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1  |  INTRODUC TION

Cyprinid herpesvirus 2 (CyHV-2), a member in the family 
Alloherpesviridae, is the causative agent of herpesviral haematopoietic 
necrosis (HVHN) in goldfish (Carassius auratus auratus) and Prussian carp 
(C. gibelio) (Daněk et al., 2012; Jung & Miyazaki, 1995). CyHV-2 is highly 
transmissible and causes mass mortalities in goldfish and Prussian carp, 
and cumulative mortality rates of these two fish species may exceed 
90% (Ito & Maeno, 2014; Daněk et al., 2012). Since CyHV-2 was first of-
ficially reported in Japan, cases associated with this viral infection have 
been observed all over the world (Thangaraj et al., 2021). The virus was 
detected not only from fish in aquaculture but also in fish from nat-
ural waters such as lakes and rivers, possibly due to illegal release of 

goldfish infected with CyHV-2 into natural waters (Becker et al., 2014). 
Currently, most of CyHV-2 associated mortalities were reported from 
fish farms and data from natural environment are still limited.

In 2011 and 2015, mass mortalities of Prussian carp were experi-
enced in the western part of the Netherlands. CyHV-2 infection was 
suspected in these cases based on presumptive gross diagnosis. To elu-
cidate the cause of these mass mortalities, diagnostic PCR assays were 
performed based on the helicase gene of CyHV-2 (Waltzek et al., 2009). 
Furthermore, the viral isolates were genotyped by sequencing the en-
larged marker A (mA) and marker B (mB) sequences (Boitard et al., 2016; 
Ito et al., 2017). In the Netherlands, in 2016 and 2020, a total of three 
CyHV-2 newer associated mass mortalities of Dutch Prussian carp 
were diagnosed (Wageningen Bioveterinary Research or WBVR, own 
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Abstract
In 2011 and 2015, four mass mortalities of Prussian carp (Carassius gibelio) were ob-
served in a recreational freshwater lake and open freshwater in the western part of 
the Netherlands. Cyprinid herpesvirus 2 (CyHV-2) infection was suspected in these 
cases, based on presumptive gross diagnosis. To elucidate the cause of the mass mor-
talities diagnostic PCR assays were performed for CyHV-2, based on the helicase gene. 
Furthermore, the viral isolates were genotyped by sequencing the enlarged marker A and 
marker B sequences. Diagnostic PCR revealed that three of four samples were positive 
for CyHV-2, indicating these three mass mortalities were associated with CyHV-2 infec-
tion. The marker A sequence from one of the isolates found in this study was identical to 
those from different locations such as Asia and Middle East, suggesting a link among the 
isolates. This is the first detailed report on mass mortalities of Prussian carp associated 
with CyHV-2 infection in natural aquatic environments in the Netherlands. Since 2015, 
additionally, in total three CyHV-2 associated outbreaks of Dutch Prussian carp were 
seen in 2016 and 2020. These outbreaks in Prussian carp from lakes and open water sug-
gest that the virus has been spreading in natural freshwaters in the Netherlands.
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findings). Strains of CyHV-2 from these cases were not studied in this 
paper, but their clinical pathology is reflected on in the discussion.

2  |  MATERIAL S AND METHODS

2.1  |  Fish

When mass mortalities were observed in 2011 and 2015 in Prus-
sian carp in a recreational freshwater lake and in open freshwater in 
the western part of the Netherlands, live, moribund or freshly dead 
Prussian carp were collected at these sites for diagnostics (Table 1). 
The Prussian carps were killed and were dissected for necropsy, in-
cluding investigation for bacterial isolations and presence of ecto- 
and endo-parasites. Tissue samples were taken from the gills and the 
internal organs (spleen, heart and kidney) for virus isolation, quanti-
tative PCR (for diagnosis) and PCR (for genotyping).

2.2  |  Diagnostic laboratory tests at WBVR

The organs were pooled per batch of fish and processed to a 10% (w/v) 
suspension. Virus isolation was performed on FHM- (fathead minnow) 
and EPC- (Epithelioma papulosum cyprini) cells (EURL, 2021). In paral-
lel, pooled gills and kidneys from each case of specimens for qPCR/PCR 
were fixed in EtOH (96–99%), and genomic DNA was isolated using the 
Qiagen DNA/Tissue Mini-Kit (Qiagen, Hilden, Germany). The qPCRs 
for CyHV-3 (Gilad et al., 2004) and CyHV-2 (Goodwin et al., 2006) were, 
respectively, performed and analysed on ABI 7500 Fastsystems (Ap-
plied Biosystems, Massachusetts, United States). The inoculated agar 
plates for bacteriology were incubated during 7 days at 22°C.

2.3  |  Polymerase chain reactions for genotyping 
CyHV-2 isolates at FRA

Conventional PCRs were performed for the helicase gene, mA and 
mB sequences (Ito et al.,  2017). The reactions were performed 

using primer sets for the helicase (CyHV2HelF and CyHV2HelR; 
Waltzek et al.,  2009), mA (oPVP383 and oPVP382; Boitard 
et al., 2016) and mB sequence (oPVP384 and oPVP385; Boitard 
et al., 2016) as described by Ito et al.  (2017). The reverse primer 
for mA sequence, oPCP382, originally developed by Boitard 
et al.  (2016), did not amplify the target DNA fragment very well 
so that additional reactions were performed using a primer set, 
oPCP383 and oPVP383up3 (5′-TAAAA​TAA​AAA​TGA​ATC​AAA​
ACCAAC-3′), which amplifies the larger DNA fragment encom-
passing the mA target region (enlarged mA). All the amplified DNA 
fragments were sequenced. A commercially available software, 
Geneious Prime® ver. 2022.0.1, was used for cleaning up the se-
quencing results and calculating similarities of the gene sequences 
(Auckland, New Zealand).

2.4  |  Phylogenetic analysis

A phylogenetic analysis was performed using the enlarged mA se-
quences obtained in this study along with others available in the 
NCBI GenBank database as described previously (Table  2; Soto 
et al., 2017). The helicase and mB sequences were not used for the 
sequence analysis because the sequences were nearly identical, and 
substitutions or insertions/deletions were rarely observed among 
the isolates.

3  |  RESULTS

3.1  |  Mass mortality events and clinical signs

During the four mass mortalities of Dutch wild Prussian carp in 2011 
and 2015, high mortalities were recorded, (Haenen et al.,  2016), 
whereby the water temperature in outbreaks 2–4 (positive for 
CyHV-2) varied from 20 to 25°C (Table 3). In the three positive cases 
of CyHV-2, their Ct values in the qPCR test of the 10−2 diluted organ 
suspensions were low (Ct ≤ 20), a sign of high amounts of the virus 
(Table 3).

Japan FRA ID WBVR-NL ID Sampling date Location

NL-C.gibelio-1 11005487 March 25th, 2011 Wollebrand Recreational Lake, 
Honselersdijk, the Netherlands

NL-C.gibelio-2 11009701 May 26th, 2011 Open freshwater, Waddinxveen, 
the Netherlands

NL-C.gibelio-3 11015272 August 29th, 2011 Open freshwater, Polder de 
Noordplas, Zoetermeer, the 
Netherlands

NL-C.gibelio-4 15009145 June 9th, 2015 Wollebrand Recreational Lake, 
Honselersdijk, the Netherlands

Abbreviations: FRA: Japan Fisheries Research and Education Agency; WBVR-NL: Wageningen 
Bioveterinary Research in the Netherlands.

TA B L E  1 Prussian carp (Carassius 
gibelio) mass mortalities in Dutch 
freshwaters in the Netherlands.
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3.2  |  PCR and sequencing reactions for genotyping 
CyHV-2 isolates

For the helicase and mB sequence of CyHV-2, DNA bands were am-
plified at the expected target sizes in the NL-C.gibelio 2 through 4, 
however, such DNA bands were not observed in the NL-C.gibelio 1 
(Figure 1a,d). The DNA sequences of helicase and mB amplified in 
the NL-C.gibelio two through four were almost identical to those of 
the reference strain, SaT-1 (BLASTN search results: ≥99.7%).

Similar to the helicase and mB sequence, DNA bands were 
observed at the expected size for the enlarged mA sequence 
(Figure  1b,c). Notably, an extra band was amplified in the NL-C.
gibelio 2 for the mA and enlarged mA (Figure  1b,c). For the en-
larged mA sequence, both of the DNA fragments amplified in the 
NL- C.gibelio 2 (560 and 677 bp, Figure 1c) showed a high similarity 
to the mA sequence of the reference strain, but deletions of repeats 
were observed in the shorter DNA fragment (Figure 2, Supplemental 
Information 2–4).

4  |  DISCUSSION

Haenen et al.  (2016) reported the first mass mortalities of Prus-
sian carp associated with CyHV-2 infection in natural freshwaters 
in the Netherlands in 2011, and subsequently in 2015, and then did 

not describe details. Such mortality events in Prussian carp from a 
recreational freshwater lake and open freshwater suggest that the 
virus has spread in the natural waters in this country. The suscepti-
ble species, Prussian carp has been found all over the Netherlands 
(Schiphouwer et al., 2014), so, the virus might be more spread than 
only in the Mid-Western part of this country. This was already partly 
confirmed, given the fact, that since 2015 three more mass mor-
talities of Prussian carp were diagnosed in the Netherlands, caused 
by CyHV-2: apart from one in 2016 in the Mid-West part (Ct non-
diluted: 12), two subsequent CyHV-2 related mortalities were diag-
nosed in 2020 in one water area, in the North-Western part (WBVR, 
own findings) (Ct values non-diluted: 12, and 14, respectively). It is 
expected that more outbreaks will follow, also, because C. gibelio is 
present in all regions of the Netherlands (Schiphouwer et al., 2014).

Comparison of the mA sequences provided insight into the 
link of the CyHV-2 isolates. The mA sequence of NL-C.gibelio-3 
is identical to those of AMS-1, −3, and SaT1 isolates (Figure  2, 
Supplemental Information 2). Among these isolates, AMS-1 
and -3 were found in goldfish imported from Singapore and Is-
rael, respectively, into the Netherlands in 2014 (Ito et al., 2017). 
In contrast, SaT1 was isolated from diseased Calico Goldfish in 
Japan over 20 years ago (Ito et al., 2013). The NL-C.gibelio-3 was 
detected from Prussian carp in the natural environment in the 
Netherlands (this study). Regardless of the locations and years of 
sampling, those CyHV-2 isolates share the identical mA sequence, 

F I G U R E  1 Conventional PCR on CyHV-2 isolates from Prussian carp (C. gibelio) from the Netherlands. M: molecular weight marker; P: 
positive control; N: negative control; 1: NL-C.gibelio 1; 2: NL-C.gibelio 2; NL-C. 3; NL-C.gibelio 3; 4: NL-C.gibelio 4.

(a) (b)

(c) (d)
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suggesting that these isolates are somehow related to each other. 
One possible explanation is that the CyHV-2 isolate found in Japan 
over 20 years ago spread to other countries in Asia and the Mid-
dle East, and later entered the Netherlands. In any case, measures 
implemented at quarantine facilities at airports and ports may not 
be sufficient to prevent introduction of CyHV-2. This is partly due 
to the nature of CyHV-2; fish naturally infected with CyHV-2 usu-
ally do not show prominent external signs (Ito et al., 2013; Jung & 
Miyazaki, 1995). Furthermore, CyHV-2 can establish a persistent 
or latent infection (Wei et al.,  2023). Therefore, introducing live 
goldfish from global imports has a high-risk regarding spreading 
CyHV-2, subsequently causing mass mortality events associated 
with this viral infection.
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