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Atualmente na carcinicultura, o sistema intensivo € uma promissora técnica por ter uma
maior biosseguridade em relagdo aos cultivos tradicionais, principalmente quanto aos
desafios com o Virus da Sindrome da Mancha Branca (WSSV). Sendo assim, o objetivo
do estudo foi avaliar o efeito da adi¢do conjunta e isolada de Navicula sp. e Brachionus
plicatilis sob o desempenho zootécnico, qualidade da agua, concentracdo de vibrios e
resisténcia ao WSSV de L. vannamei cultivados na fase bercario em bioflocos. O trabalho
foi dividido em duas fases, a primeira fase consistiu em quatro tratamentos: BFT (sistema
biofloco); BFT-N (BFT com a adicdo de Navicula sp); BFT-B (BFT com a adicdo
Brachionus plicatilis); BFT-BN (BFT com a adicdo de Navicula sp. e Brachionus
plicatilis), todos em triplicata e; a segunda fase, constituida pelo desafio viral, também
em triplicata. Os camardes (PL1o, 2 mg) foram estocados na densidade de 3000 camardes
m e alimentados quatro vezes ao dia com racdo comercial com 45% de proteina bruta.
O alimento vivo foi adicionado a cada 10 dias na densidade de 10 x 10% cel mL* para
Navicula sp. e 30 org mL™ para o Brachionus plicatilis. Apés 45 dias de cultivo, os
animais foram submetidos ao desafio viral, durante 21 dias, na densidade de 300 cam m"
3, com todos os tratamentos com e sem a inoculacdo de WSSV. Os resultados obtidos na
primeira fase demonstraram diferenca significativa no peso final e produtividade nos
animais dos tratamentos que receberam adicéao isolada e conjunta da diatoméacea e rotifero
e a predominancia de col6nias com sacarose positiva na quantificacdo de Vibrio sp.
Enquanto na segunda fase, observou-se que o tratamento controle e BFT-B alcancaram
mortalidade total primeiramente. Entretanto, em todos os tratamentos houve perda total
dos animais e a infeccdo por WSSV foi confirmada via nested-PCR e
histopatologicamente, com a presenca de nddulos e deformacdes teciduais causados pelo
virus. Em suma, embora o acréscimo do plancton tenha resultado em melhores indices
zootécnicos do L. vannamei no sistema de bercario intensivo, em termos de resisténcia a
infeccdo por WSSV, ndo foram determinadas redugGes nas taxas de infecgdo ou de
mortalidade dos animais desafiados e infectados sob as condigdes experimentais

avaliadas.

Palavras-chave: virus, rotifero, diatomacea, bioflocos, desempenho zootécnico.
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Abstract

Currently in shrimp farming, intensive system is a promising technique because it has greater
biosecurity in relation to traditional culture, especially regarding the challenges with the
White Spot Syndrome Virus (WSSV). The aim of this study was to evaluate the effect of the
combined and isolated addition of Navicula sp. and Brachionus plicatilis on zootechnical
performance, water quality, Vibrio concentration and WSSV infection of L. vannamei reared
in nursery with biofloc system. The study was divided into two phases, the first phase
consisting of four treatments: BFT (biofloc); BFT-N (BFT with the addition of Navicula sp.);
BFT-B (BFT with the addition of Brachionus plicatilis) and; BFT-BN (BFT with the addition
of Navicula sp. and Brachionus plicatilis), all in triplicate and; the second phase, it was
constituted by viral challenge, also in triplicate. Shrimp (PL 10, 2 mg) were randomly separated
and distributed in the experimental tanks at 3000 shrimp m= and fed four times a day with a
45% protein commercial shrimp diet. Live food was added every 10 days at a density of 10x
10* cel mL™ for Navicula sp. and 30 org mL™ for Brachionus plicatilis. After 45 days of
experiment, the animals were infected with WSSV using minced tissue (21 days) at density
of 300 cam m=3. Results indicate that for the first phase, final weight and yield were
statistically significant for all treatments with isolated and combined addition of diatoms and
rotifers. In this phase, there was a predominance of positive sucrose colonies in Vibrio
quantification. Massive mortality rate was firstly achieved in control (BFT) and BFT-B
treatments in the second phase. However, all treatments achieved 100% of mortality rate and
the WSSV infection was confirmed by nested-PCR and histopathologically, with lesions
suggestive of WSD (presence of nodules and tissue deformations). Although the addition of
live food resulted in best zootechnical indexes of L. vannamei in intensive nursery system, in
terms of resistance to WSSV infection, there was no reduction in infection and mortality rates

in challenged animals under the experimental conditions examined.

Key words: virus, rotifers, diatoms, biofloc, zootechnical performance.
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1. Introdugéo

Atualmente, a carcinicultura mundial é responsavel por produzir 7,8 milhGes de
toneladas, correspondendo a US$ 57,1 bilhdes de ddlares, sendo quase sua totalidade
concentrada em espécies de crustaceos marinhos, com aproximadamente 62% do total
produzido (LUCAS & SOUTHGATE, 2012; FAO, 2018). Das espécies marinhas, 0 camardo
Litopenaeus vannamei € a principal espécie de crustdceo cultivada mundialmente,
representando em 2016, aproximadamente 4,1 milhGes de toneladas (FAO, 2018). No Brasil, o
cultivo desta espécie corresponde a 20,6% da producdo aquicola nacional, atingindo em 2015,
uma producéo de 69,86 mil toneladas, com destaque a Regido Nordeste, responsavel por quase
a totalidade da producéo nacional (99,3%) (IBGE, 2017).

Entretanto, surtos de doencas de etiologia viral tém ocasionado perdas significativas de
aproximadamente US$ 15 bilhdes de dolares na producéo de L. vannamei (COSTA et al., 2011;
KARUNASAGAR & ABABOUCH, 2012; MALDONADO et al., 2016; YU et al., 2017). A
Sindrome da Mancha Branca (WSD) ¢ a principal responsavel por estas perdas produtivas (LIN
et al., 2011). No Brasil, os primeiros surtos de WSSV ocorreram em 2005 no estado de Santa
Catarina, contudo somente em 2008 o virus chegou ao Sul da Bahia, se disseminando em 2011
por Sergipe, Pernambuco, Paraiba, Rio Grande do Norte e Cear4, resultando em um decréscimo
na producao de 26% entre 2015 e 2016 (SEIFFERT et al., 2005; FEED & FOOD, 2017)

O Virus da Sindrome da Mancha Branca (WSSV) é um virus envelopado de DNA de
dupla fita (dsDNA) e o agente etiolgico da WSD. Caracterizado por alta viruléncia, este agente
patogénico apresenta um ciclo de replicacdo de aproximadamente 20 horas a 25°C, sendo capaz
de infectar diferentes hospedeiros incluindo crustaceos decapodas, carideos, moluscos bivalves,
poliquetas e outros invertebrados (LO et al., 1996; SANCHEZ-PAZ, 2010; VAZQUEZ-
BOUCARD et al., 2012). Em L. vannamei resulta em taxas de mortalidade de 100% nos
camardes infectados no periodo de 3 a 10 dias, com transmissdo horizontal e vertical
(SANCHEZ-PAZ, 2010; LIGHTNER et al., 2012; CLARK, 2016; OIE, 2018). Os sinais
clinicos da doenga consistem em manchas brancas multiplas e descolaracdo no exoesqueleto
entre as tonalidades vermelha a pélida, comportamento letargico e reducdo de ingestdo de
alimentos (TAKAHASHI et al., 1994; SOON et al., 2001; MALDONADO et al., 2016).

Em termos de resposta imunoldgica a infecgdes virais, nos crustaceos, as barreiras
fisicas, como exoesqueleto e trato digestivo quitinosos sdo os primeiros obstaculos para
contencdo dos microrganismos. Entretanto, quando h& danos a estas estruturas, o patdgeno

invade o tecido com posterior ativagdo do sistema imune inato através dos hemdcitos
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(AGUIRRE-GUZMAN et al., 2009;VAZQUEZ et al., 2009; UNDERWOOD et al., 2013;
EKASARI et al., 2014; NIU et al., 2018). No caso de infeccdo por WSSV, ap6s ingestdo de
tecido contaminado pelo camardo, o virus atravessa a membrana basal do trato digestivo e se
insere no nucleo dos hemdcitos circulantes, com posterior replicagdo viral nestas células e
respectivo declinio significativo em seu nimero apos a infeccdo (SAHUL-HAMEED et al.,
2006; DI LEONARDO et al., 2005), o que torna a analise das variaveis imunoldgicas e
alteracdes histologicas importantes ferramentas na compreensdo da dindmica viral no
hospedeiro.

Dentre as estratégias e estudos para o controle desta virose destacam-se a pré-exposicao
do camardo a patdgenos de etiologia viral de baixa viruléncia baseando-se na teoria de
interferéncia viral; a manipulacdo térmica para inibicéo de replicacdo viral; a oferta de extratos
vegetais para promocdo da saude animal e 0 uso de dsRNA sintético para inducéo de resposta
antiviral via RNA de interferéncia (RNAi) (SANCHEZ-PAZ, 2010; YAN et al., 2016; NILSEN
et al., 2017). Além destas estratégias, a implantacao de sistemas produtivos aquicolas com alto
grau de biosseguridade, também tem sido avaliada.

Neste sentido, o sistema intensivo é uma tecnologia promissora e consiste em reduzida
troca de agua do sistema de cultivo diminuindo a probabilidade da entrada de patdgenos. Este
sistema consegue, por meio do balangco da relagdo carbono-nitrogénio, promover o
desenvolvimento de agregados microbianos (bioflocos), que servirdo como fonte de alimento
adicional ao animal cultivado (RAJKUMAR et al., 2016). Além disso, o desenvolvimento do
biofloco também é responsavel pelo controle da qualidade da &gua, em particular, dos
compostos nitrogenados (XU et al., 2016), o que auxilia na manuten¢do da homeostase do
animal.

Para mais, 0 uso da fertilizacdo orgéanica a partir do processo anaerdbio e aerobio de
carboidratos pode otimizar o desenvolvimento de bactérias benéficas, diminuindo as
patogénicas no sistema (MARTINEZ-CORDOVA et al., 2015). Segundo Romano et al. (2018),
0 uso desse processo no cultivo de juvenis de Clarias gariepinus melhora o desempenho
zootécnico do animal e a composigéo nutricional do floco, além da qualidade da dgua do sistema
como um todo. Esta estratégia seria uma solucdo viavel a problemas como a alta concentracdo
de Vibrio sp., que € um microrganismo patogénico oportunista natural, sendo possivel, portanto,
controlar esse desenvolvimento bacteriano a partir das aplicacdes do produto gerado a partir do
processo anaerdbio e aerobio da fertilizacdo organica de carboidratos (PATEL et al., 2018).

Entretanto, estas caracteristicas benéficas sdo fortemente relacionadas a qualidade do

agregado bacteriano formado. Rajkumar et al. (2016), ao avaliarem a composicdo dos
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microorganismos que compdem o floco microbiano, observaram presenga do pléancton,
bactérias e compostos organicos podem ser utilizados com fonte complementar de alimento
para L. vannamei. Contudo, estudos demonstram que os flocos microbianos podem apresentar
deficiéncia na concentracdo de aminoacidos, principalmente lisina e metionina (DANTAS et
al., 2016) e na concentraco de acidos graxos (DANTAS et al., 2014 MAGANA-GALLEGOS
et al., 2018), sendo estes, fatores potencializadores no desenvolvimento do animal (LIN et al.,
2015; NESARA E PATURI, 2018). Neste sentido, estudos voltados a adicdo de
microorganismos com boa qualidade nutricional (aminoacidos e acidos graxos) no intuito de
melhorar a qualidade nutricional do floco microbiano, por conseguinte, o desempenho
zootécnico do animal cultivado podem ser estratégias bastante promissoras (CRAB et al., 2012;
EKASARI et al., 2014; MALIWAT et al., 2017; SHAH et al., 2018).

Os organismos planctdnicos (fitoplancton e zooplancton) sdo fontes ricas de
aminoacidos, &cidos graxos essenciais (EPA e DHA) e minerais, sendo importantes
nutricionalmente, em particular, para as fases iniciais dos peixes e camardes (JU et al., 2012;
MEDINA- FELIX et al., 2014; JAMALI et al., 2015; GE et al., 2016; SCHAAL et al., 2016;
KURMAR et al., 2017). Esta suplementacao € evidenciada no estudo de Abreu et al. (2019)
que observaram o aumento de aproximadamente trés vezes mais 20:5 n-3 (EPA) e 22:6 n-3
(DHA) nos flocos microbianos com adigéo da Navicula sp. em relagdo ao controle, sem adicéo
da microalga, além do maior desempenho zootécnico do camardo marinho. Outras pesquisas
também demostram que a adi¢do dos microrganismos nos sistemas de cultivo contribuem para
maior desempenho zootécnico dos camardes. Brito et al. (2016), demonstraram que o uso de
plancton (Bacillariophyceae combinada com Rotifera) melhorou o crescimento do camaréo e
aumentou o seu teor de proteina corporal. Resultados semelhantes inoculando alimento vivo no
cultivo de L. vannamei podem ser observados nos estudos de Marinho et al. (2014; 2017),
Jamali et al. (2015), Martins et al. (2016) e Félix et al. (2017).

Além da contribuicdo alimentar, o plancton produz carotendides, que sdo pigmentos que
contém um efeito positivo na melhora do crescimento e rendimento e reducdo da taxa de
mortalidade dos camar@es, por atuarem como imunestimulantes (LOPEZ-ELIAS et al., 2016;
WADE et al., 2017). Abreu et al. (2019), avaliando a administracdo dietética de Navicula sp.
em pds-larvas de camardo marinho, descrevem que a sua presenca auxilia no status imune dos
animais submetidos a estas dietas em comparacdo com 0 grupo controle, essa agdo é
corroborada pelo enriquecimento da composi¢éo do floco, como demonstrado no estudo. Sendo
assim, novas possibilidades para a realizacdo de investigagOes sobre o efeito da adicdo de

plancton em relagéo a resposta imunologica e infecgdo viral de L. vannamei em sistema de
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bioflocos durante a fase de bercario tornam-se cruciais ao entendimento destas suplementacées

no sistema produtivo.

2. Objetivos
2.1 Objetivo geral
Avaliar o efeito da adigdo de Navicula sp. e Brachionus plicatilis na resisténcia ao Virus

da Sindrome da Mancha Branca em L. vannamei cultivados em bioflocos.

2.2 Objetivos especificos

e Avaliar o desempenho zootécnico (sobrevivéncia; ganho em peso; taxa de crescimento
especifico e conversdo alimentar aparente) dos camar@es cultivados em bergarios com
adicao de plancton pré e pos-desafio com WSSV;

e  Determinar as variaveis hematologicas dos camardes desafiados e sobreviventes mantidos
em bercéario com adicéo de plancton;

e Determinar a taxa de infeccdo dos camardes desafiados por WSSV mantidos em bercéario

com adicdo de plancton.

2.3 Hipotese
A adigéo de Navicula sp. e Brachionus plicatilis em conjunto ou isolados no sistema de
bioflocos melhora o desempenho zootécnico do L. vannamei e aumenta a resisténcia a infecgoes

virais quando desafiados com WSSV.

3. Artigo cientifico
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Artigo cientifico a ser encaminhado a Revista Aquaculture (ISSN: 0044-8486)

Todas as normas de redacdo e citacdo, deste artigo, atendem aquelas estabelecidas
pela referida revista.

Effect of Brachionus plicatilis and Navicula sp on pacific white shrimp growth performance,
Vibrio, immunological responses and resistance to white spot virus (WSSV) in nursery
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Abstract

The purpose of this study was to evaluate the effect of Brachionus plicatilis and Navicula sp
addition on growth performance, Vibrio count, immunological responses and resistance to
white spot syndrome virus (WSSV) of Litopenaeus vannamei in nursery biofloc system. The
study was divided into two phases and four treatments were examined in the first phase: BFT
(biofloc); BFT-N (addition of 10x10* cells mI of Navicula sp.); BFT-B (addition of 30 org ml-

! of B. plicatilis) and; BFT-BN (addition of 10x10* cells mI* of Navicula sp. and 30 org ml
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of B. plicatilis), all in triplicate and; the second phase, it was constituted by viral challenge, also
in triplicate. Shrimp (PL1o,2 + 0,01 mg) were reared in biofloc system (fertilized with inorganic
and anaerobic and aerobic carbon process with a microbial mix), for 45 days on density at 3,000
shrimp m-3, with controlled temperature, without water exchange and fed with commercial feed.
The diatoms and rotifers were added every 10 days, and at the end, shrimp performance, water
quality, Vibrio count and total hemocyte count were evaluated. After 45 days, 120 shrimp per
treatment (300 shrimp m=) were challenged with WSSV (2.2x10" copies of WSSV L™ of
DNA) for 21 days. The plankton addition treatments had higher shrimp performance values,
highlighting the values of final weight (1.02 to 1.16 g) and yield (2.85 to 3.30 kg m) which
were higher than the BFT (0.86 g and 2.46 kg m). There were no differences in alkalinity,
TAN, N-NO2, N-NO3z and POs among treatments. Vibrio count from water samples was
significantly lower at the end of experiment with significantly decrease of sucrose-negative
bacteria. However, for hepatopancreas, the Vibrio count was significantly higher at the end with
significantly decrease of sucrose-negative bacteria (98 to 100%). There is no significant
difference between the THC and hyalyne count for all treatments. Massive mortality rate was
firstly achieved in BFT and BFT-B treatments in the second phase. However, all treatments
achieved 100% of mortality rate and the WSSV infection was confirmed by nested-PCR and
histopathologically, with lesions suggestive of WSD (presence of nodules and tissue
deformations). The Navicula sp. and B. plicatilis addition contributed to better zootechnical
performance parameters of shrimp in the nursery biofloc system, although there was no
significant effect on the WSSV resistance of shrimp. Absence of tissue degeneration in WSSV
infected shrimp from BFT-N treatment indicated benefit diatoms uses under standardized
conditions.

Key words: rotifers, diatoms, sucrose-positive bacteria, viral resistance, carbon fermentation.
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1. Introduction

Shrimp farming is a branch of aquiculture that corresponds to the production of
approximately 7.8 million tons, 52.9% of which is related to the production of the whiteleg
shrimp, Litopenaeus vannanmei (FAO, 2020). However, the emergence of pathogens of a viral
and bacterial etiology has played a crucial role in the decline of this productivity (IBGE, 2017,
Reboucas et al., 2017). Among such diseases, white spot syndrome virus (WSSV), which is
caused by a highly pathogenic virus, has led to economic losses of approximately US$ 15 billion
in shrimp farming activities involving Litopenaeus vannamei (Costa et al., 2011). WSSV can
cause the death of 100% of infected marine shrimp in a period of only three to 10 days. The
main clinical signs are multiple white spots, lethargic behavior, discoloration of the
exoskeleton, and a reduction in food intake (Takahashi et al., 1994; Soon et al., 2001; Sanchez-
Paz, 2010; Lightner et al., 2012; Karunasagar and Ababouch, 2012; Clark, 2016; Maldonado et
al., 2016; Yu et al., 2017; OIE, 2018).

A culture system with minimal water exchange and thermal control is promising with
regards to minimizing the effects of WSSV (Kakoolaki et al., 2015; Aalimahmoudi et al., 2017).
However, certain problems emerge in this type of system due to the excessive increase in the
organic load and high temperatures, which can lead to the proliferation of Vibrio sp. Despite
belonging to the natural flora of the marine environment, Vibrio sp. can cause opportunistic
infection, resulting in significant economic losses of approximately 10 million dollars (Ching,
2017). This pathogenic agent is harmful when the exposed organism has a suppressed natural
defense mechanism and can cause a mortality rate of up to 100% (Biju and Gunalan, 2016;
Reboucas et al., 2017; Patel et al., 2018).

Thus, novel concepts have been employed in aquiculture involving a balance between

the encouragement of beneficial bacteria through the aerobic and anaerobic process of carbon
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and an increase in the plankton community, which results in an improvement in water quality
and serves as a complementary food source (Romano et al., 2018). This combination of
prebiotics (carbon aerobic and anaerobic process) and probiotic microorganisms releases
organic acids that reduce the concentration of sucrose-negative bacteria (Vibrio sp.) (Romano
etal., 2018).

The adequate selection of microorganisms to introduce into culture systems is essential
to the growth performance of the farmed animals, as bacteria and plankton have both
antagonistic and symbiotic actions (Erken et al., 2015; Farisa et al., 2019). According to
Hoseinifar et al. (2016), the use of Bacillus sp. in the water leads to the control of nitrogen
compounds and enhances the growth performance of the animals and the use of Saccharomyces
cerevisiae reduces the development of pathogens responsible for deaths caused by the genus
Vibrio (Aguilera-Rivera et al., 2014). Likewise, phytoplankton and zooplankton diminish the
prevalence of Vibrio sp. in the system due to competition for nutrients in the environment
(Erken et al., 2015). There is also evidence that plankton inhibits the growth of Vibrio harveyi
(Farisa et al., 2019).

Diatoms and rotifers can enhance the nutritional quality of microbial flocs (Crab et al.,
2012; Ekasari et al., 2014; Maliwat et al., 2017; Shah et al., 2018; Abreu et al., 2019), which
are deficient in the amino acids lysine and methionine (Dantas et al., 2016) and fatty acids (EPA
and DHA) (Magarfia-Gallegos et al., 2018). Examples of this are Brachionus plicatilis contains
(in dry weight) approximately 40% proteins, with the possibility of the bioencapsulation of
polyunsaturated fatty acids and pigments (Jamali et al., 2015; Ferreira et al., 2018) and Navicula
sp. has (in dry weight) 13 to 50% protein, 10 to 28% carbohydrates, and 4 to 8% lipids (Vigose
et al., 2012; Kang et al., 2012), mainly providing essential polyunsaturated fatty acids (Das et

al., 2012).
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These organisms are important nutritional sources, especially with regards to essential
fatty acids (DHA and EPA), which are crucial to the early phases of farmed shrimp (Ju et al.,
2012; Medina- félix et al., 2014; Jamali et al., 2015; Ge et al., 2016; Schaal et al., 2016; Kurmar
et al., 2017). Abreu et al. (2019) investigated the effects of the addition of Navicula sp. on the
composition of the biofloc, reporting an approximately threefold increase in 20:5 n-3 (EPA)
and 22:6 n-3 (DHA) in comparison to treatments to which this diatom was not added. Brito et
al. (2016) evaluated the introduction of B. plicatilis and Navicula sp. separately and together
into shrimp nurseries and found a better growth performance and higher protein content in the
meat following the combined addition of these organisms.

Besides being a complementary food source, microalgae have bioactive compounds
(carotenoids), such as fucoxanthin, which assist in the development of the animal and contribute
to the immune system. Evaluating L. vannamei fed commercial diets enriched with Dunaliella
sp. followed by a WSSV challenge, Médina-Félix et al. (2014) found benefits to the immune
response of the challenged animals. Similar results with the use of live feed were reported by
Niu et al. (2018), Anaya-Rosas et al. (2019), and Wang et al. (2015). Rotifers are primary
consumers and therefore absorb pigments from microalgae, making these substances available
to the higher trophic level (Martinez-Cordova et al., 2015; Cezare-Gomes et al., 2019), and
therefore can serve as immunostimulants for shrimp (Wang et al., 2015).

The aim of the present study was to evaluate the effect of the addition of B. plicatilis
and Navicula sp. separately and together on growth performance, water quality, the
concentration of Vibrio sp., and resistance to WSSV in L. vannamei in the nursery phase in a

biofloc system.

2. Materials and Methods

2.1 Experimental design
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The experiment was conducted in two phases: (1) submission of L. vannamei post-larvae
(PL1o) to four treatments [biofloc technology (BFT); BFT-N (BFT with the addition of Navicula
sp.); BFT-B (BFT with the addition of Brachionus plicatilis); and BFT-BN (BFT with the
addition of Navicula sp. and B. plicatilis)] in an entirely randomized design; and (2) submission
of animals from these treatments to a viral challenge. Both experiments were conducted in
triplicate.

Forty days prior to the stocking of the shrimp for the first phase of the experiment, a
matrix tank with 1.2 m3 of working volume was filled with salt water (35 g L) that had been
previously filtered (30 pm), chlorinated with active chlorine at 15 ppm using sodium
hypochlorite, and de-chlorinated through constant aeration. Next, single inorganic fertilization
was performed with urea (4.5 g m= N), triple superphosphate (0.45 g m™ P), and sodium silicate
(0.23 g/m? Si). Fifteen organic fertilizations were then performed with the anaerobic (48 h) and
aerobic (24 h) process of wheat bran (22.5 g m), sugarcane molasses (12 g m=), sodium
bicarbonate (4.5 g m3), and 0.5 g m= of a commercial product composed of Bacillus subtilis,
B. licheniformes, Saccharomyces sp., and Pseudomonas sp. in a total of 7.7 x 108 colony-
forming units (CFUs) g (Kayros Ambiental e Agricola, Sdo Paulo, Brazil), with a two-day
interval between fertilizations.

The inputs were homogenized in 500 mL of salt water (30 g L) in the anaerobic phase,
with the addition of another 500 mL in the aerobic phase. In both phases, the pH was maintained
close to 7 with the aid of sodium bicarbonate. Two days prior to the stocking of the shrimp, the
water from the matrix tank (total ammoniacal nitrogen 0.07 mg L1, N-NO2 0.08 mg L, N-NO3
0.87 mg L%, alkalinity 175 CaCOs mg L%, pH 8.0, salinity 28 g L™, P-orthophosphate 26.56
mg L?, and settleable solids 0 mg L) was mixed and equally distributed among 12 black

polypropylene experimental units (50 L, 50 x 35 x 23 cm).
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The experimental units were constantly aerated by three aeration stones per tank, leading
to a concentration of approximately 5.20 mg L™ of dissolved oxygen. No exchanges of water
were performed during the entire experiment, with the exception of the addition of de-
chlorinated freshwater to compensate for loss due to evaporation. The light intensity was
maintained at 27 umol m s, with a natural photoperiod of approximately 12 h of light/dark,
and the temperature was maintained at 30°C with the use of a thermostat. Sodium bicarbonate
(NaHCOs) was used to maintain alkalinity above 150 mg L™ and pH close to 7.8.

L. vannamei post-larvae (PLio £ 0.02 mg) negative for WSSV (based on the
confirmatory diagnosis) were acquired from a commercial lab (Aquatec LTDA, RN, Brazil)
and acclimatized for four hours prior to the onset of the experiment. The animals were stocked
at a quantity of 120 per experimental unit, resulting in a density of 300 animals m, which is
the density found on commercial farms.

The shrimp were fed four times per day (8:00, 11:00, 14:00, and 16:00 horas) using a
commercial ration with 45% crude protein and 8% lipids. The feed rate was initiated with 35%
of body weight per day and gradually lowered to 10%. Unconsumed ration was not removed.
The weight of the animals was determined weekly per tank to monitor growth and adjust the
quantity of ration.

Diatoms were added on the 1%, 10", 20" and 30" days (10 x 10* cells mL™?) to the BFT-
N (BFT with the addition of Navicula sp.) and BFT-BN (BFT with the addition of Navicula sp.
and B. plicatilis) treatments, corresponding to the addition of approximately 1.2 L of diatoms
in each experimental tank, based on Marinho et al. (2014; 2017), Brito et al. (2016), and Abreu
et al. (2019). Rotifers were added on the 1%, 10", 20", and 30" days (30 organisms L™) to the
BFT-B (BFT with the addition of B. plicatilis) and BFT-BN (BFT with the addition of Navicula
sp. and B. plicatilis) treatments, corresponding to the addition of approximately 1,2000rganisms

Lt in each experimental tank, based on Brito et al. (2016). The following aspects were
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evaluated during this first phase: water quality variables, total presumptive count of bacteria of
the genus Vibrio in the water and in the animals, growth performance of the animals, as well as
the total and differential hemocyte counts.

After 45 days of the experiment, the viral challenge was conducted to evaluate the effect
on the addition of Navicula sp. and B. plicatilis on the infection rate and survival of L. vannamei
cultured in a biofloc system. For this step, the shrimp were maintained at a stocking density of
300 animals m™= (average stocking density used on commercial farms). The same four
treatments were used (three replicates each) with and without inoculation with WSSV: (1) BFT-
N, (2) BFT-B, (3) BFT-BN, and (4) BFT. The units in this phase had a working volume of 14
L. All units were covered with a screen to contain aerosols and maintained under constant
intense aeration, with light intensity of 27 umol m? s, a 12-h light/dark photoperiod, and a
temperature of 28°C, which enables the replication of WSSV (Withyachumnarnkul et al.,
2003).

During the challenge, the animals in all treatments were fasted for 24 hours and then fed
chopped contaminated tissue [abdominal muscle of L. vananmei with 2.2 x 107 copies of
WSSV/uL of DNA, quantified based on Durand and Lightner (2002)] twice per day at 10% of
the biomass per day, with a three-hour interval between inoculations for 24 hours (Pérez et al.,
2005). After this period, the animals were fed a commercial feed as described above and were
monitored daily for 21 days for the observation of clinical signs and mortality.

All dead and surviving individuals were collected, identified, and stored at -80°C until
analysis using nested-PCR for the confirmation of infection by WSSV and the determination

of cumulative mortality.

2.2 Production of Navicula sp. and Brachionus plicatilis
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The diatom (Navicula sp.) and rotifer (Brachionus plicatilis) were acquired from the
Live Food Production Lab (LAPAVI, DEPAqQ, UFRPE). Navicula sp. was cultivated in Conway
medium (Walne, 1966) with the addition of vitamin C (0.2 mL L) C and sodium silicate (2
mL L) in water with 30 g L™ salinity (filtered and chlorinated with 15 ppm of active chlorine),
pH 8.0, at a temperature of 25 + 1°C and light intensity maintained at 37 pmol m™ s using a
fluorescent light with a controlled photoperiod. The diatom had the following composition:
14.32% dry matter, 216.93 g of crude protein/kg of dry matter, and 106.93 g of lipids kg of dry
matter. These values were determined previously.

L-type rotifers (size: 198 pum) were grown in salinity 30 g L (with filtered water
chlorinated with 15 ppm of active chlorine, as indicated on the product) with the addition of
vitamin C (0.4 mL L) and fish oil (0.15 g L) (360 mg EPA and 240 mg DHA) every two
days, which was suspended two days prior to use in the productive units. The culture
characteristics of the water were pH 8.0, temperature of 25 + 1°C, and light intensity maintained
at 37 umol m?s? using a fluorescent light with a continuous photoperiod (24 h of light per
day). The organisms were filtered through 50-um mesh (approximate body size: 150 to 250
pum) and density was estimated using a Sedgewick-Rafter chamber to enable the addition of
organisms to the experimental units at a density of 30 org mL™. The rotifer had the following
composition: 13.48% dry mater, 483.79 g of crude protein/kg of dry matter, and 194.93 g of

lipids/kg of dry matter. These values were determined previously.

2.3 Water quality

Dissolved oxygen, temperature, salinity, and pH were determined (YSI55 model,
Yellow Springs, Ohio, USA) twice per day (8:00 and 16:00). Alkalinity (CaCOs mg L)
(APHA, 2005), oxygen reduction potential (ORP) (YSI model 55, Yellow Springs, Ohio, USA),

settleable solids (SS) (Imhoff cone) (Avnimelech, 2009), and calcium carbonate were
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monitored three times per day. Total ammoniacal nitrogen (TAN) and nitrogen-nitrite (N-NO2)
were measured weekly using the methods described by Koroleff (1976) and Golterman, Clymo,
& Ohnstad (1978), respectively. Nitrogen-nitrate (N-NOs3) and orthophosphate (POs) were
monitored twice per week using the methods described by Mackereth, Heron, & Talling (1978)
and APHA (2005), respectively. If the SS value surpassed 8 mL L™, a decanter was used for 15
minutes with a flow of 0.02 L s until reaching a minimum of 5 mL L and the fertilizations

were automatically suspended.

2.4 Counts of bacteria of the genus Vibrio in water and shrimp

For the total presumptive determination of Vibrio sp., three water samples were
withdrawn from each experimental unit of the treatments with the aid of sterile 50-mL Falcon
tubes at the onset and end of the first phase of the experiment. The samples were homogenized
in a vortex and seeded in peptone water (2%). After homogenization, five successive serial
dilutions were performed (1/10). Next, 100 pL of each diluted sample were seeded on dishes
containing thiosulfate-citrate-bile salts-sucrose (TCBS) agar. The dishes were incubated at
30°C for 24 h. The results were expressed in colony-forming units (CFUs ml?) and
differentiated into sucrose-positive and sucrose-negative colonies.

The total Vibrio sp. count in the shrimp was determined through an initial collection of
15 shrimp (prior to stocking) (Vandenberghe et al., 1999) and final collection (after 45 days of
experiment), during which five animals were removed from each experimental unit using
sterilized Falcon tubes. The specimens were disinfected by immersion in 70% ethanol for 15
seconds, followed by immersion in a sodium hypochlorite solution (1.5%) with 0.1% Tween-
80 for 15 minutes and washing three times in sterile distilled water. Next, 100 mg of the
hepatopancreas of each animal was macerated in 9 mL of peptone water (2%), followed by five

successive serial dilutions (1/10) and the seeding of 0.1 ml on TCBS agar. The dishes were
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incubated at 30°C for 24. The results were expressed as CFUsg-1, with the differentiation of

sucrose-positive and sucrose-negative colonies.

2.5 Growth performance

The weight of the shrimp was monitored weekly to determine the growth of the animals
and adjust the amount of feed offered. At the end of the first phase of the experiment, biomass
gain, specific growth rate (SGR), mean final weight (g), weekly growth (g), feed conversion
rate (FCR), survival, and productivity (kg m=3) were determined using the following equations:
biomass gain (g) = final biomass (g) — initial biomass (g); SGR (% day ) = 100 x [In peso final
(9) — In peso initial (g)] / time (days); final weight (g) = final biomass (g) / survival; FCR =
feed offered (dry weight) / biomass gain; survival (%) = (humber of individuals at end of study
period / initial number of individuals) * 100; and productivity (kg m=) = final biomass (kg) /

volume of experimental unit (m?3).

2.6 Hematological variables

At the end of the second phase of the experiments, the hemolymph of the animals was
collected for the identification and quantification of immunocompetent cells (hemocytes) using
the protocol described by Guertler et al. (2013). The hemolymph was obtained through the
hemocele of the abdominal region using an anticoagulant solution [modified Alsever's solution
(MAS)] (336 mmol L of NaCl, 115 mmol L™ of glucose, 27 mmol L™ of sodium citrate, 9 mmol
L1 of EDTA, pH 7.2) at a proportion of 1:2 (v:v). The total hemocyte count (THC) was performed
with 100 pl of hemolymph collected with the aid of the MAS fixing agent with 4%
formaldehyde. The number of cells was estimated in a Neubauer chamber, in triplicate. The
differential hemocyte count (DHC) was performed using a protocol adapted from Celi et al.

(2013). The classification of hyaline, semi-granular, and granular hemocytes was estimated
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from 10 pl, in triplicate, fixed on slides subsequently stained with May—Grinwald—-Giemsa

stain.

2.7 DNA extraction and nested PCR

At the end of the second phase (viral challenge), all animals were submitted to nested
PCR for the confirmation of infection by WSSV. DNA was extracted using the protocol of the
Wizard® Genomic DNA Purification kit (Promega) with some modifications, using 100 mg of
gill tissue (pool of three animals from each treatment). The extracted DNA was quantified using
spectrophotometry and then stored at -20°C until use in the nested-PCR analysis. The DNA was
also qualified in 0.8% agarose gel with ethidium bromide.

The nested-PCR analysis was conducted for the detection of WSSV in the tissue samples
used in the preparation of the inoculum and in the challenged animals [pools of three animals
from each treatment (living and dead animals throughout the experiment)]. The method
recommended by the World Organization of Animal Health (OIE) was used for the
confirmatory diagnosis of WSSV in the shrimp, as described by Lo et al. (1996). The reactions
from the 1 and 2" PCRs were conducted with the same concentrations and thermocycling
described by Lo et al. (1996). The PCR products were then submitted to electrophoresis in 1%
agarose gel stained with ethidium bromide and fragment size was estimated using a 100-bp
DNA ladder (Invitrogen). Positive (sample positive for WSSV) and negative (ultrapure water)

controls were inserted in all PCRs.

2.8 Histology
Throughout the viral challenge, moribund and healthy (control group) animals in the
experimental units were identified (date, collection time, and treatment) and fixed in Davidson

AFA solution for 48 hours prior to the histopathological analysis. The analysis of the gills and
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stomachs (tissues recommended for the histopathological analysis for WSSV) was conducted
based on Bell & Lightner (1948). The tissues were dehydrated in an increasing series of ethanol,
followed by clearing in xylol and embedding in paraffin. The tissue blocks were cut in slices
measuring 5 pm in thickness, which were stained with hematoxylin-eosin, followed by
examination under an optical microscope for the assessment of lesions suggestive of infection

by WSSV.

2.9 Statistical analysis

The Cochran and Shapiro-Wilk tests were used for the analysis of equal variances and
normality of the data, respectively. Analysis of variance (ANOVA) was used for the
comparisons. When significant differences were found between treatments (P < 0.05), Tukey’s
test and the Newman-Keuls test were used for the comparison of means (P <0.05). The Kruskal-
Wallis test (P < 0.05) was used for data with non-normal distribution (total Vibrio sp. counts),
followed by Dunn’s post-hoc test (P < 0.05) when significant differences were detected. All

statistical analyses were performed with the aid of ASSISTAT, version 7.6.

3. Results

The data on water quality are displayed in Table 1. No significant differences among
the treatments were found with regards to nitrogen compounds (TAN, N-NO2 N-NO3),
alkalinity (CaCOs), orthophosphate (POa), or oxygen reduction potential (ORP). In contrast,
significant differences were found for dissolved oxygen (DO), salinity, and settleable solids
(SS) (P > 0.05). The highest DO value was found in the BFT-N treatment (5.29 + 0.01 mg L™?)
and the lowest was found in the BFT-BN treatment (5.21 + 0.01 mg L). The lowest SS value

was found in the BFT-N treatment (4.74 + 0.48 mL L ™).
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Regarding the presumptive determination of Vibrio sp., all water and animal samples
analyzed exhibited bacteria of the genus. In the water, significant differences among treatments
were found for the total Vibrio sp. count and the characterization of sucrose-positive colonies
in the comparison between the initial and final evaluations; the prevalence of sucrose-positive
colonies was highest in the BFT-B treatment (96.92%) and the prevalence of sucrose-negative
colonies was highest in the BFT-N treatment (36.36%) at the end of the experiment (45 days).
In the shrimp, the prevalence of sucrose-positive colonies was highest in the BFT-BN treatment
(99.39%) and no sucrose-negative bacteria were recorded in the BFT-B, BFT-N, or BFT
treatments at the end of the experiment (45 days) (Table 2).

On the temporal scale, sucrose-positive colonies were more prevalent than sucrose-
negative colonies in both periods (initial and final evaluation), with significant differences
among the treatments in which the inoculation of live feed was performed. The reduction in
total counts at the end of the experiment (45 days) was perceptible in all treatments. However,
the number of Vibrio sp. was the same for all treatments, with a significant difference only
regarding the composition of the colonies over time (higher counts of sucrose-positive colonies
in all treatments) (Table 2).

Regarding growth performance, significant differences were found in final weight,
productivity, and specific growth rate (SGR). The best results were achieved with addition of
the diatom and rotifer separately and in combination (BFT-N, BFT-B, and BFT-BN). In
contrast, no significant difference among treatments was found regarding survival or the FCR
(Table 3). Moreover, no significant differences were found regarding the total (THC) and
differential (DHC) hemocyte counts at the end of the productive cycle of the first phase of the
experiment (Table 4).

After the viral challenge with WSSV, total mortality was found on the sixth day in the

control treatments (without the addition of the rotifer and diatom in phase 1) and the treatments
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with the rotifer alone. On the seventh day, the complete loss of the shrimp occurred in the
treatments in which only the diatom was administered. Total mortality in the treatments with
the combined inoculation of B. plicatilis and Navicula sp. occurred on the ninth day (Figure
1). All infected animals exhibited macroscopic lesions indicative of WSSV, such as white spots
on the carapace, opaque musculature, a reddish to brown color, and areas of necrosis.

All challenged animals (second phase of the experiment) were positive for WSSV via
nested PCR. Moreover, the histopathological analysis revealed microscopic lesions suggestive
of infection by WSSV in treatments, such as basophilic nodules and degeneration of the gill
lamellae, in comparison to the non-infected animals (Figure 2). In the stomach, the groups
without the addition of Navicula sp. exhibited basophilic nodules, whereas the infected animals

in the BFT-N and BFT-BN treatments did not exhibit these tissue lesions (Figure 2).

4. Discussion

The concentrations of the water quality variables (dissolved oxygen, temperature, pH,
salinity, and nitrogen compounds) in the treatments were within the ranges recommended for
the farming of marine shrimp in an intensive system (Van Wyk & Scarpa, 1999; Samocha et
al., 2019). Intensive systems tend to accumulate settleable solids (SS) due to the addition of
organic carbon, the minimal water exchange, leftover feed, and fecal matter. It is advisable to
maintain the SS value between 10 and 14 mg L™, as an excess of solids can result in blooms of
pathogenic organisms, the clogging of the gills, and a greater biochemical oxygen demand
(Samocha et al., 2019). Brito et al. (2016) investigated the influence of the inoculation of
Navicula sp. and B. plicatilis in an intensive system using L. vannamei in the nursery phase and
found SS values between 5 and 6 mg L2, reporting no influence of the organisms added. Similar
means were found in the present study, but the treatments with the inoculation of Navicula sp.

had lower values than the other treatments due to the volume of microalgae added to the system,
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leading to the dilution of SS and greater water replacement. Moreover, SS values in all
treatments were maintained below the critical level reported in the literature (< 10 mL L) and,
therefore, did not affect the development of the animals.

Regarding the oxygen reduction potential (ORP), which involves chemical and
biological phenomena related to water quality and is controlled by the concentration of
dissolved oxygen, values between 100 and 300 mV indicate a nitrification process, whereas
values between -50 mV and 50 mV suggest a denitrification chain reaction (Vijayan et al.,
2017). In the present study, the mean ORP among the treatments ranged from 18.90 to 23.08
mV, which indicates the occurrence of denitrifying bacteria in the culture environment.

Alkalinity consumption occurs through the metabolic activities of the shrimp,
phytoplankton, and zooplankton (present in the flocs) as well as the intense metabolic process
of bacteria, which need to consume CaCOs for their development (Furtado et al., 2014,
Rajkumar et al., 2016). Therefore, the replacement of inorganic carbon is necessary. In the
present study, alkalinity remained near the recommended values for intensive culture systems
(140 to 180 mg/L) proposed by Samocha et al. (2019).

The greater production of bacteria of the Vibrio sp. with sucrose-positive in the water
and shrimp demonstrate the occurrence of bacteria with a lower degree of pathogenicity in the
culture environment, as bacteria that cause lethal infections are microbiologically characterized
as sucrose-negative species, such as Vibrio parahaemolyticus and V. harveyi (Ping-Chung et
al., 1996; Gomez-Gil et al., 2014; Hostins et al., 2017; Farisa et al., 2019). Regarding the
concentration over time, an increase in the total bacterial count and proportions of sucrose-
positive species were found in the digestive tract of the animals, likely due to symbiosis between
the bacteria and plankton (Erken et al., 2015). This concept is demonstrated in a previous study.

Romano et al. (2018) found that the anaerobic and aerobic carbon process encouraged beneficial
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bacteria and the plankton community, resulting in a reduction in the load of sucrose-negative
bacteria (Vibrio sp.).

The beneficial effect of living organisms in the system on growth performance is due to
the increase in the digestibility of the ingredients resulting from the addition of plankton, which
contributes to an increase in the activity of digestive enzymes (Shah et al., 2018). In the present
study, the units to which the diatom and rotifer were added had higher final weight and
productivity. This performance is due to the nutritional quality of these organisms, which enrich
the microbial flocs, particularly with regards to fatty acids. Studies report EPA and DHA
ranging from 5 to 35% and 0.1 to 2.6%, respectively, in Navicula sp. as well as from 3 to 10%
and 0.5% to 24%, respectively, in B. plicatilis (Whitaker and Richardson, 1980; Patil & Anil,
2005; Jiménez-Valera and del Pilar Sanchez-Saavedra, 2016; Hamre et al., 2016; Ferreiraet al.,
2018). According to Abreu et al. (2019), an important increase occurs in the concentration of
n-3 and n-6 chain fatty acid occurs in microbial flocs after the addition of Navicula sp., as
microbial flocs are reported to be deficient in fatty acids (EPA and DHA) (Liu et al., 2017;
Martinez-Porcha et al., 2020)

Abreu et al. (2019) also investigated the effect of the addition of differen