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ABSTRACT

Aquaculture is an upcoming industry in Malaysia as sustainable fish production with total
production of 407,387 tonnes in 2016. As a growing industry, current practices have led
to disease outbreaks which are highlighted as one of the major issues faced in aquaculture
farms. Throughout the 20 years of disease reporting in Malaysia, several bacterial and viral
diseases were found to persist in farms. In addition, emerging global diseases have also been
detected in several farms. The consequence of these diseases were outbreaks led to huge
economic losses. Eventually, the combination of persistent and emerging diseases creates
a potential threat for the aquaculture industry and hence requires immediate attention.
Therefore, this review summarises the major viral and bacterial pathogens of fish and
crustaceans in the context of Malaysian aquaculture. It also considers the characteristics
of disease and their impacts as well as the potential for future disease emergence in these
aquatic animals as aquaculture industry continues to expand. This review serves as a
platform for future directions in research in improved monitoring, detection and prevention
as a step towards increasing biosecurity in Malaysian aquaculture.
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target under National Agro-Food Policy
(NAFP) was set at 794,000 tonnes by the
end of 2020 (Department of Fisheries
Malaysia [DOF], 2017). However, several
problems arise from current aquaculture
practices, such as the occurrence of diseases
in the farms and environmental concerns
(Ashley, 2007; Cao et al., 2007).

Disease occurrence and outbreaks
gain precedence due to the potential to
eradicate fish stocks within the farm,
assisted by the ease of disease transmission
through the water (Leung & Bates, 2013).
Additionally, the combination of stressful
conditions from high stocking density in
farms and deteriorating environmental
conditions further aggravate the occurrence
and severity of diseases (Bowden, 2008).
If diseases remain unresolved, farms are
expected to incur loss of stocks, potentially
disrupting operations of the facility and
limiting growth in the aquaculture sector
(Stentiford et al., 2012). Thus, disease
management and biosecurity are key issues
to be addressed by the aquaculture industry
today (Tan et al., 2008). This paper aimed to
review major viral and bacterial diseases in
Malaysian aquaculture industry and propose
directions for future studies and efforts on
their prevention.

DISEASE MONITORING IN
MALAYSIAN AQUACULTURE
INDUSTRY

While disease outbreaks are common
throughout the world, regions in Asia are
often highlighted due to higher relative
aquaculture production plus tropical
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conditions which increases risk of outbreaks
(Leung & Bates, 2013). In many countries,
awareness of aquaculture disease has
increased investment in research and disease
control programs, including Malaysia
(Bondad-Reantaso et al., 2005).

In Malaysia, disease monitoring is
conducted by the Fisheries Research
Institute under the Department of Fisheries,
as part of the Fish Health Surveillance
Program. Reports are compiled by the
National Fish Health Research Centre
(NaFisH), which are then compiled by
the Network of Aquaculture Centres in
Asia-Pacific (NACA) and the Food and
Agriculture Organisation of the United
Nations (FAO) as active disease monitoring
of aquaculture in the Southeast Asian region
(Network for Aquaculture Centres in Asia-
Pacific [NACA], 2018). In this review, the
disease have been categorised as finfish
viral diseases, crustacean viral diseases and
bacterial diseases.

FINFISH VIRAL DISEASES
Herpesvirus Diseases

Herpesviruses in the family of
Alloherpesviridae are predominantly
pathogens of fish and amphibians. Key
features of herpesviruses include a high
level of host specificity and the ability to
establish long term latency while interacting
intricately with host defences (Hanson
et al., 2011). Fish species affected by
herpesviruses include koi (Cyprinus carpio),
eels (Anguilla sp.), sturgeons (Acipenser sp.)
and cod (Gadus sp.) (Hanson et al., 2011;
Lepa & Siwicki, 2013). The koi herpesvirus
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and channel catfish virus were also detected
in Malaysian aquaculture industry.

Koi Herpesvirus (KHV). KHV currently
recognised as Cyprinid herpesvirus 3
(CyHV3), is a major economic threat to
common carp (Cyprinus carpio) and koi
rearing industries worldwide. The key
clinical signs include lethargy, loss of
appetite and gill necrosis, usually resulting
in death within two days of the onset of
symptoms (Hedrick et al., 2000). Internally,
severe inflammation can be observed
in the gill, skin, kidney, liver, spleen,
gastrointestinal system and brain of diseased
fish (Pikarsky et al., 2004).

Up to date, KHV has been persistently
detected in koi and common carp farms
located in Perak, Negeri Sembilan and
Selangor (NACA, 2018). However, no
studies have been published detailing
disease outbreaks attributed to the virus
in Malaysia. Azila et al. (2012) detected
CyHV3 in apparent healthy Malaysian
koi stocks using ELISA-based techniques.
This observation illustrates the importance
of further surveillance of fish stocks to
verify the status of the CyHV3 infection
in Malaysian koi carps. In addition, KHV
can remain latent in the leucocytes of
healthy fish and act as a reservoir until
rearing waters achieve a temperature range
of 15-28°C, activating viral expression
(Uchii et al., 2009). As such temperatures
are prevalent across Malaysia, the carp
aquaculture industry may be susceptible to
disease outbreaks, especially in the event of
temperature fluctuations (Azila et al., 2012).
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Channel Catfish Virus (CCV). CCV
also known as Ictalurid herpesvirus
1, is a cytopathic herpesvirus which
mainly infects catfish and causes severe
haemorrhageespecially in young fingerlings
(Lepa & Siwicki, 2013). Other clinical
symptoms include erratic swimming,
exophthalmia, distended abdomen and
haemorrhages at the base of fins (Camus,
2004). This disease was thought to be
specific to the channel catfish (Ictalurus
punctatus), but has been recently reported
in striped catfish as well (Siti-Zahrah et al.,
2013). Meanwhile, very few studies were
conducted on the diseases affecting other
catfishes cultured in Malaysia, including
the African catfish (Clarias gariepinus),
bagrid catfish (Hemibagrus gracilis) and
striped catfish (Pangasius hypophthalmus)
(DOF, 2016).

Detection of CCV in Malaysian catfish
was first reported by Siti-Zahrah et al. (2013)
who detected the virus in cage-cultured
striped catfish, “ikan patin”, resulting in
30-40% mortality rates throughout a two-
year epidemiological study. However,
CCV was not confirmed to be the cause of
mortality due to the presence of bacterial-
like lesions, which may have been as a result
of Aeromonas hydrophila and Flexibacter
columnaris infection.

Iridovirus Diseases

The family of Iridoviridae represent a group
of large icosahedral viruses (120-200 nm
in diameter) that have the ability to remain
infectious without the viral envelope and
may be released as naked particles following
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cell lysis (Chinchar et al., 2009). It was
suggested that only genera Lymphocystivirus,
Ranavirus and Megalocytivirus contribute to
mortalities in fish with differing clinical
symptoms. Lymphocystiviruses cause
non-fatal, superficial dermal infections,
while Ranaviruses and Megalocytiviruses
cause serious systemic diseases with high
mortality rates (Leu et al., 2013). Infection
from Ranaviruses and Megalocytiviruses
produce similar symptoms, such as dark
skin colouration, abnormal swimming
behaviour, skin lesion, haemorrhage and
fin erosion (Whittington et al., 2010).
While, Megalocytiviruses produce unique
symptoms include the formation of
hypertrophy in cells, which can lead to organ
enlargement (Yanong & Waltzek, 2010).

Disease outbreaks caused by lridovirus
were first reported in 2009, which resulted in
a cumulative mortality of 100% and loss of
approximately RM 50,000 (NACA, 2018).
An iridovirid disease outbreak was reported
in grouper (Epinephelus sp.) cultures in
Sabah, Malaysia, where Megalocytivirus
was revealed to be the cause of mortality
via phylogeny analysis and evidence of
organ enlargement. While the actual cause
of the outbreak was not verified, high water
temperatures of approximately 28°C to
30°C had been reported to stimulate virus
replication and were reported in the affected
waters, possibly contributing to the outbreak
(Razak et al., 2014).

Betanodavirus Diseases

Betanodavirus from the family of
Nodaviridae are composed of a non-
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enveloped and icosahedral particle size of
between 25 to 30 nm. This virus causes
a major disease termed Viral Nervous
Necrosis (VNN) or Viral Encephalopathy
and Retinopathy (VER), present mainly
in groupers and seabass, but has also been
reported in farmed cod (Hellberg et al., 2010).
Clinical signs include loss of swimming
orientation, lethargy, loss of appetite and
bloated bellies. In addition, histological
lesions also include cellular vacuolation,
necrosis and neuronal degradation in the
central nervous system (Vendramin et
al., 2013). In Malaysia, Betanodavirus
outbreaks have been reported in groupers,
golden pompanos (7rachinotus blochii) and
Asian seabass (Lates calcarifer).

Grouper. Groupers represent a major
aquaculture species that can be threatened
by the occurrence of VNN while also acting
as a natural reservoir for the virus (Ma et al.,
2012). Outbreaks have been studied across
various countries and revealed high rates of
mortality within a few days post infection
(Kara et al., 2014; Vendramin et al., 2013).

Only one VNN outbreak occuring in
Langkawi, Kedah has been reported by
NACA (2018). The outbreak led to high
mortalities of brown marbled groupers
(Epinephelus fuscoguttatus) and giant
groupers (Epinephelus lanceolatus),
resulting in a loss of RM 131,400. The
disease was identified via molecular
methods by the NaFisH, Penang. A study
by Ransangan et al. (2013) found that
Betanodavirus-related mortalities might
occur without displaying clinical symptoms
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in groupers which may result in fewer
outbreaks categorised under VNN. In
addition, persistence of Betanodavirus in
the environment may also contribute to
reoccurrence of outbreaks.

Asian Seabass. VNN is one of the key
diseases which affects the Asian seabass
aquaculture in Malaysia and is capable of
vertical transmission. However, only one
report of a disease outbreak in Malaysia
has been published (Ransangan & Manin,
2010). Earlier studies of suspected outbreaks
have been published, however, authors were
unable to confirm whether the mortalities
were a direct result of VNN or other causal
agents (Ransangan et al., 1999).

A number of potential outbreaks have
also occurred in Sabah, Malaysia but
again have not been confirmed due to the
lack of diagnostic facilities and expertise
(Ransangan & Manin, 2010). An outbreak
between July to October 2008 was confirmed
to be caused by Betanodavirus using PCR,
in addition to matching VNN clinical
symptoms. Apart from that, the disease
did not resurface in farms in recent years
(NACA, 2018). On the other hand, larvae
up to 50 days post-hatching were found to
be more vulnerable, after which mortality
rates reduced significantly (Hick et al.,
2011). However, mortalities do not occur
in older fishes and they remain as carriers
for the virus and can potentially spread it
via horizontal transmission (Gomez et al.,
2004).

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)

Golden Pompano. Golden pompano are
cultured in Malaysian aquaculture on a small
scale due to limitations in availability of
seed and fingerlings (Food and Agriculture
Organisation [FAO], 2007). Nevertheless,
an outbreak of VNN on a golden pompano
farm has been reported in Langkawi,
which utilises deep-sea cages and suffered
approximately 60% mortality rates within
a week (Ransangan et al., 2011). However,
the origin of infection could not be identified
due to common reports of the virus in other
Southeast Asian regions. Apart from that,
no further outbreak was reported recently
(NACA, 2018).

Tilapia Lake Virus Disease

The Tilapia Lake Virus Disease (TiLVD),
also known as the syncytial hepatitis of
tilapia (SHT) is a recently emerging disease
which targets tilapias (Oreochromis sp.) and
was first recognised in a freshwater lake in
Israel (Dong et al., 2017). The causal agent
is a novel segmented RNA virus called
the Tilapia Lake Virus (TiLV) which was
clasified as an Orthomyxo-like virus with
negative-sense RNA but differs with the
formation of syncytia, which is not a feature
of orthomyxoviral infections (del-Pozo
et al., 2017). Clinical symptoms include
lethargy, skin erosion, hemorrhage and
abdominal distension, which usually result
in mortality within 10 days (Tattiyaponga
et al., 2017). Meanwhile, histopathological
symptoms show lesions found in multiple
organs (Senapin et al., 2018; Tattiyapong
et al., 2017). Although slight variations
exists in the symptoms observed, such as
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necrosis of gastric glands (Ferguson et
al., 2014), ocular lesions (Eyngor et al.,
2014) and necrotic foci in kidney (Fathi et
al., 2017), hepatitis was the most common
histopathological feature found in TiLV
outbreaks (Jansen et al., 2018).

Currently, TiLV is highlighted as
an upcoming disease with its presence
confirmed in Ecuador, Israel, Colombia,
Egypt, Uganda, Tanzanian, India, Malaysia,
and Thailand (Amal et al., 2018; Behera et
al., 2018; Jansen et al., 2018; Mugimba et
al., 2018; Senapin et al., 2018),while many
other countries have also been listed to be
at high risk of TiLVD (Dong et al., 2017).
Several studies have developed methods of
analysis, including suitable cell lines and
virus detection with reverse-transcriptase
PCR (Tsofack et al., 2017), as well as non-
lethal methods for sampling (Liamnimitr et
al., 2018).

Up to date, two outbreaks were
reported in Malaysia occuring in tilapia
farms in Kedah and Perlis (NACA, 2018).
Meanwhile, an outbreak occuring in
Selangor was reported by Amal et al.
(2018), describing mass mortality occuring
in a tilapia farm as a result of a co-infection
of TiLV and Aeromonas veronii. The
disease was confirmed via PCR sequencing
analysis and histopathological detection
of syncytial hepatitis cells suggesting
potential synergystic co-infection of TiLV
with other bacteria. Lastly, TiLV was also
detected in wild tinfoil barb (Barbonymus
schwanenfeldii) in Perlis (Abdullah et al.,
2018). However, it was unconfirmed if the
virus is infectious in tinfoil barb as virus
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culture was not performed. Nevertheless,
the authors highlight potential risks of TiLV
occuring in other freshwater fish, especially
in the barbs family.

CRUSTACEANS VIRAL DISEASES
White Spot Syndrome

White spot syndrome (WSS) is a key disease
in farmed prawns and shrimps, caused by the
white spot syndrome virus (WSSV). WSSV
is a non-occluded enveloped, rod-shaped
double-stranded DNA virus with a tail-
like appendage and can cause cumulative
mortalities of 100% within two to seven
days (Escobedo-Bonilla et al., 2008). The
virus belongs to the genus Whispovirus
in the family Nimaviridae (Sanchez-Paz,
2010). WSS was first reported in Malaysia in
1994 (Flegel, 1997) and has been observed
in both tiger prawns (Penaeus monodon)
and banana prawns (Penaeus merguiensis)
in Malaysia (Wang et al., 2002).

A key symptom associated with WSS
is the development of white spots on the
exoskeleton and appendages, caused by the
accumulation of cuticular substances on
the inner surface of the cuticle following
the destruction of cytoplasmic filaments
post-infection (Rodriguez et al., 2003);
however, this symptom is not diagnostic
as it may also be caused by bacteria, high
alkalinity and stress (Escobedo-Bonilla et
al., 2008). Other symptoms include the pink-
red colouration on the cephalothorax cuticle,
reduction in feeding and increased lethargy,
where infected shrimp swim slowly to the
surface before sinking to the bottom to die
(Sanchez-Martinez et al., 2007). Several
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internal organs also display destruction of
tissue, accompanied by basophilic central
inclusion bodies within the hypertrophied
nuclei of cuticular epithelial and connective
tissue cells (Escobedo-Bonilla et al.,
2008). In addition, a yellow hypertrophied
hepatopancreas may also develop due to
haemolymph infiltration of the virus in the
enlarged haemal sinuses and interstitial
spaces (Sanchez-Martinez et al., 2007).

In Malaysia, several WSS outbreaks
were investigated in a field study on shrimp
farms from Penang, Kedah and Sarawak
(Oseko, 2006). The author suggested that
the poor environmental conditions on the
farm led to the outbreak of this disease as
previously reported in Thailand (Oseko,
2006). Two other studies also reported
diseased tiger prawns obtained from farms
along the coast of Peninsular Malaysia,
indicating the occurrence of disease but
this was not associated with any significant
outbreak (Sahtout et al., 2001; Wang et al.,
1995). While WSS has been commonly
reported for tiger prawns, giant freshwater
prawns (Macrobrachium rosenbergii), was
found to be resistant to WSSV, possibly
due to its innate immunity (Iwanaga & Lee,
2005).

White Tail Disease

White tail disease (WTD) is a common
disease found in freshwater prawns
and is caused by the Macrobrachium
rosenbergii nodavirus (MrNV) together
with the extra small virus (XSV), where
both are icosahedral and non-enveloped.
The virus particles are commonly found in

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)

the cytoplasm of target cells and connective
tissues, causing whitish colouration of the
muscles starting from the tail to all prawn
muscle. Eventually, the prawn shows
abnormal behaviour, lethargy and anorexia,
with mortality occuring within one to three
days after the first clinical signs (Hameed
& Bonami, 2012). Meanwhile, Penaeus
prawns are not susceptible to this disease
(Sudhakaran et al., 20006).

While outbreaks have not been reported,
the MrNV has been detected from the
larvae of giant freshwater prawns randomly
collected from hatcheries (Saedi et al.,
2012). Detection of the virus was confirmed
using RT-PCR and several samples were
found to be positive for the virus despite
showing no symptoms of WTD, which has
also been reported previously (Widada et
al., 2004). However, histological analysis
of diseased prawns revealed progressive
segmental myofibre degeneration of muscles
and subsequent necrotic myopathy, both of
which are associated with MrNV infection
(Saedi et al., 2012). As MrNV has been
detected in Malaysian freshwater prawns,
future screening is vital to prevent the
occurrence of outbreaks.

Infectious Hypodermal and
Haematopoietic Necrosis Disease
Infectious hypodermal and haematopoietic
necrosis disease (IHHNV) is a shrimp
disease which causes high mortality rates
in postlarvae and juvenile shrimps (Walker
& Mohan, 2009). The causal agent, named
after the disease, is a small icosahedral,
non-enveloped virus from the family
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of Parvoviridae and contains a single-
stranded linear DNA genome. Species
affected by this disease includes blue shrimp
(Penaeus stylirostris), whiteleg shrimp
(Penaeus vannamei), tiger prawns, and giant
freshwater prawns (Flegel, 2012).

The disease is fatal to blue shrimp
and causes growth deformities in whiteleg
shrimp and tiger prawn (Chayaburakul et al.,
2005; Withyachumnarnkul et al., 2006). In
larvae and juvenile giant freshwater prawns,
high mortality rates occur while adults
become carriers of the virus, which can be
transmitted both horizontally and vertically
(Hsieh et al., 2006). The clinical symptoms
include large conspicuous eosinophilic
intranuclear inclusions which occur in a
range of organs, including the gills, nerve
cords, stomach mucosa, antennal gland, and
both hematopoietic and connective tissues.
Infected prawns then become lethargic and
swim on the surface before sinking to the
bottom (Vega-Heredia et al., 2012).

In Malaysia, outbreaks of this disease
has only been reported in recent years in
farms located in Perak, Terengganu and
Selangor, affecting giant freshwater prawn,
tiger prawn and whiteleg shrimp (NACA,
2018). Prior to these outbreaks, several
studies were conducted which detected
the presence of I[HHNV in wild prawn
populations (Kua et al., 2011; Nita et al.,
2012). In the study of Nita et al. (2012),
wild giant freshwater prawns broodstocks
from a river in Perak were screened and
despite not displaying the usual symptoms,
approximately 20% of the samples were
found to be IHHNV positive. In contrast,
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another study from a river in Sarawak
showed that, while clinical signs of disease
were observed on giant freshwater prawns,
but none of the samples were tested positive
for IHHNV. The combination of these two
studies suggest the presence of IHHNV in
selected areas in Malaysia, highlighting
the need for comprehensive screening of
broodstocks before they are introduced into
the hatchery (Nita et al., 2012).

FINFISH AND CRUSTACEAN
BACTERIAL DISEASES

Vibriosis

Vibriosis is a major disease in aquaculture
farms worldwide, caused by members from
the genus Vibrio, which features Gram-
negative, facultative anaerobic and rod
shaped bacteria (Austin & Zhang, 20006).
In addition to being an indigenous member
of aquatic animals, Vibrio sp. also readily
survive in the environment without being
dependent on hosts, causing them to be a
major issue in aquaculture (Ina-Salwany et
al., 2018). Several notable species include
Vibrio harveyi, V. alginolyticus and V.
anguillarum. For Malaysian aquaculture,
vibriosis has been reported in groupers,
Asian seabass and crustaceans as described
below:

Vibriosis in Fish. In fish, infection with
Vibrio sp. commonly occurs in the intestinal
epithelium when in contact with rearing
water, potentially infecting and eliciting
disease within a day (Verschuere et al.,
2000). Penetration of host tissues is followed
by the deployment of iron-sequestering
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systems and host cell damage via production
of extra cellular products (Defoirdt, 2014).
This leads to clinical symptoms such
as septicaemia with haemorrhage at the
base of fins, exophthalmia and cornea
opacity in fishes. Fish exhibiting severe
anaemia, as evidenced by pale gills, are at
the moribund stage and are often anorexic.
Oedematous lesions, predominantly centred
on the hypodermis, were also often observed
(Toranzo et al., 2005).

In the Malaysian aquaculture, vibriosis
is a key disease faced by grouper farmers
in Malaysia (Chuah, 2001). The disease
was reported since the 1960s, where high
mortality rates were observed in fish pens
in Penang (Wong et al., 1979). Vibriosis
was reported to occur mainly during the
hatchery and grow-out phases; however,
recent studies indicate that adults can also
be affected (Nagasawa & Cruz-lacierda,
2004). Occurrence of vibriosis was also
reported and found to be in combination
with parasitic infections which occur at
gills (Chuah, 2001). It is likely that the
above correlates with the stress levels in
groupers, such as higher temperatures which
can lead to a reduction in immune responses
and hence disease occurrence (Albert &
Ransangan, 2013).

Meanwhile, for the Asian sea bass, an
outbreak was reported in open net cages
in Sabah, where the causal agent was
identified as V. harveyi (Ransangan &
Mustafa, 2009). The contributing cause of
the outbreak was found to be the stressful
conditions created from high stocking
density of fish in net-cages. For adult fish,
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skin lesions, haemorrhage at the tips of fins
and tails and eye opacity were the symptoms
associated with vibriosis in Asian seabass.
However, this is noted to be different from
symptoms of vibriosis infection in other
fish, which often present with gastroenteritis
(Ransangan et al., 2012).

Vibriosis in Crustaceans. In crustaceans,
infection with Vibrio sp. occurs mainly in the
hepatopancreas - similar to other pathogenic
bacteria. Infection of the digestive gland
is eventually followed by the complete
colonisation of the entire digestive tract.
Clinical symptoms include severe damage
to the hepatopancreas from inflammatory
responses, leading to physiological
imbalances and stress and eventually slower
growth and mortality (Soonthornchai et al.,
2015). Multiplication of bacteria on surfaces
of shrimp, combined with poor nutritional
and physiological conditions, may reduce
the capacity of the shrimp to resist infection
(Defoirdt et al., 2007). Luminous vibriosis is
a form of the disease which occurs in high
value crustaceans such as shrimps and tiger
prawns. While this disease has been reported
extensively in various countries practicing
shrimp farming, very few studies report such
outbreaks in Malaysia.

Acute Hepatopancreatic Necrosis
Disease

Acute hepatopancreatic necrosis disease
(AHPND) is a relatively new disease
of shrimp, emerging in 2010 and was
previously called ‘early mortality syndrome’
(EMS) due to mass mortality occurring
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within 10 days of post-stocking in a recently
prepared pond (Tran et al., 2013). While
the disease is generally caused by Vibrio
parahaemolyticus carrying the toxin
plasmids Pir4 and PirB, recent studies
suggest V. harveyi strains may also elicit
disease with the same plasmids. This disease
has been reported to occur in shrimp farms
worldwide, including Malaysia where the
total economic loss from AHPND between
2011 to 2014 were estimated to reach US$
0.49 billion (Kua et al., 2016).

A major clinical symptom of AHPND
is the appearance of empty stomach and
gut in tandem with a light-coloured,
shrunken and atrophied hepatopancrease,
which differs from a healthy dark-coloured
brown hepatopancrease (Zorrichzahra &
Banaederakhshan, 2015). Affected shrimp
also often show soft shells, lethargy, muscle
opacity and slow growth (Tran et al., 2013).

AHPND was first reported in Malaysia
between late 2010 and early 2011, where
several disease outbreaks occurring during
the early stage of whiteleg shrimp culture
due to V. parahaemolyticus infection (Kua
et al., 2016). In 2011, high mortalities
were reported to occur in shrimp farms
throughout of Peninsular Malaysia, affecting
the states of Perak, Penang, Kedah and
Pahang. Eventually, samples from the
states of Sabah, Sarawak, Terengganu,
Johor and Melaka were also found positive
for AHPND via histopathological analysis
(Manan et al., 2015). While both whiteleg
shrimp and tiger prawn were affected,
infection rates were found to be higher in
the former. High mortality rates were also
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documented in shrimp post larvae stages,
juveniles and broodstocks. Nevertheless,
prevalence of the disease has reduced
throughout the years, from 50% in 2011 to
4% in 2015 (Kua et al., 2016).

Streptococcosis

Streptococcosis is a common disease which
affects both Asian seabass, and hybrid
tilapia and is caused by Gram-positive
bacteria from the genus Streptococcus.
Streptococcus sp. can also be found in the
natural environment and a low bacteria load
in water is sufficient to lead to mass mortality
in fish (Agnew & Barnes, 2007). Major
pathogens include Streptococcus iniae in
Asian seabass and tilapia, and S. agalactiae
in tilapia, which symptoms include erratic
swimming, panophthalmitis, exophthalmos,
corneal opacity and haemorrhage in the
body cavity and ultimately resulted in
mortality (Bromage & Owens, 2002).
Streptococcus sp. have also been found to
infect several organs, including the brain,
blood, liver and kidney and liver of infected
fishes (Abuseliana et al., 2011).

In Malaysia, streptococcosis has been
reported only in tilapia and leading to 60-
70% mortality in cage cultures located in
Kenyir, Pedu and Pergau Lakes in 1997
(Siti-Zahrah et al., 2005). Several other
studies have also reported on the mass
mortalities and disease outbreaks caused
by S. agalactiae (Abuseliana et al., 2011;
Najiah et al., 2012). It was found that
tilapia are more resistant towards water-
based transmission of the pathogen when
immersed in water containing 3 x 10°
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CFU/ml S. agalactiae, as no mortality was
observed while clinical symptoms exhibited
are limited to lethargy and loss of appetite
(Abuseliana et al. 2011). Hence, it is unsure
if this could lead to deterioration of health
and ultimately susceptibility to the disease.

Meanwhile, Rahmatullah et al.
(2017) reported on S. iniae isolated from
tilapia cultured in Kenyir Lake. The fish
showed abnormal swimming behaviour,
haemorrhages were also found on pectoral,
dorsal and caudal fins. The bacteria was
isolated from brain, liver, kidney and
eyeball. Experimental infection was also
confirmed and the LDy, of the tilapia was
10?2 CFU/ml via IP injection, which was
significantly lower bacteria concentration
as opposed to other studies (Baums et al.,
2013).

Overall, outbreaks of streptococcosis
in the Malaysian aquaculture industry have
been correlated with the intensification of
tilapia aquaculture. Stressful conditions,
including low water quality and high
stocking density, can precipitate disease
occurrence (Amal & Zamri-Saad, 2011).
On the other hand, temperature fluctuations
in the water due to dry seasons may also
contribute to disease occurrence (Siti-
Zahrah et al., 2004).

Motile Aeromonas Septicemia

Motile Aeromonas Septicaemia (MAS) is a
disease linked to heavy mortalities in farmed
and wild fishes globally (Harikrishnan
& Balasundaram, 2005). The disease is
caused by the genus Aeromonas, particularly
Aeromonas hydrophila and A. veronii
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(Hamid et al., 2017). The virulence of Gram-
negative A. hydrophila and A. veronii have
been associated with virulence genes and
haemolytic activity, allowing infections to
occur when the host is under stress (Hamid
etal., 2016). In Malaysia, Aeromonas sp. has
been detected in giant freshwater prawns,
tilapia and catfishes.

MAS is generally characterised by a wide
range of symptoms caused by Aeronomad
toxins (Laith & Najiah, 2013). Infected
fish show abnormal swimming behaviour
and aggregation on the water surface, with
external symptoms including small surface
lesions, local haemorrhages particularly
in the gills and vent, ulcers, abscesses,
exophthalmia, abdominal distensions
(Hamid et al., 2017). Discolouration of
catfish from normal gray to pinkish has also
been associated as a symptom of infection
from Aeromonas sp. (Anyanwu et al., 2015).
Meanwhile, internal symptoms in fish
include anemia, accumulation of ascitic fluid
and ulcerative damage to the organs, notably
the kidney and liver (Laith & Najiah, 2013).

Despite Aeromonas commonly reported
as a major cause of mortality in the industry,
only two cases of outbreaks were reported
in Malaysia. The first case of mass mortality
reported in a tilapia farm identified the
causal agents to be a combination of 4.
veronii and the TiLV (Amal et al., 2018).
The analysis of the symptoms, clinical signs
and histopathological findings of affected
fish also suggested that both pathogens acted
synergistically, which has also been reported
in Egypt and Thailand (Nicholson et al.,
2017; Surachetpong et al., 2017). As TiLV
is a major concern for the tilapia industry,
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the author cautions that such co-infections
may further aggravate the issue and further
studies should be conducted to understand
the relationship of both pathogens (Amal et
al., 2018).

Meanwhile, the second case reported the
isolation and identification of 4. hydrophila
in diseased catfishes displaying common
clinical and histological symptoms of
MAS from a local farm (Laith & Najiah,
2013). The authors suggested that the
virulence factor aerolysin and the presence
of B-hemolysis in the bacteria may have
played a role, which may have triggered
the disease outbreak in addition to other
factors including stress and changes in the
environmental conditions (Laith & Najiah,
2013).

Piscine Tuberculosis

Piscine tuberculosis, also known as
piscine mycobacteriosis, is caused by
Mycobacterium sp., which are Gram-
positive, pleomorphic, non-motile rod
shaped bacterium found in soil and water.
A wide range of species has been isolated
from fishes, Mycobacterium marinum,
M. fortuitum and M. chelonae are the
only reported agents causing piscine
mycobacteriosis (Gauthier & Rhodes,
2009).

As a chronic disease, piscine
tuberculosis may not produce clinical
symptoms, particularly in the early stages
of infection. External clinical symptoms
include scale loss and haemorrhagic
lesions, abnormal behavior, spinal defects,
emaciation, and ascites (Gauthier & Rhodes,
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2009). Infected fish also show reduced
food intake and weakened swimming one
week prior to death (Swaim et al., 2006).
Meanwhile, internal symptoms include
enlargement of the spleen, kidney and
liver, and characteristic grey or white
nodules (granulomas) in internal organs
(Toranzo et al., 2005). These granulomatous
inflammation can be considered as a
classic histopathological manifestation of
chronic piscine mycobacteriosis, which are
composed of concentric layers of epithelioid
cells forming a discrete spherical lesions and
is produced in multiple organs and tissues
(Gauthier & Rhodes, 2009). While fish with
chronic infections of mycobacteria may
survive for up to eight weeks, acute infection
usually leads to uncontrolled development
of the pathogen and death of all fishes in
within 16 days (van der Woude et al., 2014).
Piscine tuberculosis outbreak has not been
reported for aquaculture species in Malaysia
despite being highlighted as a common
bacterial disease in shrimp farms (Hashish
et al., 2018).

Edwardsiellosis

Edwardsiellosis is a disease caused by genus
of Edwardsiella, mainly Edwardsiella tarda,
a Gram-negative, rod-shaped bacterium,
which has been isolated from lakes, streams,
seawater, mud and intestines of healthy
aquatic animals (Choudhury et al., 2017;
Mohanty & Sahoo, 2007). Edwardsiellosis
causes spiralling movement and fish death
with mouth agape and opercular flared,
potentially due to anaemia and oxygen
insufficiency. Other signs include lesions
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on skin, pale gills, tumefaction of the eye,
excessive mucus secretion,scale erosion
and ulcers (Xu & Zhang, 2014). Disease
progression leads to the development of
abscesses within the muscles of the flanks
or caudal peduncle, which rapidly increases
in size and further develops into large
cavities filled with gas. Incission of these
lesions lead to the emission of a foul odour
from necrotic tissue remnants (Mohanty &
Sahoo, 2007). Histologically, the lesions are
characterised focal necrosis, often extending
from muscle, haemopoietic tissue and liver
parenchyma to perforate the abdominal wall
(Choudhury et al., 2017).

So far, no reports have been published
on E. tarda outbreaks in Malaysia. However,
several studies report the isolation of E. tarda
from fish. The first study reports bacteria
isolation from diseased African catfish,
tilapia, Asian swamp eel (Monopterus
albus) and snakeskin gouramy (7richogaster
pectoralis) from commercial farms in
Terengganu (Lee & Musa, 2008). The
second study reports the isolation of E.
tarda from an Asian seabass hatchery in
Terengganu (Nadirah et al., 2012). Lastly,
E. tarda was found to co-infect tilapia with
A. hydrophilla in a farm in Kelantan, where
fish displayed the symptoms of both MAS
and edwardsiellosis (Lee & Wendy, 2017).
Unfortunately, the specific cause of the
disease was not investigated. One similarity
shared between the studies reported heavy
metal and antibiotic resistance in E. tarda,
echoing concerns of the development of co-
selection and cross-resistance in the bacteria
community of the aquaculture environment
in Malaysia (Lee & Wendy, 2017).
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FUTURE DIRECTIONS AND
PRIORITIES

Diseases continue to overwhelm the
aquaculture industry, coupled with
continuous intensification and expansion,
eventually causing a constraint in economic
and social developments in many countries,
including Malaysia (Bondad-Reantaso et al.,
2005). Several methods aimed at alleviating
potential issues in the Malaysian aquaculture
industry are proposed as follows:

Improving Disease Monitoring via
Farmer Input

Farmers are ideal as a frontline for disease
surveillance, especially via syndromic
surveillance, which is described as “use
of health-related information that may
be indicative of a probability of change
in the health of a population that merits
further research or enables a timely impact
assessment and action requirement” (Brugere
et al., 2017). In brief, farmers can identify
pending disease outbreaks via abnormal
signs, such as patterns of swimming, poor
growth and lack of food consumption
(FAO, 2001). These signs could be verified
with “point of care” surveillance tests
which aspire to the ASSURED criteria,
being affordable, sensitive, specific, user-
friendly, robist, rapid, equipment-free and
deliverable, which may be in forms of basic
tests which can be used by untrained users
while obtaining a robust result (Kettler et
al., 2004). With immediate notification to
authorities, action can be taken to remedy
while also preventing disease outbreaks.
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Improvement of Surveillance and
Diagnostic Methods
Currently, the Malaysian Department of
Fisheries carries out surveillance twice
a year, while not much information is
presented on diagnostics available (DOF,
2018). The development of risk-based
surveillance (RBS), which emphasizes on
the risk assessment methods and traditional
design surveillance for appropriate and cost-
effective data collection, could be applied
in aquaculture (Stark et al., 2006). An
example for risk-assessment consideration
is the identification of sources for pathogen
exposure and transmission, such as via
introduction of live fish directly onto
farms or seasonal changes in temperature
which contributes to disease spread. The
identification of disease introduction
and spread routes and subsequent allows
biosecurity measures to be put in place to
mitigate those risks (Oidtmann et al., 2013).
PCR is one of the most common methods
applied for diagnostics of fish diseases in
the Malaysian aquaculture industry. While
its application in farms is a challenge due
to the requirements of a thermocycler and
technical knowledge. Several issues could
be circumvented via use of loop mediated
isothermal amplification (LAMP), which is
similar to the PCR while being relatively
equipment-free and robust (Adams &
Thompson, 2011). Among the pathogens
listed in this review, LAMP is currently
shown to detect for CyHV-3, Iridovirus,
Betanodavirus, WSSV, MrNV and XSV,
IHHNV, V. parahaemolyticus, S. agalactiae,
and E. tarda. Alternatively, lateral flow
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devises (LFD) are also simple to use, cheap
and rapid, which act via detection of specific
antibodies of an infectious agent by its
diffusion through porous substrate and the
subsequent appearance of two coloured
lines (Brugere et al., 2017). LFD are
available for detection of WSSV and CyH V-
3 (Sithigorngul et al., 2006; Vrancken et al.,
2013).

Improvement and Enforcement of
Biosecurity

In the Malaysian aquaculture industry,
the biosecurity measures are categorised
under the Official Analysis plan by the
Department of Fisheries (DOF) which
includes aquaculture farms, hatcheries,
cages, ocean landings, export and import
premises, as well as aquatic animal
processing factories (DOF, 2018). The
biosecurity plan aims to ensure that all
farms operate in suitable locations while
also adhering to biosecurity requirements.
For aquatic animal health, surveillance is
conducted bi-anually according to diseases
outlined for that particular year according
to the risk of diseases. The biosecurity plan
can be improved further, such as through
the development of contingency plans,
and enforcement of record keeping and
traceability.

Contingency plans reduce the impact of
surprise as it includes familiarisation of the
emergency situation through the assessment
of risks, identification of uncertainties,
definition of priorities and response
strategies which may differ between
aquaculture farms due to differences in
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equipment and management techniques, as
well as the requirement of staff trained to act
in an emergency (Georgiades et al., 2016).
Such preparations ensure a farm’s viability
as they enable recovery from emergency
situations while also reducing loss.

Enforcement of record keeping ensures
product traceability, allowing identification
of sources and input which led to disease,
while also ensuring that other stock were
not affected (Georgiades et al., 2016;
Yanong, 2012). Additionally, the recording
of environmental conditions and animal
husbandry practices may also provide
insights as to those conditions that lead to
sub-optimal stock production or disease,
forecasting potential issues and potentially
preventing problems before they arise
(Johansen, 2013; Meyers, 2010). While
the degree of record keeping by individual
farmers is uncertain, improving this practice
as a form of biosecurity could benefit all
farms in general with the information
obtained.

CONCLUSION

In conclusion, this review has provided an
overview of the types of viral and bacterial
diseases detected in Malaysian aquaculture
and their current status. Among the diseases
highlighted, viral diseases are considered
more significant due to persistence and
the lack of means of recovery, whereas
bacterial diseases are often a product of
poor culture conditions. Instead of placing
emphasis on the recovery from disease,
prevention, through improved biosecurity
measures, is highlighted as the key solution.
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These could also benefit environmental
protection and provide sustainability if good
aquaculture practices were implemented.
Nevertheless, governing bodies could
also play a role in the improvement of
biosecurity, especially in smaller farms with
lower capital. Ultimately, collective effort
from all sides may effectively reduce the
occurrences of disease, creating a long term
benefit while preventing future economic
losses to disease outbreaks.

ACKNOWLEDGEMENTS

We gratefully acknowledge Crops for
Future (CFF) research centre for the PhD
studentship (NCHB0004) and Dr Jonathan
D. Wood for his advices on this work.

REFERENCES

Abdullah, A., Ramly, R., Ridzwan, M. S. M.,
Sudirwan, F., Abas, A., Ahmad, K., ... Kua,
B. C. (2018). First detection of Tilapia Lake
Virus (TiLV) in wild river carp (Barbonymus
schwanenfeldii) at Timah Tasoh Lake, Malaysia.
Journal of Fish Diseases, 41(9), 1459-1462. doi:
10.1111/jfd. 12843

Abusecliana, A. F., Daud, H. H. M., Aziz, S. A.,
Bejo, S. K., & Alsaid, M. (2011). Pathogenicity
of Streptococcus agalactiae isolated from a
fish farm in Selangor to juvenile red tilapia
(Oreochromis sp.). Journal of Animal and
Veterinary Advances, 10(7), 914-919. doi:
10.3923/javaa.2011.914.919

Adams, A., & Thompson, K. D. (2011). Development
of diagnostics for aquaculture: Challenges and
opportunities. Aquaculture Research, 42,93-102.
doi:10.1111/5.1365-2109.2010.02663.x

Agnew, W., & Barnes, A. C. (2007). Streptococcus
iniae: An aquatic pathogen of global

1037



Ivan Kar Mun Chiew, Andrew Michael Salter and Yin Sze Lim

veterinary significance and a challenging
candidate for reliable vaccination. Veterinary
Microbiology, 122(1-2), 1-15. doi: 10.1016/].
vetmic.2007.03.002

Albert, V., & Ransangan, J. (2013). Effect of water
temperature on susceptibility of culture marine
fish species to vibriosis. International Journal
of Research in Pure and Applied Microbiology,
3(3), 48-52.

Amal, M. N. A., & Zamri-Saad, M. (2011).
Streptococcosis in tilapia (Oreochromis
niloticus): A review. Pertanika Journal of
Tropical Agricultural Science, 34(2), 195-206.

Amal, M. N. A, Koh, C. B., Nurliyana, M., Suhaiba,
M., Nor-Amalina, Z., Santha, S., ... Zamri-Saad,
M. (2018). A case of natural co-infection of
Tilapia Lake Virus and Aeromonas veronii in
a Malaysian red hybrid tilapia (Oreochromis
niloticus x O. mossambicus) farm experiencing
high mortality. Aquaculture, 485, 12-16. doi:
10.1016/j.aquaculture.2017.11.019

Anyanwu, M. U., Chah, K. F., & Shoyinka, V. S. (2015).
Evaluation of pathogenicity of motile Aeromonas
species in African catfish. International Journal
of Fisheries and Aquatic Studies, 2(3), 93-98.

Ashley, P. J. (2007). Fish welfare: Current issues
in aquaculture. Applied Animal Behaviour
Science, 104(3-4), 199-235. doi: 10.1016/j.
applanim.2006.09.001

Austin, B., & Zhang, X. H. (2006). Vibrio harveyi: A
significant pathogen of marine vertebrates and
invertebrates. Letters in Applied Microbiology,
43(2), 119-124. doi: 10.1111/j.1472-
765X.2006.01989.x

Azila, A., Way, K., Wood, G., Ainol, Y. M. Y., Kamisa,
A., Norfauzana, M. A., ... Sabri, M. Y. (2012).
Detection of koi herpesvirus (KHV) in Cyprinius
carpio (Koi) stocks using Enzyme-Linked
Immunosorbent Assay (ELISA). Pertanika
Journal of Tropical Agricultural Science, 35(1),
21-25.

1038

Baums, C. G., Hermeyer, K., Leimbach, S., Adamek,
M., Czerny, C. P., Horstgen-Schwark, G., ...
Steinhagen, D. (2013). Establishment of a model
of Streptococcus iniae meningoencephalitis in
Nile tilapia (Oreochromis niloticus). Journal of
Comparative Pathology, 149(1), 94-102. doi:
10.1016/j.jcpa.2012.10.003

Behera, B. K., Pradhan, P. K., Swaminathan, T.
R., Sood, N., Paria, P., Das, A., ... Parida, P.
K. (2018). Emergence of Tilapia Lake Virus
associated with mortalities of farmed Nile tilapia
Oreochromis niloticus (Linnaecus 1758) in India.
Aquaculture, 484, 168-174. doi: 10.1016/j.
aquaculture.2017.11.025

Bondad-Reantaso, M. G., Subasinghe, R. P., Arthur,
J. R., Ogawa, K., Chinabut, S., Adlard, R.,
... Shariff, M. (2005). Disease and health
management in Asian aquaculture. Veterinary
Parasitology, 133(3-4),249-272. doi: 10.1016/j.
vetpar.2005.07.005

Bowden, T. J. (2008). Modulation of the immune
system of fish by their environment. Fish and
Shellfish Immunology, 25(4), 373-383. doi:
10.1016/j.£s1.2008.03.017

Bromage, E. S., & Owens, L. (2002). Infection of
barramundi Lates calcarifer with Streptococcus
iniae: Effects of different routes of exposure.
Diseases of Aquatic Organisms, 52(3), 199-205.
doi: 10.3354/da0052199

Brugere, C., Onuigbo, D. M., & Morgan, K. L. (2017).
People matter in animal disease surveillance:
Challenges and opportunities for the aquaculture
sector. Aquaculture, 467,158-169. doi: 10.1016/].
aquaculture.2016.04.012

Camus, A., (2004). Channel catfish virus disease
(SRAC Publication No. 4707). Retrieved
November 29, 2018, from https://agrilifecdn.
tamu.edu/fisheries/files/2013/09/SRAC-
Publication-No.-4702-Channel-Catfish-Virus-
Disease.pdf

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)



Major Fish Pathogens and Diseases in Malaysian Aquaculture

Cao, L., Wang, W., Yang, Y., Yang, C., Yuan, Z.,
Xiong, S., & Diana, J. (2007). Environmental
impact of aquaculture and countermeasures to
aquaculture pollution in China. Environmental

Science and Pollution Research-International,
14(7), 452-462. doi: 10.1065/espr2007.05.426

Chayaburakul, K., Lightner, D. V., Sriurairattana, S.,
Nelson, K. T., & Withyachumnarnkul, B. (2005).
Different responses to infectious hypodermal
and hematopoietic necrosis virus (IHHNV) in
Penaeus monodon and P. vannamei. Diseases
of Aquatic Organisms, 67(3), 191-200. doi:
10.3354/dao067191

Chinchar, V. G., Hyatt, A., Miyazaki, T., & Williams,
T. (2009). Family Iridoviridae: Poor viral
relations no longer. In J. L. Van Etten (Ed.),
Lesser known large dsDNA viruses: Current
topics in microbiology and immunology (Volume
328, pp. 123-170). Berlin, Germany: Springer.

Choudhury, T. G., Vinay, T. N., Gupta, S. K., Gita,
S., & Sarkar, B. (2017). Edwardsiellosis:
An emerging disease in Indian aquaculture.
Aquaculture Times, 3(2), 38-40.

Chuah, T. T. (2001). Survey of grouper diseases
in Malaysia. In M. G. Bondad-Reantaso, J.
Humphrey, S. Kanchanakhan, & S. Chinabut
(Eds.), Report and Proceedings of APEC
FWG Project 02/2000 “Development of a
Regional Research Programme on Grouper
Virus Transmission and Vaccine Development”
(pp- 38-40). Bangkok, Thailand: Asia Pacific
Economic Cooperation (APEC), Fish Health
Section of the Asian Fisheries Society (FHS/
AFS), Aquatic Animal Health Research Institute
(AAHRI), and Network of Aquaculture Centres
in Asia Pacific (NACA).

Defoirdt, T. (2014). Virulence mechanisms of bacterial
aquaculture pathogens and antivirulence therapy
for aquaculture. Reviews in Aquaculture, 6(2),
100-114. doi: 10.1111/raq.12030

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)

Defoirdt, T., Boon, N., Sorgeloos, P., Verstraete, W.,
& Bossier, P. (2007). Alternatives to antibiotics
to control bacterial infections: Luminescent
vibriosis in aquaculture as an example. Trends in
Biotechnology, 25(10), 472-479. doi: 10.1016/].
tibtech.2007.08.001

del-Pozo, J., Mishra, N., Kabuusu, R., Cheetham,
S., Eldar, A., Bacharach, E., ... Ferguson,
H. W. (2017). Syncytial hepatitis of tilapia
(Oreochromis niloticus L.) is associated with
orthomyxovirus-like virions in hepathocytes.
Veterinary Pathology, 54(1), 164-170. doi:
10.1177/0300985816658100

Department of Fisheries Malaysia. (2016). Annual
fisheries statistics 2016. Retrieved November
29, 2018, from https://www.dof.gov.my/index.
php/pages/view/3049

Department of Fisheries Malaysia. (2017). Malaysian
fishing industry scenario. Retrieved November
29, 2018, from https://www.dof.gov.my/index.
php/pages/view/42

Department of Fisheries Malaysia. (2018). Official
Analysis. Retrieved November 29, 2018, from
https://www.dof.gov.my/index.php/pages/
view/2341

Dong, H. T., Ataguba, G. A., Khunrae, P.,
Rattanarojpong, T., & Senapin, S. (2017).
Evidence of TiLV infection in tilapia hatcheries
from 2012 to 2017 reveals probable global spread
of the disease. Aquaculture, 479, 579-583. doi:
10.1016/j.aquaculture.2017.06.035

Escobedo-Bonilla, C. M., Alday-Sanz, V., Wille, M.,
Sorgeloos, P., Pensaert, M. B., & Nauwynck,
H. J. (2008). A review on the morphology,
molecular characterization, morphogenesis and
pathogenesis of white spot syndrome virus.
Journal of Fish Diseases, 31(1), 1-18. doi:
10.1111/j.1365-2761.2007.00877.x

Eyngor, M., Zamostiano, R., Tsofack, J. E. K.,
Berkowitz, A., Bercovier, H., Tinman, S.,

1039



Ivan Kar Mun Chiew, Andrew Michael Salter and Yin Sze Lim

... Eldar, A. (2014). Identification of a novel
RNA virus lethal to tilapia. Journal of Clinical
Microbiology, 52(12),4137-4146. doi: 10.1128/
JCM.00827-14

Fathi, M., Dickson, C., Dickson, M., Leschen, W.,
Baily, J., Muir, F., ... Weidmann, M. (2017).
Identification of Tilapia Lake Virus in Egypt
in Nile tilapia affected by ‘summer mortality’
syndrome. Aquaculture, 473, 430-432. doi:
10.1016/j.aquaculture.2017.03.014

Ferguson, H. W., Kabuusu, R., Beltran, S., Reyes,
E., Lince, J. A., & del Pozo, J. (2014). Syncytial
hepatitis of farmed tilapia, Oreochromis niloticus
(L.): A case report. Journal of Fish Diseases,
37(6), 583-589. doi: 10.1111/jfd.12142

Flegel, T. W. (1997). Major viral diseases of the
black tiger prawn (Penaeus monodon) in
Thailand. World Journal of Microbiology
and Biotechnology, 13(4), 433-443. doi:
10.1023/A:1018580301578

Flegel, T. W. (2012). Historic emergence, impact
and current status of shrimp pathogens in Asia.
Journal of Invertebrate Pathology, 110(2), 166-
173. doi: 10.1016/j.jip.2012.03.004

Food and Agriculture Organisation. (2001). Cage
aquaculture: Regional reviews and global
overview. Retrieved November 29, 2018, from
FAO Fisheries Technical Paper website: http://
www.fao.org/docrep/005/y1679¢/y1679¢00.htm

Food and Agriculture Organisation. (2007). Cage
aquaculture: Regional reviews and global
overview. Retrieved November 29, 2018, from
FAO Fisheries Technical Paper website: http://
www.fao.org/docrep/010/a1290e/a1290e00.htm

Gauthier, D. T., & Rhodes, M. W. (2009).
Mycobacteriosis in fishes: A review. The
Veterinary Journal, 180(1),33-47. doi: 10.1016/].
tvjl.2008.05.012

Georgiades, E., Fraser, R., & Jones, B. (2016)

Options to strengthen on-farm biosecurity

1040

management for commercial and non-
commercial aquaculture (Technical Paper No:
2016/47). Retrieved November 29, 2018, from
http://researchrepository.murdoch.edu.au/id/
eprint/42722/1/on-farm-aquaculture-biosecurity.
pdf

Gomez, D. K., Sato, J., Mushiake, K., Isshiki, T.,
Okinaka, Y., & Nakai, T. (2004). PCR-based
detection of betanodaviruses from cultured
and wild marine fish with no clinical signs.
Journal of Fish Diseases, 27(10), 603-608. doi:
10.1111/5.1365-2761.2004.00577.x

Hameed, A. S., & Bonami, J. R. (2012). White tail
disease of freshwater prawn, Macrobrachium
rosenbergii. Indian Journal of Virology, 23(2),
134-140. doi: 10.1007/s13337-012-0087-y

Hamid, N. H., Hassan, M. D., Sabri, M. M., Hasliza,
A. H., Hamdan, R. H., Afifah, M. N., ... Fuad,
M. M. (2017). Studies on pathogenicity effect of
Aeromonas hydrophila infection in juvenile red
hybrid tilapia Oreochromis sp. In D. Yulistiani,
A. H. Wardhana, I. Inounu, S. Bahri, S. Iskandar,
E. Wina ... D. L. Aquino (Eds.), Proceedings of
International Seminar on Livestock Production
and Veterinary Technology (pp. 532-539).
Jakarta, Indonesia: IAARD Press.

Hamid, R., Ahmad, A., & Usup, G. (2016).
Pathogenicity of Aeromonas hydrophila
isolated from the Malaysian Sea against
coral (Turbinaria sp.) and sea bass (Lates
calcarifer). Environmental Science and Pollution
Research, 23(17), 17269-17276. doi: 10.1007/
s11356-016-6655-8

Hanson, L., Dishon, A., & Kotler, M. (2011).
Herpesviruses that infect fish. Viruses, 3(11),
2160-2191. doi: 10.3390/v3112160

Harikrishnan, R., & Balasundaram, C. (2005).
Modern trends in Aeromonas hydrophila
disease management with fish. Reviews
in Fisheries Science, 13(4), 281-320. doi:
10.1080/10641260500320845

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)



Major Fish Pathogens and Diseases in Malaysian Aquaculture

Hashish, E., Merwad, A., Elgaml, S., Amer,
A., Kamal, H., Elsadek, A., ... Sitohy,
M. (2018). Mycobacterium marinum
infection in fish and man: Epidemiology,
pathophysiology and management; A
review. Veterinary Quarterly, 38(1), 35-46. doi:
10.1080/01652176.2018.1447171

Hedrick, R. P., Gilad, O., Yun, S., Spangenberg,
J. V., Marty, G. D., Nordhausen, R. W., ...
Eldar, A. (2000). A herpesvirus associated
with mass mortality of juvenile and adult
koi, a strain of common carp. Journal of
Aquatic Animal Health, 12(1), 44-57. doi:
10.1577/1548-8667(2000)012<0044: AHAWM
M>2.0.CO;2.

Hellberg, H., Kvellestad, A., Dannevig, B., Borng,
G., Modahl, I., Haldorsen, R. N, ... Sindre, H.
(2010). Outbreaks of viral nervous necrosis
in juvenile and adult farmed Atlantic cod,
Gadus morhua L., in Norway. Journal of Fish
Diseases, 33(1), 75-81. doi: 10.1111/j.1365-
2761.2009.01092.x

Hick, P., Schipp, G., Bosmans, J., Humphrey, J., &
Whittington, R. (2011). Recurrent outbreaks
of viral nervous necrosis in intensively
cultured barramundi (Lates calcarifer) due
to horizontal transmission of betanodavirus
and recommendations for disease control.
Aquaculture, 319(1-2), 41-52. doi: 10.1016/].
aquaculture.2011.06.036

Hsieh, C. Y., Chuang, P. C., Chen, L. C., Chien, M.
S., Huang, K. C., Kao, H. F, ... Tsai, S. S. (2006).
Infectious hypodermal and haematopoietic
necrosis virus (IHHNV) infections in giant
freshwater prawn, Macrobrachium rosenbergii.
Aquaculture, 258(1-4), 73-79. doi: 10.1016/].
aquaculture.2006.04.007

Ina-Salwany, M. Y., Al-Saari, N., Mohamad, A.,
Mursidi, F. A., Mohd-Aris, A., Amal, M. N.
A., ... Zamri-Saad, M. (2018). Vibriosis in

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)

fish: A review on disease development and
prevention. Journal of Aquatic Animal Health,
31(1), 3-22. doi: 10.1002/aah.10045

Iwanaga, S., & Lee, B. L. (2005). Recent advances
in the innate immunity of invertebrate animals.
BMB Reports, 38(2), 128-150. doi: 10.5483/
BMBRep.2005.38.2.128

Jansen, M. D., Dong, H. T., & Mohan, C. V. (2018).
Tilapia Lake Virus: A threat to the global tilapia
industry?. Retrieved November 29, 2018, from
https://onlinelibrary.wiley.com/doi/epdf/10.1111/
raq.12254

Johansen, R. (2013). Fish health report 2012.
Retrieved November 29, 2018, from https://
www.vetinst.no/rapporter-og-publikasjoner/
rapporter/2013/fish-health-report-2012

Kara, H. M., Chaoui, L., Derbal, F., Zaidi, R., de
Boisséson, C., Baud, M., & Bigarré, L. (2014).
Betanodavirus-associated mortalities of adult
wild groupers Epinephelus marginatus (Lowe)
and Epinephelus costae (Steindachner) in
Algeria. Journal of Fish Diseases, 37(3), 273-
278. doi: 10.1111/j£d.12020

Kettler, H., White, K., & Hawkes, S. J.
(2004). Mapping the landscape of diagnostics
for sexually transmitted infections: Key findings
and recommendations (No. TDR/STI/IDE/04.1).
Retrieved November 29, 2018, from https://
www.who.int/tdr/publications/tdr-research-
publications/mapping-landscape-sti/en/

Kua, B. C., Ahmad, 1., Siti Zahrah, A., Irene, J.,
Norazila, J., Nik Haiha, N., ... Teoh, T. P. (2016).
Current status of acute hepatopancreatic necrosis
disease (AHPND) of farmed shrimp in Malaysia.
In R. V. Pakingking Jr., E. G. T. de Jesus-Ayson,
& B. O. Acosta (Eds.), Addressing Acute
Hepatopancreatic Necrosis Disease (AHPND)
and Other Transboundary Diseases for Improved
Aquatic Animal Health in Southeast Asia:
Proceedings of the ASEAN Regional Technical

1041



Ivan Kar Mun Chiew, Andrew Michael Salter and Yin Sze Lim

Consultation on EMS/AHPND and Other
Transboundary Diseases for Improved Aquatic
Animal Health in Southeast Asia (pp. 55-59).
Tigbauan, Philippines: Aquaculture Department,
Southeast Asian Fisheries Development Center.

Kua, B. C., Choong, F. C., Nita, M. K., Muhd

Faizul, H. A. H., Bhassu, S., Imelda, R. R., &
Mohammed, M. (2011). Screening of parasitic
and IHHNV infections in wild giant freshwater
prawn Macrobrachium rosenbergii from
Rejang River at Kuching, Sarawak. Tropical
Biomedicine, 28(1), 85-89.

Laith, A. R., & Najiah, M. (2013). Aeromonas

hydrophila: Antimicrobial susceptibility and
histopathology of isolates from diseased catfish,
Clarias gariepinus (Burchell). Journal of
Aquaculture Research and Development, 5(2),
1-7. doi: 10.4172/2155-9546.1000215

Lee, S. W., & Musa, N. (2008). Phenotyping,

genotyping and whole cell protein profiling
of Edwardsiella tarda isolated from cultured
and natural habitat freshwater fish. American-
Eurasian Journal of Agricultural and
Environmental Sciences, 3(5), 681-691.

Lee, S. W., & Wendy, W. (2017). Antibiotic

and heavy metal resistance of Aeromonas
hydrophila and Edwardsiella tarda isolated
from red hybrid tilapia (Oreochromis spp.)
coinfected with motile aeromonas septicemia
and edwardsiellosis. Veterinary World, 10(7),
803-807. doi: 10.14202/vetworld.2017.803-807

Lepa, A., & Siwicki, A. K. (2013). Fish herpesvirus

discases: A short review of current
knowledge. Acta Veterinaria Brno, 81(4), 383-
389. doi: 10.2754/avb201281040383

Leu, J., Wu, M., & Chou, H. (2013). A comparative

study between ranavirus and megalocytivirus
infections in orange-spotted grouper
(Epienphelus coioides). Journal of Marine
Science and Technology, 21, 58-64. doi: 10.6119/
JMST-013-1220-2

Leung, T. L., & Bates, A. E. (2013). More rapid

and severe disease outbreaks for aquaculture
at the tropics: Implications for food security.
Journal of Applied Ecology, 50(1),215-222. doi:
10.1111/1365-2644.12017

Liamnimitr, P., Thammatorn, W., U-thoomporn, S.,

Tattiyapong, P., & Surachetpong, W. (2018). Non-
lethal sampling for Tilapia Lake Virus detection
by RT-qPCR and cell culture. Aquaculture, 486,
75-80. doi: 10.1016/j.aquaculture.2017.12.015

Ma, H., Xie, J., Weng, S., Zhou, T., & He, J. (2012).

Co-infection of megalocytivirus and viral
nervous Necrosis virus in a very severe mass
mortality of juvenile orange-spotted groupers
(Epinephelus coioides). Aquaculture, 358, 170-
175. doi: 10.1016/j.aquaculture.2012.06.032

Manan, H., Zhong, J. M. H., Othman, F., &

Ikhwanuddin, M. (2015). Histopathology of the
hepatopancreas of pacific white shrimp, Penaeus
vannamei from none early mortality syndrome
(EMS) shrimp ponds. Journal of Fisheries and
Aquatic Science, 10(6), 562-568. doi: 10.3923/
jfas.2015.562.568

Meyers, T. (2010). Regulation changes, policies and

guidelines for Alaska fish and shellfish health
and disease control (Regional Report Series
5J10-01). Retrieved November 29, 2018, from
http://www.sf.adfg.state.ak.us/fedaidpdfs/
RIR.5J.2010.01.pdf

Mohanty, B. R., & Sahoo, P. K. (2007).

Edwardsiellosis in fish: A brief review. Journal
of Biosciences, 32(3), 1331-1344.

Mugimba, K. K., Chengula, A. A., Wamala, S.,

Mwega, E. D., Kasanga, C. J., Byarugaba, D. K.,
... Mutoloki, S. (2018). Detection of Tilapia Lake
Virus (TiLV) infection by PCR in farmed and
wild Nile tilapia (Oreochromis niloticus) from
Lake Victoria. Journal of Fish Diseases, 41(8),
1181-1189. doi: 10.1111/j£d. 12790

Nadirah, M., Najiah, M., & Teng, S. Y. (2012).

Characterization of Edwardsiella tarda

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)



Major Fish Pathogens and Diseases in Malaysian Aquaculture

isolated from Asian seabass, Lates calcarifer.
International Food Research Journal, 19(3),
1247-1252.

Nagasawa, K., & Cruz-lacierda, E. R. (2004).
Diseases of cultured groupers. Retrieved
November 29, 2018, from https://repository.
seafdec.org.ph/handle/10862/1702.

Najiah, M., Aqilah, N. I, Lee, K. L., Khairulbarryyah,
Z., Mithun, S., Jalal, K. C. A., ... Nadirah, M.
(2012). Massive mortality associated with
Streptococcus agalactiae infection in cage-
cultured red hybrid tilapia Oreochromis niloticus
in Como River, Kenyir Lake, Malaysia. Journal
of Biological Sciences, 12(8), 438-442. doi:
10.3923/jbs.2012.438.442

Network of Aquaculture Centres in Asia-Pacific.
(2018). Quarterly aquatic animal disease report
(Asia-Pacific region). Retrieved November 10,
2018, from https://enaca.org/

Nicholson, P., Fathi, M. A., Fischer, A., Mohan, C.,
Schieck, E., Mishra, N., ... Jores, J. (2017).
Detection of Tilapia Lake Virus in Egyptian
fish farms experiencing high mortalities in
2015. Journal of Fish Diseases, 40(12), 1925-
1928. doi: 10.1111/jd.12650

Nita, M. H., Kua, B. C., Bhassu, S., & Othman,
R. Y. (2012). Detection and genetic profiling
of infectious hypodermal and haematopoietic
necrosis virus (IHHNV) infections in wild
berried freshwater prawn, Macrobrachium
rosenbergii collected for hatchery production.
Molecular Biology Reports, 39(4), 3785-3790.
doi: 10.1007/s11033-011-1155-x

Oidtmann, B., Peeler, E., Lyngstad, T., Brun, E.,
Jensen, B. B., & Stirk, K. D. (2013). Risk-
based methods for fish and terrestrial animal
disease surveillance. Preventive Veterinary
Medicine, 112(1-2), 13-26. doi: 10.1016/j.
prevetmed.2013.07.008

Oseko, N. (2006). Occurrence and prevention of
white spot syndrome (WSSV) in Malaysia. In

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)

Proceedings from the 32nd Edition (pp. 422-
431). Minamiise, Japan: National Research

Institute of Aquaculture.

Pikarsky, E., Ronen, A., Abramowitz, J., Hutoran, M.,
Shapira, Y., Steinitz, M., ... Kotler, M. (2004).
Pathogenesis of acute viral disease induced in
fish by carp interstitial nephritis and gill necrosis
virus. Journal of Virology, 78(17), 9544-9551.
doi: 10.1128/JV1.78.17.9544-9551.2004

Rahmatullah, M., Ariff, M., Kahieshesfandiari,
M., Daud, H. M., Zamri-Saad, M., Sabri, M.
Y., ... Ina-Salwany, M. Y. (2017). Isolation
and pathogenicity of Streptococcus iniae in
cultured red hybrid tilapia in Malaysia. Journal
of Aquatic Animal Health, 29(4), 208-213. doi:
10.1080/08997659.2017.1360411

Ransangan, J., & Manin, B. O. (2010). Mass mortality
of hatchery-produced larvae of Asian seabass,
Lates calcarifer (Bloch), associated with viral
nervous necrosis in Sabah, Malaysia. Veterinary
Microbiology, 145(1-2),153-157. doi: 10.1016/;.
vetmic.2010.03.016

Ransangan, J., & Mustafa, S. (2009). Identification
of Vibrio harveyi isolated from disecased Asian
seabass Lates calcarifer by use of 16S ribosomal
DNA sequencing. Journal of Aquatic Animal
Health, 21(3), 150-155. doi: 10.1577/H09-002.1

Ransangan, J., Lal, T. M., & Al-harbi, A. H. (2012).
Characterization and experimental infection
of Vibrio harveyi isolated from disecased Asian
seabass (Lates calcarifer). Malaysian Journal
of Microbiology, 8(2), 104-115. doi: 10.21161/
mjm.03512

Ransangan, J., Manin, B. O., Abdullah, A., Roli, Z., &
Sharudin, E. F. (2011). Betanodavirus infection in
golden pompano, Trachinotus blochii, fingerlings
cultured in deep-sea cage culture facility in
Langkawi, Malaysia. Aquaculture, 315(3-4),
327-334. doi: 10.1016/j.aquaculture.2011.02.040

Ransangan, J., Manin, B. O., Lal, T. M. M., Sade, A.,
& Azila, A. (2013). Betanodavirus infection in

1043



Ivan Kar Mun Chiew, Andrew Michael Salter and Yin Sze Lim

marine fish aquaculture in Malaysia. Research
Journal of Animal, Veterinary and Fishery
Sciences, 1(7), 10-15.

Ransangan, J., Mustafa, S., & Rahman, R. A. (1999).
A first report of genetic erosion in hatchery stock
of seabass (Lates calcarifer) in Sabah. Borneo
Science, 5, 77-89.

Razak, A. A., Ransangan, J., & Sade, A. (2014).
First report of Megalocytivirus (/ridoviridae) in
grouper culture in Sabah, Malaysia. International
Journal of Current Microbiology and Applied
Sciences, 3(3), 896-909.

Rodriguez, J., Bayot, B., Amano, Y., Panchana, F., De
Blas, 1., Alday, V., & Calder6n, J. (2003). White
spot syndrome virus infection in cultured Penaeus
vannamei (Boone) in Ecuador with emphasis on
histopathology and ultrastructure. Journal of Fish
Diseases, 26(8), 439-450. doi: 10.1046/j.1365-
2761.2003.00483.x

Saedi, T. A., Moeini, H., Tan, W. S., Yusoff, K.,
Daud, H. M., Chu, K. B., ... Bhassu, S. (2012).
Detection and phylogenetic profiling of nodavirus
associated with white tail disease in Malaysian
Macrobrachium rosenbergii de Man. Molecular
Biology Reports, 39(5), 5785-5790. doi: 10.1007/
s11033-011-1389-7

Sahtout, A. H., Hassan, M. D., & Shariff, M.
(2001). DNA fragmentation, an indicator of
apoptosis, in cultured black tiger shrimp Penaeus
monodon infected with white spot syndrome
virus (WSSV). Diseases of Aquatic Organisms,
44(2), 155-159. doi: 10.3354/dao044155

Sanchez-Martinez, J. G., Aguirre-Guzman,
G., & Mejia-Ruiz, H. (2007). White spot
syndrome virus in cultured shrimp: A review.
Aquaculture Research, 38(13), 1339-1354. doi:
10.1111/5.1365-2109.2007.01827.x

Sanchez-Paz, A. (2010). White spot syndrome
virus: An overview on an emergent concern.
Veterinary Research, 41(6), 43. doi: 10.1051/
vetres/2010015

1044

Senapin, S., Shyam, K. U., Meemetta, W.,
Rattanarojpong, T., & Dong, H. T. (2018).
Inapparent infection cases of Tilapia Lake Virus
(TiLV) in farmed tilapia. Aquaculture, 487, 51-
55. doi: 10.1016/j.aquaculture.2018.01.007

Sithigorngul, W., Rukpratanporn, S., Pecharaburanin,
N., Longyant, S., Chaivisuthangkura, P., &
Sithigorngul, P. (2006). A simple and rapid
immunochromatographic test strip for detection
of white spot syndrome virus (WSSV) of
shrimp. Diseases of Aquatic Organisms, 72(2),
101-106. doi: 10.3354/dao072101

Siti-Zahrah, A., Misri, S., Padilah, B., Zulkafli,
R., Kua, B. C., Azila, A., & Rimatulhana, R.
(2004). Pre-disposing factors associated with
outbreak of Streptococcal infection in floating
cage-cultured tilapia in reservoirs. In 7th Asian
Fisheries Forum 2004, The Triennial Meeting
of The Asian Fisheries Society (p. 129). Bayan
Lepas, Malaysia: WorldFish Center.

Siti-Zahrah, A., Padilah, B., Azila, A., Rimatulhana,
R., & Shahidan, H. (2005). Multiple streptococcal
species infection in cage-cultured red tilapia, but
showing similar clinical signs. In M. G. Bondad-
Reantaso, C. V. Mohan, M. Crumlish, & R. P.
Subasinghe (Eds.), Proceedings of the Sixth
Symposium on Diseases in Asian Aquaculture
(pp. 313-320). Manila, Phillipines: Fish Health
Section, Asian Fisheries Society.

Siti-Zahrah, A., Zamri-Saad, M., Firdaus-Nawi, M.,
Hazreen-Nita, M. K., & Nur-Nazifah, M. (2013).
Detection of channel catfish virus in cage-
cultured Pangasius hypophthalmus (Sauvage,
1878) in Malaysia. Journal of Fish Diseases,
37(11), 981-983. doi: 10.1111/jfd.12185

Soonthornchai, W., Chaiyapechara, S., Jarayabhand,
P., Séderhill, K., & Jiravanichpaisal, P. (2015).
Interaction of Vibrio spp. with the inner surface
of'the digestive tract of Penaeus monodon. PLOS
One, 10(8), e0135783. doi: 10.1371/journal.
pone.0135783

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)



Major Fish Pathogens and Diseases in Malaysian Aquaculture

Stirk, K. D., Regula, G., Hernandez, J., Knopf, L.,

Fuchs, K., Morris, R. S., & Davies, P. (2006).
Concepts for risk-based surveillance in the field
of veterinary medicine and veterinary public
health: Review of current approaches. BMC
Health Services Research, 6(1), 20. doi:
10.1186/1472-6963-6-20

Stentiford, G. D., Neil, D. M., Peeler, E. J., Shields,

J. D., Small, H. J., Flegel, T. W., ... Lightner,
D. V. (2012). Disease will limit future food
supply from the global crustacean fishery and
aquaculture sectors. Journal of Invertebrate
Pathology, 110(2), 141-157. doi: 10.1016/j.
jip.2012.03.013

Sudhakaran, R., Syed Musthaq, S., Haribabu, P.,

Mukherjee, S. C., Gopal, C., & Hameed,
A. S. (2006). Experimental transmission
of Macrobrachium rosenbergii nodavirus
(MrNV) and extra small virus (XSV) in three
species of marine shrimp (Penaeus indicus,
Penaeus japonicas and Penaeus monodon).
Aquaculture, 257(1-4), 136-141. doi: 10.1016/].
aquaculture.2006.02.053

Surachetpong, W., Janetanakit, T., Nonthabenjawan,

N., Tattiyapong, P., Sirikanchana, K., &
Amonsin, A. (2017). Outbreaks of Tilapia Lake
Virus infection, Thailand, 2015-2016. Emerging
Infectious Diseases, 23(6), 1031-1033. doi:
10.3201/eid2306.161278

Swaim, L. E., Connolly, L. E., Volkman, H. E.,

Humbert, O., Born, D. E., & Ramakrishnan, L.
(2006). Mycobacterium marinum infection of
adult zebrafish causes caseating granulomatous
tuberculosis and is moderated by adaptive
immunity. Infection and Immunity, 74(11), 6108-
6117. doi: 10.1128/1A1.00887-06

Tan, Z., Komar, C., & Enright, W. J. (2008). Health

management practices for cage aquaculture
in Asia - A key component for sustainability.
In Y. Yang, S. Silva, & Y. Zhou (Eds.), The

Proceedings of the 2nd International Symposium
on Cage Aquaculture in Asia (CAA2) (pp. 17-33).
Manila, Philippines: Asian Fisheries Society.

Tattiyapong, P., Dachavichitleada, W., &

Surachetponga, W. (2017). Experimental
infection of Tilapia Lake Virus (TiLV) in Nile
tilapia (Oreochromis niloticus) and red tilapia
(Oreochromis spp.). Veterinary Microbiology,
207,170-177. doi: 10.1016/j.vetmic.2017.06.014

Toranzo, A. E., Magariiios, B., & Romalde, J. L. (2005).

A review of the main bacterial fish diseases in
mariculture systems. Aquaculture, 246(1-4),
37-61. doi: 10.1016/j.aquaculture.2005.01.002

Tran, L., Nunan, L., Redman, R. M., Mohney, L. L.,

Pantoja, C. R., Fitzsimmons, K., & Lightner, D.
V. (2013). Determination of the infectious nature
of the agent of acute hepatopancreatic necrosis
syndrome affecting penaeid shrimp. Diseases of
Aquatic Organisms, 105(1), 45-55. doi: 10.3354/
dao02621

Tsofack, J. E. K., Zamostiano, R., Watted, S.,

Berkowitz, A., Rosenbluth, E., Mishra, N., ...
Bacharach, E. (2017). Detection of Tilapia Lake
Virus in clinical samples by culturing and nested
reverse transcription-PCR. Journal of Clinical
Microbiology, 55(3), 759-767. doi: 10.1128/
JCM.01808-16

Uchii, K., Matsui, K., Iida, T., & Kawabata, Z.

(2009). Distribution of the introduced cyprinid
herpesvirus 3 in a wild population of common
carp, Cyprinus carpio L. Journal of Fish
Diseases, 32(10), 857-864. doi: 10.1111/j.1365-
2761.2009.01064.x

van der Woude, A. D., Stoop, E. J., Stiess, M.,

Wang, S., Ummels, R., van Stempvoort, G.,
... Luirink, J. (2014). Analysis of SecA2-
dependent substrates in Mycobacterium marinum
identifies protein kinase G (PknG) as a virulence
effector. Cellular Microbiology, 16(2),280-295.
doi:10.1111/cmi.12221

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019) 1045



Ivan Kar Mun Chiew, Andrew Michael Salter and Yin Sze Lim

Vega-Heredia, S., Mendoza-Cano, F., & Sanchez-
Paz, A. (2012). The infectious hypodermal and
haematopoietic necrosis virus: A brief review of
what we do and do not know. Transboundary
and Emerging Diseases, 59(2), 95-105. doi:
10.1111/j.1865-1682.2011.01249.x

Vendramin, N., Patarnello, P., Toffan, A., Panzarin,
V., Cappellozza, E., Tedesco, P., ... Cattoli, G.
(2013). Viral Encephalopathy and Retinopathy
in groupers (Epinephelus spp.) in southern Italy:
A threat for wild endangered species?. BMC
Veterinary Research, 9(1), 20. doi: 10.1186/1746-
6148-9-20

Verschuere, L., Rombaut, G., Sorgeloos, P., &
Verstraete, W. (2000). Probiotic bacteria as
biological control agents in aquaculture.
Microbiology and Molecular Biology Reviews,
64(4), 655-671. doi: 10.1128/MMBR.64.4.655-
671.2000

Vrancken, R., Boutier, M., Ronsmans, M., Reschner,
A., Leclipteux, T., Lieffrig, F., ... Goris, N. (2013).
Laboratory validation of a lateral flow device
for the detection of CyHV-3 antigens in gill
swabs. Journal of Virological Methods, 193(2),
679-682. doi: 10.1016/j.jviromet.2013.07.034

Walker, P. J., & Mohan, C. V. (2009). Viral disease
emergence in shrimp aquaculture: Origins, impact
and the effectiveness of health management
strategies. Reviews in Aquaculture, 1(2), 125-
154. doi: 10.1111/j.1753-5131.2009.01007.x

Wang, C. H., Lo, C.F., Leu, J. H., Chou, C. M., Yeh, P.
Y., Chou, H.Y,, ... Kou, G. H. (1995). Purification
and genomic analysis of baculovirus associated
with white spot syndrome (WSBV) of Penaeus
monodon. Diseases of Aquatic Organisms, 23(3),
239-242. doi: 10.3354/da0023239

Wang, Y. T., Liu, W., Seah, J. N., Lam, C. S., Xiang,
J. H.,, Korzh, V., & Kwang, J. (2002). White
spot syndrome virus (WSSV) infects specific

hemocytes of the shrimp Penaeus merguiensis.
Diseases of Aquatic Organisms, 52(3), 249-259.
doi: 10.3354/da0052249

Whittington, R. J., Becker, J. A., & Dennis, M.

M. (2010). Iridovirus infections in finfish -
Critical review with emphasis on ranaviruses.
Journal of Fish Diseases, 33(2), 95-122. doi:
10.1111/5.1365-2761.2009.01110.x

Widada, J. S., Richard, V., Shi, Z., Qian, D., &

Bonami, J. R. (2004). Dot-blot hybridization
and RT-PCR detection of extra small virus
(XSV) associated with white tail disease of
prawn Macrobrachium rosenbergii. Diseases of
Aquatic Organisms, 58(1), 83-87. doi: 10.3354/
dao058083

Withyachumnarnkul, B., Chayaburakul, K., Lao-

Aroon, S., Plodpai, P., Sritunyalucksana, K.,
& Nash, G. (2006). Low impact of infectious
hypodermal and hematopoietic necrosis
virus (IHHNV) on growth and reproductive
performance of Penaeus monodon. Diseases
of Aquatic Organisms, 69(2-3), 129-136. doi:
10.3354/dao069129

Wong, S. Y., Ong B., & Chua, T. E. (1979). Isolation,

identification of causative agent of “red boil
disease” in grouper (Epinephelus salmoides)
and its possible control by vaccination. In D. A.
Turnbull (Ed.), Proceedings of the International
Workshop on Pen Cage Culture of Fish (pp 81-
87). Iloilo, Philippines: Aquaculture Department,
Southeast Asian Fisheries Development Center.

T., & Zhang, X. H. (2014). Edwardsiella
tarda: An intriguing problem in
aquaculture. Aquaculture, 431, 129-135. doi:
10.1016/j.aquaculture.2013.12.001

Yanong, R. P. (2012). Biosecurity in aquaculture,

Part 2: Recirculating aquaculture systems.
Retrieved November 29, 2018, from http://
agrilifecdn.tamu.edu/fisheries/files/2013/09/

1046 Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019)



Major Fish Pathogens and Diseases in Malaysian Aquaculture

SRAC-Publication-No.-4708-Biosecurity-in- of Food and Agricultural Sciences Extensions
Aquaculture-Part-2-Recirculating-Aquaculture- website: http://edis.ifas.ufl.edu/fal 82
Systems.pdf Zorriehzahra, M. J., & Banaederakhshan, R. (2015).

Yanong, R. P. E. & Waltzek, T. B. (2010). Early mortality syndrome (EMS) as new
Megalocytivirus infections in fish, with emphasis emerging threat in shrimp industry. Advances in
on ornamental species. Retrieved November Animal and Veterinary Sciences, 3(2S), 64-72.
29, 2018, from University of Florida Institute doi: 10.14737/journal.aavs/2015/3.25.64.72

Pertanika J. Trop. Agric. Sc. 42 (3): 1023 - 1047 (2019) 1047






