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Introduction 

Sustainability is a fairly imprecise term, but 

generally reflects the ability of human beings 

to co-exist on the planet in harmony with the 

environment, and by making decisions to 

mitigate against adverse effects, such as 

caused by pollution and climate change. In 

the case of aquaculture, there has been steady 

growth of the activity in the years since the 

end of the Second World War. Indeed, since 

1970, annual growth has been estimated at 

7.5% so that by 2018, the 

total production worldwide was 114.5 

million tonnes with a value of US $263.6 

billion (FAO, 2022).  The projection is that, 

compared to 2016, aquaculture production 

will increase by 28.1%, 37.2% and 46.3% in 

developed, developing and underdeveloped 

countries by 2030, respectively (FAO, 2018). 

There has been a real Blue Revolution. 

Aquaculture is important for nutrition and 

national economies, providing high quality 

protein for the rapidly increasing human 

population, and generating employment for 

rural communities where other opportunities 

are rare or do not exist at all (Massa et al., 
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2021). However, there are issues including 

the availability of suitable sites with adequate 

supplies of clean water, the provision of high-

quality feed (for carnivorous fish, this 

depends on the supply of trash fish for the 

protein source), problems with pollution, and 

disease (Asche et al., 2022). Recirculation 

may be an option particularly for locations 

where water supplies are limited (Ahmed & 

Turchini, 2021). Certainly, there needs to be 

consideration of the impact of aquaculture on 

other aquatic activities, such as tourism 

(Galparsoro et al., 2020). Fortunately, 

software models are available, which 

integrate environmental, geographical, 

physical and social information, i.e. 

Geographic Information Systems, to assist 

with siting that reduce impact of the 

aquaculture facility on the surrounding area 

(e.g. Puniwai et al., 2014; Falconer et al., 

2020). 

Disease is a way of life for all multicellular 

species on the planet – from plants to fish to 

terrestrial mammals. In terms of aquaculture, 

there is inevitably a large number of 

individuals, usually of the same species, i.e. 

monocultures, within confined spaces in an 

aqueous medium that enables the rapid 

proliferation and spread of pathogens. Thus, 

the aquaculture environment is unfortunately 

ideal for the transmission and spread of 

disease (Austin & Austin, 2016). According 

to the World Bank, the aquaculture industry 

loses ~US $6 billion, i.e. ~2% of the total 

production annually, of which disease is a 

significant factor. 

Common Features of Aquaculture 

In addition to containing a large number of 

individuals within confined spaces, farmed 

species are often in close proximity with 

native populations of the same or different 

species, and thus there are opportunities for 

the microfloras to move from one host to 

another through water.  In short, there is the 

potential  for  the   movement  of   pathogens 

between wild and farmed species, and the 

environment (Peeler, 2010). This situation 

may be exacerbated when species, which are 

exotic to an area, are introduced and farmed, 

and acquire pathogens from native animals 

(Gortázar et al., 2007). The introduced 

species may be completely or partially 

sensitive to the diseases of wild populations, 

which could lead to high levels of clinical 

disease and mortalities than recorded in 

native animals. Moreover, if two or more 

aquaculture facilities are located close to 

each other on the same water course, the 

effluent from one is effectively the inflow to 

the second site. Thus, there is the potential for 

the spread of disease from one site to the next. 

In this scenario, there is the likelihood of the 

rapid spread of disease between sites. This 

situation will be exacerbated by the vagaries 

of hygiene and the aquatic environment, such 

as poor water flow and hypoxia, the presence 

of pollutants (including uneaten food and 

faeces, and the build-up of nitrogenous 

compounds) and indigenous organisms, some 

of which may be pathogenic, and the 

prolonged presence of corpses around 

otherwise healthy stock. The outcome may 

well be detrimental to the health of the 

farmed species, and necessitate measures to 

manage disease, i.e. biosecurity procedures, 

which are essential to prevent the 

development and spread of disease in 

aquaculture (Delphino et al., 2022). In short, 

this is Confucianism in practice (Badanta et 

al., 2022). 

What Is A Disease? 

There are many definitions of disease.  An 

example taken from the British Medical 

Journal states that "A disease is the sum of 

the abnormal phenomena displayed by a 

group of living organisms in association with 

a common characteristic or set of 

characteristics by which they differ from the 

norm of their species in such a way as to place 

them in a biological disadvantage" 

(Campbell et al., 1979). The causes centre on 

abiotic and biotic factors, with the former 

referring to non-biological situations, such as 

pollutants, and the latter pathogens. There is 

a long list of pathogens associated with 

disease of aquatic animals, and include 
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bacteria, fungi/parasites and viruses (Table 

1). New pathogens are regularly reported in 

the literature, such as: 

 a distro-like virus identified from 

Procambarus clarkia with “Black 

May” disease (Huang et al., 2020), 

 a pilchard orthomyxovirus that was 
linked to salmon orthomyxoviral 

necrosis, which was newly 
recognised in Atlantic salmon 
(Godwin et al., 2020), 

 a newly described amoeba, Vannella 
mustalahtiana, which was associated 
with rainbow trout nodular disease 
(Kudryavtsev et al., 2022). 

Table 1. Pathogens and parasites of importance to aquaculture (based on Austin & Austin, 

2016; Austin & Crumlish, 2023). 

Pathogen Disease Affected Host Occurrence 

Bacteria    

Aeromonas spp. (motile) 
Motile aeromonas septicaemia, 

fin/tail rot 

Many freshwater fish 

species 
Worldwide 

A. salmonicida 
Furunculosis, carp 

erythrodermatitis 
Salmonids, carp 

Europe, North and 

South America, Japan 

Allivibrio salmonicida Coldwater vibriosis Atlantic salmon 
Norway, North 

America 

Candidatus spp. Epitheliocycstis Many fish species Many countries 

Edwardsiella spp. Enteric septicaemia of catfish Many fish species Japan, USA, Vietnam 

Flavobacterium columnare Columnaris 
Many freshwater fish 

species 
Extensive 

F. psychrophilum 
Rainbow trout fry syndrome, 

coldwater disease 
Rainbow trout Europe, USA 

Francisella noatunensis Francisellosis Atlantic salmon, tilapia 
North and South 

America, Europe 

Lactococcus garvieae Lactococcosis Many fish species Extensive 

Moritella viscosa Winter ulcer disease Atlantic salmon Iceland, Norway 

Mycobacterium spp. Mycobacteriosis Many fish species Worldwide 

Photobacterium damselae 

subsp. damselae 
Photobacteriosis 

Many marine fish 

species 

Mediterranean 

countries, Asia 

P. damselae subsp. piscicida 
Pasteurellosis, 

pseudotuberculosis 

Many marine fish 

species 

Mediterranean 

countries 

Piscirickettsia salmonis Coho salmon syndrome Salmo spp. 
Chile, North America, 

Europe 

Renibacterium 

salmoninarum 
Bacterial kidney disease Trout 

Europe, North and 

South America, Japan 

Streptococcus spp. Streptococcosis Many fish species Extensive 

Tenacibaculum maritimum Gill disease 
Many marine fish 

species 

Mediterranean 

countries 

Vibrio anguillarum Vibriosis 
Most marine fish 

species 
Worldwide 

V. harveyi Luminous vibriosis Shrimp Asia, South America 

V. parahaemolyticus 
Acute hepatopancreatic necrosis 

disease, shrimp vibriosis 
Shrimp Asia, North America 

V. vulnificus Septicaemia Eels, bivalves 
Europe, Japan, North 

America 

Yersinia ruckeri Enteric redmouth Rainbow trout  

Viruses    

Infectious hypodermal and 

haematopoietic necrosis 

virus 

Infectious hypodermal and 

haematopoietic necrosis 
Shrimp 

Asia, Central and South 

America, Pacific 

Islands, Middle East 

Infectious haematopoietic 

necrosis virus 

Infectious haematopoietic 

necrosis 
Trout Europe, North America 

Infectious salmon anaemia 

virus 
Infectious salmon anaemia Atlantic salmon 

Chile, Europe, North 

America 
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Koi herpes virus Koi herpes virus disease Carp Asia, Europe 

Spring viraemia of carp 

virus 
Spring viraemia of carp Carp 

Asia, Europe, North 

and South America 

Taura syndrome virus Taura syndrome Shrimp 
Asia, North and South 

America 

Viral haemorrhagic 

septicaemia virus 
Viral haemorrhagic septicaemia Many fish species 

Asia, Europe, North 

America 

White spot syndrome virus White spot syndrome Shrimp 
America, Asia, Middle 

East 

Parasites    

Aphanomyces invadans Epizootic ulcerative syndrome 
Many freshwater fish 

species 

Africa, Asia, Australia 

and North America 

Lepeophtheirus salmonis Sea lice Atlantic salmon Europe 

Neoparamoeba perurans Amoebic gill disease Atlantic salmon Australia, Scotland 

Saprolegnia spp. Saprolegniasis 
Many freshwater fish 

species 
Worldwide 

 

It should be emphasized that disease need 

not be caused by a single species of 

pathogen, but may involve one of more 

bacterial taxon with parasites and/or 

viruses. The organisms may act together or 

sequentially; one may be the primary 

pathogen, and another a secondary invader 

of already diseased tissue (Austin & Austin, 

2016). Also, well established pathogens 

may be linked to new disease conditions, an 

example of which is V. parahaemolyticus, 

the causal agent of vibriosis in penaeids. 

This pathogen has been recognised to be 

involved in the newly described white 

faeces syndrome and acute 

hepatopancreatic necrosis in shrimp 

(AHPND; notably Penaeus monodon and 

Litopenaeus vannamei) farmed in South 

East Asia (e.g. Ahmed et al., 2022). In this 

case, pathogenic cultures of V. 

parahaemolyticus had acquired plasmids 

encoding lethal toxins, PirA/PirB, that led 

to rapid mortalities among infected shrimp 

(Ahmed et al., 2022). 

Disease Stressors 

The development of disease often reflects 

the presence of stressors of which there are 

numerous possibilities capable of adversely 

affecting the host leading to the 

development of disease. Possibilities 

include handling leading to abrasions, 

overcrowding in which the stocking density 

is too high leading to accumulation of faecal 

material and aggression whereby finfish 

may be observed to attack each other 

leading to the development of wounds. 

These may produce entry points for 

pathogens. Poor water flow, which may 

occur when nets/cages become fouled, 

allows the build-up of waste material and 

microbial communities in the immediate 

vicinity of farmed stock. Water may 

transmit chemical pollutants (including 

terrestrial agricultural runoff) and/or 

sewage contaminants to the aquaculture 

facility (Sun et al., 2022). In addition, there 

may be adverse effects caused by poor 

aeration/oxygen levels and suboptimum 

temperatures, such as may occur as a result 

of global warming (Hassan et al., 2021; 

Teffer et al., 2022). In one example, 

microplastic particles, which result from the 

degradation of plastic waste, were 

considered to cause damage to the 

hepatopancreas and immunosuppression, 

and thus adversely affect the health of 

crustaceans, especially shrimp 

(Niemcharoen et al., 2022; Sun et al., 2022). 

Consideration needs to be given to 

problems associated with inadequate 

nutrition, including feed contaminated with 

micro-organisms [notably fungi] and their 

toxins, such as aflatoxins, fumonisins, 

ochratoxins, trichothecenes and 

zearalenone, the presence of which may 
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reflect inappropriate storage practices 

(Oliveira & Vasconcelos, 2020).  

Issues with Disease Diagnosis 

It is appropriate to recall the ages old adage: 

“Seek, and thou shall find” [from the King 

James translation of Matthew 7:7]. This 

sums up the often-stilted approach whereby 

diagnosticians emphasize isolation and 

identification of the causal agent, whereas 

such detailed information does not 

necessarily help with devising effective 

control measures. In particular, a full 

diagnosis leading to the precise identity of a 

pathogen may lead to a delay before 

appropriate control measures are adopted.  

It is personal experience that the visual 

signs that may be indicative of the disease, 

such as fin or tail rot, may be largely 

overlooked in the quest for recovery of the 

pathogen(s). 

Notwithstanding, diagnosis has progressed 

from a purely descriptive phase, to 

histology, to culturing of the bacterial, viral 

and fungal pathogens, phenotyping of the 

isolates (Austin & Austin, 2016), to 

serology (e.g. Kumas & Tanrikul, 2022), 

molecular techniques, including use of the 

polymerase chain reaction (PCR) and novel 

methods, such as MALDI-TOF-MS, flow 

cytometry, and nanotechnology (Fig 1; e.g. 

Fernandez-Alvarez et al., 2019; Li et al., 

2020; Nasr-Eldahan et al., 2021; Johny et 

al., 2022; Ma et al., 2022). Commonly, a 

combination of histology, culturing, 

serology and/or molecular methods may be 

used by diagnosticians to achieve 

identification of the pathogen (e.g. Mitchell 

& Goodwin, 1999). Overall, there has been 

a progression in terms of sensitivity, 

specificity and speed from a dependence on 

culturing to diagnosis directly from 

diseased tissue. 

 

 

Figure 1. Six stages of diagnosis from description of disease signs, histology, immunohistochemistry, culturing, 

serology to molecular biology. 
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to the pathology of aquatic organisms 
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notably Mycobacterium) has enabled the 

visualization of diseased tissues and 

revealed the presence of pathogens (Wada 

et al., 1991). However, histology is fairly 

slow, and generally permits the observation 

of only large number of pathogens; small 

number of microbial cells are likely to be 

missed (Kent et al., 2013). 

The problem with culturing is that a 

diversity of media and incubation regimes 

are needed; some pathogens are very 

fastidious requiring complex media and 

prolonged incubation conditions without 

which recovery (to produce visible growth) 

is unlikely.  Examples of such fastidious 

organisms include Mycobacterium, 

Nocardia and Renibacterium 

salmoninarum, the latter of which may need 

up to 16 weeks on serum and cysteine-

containing medium to enable clearly visible 

colonies to develop (Austin and Austin, 

2016). Then, identification of the pure 

cultures relied on morphological and 

biochemical tests, which were slow and 

often of dubious accuracy, and use of 

diagnostic schemes most of which had been 

developed for human rather than fish 

pathogens (Austin and Austin, 2016). Rapid 

biochemical tests, e.g. API 20E, API 20NE 

and Biolog-GN, became available 

commercially, and have been invaluable in 

saving the time of media preparation.  

However, there is a bias in the data bases 

used for identification to medically 

important bacteria, which grow at 37 ºC 

within 48 h rather than the lower 

temperatures and longer times required for 

most fish pathogens. This may lead to 

misidentification of the fish pathogens 

(Austin & Austin, 2016). 

Serology, such as agglutination reactions, 

immunofluorescence, and the enzyme 

linked immunosorbant assays (ELISA) 

improved the speed, accuracy and 

sensitivity of diagnoses especially with the 

development and availability of highly 

specific monoclonal antibodies (Adams et 

al., 1995; Austin and Austin, 2016; Li et al., 

2021). Moreover, some methods, such as 

the ELISA, could be used directly on tissue 

samples without the need for prior culturing 

(Li et al., 2021).  As an example of 

sensitivity and specificity, Li et al. (2021) 

reported that an ELISA developed for Koi 

herpes virus (KHV) detected 1.56 ng/ml of 

KHV but did not cross reaction with carp 

oedema virus, frog virus 3, grass carp 

reovirus or spring viraemia of carp virus.   

Molecular methods, such as DNA 

microarrays, PCR (including nested-, 

quantitative- real time- multiplex- and 

droplet digital PCR), loop-mediated 

isothermal amplification (LAMP) and 

nucleotide sequencing, permitted the 

simultaneous identification and 

differentiation of extremely small 

numbers/quantities of multiple pathogens or 

their subcellular components also without 

the need for culturing (Ma et al., 2022; 

Abdelsalam et al., 2023). For example, a 

multiflex-PCR permitted the simultaneous 

recognition and differentiation of three 

pathogens, i.e. Streptococcus agalactiae, S. 

iniae and Staphylococcus aureus (Diyie et 

al., 2022).  Recently, a droplet digital PCR 

(ddPCR) detected 2 ± 0.37 copies/μl DNA 

sample of largemouth bass ranavirus but did 

not react with Chinese giant salamander 

iridovirus or cyprinid herpesvirus II. 

Moreover, during the diagnosis of 50 

largemouth bass, 43 positives were 

identified by ddPCR, but only 34 positives 

by quantitative PCR (Jiang et al., 2022).  

Certainly, molecular approaches are highly 

sensitive and specific, and are capable of 

detecting extremely low numbers of 

pathogens or their subcellular components. 

However, the relevance of positive results 

in the absence of clinical disease needs to be 

questioned.  Does positivity reflect only the 

presence of intact, viable potentially 

pathogenic cells or could incomplete, 

senescent, dormant or non-viable entities be 

recorded? This has relevance in terms of 

determining the significance of the 

diagnoses to the management of the disease.  

Also, there is concern about false positives.  

For example, endogenous viral elements of 

Penaeus stylirostris densovirus in the host 
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genome occurs randomly, and could result 

in false positives because current systems 

target only small nucleotide sequences of 

the virus (Arunrut et al., 2019). 

There has been a tendency for 

diagnosticians to focus on finding and 

reporting single species of pathogenic 

organisms associated with disease. It is 

speculative how often infections caused by 

two or more organisms are missed. These 

co-infections could lead to enhanced 

disease severity and increased mortalities 

(Wise et al., 2021). For example:  

 the causal agent of 

ichthyophthiriasis (= white spot 

disease), Ichthyophthirius multifilii, 

has been recovered with Aeromonas 

hydrophila in co-infections in 

septicaemic striped catfish 

(Pangasianodon hypophthalmus) 

(Kumar et al., 2022c), 

 infectious pancreatic necrosis virus 

and Yersinia ruckeri were found 

together as a co-infection in rainbow 

trout (Oncorhynchus mykiss) 

(Pajdak-Czaus et al., 2021). 

This shortcoming in diagnostics by which 

co-infections are not properly recognized 

could have serious implications for the 

adoption of appropriate disease control 

methods. 

Impact of Disease 

Apart from mortalities and the cost of 

disease mitigation measures (= treatments), 

there is the added impact on the economy in 

terms of employment, debt accumulation, 

the supply chain (e.g. reduced need for feed, 

wasted feed], process and retail). As an 

example of impact, there was a large-scale 

disease problem with Atlantic salmon 

(Salmo salar) production in Scotland with 

the harvest reduced by >10% from 40.5 x 

103 tonnes in 1991 to 36.1 x 103 tonnes a 

year later with the cause of mortalities 

identified as furunculosis and sea lice 

(Munro & Gauld, 1996). Disposal of 4.4 x 

103 tonnes of fish which died over a 

comparatively short period of time would 

have been a major task. Moreover during 

the late 1990s, infectious salmon anaemia 

(ISA) reduced the harvest of Atlantic 

salmon in Scotland. However, the Scottish 

experience did not match the monumental 

losses in the Chilean aquaculture industry 

(Lagno et al., 2019). Thus, there was a 

significant outbreak of ISA when total 

salmonid production and especially 

valuable exports declined from 2008 to 

2010 by 33.3% and 29.6%, respectively 

(Asche et al., 2009). Furthermore in 2021, 

Chile reported annual losses of >11% worth 

US$700 million largely attributed to salmon 

rickettsial syndrome with resulting 

increased costs for chemotherapy (Flores-

Kossack et al., 2020). The impact in Chile 

was highlighted by the employment issues 

when approximately half of the workers 

(notably those in rural area without other 

means of employment), i.e. ~25,000, were 

laid off. 

Asia has experienced heavy losses in 

farmed shrimp (especially Penaeus 

monodon and Litopenaeus vannamei). 

AHPND was recognized initially in 2010 in 

China and Vietnam, spreading extensively 

throughout Southeast Asia, and thence to 

North and South America. AHPND was 

largely responsible for estimated combined 

losses between 2010 and 2016 in China, 

Malaysia, Mexico, Thailand and Vietnam 

of >US$44 billion.  This amount included 

the impact on exports and reduced feed 

sales. Also, there was the adverse 

sociological effect on processing plants, 

income (debt) to local communities 

including the result of unemployment, 

investment opportunities, and the cost of 

disease control procedures (Tang & 

Bondad-Reantaso, 2019). 

An additional problem concerns the 

reduced economic value of visible diseased 

stock. This would be compounded by poor 

feed conversion leading to adverse growth 

rates and thus increased production costs.  

The impact on the public perception of 

aquaculture is an aspect which is difficult to 

quantify. If a disease has relevance to 
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human health then restrictions on sales 

could be another concern. 

The influence of climate change/global 

warming and its impact on 

disease/pathogens is a largely unknown 

factor. The overall effects of climate change 

on aquaculture are likely to centre on 

extreme weather conditions, precipitation 

(= very heavy rain/snow/hail), flooding, 

changes to dissolved oxygen levels, salinity 

and temperature (Reid et al., 2019). 

Arguably, higher temperatures would affect 

the physiology of farmed animals and 

pathogens (Cascarano et al., 2021). The 

resulting stress may lead to greater 

susceptibility of animals to disease leading 

to higher levels of clinical disease and 

mortalities. Unlike their wild counterparts, 

farmed animals would be unable to move to 

more acceptable water temperatures. Then, 

there is the impact of higher temperatures 

on pathogen virulence. This aspect may 

well be addressed by the advances in whole 

genome sequencing, which could be 

instrumental in understanding the reasons 

for the change in pathogen virulence, the 

emergence of new diseases, and the impact 

on aquaculture (Bayliss et al., 2017). 

Source of Pathogens 

Pathogens will occur as part of the 
microflora of animals and plants, water and 
sediment.  For example, V. harveyi and V. 
parahaemolyticus have been recovered 
from marine invertebrates including hard-
shelled mussel (Mytilus coruscus), 
Mediterranean mussels (Mytilus 
galloprovincialis) and grooved carpet shells 
(Ruditapes decussatus) (e.g. Lamon et al., 
2019; Hossain et al., 2020). The marine 
copepod parasite, Lernanthropus kroyeri, 
harboured V. anguillarum as determined by 
the loop mediated isothermal amplification 
method (Yildiz & Otgucuoglu, 2021). 
Therefore, many pathogens are in direct 
contact with the host even in the absence of 
disease. Also, Mycobacterium has been 
recovered from aquatic invertebrates 
(Davidovich et al., 2020). Aeromonas 
salmonicida, which causes furunculosis in 

salmonids and ulceration in cyprinids and 
marine flatfish, may exist in a carrier state 
within apparently healthy fish (Austin & 
Austin, 2016). Progression to clinical 
disease follows stress, such as 
immunosuppression (Austin & Austin, 
2016). Once an infection cycle is initiated, 
disease spread will occur within the 
immediate area and thence to other sites on 
the same water course.   

Pathogens may be acquired from the aquatic 

environment, either from the water or from 

other aquatic inhabitants or from sewage. 

For example, Aeromonas salmonicida has 

been found in sewage communities with 

micro-plastics possibly acting as carriers for 

the pathogen (Lai et al., 2022). Vibrios are 

part of the normal microflora of the marine 

environment, and provide a ready inocula to 

initiate disease cycles in aquaculture (e.g. 

Sampaio et al., 2022). 

Disease Control / Mitigation 

The principle that “Prevention is better than 

cure” [attributed to the Dutch philosopher 

Desiderius Erasmus in around 1500] is 

fundamental to modern health care. For 

aquaculture, it means that prophylaxis is 

preferable to reliance on therapy. However, 

in some cases damaged / diseased animals 

heal spontaneously with or without 

evidence of physical damage, which could 

impact on saleability. In the majority of 

situations, positive action is needed to 

mitigate against the effects of disease, 

starting with effective legislation, good 

lines of communication between producers, 

government and those involved with 

disease surveillance, consideration of socio-

economic and ecological conditions, 

certified disease-free stock, “good” 

husbandry and site management practices, 

including effective hygiene, e.g. cleanliness 

of the site, water treatment (if feasible) and 

the adoption of meaningful sanitary 

standards (Garza et al., 2019; Ina-Salwany 

et al., 2019; Hinchliffe et al., 2021). 

Consideration could be given to genetic 

improvement of stock especially where 

evidence points to resistance against 
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disease, such as adopted by the shrimp 

industry in Asia in the aftermath of AHPND 

(Tang & Bondad-Reantaso., 2019). The 

concept of increasing resistance by 

selective breeding was discussed initially 

by Embody & Hayford (1925) in 

connection with controlling furunculosis in 

brook trout (Salvelinus fontinalis). More 

recently, resistance to columnaris (causal 

agent = Flavobacterium columnare) was 

considered to be an ideal candidate for 

genetic improvement of stock by selective 

breeding of rainbow trout from among 

survivors of natural disease outbreaks 

(Fraslin et al., 2022). Similarly, increasing 

resistance of Atlantic salmon to 

furunculosis, infectious pancreatic necrosis 

and infectious salmon anaemia, and 

rainbow trout to eye fluke (Diplostomum 

pseudospathaceum) has been researched 

(Drangsholt et al., 2011; Karami et al., 

2022). A genetic approach to disease 

control was appropriate for managing 

scuticociliatosis in large yellow croaker 

(Larimichthys crocea) because other 

control methods were not available. Again, 

natural populations of fish were examined 

from which disease resistance linked to the 

nuclear factor (NF)-kappa B signaling 

pathway was identified (Zhang et al., 2022). 

This approach is especially relevant for 

areas where particular diseases are endemic 

and resistance stock would greatly reduce 

the likelihood of mortalities (Austin and 

Austin, 2016). In short, there is definitely a 

role for genetics and genomics in 

controlling aquacultural diseases (Sciuto et 

al., 2022). 

Disease control options have developed 

from therapy with use of antibiotics and 

other antimicrobial compounds, which 

garnered interest and widespread use in the 

years after World War II, to prophylactic 

approaches. Gutsell (1946) may be credited  

with  the  pioneering  work on the 

use of antimicrobial compounds in 

aquaculture by recognising the 

effectiveness of sulphonamides for the 

control of furunculosis in trout.  Other 

inhibitory agents followed, quickly, 

including oxytetracyline (Snieszko & 

Griffin, 1951) and chloramphenicol (Wold, 

1950), with the former becoming the most 

widely used antibiotic in aquaculture. For 

example, in Norway, use of oxytetracycline 

peaked at just under 50 tonnes in 1987, but 

has declined ever since 

(Veterinaerinstituttet, 2016).  However, 

there is widespread concern about the use of 

antibiotics in all nonmedical situations with 

concerns focused on problems of the 

development and spread of antibiotic 

resistance, especially by R-plasmids (Aoki 

et al., 1971), and tissue residues (e.g. 

Mohan et al., 2019; Dawood et al., 2021; 

Kumar et al., 2022b). Immunoprophylaxis 

was considered to be an answer to the 

concerns of therapy. Duff (1942) made a 

promising start by inactivating a culture of 

A. salmonicida with chloroform, and 

protected cutthroat trout (Salmo clarkii) 

against furunculosis. However, to date, only 

a comparatively few vaccines have reached 

the marketplace (e.g. Mondal & Thomas, 

2022). Instead, attention has focused on 

alternative approaches including non-

specific immunostimulants, such as 

astaxanthin, chitosan, ß-1,3 glucan,  

lipopolysaccharide and vitamin C (e.g. 

Mohan et al., 2019; Eldessouki et al., 2022; 

Ghafarifarsani et al., 2022; Kumar et al., 

2022a), bacteriophages (Luo et al., 2018; 

Xu et al., 2021), probiotics (Ishthiaq et al., 

2021; Austin and Sharifuzzaman, 2022; 

Chattaraj et al., 2022), prebiotics (Yilmaz et 

al., 2022), synbiotics (Yilmaz et al., 2022) 

and medicinal plant products and their 

secondary metabolites, namely the essential 

oils, e.g. garlic (Allium sativum) and 

turmeric oil (Nikl et al., 1993; Nya & 

Austin, 2009; Dawood et al,. 2021; Kumar 

et al., 2022b; Liao et al., 2022). Garlic, in 

doses of 0.5 and 1.0 g/100 g of feed led to 

improved growth, immunomodulation and 

greatly reduced mortalities (Relative 

Percent Survival = 95%) of rainbow trout 

after challenging with A. hydrophila (Nya 

& Austin, 2009). It is notable that many 

publications have focused on the benefit of 
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ß-1,3 glucans in preventing disease (e.g. 

Yano et al., 1989; Matsuyama et al., 1992; 

Chen & Ainsworth, 1992). A form of 

biological control has been adopted 

successfully in the Faroe Islands, Ireland, 

Norway and Scotland for the control of sea 

lice, Lepeophtheirus salmonis, in Atlantic 

salmon. Thus, cleaner fish (notably 

corkwing wrasse, Symphodus melops) have 

seen added to the Atlantic salmon facilities 

to consume the parasites (Gentry et al., 

2020; Gonzalez & de Boer, 2021). 

Probiotics and medicinal plant products 

have found extensive interest in Asia as feed 

supplements. Research has pointed to 

improved appetite and growth performance, 

immunomodulation, and reduced disease 

and mortalities among fish after 

administration (Austin and Sharifuzzaman, 

2022; Liao et al., 2022). 

For some diseases, e.g. Renibacterium 

salmoninarum which is the causal agent of 

bacterial kidney disease (BKD) in 

salmonids, the presence is regarded as 

serious enough to warrant movement 

restrictions to prevent spread, i.e. stock 

must remain on the infected sites, and not 

transferred to other facilities (e.g. Hall et al., 

2014).  However, some countries, of which 

Iceland is a prime example, have adopted a 

slaughter policy for BKD with killing of 

infected Atlantic salmon broodstock 

leading to an overall reduction in the 

incidence of disease (Gudmundsdóttir et al., 

2000). Initially, the incidence of BKD was 

~35% on two ranch sites, but a few years 

after adopting the slaughter programme, the 

incidence was reduced to <2% 

(Gudmundsdóttir et al., 2000). Slaughter is 

the fate awaiting fish infected with 

infectious haematopoietic necrosis and viral 

haemorrhagic septicaemia, which are 

notifiable diseases and listed by the World 

Organisation for Animal Health. Thus, after 

euthanasia, the animals would be  

incinerated  or  buried  in  lime, and the 

site(s) disinfected and kept fallow until 

proven to be disease-free by surveillance 

(e.g. Hoferer et al., 2019). 

Risk to Human Health 

There is a risk that some aquaculture 

pathogens could be transferred to humans 

with the resultant adverse publicity for the 

industry. Fortunately, the evidence of 

zoonoses is limited, and includes 

Aeromonas hydrophila, Edwardsiella 

tarda, Erysipelothrix rhusiopathiae, 

Mycobacterium marinum, Photobacterium 

damselae, Streptococcus iniae, Vibrio 

parahaemolyticus and V. vulnificus (Lehane 

& Rawlin, 2000; Haenen et al., 2013). V. 

parahaemolyticus and V. vulnificus have 

been identified in cooked and raw shellfish 

(Padovan et al., 2020; Ding et al., 2022). 

Transfer to humans particularly in the case 

of V. parahaemolyticus and V. vulnificus 

may be via wounds or orally on food 

leading to gastro-intestinal disease often 

with watery diarrhoea (Austin, 2010). V. 

vulnificus has been associated with 

septicaemia resulting from contamination 

of wounds with seawater, or the ingestion of 

raw shellfish, particularly oysters  

(Carmona-Salido et al., 2021). 

Conclusions 

Aquaculture has increased rapidly in many 
countries during the years after the Second 
World War, and has become an important 
food source for many people especially in 
developing countries. Also, the economic 
value of luxury products including caviar 
and smoked salmon should not be 
overlooked. However, disease may have a 
profound effect on the success and 
sustainability of aquacultural practices. Yet, 
innovation has provided some answers by 
way of increasingly rapid, sensitive and 
specific disease diagnostic systems, and 
control measures to replace the reliance on 
therapy by antibiotics and other inhibitory 
chemicals. Undoubtedly, global 
environmental change will impact 
adversely on agriculture, including 
aquaculture, and this is another challenge 
that needs to be resolved.  For the present, 
the aquaculture industry may mitigate 
against some of the adverse effects of 
disease by: 
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 giving serious consideration to site 

selection, avoiding obviously 

polluted areas, the proximity to 

other aquaculture facilities, and/or 

areas of poor water supply. 

 considering the needs of other users 

of the aquatic environment to avoid 

conflict and adverse publicity. 

 making a sensible choice of the 

species/strain to be farmed, if 

possible using stock recognised to 

be resistant to diseases known to be 

in the general area of the facility. 

 ensuring effective site management 

including the adoption of realistic 

stocking levels with good water 

supplies.  Often, by producing less 

the output is increased as there will 

be less mortalities. 

 arranging the training of staff to 

familiarise them with all the 

aquaculture operations, including 

the need for surveillance such that 

unhealthy situations may be 

recognised quickly, and remedial 

action taken. 

 using supplementary air/oxygen as 

necessary, as anoxia is harmful to 

farmed stock. 

 using nutritious feed stored in dry 

conditions that is not contaminated 

with microbial populations, 

especially fungi, and/or their toxins.  

 adopting a sensible disinfection 

policy especially for nets, vehicles 

used to transport farmed stock, 

protective footwear and disinfectant 

foot baths, and size grading 

machinery. 

 encompassing sensible disease 

control strategies, emphasising 

prophylaxis procedures, including 

vaccines, nonspecific 

immunostimulants, dietary 

supplements, bacteriophages, 

prebiotics, probiotics and medicinal 

plant products.  

 if feasible removing biofouling 

communities, i.e. algae and slime, 

from the surfaces of fish tanks, thus 

improving water flow and 

discouraging the build-up of 

biofouling communities, which may 

harbour potential pathogens. 

 quickly removing dead animals 

from the tanks/cages/ponds to 

reduce the risk of transfer to healthy 

stocks. These mortalities need to be 

disposed of hygienically, such as by 

incineration, ensiling or burying in 

quick lime. 

Let us hope that human ingenuity will 

prevail, and conquer the diseases that affect 

aquaculture. There is confidence that new 

approaches to disease management will be 

developed in the future with direct 

applicability for aquaculture. 

Ethical approval  

The author declares that he has no known 

competing financial interests or personal 

relationships that could have appeared to 

influence the work reported in this paper.  

Data availability statement  

The author declares that data are not 

available for this article. 

Funding Organizations 

No funding available. 

 

 

 

 

 

 

 

 

References  



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

85 
 

Abdelsalam, M., Elgendy, M. Y., 

Elfadadny, M. R., Ali, S. S., Sherif, A. H., 

& Abolghait, S. K. (2023). A review of 

molecular diagnoses of bacterial fish 

diseases. Aquaculture International, 31(1), 

417-434. doi 10.1007/s/10499-022-00983-

8 

Adams, A., Thompson, K.D., Morris, D., 

Farias, C. & Chen, S.C.  (1995) 

Development and use of monoclonal-

antibody probes for immunohistochemistry, 

ELISA and iFAT to detect bacterial and 

parasitic fish pathogens. Fish & Shellfish 

Immunology, 5, 537-547. doi 

10.1016/S1050-4648(95)80040-9 

Ahmed, J., Khan, M.H., Unnikrishnan, S. & 

Ramalingam, K. (2022) Acute 

hepatopancreases necrosis diseases 

(AHPND) as challenging threat in shrimp. 

Biointerface Research in Applied 

Chemistry, 12, 978-991. doi 

10.33263/briac121.978991121.978991 

Ahmed, N. & Turchini, G.M. (2021) 

Recirculating aquaculture systems (RAS): 

Environmental solution and climate change 

adaptation. Journal of Cleaner Production, 

297. Article No. 126604. doi 

10.1016/j.jclepro.2021.126604 

Aoki, T., Egusa, S., Kimura, T. & 

Watanabe, T.  (1971) Detection of R factors 

in naturally occurring Aeromonas 

salmonicida strains. Applied Microbiology, 

22, 716-717. 

Arunrut, N., Jitrakorn, S., Saksmerprome, 

V. & Kiatpathormchai, W. (2019) Double-

loop-mediated isothermal amplification (D-

LAMP) using colourimetric gold 

nanoparticle probe for rapid detection of 

infectious Penaeus stylirostris densovirus 

(PstDNV) with reduced false-positive 

results from endogenous viral elements. 

Aquaculture, 510,131-137. doi 

10.1016/j.aquaculture.2019.05.049 

Asche, F., Eggert, H., Oglend, A., Roheim, 

C.A. & Smith, M.D. (2022) Aquaculture: 

Externalities and policy options. Review of 

Environmental Economics and Policy, 16, 

282-305. doi 10.1086/721055 

Asche, F., Hansen, H., Tveteras, R., & 

Tveterås, S. (2009) The salmon disease 

crisis in Chile. Marine Resource 

Economics, 24(4), 405-411. 

Austin, B. (2010) Vibrios as causal agents 

of zoonoses. Veterinary Microbiology, 140, 

310-317. doi 10.1016/j.vetmic.2009.03.015 

Austin, B. & Austin, D.A. (2016) Bacterial 

Fish Pathogens: Disease of Farmed and 

Wild Animals. 6th edn. Springer: 

Dordrecht, The Netherlands. 

Austin, B. & Sharifuzzaman, S.M. (2022). 

Probiotics in Aquaculture. Springer Nature, 

Dordrecht, The Netherlands. 

Austin, B. & Crumlish, M. (2023) 4. 

Production level diseases and their impact 

on aquatic food security. In: Aquatic Food 

Security (edited by Crumlish, M. & 

Norman, R.).  5M. Great Easton, England. 

(in press). 

Badanta, B., González-Cano-Caballero, M., 

Suárez-Reina, P. et al. (2022) How does 

Confucianism influence health behaviors, 

health outcomes and medical decisions? A 

scoping review. Journal of Religious 

Health, 61, 2679–2725. doi 

org/10.1007/s10943-022-01506-8  

Bayliss, S.C., Verner-Jeffreys, D.W., 

Bartie, K.I., Aanensen, D.M., Sheppard, 

S.K. et al. (2017) The promise of whole 

genome pathogen sequencing for the 

molecular epidemiology of emerging 

aquaculture pathogens. Frontiers in 

Microbiology, 8. Article No. 121. doi 

10.3389/fmicb.2017.00121 

Campbell, E.J.M., Scadding, J.G. & 

Roberts, M.S. (1979) The concept of 

disease. British Medical Journal, 2, 757-

762. 

Carmona-Salido, H., Fouz, B., Sanjuan, E., 

Carda, M., Delannoy, C.M.J. et al. (2021) 

The widespread presence of a family of fish 

virulence plasmids in Vibrio vulnificus 

stresses its relevance as a zoonotic pathogen 

linked to fish farms. Emerging Microbes & 

Infection, 10, 2128-2140. doi 

10.1080/22221751.2021.1999177 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

86 
 

Cascarano, M.C., Stavrakidis-Zachou, O., 

Mladineo, I., Thompson, K.D., 

Papandroulakis, N. & Katharios, P. (2021) 

Mediterranean aquaculture in a changing 

climate: Temperature effects on pathogens 

and diseases of three farmed fish species. 

Pathogens, 10. Article No. 1205. doi  

10.3390/pathogens10091205 

Chattaraj, S., Ganguly, A., Mandal, A. & 

Das Mohapatra, P.K. (2022) A review of the 

role of probiotics for the control of viral 

diseases in aquaculture. Aquaculture 

International, 30, 2513-2539. 

Chen, D. & Ainsworth, A.J.  (1992) Glucan 

administration potentiates immune defence 

mechanisms of channel catfish, Ictalurus 

punctatus Rafinesque.  Journal of Fish 

Diseases, 15, 295-304. 

Davidovich, N., Morick, D. & Carella, F. 

(2020) Mycobacteriosis in aquatic 

invertebrates: A review of Its emergence 

Microorganisms, 8, Article No. 1249. doi 

10.3390/microorganisms8081249 

Dawood, M.A.O., El Basuini, M.E., 

Zaineldin, A.I., Yilmaz, S., Hasan, M.T. et 

al. (2021) Antiparasitic and antibacterial 

functionality of essential oils: An 

alternative approach for sustainable 

aquaculture. Pathogens, 10, Article No. 

185.doi 10.3390/pathogens10020185 

Delphino, M.K.V.C., Laurin, E., 

Patanasatienkul, T., Rahardjo, R.B., Hakim, 

L. et al. (2022) Description of biosecurity 

practices on shrimp farms in Java, 

Lampung, and Banyuwangi, Indonesia. 

Aquaculture, 556. Article No. 738277. doi  

10.1016/j.aquaculture.2022.738277 

Ding, G.Y., Zhao, L.I., Xu, J., Cheng, J.Y., 

Cai, Y.Y. et al. (2022) Quantitative risk 

assessment of Vibrio parahaemolyticus in 

shellfish from retail to consumption in 

coastal cities of Eastern China. Journal of 

Food Protection, 85, 1320-1328. doi 

10.4315/jfp-21-238 

Diyie, R.L., Aheto, D.W., Osei-

Atweneboana, M.Y., Armah, E. & 

Yankson, K. (2022) Prevalence of bacterial 

infections and the use of multiplex PCR 

assay for rapid detection of pathogens in 

cultured fish in Ghana. Archives of 

Microbiology, 204, Article No. 394. doi 

10.1007/s00203-022-03001-w 

Drangsholt, T.M.K., Gjerde, B., Odegard, 

J., Finne-Fridell, F, Evenson, O. & Bentsen, 

H.B. (2011) Quantitative genetics of 

disease resistance in vaccinated and 

unvaccinated Atlantic salmon (Salmo salar 

L.). Heredity, 107, 471-477. doi 

10.1038/hdy.2011 

Duff, D.C.B. (1942) The oral immunization 

of trout against Bacterium salmonicida.  

Journal of Immunology, 44, 87-94. 

Eldessouki, E.A.A., Diab, A.M., Abo 

Selema, T.A.A., Sabry, N.M., Abotaleb, 

M.M. et al. (2022) Dietary astaxanthin 

modulates the performance, gastrointestinal 

histology, and antioxidant and immune 

responses and enhanced the resistance of 

Litopenaeus vannamei against Vibrio 

harveyi infection.  Aquaculture 

International, 30, 1869-1887. 

Embody, G.C. & Hayford, C.O.  (1925) The 

advantage of rearing brook trout fingerlings 

from selected breeders.  Transactions of the 

American Fisheries Society, 55, 135-142. 

FAO (2018) The State of World Fisheries 

and Aquaculture 2018 - Meeting the 

sustainable development goals. Rome.  

FAO (2022) The State of World Fisheries 

and Aquaculture 2022. Towards Blue 

Transformation. Rome, FAO. 

https://doi.org/10.4060/cc0461en  

Falconer, L., Middelboe, A.L., Kaas, H., 

Ross, L.G. & Telfer, T.C. (2020) Use of 

geographic information systems for 

aquaculture and recommendations for 

development of spatial tools. Reviews in 

Aquaculture, 12, 664-677. doi 

10.1111/raq.12345 

Fernandez-Alvarez, C., Gonzalez, S.F. & 

Santos, Y. (2019) Quantitative PCR 

coupled with melting curve analysis for 

rapid detection and quantification of 

Tenacibaculum maritimum in fish and 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

87 
 

environmental samples. Aquaculture, 498, 

289-296. doi 

10.1016/j.aquaculture.2018.08.039 

Flores-Kossack, C., Montero, R., Kollner, 

B. & Maisey, K. (2020) Chilean 

aquaculture and the new challenges: 

Pathogens, immune response, vaccination 

and fish diversification. Fish & Shellfish 

Immunology, 98, 52-67. doi 

10.1016/j.fsi.2019.12.093 

Fraslin, C., Koskinen, H., Nousianen, A., 

Houston, R.D. & Kause, A. (2022) 

Genome-wide association and genomic 

prediction of resistance to Flavobacterium 

columnare in a farmed rainbow trout 

population. Aquaculture, 557, Article No. 

738332. doi 

10.1016/j.aquaculture.2022.738332 

Ghafarifarsani, H., Hoseinifar, S.H., 

Javahery, S. & Van Doan, H. (2022) Effects 

of dietary vitamin C, thyme essential oil, 

and quercetin on the immunological and 

antioxidant status of common carp 

(Cyprinus carpio). Aquaculture, 553. 

Article No. 738053. doi 

10.1016/j.aquaculture.2022.738053 

Galparsoro, I., Murillas, A., Pinarbasi, K., 

Sequeira, A.M.M., Stelzenmüller, V. et al. 

(2020) Global stakeholder vision for 

ecosystem-based marine aquaculture 

expansion from coastal to offshore areas. 

Reviews in Aquaculture, 12, 2061-2079. 

doi 10.1111/raq.12422 

Garza, M., Hohan, C.V., Rahman, M., 

Wieland, B. & Hasler, B. (2019) The role of 

infectious disease impact in informing 

decision-making for animal health 

management in aquaculture systems in 

Bangladesh. Preventative Veterinary 

Medicine, 167, 202-213. doi 

10.1016/j.prevetmed.2018.03.004 

Gentry, K., Bui, S., Oppedal, F. & 

Dempster, T. (2020) Sea lice prevention 

strategies affect cleaner fish delousing 

efficacy in commercial Atlantic salmon sea 

cages. Aquaculture Environment 

Interaction, 12, 67-80. doi 

10.3354/aei00348 

Godwin, S.E., Morrison, R.N., Knowles, 

G., Cornish, M.C., Hayes, D. & Carson, J. 

(2020) Pilchard orthomyxovirus (POMV). 

II. Causative agent of salmon 

orthomyxoviral necrosis, a new disease of 

farmed Atlantic salmon Salmo salar. 

Diseases of Aquatic Organisms, 139, 51-68. 

doi 10.3354/dao03469 

Gonzalez, E.B. & de Boer, F. (2021) The 

development of the Norwegian wrasse 

fishery and the use of wrasses as cleaner 

fish in the salmon aquaculture industry. 

Nippon Suisan Gakkaishi, 87, 321-322. 

Gortázar, C., Ferroglio, E., Höfle, U., 

Frölich, K. & Vicente, J. (2007) Diseases 

shared between wildlife and livestock: a 

European perspective. European Journal of 

Wildlife Research, 53, 241-256. 

Gudmundsdóttir, S., Helgason, S., 

Sigurjónsdóttir, H., Matthíadóttir, S., 

Jónsdóttir, H., Laxdal, B. & 

Benediktsdóttir, E. (2000) Measures 

applied to control Renibacterium 

salmoninarum infection in Atlantic salmon: 

a retrospective study of two sea ranches in 

Iceland.  Aquaculture, 186, 193-203. 

Gutsell, J.  (1946)  Sulfa drugs and the 

treatment of furunculosis in trout.  Science, 

104, 85-86. 

Haenen, O.L.M., Evans, J.J. & Berthe, F. 

(2013) Bacterial infections from aquatic 

species: potential for and prevention of 

contact zoonoses. Revue Scientifique et 

Technique-Office International des 

Epizooties, 32, 497-507. 

Hall, M., Soje, J., Kilburn, R., Maguire, S. 

& Murray, A.G. (2014) Cost-effectiveness 

of alternative disease management policies 

for bacterial kidney disease in Atlantic 

salmon aquaculture. Aquaculture, 434, 88-

92. doi 10.1016/j.aquaculture.2014.07.023 

Hassan, M.A., Abd Allah, N.A. & Mabrok, 

M. (2021) Inevitable impact of some 

environmental stressors on the frequency 

and pathogenicity of marine vibriosis. 

Aquaculture, 536, Article No. 736447. doi 

10.1016/j.aquaculture.2021.736447 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

88 
 

Hinchliffe, S., Butcher, A., Rahman, M.M., 

Guilder, J., Tyler, C. et al. (2021) 

Production without medicalisation: Risk 

practices and disease in Bangladesh 

aquaculture. Geographical Journal, 187, 39-

50. doi 10.1111/geoj.12371 

Hoferer, M., Akimkin, V., Skrypski, J., 

Schütze, H. & Sting, R. (2019) 

Improvement of a diagnostic procedure in 

surveillance of the listed fish diseases IHN 

and VHS. Journal of Fish Diseases,42, 559-

571. doi 10.1111/jfd.12968 

Hossain, S., Wickramanayake, M.V.K.S., 

Dahanayake, P.S. & Heo, G.J. (2020) 

Occurrence of virulence and extended-

spectrum beta-lactamase determinants in 

Vibrio spp. isolated from marketed hard-

shelled mussel (Mytilus coruscus). 

Microbial Drug Resistance, 26, 391-401. 

doi 10.1089/mdr.2019.0131 

Huang, P., Shen, G., Gong, J., Zhu, M., 

Wang, Y. et al. (2020) A novel Distro-like 

virus discovered in Procambarus clarkii 

with “Black May” disease. Journal of Fish 

Diseases, 44, 803-811. 

https://doi.org/10.1111/jfd.13309 

Ina-Salwany, M.Y., Al-Saari, N., 

Mohamad, A., Mursidi, F.A., Mohd-Aris, 

A. et al. (2019) Vibriosis in fish: A review 

on disease development and prevention. 

Journal of Aquatic Animal Health, 31, 3-22. 

doi 10.1002/aah.10045 

Ishthiaq, I.B., Ahmed, J. & Ramalingam, K. 

(2021) Probiotics in brackish water fish 

farming: A special focus on encapsulated 

probiotic. Biointerface Research in Applied 

Chemistry, 11, 14697-14708. doi 

10.33263/briac116.1469714708 

Jiang, N., Shen, J., Zhou, Y., Liu, W., 

Meng, Y. et al. (2022) Development of a 

droplet digital PCR method for the sensitive 

detection and quantification of largemouth 

bass ranavirus. Journal of Fish Diseases. 

doi.org/10.1111/jfd.13721 

Johny, T.K., Swaminathan, T.R., Sood, N., 

Pradham, P.K. & Lal, K.K. (2022) A 

panoptic review of techniques for finfish 

disease diagnosis: The status quo and future 

perspectives. Journal of Microbiological 

Methods, 196. Article No. 106477. doi 

10.1016/j.mimet.2022.106477 

Karami, A.M., Duan, Y.J., Kania, P.W. & 

Buchanann, K. (2022) Responses towards 

eyefluke (Diplostomum 

pseudospathaceum) in different 

geneticlineages of rainbow trout. Plos One, 

17, Article No. e0276895. doi 

10.1371/journal.pone.0276895 

Kent, M.L., Benda, S., St-Hilaire, S. & 

Schreck, C.B. (2013) Sensitivity and 

specificity of histology for diagnoses of 

four common pathogens and detection of 

nontarget pathogens in adult Chinook 

salmon (Oncorhynchus tshawytscha) in 

fresh water. Journal of Veterinary 

Diagnostic Investigation, 25, 341-351. doi 

10.1177/1040638713482124 

Kudryavtsev, A., Parshukov, A., 

Kondakova, E & Volkova, E. (2022) 

Vannella mustalahtiana sp. nov. 

(Amoebozoa, Vannellida) and rainbow 

trout nodular gill disease (NGD) in Russia. 

Diseases of Aquatic Organisms, 148, 29-41. 

doi 10.3354/dao03641 

Kumar, N., Thakur, N., Sharma, C., 

Shanthanagouda, A.H., Taygi, A. & Singh, 

A. (2022a) Effect of dietary chitosan 

nanoparticles on immune response and 

disease resistance against Aeromonas 

hydrophila infection in tropical herbivore 

fish (rohu, Labeo rohita). Aquaculture 

International, 30, 2439-2452. 

Kumar, S., Verma, A.K., Singh, S.P. & 

Awasthi, A. (2022b) Immunostimulants for 

shrimp aquaculture: paving pathway 

towards shrimp sustainability. 

Environmental Science and Pollution 

Research. doi 10.1007/s11356-021-18433-

y 

Kumar, V., Das, B.K., Swain, H.S., 

Chowdbury, H., Roy, S. et al. (2022c) 

Outbreak of Ichthyophthirius multifiliis 

associated with Aeromonas hydrophila in 

Pangasianodon hypophthalmus: The role of 

turmeric oil in enhancing immunity and 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

89 
 

inducing resistance against co-infection. 

Frontiers in Immunology, 13, Article No. 

956478. doi 10.3389/fimmu.2022.956478 

Kumas, K. & Tanrikul, T.T. (2022) 

Diagnosis of bacterial fish diseases and 

classification of serotypes with slide 

agglutination method. Ege Journal of 

Fisheries and Aquatic Sciences, 39, 97-103. 

doi 10.12714/egejfas.39.2.02 

Lagno, A.G., Lara, M., Gaete, A. & 

Montecinos, K. (2019) Recovering 

sustainability after a health crisis in aquatic 

animal. Revue Scientifique et Technique-

Office International des Epizooties, 38, 

601-613. doi 10.20506/rst.38.2.3007 

Lai, K.P., Keng, P., Tsang, C.F., Li, L., Yu, 

R.M.K. & Kong, R.Y.C. (2022) 

Microplastics act as a carrier for 

wastewater-borne pathogenic bacteria in 

sewage. Chemosphere, 301, Article No. 

134692. doi 

10.1016/j.chemosphere.2022.134692 

Lamon, S.L., Consolati, S.G., Fois, F., 

Cambula, M.G., Pes, M. et al. (2019) 

Occurrence, seasonal distribution, and 

molecular characterization of Vibrio 

vulnificus, Vibrio cholerae, and Vibrio 

parahaemolyticus in shellfish (Mytilus 

galloprovincialis and Ruditapes 

decussatus) collected in Sardinia (Italy). 

Journal of Food Protection, 82, 1851-1856. 

doi 10.4315/0362-028X.JFP-19-021 

Lehane, L. & Rawlin, G.T. (2000) 

Topically acquired bacterial zoonoses from 

fish: a review. Medical Journal of Australia, 

173,256-259. doi 10.5694/j/1326-

5377.2000.tb125632.x 

Li, HX, Yuan, G.L., Luo, Y.Z., Yu, Y.Z., 

Ai, T.S. et al. (2020) Rapid and sensitive 

detection of infectious spleen and kidney 

necrosis virus by recombinase polymerase 

amplification combined with lateral flow 

dipsticks. Aquaculture, 519, Article No. 

734926. doi 

10.1016/j.quaculture.2020.734926 

Li, Y., Wang, Q., Hu, F., Wang, Y., 

Bergmann, S.M. et al. (2021) Development 

of a double‐antibody sandwich enzyme‐
linked immunosorbent assay (DAS‐ELISA) 

for the detection of KHV. Journal of Fish 

Diseases, 44, 913-921. doi 

10.1111/jfd.13351 

Liao, W.Y., Huang, L., Han, S.Y., Hu, D.S., 

Xu, Y.H. et al. (2022) Review of medicinal 

plants and active pharmaceutical 

ingredients against aquatic pathogenic 

viruses. Viruses – Basel, 14, Article No. 

1281. doi 10.3390/v14061281 

Luo, X., Liao, G., Liu, C., Jiang, X., Lin, M. 

et al. (2018) Characterization of 

bacteriophage HN48 and its protective 

effects in Nile tilapia Oreochromis niloticus 

against Streptococcus agalactiae infections.  

Journal of Fish Diseases, 41, 1477-1484. 

https://doi.org/10.1111/jfd.12838  

Ma, C., Tian, Z., Yang, L. & Cao, J. (2022) 

Validation of qPCR from a crude extract for 

the rapid detection of white spot syndrome 

virus. Aquaculture International, 30, 2679-

2690. 

Massa, F., Aydin, I., Fezzardi, D., Akbulut, 

B., Atanasoff, A. et al. (2021) Black Sea 

aquaculture: Legacy, challenges & future 

opportunities. Aquaculture Studies, 21, 

181-220. https://doi.org/10.4194/2618-

6381- v21.4.05  

Matsuyama, H., Mangindaan, R.E.P. & 

Yano, Y.  (1992) Protective effect of 

schizophyllan and scleroglucan against 

Streptococcus sp. infection in yellowtail 

(Seriola quinqueradiata).  Aquaculture, 

101, 197-203. 

Mitchell, A.J. & Goodwin, A.E. (1999) 

Evidence that enteric septicemia of catfish 

(ESC) was present in Arkansas by the late 

1960s: New insights into the epidemiology 

of ESC. Journal of Aquatic Animal Health, 

11, 175-178. doi 10.1577/1548-

8667(1999)011<0175:ETESOC>2.0.CO;2 

Mohan, K., Ravichandran, S., Mualisankar, 

T., Uthayakumar, V., Chandrirasekar, R. et 

al. (2019) Potential uses of fungal 

polysaccharides as immunostimulants in 

fish and shrimp aquaculture: A review. 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

90 
 

Aquaculture, 500, 250-263. doi 

10.1006/j.aquaculture.2018.10.023 

Mondal, H. & Thomas, J. (2022) A review 

on the recent advances and application of 

vaccines against fish pathogens in 

aquaculture. Aquaculture International, 30, 

1971-2000. 

Munro, A. L. S., & Gauld, J. A. (1996). 

Scottish fish farms annual production 

survey 1995. SOAEFD Marine Laboratory, 

Aberdeen. 

Nasr-Eldahan, S., Nabil-Adam, A., 

Shreadah, M.A., Maher, A.M. & Ali, 

T.E.A. (2021) A review article on 

nanotechnology in aquaculture 

sustainability as a novel tool in fish disease 

control. Aquaculture International, 29, 

1459-1480. doi 10.1007/s10499-021-

00677-7 

Niemcharoen, S., Haetrakul, T., Palic, D. 

and Chansue, N. (2022) Microplastic-

contaminated feed interferes with 

antioxidant enzyme and lysozyme gene 

expression of Pacific white shrimp 

(Litopenaeus vannamei) leading to 

hepatopancreas damage and increased 

mortality. Animals, 12, Article No. 3308. 

doi 10.3390/ani12233308 

Nikl, L., Evelyn, T.P.T. & Albright, L.J. 

(1993) Trials with an orally and immersion-

administered ß-1,3 glucan as an 

immunoprophylactic against Aeromonas 

salmonicida in juvenile chinook salmon 

Oncorhynchus tshawytscha. Diseases of 

Aquatic Organisms, 17, 191-196. 

Nya, E.J. & Austin, B. (2009) Use of garlic, 

Allium sativum, to control Aeromonas 

hydrophila infection in rainbow trout, 

Oncorhynchus mykiss (Walbaum). Journal 

of Fish Diseases,  32, 963-970. 

Oliveira, M. & Vasconcelos, V. (2020) 

Occurrence of mycotoxins in fish feed and 

its effects: A review. Toxins, 12, Article No. 

160. doi 10.3390/toxins12030160 

Padovan, A., Kennedy, K., Rose, D. & 

Gibb, K. (2020) Microbial quality of wild 

shellfish in a tropical estuary subject to 

treated effluent discharge. Environmental 

Research, 181, Article No. 108921. doi 

10.1016/j.envres.2019.108921 

Pajdak-Czaus, J., Schulz, P., Terech-

Majewsja, E., Szweda, W., Siwicki, A.K. et 

al. (2021) Influence of infectious pancreatic 

necrosis virus and Yersinia ruckeri co-

infection on a non-specific immune system 

in rainbow trout (Oncorhynchus mykiss). 

Animals, 11, Article No. 1974. doi 

10.3390/ani11071974 

Peeler, E.J. (2010) Disease interaction 

between wild and farmed fish - is it 

important for import risk analysis? Joint 

AESAN/EFSA Workshop ‘Science 

Supporting Risk Surveillance of Imports’ - 

10 February 2010, Seville, Spain. 

Puniwai, N., Canale, L., Haws, M., 

Potemra, J., Lepczyk, C. & Gray, S. (2014) 

Development of a GIS-based tool for 

aquaculture siting.  ISPRS International 

Journal of Geo-information, 3, 800-816. doi 

10.3390/ijgi3020800 

Reid, G.K., Gurney-Smith, H.J., 

Marcogliese, D.J., Knowler, D., Benfey, T. 

et al. (2019) Climate change and 

aquaculture: considering biological 

response and resources. Aquaculture 

Environment Interactions, 11, 569-602. doi 

10.3354/aei00332 

Sampaio, A., Siklva, V., Poeta, P. & 

Aonofriesei, F. (2022) Vibrio spp.: Life 

strategies, ecology, and risks in a changing 

environment. Diversity – Basel, 14, Article 

No. 97. doi 10.3390/d14020097 

Sciuto, S., Colli, L., Fabris, A., Pastorino, 

P., Stoppani, N. et al. (2022) What can 

genetics do for the control of infectious 

diseases in aquaculture? Animals, 12. 

Article No. 2176. doi 10.3390/ani12172176 

Snieszko, S.F. & Griffin, P.J. (1951)  

Successful treatment of ulcer disease in 

brook trout with terramycin. Science, 112, 

717-718. 

Sun, J.R., Galib, S.M., Ding, L.Y., Tao, J., 

Ding, C.Z. et al. (2022) Research status of 

the Lancang-Mekong River Basin: fish and 



                                                                                                                                 
 Austin 2023                                                                              Sustainable Aquatic Research (2023) 2(1):74-91                                 

91 
 

environmental stressors. Reviews in Fish 

Biology and Fisheries. doi 1007/s11160-

022-09740-9 

Tang, K.F.J. & Bondad-Reantaso, M.G. 

(2019) Impacts of acute hepatopancreatic 

necrosis disease on commercial shrimp 

aquaculture. Revue Scientifique et 

Technique-Office International des 

Epizooties, 38, 477-489. doi 

10.20506/rst.38.2.2999 

Teffer, A.K., Hinch, S.G., Miller, K.M., 

Patterson, D.A., Bass, A.L. et al. (2022) 

Host-pathogen-environment interactions 

predict survival outcomes of adult sockeye 

salmon (Oncorhynchus nerka) released 

from fisheries. Molecular Ecology, 31, 134-

160. doi 10.1111/mec.16214 

Veterinaerinstituttet (2016) Use of 

antibiotics in Norwegian aquaculture. 

Report 22. Veterinaerinstituttet, Oslo, 

Norway 

Wada, S., Hayakawa, Y., Rhoobunjongde, 

W., Hatai, K. & Kubota, S.S. (1991) 

Systemic, multiple granuloma-formation 

caused by acid-fast bacteria in cultured ayu. 

Fish Pathology, 26, 127-131. doi 

10.3147/jsfp.26.127 

Wise, A.L., LaFrentz, B.R., Kelly, A.M., 

Khoo, L.H., Xu, T.B. et al. (2021) A review 

of bacterial co-infections in farmed catfish: 

Components, diagnostics, and treatment 

directions. Animals, 11, Article No. 3240. 

doi 10.3390/ani11113240 

Wold, A. (1950) A promising 

drug....chloromycetin. Aquarium, 

September 1950. 

 

Xu, Z.H., Jin, P., Zhou, X.S., Zhang, Y.X., 

Wang, Q.Y. et al. (2021) Isolation of a 

virulent Aeromonas salmonicida subsp. 

masoucida bacteriophage and Its 

application in phage therapy in turbot 

(Scophthalmus maximus). Applied and 

Environmental Microbiology, 87, Article 

No. e01468-21. doi 10.1128/aem.01468-21 

Yano, T., Mangindaan, R.E.P. & 

Matsuyama, H. (1989) Enhancement of the 

resistance of carp Cyprinus carpio to 

experimental Edwardsiella tarda infection, 

by some ß-1,3-gluans. Nippon Suisan 

Gakkaishi, 55, 1815-1819. 

Yildiz, H.Y. & Otgucuoglu, O. (2021) 

Marine fish parasite, Lernanthropus kroyeri 

(Copepoda) is a repository of Vibrio 

anguillarum as evidenced by Loop-

Mediated Isothermal Amplification 

method. Ankara Universitesi Veteriner 

Fakultesi Dergisi, 68, 297-300. doi 

10.33988/auvfd.714308 

Yilmaz, S., Yilmaz, E., Dawood, M.A.O., 

Ringo, E., Ahmadifar, E. & Abdel-Latif, 

H.M.R. (2022) Probiotics, prebiotics, and 

synbiotics used to control vibriosis in fish: 

A review. Aquaculture, 547, Article No. 

737514. doi 

10.1016/j.aquaculture.2021.737514 

Zhang, Z.X., Wang, Z.Y., Fang, M., Ye, K., 

Tang, X. & Zhang, D.L. (2022) Genome-

wide association analysis on host resistance 

against the rotten body disease in a naturally 

infected population of large yellow croaker 

Larimichthys crocea. Aquaculture, 548, 

Article No. 737615. doi 

10.1016/j.aquaculture.2021.737615 


