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Abstract
Infectious Pancreatic Necrosis Virus (IPNV) and Viral hemorrhagic septicemia virus
(VHSV) cause significant losses in the aquaculture industry. There have been few
reports of the use of screening rainbow trout for antibodies against IPNV and VHSV as
an epidemiological tool. Several ELISAs using a whole virus or recombinant IPNV and
VHSV proteins have been described. In this study, a recombinant protein-based
enzyme-linked immunosorbent assay (ELISA) for the detection of IPNV and VHSV
antibodies in rainbow trout (Oncorhynchus mykiss) was evaluated. To develop
recombinant protein-based enzyme-linked immunosorbent assays, a fragment
containing the entire length of the gG gene of VHSV and VP2 of IPNV was amplified by
PCR using the viruses' genomic RNA and cloned in pET-28a(+) plasmid. Recombinant
structural viral proteins (rVP2 and rgG) were expressed in the Escherichia coli BL21
(DE3). The rgG was extracted and purified. 96-well plates were coated with VP2 and
gG separately. For VHSV, Assay could detect until 1/15625 dilution in VHSV positive
fish serum. For IPNV, Assays could detect until 1/3125 dilution in IPNV positive fish
serum. These results show rgG and rVP2, used in ELISA, are more sensitive than virus
neutralization tests.

Introduction
Viral hemorrhagic septicemia (VHS) is a systemic
infection of several salmonids, and a growing list of
marine and freshwater fish caused by viral Piscine
novirhabdovirus belong to Rhabdoviridae. VHSV has
now been isolated from some 80 species of fish
throughout temperate areas of the Northern
Hemisphere (Smail, 1999; OIE, 2021). Rainbow trout
(Oncorhynchus mykiss) are among the most affected
species for VHSV, with losses also occurring in farmed
Japanese flounder (Paralichthys olivaceus) and turbot
(Scophthalmus maximus) (Isshik et al., 2001; Nishizawa
et al., 2006). The presence of the Virus in Turkey was
first reported in 2005 (Nishizawa et al., 2006; Albayrak
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et al., 2018). IPNV is a member of the Aquabirnavirus
belong to Birnaviridae, causes significant losses in
salmonid and non-salmonid fish species in the World
(Albayrak and Ozan, 2010; Moreno et al., 2014). It is also
fairly widespread in Turkey (Albayrak and Ozan, 2010).
The IPNV was first detected in Turkey in 2002 and
continues to cause significant economic losses,
especially in rainbow trout hatcheries in Turkey
(Candan, 2002; Isıdan et al., 2019). Although various
vaccine studies are carried out in the world, there is no
commercial vaccine against VHSV and IPNV yet
(Adelmann et al., 2008; Cuesta et al., 2010; Romero et
al., 2011; Sommerset et al., 2003; Tamer et al., 2021a;
Tamer et al., 2021b).
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There are several techniques based on antibody
detection against viral proteins and many protocols
based on amplifying viral gene samples by RT-PCR or
Lamp for fish infectious agents (Fregeneda-Grandes and
Olesen, 2007; Liu et al., 2008; Pekmez et al., 2020;
Rodriguez Saint-Jean et al., 2001; Suebsing et al., 2011;
Tamer et al., 2019). The seroscreening method used in
the majority of reports of VHSV and IPNV was virus
neutralization, which is generally more labor-intensive
than virus isolation (Fregeneda-Grandes and Olesen,
2007; Olesen et al., 1993; Tamer et al., 2019). It may
explain why the routine screening of fish sera for
neutralizing antibodies has not been used more
extensively (Olesen et al., 1993; Tamer et al.,2019).
ELISA has a high level of sensitivity and reproducibility
and allows for automation. Besides, ELISA is the method
of choice for screening a large number of serum samples
in a short while. There are several ELISA trials to detect
VHSV antibodies using recombinant or whole virion of
VHSV. But there is no correlation between these studies
(Encinas et al., 2011; Fregeneda-Grandes and Olesen,
2007; Hansen et al., 2005). Also, several ELISAs using a
whole virion of IPNV protein have been described (Dixon
and Hill, 1983). But, there are no commercial
seroscreening ELISA kits for these agents yet. This study
aimed to develop accessible and sustainable ELISA using
recombinant surface proteins to detect rainbow trout
antibodies against gG of VHSV genotype Ie and VP2 of
IPNV Sp serotype.

Material and Methods

the 24 hours old EPC cells in 75 cm2 tissue culture flasks.
Both flasks were incubated at 15 ℃, and flasks were
checked day by day in terms of cytopathic effect (CPE).
Approximately three days later, the cytopathic effect
was observed in both IPNV and VHSV infected cells.
gG Gene Amplification with RT-PCR
Genomic RNA of IPNV and VHSV was extracted by
using the RNeasy Mini kit (Qiagen, Cat No: 74106)
according to the instruction manual. Following the
genomic RNA extraction, PCR amplification was
performed with Onestep RT-PCR kits (Qiagen, Cat
No:210212) according to the manufacturer's
instructions. For both viruses, the reaction mixture
contains 0,2 mM dNTP, 0,4 μM each primer (Table 1), 10
μl 5× Buffer, 25mM DTT, 2μl (1U) enzyme mix, 5μl
template RNA and the total volume was 50 ul. For VHSV,
the RT-PCR profile was as follows: one cycle for 30
minutes at 50°C; one cycle for 15 minutes at 95°C; 35
cycles for 1 minute at 94°C, 1 minute at 60°C, and 1
minute at 72°C and a final extension for 10 minutes at
72°C. For IPNV, the RT-PCR profile was as follows: one
cycle for 30 minutes at 50°C; one cycle for 15 minutes at
95°C; 35 cycles for 30 seconds at 94°C, 30 seconds at
60°C, and 70 seconds at 72°C and a final extension for 10
minutes at 72°C. 10 ul of the PCR products were
observed with gel electrophoresis, which contains 1%
agarose and 0,5 μg/ml ethidium bromide gel in 1× TAE
solutions. PCR product was extracted from the agarose
gel by Qiaquick Gel Extraction Kit (Qiagen, Cat no:
28706).

Cell Culture and Virus
Cloning, Protein Expressions and Purification
Epithelium Papillosum Cyprini (EPC) cells, which
was supplemented with Leibovitz's L-15 Medium (L-15)
(Gibco, Cat No: 11415-049) contains 1% antibiotic +
antimycotic (10000 IU/ml penicillin, 10 mg/ml
streptomycin, 0.025 mg/ml amphotericin B) (Gibco, Cat
No: 15140122), 2 mM L-glutamine (Gibco, Cat
No:25030081), 1% non-essential amino acids (Gibco, Cat
No: 11140050), 10 mM Na pyruvate (Gibco, Cat No:
11360070), 1% Hepes buffer (Sigma, Cat No: H0887100ML) and 10% fetal bovine serum (FBS) (Gibco, Cat
No: A31608), was used to produce both IPNV and VHSV.
EPC cell was subcultivated and incubated at 25 ℃
incubators.
The VHSV Bolu/06 strain (GenBank Accession
Number: KM972678.1) and the IPNV Almus (GenBank
Accession Number: MH614929.1) were inoculated to

VP2 and gG genes were cloned into the pET28a
vector, which has T7 promotor, and transferred into
BL21 DE3 cells (New England BioLabs, Cat No:0621507)
for the protein expression. Pellets were denatured with
8M urea to resolve insoluble proteins, and the
purification process was performed by Qiaexpress Type
IV kit (Qiagen, Cat No: 34149). Purified proteins were
evaluated by using SDS PAGE and Western Blot
previously described (Tamer et al., 2021a; Tamer et al.,
2021b).
Covering of Proteins into 96-well Plates
Both purified proteins (VP2 and gG) were diluted
with 0,5 M Bicarbonate solution (Sigma, Cat No:C3041-

Table 1. Whole VP2 gene of IPNV and gG of VHSV primers with restriction sides (Tamer et al., 2021a; Tamer et al.,2021b)
Primers
IPNV F
IPNV R
VHSV F
VHSV R

Sequences (5’ -> 3’)
CGGGATCCATGGAATGGAATACTTTTTTCTT
CCCAAGCTTTCAGACCATCTGACTTCTGGAAA
CGGGATCCATGAACACAAACAAGGCAACCG
CCCAAGCTTATGCCTTTGACGTGGGCAGGTCACT

Restriction enzyme
BamHI GGATCC
HindIII AAGCTT
BamHI GGATCC
HindIII AAGCTT
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50CAP) as 0.5µg/100ul. Each well was covered with 100
µl protein solution. Plates were stored at +4 ℃
overnight, and after incubation, plates were washed
with phosphate-buffered saline
(PBS containing
tween20), and each well was blocked with 100 µl 2%
non-fat dry milk solution (Biorad, Cat No: 170-6404) for
2 hours.
ELISA Trials
For IPNV, the plate was divided into two: gG coated
groups (I, II, III) and gG non-coated groups (IV, V, VI). For
each group, we selected three serums for the
experiment and Each serum dilution was evaluated for a
duplicate. Group I and IV: Dilution of VHSV positive fish
serum. Group II and V: Dilution of VHSV positive rabbit
serum. Group III and VI: Dilution of unknown fish serum.
The serums were diluted five-fold into dilutions in PBS.
Each serum dilution was put into duplicates in 96 well
plates and incubated for 1 hour at room temperature.
Each well was washed with 200 µl PBS (containing
twin20). Seconder antibody (Mouse anti salmon;
Antibodies, Cat No:69116) was added into wells group I,
III, IV and VI for an hour. The second antibody (Mouse
anti-rabbit; Invitrogen, Cat No: 31213) was added into
wells group II and V for an hour. Each well was washed
with PBS (containing tween20). Conjugate (Goat antiMouse HRP; Antibodies, Cat No: 22877) was put into
wells for an hour and was washed as previously
described. 100 µl TMB substrate solution was
performed into wells for 15 minutes and then 50 µl stop
solution was put into wells to stop the reaction.
Plate divided in two as described in VHSV ELISA
trials. Group I and IV: Dilution of IPNV positive serum.
Group II and V: Dilution of unknown bovine serum.
Group III and VI: Dilution of IPNV negative fish serum.
IPNV positive trout serums were diluted five-fold into
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dilutions in PBS. Each serum dilution was put into
duplicates in 96 well plates and incubated for 1 hour at
room temperature. Each well was washed with 200 µl
PBS (containing twin20). Seconder antibody (Mouse anti
salmon; Antibodies, Cat No:69116) was added into wells
for an hour. Each well was washed with PBS (containing
tween20). Conjugate (Goat anti-Mouse HRP; Antibodies,
Cat No: 22877) was put into wells for an hour and wells
were washed as described previously. 100 µl TMB
substrate solution was put into wells for 15 minutes and
then 50 µl stop solution was put into wells to stop the
reaction.
SN50 Assay
The SN50 test aimed to determine the antibody
titer of the fish. VHSV positive serum and IPNV positive
serum are tested to determine the antibody titer of
VHSV and IPNV, respectively. For this purpose, each sera
sample was diluted with L-15 medium in 96-well plates
duplicate, starting from a 1/1 dilution rate to a 1/78125
dilution rate with five-fold dilutions. Then, 50 µl of the
virus suspension, with a 100 DKID50/ml−1 value of 10−9.5,
was added and incubated at 16°C for 1 hour. Following
this, the EPC cell was diluted with L-15 medium to
600000 cells/100 µl, added to the wells, and incubated
at 16°C. The results were evaluated under a reverse light
microscope after four days (Reed & Muench, 1938).

Results
Virus Growth Results
For both viruses, After 3–4 days of cultivating the
viruses on EPC cells, CPE was observed under a reverse
microscope (Figure 1). The flasks were removed to the
freezers at -80 ℃.

Figure 1. 40× magnification of EPC cells: (a) Cell control at 72 hours post-inoculation; (b) CPE of IPNV at 72 hours post-inoculation;
and (c) CPE of VHSV at 72 hours post-inoculation.
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Protein Expression Results
Ligation and transformation are checked under 1%
agarose gels (Figure 2). Proteins of IPNV and VHSV were
evaluated at 50 kDa and 54 kDa, respectively (Figure 3).
Elisa Results
For IPNV, the assay can detect positivities till
1/3125 dilution in IPNV positive fish serum. Besides, no
positivity was observed at the non-coated wells (IV, V,
VI) in IPNV positive antiserums and IPNV negative serum
(Figure 4)
For VHSV, the assay can detect positivities until
1/15625 dilution in VHSV positive fish serum. Besides,
no positivity was observed at the non-coated wells (IV,
V, VI) in VHSV antiserums and VHSV negative serum
(Figure 5). These results show rgG can be neutralized to
the VHSV positive antiserum only for rainbow trout, but
not rabbit positive antiserum.
SN50 Results
Antibody titer of the IPNV positive fish serum was
obtained as 1/625 serum dilution. For VHSV positive fish
serum, antibody titer was evaluated as 1/625 serum
dilution.

Discussion
Serologic diagnostic for fish diseases is not
common due to the difficulty of taking blood samples
from fish. But serologic diagnostic assays are essential
for vaccine development studies. Furthermore, both
IPNV and VHSV are infections that we know to be
persistent (Hershberger et al., 2010; Julin et al., 2015).
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For the detection of persistency, in addition to
molecular methods, serological diagnostic techniques
are also needed. SN50 assay is a reliable but long-lasting
test, and it's also a cell-dependent test, so a qualified
researcher is required for the SN50 assay. On the other
hand, since the amount of serum taken from the fish is
low, it is also essential to detect the antibody from
smaller amounts of serum. In this study, we developed
a rapid, sensitive and cell-independent Enzyme-Linked
Immunosorbent Assays against important viral fish
pathogens.
The previous studies show that the Plaque
neutralization test (PNT50) and SN50 test responded
better than ELISA, the flow cytometry, indirect
immunofluorescence assay, immunoperoxidase assay
and immunoblot blot assay for detection of IPNV and
VHSV antibodies (Fregeneda-Grandes and Olesen, 2007;
Rodriguez Saint-Jean et al., 2001). On the contrary, in
our IPNV ELISA trial, there was a close agreement
between the ELISA results and a neutralization test for
detecting IPNV antibodies when fish sera were tested by
both methods. Both tests detected almost the same
serum dilution of IPNV positive fish serum. For VHSV, the
assay detected 1/15625 dilution of VHSV positive fish
serum, whereas the SN50 test detected only 1/625
dilution of VHSV positive fish serum. The results show
that the recombinant VP2 protein-based ELISA test is as
sensitive as SN50 to detect anti-IPNV rainbow trout
antibodies. And recombinant gG protein-based ELISA is
more sensitive than SN50 assay to detect anti-VHSV
rainbow trout antibodies.
In our ELISA trials, recombinant major capsid
proteins (VP2 and gG) of IPNV and VHSV were used for
the detection of the viruses. In contrast, whole virion
particles were used to neutralize the virus-specific
antibodies in SN50 assays. This can be affected the

Figure 2. Confirmation of ligation via digestion with restriction enzymes. A: Ladder (New England Biolabs, Cat No: B7025), B: IPNV
VP2 gene, C: VHSV gG gene, D: Digested pET28a+IPNV VP2 gene by BamHI HF (New England Biolabs, Cat No: R0136T) and HintIII
HF (New England Biolabs, Cat No: R3104T) restriction enzymes, E: Digested pET28a+IPNV VP2 gene by BamHI and HintIII restriction
enzymes.
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Figure 3. Western blot analyses results. A: ladder (Biorad, Cat No: 1610394), B: IPNV VP2
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̴50 kDa, B: VHSV gG ̴54 kDa

Figure 4. IPNV ELISA assays; I, II, III: were laid with VP2 recombinant protein of IPNV. IV, V, VI: were not laid VP2 recombinant
protein of IPNV. I, IV: Dilution of IPNV positive fish serum. II, V: Dilution of bovine serum. III, VI: Dilution of IPNV negative fish
serum.

Figure 5. VHSV ELISA assay; I, II, III: were laid with gG recombinant protein of VHSV. IV, V, VI: were not laid gG recombinant protein
of VHSV. I, IV: Dilution of VHSV positive fish serum. II, V: Dilution of VHSV positive rabbit serum. III, VI: Dilution of unknown fish
serum.
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sensitivity of the assays. The reason of the differences
between the ELISA and SN50 assays can be antibodies
against different virus epitopes reacted in the two
methods. Because the ELISAs, described studies
previously and less sensitive than SN50, were designed
using whole particle virions (Fregeneda-Grandes and
Olesen, 2007; Rodriguez Saint-Jean et al., 2001). Also, in
other ELISA studies with recombinant proteins for VHSV,
positivity was found up to the same serum dilutions with
our study (Encinas et al., 2011).
It is a fact that more sensitive and faster tests are
needed than serum neutralization in vaccination
studies. These results show us that we can use the
recombinant capsid proteins to detect VHSV and IPNV
antibodies by ELISA for rainbow trouts.
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