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Intensification of aquaculture allows emergent and re-
surgent viral pathogens to cause large die-offs in the 
wild and farms. The inherent capability of viruses to 
exist in multiple forms outside the hosts gives them an 
edge for easy transmission and translocation increas-
ing the chances of infection. More efforts are needed 
for an in-depth understanding of viral epidemiology. 
Quantification of factors determining the virulence 
mechanisms and variability in disease expression is 
necessary to strengthen the basic knowledge on viro-
logy. The article is an update on the current under-
standing on viral diseases in fish causing loss to Indian 
aquaculture systems. 
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THE aquaculture sector has exhibited an upsurge during 
the past years. The prime contributor in aquaculture pro-
duction is China followed by other developing countries 
within the Asia-Pacific region; accounting for 89% by 
volume of global production and 77% by value1. In order 
to meet the rising demand, farmed fish production has  
increased tremendously qualitatively and quantitatively in 
both freshwater and marine water regimes. Indian pisci-
culture encompasses a diverse range of fishes, including 
carps (Indian major carps, minor carps, catfishes and 
barbs), tilapia, climbing perch and murrels. Moreover, 
aquariculture (culturing of aquarium fishes) has also 
gained importance worldwide because of its aesthetic 
value as well as economic profit. In India, ornamental 
fish farming is mainly practiced in West Bengal, Tamil 
Nadu, Kerala, Karnataka and states of the North East2, 
and the country possesses a great potential in contributing 
to the global ornamental sectors. Concurrently, the in-
crease in routine aquaculture operations has provided a 
thruway for pathogens to infiltrate into the fish popula-
tions by either being a carrier or through transboundary 
movements. These aquatic pathogens, especially viruses, 
are associated with episodic mortalities and morbidities 
in their natural hosts. With the ability to persist and  
adjust to the changing environmental conditions, viruses 
display their ubiquitous nature and have been successful 

to evade non-natural hosts as well on numerous occasions. 
This property of prevalence and subsequent emergence of 
viruses has been a major bottleneck in sustainable aqua-
culture production3,4. The presence of viruses in the latent 
stage and limited knowledge about viral etiology hinder 
their detection. 
 This article gives an extensive insight into some of the 
significant viral pathogens known to affect freshwater 
fishes in India, the existing diagnostics as well as proce-
dures for disease prevention, and the way forward to 
avert prospective diseases in wild and farmed fish. 

Ranavirus 

Frog virus-3 (FV-3), the first ranavirus belonging to the 
family Iridoviridae, was a serendipitous discovery that 
paved the way for more information on the virus family5. 
At the outset, infected cases due to FV-3 and other irido-
viruses were observed less in number and this prevented 
the researchers to view ranaviruses as a potential threat 
until more mortalities caused by them came to light6. 
Among the five genera of the family Iridoviridae, Rana-
virus (in addition to Megalocytivirus and Lymphocysti-
virus) affects only poikilothermic vertebrates, viz. fish, 
amphibians and reptiles. They are emerging pathogens 
with a diverse host range possessing a large double-stran-
ded DNA7. Ranaviruses have been reported from both 
freshwater and marine fish. Three species of Ranavirus  
infecting finfishes as mentioned by the International 
Committee on the Taxonomy of Viruses (ICTV) are 
EHNV (epizootic haematopoietic necrosis virus), LMBV 
(Largemouth Bass Virus) and ECV (European catfish  
virus)8.  

Aetiological agent of the disease  

Ranaviruses approximately range from 150 to 200 nm in 
diameter in an enveloped form with icosahedral symme-
try9 (Figure 1) and have a genome size of 105–140 kb 
with 92–139 putative open reading frames (ORFs)10. The 
genome of EHNV, another species of Ranavirus, is 
127 kb with 55% guanine–cytosine (GC) content, which 
is larger than the amphibian Ranavirus genomes that are 
typically 105 kb (ref. 9). 
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Clinical signs  

Infected fish are often seen with loss of buoyancy, erratic 
swimming, anorexia and red swollen gills. Haemorrhages 
in internal organs like fat bodies11,12 and swim bladder 
may occur along with inflation of swim bladder13. 

Histopathology 

Histopathological examinations comprise multifocal necro-
sis of renal haematopoietic tissue, spleen and gastrointes-
tinal epithelium. In addition, acute focal hepatocellular 
necrosis and basophilic inclusions in spleen, kidney and 
hepatocytes are observed14. 

Host range  

Ranaviruses are described as one of the emerging patho-
gens due to their ability to infect a large array of species 
at a given time8. The host range of Ranavirus is not re-
stricted to a single taxonomic class and may infect other 
poikilothermic vertebrates15. Although the disease has not 
been reported in the wild, EHNV challenge studies have 
shown a minimum of 14 fishes to be susceptible, exclud-
ing the two natural hosts. The major bottleneck in EHNV 
detection has been the non-availability of infected living 
samples with proper reporting16,17. 

Geographical distribution 

The members of Ranavirus have been detected from Aus-
tralia (EHNV), Europe (ECV), North America and Asia 
(Santee Cooper Ranavirus)16. 

Outbreaks in India 

The first case of ranavirus from India was reported in 
2015 in koi (Cyprinus carpio L.) farms of South India 
with severe mortality. The isolated virus resembled the 
Santee Cooper Ranavirus10. Furthermore, a second detec-
tion of Ranavirus in the country in carps (Puntius sarana 
and Osteobrama belangeri) was from North East India18. 
In contrast to the above reports from freshwater, Ranavi-
rus from marine ornamental fish Pomacentrus similis was 
isolated and characterized from ornamental farms in 
South India19. From the above reports, it seems that the 
virus is widespread and endemic to India. 

Epidemiology  

Epidemiology of ranaviruses has not been established and 
understood properly due to lack of detection methods in 
isolated places and deep waters. Little information on this 

aspect is available from studies conducted on EHNV in 
Australia and LMBV in Southeast Asia14. Despite being 
from the same genus, the patterns of mortality event 
caused by LMBV vary slightly from EHNV. LMBV affects 
adults and older largemouth bass (Micropterus salmo-
ides) as noticed in 1990, but the occurrence of diseased or 
moribund fish is a rare event13. Thus, the common feature 
in comprehending the epidemiology of both the above-
mentioned ranaviruses is their pattern of outbursts at a 
particular life-cycle stage at high temperatures (EHNV in 
juveniles and LMBV in adults). Ranaviruses transmission 
is contact-dependent. The affected fish may transfer the 
disease through water or fomites as well as by eating dis-
eased fish15. 

Pathogenesis 

Iridovirus replication has been best studied using the FV-3 
model, a type species of the genus Ranavirus. The nucleic 
acid synthesis occurs in both nucleus and cytoplasm. The 
virus entry of both enveloped and non-enveloped virions 
occurs through a cellular unknown receptor. Between 
both virion types, the non-enveloped ones first interact 
with the plasma membrane and then core DNA is released 
into the cytoplasm as a result of uncoating, whereas the 
enveloped virions make their way into the cells through 
receptor-mediated endocytosis and are then released into 
the cytoplasm20. Consequently, virions are translocated 
into the nucleus and hijack the macromolecular machinery 
of the host followed by synthesis of viral polymerases to 
synthesize viral copies of DNA and transcript. Replica-
tion is controlled by viral gene expression, particularly 
 
 

 
 

Figure 1. Transmission microscopy of KIRV (Koi ranavirus) propa-
gated in SNKD2a cells showing icosahedral particles of 100–120 nm 
(bar = 200 nm). (From George et al.10, reproduced with permission 
from John Wiley and Sons, License No. 4684781350278.) 
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in three distinct phases, viz. immediate–early, early and 
late early21. DNA copies formed are transported to the cy-
toplasm with concurrent DNA methylation and second 
stage of viral DNA synthesis21. Virus assembly of DNA 
and capsids occurs in a distinct location of the cytoplasm 
known as viral assembly sites. If the virions exit via bud-
ding, they form an envelope, or they are released without 
an envelope in case the cell is lysed21. 

Diagnosis 

The diagnosis of Ranavirus should be done based on OIE 
protocols involving PCR, virus isolation, electron micro-
scopy, immunohistochemistry, in situ hybridization, q-PCR 
and antigen-capture enzyme-linked immunosorbent assay 
(Ag-capture ELISA). Conventional PCR generally targets 
the MCP (major capsid protein) gene which is highly 
conserved and preferred for ranavirus detection, but phy-
logenetic differences among Ranavirus species cannot be 
achieved using this gene20. Other genes for PCR include 
neurofilament triplet H1 protein, DNA polymerase22 and 
an intergenic variable region23. In recent times, q-PCR 
has provided more sensitivity compared to conventional 
PCR in terms of viral loads. 

Prevention and control 

Prior knowledge about viral disease distribution in vari-
ous regions and disease surveillance are prerequisites 
when considering a regional control. Disease control re-
quires efficient diagnostic tests, destocking to eliminate 
the occurrence in required areas, modification of guide-
lines to more stringent rules for facilitating trade, and 
mandatory health certification for imported and exported 
samples16. The disease can be managed by monitoring the 
stocking rates and water quality. Employment of specific 
pathogen-free (SPF) stocks as a biosecurity measure 
should be done to avoid transmission of infections among 
the farms. 

Future research needs 

Although the virus seems to be endemic to India, more 
emphasis on its surveillance needs to be given to identify 
carriers and susceptible species. Future research should 
focus on probable mechanisms favouring Ranavirus per-
sistence in the environment outside the host, identifica-
tion of host reservoirs and latent existence within the 
hosts using sensitive tools. 

Megalocytivirus 

Megalocytivirus (MCV) belongs to the family Iridoviri-
dae along with genera Iridovirus, Chloriridovirus, Rana-

virus and Lymphocystivirus. Megalocytivirus is the newest 
addition to the family and infects cold-blooded verte-
brates24, viz. amphibians, fishes25 and reptiles26. First 
evidence of megalocytivirus-induced mortality was seen 
in Japan in 1990 and was referred to as red sea bream iri-
dovirus disease (RSIVD)27. Megalocytivirus has received 
much attention in the past few years due to its wide host 
range and mortality events28.  

Aetiological agent of the disease 

The genome of megalocytivirus is a linear, double-stran-
ded DNA molecule and belongs to the family Iridoviri-
dae. The virus is enveloped with icosahedral symmetry. 
The average diameter is in the range 140–200 nm (Figure 
2). Despite having a number of members in the genus, in-
fectious spleen and kidney necrosis virus (ISKNV) and 
red sea bream iridovirus (RSIV) are the two most impor-
tant representatives of Megalocytivirus29. Phylogenetic 
analysis of various megalocytivirus isolates, using MCP 
and ATPase genes, has revealed three clusters within it, 
namely RSIV, ISKNV and TRBIV (Turbot reddish body 
iridovirus)24,30. The genome size of RSIV is 112.4 kb 
with an approximate G + C content of 53%, and has simi-
larity to Ranaviruses31.  
 ISKNV, the other member of the genus, has a genome 
size of 111.4 kb with a G + C content of 54.78% (ref. 32). 
TRBIV consists of 110 kb genome with 55% G + C con-
tent. In total, 115 ORFs were detected coding 40–11468 
amino acids33.  

Clinical signs and histopathology 

Clinical signs and histopathological observations of all 
the three clusters (RSIV, ISKNV and TRBIV) are almost  
 

 
 
Figure 2. Transmission electron photomicrograph of intestinal sub-
mucosal cells of Nile tilapia showing intracytoplasmic polygonal-shaped 
virions (scale bar = 1 μm). (Reprinted from Subramaniam et al.101,  
© Inter-Research 2016.) 
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the same. The diseased fish are lethargic, swim helplessly 
and exhibit severe anaemia, petechiae of the gills and en-
largement of the spleen with 20–60% mortality (Figure 
3). Histopathological examinations of RSIV include eosi-
nophilic degenerated cells and basophilic enlarged cells 
in the spleen, heart, kidney, liver and gills. The pathogno-
monic sign includes appearance of inclusion body-bearing 
cells34,35. 
 Histopathological studies of ISKNV were characterized 
by cell hypertrophy in the spleen, kidney, cranial connec-
tive tissue and endocardium36. 
 Histopathological changes of TRBIV consist of enlarged 
basophilic cells in the splenic pulps and sheathed tissue 
along with such observation in the kidney, gills, intestine, 
stomach and heart37. 

Host range and geographical distribution 

Megalocytiviruses are known to infect marine as well as 
freshwater fishes such as brown spotted groupers, Mala-
bar groupers, orange chromide cichlid, red sea bream,  
angelfish, sea bass and African lampeye38. RSIV showed 
mortalities in red sea bream whereas ISKNV was highly 
pathogenic to mandarian fish (Siniperca chuatsi) and lar-
gemouth bass (M. salmoides). Moreover, TRBIV caused 
severe infections and mass mortality in turbot when com-
pared to rock bream (Oplegnathus fasciatus) and Japa-
nese flounder (Paralichthys olivaceus)28. 
 RSIV seems to be present in tropical countries like  
Indonesia, Thailand, Singapore and Taiwan as well as 
temperate areas, namely Japan and Korea39. ISKNV-like 
viruses have been reported from 13 cultured fish species 
and 39 wild fish species including both freshwater and 
marine fish. Though RSIV, ISKNV and TRBIV belong to 
the Megalocytivirus as different members of the genus, 
there is need to resolve the ambiguity in their taxonomic 
classification based on multiple parameters apart from 
host species or geographical prevalence28. 
 
 
 

 
 
Figure 3. Image showing fatty liver of marble goby infected with  
red sea bream iridovirus. (Reprinted from Chen et al.102, Copyright 
2013.) 

Outbreak in India 

While the disease has been reported from Asian coun-
tries, there had been no report of MCV with a first pre-
liminary report of 71% incidence in India from molly and 
angelfish samples obtained from ornamental fish market 
of Kurla East, Mumbai30,40. 

Pathogenesis 

Being from family Iridovirus, Megalocytivirus viral rep-
lication follows the same replication mechanism as of 
FV-3 (ref. 41). At the onset of viral infection, the envelope 
protein is involved in virus attachment to the host receptors 
followed by fusion with host cell membranes. Previous 
studies indicate the entry of MCV via receptor-mediated 
endocytosis until a recent study in mandarian fish fry 
provided evidence of caveola-dependent endocytosis28. 
Virion DNA is transported to the nucleus where signal 
transduction of immediate early and delayed early genes 
is initiated. Progeny DNA is again transported back to the 
cytoplasm as rough granules and few more rounds of rep-
lication result in large concatemeric structures. The DNA 
undergoes methylation as is suggestive of the fact that 
methylation protects degradation of viral genome and 
prevents host innate immune response from getting sti-
mulated. Late genes are activated once replication has 
started encoding structural proteins of virions for virus 
assembly41. 

Transmission 

Global trade of ornamental fishes is the most common 
portal of viral entry in other regions of the world. 
ISKNV-infected mandarin fish transmit the disease in the 
natural hosts through contaminated water or by tissue  
ingestion from an asymptomatic carrier42. Moreover, in a 
cohabitation study on TRBIV, no signs were observed 
when Japanese flounder and rock bream were injected 
with TRBIV-infected homogenate from turbot but were 
detected PCR-positive, indicating that these species can 
serve as carriers28. 

Diagnosis 

Histopathology and electron microscopy do not provide 
sufficient and precise information for identification of 
different Megalocytivirus species. The recommended me-
thod by Office International des Epizooties (OIE) is the 
use of molecular diagnostics (PCR) to differentiate RSIV 
and ISKNV employing two primer sets as a confirmation 
assay. In addition, an indirect fluorescent antibody test 
(IFAT) has also been used and recommended to identify 
RSIV and ISKNV in suspected fish43. For propagation 
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and isolation of RSIV, ISKNV and TRBIV specific cell 
lines have been used, namely CRF-1, MFF-1 (mandarin 
fish fry) and FEC (flounder embryonic cell line) respec-
tively43,44. 
 Recently, LAMP has been used for RSIV detection 
employing primers directed towards Pst-I restriction 
fragment of RSIV along with DNA microarray for cha-
racterization of the viral gene expression profiles in red 
sea bream infected with RSIV homogenate28. 

Prevention and control 

Megalocytivirus has a wide host range with mostly similar 
or no clinical signs. The steps towards disease prevention 
include achieving alkaline pH around 11 by disinfecting 
the reservoirs such as ponds and tanks with sodium hy-
pochlorite or potassium permanganate at 100–200 mg/l or 
higher. Further, for achieving sterile conditions, small 
tanks may be irradiated with UV radiation to reduce dras-
tically the pathogenic flora28. 

Future research needs 

The collection of adequate data about all known geno-
types of megalocytiviruses and practising advanced techni-
ques for obtaining optimized results should be implemented 
in concerned research laboratories. Active targeted sur-
veillance would be able to point towards incidence and 
any loss to this virus. 

Herpesviral hematopoietic necrosis 

The causative agent of herpesviral hematopoietic necrosis 
(HVHN) is cyprinid herpesvirus-2 (CyHV-2), which be-
longs to the family Alloherpesviridae, besides other two 
members of the same family infecting fish, i.e. carp pox 
(CyHV-1) and koi herpes virus (CyHV-3). It is intriguing 
to note that CyHV-2 which primarily affects goldfish 
(Carassius auratus), does not infect koi (C. carpio L.) 
and common carp though both are hosts for CyHV-1 and 
CyHV-3 (ref. 45). CyHV-2 is a linear, double-stranded 
DNA virus of 290 kb genome (approx.) with 51.7% GC 
content that multiplies in the nucleus, and consists of 154 
predicted ORFs and terminal direct repeat of 15,353 bp 
(ref. 46). 

Viral morphology  

Ultrathin sections of spleen and kidney from virus-infec-
ted goldfish revealed round, enveloped virions measuring 
170–220 nm, in addition to hexagonal nucleocapsids of 
diameter 115–117 nm (ref. 47). In another study, similar 
hexagonal viral particles with nucleocapsid of 100–
110 nm in diameter were observed48. Studies conducted 

on virus-infected Prussian carp, Carassius gibelio 
showed many hexagonal, enveloped virions of slightly 
larger average diameter of 170–220 nm (ref. 49). 

Clinical signs and histopathology 

The diseased fish exhibit apathy, anorexia, pale gills and 
pale skin patches50,51. Internal signs include enlarged kid-
ney and distended spleen with white focal nodules52 (Fig-
ure 4). Histopathological studies have demonstrated that 
the infected fish exhibit necrosis of hematopoietic tissues 
of spleen and kidney. 

Species susceptibility and geographical range 

CyHV-2 causes large-scale mortality in its host, goldfish 
(C. auratus). CyHV-2 has also been associated with mor-
talities of Prussian carp (C. gibelio)53 and crucian carp 
(Carassius carassius)51. Recent co-infection studies have 
shown that the disease can be transmitted to bighead carp 
(Aristichthys nobilis), culter alburnus (Erythroculter ili-
shaeformis), silver carp (Hypophthalmichthys molitrix) 
and black carp (Mylopharyngodon piceus)54. The disease 
was first reported in Japan55. It appears to be widespread 
and has been detected in a number of countries across the 
globe, including USA, UK, Australia, Switzerland, Tai-
wan, China, Italy, Czech Republic and France4. 

Outbreaks in India 

Till now, there have not been catastrophic losses due to 
viral diseases in India, until recently an outbreak of 
CyHV-2 associated with multi-drug resistant Aeromonas 
hydrophila caused mortality in goldfishes which were 
cultured in commercial Indian farms from Hooghly dis-
trict, West Bengal4. The infection has now been establi-
shed in India in many states since then. A recent survey 
from goldfish samples obtained for viral screening in our 
laboratory recorded an incidence of 35.71% of CyHV-2 
infections in Odisha and West Bengal (P. K. Sahoo, pers. 
commun.). An experimental study revealed that the Indian 
major carps and koi carp are not susceptible to this virus 
infection4.  
 
 

 
 
Figure 4. Internal examination of goldfish showing enlarged spleen 
with white focal nodules. 
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Diagnosis 

Quantitative-PCR have been found to be a more appro-
priate diagnostic than conventional PCR, as it distingui-
shes asymptomatic virus from replicating virus which 
eventually leads to mortalities on exposure to any envi-
ronmental stressor. Additionally, PCR may produce  
faulty results giving cross-amplification with that of the 
CyHV-1 size amplicon45,56. Isolation of the virus in sus-
ceptible cell lines, viz. KF-1 or any other cell lines of 
goldfish remains to be the gold standard along with his-
topathology. 

Prevention and control 

Most of the herpes-viral infections are temperature-speci-
fic, and can only be prevented by managing stress and 
temperature. In CyHV-2, diseases can be prevented if the 
temperature is raised to 27°C or above, as this helps the 
fish immune system to overcome the disease. General 
prevention practices include quarantine, hygienic main-
tenance of hatcheries and tanks, antibiotic treatments 
against secondary pathogens and regular observation for 
clinical signs, besides biosafety measures.  

Future research needs 

As the virus is endemic to the country, it is essential to 
prevent this infection in goldfish farms in terms of deve-
loping suitable vaccines and adoption of biosecurity 
measures at the farm level. As this goldfish species is 
traded in both ways (import and export), it is essential to 
monitor quarantine facilities to prevent the entry of new 
strains. In this regard, development of rapid field-level 
diagnostics is required, which can be used at the farm 
site. Further extending research scopes, scientists may ini-
tiate with the production of resistant hybrid species.  

Carp Edema Virus 

A historical view 

Carp edema virus was first reported in Japan in the 1970s 
(ref. 57). The two most characteristic features of the dis-
ease include lethargy and gill necrosis, accompanied by a 
high mortality rate. Viral edema of carp (VEC) and koi 
sleepy disease (KSD) caused by carp edema virus are dif-
ferent despite having mostly similar pathological signs, 
which are governed by age and size of the fish58. In KSD, 
the fish generally lie at the bottom, show less edema, con-
gested gills, alterations in skin near mouth and fin base, and 
infection of respiratory epithelium of gill lamellae59,60. 
VEC is characterized by severe oedema and swollen 
trunk in small fries. Adult fish exhibit enophthalmia and 
swollen gills followed by death in a day or two. Juveniles 

in VEC often congregate beneath the water surface in 
contrast to KSD61.  

Aetiological agent of the disease 

Carp edema virus belongs to family of Poxviridae and 
subfamily Chordopoxvirinae62. It is a mulberry-shaped, 
enveloped, double-stranded DNA virus of about 250–
280 nm diameter63. Transmission electron microscopic 
(TEM) studies revealed virions in enlarged epithelial 
cells of gill lamellae60. In contrast, ovoid virions with 
comparatively larger diameter of 360 nm in the cells of 
the gill epithelium were observed64. Phylogenetic analysis 
resulted in two genogroups–I and II sharing a 93–96% 
identity. A third genogroup (IIb) was assigned to the left 
sequences having 95.4–96.5% and 97.5–98.6% identify to 
genogroup I and IIa respectively59. 

Clinical signs and histopathology 

Fish infected with the disease show skin edema of under-
neath tissue. Other signs include excess of mucus in gills, 
sunken eyes, anorexia, ulcerations near mouth and fin 
base60,65. Histological studies with respect to carp edema 
exhibit mucus cell disappearance, edema and atrophy of 
the epidermal cells, whereas in KSD, erosion and ulcera-
tion of epidermal cells occur58.  

Environmental factors favouring disease occurrence 

Water temperature is one of the principal factors asso-
ciated with occurrence of the disease in koi and common 
carp. The virus can get detached or sloughed-off from epi-
thelial cells of the gill filament60. The disease is typically 
observed at water temperatures between 15°C and 25°C 
(59–77°F) in koi, and at 6°C and 10°C (43°–50°F) in 
common carp, and can kill up to 75–100% of juvenile koi 
during an outbreak64,66. In contrast, water temperature of 
6–9°C was seen to trigger KSD in England, UK59. 

Species susceptibility and resistance 

The natural hosts for CEV infection are common carp and 
koi. Jung-Schroers et al.67 observed no signs of disease in 
goldfish and sturgeon reared along with infected koi in 
the same farm in Germany. In another experiment, co-cul-
tured fishes (resident koi carp, goldfish and Indian major 
carps) along with infected koi showed no signs of dis-
ease65. 

Geographical distribution 

Carp edema virus was initially characterized from koi 
carp in Japan in 1974. The first report of CEV in England 
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was from imported koi in 2009, followed by more KSD 
cases in common carp and koi. Outbreaks of the disease 
were reported from other European countries and India66. 

Outbreaks in India 

Through previous years, koi carp culture has rapidly pro-
gressed majorly in Kerala, Tamil Nadu, West Bengal and 
Maharashtra in India. The first outbreak of carp edema 
virus was reported in 2016 in Ernakulam district, Kerala, 
causing 100% mortality60,65. Another study reported CEV 
infections from koi ornamental farms in Odisha with 
100% mortality68. Widespread occurrences of CEV have 
been detected in European countries over the past years 
and similar reports might come up in future in India in 
the states involved in koi and common carp trading.  

Pathogenesis 

Poxviruses replicate in the host cytoplasm unlike other 
large DNA viruses without utilization of the host machi-
nery for gene expression69. They have rapid adaptability 
towards variable hosts attributed to rearrangements of the 
terminal sequences which provides evolution of variable 
functions70. The probable reasons pertaining to infection 
in specific organs at the initiation of pathogenesis and 
subsequent spread to the entire body is quite unique due 
to the versatility of poxvirus multiplication strategies. 

Diagnosis 

Since the first outbreak until the recent reported cases, res-
earchers have used conventional PCR for the detection of 
CEV for partial 4a gene and 5′-UTR fragment gene. Par-
tial 4a gene is vital in virus detection because it is neces-
sary for assembly of nucleoprotein complex over the host 
cell71. However, real-time PCR and end-point PCR detec-
tion prove to be more specific and sensitive. According to 
the recent advancements, PCR has been revolutionized by 
modified versions such as RPA (Recombinase Polyme-
rase Amplification) possessing high specificity which can 
readily differentiate CEV from KHV DNA in the tissue 
sample59,71. 

Prevention and control 

Sudden fluctuations with respect to seasonal changes or 
transportation conditions may cause a state of stress, 
making them prone to virus invasion. Therefore, it is ad-
visable to maintain clean environments for keeping fish 
away from viruses by regular cleaning through disinfec-
tants and drying out the tanks before stocking. In case of 
CEV symptoms, 0.3–0.5% of salt treatment is found to 
suppress the infection to certain extent as this removes 

secondary pathogens, including bacteria and parasites 
from the host body, inducing antiviral immunity against 
the virus72.  

Future research needs 

Of all the existing known viruses of fish, accurate detec-
tion and prevention should be the matter of concern for 
researchers. Challenges in vaccine development can be 
overcome by getting a clear picture of the infection mecha-
nism of the virus through various experimental studies. 
Identifying a susceptible cell line is a big challenge and 
this needs to be addressed. 

Tilapia Lake Virus 

Tilapines are one of the most widely farmed fish species. 
Viruses were not considered as a major threat to tilapia 
aquaculture until the 2009 outbreaks in Ecuador and 
Israel due to Tilapia Lake Virus (TiLV). Both countries 
experienced massive mortalities in farmed tilapia. TiLV 
is the infectious agent that affects both wild and farmed 
tilapines73. 

Aetiological agent of the disease  

TiLV is an enveloped virus with an average diameter 
range between 55 and 100 nm (ref. 74) (Figure 5). It has a 
genome size of 10.323 kb and consists of 10 genome 
segments, each of which possesses an ORF. The ORF of 
segment 1 shows weak sequence homology with the PB1 
subunit of influenza C virus. The remaining nine segments 
possess no homology to other viruses. However, the  
 
 

 
 
Figure 5. Transmission electron photomicrograph of TiLV-infected 
fish liver showing cytoplasmic viral particles. (Reprinted from Jansen 
et al.76, Copyright 2018.) 
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complementary sequences at the 5′ and 3′ termini were 
conserved and consistent with the genome organization 
found in orthomyxoviruses. Due to this homology with 
orthomyxo-like viruses, TiLV was classified under family 
Orthomyxoviridae73,74. Recently, a taxonomic proposal 
stating the reclassification of TiLV has been submitted to 
ICTV for a new unassigned genus Tilapinevirus, where 
TiLV is a representative isolate75.  

Clinical signs  

The fishes infected with the disease exhibit lethargy, ocular 
alterations, abdominal distension, scale protrusion, gill 
necrosis, exophthalmia, abdominal swelling, skin ero-
sions and discoloration76.  

Histopathology 

Histopathological examinations of brain displayed edema, 
focal haemorrhages in meninges, white and grey matter 
congestion, foci of gliosis and encephalitis74,77. Liver of 
infected fish showed edema of hepatocytes, syncytial 
giant cells, multifocal areas of necrosis and the spleen 
displayed eosinophilic intracytoplasmic inclusion bodies 
along with increased melano-macrophage centres78.  

Host range 

Susceptible wild fish species detected to be positive for 
TiLV include Sarotherodon galilaeus, redbelly tilapia 
(Tilapia zilli), blue tilapia (Oreochromis aureus) and wild 
tilapia (Tristamellasimonis intermedia), wild black (Ore-
ochromis placidus) and Nile tilapia (Oreochromis niloti-
cus). The virus also causes large die-offs in farmed fishes 
like hybrid tilapia (Oreochromis niloticus × O. aureus 
hybrid), Nile tilapia and red tilapia76. There are no reports 
of TiLV infecting co-cultured fishes with tilapines, as 
was evident from mass mortality in Israel causing no dis-
ease in grey mullet (Mugil cephalos) and carp (C. car-
pio)74. It affects all developmental stages of tilapia; 
however, fingerlings and juveniles were more susceptible 
to TiLV79. Various cohabitation experiments show that 
TiLV is transmitted horizontally between infected and 
unaffected fish. Vertical transmission is also potential 
evidence of transmission of TiLV from broodstock to 
progeny80. 

Geographic distribution 

The disease was first reported from freshwater in Israel in 
2014 (ref. 74). Subsequently, the virus was also reported 
in freshwater and brackish water of Ecuador, Colombia, 
Egypt, Thailand, Malaysia and India60,77. 

Outbreaks in India 

The first outbreak of TiLV was 2016 from West Bengal, 
followed by more breakouts in two geographically iso-
lated states of India, namely West Bengal (South Paraga-
nas) and Kerala (Ernakulam) in July 2017 (ref. 77). TiLV 
caused 85% mortality.  

Replication  

In situ hybridization (ISH) studies have revealed liver and 
central nervous system to be the sites of replication and 
transcription in infected tilapia. In the brain, hybridiza-
tion affinity of segment 1 of genomic RNA and mRNA 
was restricted to the leptomeninges, mostly adjacent to 
the blood vessels. Hybridization signal for segment-3 
mRNA was detected in hepatocytes along with numerous 
clustering of nuclei. TiLV mRNA was detected in both 
the nucleus and cytoplasm of multiple cells73. 

Diagnosis 

Initially, RT-PCR was used for TiLV detection with 
TiLV-specific primers74. The nested RT-PCR assay was 
found to detect TiLV in both fresh and preserved diseased 
fish samples from Israel, Ecuador and Colombia. Real-
time PCR for quantifying and detecting TiLV was found 
to be most reliable and sensitive to detect asymptomatic 
carriers in wild and available broodstock, field samples 
and experimentally challenged fish81. Furthermore, a rapid, 
one-step reverse transcription, loop-mediated isothermal 
amplification (RT-LAMP) method was developed having 
high specificity and sensitivity than RT-PCR82.  

Prevention and control 

There is no treatment for TiLV. It has to be managed 
through farm-level management interventions, stricter 
biosecurity controls, proper quarantine and restricted/ 
regulated movement of animals from the affected farms78. 
A risk analysis should be conducted for any live tilapia 
entering the country as seed or brood fish for aquaculture 
purposes. Moreover, an emergency preparedness should 
be planned to deal with any covert outbreak. 

Future research needs 

Various cohabitation experiments must be performed to 
get an insight into the current knowledge on real geogra-
phical distribution of TiLV. More studies regarding the 
epidemiological aspects of TiLV could help in preventing 
future mortality events. There is an urgent need for ana-
lyzing genetically improved strains of tilapia to overcome 
the problem of its susceptibility to viral pathogens along 
with development of effective vaccines. 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 122, NO. 3, 10 FEBRUARY 2022 275

Viral Nervous Necrosis Virus 

Viral Nervous Necrosis, also known as viral encephalo-
pathy and retinopathy is caused by an RNA virus which 
belongs to family Nodaviridae, genus Betanodavirus. It 
affects a broad host range due to its high pathogenicity 
and is often associated with mass mortality in fish juve-
niles83. The first nodavirus infection associated with brain 
lesions in barramundi (Lates calcarifer) was detected in 
1987 (ref. 84). 

Aetiological agent of the disease 

Viral Nervous Necrosis Virus is a non-enveloped virus 
with icosahedral symmetry, and the diameter of the cap-
sid falls in the range 25–34 nm with bisegmented RNA 
genome (Figure 6). The genome is 4.5 kb in size, made 
up of two single-stranded positive-sense RNA segments, 
RNA1 (3.1 kb with 49.6% G + C content) and RNA2 
(1.4 kb with 53.24% G + C content), which encode two 
viral replicase proteins and a capsid protein respectively85. 
In addition, during virus replication which occurs in the 
cytoplasm, a subgenomic transcript known as RNA3 ori-
ginating from the 3′-terminus of RNA1 helps in viral 
RNA accumulation into the host cells86. 
 Phylogenetic studies on the T4 variable region within 
the RNA2 segment have classified betanodavirus into 
four genotypes, namely red-spotted grouper nervous  
necrosis virus (RGNNV), barfin flounder nervous necro-
sis virus (BFNNV), striped jack nervous necrosis virus 
(SJNNV) and tiger puffer nervous necrosis virus (TPNNV). 
Among these, the most commonly occurring and wide-
spread is RGNNV85,86. Moreover, two additional geno-
types have been proposed based on the characterization 
of partial RNA2 sequences, viz. the Atlantic cod nervous 
necrosis virus (ACNNV) and the turbot nodavirus 
(TNV)86. 
 
 

 
 

Figure 6. Transmission electron photomicrograph of betanodavirus 
particles in the brain of a barramundi larva (bar = 250 nm). (From 
Munday et al.83; reproduced with permission from John Wiley and 
Sons, License No. 4686450741036.)  

Clinical signs 

Fish infected with betanodavirus show symptoms like loss 
of appetite, darkened body, abnormal swimming pattern, 
swim bladder inflation and neurological dysfunction85. 

Histopathology 

Histopathological examinations include retinal lesions, 
degeneration, vacuolation and gliosis throughout the cen-
tral nervous system of the fish. Degree of vacuolation is 
high in the grey matter of the optic cerebellum83. 

Host range 

Betanodavirus has a broad host range and has been re-
ported from both the wild and cultured farm (freshwater 
as well as cold water marine fish) fishes86. The virus affects 
more than 40 fish species which include Japanese parrot-
fish, red spotted grouper, striped jack, barramundi, turbot, 
tilapia and European seabass. Fish in larval or juvenile 
stage are more susceptible to the disease83. Due to diverse 
host range, various betanodavirus from freshwater fishes 
have been detected in Chinese catfish (P. asotus); Australia 
catfish (Tandanus tandanus), barramundi (L. calcarifer), 
medaka (Oryzias latipes), guppy (Poicelia reticulata) and 
zebrafish (Danio rerio)85.  

Geographical distribution 

The disease has been reported in Japan, Korea, Taiwan, 
China, the Philippines, Thailand, Vietnam, Malaysia, 
Singapore, Indonesia, Brunei, India, Australia, Israel, 
Croatia, Greece, Italy, France, Spain, Portugal, Norway, 
USA and Canada83,86. 
 All the four genotypes display specificity towards differ-
ent optimal growth temperatures when cultured in vitro: 
25–30°C for RGNNV, 20–25°C for SJNNV, 20°C for 
TPNNV and 15–20°C for BFNNV86. It has been reported 
that temperature differences influence the host specificity, 
occurrence and distribution of betanodaviruses and its  
variants87. Also, there have been few evidences of co-
occurrence of SJNNV and RGNNV genotypes in a differ-
ent variant having RNA1 of SJNNV genotype and RNA2 
molecule from RGNNV-type88.  

Outbreaks in India 

The first report of piscine nodavirus in seabass (Lates 
calcarifer) larvae was from Chennai89. Consequently, iso-
lation and characterization of VNNV were performed 
from Asian seabass (L. calcarifer) collected from hatcheries 
located in Tamil Nadu, India, and its larvae experienced 
mass mortality90. Another nodavirus infection was re-
ported from freshwater aquarium fishes, namely gold fish 
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(Carassius auratus auratus) and rainbow shark (Epal-
zeorhynchos frenatum) near Chennai, India91. A similar 
detection of VNNV was reported from hatchery-reared 
larvae of clownfish, Amphiprion sebae Bleeker92, and ex-
perimental lot of goldfish and zebrafish in India93. Re-
cently, Banerjee et al.94 reported nodavirus-associated 
mortalities in Asian seabass from Kasargode district,  
Kerala, collected from four different cage cultures. Fur-
thermore, suspected seabass samples collected from 
Kakdwip, West Bengal, accounted for 19.51% incidence 
of betanodavirus infection, according to screening results 
from our laboratory (P. K. Sahoo, pers. commun.). The 
wild seeds of seabass collected from both the east and 
west coast of India were also found to be positive for 
RGNNV in a recent study, thus proving the latency or 
persistence of virus in healthy seeds for further increasing 
the chance of infection in the culture system95.  

Transmission 

The route of transmission of betanodavirus can either be 
horizontal or vertical. Horizontal transfer occurs if there 
is direct contact with the infected fish, infected water or 
any equipment which is contaminated85. Horizontal 
spread is also affected by factors like temperature, virulence 
of the viral strain and stocking density83. Vertical trans-
mission has been described from the brooder to the eggs 
in striped jack (Pseudocaranx dentex), sea bass (Dicentrar-
chus labrax) and barfin flounder (Verasper moseri)96. 

Diagnosis 

Various techniques have been employed for detection of 
betanodaviruses, like conventional PCR, nested PCR, 
electron microscopy, serological assays and cell culture-
based isolation83. However, real-time PCR is the most 
rapid and sensitive detection tool for viral detection, and 
has been used to study the transmission routes and deve-
lopmental methods of betanodavirus infections in fish  
juveniles97. ELISA is also a popular method when testing 
for unknown fish sera and a large number of samples can 
be screened quickly. The level of sensitivity of the tech-
nique may vary and therefore it is helpful when applied to 
epidemiological studies and zonal outbreaks83. Another 
method of betanodavirus confirmation is the use of im-
munofluorescent antibody testing with polyclonal and 
monoclonal antibodies85. Recently, efforts have been 
made to develop a sensitive automated microfluidic chip 
and a lateral flow paper biosensor for detecting nodavirus 
in groupers and European seabass respectively98. 

Prevention and control 

To devise a definite control strategy against VNN infec-
tions, knowledge about the transmission mechanism is a 

prerequisite. Asymptomatic broodstock or larvae could 
serve as reservoirs for horizontal transfer. In this case, in-
fected fish and suspected carriers should be kept in con-
finement to prevent any introduction or episodes of mass 
mortality in the hatchery or farm. Some studies have  
revealed virus inactivation and disease prevention (hori-
zontal transfer) on application of disinfectants. Vertical 
transfer can be avoided either by eliminating the use of 
infected spawners in production or using ozone-disinfected 
fertilized eggs99. Moreover, a wide range of vaccines 
have been used against betanodavirus, such as inactivated 
whole viruses, recombinant capsid protein, viral like par-
ticles and recombinant DNA100. In agreement with the 
above reports, the best way to prevent betanodavirus in-
troduction or spread is to abide by strict biosecurity 
measures, in addition to periodic disinfection. 

Future research needs 

All the reported cases of VNNV from wild and hatchery-
reared fish indicate an alarming concern regarding the 
expanding host range of betanodavirus in India and other 
countries. Despite the availability of current and efficient 
diagnostic methods, undiagnosed carriers typically pose a 
major problem in virus spread, and require attention. Fur-
thermore, additional experimental studies need to be per-
formed on fish which are not natural hosts for the disease, 
as this may help in the identification and critical assess-
ment of risks associated with disease translocation in aq-
uaculture production systems. The underlying mechanism 
of salinity-tolerant strains of marine origin causing infec-
tion in freshwater milieu needs to be unravelled. Thus, 
understanding epidemiology, pathogenesis and transmis-
sion patterns in detail can provide a helping hand in con-
trolling the disease. 

Conclusion 

Transboundary infections are transmitted easily through 
extensive trade networking. The current scenario depicts 
wide distribution of multiple viral pathogens in freshwater 
aquaculture systems. Apart from all the reported cases of 
outbreak in India, there still exist chances of persistent 
carriers in the wild as well as in farms. In recent years, 
few virus occurrences have come to light in India, where 
no reports of mass moralities due to viruses were accoun-
ted before. Using the information and data compiled till 
now of all fish viruses, this article concludes that viruses 
as pathogens have similar mechanisms of transmission 
and infection within variable hosts. On this ground, it is 
essential for researchers to concentrate on resolving the 
role of viral genes involved in replication and immune 
evasion strategies, and conducting knockout experiments 
to decipher the host spectrum of specific fish viruses. 
There must be more focus on vaccine development for 
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Figure 7. Map showing regions of India positive for freshwater fish viral pathogens and a list of detected viruses in China. 
 
 
commercially and economically important fishes. This 
increases the necessity of enhancing and strengthening 
the surveillance studies and quarantine in the freshwater 
culture system. Further, the porous border or illegal trade 
with the neighbouring countries harbouring an array of 
reported viruses has put a big question mark on the coun-
try’s effective surveillance system. It needs to be streng-
thened to identify any other persisting or latent infections 
in healthy fish. Considering the above scenario, there is a 
constant threat of transboundary migrations of viruses 
from neighbouring countries like China (Figure 7). 
 
Conflict of interest: The authors declare no conflict of in-
terest. 
 
 

1. Walker, J. and Winton, J. R., Emerging viral diseases of fish and 
shrimp. Vet. Res., 2010, 41(6), 51. 

2. Raja, K., Aanand, P., Padmavathy, S. and Sampathkumar, J. S., 
Present and future market trends of Indian ornamental fish sector. 
Int. J. Fish. Aquat. Stud., 2019, 7(2), 6–15. 

3. Crane, M. and Hyatt, A., Viruses of fish: an overview of signifi-
cant pathogens. Viruses, 2011, 3(11), 2025–2046. 

4. Sahoo, P. K. et al., Detection of goldfish haematopoietic necrosis 
herpes virus (Cyprinid herpesvirus-2) with multi-drug resistant 
infection in goldfish: first evidence of any viral disease outbreak 
in ornamental freshwater aquaculture farms in India. Acta Trop., 
2016, 161, 8–17. 

5. Granoff, A., Came, P. E. and Breeze, D. C., Viruses and renal 
carcinoma of Rana pipiens: I. The isolation and properties of virus 
from normal and tumor tissue. Virology, 1996, 29(1), 133–148. 

6. Gray, M. J., Brunner, J. L., Earl, J. E. and Ariel, E., Design and 
analysis of ranavirus studies: surveillance and assessing risk. In 

Ranaviruses. Lethal Pathogens of Ectothermic Vertebrates (eds 
Gray, M. J. and Chinchar, V. G.), Springer Open, Heidelberg, 
Germany, 2015, pp. 209–240. 

7. Jancovich, J. K., Qin, Q., Zhang, Q. Y. and Chinchar, V. G., Ra-
navirus replication: molecular, cellular, and immunological 
events. In Ranaviruses: Lethal Pathogens of Ectothermic Verte-
brates (eds Gray, M. J. and Chinchar, V. G.), Springer, Cham, 
2015, pp. 105–139. 

8. Duffus, A. L. J., Pauli, B. D., Wozney, K., Brunetti, C. R. and 
Berrill, M., Frog virus 3-like infections in aquatic amphibian 
communities. J. Wildl. Dis., 2008, 44(1), 109–120. 

9. Jancovich, J. K., Chinchar, V. G., Hyatt, A., Miyazaki, T., Wil-
liams, T. and Zhang, Q. Y., Family Iridoviridae. In Virus Taxo-
nomy: Classification and Nomenclature of Viruses. Ninth Report 
of the International Committee on Taxonomy of Viruses (eds 
King, A. M. Q. et al.), Elsevier, Amsterdam, The Netherlands, 
2012, pp. 193–210. 

10. George, M. R., John, K. R., Mansoor, M. M., Saravanakumar, R., 
Sundar, P. and Pradeep, V., Isolation and characterization of a ra-
navirus from koi, Cyprinus carpio L., experiencing mass mortali-
ties in India. J. Fish Dis., 2015, 38(4), 389–403. 

11. Mao, J., Green, D. E., Fellers, G. and Chinchar, V. G., Molecular 
characterization of iridoviruses isolated from sympatric amphi-
bians and fish. Virus Res., 1999, 63(1–2), 45–52. 

12. Waltzek, T. B. et al., New disease records for hatchery-reared 
sturgeon. I. Expansion of frog virus 3 host range into Scaphir-
hynchus albus. Dis. Aquat. Organ., 2014, 111(3), 219–227. 

13. Grizzle, J. M. and Brunner, C. J., Review of largemouth bass virus. 
Fisheries, 2003, 28(11), 10–14. 

14. Whittington, R. J., Philbey, A., Reddacliff, G. L. and Macgown, 
A. R., Epidemiology of epizootic haematopoietic necrosis virus 
(EHNV) infection in farmed rainbow trout, Oncorhynchus mykiss 
(Walbaum): findings based on virus isolation, antigen capture 
ELISA and serology. J. Fish Dis., 1994, 17(3), 205–218. 

15. Brunner, J. L., Storfer, A., Gray, M. J. and Hoverman, J. T., Ra-
navirus ecology and evolution: from epidemiology to extinction. 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 122, NO. 3, 10 FEBRUARY 2022 278 

In Ranaviruses: Lethal Pathogens of Ectothermic Vertebrates 
(eds Gray, M. J. and Chinchar, V. G.), Springer, New York, USA, 
2015, pp. 71–104. 

16. Whittington, R. J., Becker, J. A. and Dennis, M. M., Iridovirus 
infections in finfish–critical review with emphasis on ranaviruses. 
J. Fish Dis., 2010, 33(2), 95–122. 

17. Becker, J. A., Tweedie, A., Gilligan, D., Asmus, M. and Whit-
tington, R. J., Experimental infection of Australian freshwater 
fish with epizootic haematopoietic necrosis virus (EHNV). J. 
Aquat. Anim. Health, 2013, 25(1), 66–76. 

18. John, K. R., George, M. R., Kar, D., Mansoor, M. M., Kumar P. 
M., Singha, R. and Waikhom, G., Detection of Ranavirus infec-
tion in cultivated carps of Northeast India. Fish Pathol. (Spec. Is-
sue), 2016, 51, S66–S74. 

19. Sivasankar, P., John, K. R., George, M. R., Mageshkumar, P., 
Manzoor, M. M. and Jeyaseelan, M. P., Characterization of a viru-
lent ranavirus isolated from marine ornamental fish in India. Virus 
Dis., 2017, 28(4), 373–382. 

20. Jancovich, J. K., Steckler, N. and Waltzek, T, B., Ranavirus taxo-
nomy and phylogeny. In Ranaviruses: Lethal Pathogens of Ecto-
thermic Vertebrates (eds Gray, M. J. and Chinchar, V. G.), 
Springer, New York, USA, 2015, pp. 59–70. 

21. Hick, P., Becker, J. and Whittington, R., Iridoviruses of fish. In 
Aquaculture Virology, Academic Press, London, 2016, pp. 127–
152. 

22. Holopainen, R., Ohlemeyer, S., Schütze, H., Bergmann, S. M. 
and Tapiovaara, H., Ranavirus phylogeny and differentiation 
based on major capsid protein, DNA polymerase and neurofila-
ment triplet H1-like protein genes. Dis. Aquat. Organ., 2009, 
85(2), 81–91. 

23. Jancovich, J. K. et al., Evidence for emergence of an amphibian 
iridoviral disease because of human-enhanced spread. Mol. Ecol., 
2005, 14(1), 213–224. 

24. Kurita, J. and Nakajima, K., Megalocytiviruses. Viruses, 2012, 
4(4), 521–538. 

25. Hyatt, A. D. et al., Comparative studies of piscine and amphibian 
iridoviruses. Arch. Virol., 2000, 145(2), 301–331. 

26. Chou, H. Y., Hsu, C. C. and Peng, T. Y., Isolation and characteri-
zation of a pathogenic iridovirus from cultured grouper (Epine-
phelus sp.) in Taiwan. Fish Pathol., 1998, 33(4), 201–206. 

27. Inouye, K., Yamano, K., Maeno, Y., Nakajima, K., Matsuoka, 
M., Wada, Y. and Sorimachi, M., Iridovirus infection of cul- 
tured red sea bream, Pagrus major. Fish Pathol., 1992, 27(1), 
19–27. 

28. Subramaniam, K., Shariff, M., Omar, A. R. and Hair-Bejo, M., 
Megalocytivirus infection in fish. Rev. Aquacult., 2012, 4(4), 
221–233. 

29. Gias, E., Johnston, C., Keeling, S., Spence, R. P. and McDonald, 
W. L., Development of real-time PCR assays for detection of  
megalocytiviruses in imported ornamental fish. J. Fish Dis., 
2011, 34(8), 609–618.  

30. Pattanayak, S., Paul, A. and Sahoo, P. K., Detection and genetic 
analysis of infectious spleen and kidney necrosis virus (ISKNV) 
in ornamental fish from non-clinical cases: first report from India. 
bioRxiv, 12 August 2020; doi:https://doi.org/10.1101/2020.08. 
12.247650. 

31. Kurita, J., Nakajima, K., Hirono, I. and Aoki, T., Complete genome 
sequencing of red sea bream iridovirus (RSIV). Fish. Sci., 2002, 
68, 1113–1115. 

32. He, J. G., Deng, M., Weng, S. P., Li, Z., Zhou, S. Y., Long, Q. 
X., Wang, X. Z. and Chan, S. M., Complete genome analysis of 
the mandarin fish infectious spleen and kidney necrosis iridovirus. 
Virology, 2001, 291(1), 126–139. 

33. Kim, W. S., Oh, M. J., Jung, S. J., Kim, Y. J. and Kitamura, S. I., 
Characterization of an iridovirus detected from cultured turbot 
Scophthalmus maximus in Korea. Dis. Aquat. Organ., 2005, 
64(2), 175–180. 

34. He, J. G., Wang, S. P., Zeng, K., Huang, Z. J. and Chan, S. M., 
Systemic disease caused by an iridovirus-like agent in cultured 
mandarin fish, Siniperca chuatsi (Basilewsky), in China. J. Fish 
Dis., 2000, 23, 219–222. 

35. Sudthongkong, C., Miyata, M. and Miyazaki, T., Viral DNA se-
quences of genes encoding the ATPase and the major capsid pro-
tein of tropical iridovirus isolates which are pathogenic to fishes 
in Japan, South China Sea and Southeast Asian countries. Arch. 
Virol., 2002, 147(11), 2089–2109. 

36. Fu, X. et al., Genotype and host range analysis of infectious 
spleen and kidney necrosis virus (ISKNV). Virus Genes, 2011, 
42(1), 97–109. 

37. Oh, M. J., Kitamura, S. I., Kim, W. S., Park, M. K., Jung, S. J., 
Miyadai, T. and Ohtani, M., Susceptibility of marine fish species 
to a megalocytivirus, turbot iridovirus, isolated from turbot, Pset-
ta maximus (L.). J. Fish Dis., 2006, 29(7), 415–421. 

38. Chinchar, V. G., Hyatt, A., Miyazaki, T. and Williams, T., Fami-
ly Iridoviridae: poor viral relations no longer. In Lesser Known 
Large dsDNA Viruses (ed. Etten, J. L. V.), Springer, Berlin, Ger-
many, 2009, pp. 123–170. 

39. Song, J. Y. et al., Genetic variation and geographic distribution 
of megalocytiviruses. J. Microbiol., 2008, 46(1), 29–33. 

40. Anon., Megalocytivirus infection in ornamental fish. ICAR-CIFA 
News, 2018, 24(4), 5. 

41. Williams, T., Barbosa-Solomieu, V. and Chinchar, V. G., A decade 
of advances in iridovirus research. Adv. Virus Res., 2005, 65, 
173–248. 

42. Go, J. and Whittington, R., Experimental transmission and viru-
lence of a megalocytivirus (family Iridoviridae) of dwarf gourami 
(Colisa lalia) from Asia in Murray cod (Maccullochella peelii 
peelii) in Australia. Aquaculture, 2006, 258(1–4), 140–149. 

43. Nakajima, K. and Sorimachi, M., Production of monoclonal anti-
bodies against red sea bream iridovirus. Fish Pathol., 1995, 
30(1), 47–52. 

44. Dong, C., Weng, S., Shi, X., Xu, X., Shi, N. and He, J., Develop-
ment of a mandarin fish Siniperca chuatsi fry cell line suitable 
for the study of infectious spleen and kidney necrosis virus 
(ISKNV). Virus Res., 2008, 135(2), 273–281. 

45. Goodwin, A. E., Merry, G. E. and Sadler, J., Detection of the 
herpesviral hematopoietic necrosis disease agent (cyprinid her-
pesvirus 2) in moribund and healthy goldfish: validation of a 
quantitative PCR diagnostic method. Dis. Aquat. Organ., 2006, 
69(2–3), 137–143. 

46. Liu, B., Zhou, Y., Li, K., Hu, X., Wang, C., Cao, G., Xue, R. and 
Gong, C., The complete genome of cyprinid herpesvirus 2, a new 
strain isolated from allogynogenetic crucian carp. Virus Res., 
2018, 256, 6–10. 

47. Jung, S. J. and Miyazaki, T., Herpesviral haematopoietic necrosis 
of goldfish, Carassius auratus (L.). J. Fish Dis., 1995, 18(3), 
211–220. 

48. Chang, P. H., Lee, S. H., Chiang, H. C. and Jong, M. H., Epizoo-
tic of herpes-like virus infection in goldfish, Carassius auratus in 
Taiwan. Fish Pathol., 1999, 34(4), 209–210. 

49. Luo, Y. Z., Lin, L., Liu, Y., Wu, Z. X., Gu, Z. M., Li, L. J. and 
Yuan, J. F., Haematopoietic necrosis of cultured Prussian carp, 
Carassius gibelio (Bloch), associated with Cyprinid herpesvirus 
2. J. Fish Dis., 2013, 36(12), 1035–1039. 

50. Groff, J. M., LaPatra, S. E., Munn, R. J. and Zinkl, J. G., A viral 
epizootic in cultured populations of juvenile goldfish due to a 
putative herpesvirus etiology. J. Vet. Diagn. Invest., 1988, 10(4), 
375–378. 

51. Hedrick, R. P., Waltzek, T. B. and McDowell, T. S., Susceptibili-
ty of koi carp, common carp, goldfish, and goldfish × common 
carp hybrids to cyprinid herpesvirus-2 and herpesvirus-3. J. 
Aquat. Anim. Health, 2006, 18(1), 26–34. 

52. Jeffery, K. R. et al., Emergence of a cyprinid herpesvirus (CyHV-
2) in goldfish Carassius auratus in the UK. In Proceeding of the 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 122, NO. 3, 10 FEBRUARY 2022 279

Annual Conference, Institute of Fisheries Management, Centre 
for Environment, Fisheries and Aquaculture Science, Lowestoft, 
2006. 

53. Danek, T. et al., Massive mortality of Prussian carp Carassius 
gibelio in the upper Elbe basin associated with herpesviral hema-
topoietic necrosis (CyHV-2). Dis. Aquat. Organ., 2012, 102(2), 
87–95. 

54. Zhu, M. et al., Host range and vertical transmission of cyprinid 
herpesvirus 2. Turkish J. Fish. Aquat. Sci., 2019, 19(8), 645–652. 

55. Jung, S. J. and Miyazaki, T., Herpesviral haematopoietic necrosis 
of goldfish, Carassius auratus (L.). J. Fish Dis., 1995, 18(3), 
211–220. 

56. Goodwin, A. E., Sadler, J., Merry, G. E. and Marecaux, E. N., 
Herpesviral haematopoietic necrosis virus (CyHV-2) infection: 
case studies from commercial goldfish farms. J. Fish Dis., 2009, 
32(3), 271–278. 

57. Murakami, Y., Shitanaka, M., Toshida, S. and Matsuzato, T., 
Studies on mass mortality of juvenile carp: about mass mortality 
showing edema. Bull. Hiroshima Fresh Water Fish Exp. Stn., 
1976, 19–36. 

58. Gjessing, M. C., Thoen, E., Tengs, T., Skotheim, S. A. and Dale, 
O. B., Salmon gill poxvirus, a recently characterized infectious 
agent of multifactorial gill disease in freshwater-and seawater-
reared Atlantic salmon. J. Fish Dis., 2017, 40(10), 1253–1265. 

59. Matras, M. et al., Carp edema virus in Polish aquaculture – 
evidence of significant sequence divergence and a new lineage in 
common carp Cyprinus carpio (L.). J. Fish Dis., 2017, 40(3), 
319–325. 

60. Way, K. et al., Emergence of carp edema virus (CEV) and its 
significance to European common carp and koi Cyprinus carpio. 
Dis. Aquat. Organ., 2017, 126(2), 155–166. 

61. Lewisch, E., Gorgoglione, B., Way, K. and El-Matbouli, M., 
Carp edema virus/koi sleepy disease: an emerging disease in Cen-
tral–East Europe. Transbound. Emerg. Dis., 2015, 62(1), 6–12. 

62. Adamek, M. et al., Experimental infections of different carp 
strains with the carp edema virus (CEV) give insights into the in-
fection biology of the virus and indicate possible solutions to 
problems caused by koi sleepy disease (KSD) in carp aquacul-
ture. Vet. Res., 2017, 48(1), 12. 

63. Ono, S. I., Nagai, A. and Sugai, N., A histopathological study on 
juvenile color carp, Cyprinus carpio, showing edema. Fish Pa-
thol., 1986, 21(3), 167–175. 

64. Hedrick, R. P., Antonio, D. B. and Munn, R. J., Poxvirus like 
agent associated with epizootic mortality in juvenile koi (Cypri-
nus carpio). FHS Newsl., 1997, 25, 1–2. 

65. Swaminathan, T. R. et al., Emergence of carp edema virus in cul-
tured ornamental koi carp, Cyprinus carpio koi, in India. J. Gen. 
Virol., 2016, 97(12), 3392–3399. 

66. Way, K., and Stone, D., Emergence of carp edema virus-like 
(CEV-like) disease in the UK. Finfish News, 2013, 15, 32–34. 

67. Jung-Schroers, V. et al., Another potential carp killer?: Carp 
edema virus disease in Germany. BMC Vet. Res., 2015, 11(1), 
114. 

68. Pragyan, D., Bajpai, V., Suman, K., Mohanty, J. and Sahoo, P. 
K., A review of current understanding on carp edema virus 
(CEV): a threatful entity in disguise. Int. J. Fish. Aquat. Stud., 
2019, 7(5), 87–93. 

69. Hurisa, T. T., Jia, H., Chen, G., Xiang, F. Y., He, X. B., Oxia 
Wang, X. and Jing, Z., Methodical review on poxvirus replica-
tion, genes responsible for the development of infection and host 
immune response against the disease. Arch. Microbiol., 2019, 
3(2), 3–19. 

70. Buller, R. M. and Palumbo, G. J., Poxvirus pathogenesis. Micro-
biol. Mol. Biol. Rev., 1991, 55(1), 80–122. 

71. Soliman, H. and El-Matbouli, M., Rapid detection and differen-
tiation of carp oedema virus and cyprinid herpes virus-3 in koi 
and common carp. J. Fish Dis., 2018, 41(5), 761–772. 

72. Stevens, B. N. et al., Outbreak and treatment of carp edema virus 
in koi (Cyprinus carpio) from northern California. J. Zoo Wildl. 
Med., 2018, 49(3), 755–764. 

73. Bacharach, E. et al., Characterization of a novel orthomyxo-like 
virus causing mass die-offs of tilapia. MBio, 2016, 7(2), e00431–
16. 

74. Eyngor, M. et al., Identification of a novel RNA virus lethal to  
tilapia. J. Clin. Microbiol., 2014, 52(12), 4137–4146. 

75. Al-Hussinee, L. et al.., Tilapia Lake virus (TiLv): a globally 
emerging threat to Tilapia aquaculture: FA213, 2019, EDIS, 
2019(2). UF/IFAS Extensions. 

76. Jansen, M. D., Dong, H. T. and Mohan, C. V., Tilapia lake virus: 
a threat to the global tilapia industry?. Rev. Aquacult., 2018, 
11(3), 1–15. 

77. Behera, B. K. et al., Emergence of tilapia lake virus associated 
with mortalities of farmed Nile tilapia Oreochromis niloticus 
(Linnaeus 1758) in India. Aquaculture, 2018, 484, 168–174. 

78. Mushtaq, Z., Qayoom, U., Mir, I. N. and Mir, S., Tilapia lake virus: 
an emerging viral disease of tilapia industry. J. Entomol. Zool. 
Stud., 2018, 6(5), 141–144. 

79. Surachetpong, W., Janetanakit, T., Nonthabenjawan, N., Tattiya-
pong, P., Sirikanchana, K. and Amonsin, A., Outbreaks of tilapia 
lake virus infection, Thailand, 2015–2016. Emerg. Infect. Dis., 
2017, 23(6), 1031. 

80. Yamkasem, J., Tattiyapong, P., Kamlangdee, A. and Surachet-
pong, W., Evidence of potential vertical transmission of tilapia 
lake virus. J. Fish Dis., 2019, 42(9), 1293–1300. 

81. Tattiyapong, P., Dachavichitlead, W. and Surachetpong, W., Ex-
perimental infection of Tilapia Lake Virus (TiLV) in Nile tilapia 
(Oreochromis niloticus) and red tilapia (Oreochromis spp.). Vet. 
Microbiol., 2017, 207, 170–177. 

82. Phusantisampan, T., Tattiyapong, P., Mutrakulcharoen, P., Sria-
riyanun, M. and Surachetpong, W., Rapid detection of tilapia lake 
virus using a one-step reverse transcription loop-mediated iso-
thermal amplification assay. Aquaculture, 2019, 507, 35–39. 

83. Munday, B. L., Kwang, J. and Moody, N., Betanodavirus infec-
tions of teleost fish: a review. J. Fish Dis., 2002, 25(3), 127–142. 

84. Glazebrook, J. S. and Campbell, R. S. F., Diseases of barramundi 
(Lates calcarifer) in Australia: a review. In Management of Wild 
and Cultured Sea Bass/Barramundi Lates calcarifer (eds Cop-
land, J. W. and Grey, D. I.), Canberra, Australia, 1987, pp. 204–
206. 

85. Shetty, M., Maiti, B., Santhosh, K. S., Venugopal, M. N. and Ka-
runasagar, I., Betanodavirus of marine and freshwater fish: distri-
bution, genomic organization, diagnosis and control measures. 
Indian J. Virol., 2012, 23(2), 114–123. 

86. Panzarin, V. et al., Molecular epidemiology and evolutionary dyna-
mics of betanodavirus in southern Europe. Infect. Genet. Evol., 
2012, 12(1), 63–70. 

87. Iwamoto, T., Nakai, T., Mori, K. I., Arimoto, M. and Furusawa, 
I., Cloning of the fish cell line SSN-1 for piscine nodaviruses. 
Dis. Aquat. Organ., 2000, 43(2), 81–89. 

88. Toffolo, V., Negrisolo, E., Maltese, C., Bovo, G., Belvedere, P., 
Colombo, L. and Dalla Valle, L., Phylogeny of betanodaviruses 
and molecular evolution of their RNA polymerase and coat pro-
teins.  Mol. Phylogenet. Evol., 2007, 43(1), 298–308. 

89. Azad, I. S. et al., Nodavirus infection causes mortalities in hat-
chery produced larvae of Lates calcarifer: first report from India. 
Dis. Aquat. Organ., 2005, 63(2–3), 113–118. 

90. Parameswaran, V., Kumar, S. R., Ahmed, V. I. and Hameed, A. 
S., A fish nodavirus associated with mass mortality in hatchery-
reared Asian Sea bass, Lates calcarifer. Aquaculture, 2008, 
275(1–4), 366–369. 

91. Jithendran, K. P., Shekhar, M. S., Kannappan, S. and Azad, I. S., 
Nodavirus infection in freshwater ornamental fishes in India: dia-
gnostic histopathology and nested RT-PCR. Asian Fish. Sci., 
2011, 24, 12–19. 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 122, NO. 3, 10 FEBRUARY 2022 280 

92. Binesh, C. P., Renuka, K., Malaichami, N. and Greeshma, C., 
First report of viral nervous necrosis-induced mass mortality in 
hatchery-reared larvae of clownfish, Amphiprion sebae Bleeker. 
J. Fish Dis., 2013, 36(12), 1017–1020. 

93. Binesh, C. P., Mortality due to viral nervous necrosis in zebrafish 
Danio rerio and goldfish Carassius auratus. Dis. Aquat. Organ., 
2013, 104(3), 257–260. 

94. Banerjee, D., Hamod, M. A., Suresh, T. and Karunasagar, I., Iso-
lation and characterization of a nodavirus associated with mass 
mortality in Asian seabass (Lates calcarifer) from the west coast 
of India. Virus Dis., 2014, 25(4), 425–429. 

95. Banu, H., Pattanayak, S., Sundaray, J. K. and Sahoo, P. K., Ge-
netic diversity and latency status of betanodavirus in wild seeds 
of Asian seabass Lates calcarifer (Bloch) sampled along Indian 
coasts. Indian J. Mar. Sci., 2019, 48(3), 288–293. 

96. Kai, Y. H., Su, H. M., Tai, K. T. and Chi, S. C., Vaccination of 
grouper broodfish (Epinephelus tukula) reduces the risk of vertical 
transmission by nervous necrosis virus. Vaccine, 2010, 28(4), 
996–1001. 

97. Hodneland, K., Garcia, R., Balbuena, J. A., Zarza, C. and Fouz, 
B., Real-time RT-PCR detection of betanodavirus in naturally 
and experimentally infected fish from Spain. J. Fish Dis., 2011, 
34(3), 189–202. 

98. Yong, C. Y., Yeap, S. K., Omar, A. R. and Tan, W. S., Advances 
in the study of nodavirus. Peer J., 2017, 5, 3841. 

99. Zorriehzahra, M. J., Adel, M., Dadar, M., Ullah, S. and Ghasemi, 
M., Viral nervous necrosis (VNN) an emerging disease caused by 
Nodaviridae in aquatic hosts: diagnosis, control and prevention: a 
review. Iran. J. Fish. Sci., 2019, 18(1), 30–47. 

100. Vimal, S. et al., Delivery of DNA vaccine using chitosan–tripoly-
phosphate (CS/TPP) nanoparticles in Asian sea bass, Lates calca-
rifer (Bloch, 1790) for protection against nodavirus infection. 
Aquaculture, 2014, 420, 240–246. 

101. Subramaniam, K., Gotesman, M., Smith, C. E., Steckler, N. K., 
Kelley, K. L., Groff, J. M. and Waltzek, T. B., Megalocytivirus 
infection in cultured Nile tilapia Oreochromis niloticus. Dis. 
Aquat. Organ., 2016, 119(3), 253–258. 

102. Chen, M. H. et al., Red sea bream iridovirus infection in marble 
goby (Bleeker, Oxyeleotris marmoratus) in Taiwan. Afr. J. Micro-
biol. Res., 2013, 7(12), 1009–1014. 

 
 
ACKNOWLEDGEMENT. We thank the Director, ICAR-Central  
Institute of Freshwater Aquaculture, Bhubaneswar and Department of 
Biotechnology, New Delhi for providing the necessary facilities and 
funding support for this study respectively. 
 
Received 31 October 2019; revised accepted 7 December 2021 
 
doi: 10.18520/cs/v122/i3/267-280 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


