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SUPHORONSKI, Suelen Aparecida. Fitogénicos, acidos organicos e probioéticos
na alimentacao de tilapias do Nilo e seus efeitos na imunidade, produtividade,
resisténcia a doencas e microbiota intestinal. 2019. 93p. Dissertagdao (Mestrado
em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina, 2019.

RESUMO

O Brasil € o quarto pais maior produtor de tilapias, porém com a intensificagdo da
producao, a exigéncia de manejos e monitoramento aumenta, e se estes nao forem
realizados adequadamente podem ocorrer o aparecimentos de doencgas. As
bacterioses, como estreptococcose e francicelosse, estdo entre as principiais causas
de perdas dos produtores. A principal forma utilizada atualmente para prevenir e tratar
essas doencas € a antibioticoterapia. Contudo, sabe-se que o uso indiscriminado de
antimicrobianos pode causar sele¢cdo de micro-organismos resistentes e
comprometer, inclusive a saude humana. A utilizagado de vacinas nem sempre é viavel
ou ainda nao existem vacinas para certos patdégenos causadores de doengas para os
peixes. Por isso métodos alternativos estdo sendo desenvolvidos e utilizados na
piscicultura, como a utilizagdo de probidticos, acidos orgéanicos e fitogénicos na
alimentagao de animais, auxiliando na melhora do sistema imunolégico. O objetivo
desse trabalho, foi avaliar a utilizagao de aditivos alimentares quanto a performace,
paramentros hematoldgicos, imunologicos, resisténcia a doencgas, histologia e
microbiota intestinal de tilapias do Nilo, para isso foram realizados dois experimentos.
No primeiro experimento, foi avaliado os efeitos da suplementagdo com A-Live
(fitogénico), individualmente e/ou em combinagdo com Aquaform (diformato de
potassio) no desempenho do crescimento de tilapias do Nilo (Oreochromis niloticus),
parametros imunes inatos, microbiota intestinal e resisténcia a Francisella noatunensis
subsp. orientalis. Cada grupo continha 140 individuos e foram trés tratamentos com
diferentes concentracdes dos produtos. Apds o desafio verificou-se que a mortalidade
foi significativamente menor nos grupos tratados, além desses grupos apresentarem
melhor desempenho de crescimento e também nos parametros de imunidade.
Mostrando assim que ocorre um efeito benéfico com o uso desses produtos em tilapias
do Nilo. No segundo experimento, foi avaliado a administracdo na ragao e/ou agua do
probidtico Enterococcus faecium, isolado de tilapias do Nilo. Com a bactéria probidtica
foram realizados testes de inibicdo e também o sequenciamento do seu genoma
completo antes dos testes in vivo. Tilapias do Nilo (45 por grupo com duas repeticoes)
receberam durante 38 dias o probidtico. Apds esse periodo encontramos diferencga
significativa no ganho de peso médio final no grupo G1, e nos trombdcitos dos grupos
que receberam probidtico na racdo (G1 e G3). Cetobacterium foi o género mais
abundante da microbiota intestinal em todos os grupos, incluindo CN. Os grupos foram
reordenados e desafiados com F. noatunensis subsp. orientalis e Streptococcus
agalactiae. Apos o desafio verificou-se diferenga estatistica na mortalidade de peixes
infectados com S. agalactiae do grupo CN em comparagao com os grupos tratados.
Enterococcus faeicum mostrou-se eficaz para melhorar a imunidade dos peixes.
Dessa forma estudos utilizando produtos alternativos ao uso de antimicrobianos como
acidos organicos, fitogénicos e probiodticos autoctones, sdo de suma importancia para
prevenir o aparecimento de bactérias resistentes, ja que estes estimulam o sistema
imune, melhoram a performace e ainda nao interferem na micro-comunidade aquatica
local.

Palavras-chave: Francisella noatunensis subsp. orientalis, componentes fitogénicos,
probidticos, Streptococcus agalactiae, tilapicultura.



SUPHORONSKI, Suelen Aparecida. Phytogenics, organic acids and probiotics in the
feeding of Nile tilapia and their effects on immunity, productivity, resistance to diseases
and intestinal microbiota. 2019. 93p. Dissertation (Master in Animal Science) - State
University of Londrina, Londrina, 2019.

ABSTRACT

Brazil is the fourth largest tilapia producing country, however with the intensification of
production, the requirement for management and monitoring increases, and if these
are not carried out properly, diseases may occur. Bacterioses, such as streptococcosis
and francicellosis, are among the main causes of loss for producers. The main way
currently used to prevent and treat these diseases is antibiotic therapy. However, it is
known that the indiscriminate use of antimicrobials can cause selection of resistant
microorganisms and compromise, including human health. The use of vaccines is not
always feasible or there are still no vaccines for certain disease-causing pathogens for
fish. Therefore, alternative methods are being developed and used in fish farming,
such as the use of probiotics, organic and phytogenic acids in animal feed, helping to
improve the immune system. The objective of this work was to evaluate the use of food
additives in terms of performance, hematological, immunological parameters,
resistance to diseases, histology and intestinal microbiota of Nile tilapia. For this, two
experiments were carried out. In the first experiment, the effects of supplementation
with A-Live (phytogenic), individually and / or in combination with Aquaform (potassium
diformate) on the growth performance of Nile tilapia (Oreochromis niloticus), innate
immune parameters, intestinal microbiota were evaluated and resistance to Francisella
noatunensis subsp. orientalis. Each group contained 140 individuals and there were
three treatments with different concentrations of the products. After the challenge, it
was found that mortality was significantly lower in the treated groups, in addition to
those groups presenting better growth performance and also in the parameters of
immunity. Thus showing that there is a beneficial effect with the use of these products
in Nile tilapia. In the second experiment, the administration in the feed and / or water
of the probiotic Enterococcus faecium, isolated from Nile tilapia, was evaluated.
Inhibition tests were carried out with the probiotic bacteria and also the sequencing of
its complete genome before in vivo tests. Nile tilapia (45 per group with two
replications) received the probiotic for 38 days. After this period, we found a significant
difference in the final average weight gain in the G1 group, and in the thrombocytes of
the groups that received probiotic in the diet (G1 and G3). Cetobacterium was the most
abundant genus of the intestinal microbiota in all groups, including CN. The groups
were reordered and challenged with F. noatunensis subsp. orientalis and
Streptococcus agalactiae. After the challenge, there was a statistical difference in the
mortality of fish infected with S. agalactiae in the CN group compared to the treated
groups. Enterococcus faeicum was shown to be effective in improving fish immunity.
Thus studies using alternative products to the use of antimicrobials such as organic
acids, phytogenics and autochthonous probiotics, are extremely important to prevent
the appearance of resistant bacteria, since they stimulate the immune system, improve
performance and do not yet interfere in the micro-community. local aquatic.

Key words: Francisella noatunensis subsp. orientalis, phytogenic components,
probiotics, Streptococcus agalactiae, tilapiculture.



LISTA DE ILUSTRACOES

REVISAO DE LITERATURA
Figura 1 — Os maiores produtores de tilapia, em T (2018). .........euvviiiiiiiiiiiiiiiiiiinnes 15

ARTIGO 1
“Effects of a phytogenic, alone and associated with potassium diformate, on

tilapia growth, immunity, gut microbiome and resistance against francisellosis”.

Figure 1: Visualization of number of cells of Francisella spp. F1 strain by electron
microscopy after 30 min of exposure with both products applied either at 0.1% or 1%,
A (Francisella spp. without the products); B (Francisella spp. with A-Live 0.1% and
Aquaform 0.1%); C (Francisella spp. with A-Live 1% and Aquaform 1%). Cellular
damages are shown using white arrows (B and C). ............ooooiiiiiiiiiiiiiiiiiiccee e, 31

Figure 2: Cumulative mortality observed in the different groups after disease challenge
by immersion with Francisella noatunensis subsp. orientalis. NC negative control: No
challenge with bacteria and no A-Live or Aquaform (2 tanks); PC positive control:
Challenge with Francisella spp. and no A-Live or Aquaform; G1- fish that received A-
Live at 0.2% in the feed for 15 days prior to experimental infection with Francisella spp.
(2 tanks); G2- fish that received the product A-Live at 0.2% and Aquaform at 0.2% in
the feed for 15 days prior to experimental infection with Francisella spp.; G3- fish that
received the product A-Live at 0.5% and Aquaform at 0.2% in the feed for 15 days prior
to experimental infection with Francisella spp. (2tanks).........cccooiiii i, 32
Figure 3: Histomorphology of the gut with different treatments after 15 days of
experimental infection. Shrinkage of intestinal villi are shown using black arrow. Goblet
cells are denoted by “*”. A: G1 group (A-Live at 0.2%); B: G2 group (A-Live at 0.2%
and Aquaform at 0.2%); C and F: G3 group (A-Live at 0.5% and Aquaform at 0.2%); D
=] o Il = O | T o J .33
Figure 4. Rarefaction curve showing increasing species along the number of reads in
different trial QroUPS.......oooiiiiiiiii .35
Figure 5: Shannon index in different trial groups after 15 days of treatment and after
experimental infection with Francisella spp. (underlined)..............oiiiiiiiiiiieeiiiieeenn, 35

Figure 6: Abundance of noninfected and infected groups (underlined) with information



on the percentage of sequences in each group. Cetobacterium (dark blue),
Bacteroidales_unclassified (gray), Vibronaceae_unclassified (yellow),
Porphyromonadaceae_unclassified (green), Romboutsia (pink) and Plesiomonas
=T ) PP PRPRRPRURRPN 35
Figure 7: Comparisons of bacterial abundance among groups. The left side presents
the abundance proportion of each sample. The right side shows the difference in
abundance within 95% confidence intervals with the p-value of the significance test.
Only significant results are displayed (pP<0.05).........ccooiiiiiiiiiiiiiiieee e, 36
Supplementary Figure 1: Visualization by electronic microscopy of the qualitative
amount of cells by electronic microscopy of Francisella spp. F1 strain after 30 minutes
of exposition to different concentration of products separately, being A (Francisella
spp. without the products); B (Francisella spp. with Aquaform® 0.5; C (Francisella spp.
with Aquaform® 1%), D (Francisella spp. with A-live® 0.5%); C (Francisella spp. with
ATIVE® 190). ..ot e e e e e e e e e e e e e e e e e arranaeaeeann 71
Supplementary Figure 2: Cumulative mortality observed in the different groups after
disease challenge by the oral route with Francisella noatunensis subsp. orientalis.....72
Supplementary Figure 3: Histomorphology of the gut with different treatments after
15 days of consumption of product in the feed. Presence of digest are presented by
black arrow. Autolysis of apical region of villi are presented by “*”.(A) NC group; (B) G1
group (A-live® at 0.2%); (C) G2 group (A-live® at 0.2% and Aquaform® at 0.2%); (D)
G3 group (A-live® at 0.5% and Aquaform® at 0.2%).........cccccemmiiiiiiiiiiieeee e 73
Supplementary Figure 4: Inverse Simpson index in different trial groups after 15 days

of treatment (underlined) and after experimental infection with Francisella spp........... 74

ARTIGO 2

“Effect of Enterococcus faecium as a water and/or feed additive on the gut
microbiota, hematologics, immunological parameters and resistance against

francisellosis and streptococcosis in Nile tilapia (Oreochromis niloticus)”.

Figure 1. Heatmap based on whole genome of selected Enterococcus faecium.
Heatmap of similarity among non-core regions of Enterococcus faecium genomes
using Gegenees all in all fragmented comparison with high accuracy. .................... 75

Figure 2: MRS agar plate containing probiotic bacteria seeding with overlay layer of



Mueller-Hinton agar containing the bacterial pathogen, showing inhibition halos against

Y2210 41V [0 ToTo oot U E3<] o o PP 76
Figure 3: Enterococcus faecium phylogeny..........ccccuuuiiiiiiiiiiiiiiiee e 77
Figure 4: Enterococcus faecium Anti-SMACH Analysis... .......cccccciiiiiiiiiiiiiecns .78

Figure 5: Rarefaction curve showing increasing species along the number of reads in
different trial groups. G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in
feeds and water; NC: negative control..............oooii e 79
Figure 6: Shannon index in different trial groups after administration the probiotic
a1 C=T oo o Lot o RSl £= 1= ox U o .80
Figure 7: Abundance of experimental groups and information on the percentage of
sequences in each group. G1: Probiotics in feed; G2: Probiotics in water; G3:
Probiotics in feeds and water; NC: negative control............c.cccoeeeiiiiiiiiiiiiicceeeen. 81
Figure 8: Cumulative mortality observed in the different groups after disease challenge
by immersion with Francisella noatunensis subsp. orientalis. NC: negative control (no
challenge with bacteria); PC: positive control; G1: Probiotics in feed; G2: Probiotics in

water; G3: Probiotics in feeds and

Figure 9: Cumulative mortality observed in the different groups after disease challenge
by immersion with Streptococcus . NC: negative control (no challenge with bacteria);
PC: positive control; G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in
feeds and water. CP= 88,29%:; G1=75,56% e G2 e
L TG TR 1. TP PEUPUPPRPR PR 83



LISTA DE TABELAS

ARTIGO 1
“Effects of a phytogenic, alone and associated with potassium diformate, on

tilapia growth, immunity, gut microbiome and resistance against francisellosis”.

Table 1: Growth performance of fish from different treatments before and after disease
challenge with F. noatunensis subsp. orientalis strain F1. ..........cccccooiiiiiiiiiiennn. .32
Table 2: Blood general parameters (mean * standard error) of experimental groups of
fish supplemented with additives before and after disease challenge with F.
noatunensis subsp. orientalis strain F 1. 34
Table 3: Data of serum lysozyme activity, complement activity and antibacterial activity
(mean z standard error) of fish from different groups of treatment before and after
disease challenge with F. noatunensis subsp. orientalis strain F1.......................... .34
Table 4: Count of sequences of the most abundant species in experimental groups..36
Supplementary Table 1: Count of sequences withingroup....................... 69

Supplementary Table 2: Nutrients composition (%) of the commercial fed used in the

ARTIGO 2

“Effect of Enterococcus faecium as a water and/or feed additive on the gut
microbiota, hematologics, immunological parameters and resistance against

francisellosis and streptococcosis in Nile tilapia (Oreochromis niloticus)”.

Table 1: Genome sequencing project information. ..........cccccccvviiiiiiiiiiiiiiiiiiiicieenn. .63
Table 2: Division of groups before and after the challenge

Table 3: Genome Enterococcus faecium............ccooiiiiiiiiii s 63
Table 4: Growth performance of fish from different treatments *Different letters (a and
b) indicate significant difference between the treatments (p< 0.05); *G1: Probiotics in
feed; G2: Probiotics in water; G3: Probiotics in feeds and water; NC: negative
070 (o ) 64
Table 5: Blood general parameters (meant standard error) of experimental groups of

fish supplemented with probiotics. *Different letters (a and b) indicate significant



difference between the treatments (p< 0.05); *G1: Probiotics in feed; G2: Probiotics in
water; G3: Probiotics in feeds and water; NC: negative control................c.c.ccooiinis 65
Table 6: Count of sequences of the most abundant species in experimental groups.
G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in feeds and water; NC:

negative control



LISTA DE ABREVIATURAS E SIGLAS

BLAST: Basic Local Alignment Search Tool

CAPES: Coordenacéao de Aperfeicoamento de Pessoal de Nivel Superior

CEUA/UEL: Comissdo de Etica no Uso de Animais/ Universidade Estadual de
Londrina

CFU: Unidades Formadoras de Colonia

CNPaq: Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico

FAO: Organizacao das Nagdes Unidas para Agricultura e Alimentacao

LABBEP: Laboratério de Bacteriologia em Peixes
MRS: Man, Rogosa e Sharpe Lactobacillus Kasvi®
NCBI: National Center for Biotechnology Information
PEIXE BR: Associagao Brasileira da Piscicultura

RAST: Rapid Annotation using Subsystem Technology



SUMARIO

L INTRODUGAOD ...ttt anas 12
2 REVISAO DA LITERATURA ..o ettt et 13
2. A TILAPICULTURA .o e e, 13
2.2 ESPREPTOCOCOSE ... et 14
2.3 FRANCICELOSE ... e, 15
2.4 PROBIOTICOS.......... SR SRR . 17
2.5 COMPOSTOS FITOGENICOS E ACIDOS ORGANICOS ... 19
2.8 GENOMA ... 20
REFERENCIAS ....ccc oo ettt 22
B HIPOTESE ... e ettt e et e e e e e e e et 29
B OBIETIVOS .o e 30

5 ARTIGO PUBLICADO NO PERIODICO SCIENTIFIC REPORTS: “Effects of a
phytogenic, alone and associated with potassium diformate, on tilapia growth,

immunity, gut mcrobiome and resistance against francisellosis” .................... 31
TABELA SUPLEMENTAR 1 .ottt e et ettt e et e e e e e e e e s e e e e e s e et s eaneeaneeeas 46
TABELA SUPLEMENTAR 2 ...ttt eeeee et e et e e e e et e e et e e s e e e e e e e e s e saa e e st e eean e eeans 47
FIGURA SUPLEMENTAR 7 ettt ettt et e et e e e e e e e e e s e e e e e e e e e e eanas 48
FIGURA SUPLEMENTAR 2 ..ottt ettt e et e e e e e e et e e e e s et e e et e e eaneeenanans 49
FIGURA SUPLEMENTAR 3 ... eiiiiiit et et et et e e et e e e e e e e e e e e e e e e s e e e e e e e e eaeeenes 50
FIGURA SUPLEMENTAR 4 ...ttt e et e e et e e e e et e e et e e et e e eaaa s 51

6 ARTIGO NAS NORMAS DO PERIODICO DA AQUACULTURE RESEARCH
“Effect of Enterococcus faecium as a water and/or feed additive on the gut
microbiota, hematologics, immunological parameters and resistance against

francisellosis and streptococcosis in Nile tilapia (Oreochromis niloticus)”......52
1\ 3@ ] 51U o3 1 [ ] PSP 53
MATERIALS AND IMETHODS ....eiiiittiiiaee e e e e eeeeetiie s e e e e e e eeeeetaa s e e e e e e e eeeatbnn e e eeeaeeeennees 54
Probiotic bacteria selection, genome assembly and identification of metabolic
(=10 (0] 0 S SRR 54
IS 55
Experimental Design and Basal Diet...........ccccccoviiiiiiiiiiiiiiiiieeeeeeeeeeeee 56
BIOOd SAMPIING ...coeiiiiii e 57
INNate IMMUNE @NAIYSIS.........coooiiiiii e 58
MiICrobIOME ANAIYSIS......oviieiiiii e 58
StAtISTICAl ANAIYSIS ...ttt 59
]S 1 PP 59
Probiotic bacteria selection, genome assembly and identification of metabolic
(1T [0 1 PSP 59
Experimental Design and Basal Diet...........ccccccvviiiiiiiiiiiiiiiieeeeeeeeeeeeee 60
Blood sampling and innate immune analysis ..........ccccoooieviiiiiiciiin e, 60
MICrobiome @aNalYSIS.........cooiiiiiiiiii 60
Mortality after INFECHION .......cooeei i 61
D RS Te{ L7 (@] PP 61

ACKNOWLEDGEMENTS . tuttttteateee e e e e e e e e e e ee e et e e e et ea e e e e ee e ea e e e e re e e e e reaeenes 64



= = =T = [ =R 64
LI =T PR 72
B CONCLUSAOD ..o et e, 76
APENDICES ... oottt et e e r s 77
APENDICE 6: FIGURA T .o et 78
APENDICE 7: FIGURA 2 oo ettt et e et e e e 79
APENDICE 8: FIGURA 3 oo ettt 80
APENDICE Q: FIGURAZ .o ettt e et e et e e 81
APENDICE 10: FIGURA 5. et 82
APENDICE 11: FIGURA B ettt e et e e 83
APENDICE 12: FIGURA 7o et 84
APENDICE 13: FIGURA 8.t e e ettt 85

APENDICE 14: FIGURA ..o et 86



© 00 N o OB~ W N e

W W W N DD N DD DD DD DD DD PR R R R R R R R
N P O © 0 N OO0 O B WO N P O © 00N OO0 O B WO N +— O

12

1 INTRODUCAO

O Brasil ocupa lugar de destaque no cenario da aquicultura mundial,
sendo o quarto maior produtor de tilapias do mundo (PEIXEBR, 2019). Porém com o
crescimento acelerado da aquicultura surge novos desafios, como a biosseguridade
na producao (MIAN et al., 2009). Atualmente, a principal medida terapéutica utilizada
no caso de surtos de bacterioses em peixes € a antibioticoterapia, porém o uso
indiscriminado de antimicrobianos para controle de doencas aumenta a pressao
seletiva exercida sobre as comunidades microbianas e estimula o surgimento natural
de resisténcia bacteriana. Além disso, pode causar sérios riscos ao meio ambiente e
seguranga alimentar da populagdo humana (BIDHAN, 2014). Para evitar o uso
indiscriminado de antimicrobianos, outros métodos profilaticos alternativos estao
sendo utlizados, tais como probioticos, prebioticos, compostos fitogénicos e acidos
organicos. Estes métodos demonstraram ser ferramentas promissoras que podem
estimular o sistema imune auxiliando no combate as doencas (MOURINO et al., 2012).

Ja existam varios trabalhos com a utilizagado de probi6ticos em peixes,
porém esses produtos normalmente sdo importados de outros lugares e/ou de
espécies diferentes, o que pode interferir na microbiota intestinal dos peixes que a
recebem e também no ambiente em que estes animais vivem. Da mesma forma que
produtos como, compostos fitogénicos e acidos organicos normalmente sao avaliados
separadamente e nao se tém muitos dados do seu efeito em peixes quando utilizados
em associagao.

Por isso um probiético autéctone, Enterococcus faecium cepa LAC7.2,
foi isolado, identificado e produzido para ser utilizado na alimentacao de tilapias do
Nilo. Ainda, os produtos comercias da Addcon- Salus (Brasil) e MiXscience (Franga),
sendo: diformato de potassio, um sal organico com nome de Aquaform® e o composto
fitogénico, derivados de extratos vegetais da Familia Alliaceae (A-live ®) foram
testados na dieta de tilapias do Nilo.

Portanto o objetivo desse trabalho foi verificar os parametros
hematoldgicos, imunoldgicos, resisténcia a doencgas e histologia e microbiota intestinal
em tildpias do Nilo (Orechromis niloticus) apos a utilizagdo do Enterococcus faecium

cepa LAC7.2 e dos produtos A-live® e Aquaform®, separados ou em associagao.
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2 REVISAO DA LITERATURA

2.1 TILAPICULTURA

Segundo dados da Organizagdo das Nagbes Unidas para
Agricultura e Alimentacao a producgéao global aquicola (incluindo plantas aquaticas) foi
de 110,2 milhées de toneladas. Mais uma vez o grupo mais produzido foi o de peixes,
com 54,1 milhdes de toneladas, seguido de algas com 30,1 milhdes, moluscos com
17,1 milhdes e crustaceos com 7,9 milhdes de toneladas produzidas. Dentre as
espécies mais produzidas estdo as carpas e em quarto lugar a tilapia do Nilo (O.
niloticus). Hoje, ainda a produgao global pesqueira é maior que a producéo aquicola,
mas a estimativa até 2030 é que os numeros de invertam e que a aquicultura
contribuia com 60% do pescado para consumo humano (FAO, 2018).

No Brasil, a produgdo de peixes aumentou 4,5% em 2018 e atingiu
722.560 toneladas, sendo que a espécie mais produzida foi a tilapia. A producao de
tildpia cresceu 11,9%, chegando a um total de 400.280 toneladas, com essa produgéo
o Brasil ficou em quarto como maior produtor de tilapia do mundo, ficando atras
apenas de China, Indonésia e Egito (Figura 1). O Parana em 2018 foi o estado que
mais produziu peixes (129.900 toneladas) em seguida Santa Catarina (73.200
toneladas) e Rondénia (72.800 toneladas). Em relagdo a tilapicultura, o Parana
também esta em primeiro lugar em produc¢éo, com 123.00 toneladas, em segundo S&o
Paulo com 69.500 toneladas e em terceiro Santa Catarina com 33.800 toneladas
(PEIXEBR, 2019).

A tilapia do Nilo € um peixe onivoro, rustico, que se adapta facilmente
ao confinamento em sistemas intensivos de criagcdo, tolerando baixos niveis de
oxigénio e elevadas concentragdes de amobnia, motivos pelos quais tornaram também
possivel seu cultivo comercial em aguas salobras ou salgadas (KUBIZA, 2005).
Porém, mesmo com toda essa rusticidade, quando a sua criacdo € realizada em
sistema intensivo com alta densidade populacional e ndo sdo tomadas as medidas
necessarias de biosseguridade, ha um alto risco de ocorrer doengas infecciosas e
parasitarias (MARCUSSO, 2017).
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Os principais agentes etiologicos associados aos casos de mortalidade
em psiciculturas sao protozoarios, virus, fungos e bactérias, porém as bactérias
destacam-se e podem causar surtos que chegam a dizimar até 50% dos animais
(ASSEFA E ABUNNA, 2018)

Os principais patogenos bacterianos associados a doencga da tilapia do
Nilo s&o Streptococcus agalactiae, S. iniae, S. dysgalactiae, Flavobacterium
columnare e Francisella noatunensis subsp. orientalis (FIGUEIREDO et al., 2012).

Figura 1 Maiores Produtores Mundiais de Tilapia

©

fonte Relatério Intrafish 2016 e (*) Peixe BR 2017

=O—E@—E—O—O——@—0=

CHINA INDONESIA EGITO BRASIL* FILIPINAS TAILANDIA BANGLADESH VIETNA
1 800 357 311,7 300 200 188
MILHAO MIL MIL MiIL MIL MIL MIL

Fonte: PeixeBR (2019).

2.2 ESPREPTOCOCOSE

As bactérias causadoras de estreptococose em peixes sdo cocos Gram
positivas, oxidase negativa e incluem as seguintes espécies: Streptococcus iniae, S.
agalactiae, S. parauberis, S. difficile, S. shiloi e S. dysgalactiae (PRADEEP et al.,
2016).
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Atualmente, infec¢des causadas por Streptococcus spp., especialmente
S. agalactiae e S. iniae, sdo as mais comuns e causam significativas perdas
econdmicas para a tilapicultura. Sua prevaléncia e severidade dependem de multiplos
fatores ambientais, incluindo temperaturas de agua morna (~28°C), aumento dos
niveis de amoénia, baixos niveis de oxigénio dissolvido, causados por manejo e alta
densidade de estocagem (LIU et al.,, 2016). A estreptococose causa septicemia,
exoftalmia, meningoencefalite nos peixes, causando surtos agudos com alta
mortalidade ou de forma cronica, principalmente no verdo (EVANS et al., 2008).

S. agalactiae pode infectar outros animais, incluindo o homem, e com
base na composi¢ao do polissacarideo capsular, as espécies podem ser subdivididas
em dez sorotipos (la, Ib e Il a IX) (CHIDEROLI et al., 2017; EVANS et. al., 2008). No
Brasil apenas os tipos la e |Ib foram relatados, porém em 2016 houve um surto com
alta mortalidade na regido nordeste e apods isolamento foi comprovado através da
biologia molecular que se tratava do sorotipo Ill. Ainda, nesse estudo verificou que o
sorotipo Il € multiresistente e bom formador de biofilme, aumentando assim as
chances de contaminacdo (CHIDEROLI et al., 2017). Em estudo sobre a
caracterizagao e viruléncia de S. agalacteae de diferentes espécies, bovina, humana
e de peixes, foi possivel verificar que algumas cepas bovina e humana sao capazes
de infectar peixes e causar meningoencefalite, demonstrando que pode ocorrer
infeccdo em diferentes espécies de hospedeiros pela mesma cepa (PEREIRA et al.,
2010).

Para a estreptococose existem alguns tipos de vacinas como inativada,
viva atenuada, recombinante, porém a que se destaca com a maior eficacia € a vacina
inativada e a forma de aplicacédo da vacina a intraperitoneal (LIU et al., 2016). Porém
0 manejo para a vacinagao é dificil visto que é realizado individualmente. Outro desafio
é eficacia da vacina, ja que essa pode variar devido a existéncia de diferentes

sorotipos e os perfis genéticos das cepas circulantes (CHEN et al., 2012).

2.3 FRANCICELOSE

Francisella spp. pertence a familia Francisellaceae e sao bactérias

Gram-negativas, estritamente aerdbicas, ndo esporuladas, cocobacilos ndo-moveis,
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capsulados e intracelular facultativo (SCHRALLHAMMER et al., 2011). O género
Francisella spp. pode ser classificado em: F. tularensis, que engloba as subespécies
tularensis, mediasiatica, novicida e holarctica; F. halioticida; F. hispaniensis; e F.
noatunensis, que engloba as subespecies noatunensis e orientalis; F. persica e F.
philomiragia. Essa bactéria pode causar doenca a diversos hospedeiros vertebrados.

A franciselose nos peixes pode ser causada pelas espécies F.
noatunensis subsp orientalis e F. noatunensis subsp noatunensis. Os principais sinais
clinicos apresentados pelos peixes acometidos com essa doenga sao: letargia,
melanose, exoftalmia e natagdo erradica (SOTO et al., 2009). E possivel observar
através de exame macroscopico de peixes autopsiados a presenca de nodulos
brancos, principalmente em rim e baco (VOTEJTECH et al., 2009). Além da alta
densidade populacional, o estresse térmico € um dos fatores que predispdem a
franciselose, pois a doenca se manifesta principalmente em estacbes frias com
temperaturas de aproximadamente 21°C (SOTO et al., 2009).

Varias espécies de peixes podem ser afetadas por essa bactéria como:
Oreochromis sp (tilapia), Gadus morhua (bacalhau do Atlantico), Salmo salar (Salmé&o
do Atlantico), Morone chrysops (baixo branco), M. saxatilis (robalo riscado) e
Parapristipoma trilinineatum (grunhido de trés linhas) (COLQUHOUN; DUODU, 2011).
Relacionado com estudos de sensibilidade, em uma cepa de Francisella spp. isolada
de peixe foi verificado resisténcia em seis dos dez antimicrobianos testados, sendo
eles: trimetoprim, sulfametazol, penicilina, ampicilina, cefalosporinas de segunda
geragao e eritromicina (OTTEM et al., 2007).

A producdo de vacinas para Francisella spp. e outros patdégenos
intracelulares € um desafio visto que a bactéria possuem mecanismos de evasao do
sistema imune, fazendo com que a vacina apresenta baixa eficacia (PECHOUS;
MCCARTHY; ZAHRT; 2009; SOTO et. al., 2009), por isso ainda ndo ha vacina

comercial disponivel no Brasil ou no mundo para essa doenga.
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2.4 PROBIOTICOS

Dentre as praticas sanitarias alternativas ao uso de antibioticos, destaca-
se a utilizacao de aditivos alimentares, como os probidticos que auxiliam no aumento
da capacidade imunoldgica dos peixes.

O termo probidtico é derivada do latim e grego e tem como significado
‘para a vida”, sendo definido como micro-organismos vivos que oferecem beneficios
a saude do hospedeiro, quando consumidos em quantidades adequadas,
proporcionando agao protetora contra patégenos e beneficios nutricionais (HOSSAIN;
SADEKUZZAMAN; HA, 2017). A maioria dos probidticos sdo bactérias acido lacticas
mas podem ser também leveduras, sendo os principais géneros: Lactobacillus
bacteriano, Bifidobacterium, Lactococcus, Carnobacterium, Enterococcus,
Streptococcus, Pediococcus, Propionibacterium, Leuconosto, Bacillus e Leveduras
Saccharomyces (AMARA; SHIBL, 2015).

Evidéncias provam que a microbiota complexa presente no trato
gastrintestinal dos animais é eficaz no fornecimento e resisténcia a doengas. Porém,
a composicao dessa flora pode ser alterada por influéncias alimentares e ambientais,
tornando o animal suscetivel a certas doencgas e também reduzindo sua eficiéncia na
utilizagdo de alimentos. Por isso muitos estudos estdo sendo realizados com
probidticos, visando reestabelecer a condi¢cao natural da flora gastrintestinal (AMARA,;
SHIBL, 2015).

Algumas caracteristicas séo critérios de selegdo para um probidtico,
como: ser atoxico, ndo patogénico, capaz de sobreviver e metabolizar no ambiente
intestinal, resistindo ao baixo pH do estdmago, acidos organicos, bile e enzimas
presentes no intestino e ser estavel sob armazenamento e condigdes de campo
(HOSSAIN; SADEKUZZAMAN; HA, 2017). Por isso ensaios in vitro devem ser
realizados para permitir uma triagem preliminar do potencial probidtico e seus
atributos, como resisténcia a condi¢bes gastrointestinais, capacidade de
desconjugacéao de sais biliares e propriedades de adeséao para o intestino (REPALLY
et al., 2018).

As mudangas no ambiente intestinal, devido as probidticos, incluem a

producao de compostos responsaveis pela atividade antimicrobiana, competicdo com



© 00 N o OB~ W N e

W W W DN DD N DN N DD DN DD DNDNDN P PP PP PP RP PP
N P O © 00 N OO0 O B WO N P O © 0 N OO0 O b WO N - O

18

potenciais patdégenos por sitios de ligagdo ou estimulagdo da fungdo da mucosa
intestinal, aumento das respostas imunes como as citocinas reguladoras, inibicao da
viruléncia, da expresséo génica ou proteica em patdogenos gastrintestinais e melhora
da estrutura e digestdo do intestino (KIRON, 2012).

Estudos recentes mostraram o efeito benéfico (aumentando a imunidade
e reduzindo a mortalidade frente a patégenos) de micro-organismos probiéticos em
tilapias do Nilo (STANDEN et al., 2016), surubim (PEREIRA et al., 2016), linguado
(PARK et al., 2016) e juvenis de truta arco-iris (SAFARI et al., 2016). Estudos
realizados com tilapia do Nilo e juvenis de esturjao (TA'ATI et al., 2011) relatam que
0S animais que receberam probioticos juntamente com a ragao obtiveram maiores
ganhos de peso em comparagao com os grupos nao tratados.

A utilizacdo de Bacillus amyloliquefaciens na dieta de Catla catla na
dosagem de 10° UFC/grama demonstrou significativo aumento do teor de proteina,
melhora em parémetros imunoldgicos e resisténcia a doencas (DAS et al., 2013).
Ainda, estudos comparando dois tipos de probidticos, Bacillus subtilis WB60 e
Lactobacillus plantarum KCTC3928, na alimentagédo de Anguilla japonica, demonstrou
resultados melhores na imunidade e performace, incluindo parametros de histologia
do intestino, na dosagem de 108 UFC/grama com o Bacillus subtilis (LEE et al., 2017).

Atualmente no mercado encontramos diferentes formulas comerciais de
probidticos testadas e utilizadas em peixes. Porém observa-se que probioticos
isolados de outros animais ou em espécies de peixes que nao sejam o alvo, podem
apresentar resultados controversos, sendo necessario o0 isolamento e
desenvolvimento de probidticos espécie-especificos, ou seja, probidticos autéctones
(MOURINO, 2010). Além disso, muitos dos probioticos foram isolados em outros
paises, 0 que pode influenciar negativamente a microflora aquatico das bacias
hidrograficas do Brasil, fazendo necessario o estudo de probidtico autéctones e que
sejam utilizados na mesma regiao que foram isolados. Por isso o desenvolvimento de
probidticos isolados no Brasil € de suma importancia, assim esse trabalho abordara
sobre o isolamento, estudos in vitro e in vivo de Enterococcus faecium strain LAC 7.2
e ainda a utilizagao da bioinformatica para estudo genémico comparativo, descoberta

in silica de metabdlitos secundarios e de fatores de viruléncia.
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2.5 COMPOSTOS FITOGENICOS E ACIDOS ORGANICOS

Os compostos fitogénicos sdo derivados de plantas e que adicionados a
racdo podem melhorar o crescimento e o desempenho sanitario dos peixes. Essas
substancias bioativas possuem propriedades diferentes como antioxidante,
antimicrobiano, anticarcinogénico, analgésico, inseticidas, antiparasitario e
anticoccidial, além disso ajudam a melhorar a palatabilidade dos alimentos,
aumentando assim a performance dos peixes. Esses componentes podem ser
originarios de diferentes partes das plantas como folhas, raizes, tubérculos e frutas e
serem utilizados nas formas de: 6leo, pé ou extrato. (ALEMAYEHU et al., 2018;
BHARATHI et al., 2019)

Estudos realizados por exemplo, com alho (Allium sativum)
demonstraram que independente da forma (natural, 6leo ou pd) que os peixes do
experimento (O. niloticus) receberam o composto fitogénico, eles tiveram aumento
significativo no crescimento, na atividade antioxidante e menor mortalidade
(METWALLY, 2009). Outro trabalho utilizando tilapias do Nilo suplementadas com
Oleo essencial e que foram desafiadas com Aeromonas hydrophila, apresentaram
melhor desempenho de crescimento e maior sobrevida comparando com o grupo
controle.

Um exemplo de compsto fitogénico € o produto A-live® desenvolvido
pela empresa Addcon- Salus (Brasil) e MiXscience (Franga) que € uma mistura de
extratos de plantas da familia Alliaceae e argilas minerais formulados para ter alta
dispersdo na agua, facilmente aplicavel na aquicultura e que pode ser utilizado em
peixes e camaroes.

Os acidos organicos sdo compostos carboxilicos, considerados acidos
fracos pois se dissociam parcialmente na agua para formar um ion hidrogénio € um
ion carboxilato. Os acidos organicos (e seus sais), como acido féormico, citrico, acético,
propidnico e butirico, entre outros, ja sao utilizados como acidificantes com sucesso
na industria de ragao animal, incluindo a aquicultura, para melhorar o desempenho e
a saude intestinal (CASTILLO et al., 2014).

Estes agem na diminuicéo do pH do estdbmago e intestino, reduz o tempo

de esvaziamento do trato digestivo, aumenta a atividade de pepsina e a retengao de
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nitrogénio, melhorando a digestibilidade, absor¢ao e transporte de mineirais (REDA et
al., 2016) e ainda podem penetrar na parede de certas bactérias, inibindo assim o
crescimento de bactérias patogénicas. Suas agbes dependem de varios fatores, como
espécies de peixes, tamanho, idade, tipos e niveis de acidos organicos, controle de
racao e qualidade da agua (ALEMAYEHU et al., 2018; BHARATHI et al., 2019).

Observou-se que em tilapias do Nilo que receberam diformato de
potassio em diferentes concentragdes: 0,2% e 0,3% exibiram melhorias significativas
na performance e a mortalidade cumulativa por Aeromonas hydrophyla foi menor que
do grupo controle. Além disso o grupo que recebeu a 0,3% também teve estimulo da
flora intestinal benéfica e de sistema imune (ELALA; RAGAA, 2015).

A empresa Addcon- Salus (Brasil) e MiXscience (Franga) também
produz um acido organico, Aquaform®, que é o diformato de potassio utilizado em
peixes e camardes. Por isso em um outro experimento, estes produtos, A-live® e
Aquaform® foram testados isolados ou em associag¢ao para verificar sua eficacia em

tilapias do Nilo.

2.6 GENOMA

O estudo do genoma na area da bacteriologia iniciou-se em 1995
através do primeiro sequenciamento completo do genoma da bactéria Haemophilus
influenzae por meio da técnica de Sanger (FLEISCHMANN et al., 1995).

Porém o alto custo era um dos entraves para o desenvolvimento de
projetos de sequenciamento. Em 2005, com o advento da primeira tecnologia de
sequenciamento high throughput ou NGS (sequenciamento de préxima geragao) os
custos diminuiram, o que facilitou o sequenciamento para a obtengcado das reads
(leituras) dos genomas (LOMAN et al.,, 2012). E dentre as tecnologias de NGS,
podemos destacar as plataformas de segunda geragéo: 454 GS FLX system (Roche),
lllumina GA lIx (lllumina), HeliScope (Helicos) e SOLID 5500 XL system (ABI) (KAUR;
MALIK, 2013).

A gendbmica comparativa estuda as similaridades e diferengas entre os
organismos através da comparacao do seu material genético. Com isso é possivel a

identificacdo de regides codificantes no genoma, que por sua vez, permite a
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caracterizagao da provavel funcao dessas regides codificantes, plasticidade genémica
e estabelecimento de relagdes filogenéticas entre espécies e cepas (SIVASHANKARI;
SHANMUGHAVEL, 2007; OGIER et al., 2010). Ainda, com o estudo comparativo do
genoma podemos definir a diversidade gendmica entre espécies correlatas e intra-
especies.

Atualmente ha uma grande diversidade de genomas bacterianos
disponiveis em banco de dados, tanto de micro-organismos que causam doengas
quanto de potenciais probidtico, o que permite estudos aprofundados em diversas
areas como a filogenémica. Os estudos de filogenética permitem avaliar diferengas a
nivel de nucleotideos, utilizando genomas completos (DELSUC et. al., 2005).

A construgcdo de arvores filogendmicas e inferéncia de divergéncias
evolucionarias podem ser realizadas utilizando o software Gegenees. O Gegenees
identifica genes comumente compartilhados entre os genomas e cria uma matriz de
distancia baseada na porcentagem de similaridade entre os conteudos variaveis dos
genomas em questdo (AGREN et al., 2012).

Outros programas podem ser utilizados para a detecgdo de metabdlitos
secundarios, como o Anti-SMACH, fornecendo diversas informacgdes relevantes sobre
a atividade bacteriana. No caso de probiético, essas informacdes sobre metabdltios
pode ser de suma importancia para o conhecimento do potencial inibitério e
imunoldgico da bactéria (BERTRAND et. al., 2014).

Assim, novas ferramentas tecnoldgicas podem ser utilizadas para o
conhecimento de bactérias e outros micro-organismos que podem ser de suma

importancia para a saude humana e animal.
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3 HIPOTESE

Os produtos A-live® e Aquaform® fornecidos para tilapias do Nilo
melhoram o seu desempenho zootécnico e/ou sua resposta imunitaria contra
francicelose.

O uso da bioinformatica possibilta o conhecimento sobre a cepa com
potencial probidtico de Enterococcus faecium LAC 7.2 e este, fornecido na ragéo

estimula resposta imune contra doengas bacterianas.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

-Avaliar a agado A-live® e/ou Aquaform® e Enterococcus faecium LAC 7.2, em
diferentes experimentos, com relagdo ao crescimento, imunidade, morfologia,
microbiota gastrintestinal e na protecdo contra estreptococose e franciselose em

tilapias do Nilo.

4.2 OBJETIVOS ESPECIFICOS

- Avaliar o efeito do A-live® e Aquaform® e do E. faecium LAC 7.2 fornecidos na ragéo
nos: indices zootécnicos, tais como ganho de peso, conversdo alimentar, dentre
outros; nos parametros hematologicos e imunidade; na morfologia e microbiota
intestinal e na sobrevivéncia de tilapias do Nilo desafiadas com Streptococcus
agalactiae e/ou Francisella noatunensis subsp. orientalis.

- Sequenciar o genoma de E. faecium LAC 7.2, fazer a montagem, anotacgdes e
depositar no GenBank (NCBI).

-Fazer testes in vitro para verificagao do potencial probidtico do E. faecium LAC 7.2.
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5 ARTIGO PUBLICADO NO PERIODICO SCIENTIFIC REPORTS: “Effects of a
phytogenic, alone and associated with potassium diformate, on tilapia growth,

immunity, gut mcrobiome and resistance against francisellosis”
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SCIENTIFIC REP?RTS

OFEN - Effects of a phytogenic, alone
“and associated with potassium
_diformate, on tilapia growth,
e immunity, gut microbiome and
prteete TR resistance against francisellosis

5. A_Suphoronski?, B.T. Chideroli®, C. T. Facimoto®, B. M. Mainardi®, F_ P. Souza?,
. N.M.Lopera-Bamrero®, G. F. A Jesus®, M. L. Martins”, G. W. Di Santis?, A. de Oliveira "%,
. G.5. Gongalves®, R. Dari®, 5. Frovel® & U._F. Pereira®

: This work evaluated the effects of dietary supplementation of A-Live (phytogenic) either individually
: orincombination with Aquaform (potassivm diformate, acidifier) on jrvenile Nile tilapia (Ore ochromis
* niloticws) growth performance, innate immune parameters, gut microbiome, and resistance against

. Francisella noatinensis subsp. orentalis challenge. Each experimental group contained 140 fishes

D343 1 033) intwo 1500 tanks. The experimental design consisted of five groups: a negative controd;
¢ treated groups (51, G2, G3) supplemented with different concentrations of &-Live and A quaform in the
: feed; and a positive control (PC) for pathogen infection. Groups &1, G2, G3, and PC were challenged

: withFrancisella spp._after 15 days. Afterinfection, the mortality was significantly lower in groups G1,
¢ a2, and &3 (p < 0.01). Furthermore, these groups showed significant increase (p < 0.05) in daily weight
. gain, feed conversion rate, and specific growth rate. The PC group presented increass {p < 0.05) in

: the lewkocytes and nevtrophils number. Innate immunity parameters showed no difference between

¢ treatments after infection. Microbiome analysis revealed an increased number of bacteria belonging to
: theVibricnaceae family after pathogen infection suggesting a secondary pathoegen function of these

:  bacteria_Thess resulits validate the beneficial effects of these products in tilapia farming.

* World aguaculture is the sector of animal production that has been showing the highest rate of growth in recent
: decades'”. Despite the high potential to increase production of aquatic organisms, there are still many barriers
: to the development of this sector in many conntries* . This rapid growth has l=d produocers io use intensive and
! super-intensive production systems that have positively increased produoctivity but have also increased the disease
: susceptibility of iish’. Some bottleneckcs limit production in this sector, such as the availability of eguipment and
¢ of infectious diseases, which are highlighted 2= one of the main problems of aquaculiure, especially in fsh farm-
: ing™". Protozoa, viruses, fungi, and bacteria are the main etiological agents associated with mortality in tilapia
: farms. The bacterial disease outhreaks may decimate up to 9% of the affect=d batches"'-1*

: The main bacterial pathogens associated with Wile tlapia dissase are Strepéococoes apalactioe, 5. imiae, 5 dys-
: paiactiae, Flavobacterium colummare and Francsella noatumensis subsp. oriemtalis'* "% In recent years, oothreaks
 caused by Framcisella spp. hawe gained notoriety as the major pathogen of tropical Bsh cultivated worldwids'™1".
: Francisellosis is an emerging diseass that has spread to several countries in the last two decades'™" due to the

: *Laboratory of Fish Bactericlogy (LABSER) - Department of Preventing veterinary Medicine, State Uiniversity
: of Londrina, Londrina, PR, Brazil. *Department of Animal Science, Siate University of Londring, Londrina, PR,
¢ Brazil. *Wedeus of stisdies in Aguanulture Pathology, Federal University of Santa Catarina, Floriandpolis, 5C,
:  Bragil. *Laboratory of Microbial Biotechnology (LABIM) and Laboratory of Electron Microscopy and Microanalysis,
: State University of Londrina, Londring, PR, Brazil. *Fishing Institute (APTA-SP), S3o José do Rio Preto, SP, Brazil.
© ®pdixscience, Bruz, Britmy, France. Comespondence and requests for maternials should be addressed toULP.P. femail:
: upaduapersira@omail com)
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Figure 1. Visualization of oumber of cells of Francissllz spp. Fl strain by electron microscopy afier 3min
aof exposure with both products applisd sither 2t 0.1% or 1%, (A} {Francsslo spp. withoot the producis); (B}
{Francisella spp. with A-Live 0.1% and Agoaform 0. 0%); (C) {Prancisslia spp. with &-Live 1% and Aquaform
1%}, Cellular damages are shown nsing white arnws (B,C).

absence of commercially mvailable effective vaccines and difficulties in antibiotic treatment becanse the dis=ase is
caused by a facultative intracellular pathogen'#.

Currently, the main therapeutic measure for francisslosis outhreaks is antibictic therapy. However, its indis-
crimiraie use may bead to the development of antibiotic resistance and poses potential risk o the sovironment,
puhbic health and food safety. In many cases, antibiotics (administered on feed) may have 2 imited efhcacy when
fish present hyporexiafanareria, which is one of the Arst dinical signs of dissase'" or due to the late onsst of reas-
ment after the loss of affecied Bsh batches"=_ Therefore, the search for less harmful and more environmentalby
friendly treatments is of major importance.

e i the intrinsic properties of distary supplements such as phyiogenic compounds combined with or with-
out coganic acids appear to be one of the most promising altermatives to prevent microbial infections™>_ Indesd,
phytogenic compounds are defined as plant-derived natural bicactive compounds which show positive effects
on animal growth and health, and they often encompass essential oils (EOs), botanicals and herbal extracts™.
Recent studies have reported that phytogenic compounds are capable of promoting improved performance,
stimulating the innate immune response, and decreasing mortality against bacterial challenges in fish Common
carps {Cyprinus carpio) supplemented with EOs of Litrea arbeba presented better growth performance and when

with Aeromomas kydrophila they had a higher relative survival than the control group™. Phytogenic
compounds derved from Dcimum gratissimum and O, americanum have been shown to be more efficient in
prommoting increased activity of the complement system in citfish (Rhamdia guelen)™. Nevertheless, studies sval-
mhﬁd&ghmmmﬂmMmmqﬂmmmdmmﬂhhhwnm

Furthermare, organic acids {(and their saltz), suwch as formic, citric, acetic, propionic, and butyric acid, among
others, are aleeady used as acidifiers with success in the animal feed industry, including aquacultie™-*. The main
function of thess organic acids is the reduction of the pH of the digestive tract, kill pathogenic bacteria, redusce
the digestion tract emptying time, increass pepsin activity and nitrogen retention, and improve the digestibility,
absorption and transport of minerals’. However, the efficacy of these food supplements in the prevention andior
comiral of different bacterial dissases in tilapia (especially francisellosis) and their sffect on the intestinal bacterial

The combination of a phytogenic compound with antimicrobial activity and an orgamic acid ssems to be
an efficient and reliable alternative to antihiotic administration. Thus, the aim of this stody was to measure the
in witro activity of phytogenic compound A-Live [MiXscience, France) individually or in combination with an
arganic 2cid Aquafoem (Salus, Santo A otfnio da Posse, 5P, Brazil) against Francd sl noafurensis subsp. orientalis
and alsn evaluate the in wive potential of the products treatment on growth performance, innate imomumity, gut
microbiome and francisellosis resistance in juvenile Mile tilapia {Oreochromis milotioo )

Results
In vitro antibacterial activity of produects against Frandgsella noatunensis subsp. oriemtalis.
Aquafoem had inhibitory effects against Francdedia spp. at concentrations ranging from 0.5 to 1%, showing halos
of 13 to 20 mm. Far A-live, inhibition values extended from 0 to 30 mm. The products, when used isolated, did
niot show inhihitory effects against the bacteria at a concentration of 0L1%. However, when used in combimation,
the products showed an inhibitory halo of 15 or 1Bmm at a low concentration (0. 1% ) in 2 corsecutive replicates.
Thie results of electron microscopy showed a decline in the cell number of Frandsella spp. after 30min in the
presence of either Aguafnrm or A-Live individually. However, a smaller number of bacterial cells were visualized
in the presence of A-Live than in Aguaform, suggesting that &-Live was capable of causing rapid damage to
Francisella spp. (Supplementary Fig. 1), Additionally, the combination of Aquaform and A-Live at a concentra-
tion of 0.1% (of sach product) showed a reduction in the number of Fraoncisella spp. cells and a large amount of
destroyed cell fragments. The combination of prodocts at 1% revealed a drastic redwuction in cell number when
compared to the cell number reduction in other concentrations of mixture of produocts (Fig. 1] or when treated

individimlly {(Supplementary Fig. 1).
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Table 1. Growth pedformanice of fish from different treatmients before and afier disease challenge with F.
nomumemsis subsp. orientalis strain F1. " Different l=tters {2 and b) indicate signifhcant difference between the
treatments (p < 0L.05). MC, negative contmol; PC, positive contral; G1, 0.2% A-Live trestment; G2, 0.2% A-Live
and 0.2% Aguaform treatment; 3, 0.5% A-Live and 0.2% Aquaform.
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Figure L. Cumubitive mortality chserved in the different growups after disease challenge by immersion with
Framcisells momtunensis subsp. oriemialis. MC negative control Mo challenge with bacteria and oo A-Live ar
Agquadorm (2 tanks); PC positive control Challenge with Frarcisella spp. and no A-Live or Aquaform; G1- fsh
that received A-Live at 0.2% in the fzed for 15 days prior to experimental infection with Frardsdil spp. (2
tanks) G2- fish that received the product A-Live at 0.2% and Aquaform at 0.2% in the feed for 15 days prior to
experimenta] infection with Francisells spp; G3- fish that received the product A-Live at 0.5% and Aquadorm at
0.2% in the feed for 15 days prior to experimental infection with Frandsdila spp. (2 anks).

Growth performance and disease challenges. Frior to pathogen challenge, groups G2 and G3 showed
the products in the feed (MC and PC) and G1 groap. The G2 group presented better daily weight gain and 5GR
than that in other groups. Group Gl showed similar results when compared with the PC and MC groups. Even
afier dizsease challenge, the G2 and 53 groups presented a better daily weight gain, FCR, and SGR than that of the
PC and 5] growps but did oot differ from that of the BC groap (Table 1)

Thie cumulative mortality of fishes in the group PC, G1, G2 and G3, which were pathogen challenged through
feed, was B0, 65, 70, and 77%, respectively (Supplementary Fig. 2). Daily feed consumption was higher in groups
G2 and G3 than in group G during the challenge period. Only G1 group showed a significant difference in
cumulstive mortality when compared to PC group (p < 0U05). In the pathogen challenge by immersion, cumo-
lative mortality observed in PC, G1, GI and G3 groups was 52, 13, 17 and 13%, respectively (Fig. Z). There was

a significant difference in the mortality of G1, G2 and G3 groups compared with the mortality of the PC group
{p= 0LODO1).

Mot all the surviving fish in the treated groups showed francisellosis lesions on the kst day of the immersion
experiment In the PC and G1 groups, all surviving fish had granulomatous lesions in the crapial kidney and
spleem. However, in the G2 and G3 groups, 15% and 35% of animals, respectively, did not exhibit francisellosis
lesions in these organs. Additionally, thess samples were negative in the CHAH culturee. Mo lesions were ohserved
in the kidney and spleen of the MO group. Mo mortality was observed in the omal or immersion negative contraol
groups, indicating that the control was relishle
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Figure 3. Histomorphology of the gut with different treatments after 15 days of experimental infection.

i of intestinal willi are shown wsing black arrow. Goblet cells are denoted by **™. (A) GI group (A-Live
at 0.2%); (B) G2 group (A-Live at 0.2% and Aguaform at 0.2%); (C,F): G3 group (A-Live at 0.5% and Aquaform
at 0.2%); (D,E) PC group.

Intestine histology and morphology.  After 15 days of treatment with the products, a higher quantity of
digesta was observed in groups G2 and G3, suggesting that it might be owing to the higher feed intake observed
in these groups (Supplementary Fig. 3). Autolysis was observed in the apical region of the intestinal villi in G2
and G3 groups, probably because of the presence of lumen ingestion since these groups had a higher feed con-
sumption (Supplementary Fig. 3). In group G3, hyperphsia of goblet cells was observed (Fig. 3F). After infection,
aggregates of lymphoid cells were observed in the PC group (Fag. 3E) In G1, shrinkage of some intestinal villi was
visualized (Fig. 3A). No evident variations in the villi such as diffused shrinkage was found in groups G2 and G3
villi (Fig. 3B.C).

Blood and innate immune parameters. The blood parameters are shown in Table 2. Some of the indi-
cated characteristics are the significant increase (p < 0.05) in leukocytes and neutrophils after infection in the
PC group compared to those in the G1 group. Before infection, there was a significant decrease (p< 0.05) in the
number of erythrocytes (in G2 and G3), thrombocytes (in G1), hemoglobin (in G2), and monocytes (in G1, G2,
and G3) compared to those in the NC group. Hematimetric indices and glucose showed no difference (p = 0.05)
amaong the groups before or after infection.
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Table 2. Elood general parameters {mean + standard error] of experimental groups of fsh supplemented with
additives before and afier dissase challenge with F. noatumensis subsp. orisntalis strain F1. *Different letiers

(2 and b) indicate significant difference between the treatments (p < 005)* Ag= Aggregated. MO, negative
comirol; PC, positive control; 51, 0U2% A-Live ireatment; 2, 0U2% A&-Live and 0.2% Aquadorm treatment; G3,
058 A-Live and 0.2% Aquadoom.
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Table 3. Data of serum hysoryme activity, complement activity and antibacterial activity {(mean + standard
error) of fish from different growps of treatment before and after dissase challenges with F. romtunemsis subsp.
oriertalis strain F1. " Different letters {3 and b) indicate signifhcant difference betwesn the treatments (p < 0.05).
M, negative control; FC, positive control; G1, 0.2% A-Live trestment; G2, 0.2% A-Live and 0.2% Aquaform
treatment; (53, 0.5% A-Live and 0.2% Aguainem.

Microbiome diversity and abundance of the bacteral population. A wtalof 1,188,301 sequences
were obtained for all groups, and 72 OTUs (operational tazonomy anits) were identified. The number of
sequences per group ranged from 88 to 182 thowsand reads. & rarefction curve showed that sequencing was
sufficient to sequence most of the bacterial species present in the fish gut as there was Little addition of new spe-
cies after 10,000 s=quences {Fig. 4}, suggesting that the read count of the trial was representtive of the intestinal
bacteriome in all groups. Additionally, Supplementary Table | displeys the tntal oumber of sequences ohinined
in each group.

Moreover, Mothur soffware was nsed to calculate the Shannon index, which compares the diversity of spe-
clﬂm:lcl:.punp[FLg.S} However, nuug:nﬁ:antdlhnnﬂmnburmd.ﬁbﬂqﬂnlﬂ:ﬂmﬂntﬂﬂmd
'.I.'I:u.l.l..l:]u.lm:ﬁ:l'mﬂl.-un mﬁb&nﬂmnhmm, ﬂ:.:lnitadg:mq:lhﬂ]ugh:
diwersity in the gut bacterial microbiome tham that in the MC and PC groups. Groups G and G2 presented more
bacterial diversity before infection in comparison to the bacterial diversity of growups Gl and G2 after infection
by Franciselia spp. Among all the groups, 51 was the most diverse; however, it showed a decreased diversity afier
15 days of infection. Interestingly, afier infection, the group (G3) that received 2 higher concentration of both
products maintained a higher diversity at this time of the trial.

The abundance of bacterial species calculated by Mothur sofiware is shown in Fig. 6 and Table 4. The sbon-
dance plot displays the most abundant bacteria in esch sample: Cefobacterium, Baderidales, Vibronaceae,
Forplyromonadaceae, Romboutsia and Flesiomones. Before infection, in the NC group, the genos Cefobacterium
was the most abundant, and the other families and genera ( Bactervidales, Porplyromonadacese, Rombowisia and
Plesicononas) appeared in smaller oumbers. Om the other hand, in the treated growps, there was a decrease in the

SCIENTIMCREFORTS| (019 6045 | htips:/doi.org/10.1038/<54 598-119-42580-8

(N g)



37

www_nature comjscientificre ports/

Figore 5. Shannon indey in diferent trial growps after 15 days of treatment and affer experimental infection
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Figore 6. Abundance of noninfected and infected groups (undedined) with information on the percentage
of saquences in each group. Cetobacterinm (dark blue), Bacternidales_unclassified (gray), Vibronaceas_

genus Cetobactferium in the gut microbicta. After infection, geous Cefobacterium remained in greater proportions
in the groups, also favaring the inorease in the genus of the fmily Vigrionacea {mainly in the PCand (G2 groups).
STAMF analysis revealed significant difference in the proportion in the abundance results (Fig. 7). Thus, sven
small counts of sequence that are not seen in abundance plois are considered in STAMP analysis. Comparison
:i:'HCH':l]:lGI {F‘Tﬂmmmlh;ﬂmnfwmmmm
erahly increased in the G1 grosp. On the other hand, Cetobacterium showed a decrease in :]:Lmdmm'r]r
=me pnl.lp..F‘h'nll‘a.En:cu'r R]uznhdﬂ'_tm:hnﬁnimﬂﬂmun:hﬂﬁnimngnlﬁnﬂ.mlhplﬂ.
MC with G3 was not significant for any level of axonomy. In Fig. 7c, the Riizobiales_onclssifed taxon dis-
played a large decrease in the PC when compared with the NC; howeves, there was a large standard deviation.
to the bacterial abundance of the PC group. & comparison of the groups over time (hefore and after
infection) showed different taxon among them (Fig. 7d—f). A higher number of Crivbaderium and Plesomonas
was ohserved in Gl (Fig. 7d), but the Bombouisia number decreased after infection (G1). Figure 7= displays an
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Tofal of reads 49360 1E2E43 167955 ITSTES 1283315 18051 LIRS 3E543
Table 4. Count of s=quences of the most abundant species in experimental groups. NC, negative controk; PC,
positive contral; G, 0.2% A-Live treatment; G2, 0.2% A-Live and 0.2% Aquaform treatment; G3, 0.5% A-Live
and 0.2% Agaaform.
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Figure 7. Comparisors of bacterial abundance among groups. The left side presents the abundance proportion
p-value of the significance test. Omly significant results are displayed (p< 0.05)
incresss in Mriserioceae_undassified sequences in G3; however, this result presented a larges standard deviation.
Finally, Fig_ 7f shows a large increass in the G3 group of Gammaprofeobacteria_unclassifed
Discussion
The products demorstrated very promising in vitre as well as in vive results, with the combination of the products
providing better benehts. b vifro data showed an inhibitory halo {for Frardsedla spp.) of 15 or 18 mm when using
Agquaform and &-Live in combination, each at a low concentration (0.1%]). Electron microscopy showed that the
mm‘hinminn:flﬁpmd:.h:t:rﬂuhrdmldmﬁ:mdn:ﬁnn inl]::bl.ctﬂ'il]ul]nmntlwlznmpmdwﬂh the
other comcentrations. Similar results were found in Amumq:p.a.ndl]utﬂ:ﬂ:mmhir
itory halos from 2 mixture of formic acid, propionic acid and calcum
In vive resulis showed better PCR and 3GR in groups G2 lndﬂln'hﬂ.rmrrndlh:mmhmilhm
products at &-Live concentrations of 0.7% and Aguaiorm of 0.2% and at &-Live of 0.5% and Aquaform of 0.2%,
respectively. Mortality after infection was smaller in all growps receiving the products than in the positive coniral
SUIENTIAL REF{}RTEI 20191 5045 Imﬂm.ﬂg‘iﬂiﬂﬂﬂmmw 7
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group. Additionally, mortality rate was significantly lower in the fish challenged with Framcicslla spp. by immer-
sion than in the positive control group. Thess resolts reinforce that futare stodies with notritiora] additives should
use immersion challenge method, which resembles the natural infection, to obtain a more reiable daa

Thie autopsy analysis of the G2 and G3 growups showed that 15% and 35% of the animals, respectively, did not
present characteristic lesions of francisellosis. Thess results along with immumity parameters and mortality data
suggest that thess high sfficacy products can be an alterrative stmtegy for prevention of francisellosis outhreaks in
tilapia In addition, the interference of products in pathogen homeosiasis should also be explored in futore studies
through global gene expression and protesmic approaches. A previous study on tilapias showed an increase in
weight gain, specific growth rate and apparent protein digestibility™'. Additionally, the authors found a decrease
in martality rate (Asromonas fydrophils challenge) and increase in senam ysozryme and phagooytic activity of the
group treated with concentration of 0_3% potassium diformate. They also reported a decrease in intestinal pH in
the treated growps, which resulied in increased beneshicial bacieria count in the intestinal gut Similary, the innat=
Immunity in current sudy, demonstrated a higher antihacterial and complement activity besides lower mortaling
mMmﬁwmﬁumm&hﬁd&hmﬁmhpmmthh
associated with the antimicrobial effect of Aguaform (potassiom diformate) in the intestinal tract by i
intestinal health and nutrient absarption. In addition, i also suggested a synergistic effect with the &-live, which
may haove provided a positive effect to the intestinal and overall health of the animals even though no noticeabls
differences were chserved in microbiome data. This hypothesis is szpported in the present study in groops G2 and
G3 data, both before and after the dhallenge, and in the in wifre resulis.
gates of lrmphoid cells and obtained bow performance indices (growth and survival). Om the other hand, the G2
and G3 growps that presented better performance indices and had higher villi based on intestina] histology. Also,
mﬂ-ﬂmhrpu-phmufgpﬂﬂc:ﬂ:mnhnrniIh:n:mmlt:mmbm:‘hrﬂmuﬁ:undmﬂ]urmdul,
where of organic acids in the dist improves mocws™ and notrient digestibility in tlapia™.

Additionally, the use of producis improved some blood and immunclogical parameters that may be related
to the disease resistance in fish. The results of blood parameter analysis {mainly the increase in neatrophils in
the PC group) indicated an acute inflammatory response to infection by Francsells spp., with the migmation of
neutrophils in large quantities to the site of infection resulting in the characteristic lesions of francisellosis in
fish™_. Alternately, in the treated groups, modemte increase in this type of immune cell may be due to an immunao-
maodulation resulting from ingestion of the producis, as shown in previoos stodies™. This immunomodulation
hypothesis is reinforced by the results found in the G2 and G3 groups, with some fish presenting minor or even
an ahsence of granulomatows lesions in the spleen. Thess bwo groups also showed the best resulis in FCR afier
infection, which may be related to reduction in the damage cansed by the pathogen and an enhanced recovery of
digestive functions. In addition, the product &-Live at the highest distary concentration might have stimulated
the innate immune system in different ways, which would explain the increase in the number of thrombocytes
in the G3 group. The decrease in erythrocyte and hemoglobin values might be associated with physiclogical
commpensation, since they were within normal range for the species. Cytokine-related studies are needed io bet-
ter understand the evolution of disease, pathogenicity and fis relationship with the immune system in normal
and treated fsh. In addition, the active molecoles harhored in A-Live (derivate from plant extracts) also shoald
be explored Ressarch on the effect of puribied bicactive molecules will 2id in understanding the effect of thes=
mealecules, which may result in 2 more effective produsct for use in prevention of fish diseases. Glucose increassd

ngn.ﬁa.nﬂfmﬂmﬂﬂm&chq*h&.ﬂﬂ;ecmdmﬁﬂtummmlhhwrg]}mchw
maone cortisol during infections, which resalts in an increase in gluc

Onengenesis T

Innate immunity parameters, in particular phagocytic, lysoryme and complement activities, have been used
as indicators of the effects of inherent or external factors on the immuone system and the dissase resistance of fish.
Among several fctors that stand owt are dietary and food additives™"¥, such as immunostimulants and probiot-
for 0 ax well ax the effects of diseases and vaccination® =

The level of serum lysozryme is an important index of innate immonity in fsh. Lysceyme of fsh having bytic
activity against bacteria is well undersiood. Moreover, it has opsonic properties and helps to activate the com-
plement system and phagocytes. Lysoryme activity is activaied when the outer cell wall of Gram-negative bac-
teria bursts due to the action of complement and other enzymes that expose the inner peptidoghycan layer The
lysoeyme then becomes sffective and consaquently increases its level and activity™*. “’:-nb:ﬂ'ndmlhulm&f
that, even hefore infection, the groups that were fed the products had higher lysoryme activity in comparison
to the MC mﬂ&nﬂgﬁ&uﬁ.&rﬂmmﬂnﬂnﬁm When comparing the G3 group with the M, we
ohserved a significant increase in lysoryme activity. Post infection, all the groups had increased hsoryme activity:
Thus, these results demonstrated that the products added to the diet displayed immuncstimuolatory role™, which
suggest that distary acidifers have bensficial effect in aguaculture production assisting dissase resistance.

Before infection, serum antibacterial activity was only present in G2 and G3 groups, indicating that the prod-
wcts stimulyted this immune parameter However, after infection all the treated groups (G1, G2 and G3) showed
in the diet or by the indirect stimulation of antibacterial sensm components by the produocts in the feed which is
quickly stimulated afier a trigger (in this cass, the infection by pathogen].

Before infection, we observed that all groups receiving the products showed better resulis of serum comple-
ment activity than that of the NC growp. A significant difference in serum complement activity was ohserved in
1 group when compared to the serum complement activity of MC group. After infection, there was no signif-
cant difference betwesn the growups, but G3 provided the best resnlt. Similar results were found in other studies,
where an improvement of the immune system from distary supplementation has been reporied®*'.

Studies have been conducted in vertebrates concerning host and intestinal microbiota interactions and demon-
sirated an integral mole in ontogenetic development, especially when related to immune system moduolation® .
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In addition to competition for readily available carbobydrates in the dist, intestina] microbes are able to extract
energy from dietary polysaccharides that are indigestible by the hoss*.

In generl, microbiome anabysis showed a decrease in Cetobacteriion and an increase in Baceriodales in the
treated groups before infection (Fig. 4). Afier infection, more discrete differences were observed in the micnobi-
ome between the groups (Table 4 and Supplementary Fig. 4). Parther studies investigating the microbial compo-
sitiom of the fish gut are necessary to provide a comprehensive undestanding of the influence of dist on the health
statns of Ash. For example, the order Bacfervidates was found in abundance in this study, as well as in marine
herbivorous fish*! and cther mon-fish gut o™,

The dominant phyla in the gut microbiome of Mile tilapia are generally Protesbacteria and Fusobacteria,
althowgh the relative abundances of these phyla vary between studies™ ™. Microbiota analysis of tilapia gut in
this study revealed Cetobacierium as the most prevalent genus in all intestinal samples. Cefobacterium has besn
recognized as 3 common member of the microbicme of grass, Asian bighead, common and Crocian carps™-=-,
and it may be considered a core genus among carps_ This bacterium is a micro-aerotolerant anaerche that s capa-
ble of producing vitamin B- 12 and antimicrobial metaholites™. This, this interaction betwesn pathogen and host

Ohar resulis are in agreement with a previous report™, which suggested that C. somerae is a commensal
microbe with a highly abundant nodews inside the intestine of cathsh. Moreover, in the same study, the authors
fouand the species Flesiomonas shipellides, ancther bacterinm belonging to the mily Enterobacieriaoss and com-
maonly found in freshwater fish and aquatic environments. Additionally, Plesivononas shigelloides is commaonly
found in the intestine of fish from tropical and subtropical countries such as Japan and Thailland, several coun-
tries in Africa, Australia and Erazil®*. In this study, Pledomonas spp. was present in all growps, even in small
amoumis Considering that after infection only G1 group showed an increase in Plesiomonas spp. in the microbi-
ola, and all remaining fish in this group presented spleen lesions from francisellosis, it was hypothesized that F.
shigeloides played a role as a secondaryfopportunistic pathogen in the disease evolution when group G showed
worss result in feed conversion rate {PCR) than that of G2 and G3 groups.

Another genus that dearly appeared before infection was Rombowdsia. This genus was previowsly known as
Clostridium, and little information is available ahows this species™. Recently, a new species isolaied from the small
intestine of rats was described as Rombowiria ileakis CRIE". Several shadies have explored the link between the diet
and gt microbiota due to the potential dietary properties presented by some species. The data shaown here sug-
gested that the products stimulated the increase in oumber of the genos Romboutsia before infection (groups G1
and G2 in Fig. &). Additionally, an increase in Bactericdales and an undlassified geous of the Porplpromonadecess
family was ohserved, suggesting a connection with 2 microbiota modulation observed in the trestment groups
{as demonstrated in Fig. 7a k)

The increase in the unclassified genus of the Vibrionaceae family in the infected groups might be related to the
participation of this presumable pathogen in the symbiotic and commensal microbiota™. Interestingly, the growp
33 afier infection showed a small proportion of this bacteria family, suggesting an inhibitory effect of treatment
against Vibrionaceae family. Fish with francisellosis are probably more susceptible to opportunistic pathogens,
and an increase in this bacterium in the FC groop suggests that francisellosis caused the fsh to be more suscep-
tible to secondary pathogens. | is noteworthy that minimal number of Gammaproteabacierio was detected afier
Framcisella spp. infection, (Fig. 6). There are no reports about Frandsedin spp. pathogenesis affecting the hsh gut;
however, these resulis suggest that this pathogen may have few tropisms to this tissue.

There is global demand to rechuce the use of antibiotics in animal production. Conseguently, in the last decades,
new alternatives such as acidifying products and plant extracts, have been widely explored for thess sconomic
a:lrnnu.m.'l.l.nl}- mmmﬂpmlwmmml}' Ih:dﬂnnndﬁn’ﬂ:ﬂ:mdmhumdm
:f.ﬁqu.lﬁ:mani.h lmprﬂml:dthebﬂtmuhlﬁrgmﬂﬂl.ﬂmdndmmnndugtﬂpﬂmmﬂmanilmr
were validated. Mﬁmgﬂlmh&ddh:ﬂdﬂmﬁpﬂx“mmmm
their efficacy against other dissazes and/or stress conditions that may commonly occor in aquaculiare.

Materials and Methods

Antibacterial activity of the products against Fmnasella spp.  Addcon- Salus {Brazil) and
MiXscience (France) provided the organic salt {Aguaform, potassiom diformate) and vegetal-derived prod-
uct {A-live, derived from plant extracts) used in this study, respectively. The tested phytogenic is a blend of
plant exiracts and mineral clays formulated to have high dispersion in water easily applicable in aquaculture.
Antimicrobial activity of the tested phytogenic comes from sulfur organic compounds of the extracts from
Alligrear Bmily (mainly garlic, onion, and lesk in the present case]. The Allincear family indudes 13 genera and
&M species. Main representatives are onion, garkic, leek, shallots, and chives. The analysis consists of an in vitro
bacterial groaeth inhibition test, which mmd}qum:lh:bmthmcnnpmmd:nftb:pudn:t to remain in
aqueous sohtion. Thus, the solobility test of the products was pedormed wsing sterilized water, methanal {10,
20 amd 3% in water) and sthano] (10, 20 and 30% in water). The best solvent {with low precipittion of both
products) was 0% ethanol The products were Altered using a 0.2 pm membrane. The products were tested at
concentrations of 10, 5, 1, 05 and 0.1% individumlly and in commbination; when combined, the ratio of the prod-
ucts was 1:1. Framcisefls momtunensis subsp. oriemialis strain Fl was used at the 0.5 McFarland scale and plated
10pL of the different concentrations in duplicate. Petri dishes with a diameter of 9 cm were osed, with two discs
allocated for sach dish. The plates were incubated 2t 38 *C for 72-26 b for further measurement of the inhibition
halo, 2= previcudy described™.

SCIENTIHCREPORTS] (2019 F6045 | ritps:iidoi.orgi10.1038/244 598119425808 g



41

WWw.nature .com/scientificre ports/

Electron microscopy of Frandsela cells when exposed to products.  This method aims to evaluate
the possible physical damage caused by the products to the pathogen Frandsella spp. ising eleciron micros-
copy. Afier 72h culiure, colonies of the Fl strain were suspended in sterile saline, at the 1 McFarland scale, con-
taining diferent concentration of products and incubated a8 78%C for 30min. The samples were centrifuged for
5 min at 2000 rpm, resuspended in 100pL of Gxative (2.5% gletaraldehyde and 7% paraformal debyds in 001 M
sodinm cacodylate buffer, pH 7.0) and transferred to 24-well polystyrene microtiter plates (Fisher Scientific,
Kamsirupwej, Roskilde, Denmark) with glss coverslips precoated with a thin layer of poly-L-hysine (Sigma, Saint
Liowis, MOy, USAJL Afier 1 b, the volume was adjusted to 500 pL wsing hxing solution to awid cell adherence to
the coverslips and incubated at 25°C for 12 h. The samples were post fxed in 1% 080, (Electron Microscopy
Sciences, Washington, PA, USA) and dehydrated in an ethano] series (30, 50, 70, 50, and 100°GL). Samples
were subjected to critical-point drying with OO, BALTEC CPD 030 Critical Point Dryer {Shapiro Center for
Engineering and Physical Science Research, Mew York, USA), coated with gold in BALTEC SIMC 050 Sputter
Coater {Capovani Brothers Inc., Mew York, USA) and observed under 2 scanning electron microscope (FEI
Quanta 200, Netherlands).

Fish. A totlof 720 healthy juvenils Mil= tilapia (0. siloficus) were obiained from a2 commercial hatchery from
Parand state, Brazil (mesn individual infial weight was 34.3 £ 0.33 g). The fsh were divided into 3 treatment
groups (432 tilapia) distributed into 2 replicates (72 tilapia each) and 2 control groups (288 tilapia) distribusted
into 2 replicates (72 tilapia each). The animals were stncked in 15001 tanks contining dechlorirated water with
continoous renswal (0% of volume daily) and the temperture was mainined a8 approximately 25 °C, and the
fish were fed three times a day until apparent satiation {resulting in approximately 6% £ 0.3% of biomass). Water
parameters (pH of 5.8 o 7.2, total ammaonia < 0.4 mg/L, and absence of chlorine) were measured daily and main-
tained throughout the experimental period. The presence of oxygen was maintained by two aerators, resulting in
dissabred caygen of 5.4 mg/L on an average. Before the start of the feeding trial, the fish underwent a period of
acclimatization for 7 days, and behavior/signs of disease were observed {exophthalmin, ermatic swimming, skin
lesioms, and others). hﬁa:ﬁuhpﬂ]dﬂgmumalmpﬂ'ﬁmmﬂdb:ﬁur&thﬂupmmﬂ_mﬂhﬂ:!ﬂﬁﬂlm
liver, cranial kidney, mdlplunw:mmﬂiadmﬂlﬂ.&Hmm:p:{}[anLEM]méﬂmthmFﬂ,ﬂlaﬁ]}
enriched with 5% defibrinated ovine blood and in CHAH. The plates were incubated at 38 for 5 days for confir-
mation of the health status of fish (no bacterial growth in the plates). All animal procedures were approved by the
Ethic Commitiee on Animal Use of Siate University of Londrina {Approval nomber CEUAMUTEL-7327.2017.38)
and all experiments were performed in accordance with relevant guidelines and regulations.

Basal diet. Anextruded feed (withouot organic acids and phytogenics) for early stage tilapia with 3468 crsde
prodein and 2.6 mm diameter was used. The nuirient composition of the dist is shown in Supplementary Table 2
For in wivo studies, the goal was to homogenowshy add the products to the feed, to enable it to reach and act locally
at the digestive tract of the fzh and for the shsorption of bioactive molecules in the digestive tract. These steps
were carefully carried out by sprinkling the products in a fractioned aqueows solution of the fzed (one-third part
af total volume for sach time). The feeds were prepared separately using 5 kg of fzd which was distributed in toa
tiny leyer on a plastic surface (5 meters on all four sides] on the flocr. The first fraction of the produocts diloted in
water was spread and the feed was mized for Smin. A similar process was followed o obiain the fraction o and
three of the products.

In other words, phytogenic A-Live alone or in combination with Aquaform was incorporated in commer-
cial feed by manual mixing for 5 min, followed by spraying the water-dilted products on the feed during agi-
tation. Further, approximately 5% {wiv) of universal wehicle, a carbooymethylcdlulose-based prodsct {Vansil,
and to coat the surface of the feed and avoid rapid leaching of products in the water. In the feed of negative and
was spread om krays and dried for 12hin an incobator at 35*C hefore use

Experimental design and disease challenge. Afier acclimation, the fish were maintained under the
mme conditions until the end of experiment. Products were incorporated into the feed according to the exper-
imental growups and provided daily for 15 days before the dissase challenge. One day before the disease chal-
lenge, the water temperature was decreased gradually and maintained at 21 *C (£1 *C) to promote infection
by Framcisella spp., since outhreaks of frandsellosis in Brazil ocour at similar temperatures ™. The experimental
design is detailed below:

» M- negative control groope Mo challenge with bacteriz and no A-Live or Aquaform in the feed (2 anks)

» P~ positive control group: Chall=nge with Frandsdla spp. and no A-Live or Aquafoem in the feed (2 tanks);

= G1- group of hsh that received A-Live at 0.2% in the feed for 15 days prior to experimental infection with the
pathogen Francisella spp. (2 onks);

» G- growp of fsh that received the product A-Live at 0.2% and Aquaform at 0.2% in the feed for 15 days prioc
to experimental infection with the pathogen Framcisella spp. (2 tanks);

»  G3- growp of fsh that received the product A-Live at 0.5% and Aquaform at 0.2% in the feed for 15 days prioc
to experimental infection with the pathogen Francisella spp_ (2 fanks).

The groups named 51, G2 and G3 received the products before experimental infection daily for 15 days and

SCIENTIACREFORTS| 2019 H6M5 | Fitps: fdoi.orgi10.1038 {551 538011 9-42580-8 10



42

WWW mature . comijsc lentlﬂu’epnrﬁr

until the end of the experiment {2t beast 21 days afier infection or when no mortality was ohserved for 3 days).
Afier experimental infection, all the fsh were observed daily for dinical signs and moriality. Dead fish were
Flml. 1 1o microbiological di is by scall king cramial kidnev and spleen f omto CHAH

This experimental design was performed separately twice as different experiments and at different times.
At farst, the disease challenge was performed by feeding the fish (pathogen was administered at 8 » 10 colony
forming units (CFUNg of feed for 24h). In this first trial, the growth, blood parmeters and mortality rate wers
evaluated The second set of experiments were performed using an immersion challenge by diluting Frandcels
spp- in water (5.4 « 1P CFU/mL of water in the tank). Por in wivo trials using immersion challenge (that is closer
to natural infection of hsh), only the clinical signs, mortality, and presence of francisellosis lesions in kidney and
spleen (and bacterial culture of thess organs) were observed.

Blood sampling. Blood samples were collected at 15 days postireatment and 15 days post-challenge by
Frandisella spp. (five samples per group). The fish were anassthetized with benzocaine (0.1 g/L}, and blood

was collected by puncturing the caudal vessel in 3mL syringes {21 G} containing 10% anticoagulant (ethylen-
ediaminetetraacetic acid). The blood was used to mezsure the hematocrit (Het; %) wsing the microhematocrit
method™, and red blood cells (RBC; 10 {pl.) were connted ina Meubawesr chamber following dilution at 1:300 in
Dacie sohstion. White blood cell (WHC; 10%pL) and total thrombocyte counts were caloulyted wsing an indirect
meethod ™. For differential counting of leukocytes, the smears were stained with May-Grinwald/Giemsa " Wraght
stain®. The hemoglobin conceniration (Hgh; gfdL) was analyzed by ﬂ:.:qlumulhmg]uhnm:ﬂ:ud“nnng
commercial kits {Labtest, Lagoa Santa, MG, Brazil) to determine the hematimestric indices of the mean

Lar volume (MCV; fL) and mean corpuscular hemaoglobin concentration {MCHC; gfdL). mm{ml.l;gfdlq}m
mesasured wsing commencial kits {Labtest)

Emﬂlpﬂfﬂrﬂmt& Plﬂ:nf:ﬂrepﬂ.mﬂmmumdmﬂmqhﬁdmdnﬂuaﬂfmtheﬁm:ndhﬂdi]

oonversion ratio (FCR) wens

Innate immune analysis. The innate immune analysis was performed in 2l groups (fve fish for exch rep-
licate] 15 days after ireatment and 15 days afier challenge with Frandicslla moatumenss subsp. oriemialis strain F1.
Blood samples were collected without anticoagulant, allowed to coagulate, and centrifoged a8 1400 g for 10min to
obtain the sernom, which was stored at — 20"

The s=rum lysozyme concentration was determined in triplicates using a method based on gram-positive
Micrococous lpsodeikiicns lysis™. Standard solutions (0- 10 ng/pl) of chicken egg lysceyme LEETS (Sigma,
Saint Lounis, MO, USA) were prepared at the ime of analysis from frozen aliquots for generating the standard
curve Subsequently, standard and 130 pl dilutions of the sample were placed in a small tube. A suspension of
Micrococcus lysodeikficus M3T70 (Sigma, Saint Lowis, MO, USA) prepared in the same baffer was added to each
tube. Absorbance were measured using a spectrophotometer 330 mode] (Coleman, Santo André, 5P, Brazil) at
the lysozyme volume of the standard curve. The linear regression equation of the standard hsoryme curve was
used bo determine serum hysoryme levels (ng/fpl).

Alternative complement patboway activity (ACHSD) was determined following the method using rabhbit red
blood cells (RaRBC) as target cells for hemolysis™. Briefly, serially diboted s=nsms were mixed with rabbit eryth-
rocyte (RaRBC) suspersion and incubated at 25°C for 1 b with occsiona] shaking. The extent of hemolysis was
estimated by measuring the optical density of the supematant at 430nm (004.4). Serom dilubions resuliing in
greater than 90% or less than 15% hysis were excluded from the calculation and the serem dilution that resulted in
50% hysis of RaRBC was represented as ACHS0 units/jal.

Antimicrobial activity was measured in a Bat-hottom 96-well microplate. Fizh serum was evaluated for its
antimicrobial actiwity against Fscherichia coli prepared at a concentration of 0.5 McFarland scale and dilated 100
times in Foor broth (FE). Subsequently, serial dilution of the serum in PE medinm was performed at a factor of
1:2 for 12 dilutions. Saline solution dilsted in PB was used a5 a control. Twenty microliters of the diluted bacteria
were added to each well containing the serum and positive control. The microplates weres incubated at 287C for
24h. The serum antimicrobial activity was the rediprocal of the least dilution that showed bactericidal activity™.

Intestine histology and morphology.  Five animals from each experimental growp (of the beo replicates)
were nsed in this analysis. Animals were enthanized by 2 bereocaine overdose of 250 mg/mL {previously dilated
in 5mL of ethancol and later diluted in water to obtain a inal concentration of 250 mg/L in water). Digestive
tract samples {disial to pylorus) from sach experimenta] group were collected and then fixed in 10% boffered
formalin solution and processed wsing routine methods. They were embedded in paraffin 2t 60*C to oblkin
cross-sections with a thickness of 5 pm and stined with hematorylin-esosin (H&E). The slides were mounted
{Entellan, Darmstadt, Alemanha) and subjected to microscopic evaluation. The abundance of goblet cells within
the villi and hymphoid cells were evaluated™.

Statistical analysis.  All statistica] analyses were performed using B version 3.1.3 (R CORE TEAM, 2015).
The growth performance, hematological analysis, glocoss, and innate immune analysis were subjected to normal-
qﬂhmpmmﬁMBrMﬂmmYﬂmd&:Tuhylkdemm

means, adopting a level of 5%. The data that did not present normality or homogensity were trans-
formed ioto logl0 (x+ 1), and the Tukey test was used at 5% significance. For quantitative variables that did not
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present a normal distribution even after transformation, the Kruskal-Walks nooparametric test was used followed
test with a significance level of 5% using OpenFEpi v. 3.01 (https://www.openepi.com/Menu/OE_Menu htm).

Microbiome analysis. Nine fish from each group were used for the bacterial microbiome analysis. Each
DNA sample was isolated from the stools of three fishes and poaled. After 15 days of treatment (to evaluate altera-
tions in the bacterial microbiome due to product supplementation in feed) and 15 days after infection (to evaluate
alterations in the bacterial microbiome after infection), the animals in each experimental group were euthanized
by benzocaine overdasage. The stool of the entire intestinal tract was removed aseptically and maintained in ster-
ile vials with refrigeration. The samples were immediately stored in 2 freezer at — 80°C until processing. For total
DMM&WQMDMSMW&(QMEN,M&W)mMM-
ing to the manufacturer’s instructions. Then, the V4 region of the 16S ribosome subunit gene™ was

wﬁpmoodmnmgomhmmwﬁﬂnmmphﬁtmm&nnﬁd:mdthq&m

company
library) platform with the 250-cyde V2 kit. The bicinformatics analysis was performed using MOTHUR v.1.36.1
software™. Taxonomic cdlassification was obtained using the SILVA database™. Briefly, the sequences were fltered
by quality parameters (Phred value greater than 15, elimination of reads without their respective pair, among oth-
m)ﬂmﬂﬁmm%&“yndaﬂmdwﬁm::ﬁmmhm
Chaol for richness and Shannoa for
mWWed%MpmMmmdyﬂhmVAM
abundance plots were generated at the level of the genus, family and order using MOTHUR outpats. To verify the
abundance significance of taxon between groups, STAMP (Statistical Analysis of Metagenomic Profiles) was per-
@MPMIHIMMHSDW&WMMMM&MM
Welch's t-test™.
Reads from sequencing were submitted to the FASTQ format for analysis using Mothur software v.1.39.5™
according to the MiSeq_SOP guidelnes (https://www.mothur.org/wiki/MiSeq_SOP) to assemble 16S contigs and

Data Availability
database (www.nchi nlm.nih gov/sra) with accession numbers SRR8585010 to SRRES85031).
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Supplementary Table 1: Count of sequences within group.

Analyzed | Pre-challenge Post-challenge
period
Groups | NC Gl G2 G3 PC Gl G2 G3
Number of

153597 | 182535 | 167909 | 181564 | 128368 | 160840 | 124945 | 88543
sequences




Tabela Suplementar 2

47

Supplementary Table 2 Nutrients composition (%) of the commercial fed used in the

study.

Nutrients

Guarantee levels

Moisture (max)
Crude protein (min)
Ether extract (min)
Fiber (max)

Mineral matter (max)
Phosphorus (min)
Calcium (max)
Calcium (min)

Vitamin C (min)

120 g/kg
360 g/kg
70 g/kg

50 g/kg

140 g/kg
6000 mg/kg
25 g/kg

10 g/kg
350 mg/kg

Data provided by the manufacturer.
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Abstract

In the present study, we evaluated the effects of Enterococcus faecium administration
on food and / or water on hematological, immunological, intestinal microbiota and Nile
tilapia growth. Prior to the in vivo experiment, probiotic bacteria isolated from Nile
tilapia were selected by inhibition tests. Sequencing, annotation and assembly of the
complete genome of the selected bacteria and other tests were performed using
bioinformatics tools. Three treatments were implemented: G1 (feeding probiotic); G2
(probiotic in water) and G3 (probiotic in food and water), and the negative control (NC).
The treatment lasted 38 days and each group had 45 fish and 2 repetitions. After the
groups were divided and infected with Streptococcus agalactiae S13 and Francisella
noatunensis subsp. orientalis F1. The average final weight gain was higher in group
G1. A significant increase in the number of thrombocytes was observed in the groups
that received probiotic in the diet (G1 and G3). There was a statistical difference in
mortality of fish infected with S. agalactiae S13 from NC compared to treated groups.
Cetobacterium was the most abundant genus in the intestinal microbiota of all groups,
including NC. Enterococcus faeicum increases the immunity of the fish that received
the treatment and decreases the mortality caused by S. agalactiae; in addition, as an
autoctone probiotic, it does not interfere with the local ecosystem, so it is a bacterium
with great probiotic potential for Nile tilapia in Brazil.

Keywords: bacterioses, microbiota, probiotcs.
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Introduction

Fish farming stands as one of the largest aquaculture production in the world,
with Nile Tilapia (Oreochromis niloticus) being a species of great importance (FAO,
2018). It is estimated that the culture of this species is present and moves the economy
of 135 countries in the world, and in Brazil they continue as the most produced fish
(FAO, 2018; PEIXEBR, 2019).

In Brazil, it is estimated that 84 million dollars per year is lost in freshwater fish
farming, including disease losses, with the bacterioses being the most important fo
these (Tavares-Dias and Martins, 2017). Some bacterioses stand out for causing high
mortality rates in fish, such as spretococcosis and francicellosis (Soto, Hawke,
Fernandez, Morales, 2009; Chideroli et. al., 2017). Antimicrobials are used as
treatment and prophylaxis for these diseases, but the indiscriminate use of antibiotics
promote the selection of drug-resistant ou multi-resistant bacteria, in addition to the
potential risk to the environment and public health (Merrifield, Bradley, Baker, Davies,
2010; Ruiz et al., 2019).

Therefore, the use of probiotics as an alternative strategy has been receiving
increasing attention world-wide in tilapia aquaculture (Van Hai, 2015; Alemayehu,
Geremew, Getahun, 2018; Bharathi et. al., 2019). Probiotics are live micro-organisms
which, when administered in adequate amount, confer health benefits to the host.
Several micro-organisms, including Gram-negative and Gram-positive bacteria, have
been used as probiotics in fish farming such as Lactobacillus, Lactococcus,
Leuconostoc, Enterococcus, Carnobacterium, Shewanella, Bacillus, Aeromonas,
Vibrio, Enterobacter, Pseudomonas, Clostridium, and Saccharomyces species
(Nayak, 2010; Van Hai, 2015). Probiotics, either alone or in association with
supplementation, can elevate phagocytic, lysozyme, complement, respiratory burst
activity as well as expression of various cytokines in fish (Wang, Tian, Yao and Li,
2008; Wang et. Al., 2017; Ruiz et. Al., 2019). Also, they stimulate the gut immune
system of fish with marked increase in the number of Ig(+) cells and acidophilic
granulocytes (Nayak, 2010).

Studies have shown that the efficacy of probiotics is highest in the host species

from which they are isolated because such strains perform better as they have already
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adhered to the gut wall of the fish and are well adapted to compete with the pathogens
(Ghosh, Sinha, Sahu, 2007).

It was found that Nile tilapia fingerlings supplemented with Bacillus cereus for
42 days in the water and feed had a significant increase in lysozyme, in addition to
other immunological parameters. However, the results were better when the probiotic
was added to the feed (Wang et. Al., 2017). Studies conducted with the addition of
Lactobacillus plantarum in Nile tilapias observed that after 12 weeks the fish had higher
feed efficiency, yield and final weight and there was also an increase in thrombocytes
and leukocytes in these animals (Jatoba et al., 2011). Also in Nile tilapia the use of
commercial probiotics after six weeks positively affected fish zootechnical
performance, increased the number of goblet cells in the gut and the expression of
immunity-related genes (Standen et al., 2016).

However, most studies use probiotics isolated from other species or geographic
regions, which may interfer with their mode of action. When the probiotic is isolated
from the host itself, it can increase the chances of colonization / adhesion, increasing
its benefical effects. In this context, aiming to develop alternative methods in tilapia
farming, to avoid the highly use of antibiotics, this study investigated the use of
Enteroccous faecium as probiotic, supplemented in the diet and water of Oreochromis
niloticus and searching for possible improvements in the health of fish and the effects

on the intestinal microbiome, as well as it's growth rates and zootechnical parameters.

Materials and Methods

Probiotic bacteria selection, genome assembly and identification of metabolic regions

The Enterococcus faecium strain LAC7.2 selected for probiotic was isolated
gastrointestinal tract healthy Nilo tilapias, arising from hatchery of city Londrina/
Parana — Brazil in 2017. In vitro tests were performed to detect its probiotic potential.
For this, the Nile tilapia faeces were diluted (scale 10) in 0.85% saline, plated on Man,
Rogosa e Sharpe (MRS) Lactobacillus Kasvi® agar and incubated for 48 hours at 28°C
Colonies were selected and characterized. Then, the selected bacteria were seeded
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on MRS agar and incubated for 48 hours. Separately a solution containing Mueller
Hinton agar (Kasvi, Sao José dos Pinhais, PR, Brazil) at 45°C with pathogenic bacteria
(Escherichia coli, Staphylococcus sp. e Streptococcus sp.) was prepared. This solution
was placed on the MRS plates (which contained the probiotic bacteria). The plates
were incubated for a further 24 hours at 28°C and the inhibition halos were measured
bacteria with larger halos were selected. To evaluate inhibition with Francisella
noatunensis subsp. orientalis F1, it was performed on heart cystine agar (Kasvi), where
the pathogenic bacteria were seeded with swab all over the plate surface, then small
holes were made in the agar and the Enterococcus faecium LAC 7.2 filtered (0,22 um)
supernatant was deposited. The readings were taken after 48h. This test was
performed in duplicate.

The genome sequencing of the Enterococcus faecium was performed with the
MIiSEQ platform (lllumina®, USA). Reads were uploaded in FASTQ format to CLC
Genomics Workbench 12 (Qiagen, USA) software, for trimming and assembly steps.
Genome annotation was performed in RAST - Rapid Annotation using Subsystem
Technology version 2.0 (Aziz et al., 2008). The genome project was deposited in the
GenBank database under the accession number CP045012.1. A summary of the
project information is show in Table 1.

Phylogenetic analysis was performed using Gegenees V2.2.1 (Agren,
Sundstrém, Hafstrom and Segerman, 2012) and Splitstree4 v4.15.1 with high
accuracy, generating a heatmap and phylogenetic tree, respectively. The prediction of
secondary metabolite clusters in the sequenced genome ere carried using antiSMASH
5.0 (Weber et. al., 2015) and RAST. The ResFinder 3.2 program was also used to

detect resistance genes.

Fish

This study was conducted in (LABBEP) Fish Bacteriology Laboratory at
Londrina State University, Parana, Brazil. A total of 405 healthy juvenile Nile tilapia (O.
niloticus) were obtained from a commercial hatchery from Parana state, mean
individual initial weight was 11,93 g. The animals were stocked in 150L tanks
containing dechlorinated water with continuous renewal (80% of volume daily), the
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temperature was maintained at approximately 25 °C and the fish were fed three times
a day until apparent satiation. Water parameters (pH of 6.8 to 7.2, total ammonia <0.4
mg/L-', and absence of chlorine) were measured daily and main- tained throughout the
experimental period. The presence of oxygen was maintained by two aerators,
resulting in dissolved oxygen of 5.4 mg/L on an average. Before the start of the feeding
trial, the fish underwent a period of acclimatization for 7 days, and behavior/signs of
disease were observed (exophthalmia, erratic swimming, skin lesions, and others).
Microbiological diagnosis was also performed before the experiment, in which 20 fish
were randomly sampled and euthanized by a high-dose of benzocaine (200 mg/mL).
Aseptically, fragments of brain, liver, cranial kidney, and spleen were streaked on
Mueller Hinton agar enriched with 5% defibrinated ovine blood and in heart cystine
agar. The plates were incubated at 28 °C for 5 days for confir- mation of the health
status of fish (no bacterial growth in the plates). All animal procedures were approved
by the Ethic Committee on Animal Use of State University of Londrina (Approval
number CEUA/UEL-7327.2017.39) and all experiments were performed in accordance

with relevant guidelines and regulations.

Experimental Design and Basal Diet

Were determined: the medium final body weight (g) and weight gain (g) (Ridha,
2006). The fish were divided in three treatment groups with two repetitions (45 fish in
each) and two more control groups. This experimental design was performed during
the probiotic administration period, 38 days total, the division of the groups is shown in
Table 2.

Then this period, material was collected for further analysis, which will be
described below. Behind fishes were infected with Streptococcus agalactiae S13 and
Francisella noatunensis subsp. orientalis F1. One day before the disease challenge,
the water temperature was decreased gradually and maintained at 21 °C (£1 °C) to
promote infection by Francisella spp., since outbreaks of francisellosis in Brazil occur
at similar temperatures (Ortega et. a., 2016), the infection occurred by immersion
(7.1x 10% CFU/mL of water in the tank). The water temperature was increase gradually
and maintained at 28 °C (£1 °C) to promote infection by Streptococcus sp. (Chen et.



© 00O N oo o B~ W DN P

e e
N R O

13

57

al., 2012), the infection occurred intraperitoneally with 0.1mL/fish (8.8. x 10° CFU/mL).
After the new organization of groups (Table 2). Fish were evaluated for 30 days for
clinical signs and mortality.

The probiotic feed was produced every 10 days. Approximately three bacterial
colonies of Enterococcus faecium were placed in 600mL of broth MRS Lactobacillus
Kasvi®, incubated under agitation for 48 hours and 28°C. Then, 100mL was pulverized
in 1kg feed, with 5mL universal vehicle and drying in 28°C for 8-12 horas. Fish were
fed four times a day. The group with probiotic in water had reduced water flow for 10
cm tall (volume about 27 liters) and added 100mL of broth MRS with Enterococcus
faecium, during for two hours. Then, volume water was reestablished. This rocedure
performed every 10 days. Probiotic concentration in each preparation was also verified

by bacterial counting.

14Blood sampling

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Blood samples were collected at 38 days post treatment with probiotcs (16
samples per group). The fish were anaesthetized with benzocaine (0.1 g/L), and blood
was collected by puncturing the caudal vessel in 3 mL syringes (21 G) containing 10%
anticoagulant (ethylen- ediaminetetraacetic acid). The blood was used to measure the
hematocrit (Hct; %) using the microhematocrit method (Ranzani, Padua, Tavares-Dias
and Egami, 2013), and red blood cells (RBC; 106/pL) were counted in a Neubauer
chamber following dilution at 1:200 in Dacie solution. White blood cell (WBC; 103/uL)
and total thrombocyte counts were calculated using an indirect method (Ishikawa,
Ranzani-Paiva and Lombardi, 2008). For differential counting of leukocytes, the
smears were stained with May-Grunwald/Giemsa/Wright stain. The hemoglobin
concentration (Hgb; g/dL) was analyzed by the cyanmethemoglobin method (Collier,
1944) using commercial kits (Labtest, Lagoa Santa, MG, Brazil) to determine the
hematimetric indices of the mean corpuscular volume (MCV; fL) and mean corpuscular

hemoglobin concentration (MCHC; g/dL).
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Innate immune analysis

The innate immune analysis was performed in all groups (five fish for each rep-
licate) 38 days after treatment . Blood samples were collected without anticoagulant,
allowed to coagulate, and centrifuged at 1400 g for 10 min to obtain the serum, which
was stored at —20 °C.

Serum lysozyme activity was determined using a methodology adapted from
that of Demers and Bayne, 1997. Briefly, the initial and final absorbances were
measured by spectrophotometry while determining the serum lysozyme activity by the
lysis of the Gram-positive bacterium Micrococcus lysodeikticus (Sigma-Aldrich
Chemical Co.). The reduction in the absorbances of the samples was converted into
an estimate of the lysozyme concentration (ug mL-1).

Alternative complement pathway activity (ACH50) was determined following the
method using rabbit red blood cells (RaRBC) as target cells for hemolysis (Sunyer and
Tort, 1995). Briefly, serially diluted serums were mixed with rabbit eryth- rocyte
(RaRBC) suspension and incubated at 25 °C for 1 h with occasional shaking. The
extent of hemolysis was estimated by measuring the optical density of the supernatant
at 490 nm (OD4,4). Serum dilutions resulting in greater than 90% or less than 15%
lysis were excluded from the calculation and the serum dilution that resulted in 50%

lysis of RaRBC was represented as ACH50 units/uL.

Microbiome analysis

After 38 days of treatment, six fish from each group were used for the bacterial
microbiome analysis Each DNA sample was isolated from the stools of two fishes and
pooled. The animals in each experimental group were euthanized by benzocaine
overdosage. The stool of the entire intestinal tract was removed aseptically and
maintained in ster- ile vials with refrigeration. The samples were immediately stored in
a freezer at —80 °C until processing. For total DNA extraction, the commercial QlIAamp
DNA Stool Mini kit (QIAGEN, Hilden, Germany) was used accord- ing to the
manufacturer’s instructions. Then, the V4 region of the 16S ribosome subunit gene

was amplified with primers containing overlapping regions with lllumina platform
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primers (Klindworth et. al., 2013). After verification of the amplicon quality, the samples
were sent to Neoprospecta company for sequencing using the lllumina MiSeq (paired-
end library) platform with the 250-cycle V2 kit. The next steps were followed according
to Suphoronski et. al., 2019, using MOTHUR v.1.36.1 software75.

Statistical analysis

Through the software R data were submitted to normality and homogeneity tests
and subsequently to analysis of variance (ANOVA), followed by Tukey test for
comparison between arithmetic means, adopting a significance level of 5%. For
quantitative variables that did not present normal distribution, the nonparametric
Kruskal-Wallis test was used followed by the Dunn test with a significance level of p
<5%. The cumulative mortality was analyzed using the Fisher exact test with a
significance level of 5% using OpenEpi V. 3.01
(https://www.openepi.com/Menu/OE_Menu.htm). In metagenomic, to verify the
abundance significance of taxon between groups, STAMP (Statistical Analysis of
Metagenomic Profiles) was per- formed using parent level 1 and profile level 6 to
analyze the significance between two groups using the two-sided Welch’s t-test
(Donovan, Gene, Philip and Robert, 2014).

Results

Probiotic bacteria selection, genome assembly and identification of metabolic regions

The inhibition halos measured for picked strain were 16 mm (Escherichia coli),
15 mm (Staphylococcus sp.) e 10 mm (Streptococcus sp.), as shown in Figure 2. And
the inhibition zone for Francisella noatunensis subsp. orientalis F1 was 18 mm.The
complete genome of Enterococcus faecium strain comprises a single circular
chromosome 2,625.745 bp in length and two plasmids with 206.375 bp and 80.816 bp
adding 2.912.936 bp total, with 37.96% G+C content, 18 rRNA operons, 68 tRNA
genes and 131 pseudogenes (Table 3). It was found in the phylogenetic tree the

ancestors of the bacterium evaluated as Enterococcus casseliflavus (Figure 3). We
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observed that in the heat map there is a high similarity of Enterococcus faecium
evaluated with other strains of the same species, but it was not 100% similarity with
other strains. In the anti-SMACH analysis, we observed as secondary metabolite
Enterocin A with 100% similarity in region 10 and polysaccharide in region 3 with 82%
similarity (Figure 4). In ResFinder, two resistance genes were found in one of the

plasmids, being for aminoglycosides and macrolides.

Experimental Design and Basal Diet

The mean probiotic concentration was 5.53 x 106 CFU g-1. The medium final
body weight and weight gain and were demonstrated in Table 4. No significant
differences were observed in weight gain (g) (p > 0.05, Table 4), however, medium
final body weight (g), specific growth rate (SGR) and weight gain (%) were significantly
higher in G1 group compared with other groups, incluid NC.

Blood sampling and innate immune analysis

There were no significant differences (p > 0.05) between the fish treatments and
control group in their measurements of the Hematocrit, Hemoglobin, Erytrocytes, MCV
and MCHC parameters. Thrombocytes counts, on the other hand, showed significantly
larger values in the G1 than in the G2 and NC. However, there was a difference in
MCH comparing NC with G2. The differential leukocyte cell counts did not show
significant differences between treatments for total leukocytes, neutrophils, or
monocytes. No eosinophils and basophils were observed in either of the treatments
tested (Table 5). The serum lysozyme concentrations and complement activity mean,
also did not differ significantly between the treataments groups and NC (p > 0.05)
(Table 5).

Microbiome analysis

A total of 9.038.053 sequences were obtained for all groups, and 309 OTUs
(operational taxonomy units) were identified. A rarefaction curve showed that
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sequencing was sufficient to sequence most of the bacterial species present in the fish
gut, suggesting that the read count of the trial was representative of the intestinal
bacteriome in all groups (Figure 3). In Table 6 displays the total number of sequences
obtained in each group. Moreover, Mothur software was used to calculate the Shannon
index, which compares the diversity of species in each group. However, no significant
differences were observed. The boxplot shows that G1 and NC groups presented the
lowest level of species diversity, while the G2 and G3 groups had higher level of
diversity (Figure 6). Suggesting that the groups receiving the probiotic water had
greater diversity. The abundance of bacterial species calculated by Mothur software is
shown in Figure 7. The abundance plot displays the most abundant bacteria in each
sample: Cetobacterium, Vibrionaceae unclassified, Plesiomonas,
Gammaproteobacteria_unclassified, Streptophyta_unclassified,
Bacteroidales_unclassified and Enterobacteriaceae_unclassified. Cetobacterium was
most abundant in all groups, but the G1 and NC groups obtained great porcentage of
Cetobacterium, comparing with groups G2 and G3. However

Vibrionaceae_unclassified was more abundant in groups G2 and G3.

Mortality after infection

The cumulative mortality of fishes infected Francisella noatunensis subsp.
orientalis F1 was: CP=65,12%; G1=68,18%, G2=68,18% e G3=54,35%, yet there was
no statistical difference between the groups (Figure 8). However, in the cumulative
mortality of fishes infected Streptococcus agalactiae S13 showed statistical difference
between CP and other groups that received probiotic in feed and/or water. Mortality
was: PC=88,29%; G1=75,56% e G2 e G3=73,33% (Figure 9).

Discussion

Use of probiotics in aquaculture is now increasingly being considered as an eco-
friendly approach to mitigate health related problems. Disease preventing abilities of
probiotics are achieved through enhancement of immunity and exclusion of pathogens

(Das, Nakhro, Chowdhury and Kamilya, 2013). To use a bacterium as a probiotic, tests
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are needed to verify its potential (Repally, Perumal, Dasari, Palanichamy and
Venkatesan, 2018). In vitro tests performed on isolated Nile tilapia bacteria,
Enterococcus faecium, showed their potential, forming halos against pathogenic
bacteria. Similar results were found by Reda, Selim, El-Sayed and El-Hady (2017),
where he found antibacterial activity in Nile tilapia intestinal bacteria against the
pathogens Aeromonas sobria, Aeromonas hydrophila, Pseudomonas aeruginosa,
Pseudomonas putida and Staphylococcus aureus .

However, too it is important to know the bacterial genome that is being used as
probiotic and with the use of bionformatics it is possible to discover possible mutations,
resistance genes and antibacterial metabolites, which can define the bacteria as a
probiotic potential. We observed from the heatmap and phylogenetic tree that strain
LAC7.2 was not 100% similar to other strains. This results can influence the probiotic
effect, being better, worse or absent. In the analysis of secondary metabolites
performed in silico the main finding was enterocin, as well as in the work of Aymerich
et. al., 1996, which also observed bactericidal power of this metabolite.

Two resistance genes were found in one of the plasmids, being for
aminoglycosides and macrolides, but we don't know if these genes are functional or
not. The antimicrobials released by Brazilian legislation today for use in fish farming
are Florfenicol and Tetracyclines, that is, they do not belong to the class of
antimicrobials that the bacterium in question has resistance.

Regarding fish performance, group G1 had a significant increase in the final
average weight and specific growth rate, but the average weight of all groups did not
differ. Safari, Adel, Lazado, Caipang and Dadar (2016) , evaluating juvenile rainbow
trout Oncorhynchus mykiss that received different doses of Enterococcus casseliflavus
for eigth weeks found that the highest dose groups (108 CFU g(-") of feed [T2] and 10°
CFU g(*") of feed [T3]) significantly improved growth parameters. Then consider that
increasing the probiotic dose may provide an improvement in results.

In analyses blood, thrombocyte counts were higher in the G1 group (probiotic in
feed), with estatistic diference G2 (probiotic in water) and NC. The thrombocytes are
important in the organic defense mechanism, this is demonstrated by their appearance
in coagulation and inflammatory processes as well as by their phagocytic activity during
infections (Jatoba et. al. 2011). Thus, this result suggests that fish that received
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probiotics in the feed a more stimulated immune system than those that received in
water. In the other haematologycal parameters there was no difference between the
groups.

Proliferation of cytokines and stimulation of natural killer ymphocytes, increased
production of antibodies, phagocytic rate, and lysozyme activity are responses of
modulation of the immune system from probiotic supplementation. (Matsuzaki and
Chin 2000). Several studies have shown that the use of probiotic in fish increases these
immunological indices (Jatoba et. al., 2011; Pereira et. al., 2016; Ruiz et. Al., 2019).
However, in this study there was no difference in complement activity mean and
lysozyme.

The microbial community of the gastrointestinal tract is known to stimulate
immune system development and promote competition with pathogenic micro-
organisms. Moreover, they are fundamental for the integrity of intestinal villi and to
ensure proper nutrient metabolism for fish (Hooper and Littman, 2015). There are few
studies that talk about the evaluation of the intestinal community after probiotic
supplementation from metagenomic analysis. In the present study, we observed that
the genus Cetobacterium varied its abundance in the groups, groups G1 and NC
presented higher percentage, while G2 and G3 smaller. Thus, we also observed higher
percentages of unclassified Vibrionaceae and Plesiomonas in groups G2 and G3, in
the less abundant NC Plesiomonas. Suggesting that groups that received the probiotic
only in water or water and race have greater diversity. At work, Standen et. al., 2015
using a commercial probiotic (AquaStar®), which contained various bacteria, found
different populations in the gut microbiota after eight weeks, and in NC, Bacillus,
Cetobacterium and Mycobacterium were the dominant genera and while Bacillus,
Enterococcus and Pediococcus were the largest constituents in fish fed probiotics. Has
previously been shown that fish gut communities vary within species because of factors
such as dietary input, season, developmental stage and the surrounding habitat
(Sullam et. al., 2013).

Mortality caused after Streptococcus agalactiae S13 infection was significantly
lower in all groups receiving the probiotic than in the positive control group. As
observed in other studies where the probiotic used stimulated the immune system
during infection with pathogenic bacteria (Elala and Ragaa, 2015; Safari et. al, 2016).
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However, mortality with Francisella noatunensis subsp. orientalis F1 had no difference
between groups. In the present work we evaluated the administration of only one
probiotic bacteria in Nile tilapia. Lee et. al., 2017 carried out a study comparing the
administration of different probiotics (Bacillus subtilis WB60 and Lactobacillus
plantarum KCTC3928), but in isolation. Few studies have verified the action of
symbiotics, using probiotics associated with other probiotics or prebiotics. Devi et. al,
2019, using a symbiotic diet found that immune responses in the fish evaluated were
earlier, compared with the groups that received only probiotic or prebiotic.

It is important to note that the use of autoctone probiotics can benefit not only
the fish itself, but the aquatic community, as it is a bacterium that is already present in
the environment. Unlike isolated probiotics in other regions / countries that can
negatively influence the local aquatic community. And yet the use of probiotics is
directly related to unique health, because if we use less antimicrobials in animal
production we will be collaborating so that there is no increase in superbugs. Therefore,
further studies with autochthonous probiotic bacteria should be carried out in different

concentrations and dosages to better assess their potential in fish.
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3 Table 1: Genome sequencing project information

Property

Term

Finishing quality
Libraries used

Sequencing platforms
Fold coverage
Assemblers

Gene calling method

Genebank ID

Genbank Date of Release
BIOPROJECT
Source Material Identifier

Project relevance

Finished

One paired-and library (mean size 300 bp, DNA

insert size of ~300bp)
lllumina MiSeq
377.0x
NCBI Prokaryotic workbench v12.0.2
NCBI Prokaryotic Genome Annotation
Pipeline
CP045012.1 (chromosome)
CP045013.1 (plasmid pl)
CP045014.1 (plasmid pll)
October 18, 2019
PRJNA224116
LAC7.2
fish
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Table 2: Division of groups before and after the challenge
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Before the challenge

Group Treatment Tanks
G1 probiotic in feed 2
G2 probiotic in water 2
G3 probiotic in feed and water 2
NC no probiotic 3

After challenge
Group Treatment Tanks
G1A probiotic in feed and challenge with Francisella noatunensis 1
subsp. orientalis F1
G1B probiotic in feed and challenge with Streptococcus 1
agalactiae S13
G2A probiotic in water and challenge with Francisella noatunensis 1
subsp. orientalis F1
G2B probiotic in water and challenge with Streptococcus 1
agalactiae S13
G3A probiotic in feed and water and challenge with Francisella 1
noatunensis subsp. orientalis F1
G3B probiotic in feed and water and and challenge with 1
Streptococcus agalactiae S13
NCA no probiotic and challenge with Francisella noatunensis 1
subsp. orientalis F1
NCB no probiotic and challenge with Streptococcus agalactiae S13 1
NCC o probiotic and no challenge with bacteria 1
Table 3: Genome Enterococcus faecium annotated by RAST server
Attribute Value
Gene (total) 2.931
CDs (total) 2.841
Genes (coding) 2.710
Genes (RNA) 90
rRNAs 6, 6, 6 (5S, 16S, 23S)
tRNAs 68
ncRNAs 4
Pseudo Genes (Total) 131
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Table 4. Growth performance of Nile tilapia from different treatments *Different letters
(a and b) indicate significant difference between the treatments (p< 0.05); *G1:
Probiotics in feed; G2: Probiotics in water; G3: Probiotics in feeds and water; NC:
negative control.

Groups G1l G2 G3 NC

Medium Final Body Weight(g)40.15+1.352  34.5+1.03 35.4+0.85° 34.25+0.90°
Weight Gain (g) 28.64+3.51 22.86+0.61 22.91+0.57 21.391£0.9
Weight Gain (%) 248.29+23.32 199.08+3.35°  183.53+4.23 174.54+0.85°
Specific growth 3.2740.242 2.88+0.04° 2.74+0.05° 2.65+0.01°
rate (SGR)

Table 5. Blood general parameters (meanz standard error) of experimental groups of
Nile tilapia supplemented with probiotics. *Different letters (a and b) indicate significant
difference between the treatments (p< 0.05); *G1: Probiotics in feed; G2: Probiotics in
water; G3: Probiotics in feeds and water; NC: negative control.

Groups Gl G2 G3 NC
Hematocrit (%) 28.83+0.77 21.8+1.03 25.8+0.89 28.6+1.04
Hemoglobin (g/dL) 7.29+0.41 6.49+0.53 5.84+0.59 5.97+1.26
Erythrocytes (106/uL) 1.49+0.08 1.14+0.04 1.18+0.04 1.37+0.06
Thrombocytes (103/uL) 64.1+3.872 33.1+£1.33° 42.2+3.38%° 34.02+£3.91°
Leukocytes (103/uL) 58.04+4.61 31.88+0.78 39.46+2.07 50.60+5.21
Lymphocytes (103/uL) ~ 25.72+2.92 13.05+0.52 19.48+1.17 20.93+1.84
Neutrophils (103/uL) 28.81+3.34 17.750.71 18.45+1.57 28.28+3.48
Monocytes (103/uL) 3.5+0.47 1.07+0.27 1.52+0.26 1.38+0.29

MCV (fL) 204.02¢12.37  196.32+15.25  206.83+12.56  216.01+12.58
MCH (g dL-") 50.67+2.05 56.85+0.99 53.69+0.82 43.71%0.95
MCHC (g/dL) 27.14+0.27 32.6412.66  24.25+2.1 21.7+1.56
Lysozyme (ug/mL) 3.33+0.59 4.96+1.13 3.16+0.71 4.94+0.80
Complement activity mean  45.25+2.87 52.1+4.58  41.01+3.09 45.63+1.22

(uL for lysis of 50% of
erythrocyte)
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Table 6. Count of sequences of the most abundant species in experimental groups.
G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in feeds and water; NC:
negative control.

Taxon Numbers of sequences (%)
G1 G2 G3 NC
Cetobacterium 91709.5 (92.7) 36749 (55.2) 54798.5 (61.7) 67008 (83.6)
Vibrionaceae_unclassified 5054.5 (5.1) 25973 (39) 28610 (32.2) 11570 (14.4)
Plesiomonas 1191.5 (1.2) 2020 (3) 3779 (4.3) 515 (0.6)
Gammaproteobacteria_unclassified  260.5 (0.3) 1271 (1.9) 1083 (1.2) 459 (0.6)
Streptophyta_unclassified 539 (0.5) 15.5 (0) 111.5 (0.1) 1.5 (0)
Bacteroidales_unclassified 36.5 (0) 188.5 (0.3) 47 (0.1) 361 (0.5)
Enterobacteriaceae_unclassified 185.5 (0.2) 303.5 (0.5) 435,5 (0.5) 227 (0.3)
Total of reads 91709.5 66520.5 88864.5 80141.5
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6 CONCLUSAO

Alternativas ao uso de antimicrobianos, como demonstrados nesses trabalhos,
sdo de suma importancia na produgao animal, pois além de auxiliar na imunidade e
performance dos que a consumem, também impede que novas bactérias super-
resistentes aparecam. Além disso a utilizagdo de compostos organicos, fitogénicos e
probidtico autéctones nao interferem no micro-ecossistema presente no ambiente
aquatico, sendo assim produtos mais seguros dos que antimicrobianos.

Por isso mais estudos devem ser realizados, utilizando outras espécies de
peixes, dosagens e concentragdes diferentes dos produtos e também a administracéao
dos produtos em pisciculturas regionais verificando dessa forma melhor os seus

efeitos, dentro na produgao animal.
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APENDICE 6: Figura 1

Organism 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1: Enterococcus_casseliflavus strain EC20
2: Enterococcus mmndtii strain DSM4838
3: Enterococcus_mmndtin strainPel03
4: Enterococcus_hirae_strain R17
5: Enterococcus_hirae strain FDAARGOS 234
6: Enterococeus_hirae ATCC9790
T: Enterococcus_faecalis ATCC29212
8: Enterococcus_faecalis strain VE14089
9: Enterococcus_faecalis stram B394
10: Enterococeus_faecum stram ISMMS_VEE_1
11: Enterococcus_faecium strain 2014 VREF 41
12: Enterococeus faecmum Aus00835
13: Enterococcus_faecium_stram 6E6
14: Enterococeus_faecum stram VEEQ(01
15: Enterococcus_faecium strain E1
16: Enterococeus faecium strain ATTSMDUM0004142
17: Enterococcus_faecium_stram UAMSEF 09
18: Enterococcus_faecium stram UAMSEF 20
19: Enterococcus_faecium _strain LACT.2

20: Enterococeus_fascum_ DO

83
E
85

82
84
84
86
85
86

Figure 1: Heatmap based on whole genome of selected Enterococcus faecium.
Heatmap of similarity among non-core regions of Enterococcus faecium genomes
using Gegenees all in all fragmented comparison with high accuracy.
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APENDICE 7: Figura 2

Figure 2: A: MRS agar plate containing probiotic bacteria seeding with overlay layer
of Mueller-Hinton agar containing the bacterial pathogen, showing inhibition halos
against Staphylococcus spp. B: Inhibition halos of 15-25 mm of the probiotic bacterium
supernatant in heart cystine agar sown with Francisella noatunensis subsp. orientalis.
C: Inhibition halos of 12-18 mm of the probiotic bacterium filtered supernatant in heart
cystine agar sown with Francisella noatunensis subsp. orientalis.
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APENDICE 8: Figura 3

Enterococcus_casseliflavus_strain_EC20

Enterococcus_faecalis ATCCZOZ21Z

_|: Enterococcus_faecalis_strain_WE14089

Enterococcus_faecalis strain_B594

{ Enterococcus_mundtii_strain_LShi<d833

Enterococcus_mundtii_strain_FPe103
_|: Enterococcus_hirae_strain_R17
=] Enterococcus_hirae_strain_FDAARGOS_234

Enterococcus_hirae_ATCCE790

Enterococcus_faecium_strain_alS D U000 42

— —— Enterococcus_faecium_strain_|ShMS_WRE_1
—_|: Enterococcus_faecium_strain_UAMSEF_09
Enterococcus_faecium_strain_UAMSEF_20
Enterococcus_faecium_strain_LACY .2

a— _|: Entarococcus_faeciom_strain_2014_VREF_441

Enterococcus_faecium_D0O

Enterococcus_faecium_strain_E1

_|: Enterococcus_faecium_~Aus00585

Enterococcus_faecium_strain_WREOO4

Enterococcus_faecium_strain_GEG

Figure 3: Enterococcus faecium phylogeny.
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APENDICE 9: Figura 4
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Figure 4 Enterococcus faecium Anti-SMACH Analysis.



1
2

© O NoO olh~ W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

APENDICE 10: Figura 5
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Figure 5. Rarefaction curve showing increasing species along the number of reads in
different trial groups. G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in
feeds and water; NC: negative control.
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APENDICE 11: Figura 6
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Figure 6: Shannon index in different trial groups after administration the probiotic
Enterococcus faecium.
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APENDICE 12: Figura 7

100%
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m Cetobacterium m Vibrionaceae_unclassified ® Plesiomonas
m Gammaproteobacteria_unclassified m Streptophyta_unclassified m Bacteroidales_unclassified

W Enterobacteriaceae_unclassified

Figure 7: Abundance of experimental groups and information on the percentage of
sequences in each group. G1: Probiotics in feed; G2: Probiotics in water; G3:
Probiotics in feeds and water; NC: negative control.
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APENDICE 13: Figura 8
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Figure 8: Cumulative mortality observed in the different groups after disease challenge
by immersion with Francisella noatunensis subsp. orientalis. NC: negative control (no
challenge with bacteria); PC: positive control; G1: Probiotics in feed; G2: Probiotics in
water; G3: Probiotics in feeds and water.
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APENDICE 14: Figura 9
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Figure 9: Cumulative mortality observed in the different groups after disease challenge
by immersion with Streptococcus . NC: negative control (no challenge with bacteria);
PC: positive control; G1: Probiotics in feed; G2: Probiotics in water; G3: Probiotics in
feeds and water. CP=88,29%; G1=75,56% e G2 e G3=73,33.



