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Ranaviruses 
� Family Iridoviridae, large (120-200 nm), enveloped,                                                                  

icosahedral capsid, dsDNA viruses 
¡  Iridovirus: Arthropods 
¡  Chloriridovirus: Arthropods 
¡  Lymphocystivirus: Fish 
¡  Megalocytivirus: Fish 
¡  Ranavirus: Fish, amphibians, and reptiles   

Sandilya Theuerkauf, http://www.rakbankerd.com/kaset/Animal/1279_6.jpg,  
http://www.fisheries.go.th/if-phayao/cultivate/%E0%B8%9A%E0%B8%B9%E0%B9%88.gif, http://

www.e2121.com/herb_db/imgdir/soft_shelled_turtle_shell2.jpg  

�  Infect many species of poikilothermic 
vertebrates  

     (low host specificity) 
¡  Fish: bony fishes 
¡  Amphibians: frogs and salamanders 
¡  Reptiles: turtles, lizards, and snakes � Emerging pathogen affecting 
aqua/ranaculture  

    and wildlife � Mortality rates up to 100%  
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Ranavirus Outbreaks in Asia 
� Outbreaks reported in fish, amphibians, and reptiles 

¡  China 
÷  1995  Pig frog (Rana grylio) (Zhang et al. 1996; 2001) 
÷  1999  Soft-shelled turtle (Trionyx sinensis)  
               (Chen et al. 1999) 
÷  2002  Tiger frog (Hoplobatrachus tigerinus) 
             (Weng et al. 2002) 
÷  2008  Largemouth bass (Micropterus salmoides)  
               (Deng et al. 2011) 
÷  2010  Chinese giant salamanders (Andrias davidianus)  
               (Geng et al. 2011; Zhou et al. 2013; Ma et al. 2014) 

¡  Japan 
÷  2008 American bullforg (Lithobates catesbieanus) (Une et al 2009) 
÷  2009 Clouded salamander (Hynobius nebulosus) (Une et al 2009) 

¡  India 
÷  Koi (Cyprinus carpio) (George et al. 2015) 

¡  Singapore 
÷  1994  Brown-spotted grouper (Epinephelus tauvina) and other 

grouper (Chua et al. 1994; Qin et al.  2003) 
¡  Taiwan 

÷  1995 Yellow grouper (Epinephelus awoara) (Murali et al. 2002; 
Huang et al. 2011) 

÷  1998  Brown-spotted grouper  (Epinephelus tauvina) (Qin et al.  
2003) 

 

Photo credit: Duffus et 
al. 2015 

Outbreaks in Thai Ranaculture 
Facilities 

� Outbreaks reported in 
tiger frog      (H. 
tigerinus) and Rana 
spp. (Kanchanakhan et al. 
1999; 2002; 2004) 

 
 
 
 

  

 
http://www.visit-thailand.info/ 

¡  1998   Bangkok (First isolation!) 
   

 

 

 
  
   

 

      Nonthaburi  
      Ayutthaya     
      Nakhon Nayok  
      Ang Thong 

 

 
 
    

 

¡  1999   Nonthaburi 
      Suphanburi 
      Pichit 
      Ratchaburi 
      Roy Et 

  
 

 

  
 
   

 

¡  2006   Nakhon Panom 
  
 

 

  
 
   

 

¡  2011   Phatthalung 
 
  
 

 

  
    

 

¡  2004   Sa Keaw (Imported from Cambodia) ¡  2001   Songkhla 

Clinical Findings 

� Gross pathology 
¡  Skin ulceration on rostrum and 

legs 
¡  No consistent bacteria or 

external  
     parasites observed 
¡  No apparent lesions found in 

the internal organs 

 

Photo credit: Dr. 
Kanchanakhan 

� Microscopic 
pathology 
¡  Skin: excavating ulcers 
¡  Spleen: focal necrosis  
¡  Liver: congestion with 

mild inflammatory 
responses 

Photo credit: Dr. 
Kanchanakhan 
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Virus Isolation and 
Ultrastructural 

Characterization 
� Cytopathic effect (CPE) 

¡  Observed on  Epithelioma papulosum cyprini  (EPC) 
cell line 

¡  Round lytic plaque 

 
 

 

 

Negative 
Control 

Infect
ed 

Photo credit: Kanchanakhan et al. 1999; 2002 

�  Icosahedral nucleocapsid, average diameter = 128 
nm 

� Outbreak reported in 
food fish facility 

Outbreaks in Thai Fish Farms 

http://www.visit-thailand.info/ 

� Cases reported in ornamental fish                       facilities  

¡  2000  Marbled sleeper goby  
              (Oxyeleotris 
marmorata) 

÷  Nakhon Pathom 
(Prasankok et al. 2005) 

¡  2002  Goldfish 
(Carassius auratus) 
÷  Bangkok (Saduakdee 

2002) 

¡  2001  Guppy (Poecilia 
reticulata)  
÷  Samut Sakhon (AAHRI 

Report) 

Clinical Findings 

� Gross pathology 
¡  Skin ulceration  
¡  No consistent bacteria or external parasites 

observed 
 

Photo credit: Dr. 
Kanchanakhan 

Negative 
Control 

Infected 

200 
nm 

280 nm 

Photo credit: Prasankok et al. 2005 

� Virus isolation (MSGIV, GPIV, GFIV) 
¡  CPE: Observed on EPC cell line 
   : Round lytic plaque 

 � Ultrastructural Characterization 
¡  Icosahedral nucleocapsid 
¡  Average diameter = 132.5 nm 
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Polymerase Chain Reaction 
(PCR) 

� DNA extraction from diseased fish and amphibian 
tissues 

÷  Liver, kidney, spleen, and skin ulcer 

� PCR targeting the ranavirus major capsid protein 
(Mao et al. 1996) 

÷  300 bp 
1 = Ladder  
2 = MSGIV (2002) 
3 = Bangkok 
(1998) 
4 = Songkhla 
(2001) 
5 = Pichit (1999) 
6 = Roy Et (1999) 
7 = Neg Control 

1        2      3        4       
5        6       7 

300 
bp 

1,000 
bp 
500 
bp *     *     *      *     

* 
 
 
 Photo credit: Prasankok et 

al. 2005 

� Result: Marbled sleeper goby isolate and 
previous isolates of frog ranaviruses are 
positive for the ranavirus 

Ranavirus Outbreaks and Aquaculture Impacts
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Objectives 

� Characterize the ranaviruses isolated 
from marbled sleeper goby, goldfish, 
and guppy in Thailand 

� Identify phylogenetic relationships 
between ranaviruses in fish and 
amphibians detected in Asia 

 

wildherps.c
om 
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Methods 

                                                             ���

http://brtilifesciences.com/ 

Virus 
isolation 

Virus 
purification 

Whole genome 
sequencing 

Genomic sequence 
comparison 

Phylogeneti
c analysis 

Genomic Sequence 
Comparison 

� The full genomes of marbled sleeper goby 
iridovirus (MSGIV), goldfish iridovirus (GFIV), and 
guppy iridovirus (GPIV) were sequenced using an 
Illumina MiSeq Next Generation Sequencing 
platform � Annotation of MSGIV, GFIV, and GPIV genomes 

� Comparison of  all annotated Thai ranaviruses 
versus Chinese (TFV, STIV, RGV) and North 
American (FV3) isolates 

� Results: 
¡  Thai ranaviruses and TFV have 6 less genes than FV3 

÷ FV3gorf13R, FV3gorf30R , FV3gorf44R, FV3gorf49L, FV3gorf58R, 
FV3gorf98R 

¡  TFV is more closely related to Thai ranaviruses than FV3 Photo: Pierson Hill 
2008, Gary Nafis 

Phylogenetic Analysis 
Phylogenomic analyses        based on 46 core iridoviral genes 

FV
3 

BI
V TFV-like 

AT
V EHN
V EC
V SCRV 

6 less 
genes 

MSGIV 2000 Thailand
GFIV 2002 Thailand
GPIV 2001 Thailand
TFV 1999 China
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Conclusions 

� Phylogenomic analyses and genomic sequence 
comparison revealed that ranaviruses isolated 
from food and ornamental fish in Thailand are 
closely related to TFV isolated from the tiger frog 
(H. tigerinus) in China 

÷ TFV clade (MSGIV, GFIV, and GPIV) is supported by 
the 6 less genes when compared to FV3 

�  Interclass transmission of TFVs occurs among fish 
and amphibians in Asia has negatively impact 
Asian aquatic animal industries 

� Dissemination of TFVs between China and 
Thailand likely occur via aquatic animal 
international trade  

Future Directions 

� Unravel the epidemiology of TFVs in 
Asia (Thailand and China) 

÷  Sequence early TFVs from amphibian 
outbreaks in Thailand 

�  Develop: 1) a better understanding of 
the impact of TFVs on Asian aquatic 
animal industries and 2) mitigation 
strategies 

÷ Challenge studies 
÷ Vaccine development 
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Thank you for your 
attention! 

Questions? 


