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ABSTRACT

Aquarium ornamental pet fish constitute a major segment in the pet industry, with the United States, Europe, and
Japan dominating the market. There are approximately 1,500 marine fish species and over 4,500 freshwater fish species
commercialized as aquarium ornamental pet fish. Fish are the fourth most common pet present in Brazilian homes.
In Brazil, aquarium ornamental pet fish can be marketed and distributed from different parts of the Brazilian territory
and the world. Commercialization and circulation of living animals without the use of adequate prophylactic management
procedures enables dissemination of a number of agents responsible for infectious diseases. Aquarium pet fish can also
carry pathogenic agents, of bacterial, viral, fungal, or parasitic etiology, that may have a zoonotic feature endangering
the persons handling the animals. This review presents the main pathogenic infectious agents of bacterial, viral, and
fungal etiology that affect aquarium pet fish, as well as the prevention and control measures to ensure sanitary excellence
in this segment.
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RESUMO

Peixes ornamentais de aquario representam um grande segmento no mercado de animais de estimagao, no qual Estados
Unidos, Europa e Japao dominam. Sdo aproximadamente 1.500 espécies de peixes marinhos e em torno de 4.500 de
espécies de agua doce comercializados com fins ornamentais. O peixe é a quarta espécie mais comum nos domicilios
brasileiros. Peixes ornamentais de aquario sao comercializados e distribuidos em diferentes partes do territério nacional
e do mundo. O comércio e circulagdo de animais vivos sem o uso de procedimentos de manejo profilatico adequados
possibilita a disseminagdo de inumeros agentes patogénicos. Peixes ornamentais de aqudrio carreiam consigo agentes
patogénicos de etiologia bacteriana, viral, fingica e parasitaria, sendo alguns de carater zoondtico colocando em risco
pessoas que os manipulam. O objetivo desta revisdo é apresentar os principais agentes infeciosos patogénicos - de
natureza bacteriana, viral e fingica - que acometem peixes ornamentais de aquério, bem como os métodos de prevencao
e controle que permitam exceléncia no segmento.

Palavras-chave: Peixes ornamentais de aquarios. Bactérias. Virus. Fungos. Satide animal.
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Introduction

Aquarium ornamental pet fish constitute a major segment
in the pet industry, with the United States, Europe, and
Japan dominating the market (Noga, 2010). In 2016 in
Brazil, which holds second place in the world’s pet market,
was responsible for moving more than R$18.9 million in
Brazilian economy. According to the Brazilian Institute of
Geography and Statistics (IBGE), fish are the fourth most
common pet present in Brazilian homes, with approximately
18 million animals, ranking only behind dogs, cats, and
birds (Associagdo Brasileira da Industria de Produtos para
Animais de Estimacao, 2017). Though the ornamental fish
market’s contribution to world trade in terms of value is
small overall, the sector plays a relevant role in terms of
poverty alleviation in developing countries and marine
preservation. Coastal and riverine communities are able
to utilize ornamental fish, which can be a sustainable and
renewable resource, as a source of income. The value of
ornamental fish trade has grown significantly over the
past decades. Between 2000 and 2011, global exports
of ornamental fish increased from US$181 million to
US$372 million (Food and Agriculture Organization of
the United Nations, Analysis and Information on World
Fish Trade, 2017).

In Brazil, aquarium ornamental pet fish can be marketed
and distributed from different parts of the Brazilian territory
and the world, as long as it follows IBAMA and MAPA’s
requirements (Brasil, 2008a, 2008b, 2011, 2012). There are
approximately 1,500 marine fish species (most obtained with
extractive fishing) and over 4,500 freshwater fish species
(almost all bred in captivity) (Whittington & Chong, 2007).
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Translocation of aquatic animals has allowed ornamental
aquarium pet fish from different places around the world to
be released in Brazil, and some of them even have higher
reproductive rates because of the propitious climate (Alves
et al., 2007; Lincoln et al., 2013).

Trade and circulation of living animals without
tulfilling technical standardized and safety procedures
enable dissemination of a number of agents responsible
for infectious diseases and stressful situations, which
causes high mortality rates (Figure 1). The emergence of
diseases in consequence of the absence of biosecurity also
restricts the improvement of aquiculture sectors because
of productivity losses and trade restrictions (Cardoso &
Balian, 2016; Cardoso et al., 2017¢, 2017b).

Ornamental aquarium pet fish can also carry pathogenic
agents of bacterial, viral, fungal, or parasitic etiology that
may have zoonotic features, endangering the individuals
who handle the animals (Beran et al., 2006; Lowry & Smith,
2007; Weir et al., 2012; Fulde & Valentin-Weigand, 2013;
Gauthier, 2015).

Considering the consolidation of this market worldwide,
its clear improvement, the advance of technology in
productive systems, and the available biosecurity, the
aim of this review was to present the main pathogenic
infectious agents of bacterial, viral, and fungi etiology
that afflict ornamental aquarium fish, as well as to discuss
the prevention and control measures to ensure sanitary
excellence in this segment.

Bacterial Diseases

Bacterial diseases are common in ornamental fish and are
more frequently associated with ubiquitous bacteria from
the aquatic environment. Overall, the clinical signs include
ulcerative and hemorrhagic lesions in the skin (Figure 2a),
corneal opacity (Figure 2 b-c), systemic infections, and
septicemia (Figure 2d) (Roberts et al., 2009).

In fish, this type of infection involves a combined action
of diverse aspects, including the environment, the host
(immunological function, host susceptibility, etc.), and
specific factors for each pathogen, such as its virulence
(Roberts et al., 2009). Most bacteria are part of the intestinal
microbiota of the fish or of the water, and remains in balance
with other aquatic organisms in the ecosystem. However,
when there is an increase in organic or inorganic matter
concentration, it allows bacteria to reproduce easily and
reach opportunistic conditions, becoming pathogenic to the
susceptible fish . To reduce this event, preventive measures
are required to control these pathogens.
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Figure 2 —(a) Hemorrhagic lesions in skin in Cyprinus carpio; (b), (c) corneal opacity in Carassius auratus; (d) septicemia in

Carassius auratus.

Gram-negative bacteria

Most of the bacteria that affect ornamental fish are
classified as gram-negative. Species of genus Aeromonas,
Citrobacter (Roberts et al., 2009), Edwardsiella (Lowry &

Smith, 2007; Hawke et al., 2013; Humphrey et al., 1986),
Francisella (Camus et al., 2013; Colquhoun & Duodu, 2011;
Lewisch et al., 2014), Flavobacterium (Declercq et al., 2013,
2015; Guz et al., 2014; Verma et al., 2015), Plesiomonas (Nisha
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et al., 2014), Shewanella (Pekala et al., 2015), and Vibrio
are the most common genera (Abd El-Galil & Mohamed,
2012; Hashem & El-Barbary, 2013; Martins et al., 2010;
Tendencia, 2004).

The gram-negative species that are most commonly
reported in ornamental aquarium fish are Aeromonas
hydrophilla, Aeromonas veroni, Aeromonas caviae (Citarasu
etal.,2011; Grim etal., 2013; Yucel et al., 2005), Citrobacter
freundii (Gallani et al., 2016), Shevanella putrefaciens
(Altun et al., 2014; Beaz-Hidalgo et al., 2015; Chen et al,,
1997), and Flavobacterium columnare (Declercq et al., 2013).

Pathology

Clinical signs of motile aeromonad infection range
from superficial to deep skin lesions, to a typical Gram -
negative bacterial septicemia, with or without skin lesions.
Skin lesions include variously sized areas of hemorrhage
and necrosis on the skin and base of the fins. These may
progress to reddish or gray ulcers with necrosis extending
to the muscle. Ulcers may progress to hemorrhagic
septicemia, with exophthalmos, a distended abdomen
that has serosanguinous fluid, visceral petechiation, and a
hemorrhagic and swollen lower intestine and vent. Peracute
infections are not associated with skin lesions. Anorexia
and dark color are most common with systemic disease
(Roberts et al., 2009).

Flavobacterium columnare, responsible for “columnaris
infection” is relatively common in ornamental aquarium
fish and easily recognized by the distinguishing clinical
signs, beginning with pale discolored areas on the skin,
usually surrounded by reddish zones (Figure 3a). Rods are
easily observed (Figure 3b) upon examining smears of the
wet mounts of the lesions by Gram staining technique. It is

an agent that does not grow well in vitro in usual bacterial
culture media (Declercq et al., 2013).

The species of fish most reported by the previous authors are
Carassius auratus, Cyprinus carpio, Danio rerio, Xiphophorus
maculatus, X. helleri, Poecilia latipina, P. reticulata and
P. sphenops, but any kind of fish can be infected.

Gram positive bacteria

Although it is less common, Gram-positive bacteria can
also cause infections in ornamental fish. The most common
genus is Streptococcus (Russo et al., 2006; Tukmechi et al., 2009).

Mycobacteriosis

Fish mycobacteriosis is a granulomatous disease occurring
in aquarium and cultured food fish. The most important
species causing mycobacteriosis in fish are non-tuberculous
mycobacteria, that include Mycobacterium chelonae,
M. fortuitum, and M. marinum. Other species known to
cause mycobacterial infections in fish include M. abscessus,
M. chesapeaki, M. flavescens, M. gordonae, M. haemophilum,
M. kansasii, M. monteforense, M. neoaurum, M. peregrinum,
M. salmoniphilum, M. scrofulaceum, M. simiae, M. shottsii, and
M. terrae (Pate et al., 2005; Puk et al., 2017; Sirimalaisuwan
etal.,, 2016; Wu et al., 2012).

The zoonotic nature of mycobacteriosis and massive
economic losses in the aquaculture industry highlight the
need for rapid identification and treatment of mycobacterial
infections (Puk et al., 2017).

Pathology

Emaciation, poor growth, retarded sexual maturation,
or decreased reproductive performance may be the only
clinical signs of mycobacteriosis. Other lesions include

Figure 3 —(a) Pale discolored areas in skin, usually surrounded by reddish zones in Polypterus senegalus; (b) gram-negative rod

smears from injured areas (magnification 100X).
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skeletal deformities, chronic, nonhealing, shallow to deep
ulcers or fin erosion. Internally, 1 - 4 mm white nodules may
be present on the viscera, especially hypertrophic kidney or
spleen. A more acute form of the disease, associated with
abdominal distention and dermal edema, is less common
(Pate et al., 2005; Puk et al., 2017; Whipps et al., 2012).
Based on the previous papers, perhaps the most studied
fish is Danio rerio, but several other species used as aquarium
ornamental pet fish are infected by this class of bacteria,
like Acipenser ruthenus, Betta splendens, Carassius auratus,
Corydora spp., Colisa lalia, Cyprinus carpio, Gambusia
gaigei, Xiphophorus helleri, Trichogaster lalius, Trichogaster
trichopterus, Labidochromis caeruleus, Mikrogeophagus
ramirezi, Microgeophagus altispinosus, Paracheirodon innesi
Poecilia latipina, Pseudotropheus lombardoi, Pterophylum
scalare, although any kind of fin fish can be infected.

Potentially zoonotic bacteria

Apart from causing diseases in fish, some gram-negative
bacteria, such as Aeromonas hydrophilla, A. cavie, A. veroni,
Shewanella putrefaciens, Edwardsiella tarda, Pseudomonas
alcaligenes, among others, may also have a zoonotic
feature (Humphrey et al., 1986; Lehane & Rawlin, 2000;
Sreedharan et al., 2011; Suzuki et al., 2013; Yucel et al,,
2005) and are common in aquatic environments.

The genus Aeromonas can affect several structures and
organic systems, causing gastroenteritis, infections in superficial
wounds, respiratory and urinary infections, septicemia,
meningitis, and endocarditis (Bizani & Brandelli, 2001;
Guerra et al., 2007; Parker & Shaw, 2011). Gastroenteritis is
the most frequent condition, and in more severe situations,
peritonitis, colitis, and cholangitis may occur. The species
frequently identified are A. hydrophila, A. caviae, and
A. veroniibiovar sobria, which represent 85% of the human
infectious gastroenteritis cases. The species A. caviae and
A. veronii biovar sobria are generally associated with the
“traveler’s diarrhea” (Guerra et al., 2007).

Shewanella putrefaciens can cause a wide range of clinical
signs when it infects humans, including septicemia, skin
and soft tissue infections, biliary tract infection, peritonitis,
and emphysema (Chen et al., 1997; Holt et al., 2005; Janda,
2014). The most common mechanism of infection is
traumatic events that enable the inoculation of the agent
from abrasive surfaces (Beaz-Hidalgo et al., 2015; Janda,
2014). These are infectious processes that represent extreme
risk for professionals who work with fish.

In Japan and China, mycobacteriosis is known as an
important occupational disease for those who work with
aquariums, and it causes chronic granulomatous lesions
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that are difficult to treat. In some cases, surgical removal is
required because of the inefficiency of antibiotic treatments.
In infrequent events, it becomes necessary to amputate
the injured limbs. Mycobacterium marinum, M. fortuitum,
and M. chelonae are the most common species that afflict
humans (Essa et al., 2009; Cheung et al., 2012; Pate et al.,
2005; Whipps et al., 2012), and are frequently associated
with the absence of good practice in animal management
(Yanong & Pouder, 2010).

Mycobacteria are highly relevant for ornamental fish
professionals because of the risk of occurrence once the
disease has an occupational characteristic. It is fundamental
to prevent this type of infection with the rigorous adoption
of good handling practices and good management in all
parts of the business of maintenance and commercialization
of aquatic organisms.

Viral Diseases

Viral diseases are considered the cause for the major
economic losses in worldwide aquaculture. Furthermore,
they predispose the emergence of other secondary diseases.
The losses appear to be caused by obstacles in the prevention
and control measures associated with the absence of effective
treatments against viral infections (Dopazo & Bandin, 2009;
Nakajima et al., 1998). Depending on the etiological agent
involved, the mortality rate can reach 100%.

More than 125 viruses have been identified in fish, and
with the identification through molecular techniques, new
findings are being made every day (Essbauer & Ahne, 2001).
The families Alloherpesviridae (DNA), Iridoviridae (DNA),
Poxviridae (DNA), Nodaviridae, and Rhabdoviridae (RNA)
host several species that cause fish diseases with high rates
of morbidity and mortality (Ahne et al., 2002; Gotesman
et al., 2013; Hegde et al., 2003; Whittington et al., 2010;
Yong et al., 2017).

Alloherpesviridae family

The family Alloherpesviridae (DNA virus) has four genera:
Cyprinivirus, Batrachovirus, Salmonivirus and Ictalurivirus.
Cyprinivirus is the genus most frequently associated with
ornamental fish diseases. It has been characterized for high
specificity, and it promotes persistent infections with rare
or even no clinical signs in adult animals (Hanson et al.,
2011). Cyprinid herpesvirus 1, Cyprinid herpesvirus 2, and
Cyprinid herpesvirus 3 species belong to the genus Cyprinivirus
and are associated with mass infections and high rates of
mortality in carp (Cyprinus carpio) and goldfish (Carassius
auratus) (Davison et al., 2013). Other fish species of the
Cyprinidae family are susceptible as well.

Braz ] Vet Res Anim Sci. 2019;56(2):e151697



Pathology

The disease caused by Cyprinid herspesvirus 1 (CyHV-1)
presents a worldwide distribution. It is characterized by
proliferative skin lesions, and is usually associated with
decreases in water temperature (Davison et al., 2013).
It usually presents two phases: acute and recurrent. Acute
phase afflicts juvenile fish causing high mortality rates. In the
recurrent phase, the surviving adult shows proliferative
lesions within the body (Davison et al., 2013; Sano et al.,
1985; Sano et al., 1990, 1993). Fish that survive the acute
phase become carriers and may spread the virus by vertical
or horizontal transmission (Davison et al., 2013).

Disease by Cyprinid herpesvirus 2 (CyHV-2) was primarily
identified in Japan in 1992, and it caused events of mass
mortality in goldfish piscicultures in Taiwan (Changet al,,
1999), the United States (Goodwin et al., 2006), United
Kingdom (Jeffery etal., 2007), and Australia (Stephens et al.,
2004). The outbreaks involved fish of all ages and occurred
especially in spring and fall, or after intense handling of the
fish, or severe decreases in water temperature in wholesaler
markets (Becker et al., 2014).

Cyprinid herpesvirus 2 (CyHV-2) was also identified,
in 2003, in piscicultures of Western Australia (Stephens et
al., 2004). Becker et al. (2014) suggested that goldfish with
subclinical infections passed through the quarantine period
and contacted domestic stocks in the live animal market.
A survey made with sick and moribund fish collected in
retail stores in Sidney revealed that 17% of the animals
were carriers of the virus (Becker et al., 2014).

Cyprinid herpesvirus-3 (CyHV-3), also known as Koi
Herpesvirus (KHV), is one of the most important pathogens
that afflict common carps (Cyprinus carpio) and the
ornamental variety koi. The virus CyHV-3 induces a severe
disease known as koi herpesvirus disease (KHVD), and it
is associated with mass morbidity and mortality, reaching
populations in cultivation and in the wild. It represents an
important threat for carp (Bretzinger et al., 1999; Garver
et al., 2010; Hedrick et al., 2000). Fish that recover from
KHVD have DNA of the CyH V-3 virus in their liver, heart,
gills, and eyes, and it may also be present in epithelial cells
in the gastrointestinal tract or in leukocytes. Surviving
carp are carriers of CyHV-3 and can excrete the virus,
especially after stressful conditions. Goldfish (Carassius
auratus) have already been reported as asymptomatic
carriers of the virus, which is an important pathogen of
global interest due to the losses in commercial breeding
systems (Gotesman et al., 2013). The KHVD is listed as a
notifiable disease by the World Organization for Animal
Health (OIE).
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Iridoviridae family

Viruses from three genera of the Iridoviridae family
(iridoviruses) affect finfish. Ranaviruses and megalocytiviruses
have emerged recently as important pathogens for cultured
and wild finfish, known for the severity of the systemic
diseases they cause, their global occurrence and the
diversity of hosts affected in both marine and freshwater
environments. Ranaviruses are also significant pathogens
of amphibians. In contrast, lymphocystiviruses, although
widespread in freshwater and marine finfish hosts, rarely
cause economic losses (Whittington et al., 2010). Among
the three, Megalocytivirus and Lymphocystivirus are the
two most frequently reported in ornamental fish (Yanong
& Waltzek, 2011; Yanong, 2013).

Pathology

Infections by Megalocytivirus have been reported in several
species of ornamental fish and can cause significant economic
losses worldwide (Nolan et al., 2015; Maganha, 2016). Clinical
signs are nonspecific and resemble those seen in many other
fish diseases. The most common clinical signs are darkened
skin, irregular swimming (including rotating movements), or
positioning on the surface of the water, increased respiratory
movements, distention of the abdominal cavity, ulceration,
hemorrhages (including punctate hemorrhages in the skin and
gills), pallor of the gills, anemia, erosion of the fins, whitish
stools, and high mortality rates. Necropsy shows necrosis
in many internal organs, such as the spleen, kidneys, and
liver. Other organs and tissues, including muscles, gonads,
heart, gills, and gastrointestinal tract may also be affected.
Some fish may have visible hemorrhagic fluid in the body
cavity (Cardoso et al., 2017a).

Lymphocystis disease has been reported in over 125 different
marine and freshwater fish species from 34 different
families. The lymphocystiviruses are considered much less
pathogenic (disease-causing) than their iridoviral relatives,
the ranaviruses and megalocytiviruses, which can cause
severe, systemic disease with higher mortalities. The most
obvious sign is the appearance of small to moderate-sized,
irregular, nodular, wart-like growths on the fins, skin, or
gills (Cardoso & Balian, 2016; Yanong, 2013).

Fish with Lymphocystis normally do not behave differently
from uninfected fish in the same group. However, if there
are large numbers of nodules on the body or fins (Figure 4a),
or if they cover a large portion of the gills, they may alter
swimming or cause breathing patterns. The nodules represent
groups of enlarged infected cells known as fibroblasts
(Figure 4b), which are part of the connective tissues in
the fish. These infected cells are 50,000-100,000x larger
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Figure 4 —(a) Nodules on fins of Chaetodon auriga, (b) wet mount of fin, fibroblast nodules in infected cells of the fin (10x magnification)

in Chaetodon auriga.

in volume than normal because they have become “virus
factories,” using the infected cell’s machinery to produce
more viruses; thus, they are filled with virus particles. After
these “virus factory cells” have completed virus particle
production, they burst and shed virus into the environment
(Hossain et al., 2008; Rahmati-Holasoo et al., 2010; Yanong,
2013; Xu et al., 2014).

Fortunately, most cases of lymphocytes in hot water fish
resolve after a few weeks, while maintaining good water
quality / chemistry, good nutrition, correct population
densities, and compatible batches, and eliminating other
stressors. Culling (removing) infected fish from a population
may help reduce overall loads of virus in the system as well
as infection rate, but it is difficult to cull all affected fish
because some infections may not be visible to the naked eye
(Yanong, 2013). The disease caused by Ranavirus and some
Megalocytivirus are listed as notifiable disease by the OIE.

Among the species of aquarium ornamental fish
identified in Iridoviridae family by the previous authors
are Astronotus ocellatus, Carassius auratus, Cyprinus carpio,
P reticulata, Pygocentrus nattereri, Xiphophorus maculatus,
Trichogaster trichopterus, Trichogaster lalius, Trichogaster
labiosa, Trichogaster microlepis, Trichopodus trichopterus,
Trichopodus leerii, Macropodus opercularis, Serrasalmus gibbus,
Pangasius hypophtalmus, Pterophyllum scalare, Moenkhausia
coastae, Branchio albolineatus, Misgurnos anguilicaudatus,
Hypostomus Plecostomus, Arapaima gibas, Hemiodopsis
gracilis, and Pomacanthus narvachus, among several others.

Poxviridae family

The family Poxviridade (DNA virus) has the Poxvirus
genus that causes carp edema virus (CEV), which is
responsible for high mortality among juvenile koi,
Cyprinus carpio. Characteristic signs in infected fish are
swelling due to edema of the body and swimming at the
surface of the pond. Based on clinical signs, the disease
was named viral edema of carp (VEC). As the name ‘koi
sleepy disease’ suggests, the most consistent behavioral
sign are pronounced lethargy and unresponsiveness.
The affected fish will often lie motionless, sometimes
on their side, on the bottom of the pond or tank for
long periods, as if sleeping. When disturbed by physical
stimulation, the fish will swim for a short time and then
resume their inactive state on the bottom of the pond
(Way et al., 2017).

Carp edema virus disease/koi sleepy disease was first
characterized from Japanese koi in 1974, and since then
has been shown to be widespread across Japan where
koi are cultured. The international trade in koi has
likely led to the global spread of CEV with outbreaks
documented in imported koi in North America and
Europe (Hesami et al., 2015). In the United States, CEV
has been associated with outbreaks in imported and
domestic koi. The virus has recently been detected for
the first time in the Southern hemisphere, on koi farms
in Brazil (Viadanna et al., 2015).

Braz ] Vet Res Anim Sci. 2019;56(2):¢151697



Pathology

The affected fish will often lie motionless, sometimes on
their side, on the bottom of the pond or tank for long periods,
as if sleeping. When disturbed by physical stimulation,
the fish will swim for a short time and then resume their
inactive state on the bottom of the pond (Way et al., 2017).
Until now, the main species of ornamental aquarium fish
susceptible is Cyprinus carpio.

Nodaviridae family

Family Nodaviridae (RNA virus) includes the genus
Betanodavirus, known since the 1980s, and is responsible for
high rates of mortality, particularly in larval and juvenile stages
of fishes. The virus has been reported worldwide, except for
South America, especially in places where there are marine
fish cultures. The disease has received several designations,
such as viral nerve necrosis (VNN), fish encephalitis virus,
viral encephalopathy, and retinopathy. In spite of being a
virus that afflicts both freshwater and marine fish, it has
already been reported in more than 40 species of fish hosts
(22 families and 8 orders) (Shetty et al., 2012).

Several experimental infection studies have demonstrated
that both marine and freshwater finfish are susceptible
to betanodavirus infection. Diagnostic techniques are
important to identify outbreaks of infection and track
back the broodstock that may be acting as carriers. To date,
PCR is the main diagnostic test that is being used by most
laboratories (Keawcharoen et al., 2015; Volpe et al., 2017).

Pathology

Diseased fish show various clinical symptoms, which
include reduced appetite, emaciation, color change
(darkening), abnormal (whirling) swimming pattern,
neurological dysfunction, exophthalmia, swim bladder
hyperinflation, floating belly up with inflation of swim
bladder, anorexia, gas accumulation, and extensive mortality.
Diagnostic techniques are important to identify outbreaks of
infection and track back the broodstock that may be acting
as carriers. To date, PCR is the main diagnostic test that is
being used by most laboratories (Keawcharoen et al., 2015;
Volpe et al., 2017).

Rhabdoviridae family

The Rhabdovirus carpio virus, belonging to the family
Rhabdoviridae (RNA virus), has a characteristic bullet
shape, and causes the spring viremia of carp (SVC). It is
responsible for mass mortality in various species of carp,
including common carp (Cyprinus carpio). These species
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are raised as a food fish in many countries and koi carp
has been selectively bred for the ornamental fish industry.
Thought to be present in Europe for decades, SVC virus was
initially diagnosed in Yugoslavia. Since then, it has been
identified in other European countries, Russia, Brazil, the
Middle East, China, and North America (Alexandrino et
al., 1998; Petty et al., 2012).

Pathology

In carp, the most common external signs of SVC
are hemorrhages of the skin, exophthalmia, abdominal
distension, and an inflamed or edematous venter. Internal
signs are peritonitis, ascites, catarrhal and hemorrhagic
enteritis, edematous viscera, and petechial hemorrhages of
the internal wall of the swim bladder and skeletal muscle
(Ahne et al., 2002). This is also an OIE notifiable illness.

The virus infected several ornamental cyprinids species
like Danio rerio and Carassius auratus, among others. It can
also affect some ictalurid fish.

Fungal Diseases

Oomycetes of the Saprolegnia order, such as Aphanomyces,
Saprolegnia and Aclhya, are ubiquitous in the aquatic
environment. Currently they are considering “pseudofungus”,
because they belong in the Stramenopila Kingdown, but
still are designated as aquatic fungus. They are usually
secondary invaders of epithelial surfaces in amphibians,
crustaceans and fish, and are associated with low-quality
water and responsible for causing devastating infections
in affected animals (Osman et al., 2010; Jiang et al., 2013).

Saprolegnia causes saprolegniosis, the most common
“fungal disease” in ornamental aquarium fish. It is
characterized by white or greyish cotton-like lesions
within the body or flippers (Figure 5a) in freshwater
fish, similar to cotton tufts, formed by the filamentous
mycelium. Zoosporangias are formed in the hyphae
extremity, normally are elongated and possesses zoospores
(Figure 5b). The genus, which is a saprophyte and grows
in organic matter, has an opportunistic feature, which
means that the emergence of the “fungal” infection in fish
is indicative of an imbalance in the aquatic system and
low-levels of water quality (Van West, 2006).

Infection with Aphanomyces invadans, also known
as epizootic ulcerative syndrome (EUS), is an OIE-listed
disease. It has historically caused mass mortality in cultured
and wild fish in Asia and Oceania and recently in North
America and Africa (Afzali et al., 2015; Majeed et al., 2017;
Iberahim et al., 2018; The World Organisation for Animal
Health, 2017).
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Figure 5 —(a) White cottony lesions on the body of Baryancistrus sp.; (b) slide stained with cotton blue, zoosporangias formed in

hyphae extremity (10x magnification).

Pathology

The occurrence of skin lesions varies depending on the
fish species as well as manifestation and ranges from crucial
areas of intense inflammation and hyperaemia of the skin
to deep ulcerations with uncovering of the lower muscle
tissue. Early lesions are characterized by hemorrhagic bullae
with small foci of ulceration and are often observed on the
lateral surface (Iberahim et al., 2018).

Among the ornamental aquarium fish with fungal
infection, the most cited by previous authors are Carassius
auratus, Cyprinus carpio, Poecilia reticulata, Poecilia sphenops,
Xiphophorus maculatus, Xiphophorus helleri.

Prevention and Control of Diseases in
Ornamental Fish

Prevention and control for bacterial diseases

Good practices in management and prophylaxis are the
keys to preventing bacterial diseases in fish. It is fundamental
to acquire animals from places with effective sanitary
control (capable of assuring the absence of certain agents
and pathogens), to only accept animals without clinical
signs, and that are kept in environments with excellent
water quality and low levels of organic matter to decrease
stress in fish (Crosby et al., 2014).

Aquariums that use a recirculation water system must,
mandatorily, treat the recirculated water with proven
efficient methods, such as filters with ultraviolet radiation
and ozonization, to inactivate the bacteria present in the
water (Sharrer & Summerfelt, 2007).

Ultraviolet radiation is absorbed by proteins and
nucleic acids, promoting chromosome breakage, gene

mutation, and enzymatic inactivation, leading to death
(Alexandre et al., 2008) of several fish pathogens, such as
bacteria, viruses, fungi and parasites.

Ozone is a powerful oxidant agent widely used in
aquaculture, both for disinfection (because it oxidizes fish
pathogens) and as an improver of water quality (because
it oxidizes organic matter, including coloration, odor, and
nitrites) (Summerfelt, 2002).

Each of the methods for treating water, ultraviolet
radiation or ozonation, can be used separately in recirculation
systems, but when combined, have a potential effect in the
control of fish pathogens (Park et al., 2013; Roberts et al.,
2009; Sharrer & Summerfelt, 2007).

The application of these mechanisms represents an
important preventive measure capable of reducing bacterial
water load, and then to reduce occurrence of bacterial
diseases (Park et al., 2013; Roberts et al., 2009; Sharrer &
Summerfelt, 2007).

Reduction in dissemination of bacterial biological hazards
in commercial fish establishments can also be minimized
after adopting good practices in aquarium management,
preventing the occurrence of cross contamination. It is essential
to adopt exclusive and individual utensils and equipment for
each system, avoiding cross contamination between aquatic
systems (Kent et al., 2009). Associated with this practice,
every utensil and piece of equipment must be sanitized with
specific products used in aquaculture. A disinfectant widely
used in worldwide aquaculture and regulated to sell in Brazil
is Chloramine-T (Gaikowski et al., 2004).

It is impossible to maintain fish in sterile water, once
commensal bacteria of skin and intestinal microbiota are
constantly eliminated in the water. However, the practices
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mentioned above can reduce, prevent, and control the
occurrence of pathogenic agents in water as well as
stressful situations for fish, resulting in a better life quality
for the animals, minimization of diseases occurrence and
controllable trade losses.

Prevention and control for viral diseases

The main preventive measure for viral diseases is the acquisition
of animals from farms that prove conditions free of diseases
of concern for the section (Becker et al., 2014; Gotesman et
al., 2013; Hartman et al., 2008). In Brazil, virus-free breeding
isan infrequent practice among ornamental fish farmers. It is
believed that the diminished number of laboratories that perform
viral disease diagnosis, and the lack of technical knowledge
in the field related to the principal diseases that are caused by
viruses contribute to the low importance given to this practice.
Itis likely that, because Brazil is “free from notifiable diseases”
according to OIE, there is no legal requirement for sanitary
substantiation in the breeding stock marketed.

The business establishments that commercialize aquatic
animals must adopt good practices related to biosecurity,
including disinfection of ponds after the last animals leave
and the new ones arrive in the system; disinfection of
utensils used for manipulation, which must be individual
and exclusive for each system (Smail et al., 2004); and the
treatment of the recirculation water with ultraviolet light and
ozone filters, in addition to the training of the contributors
to identify early stages of diseases.

Associated with the disease-free certification, it is essential
that the commerce adopts quarantines between 15 to 90 days
for entering animals, depending on the pathogen of interest
and the function of the animal. During quarantine, it is
recommended that blood exam surveys be conducted to
detect animals that may be carriers of pathogens that can
cause disease (Mcdermott & Palmeiro, 2013).

Nevertheless, there is no legal requirement for quarantine
for fish created in the national territory, based on the premise
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