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a b s t r a c t
Over the past few decades, aquaculture activities have been expanding globally, including in the 
ASEAN region, to meet the growing demand for food. The demand for animal protein from the 
expanding human population is driving up trade in aquatic animal species and aquaculture. It is 
generally recognized that trading in live animals from aquaculture aids in the transboundary spread 
of infectious diseases, and the consequences can be severe if a pathogen extends its host range to 
new species towards new regions. Moving live aquatic animals is often thought to carry a higher risk 
of transmitting pathogens than moving processed or dead goods. However, the significant difficul-
ties and problems have had an impact on this increase in productivity and faces massive challenges. 
The development of freshwater, marine and coastal areas through the stocking of aquatic animals 
raised in hatcheries, the increased globalization of trade and markets of post larvae, fry, fingerling, 
and brood-stock. The unanticipated interactions between cultured and wild populations of aquatic 
animals in the open and controlled conditions, poor or ineffective biosecurity measures and slow 
awareness on emerging detrimental infectious diseases due to the consequences of parasitic, bacte-
rial, viral, and fungal infections. Furthermore, the misunderstanding and misuse of specific pathogen 
free (SPF) stocks, climate change and other human-mediated movements of aquaculture commod-
ities. Due to fish mortality and sluggish growth caused by diseases, as well as the cost of disease 
control and mitigation, diseases have been one of the main reasons of economic losses encountered 
by aquaculture farmers and nation as well. In these contexts, this research-based review paper has 
discussed the prevailing challenges mitigation strategy used to combat all types of diseases, partic-
ularly parasitic infestations in ASEAN aquaculture exclusively some aspects of Brunei Darussalam. 
The authors provide pertinent examples of pathogen transfer leading to disease spread and con-
sider the situation of emerging diseases, as well as the need for a holistic approach to deal with risk-
based threats at their source for the sustainable development and effective commercialization of  
ASEAN aquaculture.
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1. Introduction

1.1. Importance of aquaculture

Aquaculture operations around the world have been 
increasing for the purpose of food production in the last 

few decades as demands for a good protein source in the 
world increase. It is also one of the fastest growing sea-
food production industries and it is almost catching up to 
capture fisheries in terms of production. In 2020, aquacul-
ture contributed to almost 50% of the total production of 
seafood in the world as shown in Fig. 1 [1]. Even with the 



W. Diah et al. / Desalination and Water Treatment 315 (2023) 523–537524

spread of a global pandemic, aquaculture remains one of 
the fastest-growing seafood production industries as it still 
maintains its positive trend in 2020 [1]. Seafood production 
share in terms of quantity have been dominated by capture 
industries but it is not enough to cover the protein require-
ment of the world [2]. This is compounded by the active 
reduction of capturing fish for food.

In connection with this, SDG 14: Life Below Water of the 
United Nations Sustainable Development Goals clearly states 
one of the major problems to tackle is overfishing, where 
worldwide fish stocks have been overfished by more than 
30% [3]. Moreover, to keep up with the demands for seafood 
that have been growing rapidly as the world population 
increases, aquaculture is seen as the most viable option to 
cover the difference left by capture fisheries production [4].

Interestingly, in developing countries with dense pop-
ulations such as Egypt, Bangladesh, and Vietnam, aquacul-
ture’s importance is much more significant as it contributes 
to more than 50% of its total fisheries production [1]. As 
food demands increase in relation to the increasing world 
population, it highlights the importance of aquaculture 
even more in securing global food security as seafood is an 
important food source in numerous countries.

1.2. Global status of aquaculture

Global aquaculture production saw a yearly increase 
over the past decade, where the average annual production 
growth from 2011–2015 and 2016–2019 was at 5% and 3.7% 
respectively [2]. This steady growth was the result of the 
increase in aquaculture facilities adopting a more intensive 
production approach where commercial species are cultured 
in overcrowded, narrow, and enclosed spaces such as tanks, 
ponds, or cages. Global aquaculture production reached the 
highest value to date with 122.6 million tonnes of aquatic 
animals produced through aquaculture, which is equiva-
lent to USD 264.8 billion in value [1].

From the total seafood production, the biggest producers 
were Asian countries with a share of 70%, with China being 
the most significant contributor [1]. Therefore, this suggests 
that aquaculture is a very important industry in the region. 
The most significant contributor to global aquaculture pro-
duction is the production of seafood for human consump-
tion and Fig. 2 shows its steady increase to 87.5 million 
tonnes in 2020 [1].

1.3. ASEAN aquaculture

Aquaculture is envisioned as the most probable solu-
tion to the decreasing fish stocks due to overfishing glob-
ally, and this thought is shared with most ASEAN coun-
tries. Indonesia had the biggest production of aquaculture 
products in 2019 (Table 1) with over 6 billion tonnes pro-
duced from brackish water, inland, and marine aquaculture 
while Brunei Darussalam had the smallest with a little over 
972 tonnes but had a huge increase to around 3,500 tonnes 
in the year 2020, which is a 260% increase [5].

The three biggest aquaculture producers, in terms of 
value, within the ASEAN member states are still Indonesia 
being the largest and followed by Vietnam, and Thailand, 
and conversely, Brunei Darussalam had the least produc-
tion value in the year 2021 as shown in Fig. 3. Indonesia has 
the biggest aquaculture production value with about USD 
13.75 billion, followed by Vietnam and Thailand with USD 
13.26 billion and USD 2.99 billion respectively [6]. In terms 
of the area of aquaculture farms, Vietnam has the largest 
area while Singapore has the smallest [7].

1.4 Aquaculture industry in Brunei Darussalam

Fisheries products have been one of the staples for 
Bruneian’s protein source with a seafood consump-
tion per capita of 47 kg in 2021 and a total production of 
24,284.93 tonnes and almost 20% is from the aquaculture 

Fig. 1. Total world fisheries and aquaculture production from 1950 to 2020 [1]. Copyright 2022 by the Food and Agriculture 
Organisation of the United Nations (FAO).
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industry in the same year [8]. Aquaculture is the second 
biggest seafood producer in Brunei with a production quan-
tity per population of almost 12 kg [6,9].

There are three sectors of the fisheries industry in Brunei 
Darussalam, which are capture fisheries, seafood processing, 
and aquaculture. Total fisheries production value showed 
an average increase of 14.2% per annum from 2016 to 2022 
(Fig 4.) [10]. The highest contributor to the fisheries sector 
in Brunei is capture fisheries with a little over 60% in pro-
duction quantity shares in 2021 [8] and there is not much 
change that can be seen with this in the year 2022 [10].

However, with the continuous implementations of mea-
sures for overfishing and declining fish stocks such as the 
moratorium on fishing operations in Zone 1 (0–3 nm) and the 
introduction of Marine Protected Areas (MPAs), it is expected 
that capture fisheries industries’ growth will not increase expo-
nentially and so, focus is also being put on the aquaculture 
sector [11]. Moreover, it is also anticipated that aquaculture 
production in Brunei Darussalam will intensify in the coming 
years as the country’s fisheries production value is targeted 
to increase from BND 211.21 million in the year 2022 (Fig. 4) 
to BND 862.32 million in 2028, an excess of 300% rise [10].

Fig. 2. World aquaculture production from 1992 to 2020 [1]. Copyright 2022 by the Food and Agriculture Organisation of the 
United Nations (FAO).

Table 1
Aquaculture production of Brunei Darussalam, Indonesia, Lao PDR, Malaysia, Myanmar, Singapore, and Thailand by quantity (t) 
and value (USD million) from 2018 to 2020 [5]

Country Quantity (t) Value (USD)

2018 2019 2020 2018 2019 2020

Brunei 
Darussalam

Brackish water 417.64 371.57 339.24 2.06 1.76 2.51
Inland 724.30 590.90 3,045.78 4.89 4.13 19.56
Marine 106.31 11.52 116.36 0.81 0.08 1.13

Indonesia Brackish water 3,537,737.38 3,630,880.53 – – – –
Inland 9,268,216.17 879,033.21 – – – –
Marine 2,965,851.74 2,962,394.10 – – – –

Lao PDR Inland 67,000 122,000 33.58 33.97
Malaysia Brackish water 290,195.00 307,181.00 302,807.25 565.28 615.64 582.70

Inland 101,270.00 104,602.00 97,210.32 171.35 190.37 190.19
Myanmar Total 1,130,350 1,121,350 – – – –
Singapore Brackish water 395.00 369.00 – 6.31 5.86 –

Inland 854.00 1,014.00 – 6.11 7.86 –
Marine 4,453.00 4,448.00 – 20.99 22.43 –

Thailand Brackish water 495,022.00 536,466.00 514,600.00 2,242.68 2,361.01 2,235.09
Inland 425,840.00 427,330.00 405,656.00 832.04 829.94 786.61
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Brunei’s aquaculture industry’s growth is relatively not 
developed yet compared to other countries [12]. The aqua-
culture industry in Brunei Darussalam is divided into five 
commodities namely marine fish, marine shrimp, fresh-
water fish, fish fry, shrimp fry, and crab [8]. All have the 
potential to be improved but focus must be put on main-
taining the top producers and finding ways to improve 
rapidly the lowest contributors. The biggest contributor in 
2021 is marine shrimp aquaculture (85%) and the second is 
marine fish with 6.79% or BND 3.05 million in value [8]. The 
main culture species in Brunei for marine fish aquaculture 
is grouper Epinephelus spp., Asian seabass or barramundi 
Lates calcarifer, pompano Trachinotus blochii and tilapia 
Oreochromis spp., which are cultured in both brackish water 
and freshwater [13,14].

Brunei’s aquaculture industry has the capability to 
expand even more and is expected to do so as it has the 
right natural resources and environment [9]. The introduc-
tion of foreign direct investments (FDIs) from countries 
such as Taiwan, China, Singapore, and Oman have also 
given the grounds for Brunei’s aquaculture industry to 
intensify in the coming years [15–20]. However, this inten-
sification may also come with potential drawbacks in terms 
of environmental sustainability and detrimental welfare of 
the cultured animals.

The likelihood of serious disease issues fluctuates with 
several factors, much like in other agricultural industries. 
Activities related to aquaculture have increased and grown. 
Bacterial infections, fungal infections, parasite, or proto-
zoan infections, along with physical ailments and wounds, 

Fig. 3. Total aquaculture production value (USD 1,000) of ASEAN member countries in 2021 [6].

2016 2017 2018 2019 2020 2021 2022
Capture Fisheries 70.11 73.04 73.81 74.07 73.59 109.53 118.12
Aquaculture 9.89 16.7 13.77 10.64 32.35 44.9 48.12
Seafood Processing 15.33 22.17 21.94 15.44 33.11 36.51 44.97
Total 95.33 111.91 109.52 100.15 139.06 190.95 211.21
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Fig. 4. Fisheries production value (in BND Million) of Brunei Darussalam from 2016 to 2022. (Green: Capture fisheries; Orange: 
Aquaculture; Blue: Seafood processing; Yellow: Total fisheries production value) [10].
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are the four main categories of fish diseases. The primary 
barrier to the commercial cultivation of many aquatic spe-
cies is illness, which has prevented the economic and social 
advancement of numerous countries [21].

In farmed fish, many illnesses are highly common, 
including epizootic ulcerative syndrome (EUS), skin erosion, 
gill damage, tail and fin rot, etc. Due to the high stocking 
density and erratic feed availability in the pond aquacul-
ture system, disease outbreaks are particularly likely. Most 
of the pond fish growers lack a solid understanding of fish 
disease and health. Many fish diseases are caused by envi-
ronmental damage, and they can be prevented through 
proper management [22–24].

1.5. Climate change and aquaculture

Climate change is a potential threat to the sustainability 
of aquaculture development. The impact of such can occur 
because of both gradual warming and associated physical 
changes as well as from frequency, intensity, and location of 
extreme events. It can take place in the context of other global 
socio-economic pressures on natural resources. Urgent 
adaptation measures are required in response to opportu-
nities and threats to food and livelihood provision due to 
climatic variations. The present document briefly analyses 
the potential impacts of climate change on the aquaculture 
sector at the global and regional level. Overall, impacts on 
aquaculture are predicted to vary widely, depending on the 
current climatic zones of activity. Climate change impacts 
on aquaculture have both direct effects, for example, dis-
eases through physical and physiological processes, and 
indirect effects, for example, through variations in fish meal 
supplies and trade issues. Regarding contributions to green-
house gas (GHG) emissions, aquaculture has limited rel-
evance and the primary mitigation route for the sector lies 
in the reduction of energy consumption, through fuel and 
raw material use. Options to increase resilience and adapt-
ability include adequate policies and practices with an eco-
system and cross sectoral perspective at regional, national, 
watershed scales as well as improved management practices 
at the farm scale [25,26].

1.6. Sustainable aquaculture and SDGs

There is growing recognition that sustainable aquacul-
ture can contribute in substantive ways to address global 
nutritional, economic, and environmental challenges. Aqua-
culture, as any human endeavor, has the potential to have 
either positive or negative impacts on the environment and 
on local communities. Over the past decades, various alle-
gations have been made about aquaculture, with coastal 
and marine aquaculture bearing the brunt of the criti-
cisms. Over time, however, an increasing body of research 
data has shown that many forms of aquaculture have been 
practiced in a sustainable manner, and additional progress 
continues to be made [1,27].

However, sustainability is considerably broader than 
only environmental sustainability. Communities, ecosys-
tems, economies, and their resistance to a variety of exter-
nal shocks are at the junction of the sustainability of food 
and agri culture systems. While all 17 of the Sustainable 

Development Goals of the Food and Agriculture Organization 
of the United Nations are somewhat relevant to aquaculture, 
those linked to food security, economic growth, and employ-
ment are particularly relevant. Specifically, the following 
SDGs are mentioned: #2 End hunger, achieve food security, 
improve nutrition, and support sustainable agriculture; #8 
Decent work and economic growth; #11 Sustainable cities and 
communities; #12 Responsible consumption and production; 
and #14 Conserve and sustainably use the oceans, seas, and 
marine resources for sustainable development. Thus, devel-
opment of indicators of sustainability and resource-use effici-
ency address not just environmental interactions but include 
those related to economic and social sustainability [28–30].

As global populations continue to increase, the pressure 
on communities and the environment will increase. With 
increased population pressure, the ability of communities to 
rebound and recover from external shocks and the need for 
sustainable food production systems will become ever more 
important. Communities with greater economic resources 
and more cohesive social networks are likely to be those 
that will be more resilient to continued changes as well as 
to external shocks. Aquaculture, when managed in environ-
mentally and socially responsible ways, can be an important 
contributor to increased resilience of communities. Greater 
attention is needed on aquaculture regulatory processes to 
ensure that regulatory rulemaking, implementation, and 
enforcement measures address environmental and social 
issues adequately but avoid unintended negative conse-
quences to the environment, local economies, and social 
networks [31,32].

1.7. Challenges in aquaculture globally: health as a constraint to 
aquaculture

Aquaculture health management is a term to describe 
practises designed to prevent fish diseases and promote 
good well-being in fishes. The success of health manage-
ment starts with prevention preferably than treatment. 
Prevention of fish disease can be achieved by good water 
quality management, optimum fish number, nutrition, clean-
liness practises, and usage of vaccines and other immuno-
stimulants. Opportunistic diseases caused by bacteria, fungi 
and parasites that constantly surrounded fish in the same 
water containment. Poor water quality, poor nutrition and 
lower immunity in fish usually relate to the stressful condi-
tion that permits opportunistic pathogens to take advantage 
of the adverse condition and caused diseases [33].

The current trend in aquaculture development is towards 
increased intensification and commercialization of aquatic 
production. Like other farming sectors, the likelihood of 
major disease problems occurring increases as aquacul-
ture activities intensify and expand. Thus, the aquaculture 
industry has been overwhelmed with its share of diseases 
and problems caused by viruses, bacteria, fungi, parasites, 
and other undiagnosed and emerging pathogens. Disease 
is now a primary constraint to the culture of many aquatic 
species, impeding both economic and social development 
in many countries [34].

This situation can be attributed to a variety of multi- 
faceted and highly interconnected factors such as the 
increased globalization of trade in live aquatic animals and 
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their products; the intensification of aquaculture through 
the translocation of brood stock, post larvae, fry and fin-
gerlings; the development and expansion of the ornamen-
tal fish trade; the enhancement of marine and coastal areas 
through stocking aquatic animals raised in hatcheries; the 
misunderstanding and misuse of specific pathogen free (SPF) 
stocks (e.g., shrimps); unanticipated negative interactions 
between cultured and wild fish populations; poor or lack of 
effective biosecurity measures; slow awareness on emerging 
diseases; climate change; all other human mediated move-
ments of aquaculture commodities. However, once a patho-
gen or disease agent is introduced and becomes established 
into the natural environment, there is little or no possibility 
for either treatment or eradication. While consequences of 
“trickle” infections from wild to cultured populations have 
predictable consequences due to accessible hosts under 
cultured conditions, the consequences of culture-borne 
transmission to wild stocks are harder to predict. Examples 
of infection of cultured stocks via wild stock reservoirs 
for shrimp diseases and for marine finfish disease [35].

1.8. Impact of transboundary diseases in aquaculture

Transboundary aquatic animal pathogens/diseases 
(TAAPs/TAADs), which are comparable to transbound-
ary animal diseases (TADs) in the livestock industry, are a 
problem in the aquaculture industry. TAADs are highly con-
tagious or transmittable illnesses that have the potential to 
spread very quickly across international borders and have 
major socio-economic and possibly health effects [36]. The 
emergence and spread of transboundary aquatic animal 
diseases are mainly a result of two important practices in 
aquaculture: intensification of culture systems; and interna-
tional trade (movement) of live aquatic animals and aquatic 
animal products. The economic impact of these diseases is 
huge, around US$6 billion annually on direct production 
losses. Over the years, several transboundary aquatic ani-
mal diseases have affected the aquaculture industry in the 
region. These emerging diseases might spread in the region 
anytime, as we continue to trade live aquatic animals, as 
we continue to intensify culture systems, and as we con-
tinue to introduce new species for culture [37].

It should be noted that once a disease is introduced into a 
country or area, it is often very hard to eradicate. However, it 
can be managed to prevent or at least minimize the impacts 
of the disease to the cultured stocks and to the industry. 
As we have shared water bodies and epidemiological link 
through trade (especially movement of live aquatic ani-
mals), a collaborative approach is necessary in dealing with 
such disease emergencies for effective aquatic animal health 
management, for improved disease monitoring, surveil-
lance, and reporting, and for effective disease preparedness 
and response system [38].

Following are the requirements for an urgent notifica-
tion for the diseases of aquatic animals listed: When a disease 
first appears or reappears in a region of a country that was 
previously thought to be devoid of those diseases. Through 
direct production losses, increased operating costs, and indi-
rect trade restrictions and repercussions on biodiversity, 
infectious diseases are limiting the growth and sustainability 
of the aquaculture business. Significant losses resulting from 

aquatic animal diseases have been caused by inadequate or 
improperly executed biosecurity controls in several nations 
across the world. The effects of aquatic animal diseases on 
wild populations and biodiversity are quantified in terms 
of the following: impact on aquatic community structure 
through changes in predator and prey populations; changes 
in host abundance (e.g., through altered genetic demands, 
altered host behaviour, increased mortality, decreased 
fecundity, and increased susceptibility to predation); reduc-
tion of intra-specific genetic variation; local extirpation of 
susceptible components of aquatic communities [39].

However, many nations are already offering some esti-
mates of illness impacts due to the frequency of incidence, 
the scope of the spread, and the effects. Asian Development 
Bank (ADB) and Network Aquaculture Centres in Asia-
Pacific (NACA) reported that the diseases causing losses in 
freshwater finfish pond culture and marine cage culture at 
the regional level included penaeid shrimp diseases, epizo-
otic ulcerative syndrome of fresh and brackish water fishes, 
and a variety of other diseases. The expenses of investing 
in programs for disease research and control and health 
management have also been used to describe economic 
implications [40].

Due to their constant exposure to a stressful environ-
ment with changing environmental conditions, cultured fish 
have been negatively impacted in terms of their health and 
they are more vulnerable to numerous diseases. The pro-
duction of grouper in aquaculture is one example of how 
transboundary movements of cultured fish have exacer-
bated this issue and may have done significant harm to the 
aquaculture industry [41].

The resources required to run aquaculture operations 
have placed constant pressure on industry players to pro-
cure it and sometimes operators have to look for supplies 
abroad. The growth and health status of cultured aquatic 
animals has suffered due to the occurrence of diseases, 
which include parasites [42].

Disease occurrence could be so severe that it would cause 
significant losses and problems to animal welfare, which in 
turn would cause a hindrance to aquaculture production 
growth worldwide. Diseases of cultured fish have caused 
losses of an excess of USD 6 billion annually [2]. Another 
example of this issue is when a company in Singapore had 
to stop its whole marine farming operations due to the per-
sistent occurrence of scale drop disease virus (SDDV) in 
its Asian seabass culture farms in 2023, putting a dent in 
the country’s aim of nutritional self-sufficiency of 30% by 
2023 [43].

Locally, it might be comparable because the aquacul-
ture sector was expected to contribute the most to Brunei 
Darussalam’s fisheries industry [14]. But in 2021, the coun-
try’s aquaculture sector only made up 24% of the value of 
all fisheries production [8]. Therefore, the existence of 
such problems may have prevented the aquaculture sector 
from surpassing capture fisheries as intended.

Due to the increase in intensive production, cultured 
fish health has been affected as they are continuously in a 
stressful environment with environmental fluctuations and 
that makes them more susceptible to various pathogens, 
including parasites [40]. This may also be a problem with 
the rapid growth of Brunei’s aquaculture industry. With the 
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influx of foreign direct investments (FDIs), also comes exper-
tise, capital boost, and raw materials from overseas, such 
as fish or shrimp fry, broodstock, and new culture species 
along with its pathogens as shown by [41]. This can lead to 
devastating effects if introduced to species already cultured 
locally and wild fish stocks in the country. This movement 
of aquatic animals for seafood production, such as the inter-
national trade of fingerlings, may have been the cause of 
several emerging diseases in the aquaculture industry inter-
nationally, especially without a proper system for animal 
health management [44]. This also seems true with parasitic 
infestations on cultured fish from one country to another in 
the region [41]. The issue of sustainability will also be rel-
evant as the region is likely to expand its aquaculture sec-
tor in the near future. Sustainability in this context refers 
to the wellbeing of fish, the environment, and the economy.

1.9. Biosecurity in aquaculture

There will be an increase in demand for aquatic animal 
biosecurity. The driving forces behind this will be a variety 
of objectives, such as resource protection (for aquaculture, 
wild fisheries, and the general environment), food security, 
trade, consumer preference for high-quality and safe prod-
ucts, production profitability, investment and development 
issues, and new threats of emerging health problems, such 
as new diseases/pathogens and new hosts for well-stud-
ied pathogens [45]. In order to ensure adequate protection, 
biosecurity programs have a solid scientific foundation 
and use risk assessment to assess the most significant dis-
ease hazards, their potential entry points, their likelihood 
of becoming established, their potential for spread, and risk 
management strategies [22].

The procedure makes use of reliable epidemiological 
principles, methods, and information. The goal of epidemi-
ology, which examines the prevalence, causes, and distribu-
tion of disease, is to find solutions for animal health issues. 
The information needed for risk analyses is produced by 
epidemiological research; biosecurity measures call for cor-
rect information for an accurate assessment, which results 
in the right risk management decisions. Thus, risk analy-
sis, epidemiology, and biosecurity are all closely related 
and all work toward making the best use possible of sci-
entific information for disease management, control, and 
prevention [39].

1.10. Impact of diseases on fin fish aquaculture

One factor that is plaguing several aquaculture indus-
tries globally, which needs overcoming, is disease occur-
rence. Disease can be defined as “abnormalities of structure 
or function displayed by living organisms through a 
specific or non-specific sign” [40].

Diseases in aquaculture occur when there are interactions 
of three different factors: Host, which is the cultured fish; 
Pathogens, agents that cause the disease; and Environment, 
the culture site [46]. These interactions are illustrated clearly 
using Snieszko’s (1974) diagram (Fig. 5). To summarise, a 
host can be susceptible or resistant to a disease and envi-
ronment are the physico-chemical parameters and stabil-
ity of the surrounding water.

Diseases can also be categorized into infectious and 
non-infectious diseases, and viral, bacterial, parasite and 
fungal diseases all fall into the former [47]. For pathogens, 
there are three types of disease-causing agents that can affect 
aquaculture production, these include biological, chem-
ical, and environmental pathogens [40]. This paper will 
only discuss biological agents that cause infectious diseases 
in cultured fish, specifically parasites that can cause sec-
ondary viral, bacterial, and fungal infections.

1.11. Parasitic diseases in aquaculture

Parasites are diverse in species and many varieties of par-
asites can affect a wide array of host fishes [42]. The prac-
tice of a high number of stocked fish compounded with the 
small space in which fish are cultured has contributed to 
the proliferation of parasites in aquaculture. Moreover, the 
environmental conditions needed for aquaculture practices 
are also where disease agents such as parasites thrive [48].

Parasites can be categorized into two, endoparasites 
and ectoparasites [48]. Endoparasites are predominantly 
found inside the host, specifically the internal organs. The 
other type is ectoparasites, which affect the host externally. 
For fish, this includes the skin, eyes, fins, and gills. Fig. 6 
shows an example of the ectoparasite, marine leech infest-
ing cultured hybrid groupers.

1.12. Fish parasites and consequences

Fish parasites and their effects have been of concern to 
aquaculture production in the world for quite a while now, 
which is why parasitology has been on the rise over the last 
hundred years [49]. [50] highlighted that the costs of para-
sitic infestations can be divided into two categories, namely 
predictable and unpredictable. Predictable costs are costs 
related to methods of prevention, mitigation, and treat-
ment of parasitic infestations, and this can already put a 
strain to the economical aspect of aquaculture operations.

Fish parasites can affect hosts in a number of ways 
including influencing the host morphologically and 

Fig. 5. Sniezko’s (1974) diagram illustrates the complex interac-
tion between host, pathogen, and environment for diseases in 
organisms to occur. The black triangular area shows disease 
occurrence when all three overlaps. [46].
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physiologically, while also affecting their reproduction and 
behaviour [49]. The risk of parasite infection from wild fish 
stocks to aquaculture and vice versa is one of the troubling 
problems with the aquaculture systems where fish are con-
tained in a closed space [49]. Parasitic infestations can also 
incur indirect losses to aquaculture operators. The cost of 
treatments, prevention, and even reduced fish growth due 
to loss of fish appetite because of treatments or the para-
sites can also be substantial and put a burden on farmers [51].

Another problem with parasitic infestations as primary 
infections to fish is that they can bring about an opening 
for opportunistic pathogens to infect the host and cause 
secondary infections. Secondary infections may be a more 
significant issue for aquaculture and have caused devas-
tating losses, which will be discussed further in this paper.

1.13. Parasitic infestations

Parasitic infestations occur when hosts, in this case, 
fish become infested with organisms that live on or within 
them and bring harm to them [52]. Infestations in aqua-
culture have been known to cause economic loss and con-
siderable damage to production, including both fish and 
shrimp, worldwide [53].

In the northern hemisphere and western part of the 
world, sea lice, particularly Lepeophtheirus salmonis, is a 
caligid copepod parasite that is affecting the highly-valued 
salmonid productions in Chile, Norway, and Scotland, where 
it has caused an estimated loss and cost of US$ 480 million 
annually, US$ 206 million annually, US$52.9 million respec-
tively [50]. In addition to this, the paper also states that 
a huge amount of investment was also put into parasite 
controls to reduce and prevent the infestations of sea lice.

Regionally, Asian seabass or barramundi (Lates calcarifer)  
is cultured in the majority of farms and the most dev-
astatingly costly parasite is monogeneans. One case of 
Neobenedenia melleni infestation caused an estimated loss 
of US$ 277,000 in Australian barramundi culture back in 
the year 2000 [50]. Parasitic marine leeches are also known 
to affect several countries in the Asian region, including 
Malaysia [54,55], Indonesia [56], the Philippines [57], Japan 
[58], Brunei Darussalam [59]. A heavy infestation of marine 
leeches on fish may also cause mortality in marketable-size 
fish due to heavy blood loss [57].

1.14. Secondary infections

Secondary infection is one of the main concerns of par-
asitic infections as they can be a vector for several diseases 
The infection of parasites can be described as the primary 
infection and this can lead to an even bigger problem, the 
attachment sites can cause an opening for secondary infec-
tions by viruses, bacteria, or even fungi [51,40]. Parasitic 
infestations have been suggested to be the pre-disposing fac-
tor for several diseases such as vibriosis and transmission of 
pathogenic viruses and flagellated hemoprotistans [60,61]. 
Viral and bacterial infections are a cause of great concern 
to many aquaculture operators globally as they can have 
devastating effects and cause huge mortalities and losses to  
fish stocks.

1.15. Viral diseases

Viruses are microscopic and infectious disease-causing 
agent that requires a living host to proliferate [47]. Viral dis-
eases are diverse and each species can infect a plethora of 

Fig. 6. Ectoparasites, marine leeches, attached to the head, fins, body, and eyes of cultured hybrid groupers (Yellow box).
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fish species. Examples of viral diseases of importance and 
listed under the World Organisation for Animal Health 
(WOAH) notifiable diseases for finfish include, but are not 
limited to, Red Sea Bream Iridovirus, Viral Haemorrhagic 
Septicaemia, and Tilapia Lake virus [62]. Viral infections 
are very threatening and can cause devastating economic 
impacts to the aquaculture industry as they can cause mor-
talities of up to 100% on the farm and there are no prophy-
lactics and treatments to treat most viral diseases.

Table 2 shows the viral disease occurrence in ASEAN 
countries but only viruses affecting finfish culture in the 
past decade. Some countries such as Brunei Darussalam, 
Cambodia, and Lao PDR did not report any viral disease 
cases in their fish culture in the last 10 y. However, this 
may not mean that these viruses are absent but it may be 
from a lack of reporting of mortality events by the farmers  
themselves.

1.16. Bacterial diseases

Bacteria are ubiquitous as they can be found world-
wide and even in harsh environments. Bacterial diseases 
can be harmless but when cultured fishes are under stress-
ful environments, they can cause heavy mortality and huge 
losses to the fisheries industry [47]. Disease-causing bac-
teria are usually found in aquatic environments and para-
sitic infestations can cause bacteria to become opportunistic 
pathogens and cause secondary infections.

An example of secondary bacterial infection is vibrio-
sis due to Vibrio alginolyticus infection caused by parasite 
infestations as the pre-disposing factor [61]. Vibriosis can 
be caused by this vibrio sp. and symptoms include haem-
orrhages in the body and internal organs [70]. Some Vibrio 
species can even affect human diseases such as gastro-
enteritis from Vibrio parahaemolyticus and Vibrio cholera, and 
wound infection from Vibrio metschnikovii [71]. It has caused 
considerable damage to the socio-economy of aquaculture 

operations example Vibrio fluvialis has caused more than 
USD 120 million annually in China [72].

One particular devastating disease caused by the vir-
ulent strain of the vibrio species Vibrio parahaemolyticus is 
Acute Hepatopancreatic Necrosis Disease (AHPND) in 
penaeid shrimp or its earlier name, early mortality syndrome 
(EMS). AHPND can cause considerable damage as it can 
cause up to 100% mortality within 30–35 d of stocking and 
has affected several countries in ASEAN such as Vietnam, 
Malaysia, and the Philippines [73].

1.17. Disease control and prevention: parasitic diseases

Numerous control strategies were developed in response 
to the worrisome problems caused by the presence of par-
asites in aquaculture to reduce parasitic infestations and 
get rid of secondary illnesses. Several recommendations 
call for the use of chemical techniques, such as formalin, 
hydrogen peroxide, and more commonly, fresh water [74]. 
Some studies have also come up with natural solutions 
such as using Dillenia suffruticosa, a medicinal plant con-
taining phytochemical compounds revealed to have an 
effective antiparasitic activity against marine leeches [75].

Several control and prevention methods are suggested 
to help mitigate and prevent parasitic infestations in this 
review paper and these can be utilized by those affected in 
ASEAN countries. [49] state that different types of parasites 
bring about different impacts on aquaculture and require 
different methods to control it. The three main control 
methods for parasites that will be discussed in this study 
are biological, chemical, and mechanical controls.

1.18. Chemical control

The utilization of chemicals or chemotherapeutics in 
reducing diseases caused by parasites is still frequently used 
in aquaculture systems worldwide such as using antibiotics, 

Table 2
Viral disease occurrences in aquaculture facilities culturing finfish in ASEAN countries in the past 10 y

Country Viral disease cases in aquaculture facilities Year Source

Brunei Darussalam None reported – [63]
Cambodia None reported – [64]
Indonesia Iridovirus infection 2018 [65]
Lao PDR N/A – –
Malaysia Koi herpesvirus

Viral encephalopathy and retinopathy
2022
2022

[66]

Myanmar None reported – [67]
Philippines Tilapia lake virus 2020 [63]
Singapore Scale drop disease virus

Viral encephalopathy and retinopathy
Red Sea Bream Iridovirus
Koi herpesvirus
Grouper iridoviral disease

2023
2020
2019
2019
2014

[43]
[63]

Thailand Viral encephalopathy and retinopathy
Tilapia lake virus

2017 [63]
[68]

Vietnam Tilapia lake virus 2017 [69]
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organophosphates, ivermectin, and other chemical pro-
phylactics [76]. There are also many suggestions involving 
chemical methods such as using formalin, hydrogen perox-
ide and more conventionally, fresh water [74]. The efficacy 
of these chemicals cannot be denied as many studies have 
proven. The use of salt and freshwater on fish has been 
proven to significantly reduce parasitic infection but it still 
depends on the tolerance of the species [77]. The effectiveness 
of emamectin benzoate, a pharmaceutical drug, in reducing 
sea lice infections in hybrid groupers in Hong Kong was 
also proven by [78]. The efficacy of numerous chemicals on 
parasitic marine leech infestation in hybrid groupers have 
also been compared by [74] whereby the quickest way to 
kill marine leeches, Zeylanicobdella arugamensis, is by bathing 
them in freshwater and ivermectin was also effective even 
in lower concentrations, 30 min was enough to kill leeches 
at 62.2 ppm. Other chemicals such as formalin, levam-
isole and CuSO4 can also kill marine leeches but at higher 
concentrations or bathing them at longer in the chemicals.

However, several problems were mentioned when using 
chemical controls to reduce parasitic infections in fish. 
Chemical controls do come with several drawbacks such 
as leaving harmful residues in host tissues and it is labour 
intensive, to name a few [79]. One problem that arises even 
with the effectiveness of chemical controls is the reinfec-
tion of these parasites. One example is the re-occurrence of 
marine leech infestation following freshwater baths due to 
its ineffectiveness to kill its cocoons [80]. This will defeat the 
purpose of controlling parasites and will bring more harm 
as chemicals will be continuously used and released into 
the environment. Another major problem is the increase 
in resistance of these parasites to chemical prophylactics 
due to excessive use [76].

1.19. Biological control

To tackle the shortcomings of using chemical controls, 
biological controls have also been proposed and used to 

combat parasitic infections in aquaculture. One fascinating 
method is finding the natural predators of parasites and 
releasing them to essentially clean the fish. This was stud-
ied by [76], where cleaner shrimps, Lysmata vittata (Fig. 7), 
were shown to effectively reduce parasitic infestations of 
Cryptocaryon irritans, Neobenedenia girellae, and Zeylanicobdella 
arugamensis in cultured fish. Several other studies were also 
done on using cleaner fish to reduce parasitic infestations 
in farmed fish [77].

Probiotics are also one of the promising biocontrol that 
can be utilized in aquaculture farms. There are many defi-
nitions of probiotics but to summarise [37], it is the use of 
live micro-organisms, such as specific types of bacteria, 
which has beneficial effects on the health of its host when 
ingested, or it can be used to change the microbial communi-
ties in the culture water or sediments to eliminate pathogens 
within it, that is, bioremediation.

The use of biocontrol in aquaculture shows promise in 
reducing parasite infestations. However, a few limitations 
have also been highlighted with this type of biocontrol, 
such as cost, availability, and predation of the shrimps, if 
in terms of cleaner shrimps [76]. Therefore, other alterna-
tives should also be looked into in providing a sustainable 
solution to the problem of fish parasites.

1.20. Mechanical control

Mechanical methods in controlling parasite infesta-
tions have been done in hopes of reducing the drawbacks 
of using both chemical and biological controls. However, 
there was not much research done on mechanical controls 
to reduce parasitic infestations but some studies have been 
done on water filters, shaking in hand net, and mechanical 
removal of parasites [49].

A novel control of marine leech infestation was intro-
duced by [82] (Fig. 8). It is the only known mechanical 
method devised to reduce marine leech infestations by dis-
rupting its life cycle by removing the cocoons attached to the 

Fig. 7. Lysmata vittata or peppermint shrimp, a species of shrimp used as biological control to reduce parasitic infestations [81].
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device. [82] claimed the Break and Protect 2 (BP2) marine 
leech trap can effectively reduce leech prevalence from 
70%–100% to 20%–28%. This novel method shows prom-
ise in becoming the solution to the marine leech problem 
faced regionally. However, data on its effectiveness in the 
aquaculture industry in Brunei Darussalam and regionally, 
specifically in open sea net cage culture is scarce.

1.21. Advantages of mechanical controls

One benefit that always emerged from the few research 
on the application of mechanical controls was that they offer 
a considerably more long-term alternative to parasitic con-
trols. It can be less expensive in the long run since it can 
be used frequently rather than biological controls, which 
can become extinct, and it does not harm the environment 
because it does not utilize chemotherapeutics [82].

1.22. Disease prevention through biosecurity

Biosecurity measures in aquaculture farms or facilities 
aim to prevent the introduction of disease into the farm 
and the spread of disease out of it [83]. Prevention can be 
the best solution to disease, especially with pathogens that 
have no treatments such as viral infections. Strict biosecu-
rity measures, for example, quarantine, can also reduce the 
risk of transboundary diseases. Preventive measures are 
also important as it can protect the cultured animals from 
viral and bacterial diseases [84].

Several countries have also adopted a standard to 
impose biosecurity measures in aquaculture farms, such as 
the ASEAN Good Aquaculture Practice (ASEAN GAP) and 
in Brunei, the Brunei Good Aquaculture Practice (BGAqP) 
[14]. These manuals or standards should have the main 

characteristics and goals of biosecurity in aquaculture, 
which are managing cultured animals, disease agents, and 
people [83]. Table 3 highlights the important approaches 
to achieve these goals as gathered from [83,85,86].

1.23. Open sea cage aquaculture

For open sea cage aquaculture, specific biosecurity mea-
sures have to be employed and this may not be the same as 
measures for inland aquaculture or enclosed aquaculture. 
Sea cage culture using net cages is generally large and hard 
to handle, and it is also much easier to be contaminated as 
it is exposed to the natural environment [86]. These nets 
must regularly be washed to remove contaminants and also 
improve water flow through the nets. These nets may also 
be disinfected by immersing them in chemical disinfectants 
and drying but it can affect the quality of the nets in the  
long run.

1.24. Emergency response to disease epizootics

The Asia-Pacific region has been plagued with many 
disease emergencies during the last three decades. The most 
significant disease emergencies include that of EUS, shrimp 
viral diseases (WSD, YHD, IHHN, etc.), Akoya pearl oyster 
mortalities, and most recently, KHV and abalone mortalities. 
In a way, the region has learned to deal with the emergency 
using available limited resources, expertise, and facilities. 
Some of the important lessons and valuable insights learned 
from dealing with those epizootics include the need for: [39]

•	 increased awareness on emerging diseases in other 
parts of the globe and the possibility of their spread to 
the Asian region.

Fig. 8. Break and Protect 2 (BP2) marine leech trap device by Kua and Arbi [82] (Source: 3 Little Fish Malaysia).
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•	 improved diagnostic capabilities at both the national 
and regional levels.

•	 pro-active reporting of serious disease outbreaks as a 
mechanism for early warning.

•	 contingency plans at both the national and regional 
levels.

•	 improved compliance and implementation of policies 
reached at the regional and international levels.

•	 emergency preparedness as a core function of govern-
ment services.

•	 advanced financial planning such that adequate funds 
can be immediately provided to address serious emer-
gency disease situations at both the national and 
regional levels.

2. Conclusion

This review article bestowed information about the 
potential aquaculture sector in the ASEAN region, includ-
ing its importance and potential problems such disease 
outbreaks in Brunei Darussalam. In order to maintain aqua-
culture output and product commerce, health-related issues 
must be addressed through both proactive and reactive 
programs. To reduce the risks of disease invasions brought 
on by the movement of live aquatic animals and their prod-
ucts, the present approach in the Asia-Pacific area places 
an emphasis on responsible health management. The risk 
of serious disease incursions and newly emerging diseases 
will continue to pose a threat to the industry, and unless 
appropriate health management measures are maintained 
and effectively implemented, the public and private sectors 
will be forced to bear higher costs in the form of produc-
tion losses and the efforts required to contain and eradicate 
diseases, money that would have been better spent pre-
venting their entry into the system. It may be more crucial 
to concentrate on prevention, improved management tech-
niques, and maintaining healthy fish than on the causes of 
fish illness through the applied procedures of biosecurity.

In ASEAN countries, there is widespread support to 
execute the Regional Technical Guidelines serve as a sound 
foundation for collaboration at the National, and Inter-
national levels as well as important direction for regional 
and national initiatives to reduce these risks. Due to the 
necessity of live aquatic animal commerce for the growth 
of aquaculture at both the subsistence and commercial 
levels, the aquaculture industry will continue to expand. 

Each stakeholder’s input is crucial to the health management 
process for the sustainable development of aquaculture, as 
health management is a shared duty. All industrial sectors 
should assess their present disease mitigation measures 
because there will likely be an increase in global worries 
about the emergence of new diseases in the future. In order 
to further develop alternative goods and tactics required to 
combat hazardous infections and safeguard fish health in 
aquaculture systems, international cooperation is vital.

There has been significant progress in this field of 
research over the past few years, and there is increased inter-
est in finding alternatives to antimicrobial products. Even 
though there are numerous potential solutions that may 
vary depending on culture species and aquaculture meth-
ods, the ideal one is still unknown. However, methods that 
promote fish’s general well-being and healthy immune sys-
tem are probably the best course of action. The aquaculture 
sector will continue to intensify; trade in live aquatic ani-
mals will also persist because it is a necessity for aquacul-
ture development at both the subsistence and commercial 
levels. Health management is a shared responsibility, and 
each stakeholder’s contribution is essential to the health 
management process for the Sustainable Development of 
Aquaculture and Management in ASEAN countries.

As global populations continue to increase, the pres-
sure on communities and the environment will increase. 
With increased population pressure, the ability of commu-
nities to rebound and recover from external shocks and the 
need for sustainable food production systems will become 
ever more important. Communities with greater economic 
resources and more cohesive social networks are likely to 
be those that will be more resilient to continued changes as 
well as to external shocks. Aquaculture, when managed in 
environmentally and socially responsible ways, can be an 
important contributor to increased resilience of communi-
ties. Greater attention is needed on aquaculture regulatory 
processes to ensure that regulatory rulemaking, implemen-
tation, and enforcement measures address environmental 
and social issues adequately but avoid unintended nega-
tive consequences to the environment, local economies, and  
social networks.
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