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Abstract

This study aimed to evaluate the utility and efficiency of the Flinders Technology Associates (FTA®) Elute Card
(Whatman®) as a sampling device and storage platform for RNA from Betanodavirus infected biological sample (viz.,
cell culture supernatant). The retrieval of target RNA from FTA Elute Card discs with a diameter ranging from 1.2 - 2
mm was found to be satisfactory for detection of Betanodavirus by reverse transcription-nested polymerase chain
reaction (RT-nPCR). The viral RNA on the cards could be detected by RT-nPCR for a minimum period of 30 days of
storage at 4°C, though at lower efficiency after 21 days of storage. In conclusion, FTA cards protocol provides a
supplementary method for quick and easy collection of samples, preservation of RNA on a dry storage basis and
detection of Betanodavirus infected fish.
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Introduction
Viral encephalopathy and retinopathy (VER) or viral nervous

necrosis (VNN) affects more than 120 fish species is one of the major
disease constraints in the finfish aquaculture, mostly marine [1-5]. The
disease is caused by Betanodavirus (family: Nodaviridae) which is
small, icosahedral (25 nm) RNA virus. The virus causes acute as well as
latent infections [2] and exhibits different clinical signs depending on
age and fish species. Latent infection may develop an acute phase with
biological and environmental stress factors [6] or facilitate vertical/
horizontal transmission of the virus [1,7].

Recently, the Betanodavirus has been reported as the main cause of
significant mortality in many species of hatchery/farm grown marine
fish species [8-13]. The most common method of detection is by PCR,
based on the gene sequences of RNA1 and RNA2 and is now accepted
as the gold standard for its confirmatory diagnosis [14,4]. Sampling of
the most suitable material is required to facilitate the confirmatory
diagnosis of Betanodavirus in marine fish and to develop a suitable
management strategy for finfish breeding programme. Non-lethal
sampling and transport of suitable biological sample from broodstock
fish in hatchery condition is a challenging task, especially when sample
sizes are small and when operating away from diagnostic laboratories.
FTA Elute Card (Whatman®) is a paper-based matrix designed to fix
and store nucleic acids directly from fresh tissues, hence has the
potential for sampling, retrieval and subsequent downstream
applications in molecular research. This study investigates the potential
of using FTA Elute Cards as a sampling device for molecular detection
of Betanodavirus from biological samples.

Materials and Methods

Test samples
Betanodavirus infected Asian seabass (Lates calcarifer) larvae (9

days post-hatch) collected and preserved at -80°C from an acute
disease outbreak of viral nervous necrosis were used as a source of
virus sample for cell culture propagation. A homogenate of larval
samples in Hank’s balanced salt solution (HBSS) at 1:10 dilution was
prepared, filtered using 0.22 μm syringe filter and inoculated in a
monolayer of SISS cell line grown in L-15 medium containing 10%
foetal bovine serum [13] for viral propagation. Following the
observation of cytopathic effect (CPE) in the cell culture, the
supernatant fluids containing virus were harvested after freeze-
thawing for three times and clarified by centrifugation at 3000 g for 15
min at 4°C and stored at -80°C until use. Virus titration was conducted
on a monolayer of cells in 96 well plates using 10-fold serial dilutions
in triplicate. The 50% of the tissue culture infective dose (TCID50 ml-1)
was calculated as described by [15]. The titer of the culture supernatant
was 103 TCID50 ml-1 at 4 days post-infection (dpi) and 108 TCID50
ml-1 at 7 dpi. The culture supernatant on 7 dpi was used for application
on FTA Elute Card and to maintain homogeneity of the sample on the
card.

Control samples (positive and negative)
Betanodavirus infected Asian seabass (Lates calcarifer) larvae after 9

days post hatch (dph) collected and preserved at -80°C from an acute
disease outbreak of viral nervous necrosis were used as a source of
positive control in this study. A VNN-free stock of Asian seabass larvae
(28 dph) collected earlier from a hatchery and archived at -80°C was
used as virus-free negative control. These samples were used for
conventional RNA extraction using TRIzol Reagent (Invitrogen) as per
the manufacturer’s instructions for comparison.
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Sample application and extraction of RNA from FTA elute
card

A fresh homogenous suspension of each sample (30 μl) was spotted
on FTA® Elute Card (Whatman®) starting in the center, in an outward
spiral motion as per manufacturer’s recommendations (Figure1a),
labeled for identification and dried for 2 hours at room temperature.
These cards were stored at 4°C in a multi-barrier pouch until used for
weekly tests. Two discs of different diameters (0.5 mm, 1.2 mm and 2
mm) were cut out on day 1, 7, 14, 21 and 30 after application of
samples using a coring device, Harris uni-core punch (Figure 1b) or an
office paper punch (for 5 mm diameter discs), and one disc was placed
directly in a PCR amplification tube and another one into a 1.5 ml tube

for RNA extraction as recommended by the manufacturer. Essentially,
two different protocols were used for the preparation of RNA template
from FTA card. In the first protocol, RNA extraction was carried out
using an elution buffer (‘disc elution’) as per the Whatman protocol for
RNA isolation. The extracted RNA was quantified, and its purity was
checked using a Nano Photometer (Implen, Germany). In the second
protocol, a single disc of different diameter was treated with FTA
purification reagent (Whatman) as per the manufacturer’s protocol
prior to use as ‘RNA template’ for cDNA synthesis (‘disc-in-PCR’) in
reverse transcription polymerase chain reaction (RT-PCR) as
described earlier [16].

Figure1: FTA Elute Card for sample application (a) and the Harris Micro Punch (b) for cutting disc dimension of 0.5, 1.2 and 2 mm diameter
(note the encircled area).

cDNA synthesis
The RNA samples prepared from FTA Elute Cards by RNA

processing buffer and the dried discs were used separately for each
type of samples for cDNA synthesis and subsequent PCR protocol
using the same cycling conditions. First-strand synthesis was done
using an iScript cDNA synthesis kit (Bio-Rad, USA) in 10 μl reaction
as per manufacturer’s instructions. The RNA from control (positive
and negative) sample was also processed for cDNA synthesis. The
cDNA was quantified using a NanoPhotometer (Implen, Germany) at
260 nm.

Polymerase chain reaction
The nested PCR method used in this study has been previously

described [13]. For first step PCR, the primers BARL-F1 (5’-
GTACGCAAAGGTGAGAAGAAA-3’) and BARL-R1 (5’-
GTCCCAGATGCCCCA-3’) were used, while the nested PCR primers
include BARL-F2 (5’-AACTGACAACGACCACACCTT-3’) and
BARL-R2 (5’-TGTGGAAAGGGAATCGTTG-3’). For first-step PCR, 2
μl of the cDNA product was used as the template, whereas in the
nested PCR, 2 μl of the primary PCR product was used, with same
thermal cycling conditions.

Duration of storage
(days) at 4°C

PCR PCR results using a single disc of different diameter
(by direct 'disc in PCR' and 'disc elute PCR' )

0.5mm 1.2 mm 2.0 mm 5.0 mm

1 First step - + + +

Nested  -  +  + +

7 First step NA NA - +

Nested NA NA - +
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14 First step NA +  + +

Nested NA + + +

21 First step NA + + +

Nested NA + + +

30 First step NA + + -

Nested NA + + +

Table 1: PCR analysis on FTA elute card discs after application of cell culture suspension of Betanodavirus sample (note: positive (+), negative (-),
not tested (NA).

PCR was carried out in 25 μl reaction mixture containing 12.5 μl
ready-to-use PCR master mix (Ampliqon Taq 2x Master Mix Red), 9.5
μl nuclease-free water and, 10 picomol of forward and reverse primers
(1 μl each) by following cycling conditions: 95°C for 5 min, 40 cycles of
denaturation at 95°C for 30 s, annealing at 60°C for 30 s, and
elongation at 72°C for 30 s, and a final extension at 72°C for 5 min. The
PCR amplicons were analysed by electrophoresis in 1.5% agarose gel
containing 0.5 μg ml-1 XR+ Imaging system (Bio-Rad, USA).

Results
In the present study, we evaluated the FTA Elute Card (Whatman®)

as a sampling device and retrieval of Betanodavirus nucleic acid for
diagnostic applications in fish. The recovery of RNA concentration
from punched discs measuring 1.2, 2.0 and 5.0 mm diameter was
found to be relatively satisfactory in terms of quality for diagnostic
PCR. However, the stability and concentration of total RNA on the
FTA disc were found to decrease during storage at 4°C throughout
three weeks.

Figure 2: PCR analysis on FTA elute card discs-one day after
application of cell culture suspension of Betanodavirus sample.

The RNA concentration from 0.5 mm diameter disc was poor from
day 1 onwards and hence eliminated from further testing by PCR. The
mean concentration of RNA extracted (day 1 post application of
sample) from a single disc of 1.2, 2 and 5 mm was 861, 1011 and 2563
ng μl-1, respectively. A positive control (reference strain of
Betanodavirus in cell culture suspension or VNN infected Asian
seabass larval homogenate) and negative control (healthy seabass

larval homogenate) were also used for conventional RNA extraction
followed by RT-nPCR analysis. The conventional RNA extraction
protocol of larval homogenate of positive and negative control revealed
mean RNA concentration of 1089 and 825 ng μl-1, respectively. Of the
two RNA template preparation protocols from FTA Elute Card discs,
both the ‘disc elution’ and ‘disc-in-PCR’ techniques employed in this
study gave almost similar results by RT-PCR with amplification of
predicted sizes (902 bp and 313 bp by first step and nested PCR,
respectively) from all sample discs at weekly intervals (Table 1).

Figure 3: PCR analysis on FTA elute card-14 days after application
of cell culture suspension of Betanodavirus sample.

No amplification was observed from the healthy larval samples used
as a negative control at each test point. The PCR analysis using FTA
Elute Card on day 1, 14 and 30 days after application of cell culture
suspension of Betanodavirus sample is shown in Figure 2-4. On test
day 1, most of the Betanodavirus-positive samples showed multiple
bands in nested reaction possibly due to carryover PCR products from
the first step reaction due to excess template of RNA, which was
resolved by dilution (1: 5) of primary PCR product in subsequent
nested reactions.

The disc diameter of 1.2 and 2 mm gave better results consistently at
different test points, while 5 mm discs often manifested inhibition,
probably due to excess template concentration. PCR products of
predicted sizes were obtained from frozen samples of all virus-positive
samples processed by traditional method and gave more prominent
band by visual assessment (Figures 2 and 4).Thus effective retrieval of
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viral nucleic acid from the cell culture supernatants applied on FTA
Elute Card has been demonstrated in this study for diagnostic assays
up to 30 days. This protocol eliminates the traditional multi-step
extraction and purification of RNA using hazardous chemicals.

Figure 4: PCR analysis on FTA elute card-30 days after application
of cell culture suspension of Betanodavirus sample.

Discussion
The Whatman FTA Elute Card is a paper-based matrix impregnated

with proprietary reagents that lyse cells, degrade proteins and stabilize
nucleic acids directly from fresh tissues applied on to the treated paper
and hence has the potential for sampling and retrieval of nucleic acid
from biological samples. Infectious pathogens in samples are rendered
inactive on contact and can be shipped safely, making them useful for
dry transportation of clinical samples and subsequent recovery of
nucleic acid for molecular detection. This technology has been in use
for diagnostic and epidemiological studies on pathogens of human,
animals and plants [17-22]. The use of FTA cards for diagnostic and
epidemiological investigation has been very limited except a few
reports on molecular diagnostics of aquatic animal diseases such as
white spot syndrome virus in shrimp [23] and viral nervous necrosis in
finfish [16]. However, for FTA technology to be effectively used as a
routine tool for PCR-based diagnostics, it must allow the stability and
retention of viral nucleic acids originated from biological samples
(target tissues, reproductive fluids, cell culture supernatants etc.) in a
manner equivalent to that offered by traditional isolation methods. In
this study, Betanodavirus detection on stored FTA elute card at 4°C
was possible up to 30 days, although a decrease in sensitivity was
observed after 21 days of storage. Similar results were also observed in
the case of Betanodavirus infected seabass using different biological
samples [16]. This could be due to degradation of RNA quality and
yield at ambient temperature as reported earlier [16,17].

Further, the stability of RNA on the FTA card depends on the
storage temperature, duration and the type of biological samples to
some extent (unpublished data). Hence, storage of FTA impregnated
samples at a lower temperature, and the use of a more number of
punched discs per reaction might allow detection of the pathogen
beyond this period and enhance sensitivity. A single disc with a
diameter of 1.2 to 2 mm was found to be satisfactory for adequate RNA
for reverse transcription reaction in ‘disc-in-PCR’ format. The discs

with 0.5 and 5 mm diameter did not yield desired results due to poor
recovery of nucleic acid in the former and possibly the non-
homogenous distribution of nucleic acids and excessive leaching of
nucleic acid from the latter. In spite of these disadvantages, easy
handling and transport of a large number of samples at ambient
temperature in non-infectious form are clear advantages for field
application, especially when samples cannot be transferred to the lab
immediately. The specificity of the RT-PCR detection from the FTA
Elute Cards proved to be the same as that obtained by RT-PCR from
frozen tissues. However, the sensitivity was found to be less optimal
beyond 30 days of storage at 4°C but could be improved by storage at
-20°C or even at -80°C.

Finfish breeding programmer involves routine examination of
spawners by collecting samples from the ovary of female fish and
sperms from male fish using cannulation. We see the feasibility of
using FTA cards for a non-lethal sampling of reproductive fluids
containing ova/milt or blood from broodstock for ascertaining the
carrier status of Betanodavirus infection before spawning. Samples
drawn from the reproductive tract of broodstock fish during routine
maturity check-up may be directly blotted on FTA Elute card for
selection of nodavirus-free broodstock and prevent vertical
transmission of Betanodavirus to the progeny. In conclusion, the use of
FTA Elute Card as a storage and transport device for handling a large
number of samples from fish hatcheries to disease diagnostic
laboratory needs to be explored for managing Tran’s boundary diseases
in aquaculture.

Competing Interests
The authors declare that they have no competing interests.

Statement on Ethical Approval
The authors certify that we have followed and complied the animal

ethics and protocol as per the institutional, national, or international
guidelines for using Lates calcarifer in the study.

Acknowledgement
The authors are grateful to the Director, Central Institute of

Brackishwater Aquaculture (Chennai) for providing necessary
facilities.

References
1. Breuil G, Pepin JFP, Boscher S, Thiery R (2002) Experimental vertical

transmission of nodavirus from broodfish to eggs and larvae of the sea
bass, Dicentrarchus labrax (L.). J Fish Dis 25: 697-702.

2. Munday BL, Kwang J, Moody N (2002) Betanodavirus infections in
teleost fish: a review. J Fish Dis 25: 127-142.

3. Panzarin V, Fusaro A, Monne I, Cappellozza E, Patarnello P, et al. (2012)
Molecular epidemiology and evolutionary dynamics of Betanodavirus in
southern Europe. Infect Genet Evol 12: 63-70.

4. OIE-World Organisation for Animal Health (2016) viral encephalopathy
and retinopathy. In: Manual of Diagnostic Tests for Aquatic Animals,
Chapter 2.3.11.Office International des Epizooties, Paris, France pp 1-19.

5. Doan QK, Vandeputte M, Chatain B, Morin T, Allal F. (2017) Viral
encephalopathy and retinopathy in aquaculture: a review. J Fish Dis 40:
717-742.

6. Mushiake K, Nishizawa T, Nakai T, Furusawa I, Muroga K (1994) Control
of VNN in striped jack: selection of spawners based on the detection of

Citation: Kirti K, Praveena PE, Bhuvaneswari T and Jithendran KP (2019) Evaluation of Flinders Technology Associates Cards as a Non-lethal
Sampling Device for Molecular Diagnosis of Betanodavirus in Asian Seabass, Lates calcarifer (Bloch, 1790). Virol Curr Res 3: 108. 

Page 4 of 5

Virol Curr Res, an open access journal Volume 3 • Issue 1 • 1000108

https://doi.org/10.1046/j.1365-2761.2002.00350.x
https://doi.org/10.1046/j.1365-2761.2002.00350.x
https://doi.org/10.1016/j.meegid.2011.10.007
https://doi.org/10.1016/j.meegid.2011.10.007
https://doi.org/10.1016/j.meegid.2011.10.007
https://doi.org/10.1111/jfd.12541
https://doi.org/10.1111/jfd.12541
https://doi.org/10.1111/jfd.12541
https://www.jstage.jst.go.jp/article/jsfp1966/29/3/29_3_177/_pdf
https://www.jstage.jst.go.jp/article/jsfp1966/29/3/29_3_177/_pdf


SJNNV gene by polymerase chain reaction (PCR). Fish Pathol 29:
177-182.

7. Kai YH, Su HM, Tai KT, Chi SC (2010) Vaccination of grouper broodfish
(Epinephelus tukula) reduces the risk of vertical transmission by nervous
necrosis virus. Vaccine 28: 996-1001.

8. Azad IS, Shekhar MS, Thirunavukkarasu AR, Poornima M, Kailasam M,
et al. (2005) Nodavirus infection causes mortalities in hatchery-produced
larvae of Lates calcarifer: first report from India. Dis Aquat Org 63:
113-118.

9. Parameswaran V, Rajesh Kumar S, Ishaq Ahmed VP, Sahul Hameed AS
(2008) A fish nodavirus associated with mass mortality in hatchery-
reared Asian seabass, Lates calcarifer. Aquaculture 275: 366-369.

10. Binesh CP (2013). Genetic characterization of Betanodavirus isolates
from Asian seabass Lates calcarifer (Bloch) in India. Arch Virol 158:
1543-1546.

11. Banerjee D, Hamod MA, Suresh T, Karunasagar I (2014) Isolation and
characterization of a nodavirus associated with mass mortality in Asian
seabass (Lates calcarifer) from the west coast of India. Virus Disease 25:
425-429.

12. John RK, Rosalind George M, Jeyatha B, Saravanakumar R, Sundar P, et
al. (2014) Isolation and characterization of Indian Betanodavirus strain
from infected farm reared seabass (Lates calcarifer) juveniles. Aquac Res
45: 1481-1488.

13. Rajan JJ, Praveena PE, Bhuvaneswari T, Jithendran KP (2016) Design and
evaluation of reverse transcription nested PCR primers for the detection
of Betanodavirus in finfish. Virus Dis 27:123-129.

14. Nishizawa T, Mori K, Nakai T, Furusawa I, Muroga K (1994) Polymerase
chain reaction (PCR) amplification of RNA of striped jack nervous
necrosis virus. Dis Aquat Org 18: 103-107.

15. Reed LJ, Muench H (1938) A simple method of estimating fifty per cent
end points. Am J Hyg 27: 493-497.

16. Navaneeth Krishnan A, Bhuvaneswari T, Ezhil Praveena P, Jithendran KP
(2016) Paper-based archiving of biological samples from fish for detecting
Betanodavirus. Arch Virol 161: 2019-2024.

17. Natarajan P, Trinh T, Mertz L, Goldsborough M, Fox DK (2000) Paper-
based archiving of mammalian and plant samples for RNA analysis.
BioTechniques 29: 1328-1333.

18. Perozoa F, Villegasa P, Estevezb C, Alvaradoa I, Purvis LB (2006) Use of
FTA-filter paper for the molecular detection of Newcastle disease virus.
Avian Pathol 35:93-98.

19. Narayanan MS, Parthiban M, Sathiya P, Kumanan K (2010) Molecular
detection of Newcastle disease virus using Flinders Technology
Associates-PCR. Vet Arhiv 80: 51-60.

20. Madhanmohan M, Nagendrakumar SB, Kumar R, Srinivasan VA (2008)
Evaluation of FTA cards as a laboratory and field sampling device for the
detection of foot-and-mouth disease virus and serotyping by RT-PCR and
real-time RT-PCR. J Virol Methods 151: 311-316.

21. Madhanmohan M, Yuvaraj S, Manikumar K, Kumar R, Nagendrakumar
SB, et al. (2015) Evaluation of the flinders technology associates cards for
storage and temperature challenges in field conditions for foot-and-
mouth disease virus surveillance. Transbound Emerg Dis 63: 675-680.

22. Foss L, Reisen WK, Fang Y, Kramer V, Padgett K (2016) Evaluation of
nucleic acid preservation cards for West Nile virus testing in dead birds.
Plos One 24: 11:e0157555.

23. Sudhakaran R, Mekata T, Kono T, Supamattaya K, Linh NT (2010) Simple
non-enzymatic method for the preparation of white spot syndrome virus
(WSSV) DNA from the haemolymph of Marsupenaeus japonicus using
FTA matrix cards. J Fish Dis 32: 611-617.

 

Citation: Kirti K, Praveena PE, Bhuvaneswari T and Jithendran KP (2019) Evaluation of Flinders Technology Associates Cards as a Non-lethal
Sampling Device for Molecular Diagnosis of Betanodavirus in Asian Seabass, Lates calcarifer (Bloch, 1790). Virol Curr Res 3: 108. 

Page 5 of 5

Virol Curr Res, an open access journal Volume 3 • Issue 1 • 1000108

https://www.jstage.jst.go.jp/article/jsfp1966/29/3/29_3_177/_pdf
https://www.jstage.jst.go.jp/article/jsfp1966/29/3/29_3_177/_pdf
https://doi.org/10.1016/j.vaccine.2009.10.132
https://doi.org/10.1016/j.vaccine.2009.10.132
https://doi.org/10.1016/j.vaccine.2009.10.132
https://doi.org/10.3354/dao063113
https://doi.org/10.3354/dao063113
https://doi.org/10.3354/dao063113
https://doi.org/10.3354/dao063113
https://link.springer.com/article/10.1007/s00705-012-1554-x
https://link.springer.com/article/10.1007/s00705-012-1554-x
https://link.springer.com/article/10.1007/s00705-012-1554-x
https://doi.org/10.1007/s13337-014-0226-8
https://doi.org/10.1007/s13337-014-0226-8
https://doi.org/10.1007/s13337-014-0226-8
https://doi.org/10.1007/s13337-014-0226-8
https://doi.org/10.1111/are.12095
https://doi.org/10.1111/are.12095
https://doi.org/10.1111/are.12095
https://doi.org/10.1111/are.12095
https://doi.org/10.1007/s13337-016-0313-0
https://doi.org/10.1007/s13337-016-0313-0
https://doi.org/10.1007/s13337-016-0313-0
https://pdfs.semanticscholar.org/3fcf/3c219e93330f3d79e6e9850063a8af77cf2e.pdf
https://pdfs.semanticscholar.org/3fcf/3c219e93330f3d79e6e9850063a8af77cf2e.pdf
https://pdfs.semanticscholar.org/3fcf/3c219e93330f3d79e6e9850063a8af77cf2e.pdf
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1007/s00705-016-2875-y
https://doi.org/10.1007/s00705-016-2875-y
https://doi.org/10.1007/s00705-016-2875-y
https://doi.org/10.2144/00296pf01
https://doi.org/10.2144/00296pf01
https://doi.org/10.2144/00296pf01
https://doi.org/10.1080/03079450600597410
https://doi.org/10.1080/03079450600597410
https://doi.org/10.1080/03079450600597410
https://core.ac.uk/download/pdf/14424067.pdf
https://core.ac.uk/download/pdf/14424067.pdf
https://core.ac.uk/download/pdf/14424067.pdf
https://doi.org/10.1016/j.jviromet.2008.05.020
https://doi.org/10.1016/j.jviromet.2008.05.020
https://doi.org/10.1016/j.jviromet.2008.05.020
https://doi.org/10.1016/j.jviromet.2008.05.020
https://doi.org/10.1111/tbed.12316
https://doi.org/10.1111/tbed.12316
https://doi.org/10.1111/tbed.12316
https://doi.org/10.1111/tbed.12316
https://doi.org/10.1371/journal.pone.0157555
https://doi.org/10.1371/journal.pone.0157555
https://doi.org/10.1371/journal.pone.0157555
https://doi.org/10.1111/j.1365-2761.2009.01042.x
https://doi.org/10.1111/j.1365-2761.2009.01042.x
https://doi.org/10.1111/j.1365-2761.2009.01042.x
https://doi.org/10.1111/j.1365-2761.2009.01042.x

	Contents
	Evaluation of Flinders Technology Associates Cards as a Non-lethal Sampling Device for Molecular Diagnosis of Betanodavirus in Asian Seabass, Lates calcarifer (Bloch, 1790)
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Test samples
	Control samples (positive and negative)
	Sample application and extraction of RNA from FTA elute card
	cDNA synthesis
	Polymerase chain reaction

	Results
	Discussion
	Competing Interests
	Statement on Ethical Approval
	Acknowledgement
	References


