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some common prawn population source might be the reason 
for the wide distribution of the WMD. However, further studies 
are required to understand the geographic distribution7.

Pathogen and mode of infection
The causative agents of WMD are thought to be M. rosen-
bergii nodavirus (MrNV) and extra small virus (XSV). These 
two RNA viruses are invariably seen in association with 
infected prawns. MrNV is a small icosahedral non-enveloped 
virus, 26 to 27 nm in diameter that has been identifi ed in the 
cytoplasm of connective tissue cells. The capsid contains a 
single polypeptide of 43 kDa (cp-43)8. The nodaviruses are 
known to contain a genome consisting of two single-stranded 
positive-sense RNA segments, RNA1, which encodes the 
viral part of the RNA-dependent RNA polymerase (RdRp) and 
RNA2, which encodes the capsid protein. In infected cells, 
RNA3, a subgenomic transcript of RNA1, is also present9. 
Viral replication takes place in the cytoplasm of connective 
tissue cells of most organs and tissues. XSV is also an 
icosahedral virus, 15 nm in diameter, its genome consisting 
of a linear single-stranded positive-sense RNA coding for a 
capsid protein, cp-17. Because of its extremely small size and 
absence of gene-encoding enzymes required for replication, 
it has been suggested that XSV may be a satellite virus, while 
MrNV plays the role of a helper virus10. However, the respec-
tive roles of the two viruses in the disease pathogenesis are 
not yet known11. This disease outbreak occurs in post-larvae 
3–5 days to 3 weeks after desalting. Incidence of post-larval 
mortalities of 30-100% within two or three days of appearance 
of the clinical sign of opaqueness was reported5. Very few 
post-larvae presenting these signs survive and survivors 
seem to grow normally in grow-out ponds7. Bacteriological 
examination of affected PL showed the presence of Staphy-

The giant freshwater prawn, Macrobrachium rosenbergii is 
a native inhabitant of sub-tropical and tropical waters. It is 
commercially important and one of the most cultured prawn 
species in Southeast Asia, as well as Israel, Japan, Taiwan 
Province of China, Latin America, the Caribbean and some 
countries in Africa due to its potential of fast growth, large 
size, disease tolerance and export market value2. Increasing 
demand for this species in both the domestic and export 
markets has led to a remarkable increase in the number of 
large scale culture systems with high stocking density and 
intensive feeding2. With the rapid development in hatchery 
production of post-larvae and the number of prawn grow-out 
farms, good husbandry and environmental management 
have often been neglected. Consequently, pathogens gain 
easy entry as the prawns are stressed and weakened under 
adverse environmental conditions3.

Diseases of viral aetiology have caused havoc in the aquacul-
ture industry, sometimes wiping out entire stocks within days 
of onset of infection4. Macrobrachium rosenbergii is often 
considered as a less susceptible species to disease problems 
when compared with farmed penaeid shrimp, perhaps 
because of the generally less intensifi ed culture practices 
of freshwater prawn farming. However, recently disease 
problems have become of serious concern to giant freshwater 
prawn farming, probably because of the intensifi cation of 
culture and the translocation of seed and broodstock5. The 
recent report of white muscle disease (WMD) in freshwater 
prawn hatcheries and farms has sent shock waves through 
the prawn aquaculture industry.

Whitish muscle disease (WMD)
Whitish muscle disease of Macrobrachium rosenbergii, 
also called “whitish disease” or “white tail disease”, is a 
new serious epizootic disease caused by Macrobrachium 
rosenbergii nodavirus (MrNV). It was fi rst observed and 
reported in a hatchery in Guadeloupe, French West Indies6. 
Then later on in China (both mainland and the Province of 
Taiwan) and India. It has caused immense economic losses 
in hatcheries and farms, with mortalities often reaching 100% 
in post-larval stages10,13. These viruses thrive in brackish and 
freshwater environment. The specifi c host is giant freshwater 
prawn and the affected life stages are larvae, post-larvae 
and early juveniles7. There is no evidence of adult life stages 
being affected but they might act as carriers. It has not been 
listed by OIE.

The geographical distribution of this virus is across northern 
South America (French West Indies, Dominican Republic and 
Caribbean region) and Asia (China, Taiwan Province of China 
and India). Clinical signs and mortality patterns appear similar 
in all locations and it may be assumed that movement of 
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lococcus spp. as a predominant organism, while laboratory 
challenge of healthy PL with this bacterial isolate did not 
reproduce WMD5.

Signs and symptoms
The clinical signs of this disease include lethargy, anorexia 
and opaqueness of abdominal muscle in post-larvae and 
adults. Whitish appearance of the tail is the prominent clinical 
sign, and therefore, the disease is also named as white tail 
disease. This milky opaqueness gradually expands on both 
sides (anterior and posterior) and leads to degeneration of 
telson and uropods in severe cases. Some infected animals 
without uropods have been observed. The discoloration 
appears to start at the tail extremity (telson region) and 
gradually progress towards the head. Eventually all muscles 
in the abdomen and cephalothorax are affected. The tissues 
most affected in moribund PLs/early juveniles are striated 
muscles of the abdomen and cephalothorax and intratubular 
connective tissue of the hepatopancreas7. The cephalotho-
racic region increases in size and it may become double the 
original size (referred to as branchiostegite blister disease 
(BBD) or swollen head syndrome). The cephalothoracic 
region when opened, may contain two sac-like structures 
with watery fl uid above the hepatopancreas on either side. 
Histopathological examination of the infected animals reveals 
highly necrotic musculature. Multifocal areas of hyaline 
necrosis of muscle fi bres are found in the striated muscle7. 
Degenerated muscle areas show aggregations of melanized 
nuclei, many of which look like inclusion bodies. The clinical 
signs and histopathology of WMD closely resemble to the 
idiopathic muscle necrosis (IMN) reported in M. rosenbergii12.

Diagnostic methods
To curb the disease spread and to avoid economic loss, it is 
essential that a highly sensitive, specifi c and rapid diagnostic 
method be developed for early detection of both the patho-
genic agents (MrNV and XSV) of the disease. The three basic 
methods in disease diagnosis are screening, presumptive and 
confi rmatory methods7. The presumptive method includes 
gross observation of the presence of post-larvae with milky 
white colour abdomen followed by mortality, histopathological 
study of changes characterized by pale to darkly basophilic, 
reticulated cytoplasmic inclusions in the connective tissue 
cells of most organs and tissues (pryonin methyl green 
staining can be used to distinguish the characteristically 
green-stained MrNV viral inclusions from hemocyte nuclei) 
and virological studies. The screening and confi rmatory 
tests can be done using viral genome-based detection 
methods using reverse-transcriptase polymerase chain 
reaction (RT-PCR) and loop-mediated isothermal amplifi ca-
tion (LAMP). Other detection methods for MrNV include a 
double antibody sandwich enzyme-linked immunosorbent 
assay (DS-ELISA), triple antibody sandwich enzyme-linked 
immunosorbent assay (TAS-ELISA) and dot blot hybridization, 
in situ hybridization.

Reverse-transcriptase polymerase 
chain reaction

RT-PCR is the most sensitive of all diagnostic method to 
detect MrNV. This method is used to synthesis and amplifi y 
cDNA copies from RNA viruses. Identifi cation of virus can 

Muscular opaqueness in infected prawn (above) and transparent normal prawn (below).
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be done using amplifi cation of cDNA by specifi c primers. 
The primer sequence for MrNV is 5’-GCG-TTA-TAG-ATG-
GCA-CAA-GG-3’ (forward) and 5’-AGC-TGT-GAA-ACT-TCC-
ACT-GG-3’ (reverse) with amplifi ed product size of 425 bp7. 
Although very sensitive and highly specifi c, it requires the 
use of a thermal cycler and hence can be carried out only 
in well-equipped laboratories. More recently a single-tube, 
duplex RT-PCR method has been developed for simultaneous 
detection of MrNV and XSV.

Loop-mediated isothermal 
amplifi cation

A loop-mediated isothermal amplifi cation (LAMP) procedure 
is described for rapid diagnosis of white muscle disease. It is 
a specifi c nucleic acid amplifi cation method that can amplify 
target nucleic acid to 109 copies at 60–65°C in 1 hour13. 
The method relies on autocycling strand displacement DNA 
synthesis by the best DNA polymerase large fragment, a DNA 
polymerase with high strand displacement activity. As the 
reaction is carried out under isothermal conditions, it can be 
performed with a simple and inexpensive water bath. As there 
is no time loss in thermal changes, the amplifi cation effi ciency 
of the LAMP method is extremely high. The LAMP reaction 
requires four primers specifi cally recognizing six distinct 
regions of the template DNA. Hence, there is a high degree 
of specifi city for detection. A positive reaction can be easily 
detected within one hour due to the production of a whitish 
precipitate of magnesium pyrophosphate thereby eliminating 
the need for agarose gel electrophoresis14. The time kinetics 
and sensitivity of the LAMP reaction can be further improved 
by the use of two additional loop primers. There are very few 
reports of the application of LAMP methodology for detection 
of RNA viruses. An RT-LAMP method has been developed as 
a rapid and convenient method for detection.

Transmission
Both vertical and horizontal transmission of MrNV has been 
observed7. Infected broodstock serve as carriers and results 
in diseased postlarvae. Even Artemia nauplii from infected 
Artemia stocks can spread the disease. Penaeid shrimps 
are not much susceptible to these viruses but experimental 
results indicate the possibility of shrimp acting as reservoir for 
MrNV and maintaining their virulence in their tissue system.

Conclusion
Prevention is better than cure, as there are no treatments to 
this viral pathogen, only through adoption of better manage-
ment practices in hatcheries and farms can the spread 
and impact of white tail disease in prawn farming can be 
minimized. The early screening of broodstock and postlarvae 
should be strongly encouraged. Strict quarantine measures 
should is followed in translocation of prawn stock and seeds 
to avoid spread of pathogen. Broodstock or seed testing 
positive for MrNV must be discarded with proper zoosanitory 
methods. Further research is needed for through under-
standing of pathogen-host interaction, viral strain, immune 
response and drug development.
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