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Abstract
-

relatedness of IPNV, a detailed research of national isolates together with isolates from neighbouring 
Bosnia and Herzegovina was performed. Organ pools from nine Croatian and six Bosnian farms were 
analysed by virus isolation, ELISA and reverse transcription-polymerase chain reaction (RT-PCR). 
Phylogenetic analysis of the genogroup III IPNV sequences sorted Croatian and Bosnian isolates 
on a separate clade, together with the Galician isolate 1146. All Croatian, Bosnian and the Galician 
isolate 1146 shared unique amino acid exchange on position 513 (Aspartatic acid D Glutamic 
acid E). Additionally, all Bosnian, three Croatian (Cro/VA, Cro 18/11 and Cro 3/11) and Galician 
isolate 1146 shared one unique silent transition on codon 482. Phylogenetically, these isolates form 
a subclade as a consequence of this substitution. Sequence and phylogenetic analysis performed in 
this study helped us to determine the genetic relatedness of viruses and could be the starting point 
for determining the viral source and dissemination.

Introduction
Infectious pancreatic necrosis virus (IPNV), 
the type species of the genus Aquabirnavirus in 
the family Birnaviridae, is the aetiological agent 
of Infectious pancreatic necrosis (IPN) which 

(Hill and Way, 1995). It usually infects salmonid 
Oncorhynchus mykiss), 

brook (Salvelinus fontinalis) or brown (Salmo 
 m. fario) trout and Atlantic salmon (Salmo 

salar L.) (Maroni, 2003). Mortalities are high 

older and become resistant to clinical disease 
(Bowden et al., 2002). Virus is thought to be 

and milt (Smail and Munro, 2008). Infected 
-

tomatic carriers and the virus keeps replicating 
in haematopoietic tissues (Reno, 1999; Munro 
et al., 2006).

Aquabirnaviruses have a non-enveloped, icosa-
hedral capsid approximately 60 nm in diameter 
containing the bisegmented, double-stranded 
RNA genome (Leong et al., 2000). Segment B 
encodes a minor internal polypeptide VP1 (Mr 
94 kDa), the putative RNA dependent RNA 
polymerase, whilst segment A contains two par-
tially overlapping open reading frames (ORFs), 
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a large ORF for the polyprotein (NH2-pVP2-NS-
VP3-COOH) and a small ORF for VP5. pVP2 is 
further processed by host cell proteases to form 
the mature outer capsid protein VP2 (Magyar 
and Dobos, 1994), the main determinant of 
IPNV virulence which comprises neutralizing 

amino acid signature associated with virulence 

VP2 region (Blake et al., 2001; Santi et al., 2004; 
Song et al., 2005). A molecular phylogenetic 
analysis based on the coding region of the VP2 

Aquabirnavirus 
genus (including IPNV) reveals the existence 
of 6 genogroups which correlates with the pre-
viously existing serotypes A (A1–A9) and B1 
(Blake at al., 2001). Serotypes A2–A5 and B1 
are found in European countries. A seventh 
genogroup has been proposed based on the 
analysis of the VP2/NS junction region of the 
viral A RNA segment (Nishizawa et al., 2005).

In Croatia there are 22, mainly family-owned, 
salmonid farms cultivating predominantly 
rainbow and brown trout. They are situated 
in the mountain regions, supplied by spring 
waters and overall annual production is 2490 
tonnes (Anon., 2011). The IPN appeared in 
Croatia several years ago, perhaps due to in-

several new salmonid farms were established 
within the past decade due to European aid 
funding to the local economy.

Recently, during a diagnostic investigation on 
a Croatian rainbow trout farm, IPNV isolate 
09/09 (Mladineo et al., 2011) was cultured and 

isolate was more similar to the Spanish isolate 

1146 (AJ489222), than to the previously de-

al., 2007). The aim of this study was to deter-
mine the genetic relatedness of IPNV isolates 
originating from Croatia together with isolates 
from neighbouring Bosnia and Herzegovina. 

Materials and methods
Samples
All Croatian farms cultivating rainbow trout 
and brown trout are surveyed twice a year for 

(heart, spleen, kidney and brain) containing 

inoculation. On several occasions a virological 
examination of rainbow trout samples from 
Bosnian farms was also performed.

Virus isolation
Pool samples were prepared according to the 
OIE Manual of Diagnostic Tests for Aquatic 
Animals (OIE, 2011). Supernatants of homog-
enized organ samples were inoculated on EPC 
(Epithelioma papulosum cyprini

1962) cell lines for the propagation and titration 
of viruses. Supernatants from cultures display-

test for detection of IPNV (TEST-LINE Clinical 
Diagnostics, Brno, Czech Republic). 

RT-PCR and phylogenetic analysis
Extraction of RNA from cell culture super-

according to the manufacturer’s instructions. 
Oligonucleotide primers ABV-P1 (5’-AGAGAT-
CACTGACTTCACAAGTGAC-3’) and ABVP2 
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(5’-TGTGCACCACAGGAAAGATGACTC-3’) 
-

tion region between nucleotide positions 1403 
and 1761 of segment A of the viral genome 
(Heppell et al., 1992).

Reverse transcription-polymerase chain reac-
tion (RT-PCR) was conducted with SuperScript 
III™ One-Step RT-PCR with Platinum® Taq 
(Invitrogen, Carlsbad, CA, USA) using 2 μl of 
RNA in a 50 μL reaction volume containing 2 
μL of Superscript III / Platinum Taq enzyme 
Mix, 2X Reaction Mix (0.4 mM of each dNTP, 3.2 
mM MgSO4

used: a single cycle of reverse transcription 
for 30 min at 50°C, 2 min at 94°C for reverse 
transcriptase inactivation and DNA polymer-

sec at 94°C, 30 sec at 56°C and 45 sec at 68 °C, 

Ten μL of PCR products were analyzed by 2 % 
agarose gel electrophoresis and stained with 
ethidium bromide. A 359-bp PCR product was 

Inc., Seoul, Korea). The obtained nucleotide 
sequences were deposited in GenBank.

Sequence alignment and phylogenetic analysis 
-

tion region were performed by Clustal X, imple-
mented in the MEGA version 4.0 (Tamura et al., 
2007). Bayesian Inference (BI) analysis (Larget 
and Simon, 1999) was performed with MrBayes 
v3.0b3 (Huelsenbeck and Ronquist, 2001) using 

jModelTest V.0.1.1. (Posada, 2008). In BI analysis, 
four incrementally heated Markov Chains were 
run for 1,000,000 generations (ngen=1,000,000), 

sampling every 1000 generations (sample-

-

gla.ac.uk/rod/rod.html). Names and accession 
numbers of the IPNV strains used in study are 
visible on Figure 1.

Results
Virus isolation and identi cation
In total, 72 pools from nine Croatian and six 
Bosnian farms showed CPE on cell culture 
(Figure 2) and titers ranged from 1.9 x 102 to 1.3 x 
103 TCID50 ml-1 on EPC cell lines and from 2.7 x 104 
to 8.6 x 104 TCID50 ml-1 on BF-2 cultures. Positive 

isolates originated from rainbow trout except 
Cro 3/11 which was isolated from brown trout.

RT-PCR and phylogenetic analysis
Direct sequencing of the 359-bp PCR products 
(n=72) revealed that all sequences originating 
from the same farm were 100% identical. Con-
sequently, only one sequence per farm (n=15) 
were assigned Genbank accession numbers: 

-
tian and 6 from Bosnian farms, corresponding 
to the part of the IPNV VP2/NS region (from 
nucleotide 1436 to 1743, numbering from the 
IPNV polyprotein sequence of the isolate Sp116, 
GenBank Accession number: AY354520) were an-
alysed. Nucleotide similarity between Croatian 
and Bosnian sequences was between 99.3 and 
100%. Average evolutionary divergence among 
Croatian and Bosnian strains were 0.0168. Isolate 
Cro 111/10 has a substitution from Tyrosine to 
Histidine at position 500. On the analyzed frag-
ment, all Bosnian, three Croatian and the Gali-
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cian sequence 1146 showed one unique silent 
substitution in the third base of codon 482. At 
the amino acid level, all Croatian, Bosnian and 
the sequence of the Galician isolate 1146 shared 
one unique amino acid exchange on position 513 
(Aspartatic acid D Glutamic acid E).

The phylogenetic tree inferred by Bayesian 
approach of the genogroup III IPNV sequences 
sorted the Croatian and Bosnian isolates on a 
separate clade, together with the Galician isolate 
1146 (Figure 1).

Discussion
In this study, the nucleotide sequence of the VP2/
NS junction region of 9 Croatian and 6 Bosnian 
IPNV isolates was determined. Molecular phy-
logenetic analysis based on the nucleotide se-
quence of the VP2/NS junction region represents 
a successful method for evaluation of genetic 
relatedness of aquabirnaviruses (Heppell et 
al., 1992, 1993; Nishizawa et al., 2005). Further-
more, Nishizawa et al. (2005) did not observe a 

of the phylogenetic trees based on the VP2/NS 
and VP2 regions. Sequence analysis of amino 
acid residues (217, 221, 247, and 500) on the VP2 
hypervariabile region (Blake et al., 2001; Santi et 

virulence determinants, were not included in 
this study because the VP2/NS junction region 
is located downstream of this hypervariable 
region. However, the VP2/NS and VP2 regions 
still share one of the aforementioned residues 
in the VP2 hypervariabile region (Tyrosine at 
position 500). The majority of isolates sequenced 
in this study (14/15) and other aligned isolates 
(except NVI 011 and Sp116) contain a residue 
corresponding to codon TAC. The exception is 
Croatian isolate Cro 111/10 with the substitution 

from polar Tyrosine to Histidine at position 
500, a positively-charged, polar amino acid. Since 
both Tyrosine and Histidine fall into the group 
of amino acids with an aromatic group, the po-

of IPNV will need to be studied in more detail. 
All Croatian, Bosnian and the Galician isolate 
1146 shared a unique amino acid exchange at 
position 513 (Aspartatic acid D Glutamic acid 
E), as a consequence of a substitution of the last 
base in codon for E (GAC  GAG). Addition-
ally, all Bosnian, three Croatian (Cro/VA, Cro 
18/11 and Cro 3/11) and Galician isolate 1146 
shared one unique silent transition on codon 
482 (C  T). Phylogeneticaly, those isolates 
form a subclade as a consequence of this unique 
substitution (Figure 1). 

The Croatian isolates (Cro/VA, Cro 18/11 and 
Cro 3/11) were obtained from farms located 
close to the Bosnian border (Figure 2), so their 
common clustering is perhaps not surprising 
and it is known that farmers in this region 
have traded with Bosnian farms. However, 
the grouping of the Galician 1146 isolate into 
this subcluster remains unclear and there is no 
available data on importation of eggs or fry from 
Spain. The other Croatian isolates were obtained 
from farms in the north and north-west part 
of the country, except for the farm located in 
Dalmatian region (Figure 2).

In our previous research, Croatian isolate 09/09 

rainbow trout fry, was found to be more similar 
to Spanish isolate 1146 (AJ489222), than to a 
previously described Croatian isolate, EU219618 

isolates were collected and analysed, phyloge-
netic analysis clearly showed that all Croatian, 
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Figure 1. Bayesian phylogenetic tree of the partial VP2/NS IPNV genogroup III sequences. Strains in the tree 
are shown by accession numbers and the name of the isolate. IPNV isolates from Croatia and Bosnia and 
Herzegovina are shown in bold italics. Numbers on nodes indicate posterior probabilities.
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Figure 2. Map of Croatia and Bosnia and Herzegovina indicating sampling points and names of the isolates
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Bosnian and the Galician isolate 1146 are closely 
related, and that three Croatian isolates from 
the farms located close to the Bosnian border 
form a subcluster together with Bosnian isolates 
and the isolate 1146. More thorough research 
should include an epidemiological investiga-
tion looking at import movements, with the 
aim to elucidate the phylogenetic similarity of 
the regional isolates to the Galician one. The re-
maining Croatian isolates were more related to 
previously described Croatian isolates CroIPNV 
09/09 and CroIPNV/06.

Results of phylogenetic analysis presented here 
showed that i) isolates from Croatia and Bosnia 
and Herzegovina are closely related and ii) two 
subclades of IPNV were present in Croatia. 
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