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ABSTRACT: Five different species of aquatic insects were collected from nursery ponds containing
the freshwater prawn Macrobrachium rosenbergii infected with Macrobrachium rosenbergii noda-
virus (MrNV) and extra small virus (XSV). The insects were screened as potential natural carriers of
MrNV and XSV. RT-PCR (reverse transcription polymerase chain reaction) analysis gave positive
results for MrNV and XSV in Belostoma sp., Aesohna sp., Cybister sp. and Notonecta sp., and nega-
tive results for Nepa sp. An Aedes albopictus mosquito cell line (C6/36) was used for infectivity
assays, with viral inoculum prepared from the aquatic insects, since C6/36 cells have recently been
shown to be susceptible to infection with MrNV and XSV. The C6/36 cells were harvested 4 d post-
challenge for examination by electron microscopy. This revealed aggregation of viral particles
throughout the cytoplasm for cells challenged with inocula from all the insect species except Nepa sp.
Our results indicate that several aquatic insect species may present a risk for MrNV and XSV trans-

mission to M. rosenbergii.
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INTRODUCTION

White tail disease (WTD) is the major cause of high
mortality and severe losses in hatchery-reared post-
larvae (PL) of the freshwater prawn Macrobrachium
rosenbergii in the French West Indies, Taiwan, China
and India (Arcier et al. 1999, Tung et al. 1999, Qian et
al. 2003, Sri Widada et al. 2003, Sahul Hameed et al.
2004a). The cumulative loss in India alone has been
estimated to be in the order of several million dollars
and this continues to rise. The causative pathogens of
WTD have been identified as Macrobrachium rosen-
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bergii nodavirus (MrNV) (Arcier et al. 1999) and extra
small virus (XSV) (Sri Widada & Bonami 2004). These
are the second and third specific viruses reported from
Macrobrachium since the first report of a parvo-like
virus 15 yr ago (Anderson et al. 1990).

The rapid onset of WTD and associated mortality is
remarkable. Gross signs of disease include lethargy,
opacity of abdominal muscle and degeneration of the
telson with mortalities often reaching 100 % (Arcier et
al. 1999, Sri Widada et al. 2003, Sahul Hameed et al.
2004a). Sensitive 1-step and nested RT-PCR (reverse
transcription polymerase chain reaction)-based diag-
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nostic methods have been developed for MrNV and
XSV (Sahul Hameed et al. 2004a, Sri Widada & Bonami
2004, Sudhakaran et al. 2006a, 2007a), and they can be
used to identify the natural hosts, susceptible carriers
and reservoirs of these viruses.

Horizontal transmission of MrNV and XSV may
occur via infected prawns or natural hosts from the
culture system and the neighbouring ecosystem in
the form of live carriers, dead tissues, or free virions
(Vijayan et al. 2005). Invertebrate filter feeders such as
bivalve molluscs may ingest and accumulate particu-
late materials as reported in studies on white spot syn-
drome virus (WSSV) (Canzonier 1971, Hay & Scotti
1986, Mortensen et al. 1993). It is also possible that
MrNV and XSV are carried passively in the digestive
tracts of invertebrates or other living organisms in the
culture system.

Several investigators have reported that white spot
syndrome virus (WSSV) infects primary cultures of
lymphoid organs from the giant tiger shrimp Penaeus
monodon (Kasornchandra et al. 1999, Wang et al.
2000), from the blue shrimp Litopenaeus stylirostris
(also called Penaeus stylirostris) (Tapay et al. 1997) and
from the kuruma shrimp Marsupenaeus japonicus
(also called Penaeus japonicus) (Itami et al. 1999). Pri-
mary cell cultures of lymphoid organs have also been
reported to be susceptible to yellow head virus (YHV)
infection (Lu et al. 1995, Assavalapsakul et al. 2003).
Although there are no reports on cultivation of MrNV
and XSV in crustacean cells, Sudhakaran et al. (2007b)
have succeeded in propagating MrNV and XSV in a
mosquito cell line (C6/36). Proliferation in an immortal
cell line simplifies the process of obtaining large quan-
tities of virus for study.

Shrimp viruses such as WSSV and YHV can infect
several crustacean species that can potentially trans-
mit them to cultivated shrimp. For example, natural
infections of WSSV have been observed in wild and
cultured mud crabs Scylla serrata, and infected crabs
have been shown to transmit the virus to Penaeus mon-
odon (Lo et al. 1996, Flegel 1997, Kanchanaphum et al.
1998, Chen et al. 2000). However, work on potential
carriers or natural reservoirs of MrNV/XSV is still
lacking. Therefore, the present study was carried out
to test whether aquatic insects could act as natural car-
riers of MrNV/XSV in scampi culture systems.

MATERIALS AND METHODS

Collection of aquatic insects. Various aquatic insects
were collected with a fish net from nursery and grow-
out ponds containing freshwater prawns experiencing
severe WTD outbreaks at Nellore, Andhra Pradesh,
India. These included giant water bugs Belostoma sp.,

Fig. 1. Line diagrams of aquatic insects collected from prawn

cultivation ponds experiencing white tail disease outbreaks:

(A) Belostoma sp., (B) Aesohna sp., (C) Cybister sp.,
(D) Notonecta sp. and (E) Nepa sp.

dragonfly nymphs Aesohna sp., diving beetles Cybis-
ter sp., back swimmers Notonecta sp. and water scor-
pions Nepa sp. (Fig. 1). They were kept in separate
sterile tubes and transported to the laboratory on dry
ice. The insects were identified using standard meth-
ods for the examination of water and wastewater
(Clesceri et al. 1998). In the laboratory, the specimens
were stored at —20°C for RT-PCR analysis and infectiv-
ity studies.

Experimental challenges with C6/36 cells. The col-
lected insects were surface sterilized with 5% chlorex
for 5 min, dipped in 70% alcohol, and washed thor-
oughly with sterile TN buffer (20 mM Tris-HCI and
0.4 M NaCl, pH 7.4) before homogenization. A 10 %
(w/v) suspension of tissue homogenate was made with
TN buffer (20 mM Tris-HCI and 0.4 M NaCl, pH 7.4).
The homogenate was centrifuged at 4000 x g for
20 min at 4°C, its supernatant was recentrifuged at
10000 x g for 20 min at 4°C, and the final supernatant
was filtered through a 0.22 pm pore membrane. The
filtrate was stored at —20°C, and was used to inoculate
the C6/36 mosquito cell line.

The stock inocula prepared from the aquatic insects
was used to challenge a C6/36 mosquito cell line as
previously described by Sudhakaran et al. (2007b). At
3 or 4 d post-challenge (dpc) the cell cultures were har-
vested and centrifuged at 700 x g for 5 min at 4°C. One
portion of the cell pellet was used for electron
microscopy, while the other was stored at —-20°C for
RT-PCR analysis.
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Transmission electron microscopy. C6/36 cell pel-
lets from cultures challenged with stock inocula were
suspended in 0.1 M phosphate buffer (pH 7.4) contain-
ing 2.5% gluteraldehyde in 0.1 M cocadylate buffer
(pH 7.2) and 0.5 M NaCl at 25°C for 1 h. The cells were
post-fixed in 1% osmium tetroxide in the same buffer
for 1 h at 25°C. The fixed cells were dehydrated in an
ethanol series and embedded in epoxy resin. The
embedded samples were sectioned with an ultramicro-
tome, stained with uranyl acetate-lead citrate and
examined under an electron microscope (Philips EM
201C) (Sudhakaran et al. 2007b).

RNA isolation. For extraction of total RNA, approxi-
mately 50 mg of aquatic insects (3 to 5 individuals) or
0.4 ml C6/36 cell pellet were homogenized in TN
buffer. The homogenates were centrifuged at 12000 x
g for 15 min at room temperature (27 to 30°C), and the
supernatant solution was extracted using TRIzol
reagent (GIBCO-BRL) according to the protocol of the
manufacturer. The amount of nucleic acid in the sam-
ple was quantified by measuring the absorbance at
260 nm, and the purity was checked by measuring the
ratio of ODyg0nm/ODagonm-

RT-PCR and nested RT-PCR for MrNV and XSV. RT-
PCR and nested RT-PCR were carried out using the
Reverse-IT™ 1-step RT-PCR kit (ABgene), allowing
reverse transcription (RT) and amplification to be per-
formed in a single reaction tube. The primers used and
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Fig. 2. RT-PCR detection of Macrobrachium rosenbergii nodavirus (MrNV)

and extra small virus (XSV) in Aedes albopictus mosquito cell line (C6/36)

cells inoculated with extracts (stock inocula) prepared from wild aquatic

insects collected from prawn culture ponds experiencing a severe WTD

outbreak. M: DNA marker; 1: virus suspension prepared from infected

post-larvae of freshwater prawn; 2: healthy post-larvae; 3: Belostoma sp.;
4: Aesohna sp.; 5: Cybister sp.; 6: Notonecta sp.; 7: Nepa sp.

the protocol followed were according to Sudhakaran et
al. (2006a,b). The RT-PCR and nested RT-PCR prod-
ucts (10 pl) were analyzed by electrophoresis on a 1%
agarose gel stained with ethidium bromide and visual-
ized by ultraviolet transillumination.

RESULTS AND DISCUSSION

Among the 5 species of aquatic insects examined,
the giant water bug Belostoma sp., dragonfly nymphs
Aesohna sp., diving beetles Cybister sp. and back
swimmers Notonecta sp. gave positive RT-PCR results
for MrNV and XSV. By contrast, results for the water
scorpion Nepa sp. were negative. RT-PCR results from
C6/36 cells challenged with stock inocula from these
species gave parallel results (Fig. 2). The positive RT-
PCR results for these insects and C6/36 cell cultures
were similar to those obtained by Sahul Hameed et
al. (2004b) when testing adult Macrobrachium rosen-
bergii infected with MrNV and XSV.

Electron microscopy of C6/36 cells challenged with
stock inocula from the 4 RT-PCR positive insect species
revealed vacuolation and aggregation of numerous
viral particles distributed throughout the cytoplasm
(Fig. 3).

MrNV and XSV were found in all positive tissues
and organs of both freshwater prawns and marine
shrimp (Sudhakaran et al. 2006b), and
we detected them both in our RT-PCR
positive aquatic insects. This supported
the proposal that the 2 viruses are closely
associated and that XSV is a satellite
virus dependent on MrNV (Qian et al.
2003). Although MrNV and XSV infec-
tions can be fatal for larvae of Macro-
brachium rosenbergii, adult infected
prawns do not show signs of disease and
can act as unaffected carriers (Sahul
XSV Hameed et al. 2004b). The mechanism of
tolerance to MrNV and XSV in adult ani-
mals is not known, but it demonstrates
that the viruses are capable of coexis-
tence with grossly normal carriers. Dis-
ease resistance in some invertebrates is
related to the production of bactericidins,
lysins and agglutinins, following expo-
sure to foreign proteins (Bang 1967,
McKay & Jenkin 1969). It is possible that
similar substances may account for abil-
ity of adult prawns to control MrNV and
XSV.

Lo et al. (1996) noted that aquatic
insect larvae (Ephydridae), copepods,
the pest crab Helice tridens, and pest

MNV
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Fig. 3. Electron micrograph of MrNV and XSV C6/36 cells challenged with stock inocula prepared from homogenates of wild
aquatic insects collected from prawn culture ponds experiencing a severe WTD outbreak. Arrows indicate vacuolation in infected
cells: (A) Belostoma sp., (B) Aesohna sp., (C) Cybister sp. and (D) Notonecta sp. Scale bars = 1 pm (A,C) and 5 pm (B,D)

palaemonid shrimp from penaeid shrimp cultivation
ponds affected by WSSV can give positive PCR test
results for WSSV. However, it is still uncertain whether
all of the PCR-positive species and especially the
aquatic insects are actually infected with the virus or
whether they simply act as mechanical carriers. On the
other hand, experimental transmission of WSSV
to crabs (Supamattaya et al. 1998) and several other
crustacean species has been confirmed histologically
(Flegel 2006). In other cases, PCR positive animals are
simply mechanical carriers. For example, polychaete
worms have been reported to occasionally give PCR
positive results from WSSV in gut contents acquired
due to their role as active benthic detritivores (Vijayan
et al. 2005). This does not diminish the risk of them
transmitting WSSV to shrimp (Vijayan et al. 2005). We
have established the ability of MrNV and XSV to infect
an insect cell line, and this increases the likelihood that
they would also be able to infect aquatic insects. On
the other hand, we have not carried out in situ

hybridization tests with our RT-PCR positive insect
species, and, until this is done, we cannot confirm their
status as mechanical carriers or infected carriers. Since
we have shown that MrNV and XSV can be detected
in aquatic insects and that the detected viruses are
able to infect susceptible mosquito cells in culture, we
have established a potential transmission risk to culti-
vated Macrobrachium rosenbergii. Whatever the case,
we have clearly demonstrated that the 4 insect species
are a potential transmission threat, and we recommend
that care be taken to exclude them from freshwater
prawn culture systems, especially at the larval produc-
tion stages.
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