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Abstract

Background. In recent years, the use of antibiotics in aquaculture has raised
increasing concern due to the development of microorganism resistance to anti-
bacterial drugs and the negative impact on the ecosystem. Therefore, search for
alternative methods for treating and preventing fish diseases has become an urgent
task. Promising alternatives for the prevention and treatment of aquaculture spe-
cies include the use of probiotics, prebiotics, synbiotics, postbiotics, phytobiotics,
bacteriophages, and quorum sensing (QS) inhibition mechanisms. The state of the
microflora of aquatic organisms is crucial for enhancing the organism’s resistance
to infectious diseases. Thus, using agents that can positively influence the micro-
biota, exert antimicrobial effects, and modulate the immune system is essential for
the effective development of the aquaculture industry. This article discusses some
of the main fish diseases, the likelihood of which increases with the intensification
of aquaculture. Bacteria of the genus Aeromonas are often the cause of diseases and
financial losses in the industry. The work provides an overview of alternative meth-
ods for preventing and treating fish diseases that can reduce the use of antibacterial
drugs, including the application of vaccines, probiotics, prebiotics, and bacteriocins.

Purpose. To investigate alternative methods of treatment and prevention of
fish diseases.

Materials and methods. In the study, a method of collecting, analyzing, and
systematizing of published scientific sources was used. The collection of literary
information was carried out using reference databases such as Science Direct, Re-
search Gate, Google Scholar, National Library of Medicine, Wiley Online Library,
and others. To search for suitable scientific publications, keywords such as «aqua-
culturey, «diseasesy, «bacterial fish diseases», «probioticsy», «prebioticsy, «synbiot-
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ics», «bacteriocinsy», «phytobiotics», and «quorum sensingy were used individually
or in various combinations. The search period was limited to scientific works pub-
lished between 2014 and 2024.

Results. As alternative methods, vaccination, quorum sensing inhibition, bac-
teriophages, as well as probiotics, prebiotics, phytobiotics, and others can be
used. The state of the fish microbiome has an important impact on the likelihood
of developing of infectious processes. For example, it has been reported that fish
with a healthy microbiome more effectively controlled and suppressed the colo-
nization and dissemination of bacteria of the genus 4deromonas than fish with a
disrupted microbiota. Currently, probiotic microorganisms are most commonly
used as agents that can influence the microflora and correct the microbial balance
[36]. Probiotics are most commonly represented with bacteria, including species
from cultures Bacillus sp., Lactococcus sp., Micrococcus sp., Carnobacterium
sp., Enterococcus sp., Lactobacillus sp., Streptococcus and Weissella sp. Some
strains of yeast and algae may be used too. Probiotics are most commonly rep-
resented with a group of lactic acid bacteria, as among all microorganisms with
registered probiotic properties, they are considered to have a higher safety profile.
They can produce antimicrobial substances and positively influence the immune
system of the macroorganism. Probiotics used in aquaculture must undergo a spe-
cial assessment to determine their potential for application, taking into account
the specifics of the industry. The main spectrum of action of probiotic microor-
ganisms in the intestines of aquatic organisms lies in their anti-adhesive effect
against pathogenic strains, the production of antimicrobial substances (including
bacteriocins and defensins), competition with pathogenic flora, enhancement of
the host’s resistance properties, alteration of the intestinal pH level, and activa-
tion of the immune system.

Conclusion. Thus, despite the intensification of aquaculture and the increased
likelihood of infectious diseases in aquaculture species, the worsening issue of
antibiotic resistance and the irrational use of antibacterial drugs necessitate the
development and implementation of alternative methods for controlling fish dis-
eases.
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otics; bacteriocins
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AJIBTEPHATUBHBIE METOIbI IPO®PUJTAKTUKHA
U JEYEHUA 3ABOJIEBAHUIN B AKBAKYJIBTYPE

b.9. Mecxu, 1.A. /[rceoupos, /1.B. Pyooit, B.H. Illesuenxo, J1.C. I'onoexo,
A.B. Onvwesckasn, M.1O. Ooabawnn, A.C. Ilpyuxos, C.B. Tennakosa

Annomauus

O6ocHoBanue. B mocieiHue ropl HCIONb30BaHHE aHTHOMOTHKOB B AKBAKYJIb-
Type BBI3BIBACT BCe OOIbIee OECIIOKOMCTBO M3-3a PA3BUTHS YCTOHYHMBOCTH MUKPO-
OpPraHn3MoOB K aHTI/IGaKTCpI/IaﬂbeIM npernaparaM U HEraTUBHOT'O BO3ﬂeﬁCTBHﬂ Ha
skocucTeMy. [ToaTOMy HcclienoBaHNe ANBTEPHATHBHBIX METOIOB JICYSHUSI U TIPO-
(bunakTUKY PHIOHBIX 3200JIEBaHUIT CTAI0 aKTyalIbHOM 3a1aueil. [lepcreKTHBHBIMU
aNbTePHATHBAMH JUTS TIPOGHUIAKTHKH U JICUCHUST BUIOB AKBAKYJIBTYPBI SIBISTFOTCSI
HCIOJIb30BaHUE MPOOUOTHUKOB, MPEOUOTUKOB, CHHOMOTHKOB, MOCTOMOTHKOB, (u-
TOOMOTHKOB, GakTeprodaroB 1 MEXaHU3MOB MHIHOMPOBAHMSI KBOPYM-CEHCHHTA
(QS). CocrosiHre MUKpOQIIOPHI BOIHBIX OPraHU3MOB UMEET pelliatollee 3HaYCHHE
JUIS TIOBBILIEHHS YCTOMYMBOCTH OpPraHn3Ma K HH(QEKIMOHHBIM 3a001eBanusIM. Ta-
KAM 00pa3oM, UCIIOIb30BaHHE ar€HTOB, KOTOPHIE MOTYT MOJIOKHUTEIHHO BIUSTH HA
MHUKpPOOHOTY, OKa3bIBaTh aHTUMHUKPOOHOE JIEHCTBUE M MOIYIHPOBATH UMMYHHYIO
CHCTEMY, SIBIISICTCS] BaXKHBIM IS 2(h(hEeKTUBHOTO Pa3BUTHS aKBaKyJIbTYphl. B man-
HOH CTaThe PacCMaTPHUBAIOTCS HEKOTOPbIE OCHOBHBIE 3a00JI€BaHHS PBIO, BEPOSIT-
HOCTh KOTOPBIX YBEIMUMBAETCS C MHTCHCU(HKAIMEeH aKBaKyIbTyphl. bakrepuu
pona Aeromonas 4acTo SIBISIOTCS IPUUUHOM 3a001€BaHUI U (UHAHCOBBIX IOTEPh
B oTpaciu. Pabora npenocTaBisieT 0030p albTepHATHBHBIX METOJIOB MPOQHIIAK-
TUKH ¥ JICYCHUsI PBIOHBIX 3a00JI€BaHMUil, KOTOPbIE MOTYT CHU3HTh UCIIONb30BaHHE
aHTHOAKTEPUABHBIX MPENapaToB, BKIOYAs MPUMEHEHNE BaKIMH, TPOOHMOTHKOB,
MPeOMOTHKOB U OAKTEPUOIIUHOB.

Leab. MccnenoBars ansTepHaTHBHBIE METOJIBI JICUECHHS U IPODUIIAKTHKH PBIO-
HBIX 3200JI€BaHUIA.

MarepuaJibl M MeTOABI. B nccrnenoBanny HCIOMB30BaICS METO cOopa, aHa-
JIM3a U CHCTEMAaTH3alUH OITyOJIMKOBAHHBIX HAYYIHBIX HCTOUHHKOB. COOp JIHTEpaTyp-
HOW HH(OPMAIMH OCYIIECTBISUICS C UCIONB30BaHHEM peepaTHBHBIX 0a3 JaHHBIX
Science direct, Research Gate, Google academy, National Library of Medicine,
ScienceDirect, onnaiiH-6ubmHoTeKa Wiley u ap. J{yist moucka moaxoasimx HaydHbIX
MyOIUKAILMIA UCTIONBH30BAIU KIIIOUEBBIE CIIOBA «aKBAKYJIBTYpay, «3a00JICBAHUSY,
«OaxrepuanbHble 3a001€BaHUS PBIOY», «IPOOHOTUKI», «IIPEOMOTUKI», «CUHOHO-
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THKH», «0aKTEPUOLHHBD, «QHUTOOHOTHKIY», «IyBCTBO KBOPYMa» IO OTIEIBHOCTH
WM B Pa3IMYHBIX KOMOMHANUSIX. [Iepro1 MOMCcKa OrpaHMYMBAIICS HAYUHBIMH pa-
6otamu, onyOnuKkoBaHHEIME B niepuof 2014-2024 rr.

Pesyabrarsl. B kauecTBe aqbTepHATHBHBIX CPENICTB MOKHO HCTIONB30BATh BAKIIU-
HAlHIO, IOJABIIEHHE UyBCTBa KBOPYMa, OakTeprodaru, a TaksKe IpoOHOTUKY, IIPe0Ho-
THKH, GUTOOHOTHKOB U Ap. CocTosHIE MUKPOOHOMa PHIOBI HUMEET BasKHOE 3HAUCHHE
Ha BEPOSTHOCTH pa3BUTHE MH(PEKIIMOHHOTO Iporecca. Tak, HanpuMmep, coo0maeT-
Csi, YTO y PBIO CO 37I0pPOBBIM MHUKpOOHOMOM 6oiee 3(p(HeKTHBHO KOHTPOJIUPOBAIACH
1 MOZIaBJBUIACh KOJIOHM3ALUS U AUCCEMUHAIMs OakTepuil pona Aeromonas, 4eM y
PpBIO ¢ HapyIIeHHeM MUKPOOHOTEL. Ha JaHHBII MOMEHT B Ka4eCTBE CPEJICTB, KOTOPbIE
MOTYT BIHATH Ha MUKPOGIIOPY ¥ KOPPEKTHPOBATh MUKPOOHBIH OaaHc, Yallle BCero
[IPUMEHSIOTCS] IPOOUOTHYECKHUE MUKPOOPTraHu3Mbl. B kauecTBe MpoOHOTHKOB Yalle
BCEro MCIOJNB3YIOT OakTepuu, BKIrOYas Oakrepun pona Bacillus sp., Lactococcus
sp., Micrococcus sp., Carnobacterium sp., Enterococcus sp., Lactobacillus sp.,
Streptococcus u Weissella sp., Taxke MOTYT HCIOJIb30BAaTbCsl HEKOTOPbIE LITaMMbI
IpOsoKei, Bogopocineil. Harie Bcero B kauecTBe MPOOUOTHKOB UCTIONB3YETCsI TPYINa
MOJIOYHOKHCIIBIX OaKTepHi, TaK KaK CPEIH BCEX MUKPOOPTaHU3MOB C 3apeTHCTPH-
POBaHHBIMH IPOOHMOTUUECKUMU CBOICTBAMHU, CUMTAETCS, UTO y HUX O0Jee BHICOKUI
npoduiIb 6e3011aCHOCTH, OHU MOTYT IPOAYLIUPOBaTh AaHTUMUKPOOHBIE BEILIECTBA U
TIOJIOKUTETEHO BIMATH HA MMMYHHYIO CHCTEMY Makpooprannima. [Ipoduotuku, npu-
MEHSEMBIE B aKBAKYIJIBTYPE, JODKHBI IIPOXOAUTH CIELHANIBHYIO OLEHKY A OIpe-
JeJeHHs UX MOTeHLHala IPUMEHEHUs C ydeToM crienuduku orpacian. OCHOBHOMH
CIIEKTP AEHCTBHS MPOOHOTHUECKHX MUKPOOPTAHW3MOB B KHIICUHUKE THIPOOHOH-
TOB 3aKITFOYAETCs B AHTHAATE3MBHOM d((PEKTe B OTHOIICHHE MATOTCHHBIX IITAMMOB,
HPOIYKIMY aHTUMHUKPOOHBIX BELIECTB (B TOM 4ucie OaKTEPUOLIMHOB U Ae(EH3UHOB),
KOHKYPHPOBaHHUE C TATOTCHHO# (DIIOPOit, OBBIILICHHUE PE3UCTEHTHBIX CBOMCTB MaKpO-
OpraHu3Ma, H3MeHeHHe YpOBHs pH KHUIIeUHHKa U aKTUBAIHS HMMYHHOW CHCTEMBI.

3akiouenue. HecMoTpst Ha MHTEHCU(DUKALUIO aKBAKY/IBTYPBI U IOBBILICHUE
BEPOSITHOCTU Pa3BUTHsI MHPEKIIMOHHBIX 3a00JICBAHNN Y TOBAPHBIX OOBEKTOB aK-
BaKyJIBTYpBI, YCyryOnenne mpoOieMbl aHTHOMOTHKOPE3UCTEHTHOCTH U HEPAIO-
HAJIBHOTO MPUMEHEHHs aHTUOAKTEPUATBHBIX JIEKAPCTBEHHBIX CPEICTB JUKTYIOT
HEOOXOANMOCTb Pa3paboTKU M BHEAPEHUs aIbTEPHATHUBHBIX METOIOB KOHTPOJI
pa3BUTHS OOJIC3HEH PBIO.

KiroueBble cj10Ba: akBaKkylIbTypa; 00J€3HH; OakTepualbHble 00JIE3HU PbIO;
NPOOUOTHKY; TPEOUOTHKH; OAKTEPUOLIMHBI

Jast uurupoBanus. Mecxwu, b. Y., Jlxenupos, 1. A., Pynoi, 1. B., llleBuenxko,
B. H., T'onosko, JI. C., Onbmesckas, A. B., Onabamss, M. 1O., Ilpyukos, A. C.,
& Temmsxosa, C. B. (2025). AnprepHaTHBHBIE METOBI IPOGUIAKTUKY U JICUSHUSI
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Introduction

In recent years, aquaculture in the Russian Federation and around the world
has shown significant growth in production volumes. Raising fish in artificial
conditions allows to supply population with accessible animal protein. By 2017,
more than 112 million tons of aquaculture products were produced, of which 80
million tons — fish and shellfish, and 32 million tons — seaweeds. The number
of cultivated species increased from 300 species of plants and animals in 1997
to 425 species in 2017 [1].

The production intensification inevitably leads to an increase in cases of
fish diseases. To solve this problem, farmers often use antibiotics. Irrational
use of antibacterial therapy results in the selection and preservation of resis-
tant strains of pathogenic bacteria. According to available information, up to
700,000 people die each year from infections caused by resistant bacteria, and
by 2050, this number may rise up to 10,000,000 deaths per year [2]. This prob-
lem requires the development of new strategies to ensure biological safety in
agriculture and other areas.

Prebiotics
Growth performance

\
Immune response

Disease resistance
i

Stress relieve

Fig. 1. Probiotic effect in aquaculture
Source: https://doi.org/10.1111/are. 15846 [10]

In aquaculture, diseases of various etiologies are registered: bacterial [3],
viral [4], parasitic [5], fungal [6]. The diversity of pathogens requires the se-
lection of effective methods of prevention and treatment.
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The use of probiotics [7; 8], prebiotics [9; 10], synbiotics [11; 12], post-
biotics [13], phytobiotics [14], bacteriophages [15] and quorum sensing (QS)
mechanisms is promising as alternative means of prevention and treatment of
aquaculture objects [16].

In addition to inhibiting pathogens, many of the mentioned agents are a prom-
ising mechanism for enhancing the efficiency of aquaculture. For example, the
introduction of prebiotics into fish diets has been observed to increase growth
rates, improve feed efficiency, and reduce feed conversion ratios [17] (Fig. 1).

The present study analyzes and summarizes the main fish diseases in aqua-
culture, as well as promising methods for their prevention and treatment.

Materials and methods

In the study, a method of collecting, analyzing, and systematizing of pub-
lished scientific sources was used. The collection of literary information was
carried out using reference databases such as Science Direct, Research Gate,
Google Scholar, National Library of Medicine, Wiley Online Library, and oth-
ers. To search for suitable scientific publications, keywords such as «aqua-
culture», «diseases», «bacterial fish diseases», «probioticsy», «prebioticsy,
«synbioticsy, «bacteriocinsy, «phytobiotics», and «quorum sensing» were used
individually or in various combinations. The search period was limited to sci-
entific works published between 2014 and 2024.

Results and discussion

1.1 Fish bacterial diseases in aquaculture

In aquaculture, the most popular species are those from the sturgeon family
(Acipenseridae), carp family (Cyprinidae), salmon family (Sa/monidae), and
catfish family (Siluridae). Among these cultivated species, bacterial pathogens
are widespread, causing significant economic losses [18]. In aquaculture, both
gram-positive and gram-negative bacteria can cause fish diseases. The genus
Aeromonas is most often responsible for diseases and, hence, financial losses in
the industry [19]. The estimation of the losses in China, caused by Aeromonas
and some other bacteria, showed that the damage is equal to 120 million dol-
lars for the period 1990-1992 [20]. In 2010, an outbreak of Motile Aeromonas
septicemia (MAS) at fish farms in Alabama (United States) caused 3 million
dollars damage [21].

Aeromonads are gram-negative motile rods that are typical representatives
of the microbiota in water bodies [22]. The analysis of the 16S rRNA sequence
allowed the classification of these bacteria into the family Aeromonadaceae,



704 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

class Gammaproteobacteria, order Aeromonadales. [23]. Among the 31 species
of the genus Aeromonas [24], a typical representative is Aeromonas hydrophila.
This species is a freshwater facultative anaerobe with a chemoorganotrophic
type of nutrition, characterized by a positive reaction in tests for catalase, ox-
idase, and indole. [25]. 4. hydrophila causes septicemia, hemorrhagic septi-
cemia, and ulcerative disease in fish. Clinical (external) manifestations of the
disease include hemorrhages, ulcers on the body surface, and accumulation of
free fluid in the abdominal cavity [20] (Fig. 2).

In some regions, other species of the Aeromonas genus may dominate. For
example, studies in southern China have shown that 4. veronii is the dominant
etiological agent of MAS in this region [26].

Fig. 2. External signs of Motile Aeromonas septicemia in Colossoma macropomum:
A —lesions on the skin at the base of the fin, B, C — hemorrhages on the ventral
side of the body, D — eye opacity
Source: https://doi.org/10.1016/j.aquaculture.2020.736068 [31]
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Other gram-negative bacteria, causing diseases in aquaculture, include rep-
resentatives of the genus Pseudomonas, which comprises more than 200 species
[27]. Despite the fact that these bacteria are described as opportunistic patho-
gens, some studies report cases of 100% mortality in trout, bream, and other
species [28]. The virulence of Pseudomonas aeruginosa is coordinated by the
quorum sensing (QS), which increases the risks of pseudomonas outbreaks in
aquaculture. This strain is recognized as one of the 10 most dangerous bacteria
in the world for humans and animals [29]. In addition, due to the irrational use
of pharmaceuticals, P. aeruginosa has developed resistance to most antibiotics
and is therefore included in the ESKAPE list as a dangerous pathogen [30].

1.2 Methods of disease treatment and prevention in aquaculture

For along time, there has been irrational use of nonspecialized antibacterial ther-
apy in aquaculture. In most cases, antibiotics were used for prophylactic purposes.
The lack of control has led to the formation of communities of bacteria resistant to
antimicrobial agents (AMRB) [32]. Moreover, there is a threat of the emergence of
superbacteria, partly due to the possibility of horizontal gene transfer among bacte-
ria [33; 34]. To prevent further development of resistance in bacteria in aquaculture,
it is necessary to impose a ban on the use of antibiotics as growth promoters and
for disease prevention. Additionally, guidelines should be developed to reduce the
frequency of antibiotic use in favor of alternative treatment methods [35].

There are already examples in the world practice. Some countries have intro-
duced alternative methods aimed at preventing and treating bacterial diseases in
fish farming technology. In Norway, which has been a leader in salmon farming
for a long period of time, the use of vaccines has proven their efficiency [32].

As alternative methods, vaccination, quorum sensing inhibition, bacterio-
phages, as well as probiotics, prebiotics, phytobiotics, and others can be used
(Fig. 3) [36].

The state of the fish microbiome has an important impact on the likelihood
of developing of infectious processes [37, 38]. For example, it has been reported
that fish with a healthy microbiome more effectively controlled and suppressed
the colonization and dissemination of bacteria of the genus Aeromonas than fish
with a disrupted microbiota [39]. Currently, probiotic microorganisms are most
commonly used as agents that can influence the microflora and correct the mi-
crobial balance [36]. Probiotics are most commonly represented with bacteria,
including species from cultures Bacillus sp., Lactococcus sp., Micrococcus sp.,
Carnobacterium sp., Enterococcus sp., Lactobacillus sp., Streptococcus and
Weissella sp. Some strains of yeast and algae may be used too [40].
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Fig. 3. Alternative methods of fish disease prevention and treatment in aquaculture
Source: https://doi.org/10.1111/raq.12786 [36]

Probiotics are most commonly represented with a group of lactic acid bacteria,
as among all microorganisms with registered probiotic properties, they are con-
sidered to have a higher safety profile. They can produce antimicrobial substances
and positively influence the immune system of the macroorganism [41]. Probiotics
used in aquaculture must undergo a special assessment to determine their poten-
tial for application, taking into account the specifics of the industry [42]. The main
spectrum of action of probiotic microorganisms in the intestines of aquatic organ-
isms lies in their anti-adhesive effect against pathogenic strains, the production of
antimicrobial substances (including bacteriocins and defensins), competition with
pathogenic flora, enhancement of the host’s resistance properties, alteration of the
intestinal pH level, and activation of the immune system [36]. The mechanisms of
action of probiotics and bacteriocins are graphically presented in Fig. 4.

Both prebiotics and probiotics can be used separately or together, with pre-
biotics serving as a nutritional substrate for the host’s own microbiota. This
enhances the competitive action of the host’s microbiome by suppressing and
modulating the concentration of pathogenic and opportunistic microorganisms
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[43]. Synbiotics are a combination of probiotics and prebiotics, which include
indigestible fiber, further stimulating the activity of commensal microorganisms
in the gut and enhancing both systemic and local immunity in fish, thereby re-
ducing the likelihood of developing infectious diseases [44].

BACTERIOCIN

Competition Digestion Immune Production of
for space and improvement system antimicrobial
nutrients. (digestive stimulation molecules * Pore formation
enzymes) (bacteriocins)
Inhibition of
peptidoglycan
synthesis
o .‘f & Genetic damage
‘\‘( ' “
@
. '

Entorocytos

Lamina Propria

Fig. 4. Probiotics and bacteriocins mode of action
Source: https://doi.org/10.3390/microorganisms 10091705 [42]

In recent years, bacteriocins have played a significant role in controlling
fish health. Bacteriocins are low-molecular-weight bactericidal peptides syn-
thesized by ribosomes. Their advantages include having less negative impact on
the macroorganism while maintaining antagonistic effects against pathogenic
microorganisms and stimulating the growth of beneficial microflora [36]. The
action mechanism of bacteriocins is diverse and can depend on the character-
istics of the molecules. Primarily, the mechanism of action is associated with
damaging the bacterial cell wall by forming pores and disrupting the function
of peptidoglycan transporters. They can also affect microorganisms through
their genetic material and protein synthesis at the ribosomal level. However,
the spectrum of action of bacteriocins depends on the presence of receptors in
the microorganism for their absorption, which is why they can be classified as
agents with a narrow spectrum of activity [42]. Bacteriocins, isolated from lactic
acid bacteria, are used in the food industry, such as pediocin PA-1 produced by
Pediococcus acidilactici, which exerts antimicrobial activity against Listeria
monocytogenes in meat and dairy products [45].
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Conclusion

Thus, despite the intensification of aquaculture and the increased likelihood
of infectious diseases in aquaculture species, the worsening issue of antibiotic
resistance and the irrational use of antibacterial drugs necessitate the develop-
ment and implementation of alternative methods for controlling fish diseases.
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