PVH = V. harveyi + commercial probiotic; VA = only V. alginolyticus; 437 

PVA = V. alginolyticus + commercial probiotic; C = control, without inoculum of probiotic 438 

and Vibrio sp. 439 
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errors you are strongly advised to use the "spell-check" and "grammar-check" functions of 
your wordprocessor. 
 
LaTeX  
If the LaTeX file is suitable, proofs will be produced without rekeying the text. The article 
should preferably be written using Elsevier's document class "elsarticle", or alternatively the 
standard document class "article".  The Elsevier LaTeX style file package (including detailed 
instructions for LaTeX preparation) can be obtained from the Quickguide: 
http://www.elsevier.com/latex. It consists of the file: elsarticle.cls, complete user 
documentation for the class file, bibliographic style files in various styles, and template files 
for a quick start. 
 
Article structure 
  
 
Subdivision - numbered sections  
Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section 
numbering). Use this numbering also for internal cross-referencing: do not just refer to "the 
text". Any subsection may be given a brief heading. Each heading should appear on its own 
separate line. 
 
Introduction  
State the objectives of the work and provide an adequate background, avoiding a detailed 
literature survey or a summary of the results.  
 
Material and methods 
Provide sufficient detail to allow the work to be reproduced. Methods already published 
should be indicated by a reference: only relevant modifications should be described. 
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Theory/calculation  
A Theory section should extend, not repeat, the background to the article already dealt with in 
the Introduction and lay the foundation for further work. In contrast, a Calculation section 
represents a practical development from a theoretical basis. 
 
Results  
Results should be clear and concise. 
 
Discussion  
This should explore the significance of the results of the work, not repeat them. A combined 
Results and Discussion section is often appropriate. Avoid extensive citations and discussion 
of published literature. 
 
Conclusions  
The main conclusions of the study may be presented in a short Conclusions section, which 
may stand alone or form a subsection of a Discussion or Results and Discussion section. 
 
Appendices  
If there is more than one appendix, they should be identified as A, B, etc. Formulae and 
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 
subsequent appendix, Eq. (B.1) and so on. 
 
Vitae  
Include in the manuscript a short (maximum 100 words) biography of each author, along with 
a passport-type photograph accompanying the other figures. 
 
Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible 
• Author names and affiliations. Where the family name may be ambiguous (e.g., a double 
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual 
work was done) below the names. Indicate all affiliations with a lower-case superscript letter 
immediately after the author's name and in front of the appropriate address. Provide the full 
postal address of each affiliation, including the country name, and, if available, the e-mail 
address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that telephone and fax numbers 
(with country and area code) are provided in addition to the e-mail address and the 
complete postal address.  
• Present/permanent address. If an author has moved since the work described in the article 
was done, or was visiting at the time, a "Present address" (or "Permanent address") may be 
indicated as a footnote to that author's name. The address at which the author actually did the 
work must be retained as the main, affiliation address. Superscript Arabic numerals are used 
for such footnotes. 
 
Abstract  
A concise and factual abstract is required. The abstract should state briefly the purpose of the 
research, the principal results and major conclusions. An abstract is often presented separately 
from the article, so it must be able to stand alone. For this reason, References should be 
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at their first mention in 
the abstract itself.The abstract should be not longer than 400 words. 
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Keywords  
Immediately after the abstract, provide a maximum of 4-6 keywords, using American spelling 
and avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). 
Be sparing with abbreviations: only abbreviations firmly established in the field may be 
eligible. These keywords will be used for indexing purposes. 
 
Abbreviations  
Define abbreviations that are not standard in this field in a footnote to be placed on the first 
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at 
their first mention there, as well as in the footnote. Ensure consistency of abbreviations 
throughout the article. 
 
Acknowledgements  
Collate acknowledgements in a separate section at the end of the article before the references 
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. 
List here those individuals who provided help during the research (e.g., providing language 
help, writing assistance or proof reading the article, etc.). 
 
Nomenclature and units 
Follow internationally accepted rules and conventions: use the international system of units 
(SI). If other quantities are mentioned, give their equivalent in SI. You are urged to consult 
IUPAC: Nomenclature of Organic Chemistry: http://www.iupac.org/ for further 
information. 
 
1. Authors and editors are, by general agreement, obliged to accept the rules governing 
biological nomenclature, as laid down in the International Code of Botanical Nomenclature, 
the International Code of Nomenclature of Bacteria, and the International Code of Zoological 
Nomenclature. 
2. All biota (crops, plants, insects, birds, mammals, etc.) should be identified by their 
scientific names when the English term is first used, with the exception of common domestic 
animals. 
3. All biocides and other organic compounds must be identified by their Geneva names when 
first used in the text. Active ingredients of all formulations should be likewise identified. 
4. For chemical nomenclature, the conventions of the International Union of Pure and Applied 
Chemistry and the official recommendations of the IUPAC IUB Combined Commission on 
Biochemical Nomenclature should be followed. 
 
Accession numbers 
Accession numbers are unique identifiers in bioinformatics allocated to nucleotide and protein 
sequences to allow tracking of different versions of that sequence record and the associated 
sequence in a data repository [e.g., databases at the National Center for Biotechnical 
Information (NCBI) at the National Library of Medicine ('GenBank') and the Worldwide 
Protein Data Bank]. There are different types of accession numbers in use based on the type 
of sequence cited, each of which uses a different coding. Authors should explicitly mention 
the type of accession number together with the actual number, bearing in mind that an error in 
a letter or number can result in a dead link in the online version of the article. Please use the 
following format: accession number type ID: xxxx (e.g., MMDB ID: 12345; PDB ID: 1TUP). 
Note that in the final version of the electronic copy, accession numbers will be linked to the 
appropriate database, enabling readers to go directly to that source from the article. 
 
DNA sequences and GenBank Accession numbers. Many Elsevier journals cite "gene 
accession numbers" in their running text and footnotes. Gene accession numbers refer to 
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genes or DNA sequences about which further information can be found in the databases at the 
National Center for Biotechnical Information (NCBI) at the National Library of Medicine. 
Authors are encouraged to check accession numbers used very carefully. An error in a letter 
or number can result in a dead link. Note that in the final version of the electronic copy, the 
accession number text will be linked to the appropriate source in the NCBI databases enabling 
readers to go directly to that source from the article. 
 
Example 1: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228, a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)". 
 
Authors are encouraged to check accession numbers used very carefully. An error in a letter 
or number can result in a dead link. 
 
In the final version of the printed article, the accession number text will not appear bold or 
underlined (see Example 2 below). 
 
Example 2: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228), a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)". 
 
In the final version of the electronic copy, the accession number text will be linked to the 
appropriate source in the NCBI databases enabling readers to go directly to that source from 
the article (see Example 3 below). 
 
Example 3: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228), a B-
cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-
cell lymphoma (GenBank accession no. AA361117)". 
 
Math formulae 
Present simple formulae in the line of normal text where possible and use the solidus (/) 
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to 
be presented in italics. Powers of e are often more conveniently denoted by exp. Number 
consecutively any equations that have to be displayed separately from the text (if referred to 
explicitly in the text). 
 
Give the meaning of all symbols immediately after the equation in which they are first used. 
In chemical formulae, valence of ions should be given as, e.g. Ca2+ and not Ca++. Isotope 
numbers should precede the symbols, e.g., 18O. The repeated writing of chemical formulae in 
the text is to be avoided where reasonably possible; instead, the name of the compound should 
be given in full. Exceptions may be made in the case of a very long name occurring very 
frequently or in the case of a compound being described as the end product of a gravimetric 
determination (e.g., phosphate as P2O5). 
 
 
Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the article, using 
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this 
feature may be used. Should this not be the case, indicate the position of footnotes in the text 
and present the footnotes themselves separately at the end of the article. Do not include 
footnotes in the Reference list.  Table footnotes  Indicate each footnote in a table with a 
superscript lowercase letter. 
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Artwork  
 
Electronic artwork  
 
General points  
• Make sure you use uniform lettering and sizing of your original artwork.  
• Save text in illustrations as "graphics" or enclose the font.  
• Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.  
• Number the illustrations according to their sequence in the text.  
• Use a logical naming convention for your artwork files.  
• Provide captions to illustrations separately.  
• Produce images near to the desired size of the printed version.  
• Submit each figure as a separate file.  
A detailed guide on electronic artwork is available on our website:  

http://www.elsevier.com/artworkinstructions  
 
You are urged to visit this site; some excerpts from the detailed information are given  
here.  
Formats   
Regardless of the application used, when your electronic artwork is finalised, please "save as" 
or convert the images to one of the following formats (note the resolution requirements for 
line drawings, halftones, and line/halftone combinations given below):   
EPS: Vector drawings. Embed the font or save the text as "graphics".   
TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.  
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.   
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is 
required.   
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office 
applications please supply "as is".   
 
Please do not: 
•Supply embedded graphics in your wordprocessor (spreadsheet, presentation) document; 
•Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution is 
too low;  
•Supply files that are too low in resolution; 
•Submit graphics that are disproportionately large for the content. 
 
Color artwork  
Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) 
and with the correct resolution. If, together with your accepted article, you submit usable 
color figures then Elsevier will ensure, at no additional charge, that these figures will appear 
in color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these 
illustrations are reproduced in color in the printed version. For color reproduction in print, 
you will receive information regarding the costs from Elsevier after receipt of your 
accepted article. Please indicate your preference for color in print or on the Web only. For 
further information on the preparation of electronic artwork, please see 
http://www.elsevier.com/artworkinstructions.  
Please note: Because of technical complications which can arise by converting color figures to 
"gray scale" (for the printed version should you not opt for color in print) please submit in 
addition usable black and white versions of all the color illustrations. 
 
Figure captions  
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Ensure that each illustration has a caption. Supply captions separately, not attached to the 
figure. A caption should comprise a brief title (not on the figure itself) and a description of 
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols 
and abbreviations used. 
 
Text graphics  
Present incidental graphics not suitable for mention as figures, plates or schemes at the end of 
the article and number them "Graphic 1", etc. Their precise position in the text can then be 
indicated. See further under Electronic artwork. Ensure that high-resolution graphics files are 
provided, even if the graphic appears as part of your normal wordprocessed text file. 
 
Tables  
Number tables consecutively in accordance with their appearance in the text. Place footnotes 
to tables below the table body and indicate them with superscript lowercase letters. Avoid 
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do 
not duplicate results described elsewhere in the article. 
 
References  
 
Citation in text   
Please ensure that every reference cited in the text is also present in the reference list (and 
vice versa). Any references cited in the abstract must be given in full. Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text. If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with 
either "Unpublished results" or "Personal communication" Citation of a reference as "in 
press" implies that the item has been accepted for publication.  
 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a source 
publication, etc.), should also be given. Web references can be listed separately (e.g., after the 
reference list) under a different heading if desired, or can be included in the reference list. 
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue.  
 
Reference management software 
This journal has standard templates available in key reference management packages EndNote 
(  http://www.endnote.com) and Reference Manager (http://www.refman.com). Using plug-
ins to wordprocessing packages, authors only need to select the appropriate journal template 
when preparing their article and the list of references and citations to these will be formatted 
according to the journal style which is described below.  
 
Reference style 

 Text: All citations in the text should refer to:   
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of 
publication; 
2.Two authors: both authors' names and the year of publication;   
3. Three or more authors: first author's name followed by "et al." and the year of publication.  
Citations may be made directly (or parenthetically). Groups of references should be listed first 
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alphabetically, then chronologically.  Examples: "as demonstrated (Allan, 1996a, 1996b, 
1999; Allan and Jones, 1995). Kramer et al. (2000) have recently shown ...."  List: References 
should be arranged first alphabetically and then further sorted chronologically if necessary. 
More than one reference from the same author(s) in the same year must be identified by the 
letters "a", "b", "c", etc., placed after the year of publication.  Examples:  Reference to a 
journal publication:  Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing 
a scientific article. J. Sci. Commun. 163, 51-59.  Reference to a book:  Strunk Jr., W., White, 
E.B., 1979. The Elements of Style, third ed. Macmillan, New York.  Reference to a chapter in 
an edited book:  Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of 
your article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281-304. 
 
Journal Abbreviations Source  
Define abbreviations that are not standard in this field at their first occurrence in the article: in 
the abstract but also in the main text after it. Ensure consistency of abbreviations throughout 
therarticle. 
 
Supplementary and multimedia data 
Elsevier accepts electronic supplementary and multimedia data to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to publish 
supporting applications, movies, animation sequences, high-resolution images, background 
datasets, sound clips and more. Supplementary files supplied will be published online 
alongside the electronic version of your article in Elsevier Web products, including 
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted 
material is directly usable, please ensure that data are provided in one of our recommended 
file formats. Authors should submit the material in electronic format together with the article 
and supply a concise and descriptive caption for each file. Video files: please supply 'stills' 
with your files: you can choose any frame from the video or make a separate image. These 
will be used instead of standard icons and will personalize the link to your supplementary 
information. For more detailed instructions please visit our artwork instruction pages at 
http://www.elsevier.com/artworkinstructions. 
 
Submission checklist  
It is hoped that this list will be useful during the final checking of an article prior to sending it 
to the journal's Editor for review. Please consult this Guide for Authors for further details of 
anyritem.  
 
Ensure that the following items are present: 
  
One Author designated as corresponding Author:   

� E-mail address   
� Full postal address  
� Telephone and fax numbers  All necessary files have been uploaded  
� Keywords  

All figure captions   
� All tables (including title, description, footnotes)  Further considerations   
� Manuscript has been "spellchecked" and "grammar-checked"   
� References are in the correct format for this journal   
� All references mentioned in the Reference list are cited in the text, and vice versa  

Permission has been obtained for use of copyrighted material from other sources 
(including the Web)   
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� Color figures are clearly marked as being intended for color reproduction on the Web 
(free of charge) and in print or to be reproduced in color on the Web (free of charge) 
and in black-and-white in print   

� If only color on the Web is required, black and white versions of the figures are also 
supplied for printing purposes  For any further information please visit our customer 
support site at http://epsupport.elsevier.com. 

 
 

Policy Statement of the Disease Section 
  
Please read. Does your manuscript comply with the Policy Statement of the Disease Section? 
In keeping with the scope of the journal, the Disease Section welcomes high quality research 
papers presenting novel data as well as original reviews, on various aspect of the diseases of 
aquatic animals and plants, so long as their content is relevant to solving aquaculture 
problems. 
Please note, however, with respect to the probiotic potential of various bacteria and the 
antibacterial or immunostimulatory effects of herbal extracts a very large number of papers 
have already been published. As a result, Aquaculture will not continue to accept manuscripts 
that present further initial and preliminary investigations of these phenomena. Manuscripts 
addressing these topics will be accepted for review only if they are of the highest scientific 
quality and they represent a significant advance in our knowledge of the mechanisms 
involved. Manuscripts may also be considered if they present clinical efficacy data generated 
in large-scale trials and economic cost-benefit analysis of these applications. 
 
 
 


