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1  | INTRODUC TION

Common carp (Cyprinus carpio Linnaeus) represents the most im-
portant fish species for warm-water aquaculture in Croatia; it is a 
traditional food fish in some parts of the country and also an import-
ant economic asset for angling and fisheries (Piria et al., 2016). All 
carp farms are situated in the northern part of the country belonging 
to the Danube watershed, while the southern part, a karst region 

belonging to the Adriatic watershed, is characterized by mountain 
rivers and carp reside only in natural or artificial lakes (Mrakovčić 
et al., 2006). Anglers are in control of most of the artificial lakes and 
very often repopulate artificial and natural lakes as well as open wa-
ters with common carp from aquaculture facilities in the northern 
part of the country. All carp farms are subjected to a national surveil-
lance programme aiming to detect the presence of koi herpesvirus 
(KHV) in line with the Council Directive 2006/88/EC (Anon, 2006). 
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Abstract
Common carp (Cyprinus carpio) is a very important fish species for warm-water aqua-
culture in Croatia. All Croatian carp farms are subjected to a surveillance programme 
for the presence of koi herpesvirus (KHV), causing a deadly disease called koi herpes-
virus disease (KHVD). However, there is no surveillance for other viral pathogens of 
importance like carp edema virus (CEV), a causative agent of koi sleepy disease (KSD). 
During regular testing within the KHVD surveillance programme, we tested samples 
for CEV simultaneously. The screening indicated possible outbreaks of KHVD and 
KSD. During 2016, KHVD broke out in an isolated area and soon thereafter a KHV 
eradication programme was successfully performed. However, during 2018 and 2019, 
two additional mortality events occurred in lakes in the southern part of Croatia dur-
ing the spring. Samples from both events tested positive for CEV. An epidemiological 
investigation confirmed the introduction of infected carps from an infected farm to 
one of the lakes. To prevent the spreading of CEV into open waters, it is of utmost 
importance to introduce CEV testing before fish movement or to perform regular 
testing of all carp farms in the country to determine CEV prevalence for the purpose 
of implementation of control measures.
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Apart from this programme, there is no coordinated surveillance for 
other viral pathogens of importance for carp production.

Koi herpesvirus disease (KHVD) is a fatal disease of common carp 
and its ornamental variety, the koi (OIE, 2019). It is caused by a DNA 
virus from the family Alloherpesviridae, denominated as Cyprinid 
herpesvirus 3 (CyHV-3) based on the phylogenetic comparison with 
other cyprinid herpesviruses (Waltzek et al., 2005). After its first no-
tification in the late 1990s, it spread globally, primarily due to trading 
with koi carp (Hedrick et al., 2000), and has caused enormous eco-
nomic losses (Haenen, Way, Bergmann, & Ariel, 2004; Steinhagen, 
Jung-Schroers, & Adamek, 2016). Water temperatures between 
18 and 28°C allow KHVD to develop, and diseased carp specimens 
show discoloration, increased respiratory frequency, swollen, pale, 
patchy, necrotic gills and skin lesions (Pokorova, Vesely, Piackova, 
Reschova, & Hulova, 2005). Although Croatia was declared KHVD-
free in 2015 (Anon, 2015), an isolated outbreak of this disease oc-
curred on two farms and in two ponds in 2016 as will be shown in 
this article and as was presented earlier at the EAFP Conference in 
Belfast, Northern Ireland (Zrnčić et al., 2017).

In recent years, carp edema virus (CEV), formerly described 
as a cause of high mortalities in koi carp juveniles in Japan only 
(Murakami, Shitanaka, Toshida, & Matsuzato, 1976), emerged as 
an important pathogen of ornamental koi and common carp in 
many European countries, namely in the UK (Way & Stone, 2013), 
the Netherlands and France (Haenen, Way, Stone, & Engelsma, 
2014), Austria (Lewisch, Gorgoglione, Way, & El-Marbouli, 2015), 
Germany (Jung-Schroers et al., 2015), Poland (Matras et al., 2017), 
Hungary (Adamek, Baska, Vincze, & Steinhangen, 2018) and Serbia 
(Radosavljevic, Adamek, Miličević, Maksimović-Zorić, & Steinhagen, 
2018). Beyond Europe, apart from being an endemic disease in Japan 
(Oyamatsu, Hata, Yamada, Sano, & Fukuda, 1997), outbreaks were 
reported from koi carp in India (Swaminathan et al., 2016), China 
(Zhang et al., 2017) and South Korea (Kim et al., 2018), and from both 
koi and common carp in the United States of America (Lovy, Friend, 
Al-Hussinee, & Waltzek, 2018; Padhi et al., 2019).

Carp edema virus is a DNA virus from the family Poxviridae. The 
virus causes hypertrophy of epithelial cells of the gills’ secondary 
lamellae (Way et al., 2017), a fusion of gill lamellae, necrosis and gill 
swelling. The infection is considered to lead to breathing distress and 
concomitant lethargic behaviour, followed by death due to anoxia 
(Miyazaki, Isshiki, & Katsuyuki, 2005). Affected fish are often lethar-
gic, lying on the bottom of the tank (Adamek, Oschilewski, et al., 
2017; Lewisch et al., 2015). Hence, the disease has been denomi-
nated as koi sleepy disease (KSD). The obvious signs of the disease 
are pale swollen gills, body swelling, enophthalmia, anorexia, ulcer-
ation around the mouth and fin base, and inflammation of the anal 
vent (Haenen et al., 2016; Jung-Schroers et al., 2015). Pretto et al. 
(2015) observed also an overproduction of mucus on the gills and 
skin. Disease outbreaks occurred in koi in the fall and spring within 
a temperature range between 15 and 25°C, while outbreaks in com-
mon carp were mainly reported at lower temperatures between 6 
and 9°C (Way & Stone, 2013). Some exceptions from this tempera-
ture range were notified. For instance, the disease occurred in koi 

carp in the Netherlands both at low and high temperatures (Haenen 
et al., 2014).

Although carp edema virus has spread to koi and common carp 
farms throughout Europe and outbreaks have been reported from 
many neighbouring countries, there was no confirmation of virus 
presence in Croatian carp farms.

In order to prevent losses due to the spreading of a viral disease, 
we undertook an analysis of samples collected during the last few 
years as part of a surveillance programme for KHV on Croatian carp 
farms. In addition to the testing for the presence of KHV, we started 
to examine samples for the presence of carp edema virus as well 
as in cases where increased mortalities of carp were reported. In 
this paper, the results of the surveillance carried out on the samples 
collected from 2015 to 2019 are presented, where KHV or CEV as 
well as a co-infection of KHV and CEV were detected. Furthermore, 
the present manuscript describes results from studies focusing on 
the aetiology and epidemiology of high mortality events, which were 
recorded in summer 2016, in spring 2018 and 2019, respectively.

2  | MATERIAL S AND METHODS

2.1 | Samples

Samples used in this study were collected from all Croatian carp 
farms within the framework of national surveillance programme in 
the period from 2015 to 2017; additionally, samples from mortal-
ity outbreaks were collected in the following years (2018–2019). 
The surveillance programme on KHV in susceptible fish species 
aiming to monitor KHVD-free areas and to detect the presence 
of KHV as early as possible is an official annual programme imple-
mented by the Ministry of Agriculture, Veterinary and Food Safety 
Directorate. This is based on a ministerial “Order on the measures 
of animal health protection against infectious and parasite diseases” 
and “Program of surveillance and eradication of koi herpesvirus in 
susceptible fish species” conducted annually. In accordance with the 
aforementioned regulations, authorized veterinarians carry out the 
clinical examination on all carp farms nationwide, which involves 
collecting samples. These samples consisted of up to 30 individu-
als of C. carpio and crossbreed C. carpio × Carassius auratus if they 
were present. The samples were collected from the different ponds 
on the farm during the warmer period of the year when the water 
temperatures ranged between 20 and 28°C and were subsequently 
submitted to the laboratory under cooling conditions.

2.2 | Description of disease outbreaks in 
common carp

2.2.1 | Outbreak in 2016

During April 2016, with a water temperature of 16°C, a carp farm 
close to the Hungarian border reported increased mortalities 
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(Figure 1). The responsible farm veterinarian collected samples of 
sick fish (n = 10) and sent these to the laboratory for diagnosis. As 
the mortalities continued during the spring, in mid-June, when the 
water temperature increased to 18°C, additional samples (n = 10) 
from the same farm were collected. Meanwhile, increased mor-
talities were notified from two small artificial ponds controlled 
by anglers and located in the northern part of Croatia. Carp from 
these lakes were sampled as well. All samples were subjected to 
examination for the presence of KHV and CEV as described below, 
while samples collected in April were also tested for the presence 
of spring viremia of carp virus (SVCV).

2.2.2 | Outbreak in 2018

At the end of April 2018, during the spawning season of carp, a 
high mortality rate among common carp was observed in the ar-
tificial lake Prološko Blato in the southern karst region of Croatia 
(Figure 1). Prološko Blato is a shallow lake with a depth of 1 to 6 
metres, and during the dry season, only a small part of the sur-
face area contains water. The lake is connected to an impounding 
reservoir and holds excessive amounts of water during the spring 
or other periods of heavy rainfall. During the mortality event, 
water temperature increased from 18 to 20°C. The mortality rate 

F I G U R E  1   Map of Croatia with a distribution of KHV- and CEV-positive carp sampled farms, artificial ponds and lakes and indication of 
epidemiological connection of carp farms and artificial ponds and lakes [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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persisted for almost a month during which the majority of the carp 
population in the lake died. Clinical signs of disease or mortalities 
were not observed in other fish species living in the same lake. Ten 
specimens of dead fish weighing between 4 and 6 kg were submit-
ted for laboratory examination. Samples were processed in accord-
ance with standard laboratory procedures for disease diagnosis as 
described below.

2.2.3 | Outbreak in 2019

At the beginning of May 2019, a sample of common carp from Peruča 
Lake (Figure 1), a large impounding reservoir with a surface cover-
ing 15 km2, which serves as a reservoir for an electric power plant 
situated in the southern karst region, was submitted for laboratory 
examination with an anamnesis of a high mortality rate, aggravated 
breathing and lethargic behaviour. The water temperature during 
the mortality event was 18°C. Carp for stocking the lake had been 
introduced from a common carp farm in the northern part of Croatia 
a week before the disease outbreak started. Submitted specimens 
(n = 7) weighed between 0.278 and 0.870 kg. The samples were also 
processed in accordance with standard laboratory procedures for 
disease diagnosis as described below.

2.3 | Laboratory procedures for disease diagnosis

2.3.1 | External examination and necropsy

Affected fish from all aforementioned outbreaks were submitted for 
laboratory diagnosis in styrofoam boxes under cooling conditions 
(≤8°C). External surfaces of the fish were examined for any deviation 
from normal shape, and the skin, eyes, fins and gills were checked for 
pathological changes.

At necropsy, the internal organs were examined for the presence 
of gross lesions, and fresh carcasses were subjected to bacteriolog-
ical examination by collecting swabs from the head kidney, spleen 
and heart and plating them onto tryptone soy agar (TSA) and blood 
agar (BA). In addition, fresh preparations of the skin, gills, intestine, 
kidney and swim bladder were collected as smears, scrapes and/
or squashes and examined microscopically as unstained prepara-
tions for the presence of parasites or other recognizable abnormal 
features.

2.3.2 | Histological examination

Samples of gills, spleen, head kidney, heart and liver were fixed in 
10% neutral buffered formalin. Formalin-fixed tissues for histologi-
cal examination were dehydrated through a graded series of etha-
nol, succeeded by xylene, embedded in paraffin, sectioned at 5 μm 
and mounted on Microm EC 350-2 slides (Thermo Scientific Inc.). 
Mounted slides were heated to 60°C, deparaffinized and rehydrated 

in xylene, a graded series of alcohol and finally water, followed by 
staining with haematoxylin and eosin (H&E).

2.3.3 | Samples for KHV and CEV screening and 
virological examination

Organ pools (gills and head kidneys) of two fish were homogenized 
by pestle and mortar with sterile sand. Following homogenization, 
each pooled sample was suspended 1:10 in Eagle's minimum essen-
tial medium (EMEM, EuroClone) supplemented with 10% v/v foetal 
calf serum (FCS, Biological Industries) and 2% v/v of antibiotic–anti-
mycotic solution (penicillin 100 UI/ml, streptomycin sulphate 10 mg/
ml, amphotericin B 25 μg/ml and kanamycin 10 mg/ml) (Gibco, 
Thermo Scientific Inc). Tissue extracts were centrifuged at 3,000 ×g, 
and 600 μl was collected for DNA extraction and subsequent detec-
tion of KHV- and CEV-specific DNA sequences. During the period 
from 2015 to 2017, in total, 793 two-fish pools were tested for the 
presence of KHV. Later on, extracted DNA was pooled according to 
the affiliation to the particular farm/sampling site and a total of 43 
pools were used for detecting CEV (Table 1).

In order to test for the presence of KHV and CEV in two dis-
ease outbreaks in 2018 and 2019, samples were processed in the 
same manner. Additionally, internal organs (head kidney, spleen and 
heart) were examined for the presence of SVCV and the samples 
were homogenized as described above. Tissue extracts were inoc-
ulated at two 10-fold dilutions (1:10 and 1:100) onto one-day-old 
epithelioma papulosum cyprini (EPC, Fijan et al., 1983) and bluegill 
fry (BF-2, Wolf & Quimby, 1962) cell monolayers grown in 96-well 
cell culture plates (Sigma-Aldrich Nunc) and incubated at 15°C. After 
inoculation, the plates were observed daily for the development of 
cytopathic effects (CPE). After seven days, supernatants were fil-
tered through 0.45-μm membranes and used to inoculate actively 
growing EPC and BF-2 cell monolayers. The cultures were examined 
continuously over a seven-day period.

2.4 | DNA extraction

Total DNA was extracted using a MagMAX CORE Nucleic Acid 
Purification Kit (Applied Biosystems, Thermo Scientific Inc.) in ac-
cordance with the manufacturer's instructions on a KingFisher Duo 

TA B L E  1   Samples analysed in the surveillance programme on 
koi herpesvirus in susceptible fish species (2015–2017)

Year 2015 2016 2017

No of fish pools (two individuals) 
analysed for KHV

331 368 94

KHV-positive 0 22 0

No of location/sampling pools 
analysed for CEV

10 30 3

CEV-positive 1 4 1
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Prime Purification System (Thermo Scientific Inc.). Extracted DNA 
was stored at −20°C until analysis.

2.5 | Real-time and conventional PCR for 
detecting and sequencing KHV

For detecting KHV in carp samples, we performed a real-
time qPCR with the primers and probe designed by Gilad et al. 
(2004). Reactions were performed in a Rotor-Gene Q (Qiagen 
GmbH) thermocycler using the VetMAX-Plus qPCR Master Mix 
(Applied Biosystems). Thermal cycling conditions were set in 
accordance with the kit manufacturer's instructions for a non-
MGB probe. For each reaction, we used 5 µl of extracted DNA, 
0.4 µM of each primer (KHV-86F GACGCCGGAGACCTTGTG; 
KHV-163R CGGGTTCTTATTTTTGTCCTTGTT) and 0.12 µM of a 
double-labelled probe ([FAM]-CTTCCTCTGCTCGGCGAGCACG-
[BHQ1]) in a total volume of 25 µl. The cut-off Cq value of 40 
was used to confirm sample positive for KHV. Samples found 
positive using this qPCR were also analysed by a conventional 
PCR using the protocol in accordance with Bercovier et al. 
(2005), the HotStarTaq Plus Master Mix Kit (Qiagen GmbH) and 
the primers KHV-TKf (GGGTTACCTGTACGAG) and KHV-TKr 
(CACCCAGTAGATTATGC).

2.6 | Nested PCR for detecting CEV

For detecting CEV in carp samples, we used the nested PCR de-
scribed in Matras et al. (2017), with modifications to optimize the 
method for the HotStarTaq Plus Master Mix Kit (Qiagen GmbH). The 
temperature protocol was as follows: enzyme activation at 95°C for 
15 min, followed by 35 cycles of denaturation at 95°C for 60 s, primer 
annealing at 51°C for 60 s and elongation at 72°C for 60 s, ending 
with the final elongation step at 72°C for ten minutes. Both PCRs 
were performed using a ProFlex PCR System (Applied Biosystems 
Inc.) in a final volume of 20 µl. We used 2 µl of extracted DNA and 
0.5 µM of the primers CEV ForB (ATGGAGTATCCAAAGTACTTAG) 
and CEV RevJ (CTCTTCACTATTGTGACTTTG) for the first 
round PCR. For the second round PCR, we used 2 µl of the PCR 
product from the first reaction and 0.25 µM of primers CEV 
ForB-int (GTTATCAATGAAATTTGTGTATTG) and CEV RevJ-int 
(TAGCAAAGTACTACCTCATCC). The results of both PCRs were 
checked by electrophoresis on a QIAxcel system (Qiagen GmbH).

2.7 | Real-time PCR for detecting CEV

For detecting and quantifying CEV p4a DNA, a probe-based 
qPCR assay developed by the Centre for Environment, Fisheries 
and Aquaculture Science (CEFAS) in Weymouth, England 
(Adamek, Matras, et al., 2017; Matras et al., 2017), was per-
formed. The reaction mix contained 1 × Maxima Probe qPCR 

Master Mix (Thermo Fisher Scientific Inc.), 500 nM of each primer 
(CEFAS_qF: AGTTTTGTAKATTGTAGCATTTCC; CEFAS_qR: 
GATTCCTCAAGGAGTTDCAGTAAA), 0.2 μM of the double-labelled 
probe ([FAM]-AGAGTTTGTTTCTTGCCATACAAACT-[BHQ1]), 5 μL 
of template DNA and nuclease-free water to a final volume of 20 μL. 
The amplification programme included an initial denaturation at 
95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 
30 s and annealing at 60°C for 30 s. Similarly to KHV qPCR, the cut-
off Cq value of 40 was used.

2.8 | Sequencing and phylogeny

The PCR products obtained by amplification using the primer 
pairs CEV ForB and CEV RevJ or CEV ForB-int and CEV RevJ-int 
were used for sequencing, using both forward and reverse prim-
ers in order to receive at least 357-bp-long overlapping sequences 
of the gene encoding the P4a virion core protein of CEV. For se-
lected KHV-positive samples, the ~940 bp fragment of the ge-
nome including the full sequence of TK gene was amplified using 
the primers TK_F AACGCGGGCCAGCTGAACAT and TK_R 
TGTGTGTATCCCAATAAACG (Kurita et al., 2009). Direct Sanger 
sequencing was performed by LGC Genomics GmbH or Macrogen 
Europe B.V. Obtained sequences were analysed using Geneious 
Prime 2019.2.1 and BioEdit 7.0 software. The sequences were ana-
lysed for their phylogenetic relation to other CEV or KHV sequences 
found in the GenBank using the tools available at www.phylo geny.
fr (Dereeper et al., 2008). Sequences were aligned with MUSCLE. 
Phylogenetic analyses (based on maximum likelihood) were per-
formed with PhyML; the phylogenetic trees were rendered with 
TreeDyn.

3  | RESULTS

3.1 | Necropsy and qPCR confirm KHV as an agent 
involved in the disease outbreak in mid-2016

The samples collected during April 2016 were found to be KHV-, 
SVCV- and CEV-negative. However, the mortalities continued dur-
ing the spring, and the additional samples collected in mid-June 
were confirmed to be positive for KHV when the water temperature 
increased to 18°C. Sampled carp specimens collected during the 
outbreak showed disease signs typical for KHVD, namely a whit-
ish pigmentation of the skin, focal loss of scales, excess secretion 
of mucus, pale gills with extensive petechial haemorrhages and ne-
crotic areas (Figure 2a). Additionally, these carp were found to be 
KHV-positive with Cq values ranging from 21.52 to 33.85 (Table 2). 
Interestingly, in two pools made from the samples taken from ponds 
with the lowest Cq values of KHV (24.13 and 21.52), relatively higher 
Cq values of CEV (33.89 and 34.61) were found, indicating KHV-CEV 
co-infection. Owing to an epidemiological connection with another 
carp farm owned by the same company, additional samples were 

http://www.phylogeny.fr
http://www.phylogeny.fr
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taken from that farm and KHV was also confirmed. Infected carps on 
this farm harboured KHV-specific DNA with Cq values ranging from 
24.81 to 37.52. Furthermore, the samples from two small artificial 
ponds controlled by anglers and which were experiencing increased 
mortality rates were also confirmed to be KHV-positive, although 
with much higher Cq values of 33.78–34.26 and 37.35, respectively 
(Table 2).

3.2 | Necropsy, histology, cell culture 
examinations and qPCR rule out KHV and 
confirm the presence of CEV during disease outbreaks 
in 2018 and 2019

Affected fish derived from the disease outbreak in 2018 and in 
2019 exhibited haemorrhages on the operculum, fin base and 
fins, and the skin; enophthalmia; overproduction of mucus; and 
pale and swollen gills (Figure 2b). During autopsy, no alteration 
from the normal appearance was observed in the internal or-
gans. An examination of homogenates of internal organs to rule 
out an infection with SVCV, using both EPC and BF-2 cell lines, 
gave negative results. The examination of gills and head kid-
ney homogenates to rule out KHV by real-time PCR also gave 
negative results for both outbreaks. Bacteriological investiga-
tions of samples from internal organs on TSA and BA did not 
support the growth of bacterial pathogens. Histopathological 
examination of affected gills revealed an occlusion of interla-
mellar spaces by an accumulation of cellular debris and hyper-
trophy of epithelial cells (Figure 2c). DNA isolated from gills of 
carp collected during both mortality events (2018 and 2019) 
was found positive for CEV with Cq values of 27.58 and 26.23 
(Table 2).

3.3 | Screening of Croatian carp aquaculture 
populations for KHV and CEV

Twenty-two of 793 samples collected within the national surveil-
lance programme from 2015 to 2017 were positive for KHV. In 
total, only four locations, which were directly associated with 
the outbreak in 2016, were KHV-positive, and after the comple-
tion of eradication measures, the virus was not detected subse-
quently. Six of 43 pools derived from samples collected during 
this surveillance programme were positive for CEV. The pools 
originated from five locations, including one location where two 
pools showed a co-infection of KHV and CEV. The pooled samples 
with co-infection had been collected during the disease outbreak 
in 2016 on one of the carp farms (Table 2). Positive results of the 
real-time PCR assays for both viruses are presented in Table 2. 
KHV-positive samples had Cq values in the range from 21.52 
to 37.35. The CEV-positive samples had Cq values ranging from 
31.12 to 38.28.

3.4 | Sequencing of KHV-positive isolates

A phylogenetic analysis of partial sequences of the TK gene showed 
an affiliation of the KHV isolates from Croatian carp to the European 
genotype of KHV (Figure 3). The nucleotide sequences were identi-
cal to several sequences obtained in Belgium, the UK, Poland and 
the Netherlands.

F I G U R E  2   (a) KHV-infected carp (outbreak in 2016) showing 
excessive secretion of mucus, pale gills with haemorrhages and 
necrotic areas, (b) Carp infected with CEV (outbreak in 2019). 
Note enophthalmia, petechial haemorrhages on the skin and gill 
necrosis, (c) microphotograph of carp gills infected with CEV 
(outbreak in 2019). There is occlusion of interlamellar spaces due to 
cellular debris and hypertrophy of epithelial cells. Intracytoplasmic 
inclusions were not observed. (H&E staining, 10 × 40) [Colour 
figure can be viewed at wileyonlinelibrary.com]

(a)

(b)

(c)

www.wileyonlinelibrary.com
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3.5 | Sequencing of CEV-positive isolates

All Croatian CEV isolates belonged to CEV genogroup I. Four 
distinctive sequences were obtained: the four pooled samples, 
135-9-2015, 153-7-2016, 90-2016 and 41-2019, had the same se-
quence as several samples from Serbia, Hungary and Austria. Two 
sequences, 79-2017 and 79-2016, were grouped together with 
a sequence from Poland, while sequence 37-2018 was identical 
with several sequences obtained from samples of common carp 
from the UK, Poland and Germany. The last sequence, 149-7-2016, 
was identical with the sequence obtained from a sample of com-
mon carp from Hungary (Figure 4). Furthermore, the phylogenetic 
analysis revealed that the virus isolated from the mortality event 
in the artificial lake in 2019 had the same sequence as the isolate 
from the CEV-positive farm from which the carp had been intro-
duced into the artificial lake for stocking. This indicated that the 

outbreak can be correlated with the introduction of CEV-positive 
fish into the lake.

4  | DISCUSSION

Viral diseases are the greatest threat for intensive aquaculture. 
The infection of carp with two viruses with a large DNA genome, 
KHV and CEV, seems to be the most severe risk for common carp 
aquaculture in Europe (Steinhagen et al., 2016; Way et al., 2017). 
Considering the economic importance of common carp aquacul-
ture in Croatia, we studied the presence of these two viruses in 
national aquaculture facilities and in open waters. Although these 
viruses are widespread in European aquaculture, their compara-
tive prevalence has been less well studied, mainly due to the lack 
of diagnostic tools for detecting CEV. This virus does not grow in 

TA B L E  2   Samples tested positive either for KHV or CEV or a co-infection with KHV and CEV

Date Sample, no Location
Water 
temp. (oC) Clinical signs Size of fish (g)

Results of testing

qPCR for KHV 
(Cq value)

qPCR for CEV 
(Cq value)

24/09/2015 135-9-2015 Carp farm 1
Osijek-Baranja County

25 Not notified 800–1200 Neg. 35.17

06/06/2016 78-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

21 Typical KHV 200–400 22.17; 30.72 (2a ) Neg

06/06/2016 79-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

21 Typical KHV 1,400 24.70; 26.48(2a ) 33.89

14/06/2016 88-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

22 Typical KHV 80–110 33.85 (1a ) Neg

14/06/2016 89-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

22 Typical KHV 100–500 33.82;33.41 (2a ) Neg

14/06/2016 90-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

22 Typical KHV 1,500 21.52–34.78 (3a ) 34.61

14/06/2016 91-2016
outbreak in 2016

Carp farm 2
Osijek-Baranja County

22 Typical KHV 1,300 30.41–33.85 (4a ) Neg

20/06/2016 96-2016
outbreak in 2016

Carp farm 3
Osijek-Baranja County

22 Typical KHV 70–150 24.81–37.52 (5a ) Neg

20/06/2016 98-2016
outbreak in 2016

Anglers’ pond 1
Požega-Slavonia 

County

22 Typical KHV 700–1500 37.35 (1a ) Neg

12/07/2016 149-7-2016 Carp farm 4
Karlovac County

26 Not notified n/a Neg 37.35

13/07/2016 153-7-2016 Carp farm 5
Bjelovar-Bilogora 

County

26.4 Not notified n/a Neg 38.28

20/07/2016 162-2016
outbreak in 2016

Anglers’ pond 2
Zagreb County

27 Typical KHV n/a 33.78–34.26 (2a ) Neg

10/08/2017 79-2017 Carp farm 6
Brod-Posavina County

27 Not notified n/a Neg 31.12

03/05/2018 37-2018
outbreak in 2018

Artificial lake 3
Split-Dalmatia County

18 KSD-like 5,000 Neg 27.58

07/05/2019 41-2019
outbreak in 2019

Artificial lake 4
Split-Dalmatia County

18 KSD-like 278–800 Neg 26.23

aNumber of positive pools. 
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any routinely used cell lines. Furthermore, PCR-based methods for 
detection were designed and published only very recently (Matras 
et al., 2017). This most likely led to a misdiagnosis of epizootic 
events caused by CEV in the past. The results of the present inves-
tigation show that CEV has been present in Croatian aquaculture 
since 2015. Indeed, there are indications of the presence of CEV in 
Europe as early as in the 1980s and CEV was linked to spring mor-
tality events of carp in the UK (Way et al., 2017). During the past 
decade, such spring mortality events were also noted in Croatia 
and mostly being reported in common carp populations from arti-
ficial lakes controlled by anglers. Samples of carp affected by these 
mortalities always tested negative for KHV and SVCV. However, 
due to insufficient knowledge and unavailable diagnostic tools for 

detecting CEV, the causes of these spring mortalities remained un-
explained (personal observation).

Although Croatia declared the status as being “free of KHV” 
in 2015 (Anon., 2015), the disease caused by this virus occurred 
in 2016 as reported here. The virus was detected in a limited area 
consisting of two farms under the same ownership. Unfortunately, 
the virus had also spread to two small artificial ponds controlled 
by anglers. Soon after the diagnosis of KHV in June 2016, an erad-
ication programme was successfully implemented on both farms 
and the small artificial ponds. On the farm where mortalities had 
started to occur in spring 2016 and in two artificial ponds, im-
mediate eradication measures were implemented. These included 
removal of fish, followed by draining and disinfection of ponds. 

F I G U R E  3   Phylogenetic analysis 
of the nucleotide sequence encoding 
the thymidine kinase of KHV (ORF55). 
The analysis was performed with 
tools available at www.phylo geny.
frwileyonlinelibrary.com] (Dereeper 
et al., 2008). Sequences were aligned 
with MUSCLE. A maximum likelihood 
phylogenetic analysis was performed 
with PhyML, and the phylogenetic 
tree was rendered with TreeDyn. The 
sequences obtained from the carp in 
Croatia (CROATIA_90-2016 GenBank ID: 
MN913971; CROATIA_96-2016 GenBank 
ID: MN913972, indicated in blue) were 
compared with sequences from Belgium, 
the Netherlands, the UK, Israel, the 
United States, Indonesia, Taiwan, China, 
Iran, Japan and Philippines. GenBank 
accession numbers for all sequences 
used are listed in the Supplementary 
file. The branch length is proportional 
to the number of substitutions per 
site. The branch supporting values are 
indicated in red. GenBank accession 
numbers (GenBank IDs) for all sequences 
used in the analyses are listed in the 
Supplementary file [Colour figure can be 
viewed at wileyonlinelibrary.com]

http://www.phylogeny.fr
http://www.phylogeny.fr


     |  681ZRNČIĆ et al.

F I G U R E  4   Phylogenetic analysis 
of the nucleotide sequence encoding 
the fragment of CEV P4a virion core 
protein. The analysis was performed 
with tools available at www.phylo geny.
frwileyonlinelibrary.com] (Dereeper 
et al., 2008). Sequences were aligned 
with MUSCLE. A maximum likelihood 
phylogenetic analysis was performed 
with PhyML, and the phylogenetic 
tree was rendered with TreeDyn. The 
sequences obtained from the carp in 
Croatia (CROATIA_135-9-2015 GenBank 
ID: MN906969; CROATIA_79-2016 
GenBank ID: MN906970; 
CROATIA_153-7-2016 GenBank ID: 
MN906971; CROATIA_79-2017 GenBank 
ID: MN906972; CROATIA_90-2016 
GenBank ID: MN906973; 
CROATIA_149-7-2016 GenBank ID: 
MN906974; CROATIA_37-2018 GenBank 
ID: MN906975; CROATIA_41-2019 
GenBank ID: MN906976, indicated in 
blue) were compared with sequences 
from Germany, Poland, Hungary, Serbia, 
the UK, China, South Korea, Japan and 
the United States. GenBank accession 
numbers for all sequences used are 
listed in the Supplementary file. The 
branch length is proportional to the 
number of substitutions per site. The 
branch supporting values are indicated 
in red. Sequences indicated with * 
(AUSTRIA_A-114/17, AUSTRIA-A-124/17, 
AUSTRIA-A-240/17, AUSTRIA-A-045/18, 
AUSTRIA-A-107/18, AUSTRIA-A-152/18, 
AUSTRIA-A-166/18, AUSTRIA-A-234/17, 
AUSTRIA-A-235/17) were reversed and 
left with their original crop from GenBank 
which does not always cover the 357 bp 
routinely used in phylogenetic analyses. 
GenBank accession numbers (GenBank 
IDs) for all sequences used in the 
analyses are listed in the Supplementary 
file [Colour figure can be viewed at 
wileyonlinelibrary.com]

http://www.phylogeny.fr
http://www.phylogeny.fr
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While on the second carp farm eradication efforts were post-
poned until 2018 due to a need for continuing commercial activi-
ties and reducing the economic damage as much as possible. Fish 
with commercial value were slaughtered in an authorized slaugh-
terhouse and used for human consumption.

When samples from the official KHV surveillance programme 
were used for a CEV screening, the presence of co-infections with 
KHV and CEV was confirmed in some samples. The detection of 
co-infections caused by those two viruses may complicate the di-
agnosis of viral epizootics in common carp. A recent publication on 
koi suggested that in the case of co-infection with several patho-
gens, the observed mortality of individual fish could not only be 
caused by an interaction of two or more pathogens but also by 
different pathogens even among a small cohort of fish (Adamek, 
Teitge, & Steinhagen, 2019). As CEV and KHV cause very similar 
clinical signs, especially those related to the gill pathology, it could 
be speculated that CEV outbreaks have been overlooked in the 
past and were assigned to other pathogens such as KHV, bacteria 
and parasites.

The only potentially useful clinical distinction between these 
two viruses is the temperature optimum for outbreaks. Outbreaks 
caused by CEV genogroup I, which is usually present in European 
carp culture, seem to occur mainly below 18°C (Way et al., 2017). 
This is also considered the lowest temperature range for a clini-
cal outbreak of KHVD (Pokorova et al., 2005; Rakus et al., 2013). 
Interestingly, both mortality outbreaks in common carp due to CEV 
in artificial lakes in the southern part of Croatia occurred during a 
sudden increase in water temperature during the spring months, at 
a water temperature of 18°C. Despite the fact that there were no 
notifications of increased mortalities nor of any clinical signs in carp 
from the other farms found to be CEV-positive, it should be empha-
sized that these samples were collected during the warmer months 
of the year. Unlike on the CEV-positive farms, on the farm where 
the co-infection of CEV and KHV was diagnosed, increased mor-
talities and the presence of clinical signs resembling that of KHVD 
were notified as early as in mid-April with a water temperature of 
16°C. On this farm, all samples collected during April and May were 
KHV- and CEV-negative which is a puzzling result, underlining some 
other causes of mortality in the initial phase of the outbreak which 
could predispose the fish to the viral disease outbreak. However, 
clinical signs and mortalities continued during May and the samples 
collected in mid-June were found to be KHV-positive. When observ-
ing the disease and mortality pattern, it is possible to hypothesize 
that the viruses replicate more intensely during their optimal tem-
perature regime. Hence, during the co-infection at temperatures 
above 20°C, the viral genomic loads were much higher for KHV 
(Cq 24,70 and 21.52) than for CEV (33.89 and 34.61), as shown in 
Table 2. On the contrary, during the overt clinical outbreaks linked 
with CEV in artificial lakes, the Cq values for CEV were much lower 
(27.58 and 26.23), indicating a more intense replication of the virus 
during lower water temperatures, which were reported as being op-
timal for the virus by different authors (Vesely, Pokorova, Reschove, 
& Piackova, 2015; Way et al., 2017). In neighbouring countries of 

Croatia, Hungary and Serbia, higher CEV loads were detected and 
could be associated with clinical outbreaks of KSD. Furthermore, 
it seems that environmental factors and other putative pathogens 
might interfere and aggravate the clinical signs (Adamek et al., 2019). 
However, more studies should be undertaken to elucidate the cor-
relation between temperature and virus replication in the case of 
CEV, as this phenomenon cannot be verified solely based on field 
samples.

Phylogenetic analyses indicated that isolates of both viruses, 
KHV and CEV, from Croatian aquaculture belong to the European 
genetic groups of the viruses. The genetic diversity of KHV is 
limited, and this was also confirmed for the Croatian isolates. All 
Croatian CEV isolates, similar to nearly all CEV isolates from com-
mon carp in Europe and the United States, belong to genogroup 
I. According to our analyses, all sequences from CEV can be al-
located only to two genogroups, I and II, with several distinctive 
clades in each genogroup. The genogroup II is more divergent and 
sometimes is divided into the genogroups IIa and IIb (Adamek et al., 
2018; Matras et al., 2017). Recently, it was proposed to include 
CEV isolates from Austria in additional genogroups IIIa and IIIb 
(Soliman, Lewisch, & El-Matbouli, 2019). In the current analysis, we 
were not able to replicate this result. However, we noticed that 
the sequences belonging to the proposed genogroup III and which 
were submitted to the GenBank showed the sequence of nucleo-
tides in a reverse order, and after reversing the order back, these 
sequences belonged to genogroups I and II (Figure 4). As we were 
not using the same type of analyses as were applied by Soliman 
et al. (2019), the existence of genogroup III should be further in-
vestigated. Nevertheless, the phylogenetic analyses of the current 
study indicated that there could be a geographical relationship be-
tween the different CEV isolates. Some of the isolates from our 
study share a high similarity of sequences (up to 100%) with iso-
lates originating from neighbouring countries or even from neigh-
bouring regions. Furthermore, apart from sequence homology of 
isolates, our epidemiological investigation can putatively link the 
CEV mortality event in 2019 (isolate 41-2019) in an artificial lake to 
the transfer of fish from a Croatian carp farm (isolate 153-7-2016) 
to this artificial lake (Table 2 and Figure 1 and Figure 4). This indi-
cates that the transfer of CEV-infected fish is an important factor 
contributing to the spread of the virus.

Meanwhile, it is more difficult to correlate the two different 
sequences of the isolates 79-2016 and 90-2016 obtained from the 
same carp farm but from different ponds. While isolate 90-2016 
shares a similar sequence with Hungarian, Serbian and Polish iso-
lates, the sequence of the isolate 79-2016 mostly resembled the 
sequence of Polish isolates (Figure 4). Moreover, in both ponds, a 
co-infection of KHV and CEV was detected. In summary, it seems 
that within Europe, trade movements of different groups of common 
carp are very dynamic, may occur over long distances and therefore 
enable the transfer of different strains of pathogens.

The persistence of CEV in an infected population or a contam-
inated environment has not been studied well. While KHV can in-
duce a lifelong latency in infected fish (Eide et al., 2011), poxviruses 
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lack this ability because their DNA replicates in the cytoplasm of 
the infected cell, not in the nucleus as in the case of herpesviruses. 
However, poxviruses of higher vertebrates seem to have a sur-
prisingly high ability to persist in the environment (Sinclair, Boone, 
Greenberg, Keim, & Gerba, 2008). Thus, CEV could possibly also 
persist in the environment or in carp populations by infecting dif-
ferent individuals one after the other. However, this has not been 
sufficiently studied in fish. The data presented here suggest that the 
CEV infection was transferred from a carp farm to a natural pond by 
the transfer of fish, which most likely carried a subclinical infection.

Recently, Matras, Stachnik, Borzym, Maj-Paluch, and Reichert 
(2019) postulated that heterologous species such as bleak, crucian 
carp, Prussian carp, European perch, roach and tench may play a 
role as vectors in CEV epidemiology. They found a specimen of the 
mentioned warm-water fish species to be CEV-positive 72 hr after 
co-habitation with CEV-infected common carp. Furthermore, they 
confirmed that the fish still harboured the virus up until 42 days 
post-exposure. The ability of these heterologous fish species to 
transfer the virus and infect susceptible carp or its coloured variety, 
koi, remains to be evaluated.

KHV seems to have both abilities: latency in leucocytes and 
other tissues (Eide et al., 2011) that can be reactivated by tempera-
ture stress (Baumer, Fabian, Wilkens, Steinhagen, & Runge, 2013; 
Fabian, Baumer, Adamek, & Steinhagen, 2016) and the ability to per-
sist in water or in pond sediments (Honjo, Minamoto, & Kawabata, 
2012). It may be also transferred by the population of the fish during 
the entire production cycle. In temperate climates, this includes 
the persistence of KHV in periods when the water temperature is 
non-permissive for the virus to cause disease outbreaks. All these 
findings directed at the necessity of both pond ground disinfection 
and introduction of virus-free fish aim to prevent further KHV dis-
ease outbreaks and spreading to open waters (Flamm et al., 2016) 
in eradication programmes following a KHV outbreak. This kind of 
eradication procedure was successfully implemented in Croatia. 
Since in the case of CEV there are still knowledge gaps regarding 
the spreading of the virus and its persistence in the environment, 
even more caution should be taken to prevent outbreaks and losses 
in common carp ponds and in open waters. It should be taken into 
consideration that the fish found infected with CEV in the karst lakes 
of Croatia in the current study were virus carriers and the virus could 
be spread to different effluents associated with these huge waters.

The results of the KHV and CEV testing showed a relatively high 
prevalence of CEV in Croatian carp aquaculture, while KHV seems 
to be successfully eradicated. The findings of the CEV sequence di-
versity imply intense trading of carp between different EU countries 
without implementing the necessary awareness of the risk of virus 
spreading. Therefore, even if CEV is not a listed pathogen, to pre-
vent it from spreading to open waters and to preserve the natural 
population therein, it is of utmost importance to introduce regular 
testing for the presence of CEV at least before moving carp to open 
waters or to perform testing of all carp farms in the country to deter-
mine CEV prevalence for the purpose of implementation of control 
measures.
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