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Abstract
Cyprinid herpesvirus 3 (CyHV-3) is the aetiological agent of koi herpesvirus disease (KHVD), 
responsible for the high mortalities of common carp (Cyprinus carpio carpio), ghost carp (Cyprinus 
carpio goi) and koi carp (Cyprinus carpio koi) reported from at least 30 countries. The first clinical 
outbreak in Slovenia was reported from a pond in Betnava, near Maribor, in July 2008. In August 
2008, another two ponds were confirmed as KHV-positive, one near the first outbreak and the other 
down the river Drava in Videm, near Ptuj. In September 2008, KHV was detected in two ponds near 
Maribor and in a pond in Gorišnica, near Ptuj. Two years later, in July 2010, a seventh outbreak of 
KHV was confirmed in Rogoznica, near Ptuj. Samples from all seven clinical outbreaks contained 
the KHV genome, as shown by polymerase chain reaction (PCR). The partial nucleotide sequences 
of thymidine kinase (TK) from the seven reported KHV outbreaks confirmed a 100% nucleotide 
identity with each other and with other KHV strains such as KHV-U and KHV-I. This is the first 
report of KHV in Slovenia. 

* Corresponding author’s e-mail: ivan.toplak@vf.uni-lj.si

Introduction 
Cyprinid herpesvirus-3 (CyHV-3) is a pathogen 
of common carp (Cyprinus carpio carpio), ghost 
carp (Cyprinus carpio goi), koi carp (Cyprinus 
carpio koi) and common carp hybrids. Due to 
its impact on the aquaculture species listed 
in the OIE aquatic Animal Health Code (OIE, 
2009), it is also on the list of non-exotic diseases 
in the European Union (EU) directive 2006/88/
EC (Anonymous, 2006). Koi herpesvirus disease 
(KHV) is a highly contagious disease of carp that 
has rapidly spread across the globe over the last 
ten years. The first reports of KHV outbreaks 
were from Israel, Germany and USA (Ariav, 
et al. 1998; Bretzinger et al., 1999; Hedrick et 
al., 2000), KHV was later identified in Austria, 

Belgium, Denmark, England and Wales, France, 
Italy, Luxemburg, The Netherlands, Switzer-
land, Poland, Czech Republic, Sweden (Haenen 
et al., 2004; Schlotfeldt, 2004; Antychowicz et al., 
2005; Bergmann et al., 2006; Novotny et al., 2010; 
Marek et al., 2010), Romania (2010), in different 
parts of Asia (Sano et al., 2004; Gomez et al., 
2011) and in Canada (Garver et al., 2010). 

Koi herpesvirus is a member of the Cyprinivi-
rus genus in the family Alloherpesviridae. Phy-
logenetic analysis of the genes encoding the 
helicase, an intercapsomeric triplex protein, 
DNA polymerase and the mayor capsid protein 
revealed that KHV is most closely related to 
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carp pox herpesvirus (Cyprinid herpesvirus 1, 
CyHV-1) and goldfish haematopoetic necrosis 
virus (Cyprinid herpesvirus 2, CyHV-2), and 
it was designated as Cyprinid herpesvirus 3, 
CyHV-3 (Waltzek et al., 2005). Molecular analy-
sis showed li�le variation between KHV isolates 
from outbreaks detected all over the world, 
although minor variations have been reported, 
suggesting the circulation at least a few genetic 
variants of KHV (Antychowicz et al., 2005; Aoki 
et al., 2007; Bigarré et al., 2009; Kurita et al., 2009; 
Avarre et al., 2011; Suarto et al., 2011).

In the majority of the clinical outbreaks reg-
istered in common carp, the observed rate of 
mortality was between 50 and 95% (Haenen 
et al., 2004; Schlotfeldt, 2004; Antychowicz et 
al., 2005; Sunarto et al., 2005; Bergmann et al., 
2006; Novotny et al., 2010). Clinical outbreaks 
with mortality are usually detected in summer, 
when the water temperature is between 15 ºC 
and 28 ºC, and they are most common in areas 
of a high density and/or poor water quality. Koi 
herpesvirus (KHV) is typically stress related, 
and can be induced by a sudden change in water 
temperature or by transportation (Hedrick et al., 
2000; Gilad et al., 2003). In order to understand 
the epidemiology of KHV it is very important to 
know that infected fish can persist in a latent or 
carrier stage for a period of time and that they 
can become lifelong carriers, with no clinical 
signs (St-Hilaire et al., 2005). 

The tissues targeted for the diagnosis of KHV 
are the gills, kidney, spleen, brain and liver. 
Isolation of the virus in cell cultures is a difficult 
and time-consuming method that is also not 
always reliable; however, polymerase chain re-
action (PCR) methods have been proven to be ef-
fective techniques for the detection of viral DNA 

(Gray et al., 2002; Gilad et al., 2004; Bercovier et 
al., 2005; El-Matbouli et al., 2007; Bigarré et al., 
2009; Bergmann et al., 2010; Meyer et al., 2011). 
A conventional PCR based on primers targeting 
the thymidine kinase (TK) gene was shown to 
be specific for KHV and relatively effective in 
the diagnosis of clinically suspicious cases; this 
method also distinguished CyHV-3 (KHV) from 
other two Cyprinid herpesviruses: CyHV-1 and 
CyHV-2 (Bercovier et al., 2005; Bergmann et al., 
2010; Meyer et al., 2011). 

Since 2006, when it became known that KHV 
was established in many European countries, 
we adopted a specific PCR method for the rapid 
laboratory diagnosis of KHV in Slovenia and 
introduced it for surveillance purposes (Poko-
rova et al., 2005). This paper describes the first 
detection and genetic characterization of KHV 
from seven outbreaks, detected between 2008 
and 2010.

Materials and methods
Fish samples
During 2007 and 2008 a total of 180 carp speci-
mens (tissue samples) were collected from 36 
completely asymptomatic carp ponds within 
a monitoring programme and tested for KHV 
by the PCR method. A�er collection the carp 
were sacrificed and transferred to the labo-
ratory in a cool box where they were asepti-
cally dissected and the DNA extracted from 
samples immediately a�er collection. On the 
21st of July 2008, the first clinical suspicion of 
KHV was established by the veterinarian of the 
National Veterinary Institute (NVI) in a pond in 
Betnava, close to Maribor. The moribund and 
deceased carp were dissected. In a 2-month 
period another five outbreaks among common 
carp were confirmed in the Maribor and Ptuj 
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regions, all in extensive carp ponds. Selected 
organ samples (gill, spleen and kidney) from 
five dead common carp and from carp showing 
pathological signs of KHV were examined at the 
National Reference Laboratory (NRL) for fish 
diseases at the National Veterinary Institute of 
the Veterinary Faculty, University of Ljubljana. 
In 2010, carp from a clinical outbreak of KHV 
were processed in the same way.

DNA extraction
The extraction of DNA from tissue samples was 
performed using the DNeasy® Blood & Tissue 
Kit (Qiagen®, Germany) by following the tissue 
extraction protocol. Briefly, 25 mg of tissue from 
individual fish was homogenised in lysis buffer 
(AL buffer) and digested using proteinase K 
(both included in kit contents) at 56 °C for 3 
h. Following precipitation with 100% ethanol, 
the extracted DNA was bound to the DNeasy® 
Mini spin column and centrifuged at 6000 g 
for 1 min. Any remaining salts and enzyme 
inhibitors were removed during two washing 
steps. The DNA was eluted in 100 μl of elution 
buffer (AE buffer, included in kit contents) and 
immediately processed by PCR.

The PCR assay
A conventional KHV-specific PCR was used 
for the detection of KHV DNA in tissues of 
the carp examined. The specific primer pair for 
the PCR assay was selected from the genome 
region encoding thymidine kinase (TK) by using 
a slightly modified published protocol (Ber-
covier et al., 2005) with a separate PCR tube and 
primers for amplification of beta-actin as the 
internal control, which was optimized in CIDC-
Lelystad, The Netherlands. The forward (KHV-
TKf 5’-GGGTTACCTGTACGAG-3’) and reverse 
(KHV-TKr 5’- CACCCAGTAGATTATGC-3’) 

primers amplified a 409 base pair (bp) amplicon 
of the TK gene. The forward (IC- β-act-F 5’- 
AGACATCAGGGTGTCATGGTTGGT-3’) and 
reverse (IC-β-act-R 5’- CTCAAACATGATCT-
GTGTCAT -3’) primers amplified a 259 bp am-
plicon of the beta-actin gene. A 2 μl volume of 
the total DNA extract was used as the target in 
subsequent PCR amplifications. The PCR reac-
tion was carried out in a final volume of 25 μl, 
with 0.25 μl Platinum Taq DNA polymerase (In-
vitrogen, Carlsbad, USA), 2.5 μl 10×PCR buffer, 
0.75 μl 50 mM MgCl2 (Invitrogen, Carlsbad, 
USA) 20 pmol of each primer and 0.5 μl 0.2 mM 
dNTP. Internal control PCR amplification was 
simultaneously run in separate PCR reactions 
for each sample tested, with β-actin as the target. 
The thermal profile and the other PCR reagents 
for the internal control PCR were identical to 
the KHV PCR. A�er denaturation at 94 °C for 
2 min, the reaction mixtures were subjected to 
thermal cycling in a T3 thermocycler (Biometra 
Horsham, USA) for 40 ramp cycles, each of 94 
°C for 30 s, 55 °C for 30 s and 72 °C for 45 s. A 
time delay of 7 min at 72 °C was included prior 
to soaking at 4 °C. A 10 μl volume of amplified 
products was analysed by electrophoresis on 2% 
(w/v) agarose gels and visualized by staining 
with ethidium bromide.

Sequencing
Seven representative PCR-positive products 
(each representing one of the seven outbreaks) 
were used for direct sequencing using the 
KHV-TKf and KHV-TKr primers and termi-
nated by fluorescently labelled dideoxynucle-
otides (BigDye Terminator Cycle Sequencing 
Kit, Applied Biosystems, Foster City, USA). The 
PCR products were sequenced in both direc-
tions. The resulting sequences were analysed 
on an automated nucleic acid analyser (ABI 
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PRISM 310 Genetic Analyzer, Applied Biosys-
tems, Foster City, USA). Individual nucleotide 
(nt) sequences were assembled and proofread 
using the SeqMan and EditSeq programs in 
the DNASTAR so�ware package (DNASTAR 
Madison, WI, USA). Sequence homology was 
determined via the National Centre for Biotech-
nology Information (NCBI) using the BLAST 
network service (h�p://www.ncbi.nlm.nih.
gov). 

Results 
All of the carp (n=180) sampled from 36 ponds 
that were examined in the monitoring pro-
gramme between 2007 and 2008 were negative 
for KHV by the PCR method. Koi herpesvirus 
(KHV) had been suspected because of the in-
creased rate of mortality of common carp ob-
served on the 21st of July 2008 in an extensive 
polyculture pond in Betnava, close to Maribor, 
by a local veterinarian of the NVI. In addition 
to the increased mortality rate, clinical and 
pathological signs typical of KHV: appetite 
loss, erratic swimming, discolouration, necrosis 
of gills were also observed. At the National 
Reference Laboratory (NRL) for fish diseases 
in Ljubljana, positive results for KHV were con-
firmed by a PCR method on the tissue samples 
of affected carp with a DNA band of 409 bp. 
This was the first official detection of KHV in 
Slovenia. Two weeks later, a second outbreak 
of KHV was confirmed by PCR in a pond in 
the neighbouring area of Nebova as a result of 
intensive epidemiological investigations and 
sampling to determine whether or not any 
clinical signs were present. During the first 
two outbreaks of KHV, a mortality rate in the 
carp of 10% was reported. The third outbreak 
of KHV was confirmed on the 18th of August 
in an extensive common carp pond in Videm, 

near Ptuj, situated about 40 km down the river 
Drava. According to the fish farmer’s report, the 
mortality rate during the outbreak was between 
10-30%, the recorded water temperature was 
26 to 27 °C.

The fourth and fi�h outbreaks were reported in 
neighbouring areas of the first two outbreaks, 
in common carp ponds in Rače and Vegros II, 
both with clinical signs consistent with KHV, 
but the reported mortality rate was less than 
10%. The sixth outbreak of KHV was confirmed 
on the 14th of September in a carp pond near 
Gorišnica, which is about 30 km down river 
from Videm, near Ptuj, and is connected to the 
river Drava. Two years later (6th of July 2010), the 
seventh outbreak in Slovenia was reported in a 
pond in Rogoznica, near Ptuj. The geographical 
location of the seven KHV infected sites are 
shown in Figure 1. 

According to the knowledge and experience 
gained from these outbreaks and from labora-
tory results, the PCR method was proven to be 
a fast and effective method for the detection 
of viral DNA in carp tissues during the acute 
outbreak of KHV. Seven 409-bp PCR products, 
each representing individual outbreaks, were 
successfully sequenced and 375 nucleotide se-
quences (the nucleotide positions in the com-
plete TK protein were between 439 and 753) 
for each outbreak were compared with avail-
able sequences in GenBank using the BLAST 
program. The sequencing results showed that 
all seven Slovenian KHV isolates revealed 100% 
nucleotide identity in the 375 partial nucleotide 
sequence of the TK gene, which confirmed the 
infection of carp by closely related KHV strains 
during the seven outbreaks. The KHV detected 
in Slovenia is CyHV-3, previously detected in 
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Europe, and it showed 100% homology in 375 
TK nucleotides with strains detected in Japan; 
(accession no. AB458384), strain TUMST1 (acces-
sion no. AP008984), in the USA; strain KHV-U 
(accession no. DQ657948) and in Israel; strain 
KHV-I (accession no. DQ177346).

With regard to the increasing threat of the 
spread of KHV to other locations in Slovenia, 
an intensive disinfection of all “materials in use” 
and other biosecurity control measures were 
implemented in all infected locations according 
to the EU directive 2006/88/EC. 

Discussion
Having mostly mountain waters, Slovenian 
fish production is mainly orientated towards 
salmonid production; however, in the north-
eastern region, where the area is flat, there are 
also some extensive and semi-intensive carp 
production facilities where carp are mainly 
bred in polycultures. The passive and active 

fish health surveillance of carp ponds has been 
present in Slovenia for many years. Before entry 
into the EU (2004), the targeted surveillance 
of viral haemorrhagic septicaemia (VHS) and 
spring viraemia of carp (SVC) was performed. 
With regard to the potential infection of carp by 
KHV in neighbouring countries with intensive 
carp production facilities, the NRL in Slovenia 
started to develop and introduce KHV diagnos-
tic methods, according to previously reported 
assays. The targeted surveillance programme 
within the main carp production units in Slov-
enia was organized a�er the validation of the 
PCR method for KHV diagnosis in the labora-
tory. During the years 2007 and 2008 (summer), 
180 carp from 36 epizootically separated carp 
ponds were sampled to check for the presence 
of KHV. The carp were sampled during summer, 
when the water temperatures were the highest 
and breeding conditions the worst. On average, 
five carp were randomly sampled in each unit. 
The dissected carp did not show any specific 

Figure 1. The locations of the seven outbreaks of KHV in Slovenia during 2008 and 2010 (eastern part of 
Slovenia: detailed map of the Maribor and Ptuj regions).
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signs of KHV and all samples were negative 
for KHV using the PCR method.

Subsequent to the initial surveillance study, 
the first clinical finding of KHV was reported 
in Slovenia. In total seven farms screened KHV 
PCR positive over a three year period. Despite 
the previous targeted surveillance, it is entirely 
possible that the infection already existed and 
that KHV could also be present elsewhere. For 
a rapid and more effective determination of 
KHV infections with regard to other research 
areas, we are going to expand our activities 
to the detection of KHV in pond water and 
plankton (Matsui et al., 2008; Minamoto et al., 
2009; Honjo et al., 2010; Minamoto et al., 2011) 
and introduce serological diagnostics (Taylor et 
al., 2010). By using this approach, we will try 
to prevent the spread of the infection to other 
locations and, furthermore, we will also try to 
eradicate the existing infection.
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