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LETTER

Characterization of an infectious pancreatic necrosis virus from
rainbow trout fry (Onhorhynchus mykiss) in West Ukraine

Dear Editor,

Aquatic birnaviruses are a group within the family
Birnaviridae that comprise isolates from fish and shellfish
from both fresh- and seawater (Woo and Bruno, 1999).
Members of the family Birnaviridae are icosahedral vi-
ruses approximately 60 nm in diameter composed of five
polypeptides and two segments of double-stranded RNA
(Dixon et al., 2008). In this report, an aquatic birnavirus
was isolated from rainbow trout fry, Onhorhynchus myki-
ss, during a fish health inspection in fish-farms in the west
region of Ukraine near the rivers Siret and Cheremosh
(Chernivtsi region). Preliminary examination of infected
fish revealed a range of lesions, particularly in pancreatic
tissue. Morphological changes, such as vacuole enlarge-
ment and cell rounding, were caused by viruses in ap-
propriate cell lines. Investigation by electron microscopy
demonstrated that the isolated virus was ultrastructurally
similar to infectious pancreatic necrosis virus (IPNV). In
addition, the nucleotide sequences of the 1120 bp VP2
gene fragments were analyzed and the identity of the
isolated IPNV to strain Sp was revealed. The identity of
nucleotide sequences was 97%-99%; the isolates of Sp
strains most closely related to the Ukrainian IPNV isolate
were found in Norway.

During June 2013, a total of 140 fish samples were
continuously collected from moribund and dead rainbow
trout fry (body weight 4—7 g) in several fish-farms near
the rivers Siret and Cheremosh, in the Chernivtsi region
of Western Ukraine. Samples of internal organs (pancreas,
kidney and spleen) were removed from individual fish and
placed into 1.5 mL microcentrifuge tubes. Samples were
transported on ice to the laboratory and processed immedi-
ately.

RTG-2, FHM and EPC cell lines were maintained in
MEM medium (PAA) supplemented with 100 U/mL pen-
icillin, 100 pg/mL streptomycin and 10% foetal bovine
serum (FBS Gold, PAA). The samples of internal organs
were homogenized with MEM and filtered through 0.45
um membrane (Sarstedt). Then the virus suspension was
inoculated onto 24-hour cell monolayers growing in 25
cm’ flasks. After absorption for 60 min at 20 °C, MEM
medium supplemented with 2% of FBS was added to the
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monolayers. When a complete viral cytopathic effect (CPE)
was evident, the tissue culture supernatant was harvested
and centrifuged at 2500 x g for 10 min at 4 °C to remove
cell debris. The 50% tissue culture infective dose (TCIDs,/mL)
of the resulting supernatant was determined (Reed and
Muench, 1938).

The virus was purified from tissue culture supernatant
by ultracentrifugation. Briefly, after cell debris was sepa-
rated by centrifugation at 2500 x g for 10 min at 4 °C the
pellet was discarded and the supernatant was centrifuged
in a Beckman L5-50B centrifuge with an SW-40 rotor for
60 min at 70500 x g at 4 °C. The virus pellet was suspended
in TNE (50 mmol/L Tris-HCI, 150 mmol/L NaCl, 1 mmol/L
EDTA, pH 7.5) and centrifuged at 2500 % g for 5 min at 4
°C. Then the virus suspension was used for electron-mi-
croscopy investigation and viral RNA extraction. For elec-
tron microscopy the viral suspension was stained with 2%
uranyl acetate.

Genomic viral RNA was extracted from collected fish
internal organs, virus-infected cell culture supernatant
and purified virus suspension using a GeneJET™ RNA
Purification Kit (ThermoScientific) as described in the
manufacturer’s protocol. The cDNA synthesis was con-
ducted using the RevertAid™ Premium First Strand cDNA
Synthesis Kit (ThermoScientific).

The aquatic birnavirus-specific primers PrA forward
5'-AAA GCC ATA GCC GCC CAT GAA C-3' and PrA
reverse 5'-TCT CAT CAG CTG GCC CAG GTA C-3’
were used for amplification of a fragment of viral dSRNA
targeting the IPNV VP2 protein (Blake et al., 1995). The
PCR mixture consisted of 12.5 pL of DreamTaq Green
PCR MasterMix (ThermoScientific), 20 pmol of each
primer and 1 pL of cDNA, made up in nuclease-free water
to a total volume of 25 pL. The amplification was conduct-
ed with a pre-dwell cycle of 50 °C for 15 min, and then an
initial cycle of 94 °C for 2 min, followed by 35 cycles of
94 °C for 30 s, 58 °C for 30 s and 72 °C for 60 s. A final
extension step was conducted at 72 °C for 7 min. The PCR
products were analysed by 2.0% agarose gel electrophore-
sis.

The PCR products were purified with the Silica Bead
DNA Gel Extraction Kit (ThermoScientific, Waltham,
USA) and subjected to nucleotide sequence analysis using

JUNE 2015 VOLUME 30 ISSUE3 231



Characterization of an infectious pancreatic necrosis virus

A

3194 gi225183257 United Kingom:Scotland
2003-0767-32 gi125716379 United Kingom:Scotland
05 92| [975/99 gi83698575 United Kingom:Scotland

I-1 gi315259672 Ireland

48 —— 31-75 gi41411195 France

S-IPNV/SH96-p10 gi344165344 Norway
99 VP5-deficient Sp103 gi60550099 Norway

41 891 88R gi21998737 Spain

0432/00 gi83698573 United Kingom:Scotland

16 -4 gi315259678lreland
83 4%(— KARPATY i641739116 UKRAINE
26 | N-137 gi315259646 Norway
100 | N-138 gi315259648 Norway
-2 gi315259674 Ireland
99 [ -3 gi315259676 Ireland
sole gi145693790 Spain
IRIPNV gi481042732 Iran
1001 SP gi546471567 Iran

1146 gi21998723 Spain

75

43

Almus-1 gi584608986 Turkey

A
0.005

Figure 1. (A) Changes in EPC cell monolayer during IPNV infection. Non-infected cells (a), 5 d.a.i. (b) and 10 d.a.i.
(c) with Ukrainian isolate IPNV “Karpaty”: arrows indicate cell rounding and detachment from a surface. Virus
titre at 10 d.a.i. was 10°°°® TCIDs/mL (x200). (B) Electron microscopy of particles of IPNV strain “Karpaty” after
virus purification (x80000). Negative staining with uranyl acetate. (C) Amplification of IPNV genomic RNA by RT-
PCR: lanes 1-3: Ukrainian isolate IPNV “Karpaty”, predicted size of amplified VP2 gene fragment=1120 bp; lane
4: no template, negative control; lane M: GeneRuler 100 bp Plus DNA ladder (ThermoScientific). (D) Phylogenetic
analysis of VP2 gene of IPNV isolate “Karpaty”. The tree was generated by means of the neighbour-joining
algorithm in MEGA software version 6.0.
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a 3130 Genetic Analyzer (Applied Biosystems, Waltham,
USA). The sequences were aligned with sequences avail-
able in the GenBank database (NCBI) using CLUSTAL
W software Molecular Evolutionary Genetics Analysis
(MEGA) version 6.0. The nucleotide sequence was regis-
tered in GenBank under accession number KJ596654.

In this report we describe the isolation of IPNV from
rainbow trout, O. mykiss, fry in fish-farms near the
Siret and Cheremosh rivers, Chernivtsi region, Western
Ukraine. All moribund and dead trout were found on the
surface of fish tanks during screening. External signs of
moribund fish included uncoordinated spiral swimming,
violent flexing of the body and development of anaemia.
Diseased fish were notably darker in colour and appeared
weak and lethargic. Acute infection was systemic, and the
septic process developed caused lesions in almost all or-
gans and tissues. Liver, kidney and digestive tract lesions
were noted. Clinical symptoms of disease included muscle
lesions, gill oedema, internal organ deformation, and tis-
sue necrosis. The cumulative mortality in inspected fish-
farms was 60%—70%.

The reproduction of isolated virus in continuous cul-
tures of RTG-2, FHM and EPC fish cells was investigated.
All three cell lines were sensitive to the virus which caused
morphological changes, such as vacuole enlargement and
cell rounding. Subsequently, cells detached from the sur-
face and characteristic CPE of virus on cells was visible.
For cell lines of RTG-2 and FHM the complete destruction
of monolayer was noted 7-8 days after infection (d.a.i.).
In EPC cultures, characteristic CPE and complete destruc-
tion of cell monolayer were noted 10-12 d.a.i. (Figure
1A). The infectious titre of IPNV “Karpaty” was 10°°*
TCID,,/mL for EPC, and 10°**° and 10**"* TCID,,/mL,
respectively, for the FHM and RTG-2 cell lines. The low
infectious titre of virus in EPC cells can be related to its
slow reproduction in this culture. The greatest infectious
titre was observed for the culture of RTG-2, very appropri-
ately, as this cell line was derived from a rainbow trout —
the natural IPNV reservoir. That is why RTG-2 is the most
appropriate cell line for accumulation of the Ukrainian
isolate IPNV “Karpaty”. However, all three cell cultures
of RTG-2, FHM and EPC can be used for diagnosis of the
Ukrainian IPNV isolates.

Results of our electron-microscopy investigations of pu-
rified viral particles revealed morphology and ultrastruc-
ture characteristics typical of birnaviruses. Virions of the
Ukrainian isolate of IPNV “Karpaty” were non-enveloped,
icosahedral, and approximately 70 + 5 nm in diameter
(Figure 1B).

PCR was used for identification of isolated birnavi-
rus. The primer set targeting the full length VP2 gene
was selected for amplification of viral genomic dsRNA.
Amplified fragments were approximately 1120 bp in size
(Figure 1C).
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The nucleotide sequences of amplified fragments were
analysed and the identity of the Ukrainian-isolated [IPNV
to the Sp strain was revealed. The nucleotide sequence
was registered in GenBank under accession number
KJ596654. The virus was named IPNV isolate “Karpaty”.
Comparison of sequences of [IPNV VP2 genes from NCBI
with amplified fragments of IPNV isolate “Karpaty” con-
firmed the high identity of 99% with the Sp strain. Among
the isolates of the Sp strain, the most closely related to
IPNV “Karpaty” were viruses found in Norway, Ireland
and the United Kingdom (Figure 1D).

In our opinion, for rapid virus identification by PCR,
WB primers (Williams et al., 1999) should be used, be-
cause in our previous research (unpublished data) only
WB primers were able to identify the virus at low concen-
trations of target RNA. Further monitoring of IPNV and
its diagnosis in salmonids cultivated in fish-farms or native
ponds in the Ukraine are required in order to accumulate
data concerning virus distribution and also to identify oth-
er strains widespread in Europe. It will be the subject of
our future research.

FOOTNOTES

This study was partially supported by the Fisheries Agency of
the Ukraine. We thank Ms. Antonina I. Mruk for help in sample
collection. The authors declared that they have no conflict of inter-
est. This article does not contain any study with human or animal
subjects performed by any of the authors.

Yuriy P Rud'™’, Maria I Maistrenko’,
Leonid P Buchatskiy'"’

1. Laboratory of Biotechnology in Aquaculture, Institute of Fishe-
ries of the National Academy of Agrarian Sciences of Ukraine,
Kyiv 03164, Ukraine

2. Department of Molecular Biology, Biotechnology and Biophy-
sics, Institute of High Technologies, Taras Shevchenko National
University of Kyiv, Kyiv 01601, Ukraine

3. Laboratory of Physico-Chemical Biology, ESC Institute of Biology,
Taras Shevchenko National University of Kyiv, Kyiv 01601, Ukraine
D<ICorrespondence:

Phone: +3-097-9538080,

Email: rud_yuriy@ifr.com.ua

ORCID: 0000-0001-6927-5377

Published online: 20 March 2015

REFERENCES

Blake SL, Schill WB, McAllister PE, et al. 1995. J Clin Microbiol, 33:
835-839.

Dixon PF, Ngoh G H, Stone DM, et al. 2008. Arch Virol, 153: 1937-1941.

Reed L, Muench H. 1938. Am J Clin Hypn, 27: 493-497.

Williams K, Blake S, Sweeney A, et al. 1999. J Clin Microbiol, 37: 4139-4141.

Woo PTK, Bruno DW. 1999. In: Fish diseaces and disorders. Oxford: CAB
International, pp. 874.

JUNE 2015 VOLUME 30 ISSUE3 233



