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ABSTRACT: Herpesviral haematopoietic necrosis has caused great economic damage to goldfish
Carassius auratus aquaculture in Japan. The existence of cyprinid herpesvirus 2 (CyHV-2), the
causative agent, has also been reported from several other countries. To prevent spread to other
areas, basic virological information such as viral kinetics in infected fish is essential. Experimental
infection trials using reliably prepared CyHV-2 for defining viral kinetics are difficult to carry out
because successful and sustainable propagation of this virus in cell culture has previously been
limited. Here we describe a method for sustainable propagation of CyHV-2 in cell culture, and the
results of fish infection experiments using the propagated virus. We found that goldfish fin (GFF)
cells and standard Ryukin Takafumi (SRTF) cells established from goldfish fin can be used for continuous propagation of CyHV-2. Experimental infections using 2 varieties of goldfish, Ryukin and
Edonishiki, were performed with the virus passaged 7 times in GFF cells. In transmission experiments with water temperature at 20°C, cumulative mortality was 30% in Ryukin infected by
immersion, and 90 and 100% in Edonishiki and Ryukin intraperitoneally injected with the virus,
respectively. In an experiment carried out at 25°C, 90% of Edonishiki challenged by immersion
died. PCR detection of viral DNA from the organs of infected fish showed that systemic infection
occurs and also that the kidney is a main viral multiplication site. Moreover, CyHV-2 was successfully re-isolated in GFF cells from the dead fish.
KEY WORDS: Herpesviral haematopoietic necrosis · Cyprinid herpesvirus 2 · Goldfish fin (GFF)
cells · Experimental infection · Viral kinetics
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Herpesviral haematopoietic necrosis (HVHN) has
caused great economic damage to goldfish Carassius
auratus aquaculture in Japan since it was initially
reported in 1992 (Jung & Miyazaki 1995, Aichi Prefec-

ture 2008). The disease is now recognized as a major
pathogen of goldfish not only in Japan but also in
the USA (Groff et al. 1998, Goodwin et al. 2006a),
Taiwan (Chang et al. 1999), Australia (Stephens et al.
2004), New Zealand (Hine et al. 2006) and the UK
(Jeffery et al. 2007). The causative virus of the disease
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was named goldfish haematopoietic necrosis virus
(GFHNV) in the first report (Jung & Miyazaki 1995),
and as this virus is the second herpesvirus isolated
from a cyprinid species, it was formally designated as
the species Cyprinid herpesvirus 2 (CyHV-2) following the rules for nomenclature of the International
Committee on the Taxonomy of Viruses. Although it
was thought that this virus shows virulence only to
goldfish, Wang et al. (2012) reported that mass mortality caused by CyHV-2 infection occurred in Prussian
carp Carassius gibelio in China. Furthermore, Daněk
et al. (2012) detected this virus from the same species
in the Czech Republic. These reports suggest that this
virus has been spreading by movement of diseased or
carrier fish and also that CyHV-2 has the potential to
infect other species of the genus Carassius.
To prevent further spread of this disease to other areas and to potential new hosts, information relating to
viral kinetics in fish, epidemiology and development
of control measures is clearly essential. However,
studies based on experimental infection trials using
cultured virus, as a reliable infectious inoculum, are
difficult to carry out, because isolation from diseased
fish and subsequent continuous propagation of this
virus in cell culture has been limited (Jung &
Miyazaki 1995, Li & Fukuda 2003). Jung & Miyazaki
(1995) reported isolation of CyHV-2 using fathead
minnow (FHM) cells. However, CyHV-2 could not be
propagated beyond the fourth passage. Jeffery et al.
(2007) and Wang et al. (2012) also reported isolating
CyHV-2 using koi fin (KF-1) cells, but the isolated
virus was not continuously propagated in either study.
In another case, Li & Fukuda (2003) succeeded in the
propagation of the virus using goldfish fin (GFF) cells,
and Waltzek et al. (2005, 2009a,b) also reported propagation of the virus using goldfish fin (GF-1) cells. It
should be noted that GFF and GF-1 are the same cell
line originally distributed by H. Fukuda. To date, the
study by Jung & Miyazaki (1995) is the only report of
experimental infection via intraperitoneal injection
with cultured virus. To date, no report has documented experimental infection by viral immersion.
Here we describe a method for sustainable propagation of CyHV-2 using the GFF cell line (Li & Fukuda
2003) and a newly established cell line also from goldfish fin (standard Ryukin Takafumi, SRTF). Experimental infections of 2 varieties of goldfish (Ryukin and
Edonishiki) were performed using virus that had been
passed 7 times in cell culture as an inoculum, at 2
water temperatures (20 and 25°C). In addition, the organs of Edonishiki experimentally infected by immersion were tested to investigate the prevalence of viral
DNA at selected intervals following viral exposure.

MATERIALS AND METHODS
Cell line
Three cell lines, GFF (Li & Fukuda 2003), SRTF and
Ryukin fin (RKF) from the fin of Ryukin goldfish, were
prepared for this study. The GFF cell line was established at the Tokyo University of Marine Science and
Technology, and the SRTF and RKF cell lines were
established in the Tamaki laboratory of the National
Research Institute of Aquaculture (NRIA).
Cultures of these cell lines were maintained in
minimum essential medium (MEM; Mediatech) supplemented with 10% foetal bovine serum (FBS; Equitech-Bio) and antibiotics (100 U penicillin ml−1 and
100 mg streptomycin ml−1). For successful attachment and growth, SRTF cells required the flasks to
be coated with collagen type I (e.g. IWAKI code no.
4100-010). All cell lines were maintained at 25°C.
Sub-culture of these cell lines was carried out once
every 2 to 3 wk at a split ratio of 1:2 or 1:3.

Virus
The virus used for the present study was the
CyHV-2 Saitama-1 (SaT-1) isolate which was isolated
in GFF cells from diseased calico goldfish in Saitama
Prefecture, Japan, in 1999. The original virus was
passed once through goldfish at 24.1°C by intraperitoneal injection into 6 individuals of Wakin goldfish
(average body weight 12.2 g) obtained from a retailer. After the injection, 1 fish died on Day 7 and
another on Day 12. The homogenate of pooled kidney from both dead fish was inoculated onto monolayers of GFF cells at 20°C for re-isolation of the
virus. CyHV-2 SaT-1 isolate recovered from these
cultures was used for further studies.

Method for continuous propagation of
the virus in cell culture
To examine the passage of CyHV-2 in GFF cells,
SRTF cells and RKF cells, an aliquot (500 µl) of the
viral stock after centrifugation (400 × g, 10 min, 4°C)
was inoculated into newly sub-cultured cell suspensions in 25 cm2 flasks, and then these flasks were
incubated at 25°C. If, after 7 d incubation, the cytopathic effect (CPE) had not progressed to affect at
least 30% of the monolayer, then infected cells were
sub-cultured after addition of new medium to the
existing medium in the flask, at a split ratio of 1:2 or
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1:3. The virus was sub-cultured by these methods
7 times, after which aliquots of the cell culture supernatant containing CyHV-2 were placed in 3.6 ml cryo
tubes (Nunc®, Thermo Fisher Scientific) and stored
at −85°C until use. One aliquot was thawed, and each
of the 8-well columns of 96-well microplates, seeded
with newly sub-cultured GFF cell suspensions, was
inoculated with serial 10-fold dilutions of virus stock
and incubated at 25°C to obtain the TCID50 titre of
the viral stock used in subsequent experiments.

Fish
Two varieties of goldfish, Ryukin and Edonishiki,
were used for experimental infections. Ryukin and
Edonishiki were bred from CyHV-2-free broodstock
at the Tamaki laboratory, NRIA. Eggs of both strains
were disinfected with iodophor (200 mg l−1, 15 min)
immediately after fertilization. Fry of both varieties of
goldfish were fed water fleas (Daphnia sp.) until 14 to
21 d after hatching and were fed commercial pellets
(Saki-Hikari®, Kyorin) afterwards. All stages were
maintained in well water to prevent, as far as possible, any infection from pathogens.

Detection of viral DNA from fish by PCR
For the specific detection of CyHV-2, the PCR
(polymerase chain reaction) described by Waltzek et
al. (2009b) was employed. The DNA template for
positive control was extracted from the supernatant
of virus-infected cell cultures using InstraGene™
Matrix (Bio-Rad Laboratories). For samples of each
organ of the experimentally infected fish, total DNA
was extracted from tissues using the Gentra Puregene Tissue Kit (Qiagen). The PCR reaction mixture
used was TaKaRa Ex Taq® Hot Start Version
(TaKaRa) according to the manufacturer’s protocol.
The thermocycling profile was performed according
to published protocols (Waltzek et al. 2009b).
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as the negative control. Fish of the third group were
immersed for 1 h in the supernatant of virus culture
(102.1 TCID50 ml−1) diluted at 1:1000 with well water.
Edonishiki were divided into 2 groups of 10 fish each.
One group was IP injected with 0.1 ml of the viral culture supernatant (102.1 TCID50 ml−1). The other group
was injected with cell culture medium as the negative control. All experimental groups were kept in
60 l tanks at 20.7°C and fed a commercial diet (SakiHikari®, Kyorin) once a day and were observed over
a 4 wk period. The caudal fin, gill, brain and kidney
of all dead fish and surviving fish were tested for
CyHV-2 by PCR (Waltzek et al. 2009b) as described
above. The kidneys of Ryukin that died from IP injection with the virus were used for virus re-isolation.
The experimental design and fish size of each group
in the experiment are summarized in Table 1.

Infection experiment 2
Sixty Edonishiki individuals were divided into 3
groups of 20 fish each. Fish of 2 groups were
immersed for 1 h in the viral culture supernatant
(102.1 TCID50 ml−1) diluted at 1:1000 with well water.
The third group was immersed similarly in diluted
cell culture medium without the virus as a negative
control. Experimental groups were kept in 60 l tanks
at 25.0°C and fed commercial diet (Saki-Hikari®,
Kyorin) once a day. Fish of one infected group and
the negative control group were observed for cumulative mortality for 31 d. To investigate the prevalence of the CyHV-2 among the organs after infection, the second group of infected fish was sampled
on selected days (Days 1, 4, 8, 11, 13, 14, 15 and 17)
following viral exposure by immersion, and the caudal fin, gill, heart, intestine, spleen, brain and kidney
of 3 of the surviving fish and all dead individuals
were tested for CyHV-2 by PCR. The kidneys of all
infected fish of the group for mortality observations
were used for virus re-isolation. The experimental
design and fish size of each group in the experiment
are summarized in Table 1.

Infection experiment 1
Virus re-isolation from experimental fish
We used 30 Ryukin and 20 Edonishiki individuals.
Ryukin were divided into 3 groups of 10 fish each.
Fish of one group were intraperitoneally (IP) injected
with 0.1 ml of supernatant of virus-infected cell culture of the GFF cell line with a titre of 102.1 TCID50
ml−1 (titrated in the GFF cell line). The second group
was injected with cell culture medium without virus

In Expt 1, homogenate of kidney from the dead fish
was prepared using approximately 50 times volume
of MEM and filtered (0.45 µm). Then 500 µl of the
inoculum were added to a 25 cm2 flask containing a
freshly prepared suspension of GFF cells (approximately 1 × 105 cells ml−1) in 10 ml of MEM. In Expt 2,
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Table 1. Carassius auratus. Experimental design, and mean ± SD of total length and body weight of fish used in this study
Experiment

Variety

Treatment

n

Total length (cm)

Body weight (g)

1

Ryukin

Intraperitoneal injection
Immersion
Negative control
Intraperitoneal injection
Negative control

10
10
10
10
10

7.41 ± 0.66
7.35 ± 0.51
7.50 ± 0.56
6.03 ± 0.76
5.56 ± 0.48

11.2 ± 1.98
10.1 ± 2.10
11.8 ± 2.00
8.64 ± 2.38
7.34 ± 1.42

Immersion
Group for mortality observation
Group for sampling
Negative control

20
20
20

7.02 ± 0.62
6.82 ± 0.55
6.56 ± 0.42

14.4 ± 2.85
13.5 ± 3.03
13.1 ± 2.60

Edonishiki
2

Edonishiki

the homogenate of the kidney was prepared in the
same manner as in Expt 1. Culture medium of GFF
cell monolayer that was 1 d old was removed from
the prepared flask, and 500 µl of the inoculum were
added and absorbed at 25°C for 1 h, and then fresh
medium supplemented with 10% FBS was added to
the flask.

experimental infections in this study. In addition,
propagation of the virus at 15, 20 and 25°C was
investigated in advance, and it was observed that the
completion was most rapid at 25°C. Consequently,
CyHV-2 was propagated using GFF cells sustainably
beyond 12 passages by the method described in
‘Materials and methods’.

Statistical analysis

Infection experiment 1

The statistical difference between each infected
group and negative control group was determined by
Fisher’s exact test. Differences at p < 0.01 were considered significant.

Cumulative mortality curves of Expt 1 and results of
CyHV-2 DNA detection by PCR and re-isolation of the
virus from dead fish are shown in Fig. 2a and Table 2.
The fish inoculated with the virus showed cumulative
mortality of 30%, after immersion infection of Ryukin,
and 90 and 100% after IP injection of Edonishiki and
Ryukin, respectively. The mortality rates in the IP injection group of Ryukin and Edonishiki were significantly higher compared with the respective negative
controls. The mortality in the immersion group of
Ryukin was not significantly different.
CyHV-2 DNA was detected in all tested organs of
all dead fish in the IP-injected Ryukin. In the group of
immersed Ryukin, viral DNA was detected by PCR
from a surviving fish as well as a dead fish. Positive
rates of detection were particularly high from gills
and kidney. In the group of infected Edonishiki, viral
DNA was detected from the kidney of all dead and
surviving fish. There was no mortality in either of
the negative controls, and viral DNA was not detected from the kidney of the negative control of
either variety.
Using a freshly prepared GFF cell suspension,
virus was re-isolated from only 20% (2/10) of dead
IP-injected Ryukin. In this trial, extensive cytotoxicity
effect (CTE) was observed from the 8 other samples.
It is possible that the kidney homogenate might be
toxic to freshly prepared suspensions of GFF cells.

RESULTS
Sustainable propagation of CyHV-2 using cell lines
Sustainable propagation of CyHV-2 was successful
in GFF cells and SRTF cells, whereas no CPE was
observed in RKF cells. The CPE induced by CyHV-2
in GFF and SRTF cell cultures was similar and was
characterized by granulation, cytoplasmic vacuolization, syncytium formation in focal areas and the
appearance of rounded bright cells (Fig. 1). Holes
appeared in the cell monolayer at 7 to 10 d post inoculation, where cells had detached from the plastic
substrate.
The appearance of CPE was more rapid in SRTF
than in GFF cell cultures, and the sensitivity of SRTF
cells to CyHV-2 was higher than GFF cells (data not
shown). However, the cost of maintaining SRTF cells
is higher than GFF cells, since SRTF requires the
flask to be coated with collagen, which is expensive,
and the sub-culture split ratio is only 1:2. Therefore,
GFF cells were used for the preparation of inocula for
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(a)
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(c)

(b)

(d)

Fig. 1. Carassius auratus. Cytopathic effect (CPE) induced by CyHV-2. (a) CPE on GFF cells at 10 d post inoculation (dpi) at
25°C (×40). Note detachment of cells at focal areas and appearance of rounded bright cells. (b) CPE on GFF cells at 10 dpi
(×100). Note granulation, syncytium formation and appearance of rounded bright cells. (c) CPE on SRTF cells at 4 dpi at 25°C
(×40). Note detachment of cells at focal areas and appearance of rounded bright cells. (d) CPE on SRTF cells at 4 dpi (×100).
Note syncytium formation and appearance of rounded bright cells. Scale bars = 200 µm

Infection experiment 2
Cumulative mortality curves of Expt 2 and results
of CyHV-2 DNA detection by PCR and re-isolation of
virus from all fish are shown in Fig. 2b and Table 2.
The Edonishiki which were treated by immersion
with the virus showed a cumulative mortality of 90%.
The mortality rate was significantly higher compared
with the negative control. The affected fish showed a
normal appetite after exposure to the virus for approximately 1 wk and swam actively. However, a few
days before their death, the fish suddenly became
lethargic and stayed at the bottom of the tank or at
the surface of the water. Extreme pallor of the gills
was observed in the infected dead fish (Fig. 3).
Viral DNA was detected by PCR from the kidney of
all dead and surviving fish. There was no mortality in

the negative control group, and viral DNA was not
detected from any negative control fish. The virus
was re-isolated from the kidneys of 17 of 18 dead
fish. No CPE was observed in cultures inoculated
with samples from surviving fish.

Sequential detection of CyHV-2 DNA from
fish in Expt 2
The sequential detection of CyHV-2 DNA by PCR
from the caudal fin, gill, heart, intestine, spleen,
brain and kidney of infected Edonishiki sampled at
certain intervals is shown in Table 3. Photographs of
some representative agarose gels after electrophoresis are shown in Appendix 1. CyHV-2 DNA was not
detected from all the tested organs of 3 sacrificed fish

4

6

8 10 12 14 16 18 20 22 24 26 28 30

Days post infection
Fig. 2. Carassius auratus. Cumulative mortality curves for
goldfish experimentally infected with CyHV-2. (a) Infection
experiment 1: (m): Ryukin intraperitoneally injected with
CyHV-2; (f): Ryukin infected by immersion of CyHV-2; (n;
hidden behind open circles): negative control Ryukin; (D):
Edonishiki intraperitoneally injected with CyHV-2; (s):
negative control Ryukin. (b) Infection experiment 2: (D):
Edonishiki infected by immersion of CyHV-2; (s): negative
control Edonishiki. Asterisks indicate that the mortality rate
at the end of the experiment was significantly different from
the negative control (p < 0.01 by Fisher’s exact test)

at 1 and 4 d post exposure (dpe), and viral DNA was
detected from 2 of the 3 fish from the caudal fin, and
heart, intestine and spleen on 8 dpe from sub-clinical
fish (Appendix 1). At 10 dpe, 1 fish was lethargic and
stayed at the surface of the water, and then died at
11 dpe. Viral DNA was detected from all tested
organs of the dead fish. The amplicons resolved by
electrophoresis were bright and dense, as was the
sample of DNA extracted from CyHV-2 as a positive
control. At 13 dpe, 4 fish died and viral DNA was
detected from all the tested organs of the dead fish.
Although viral DNA was also detected from all tested
organs in 2 of 3 surviving fish at 14 dpe, it was not
detected from the intestine of 1 of these 3 fish. Moreover, the amplicons from the gill, heart, spleen and
brain of the surviving fish were less bright and dense
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2/2
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1/1
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2/10
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Virus reisolation
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–
7/7
0/10
–
4/7
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–
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–
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–
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NT
–

0
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0
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Immersion
Negative control

10

Edonishiki

20

2

Edonishikiimmersion
Edonishikinegative

30

9/9
–

40

NT
–

50

NT
–

60

NT
–
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90
0

*

80

Intraperitoneal injection
Negative control

(b) Experiment 2

90

Edonishiki

100

–
7/7
NT

8 10 12 14 16 18 20 22 24 26 28

–
5/7
NT

6

10/10
3/3
–

4

10/10
3/3
–

2

10/10
3/3
–

0

10/10
3/3
–

0

100
30
0

10

Intraperitoneal injection
Immersion
Negative control

20

Ryukin

30

1

Cumulative mortality (%)

40

Caudal fin

50

PCR detection of viral DNA
Dead fish
Surviving fish
Gill
Brain Kidney Caudal fin
Gill Brain

Ryukin-IP
Ryukin-Immersion
Ryukin-negative
Edonishiki-IP
Edonishiki-negative

60

Cumulative
mortality
(%)

70

Treatment

80

Variety

(a) Experiment 1

90

Experiment

*
*

100

Table 2. Carassius auratus. Results of cumulative mortality in each group and detection of CyHV-2 DNA and re-isolation of virus from the kidneys of goldfish infected
with CyHV-2. Values are given as number of positive fish / number of fish tested. NT: not tested
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Infected dead fish

Negative control fish

Fig. 3. Carassius auratus. Dead fish (Edonishiki) in infection
experiment 2 at 14 d after exposure by immersion of CyHV2. The dead fish demonstrated extremely pale gills compared to the negative control fish. Bar = 1 cm

than those of the other samples (Appendix 1). Viral
DNA was detected from all tested organs of 2 dead
fish at 15 dpe and 1 dead fish at 17 dpe. At 31 dpe,
which was the final day of the infection trial, the
organs of the 2 surviving fish from the group of
observation on mortality were investigated. CyHV-2
DNA was detected from the heart, intestine and kidney of 1 of the 2 fish, and was detected from the gill,
spleen and kidney of the other fish. However, these
amplicons were less bright and dense than those of
other samples of dead fish (Appendix 1).

DISCUSSION
This paper is the first report to detail methods for
continuous propagation of CyHV-2 using cell lines as
well as results of successful experimental infection of
goldfish by intraperitoneal injection and immersion
with the propagated virus in vitro.
In this study, we could demonstrate that CyHV-2
was continuously propagated using cultures of GFF
and the newly established SRTF cell lines using the
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described inoculation and passage techniques. In the
first report of HVHN caused by CyHV-2 (Jung &
Miyazaki 1995), while initial viral isolation and propagation were achieved using epithelioma papulosum
cyprini and FHM cell cultures, CyHV-2 could not be
sub-cultured beyond the fourth passage in vitro. The
same phenomenon has been reported in other studies using KF-1 cells (Jeffery et al. 2007, Wang et al.
2012). Although Li & Fukuda (2003) mentioned successful propagation of CyHV-2 using GFF cells, methods for propagation of the virus were not detailed.
We adopted 2 viral culture techniques: (1) the normal
inoculation of harvested virus culture supernatant to
a freshly prepared GFF cell suspension, and (2) where
CPE progression is slow, sub-culture of the infected
GFF cell monolayer. This inoculation and sub-culture
method can be used to reliably propagate virus continuously in GFF cells for 12 sub-cultures. Furthermore, we have shown that virus which had been subcultured 7 times in GFF cell cultures retained virulence
when used to infect goldfish by immersion challenge.
Indeed, we succeeded in obtaining a CyHV-2 isolate
from a diseased goldfish and sub-cultured it several
times using the same techniques (data not shown).
We observed high mortality rates in experimental
infection trials of 2 varieties of goldfish, Ryukin and
Edonishiki, infected with the GFF cell grown virus.
While there is the possibility that susceptibility to
infection with CyHV-2 varies between goldfish varieties, the cumulative mortality rates in Ryukin and
Edonishiki experimentally infected by IP inoculation
in this study were very similar. It would be interesting to extend this study to compare susceptibility to
infection by immersion challenge. Nevertheless, results from this study indicate that there is no difference in susceptibility to infection/disease between
these 2 varieties.
Expts 1 and 2 were performed at 20 and 25°C,
respectively. Although we cannot directly compare
the results of the experiments, the progression of the
disease appeared to be more rapid at 25 than at 20°C.
When the inoculum of the homogenate of kidney
for re-isolation was added to the GFF cell suspension,
8 of 10 samples in Expt 1 showed extensive CTE.
However, in Expt 2, virus re-isolation from dead fish
at a high rate was achieved using the method by
which the inoculum was absorbed onto GFF cells for
1 h (Table 2). Thus the latter method is currently recommended for virus isolation using GFF cell cultures.
A remaining sample from which virus could not be
re-isolated was obtained from a dead fish at 27 dpe,
suggesting that the viral titre in the kidney was too
low for re-isolation.
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Table 3. Carassius auratus. Detection of viral DNA from the organs of goldfish exposed to CyHV-2 (infection experiment 2).
−: negative; +: positive (number of + shows the brightness and density of the bands after electrophoresis)
Days post
exposure
1

4

8

11
13

14

15
17
31

Sample
no.

Disease
stage

Caudal fin

Gill

Heart

Organ
Intestine

Spleen

Brain

Kidney

1
2
3
1
2
3
1
2
3
1
1
2
3
4
1
2
3
1
2
1
1
2

Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Sub-clinical
Dead
Dead
Dead
Dead
Dead
Surviving
Surviving
Surviving
Dead
Dead
Dead
Survivinga
Surviving a

−
−
−
−
−
−
+
−
−
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
−
−

−
−
−
−
−
−
−
−
−
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+++
−
++

−
−
−
−
−
−
−
++
−
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+++
+
−

−
−
−
−
−
−
−
++
−
+++
+++
+++
+++
+++
+++
+++
−
+++
+++
+++
+
−

−
−
−
−
−
−
−
+
−
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+++
−
++

−
−
−
−
−
−
−
−
−
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+++
−
−

−
−
−
−
−
−
−
−
−
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+
++

a

This individual was obtained from the group observed for mortality

In the study designed for detection of viral DNA in
sequential tissue samples taken from CyHV-2 infected fish, viral DNA was first detected in several
organs from 2 of the 3 fish sampled at 8 dpe. By
11 dpe, viral DNA was detected in all tissue samples
from all dead fish. It is interesting to note that Jeffery
et al. (2007) reported that moribund fish became
lethargic, gathered at the surface and died within
24 h after the water temperature increased from
14−15°C to the permissive temperature of 19−21°C.
Taken together with the results of this study, it
appears that CyHV-2 titres increase in infected fish
to detectable levels, followed by the appearance of
clinical signs, which, in turn, is followed rapidly by
death.
In contrast, for CyHV-3, which belongs to the same
genus Cyprinivirus of the Alloherpesviridae, Gilad et
al. (2004) reported that the CyHV-3 DNA was
detected by real-time TaqMan PCR from most of the
tested organs of infected carp after 1 dpe, and Yuasa
et al. (2012) reported that the virus was isolated from
the gills of carp from 3 dpe. Compared with the
results of our study, it appears that the viral kinetics
of CyHV-2 in goldfish differ greatly from those of
CyHV-3 in carp.

In both experimental infections in this study, viral
DNA was detected from all of the tested organs of all
dead fish and was detected from the kidney of all surviving fish at 28 d post infection and 31 dpe (Table 2).
These results show that systemic infection occurs in
goldfish and also that the kidney is a main multiplication site. Goodwin et al. (2006b) reported that the
highest copy number of viral DNA was consistently
detected by quantitative PCR from the spleen and
kidney of naturally diseased goldfish showing gross
signs of CyHV-2 infection. Therefore, we suggest
that the kidney is the most suitable organ for viral
DNA detection by PCR.
Naturally diseased fish resulting from CyHV-2
infection do not usually show any specific external
signs (Jung & Miyazaki 1995). Results from experimental infection trials in our study support these
observations. Although small white patches on the
external body surface were observed on a few dead
fish, the signs which were reported by Stephens et al.
(2004) and by Jeffery et al. (2007) were not typical in
our study. Internally, most of the dead fish in our
study displayed an enlarged spleen, which is consistent with other reports (Jung & Miyazaki 1995, Groff
et al. 1998, Stephens et al. 2004, Jeffery et al. 2007).

Ito et al.: Infection of goldfish with CyHV-2

While there was a lack of pathognomonic clinical
signs due to CyHV-2 infection in this study, we did
observe in the immersion infection experiment
(Expt 2) a behavioural change (lethargy) which
occurred just a few days before death. This characteristic of CyHV-2 infection may be the reason that
goldfish farmers have difficulty in detecting infected
fish on-farm. In fact, it is likely that farmers may harvest infected, but healthy looking, fish for transport
to market (wholesaler), since CyHV-2-infected fish
look healthy for several days after initial infection. Of
particular interest, in Japan most harvested goldfish
are kept for a few days in the same pond at auctions,
thus providing ideal conditions for disease transmission. Consequently, CyHV-2 infection of goldfish is a
problem not only on-farm but also for fish held in
markets, at retail sites and by private owners.
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(a) Sub-clinical individuals at 4 days post exposure (dpe)
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(b) Sub-clinical individuals at 8 dpe
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(c) Dead individuals at 13 dpe
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(d) Surviving individuals at 14 dpe
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(e) Surviving individuals at 31 dpe
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Appendix 1. Detection of CyHV-2
DNA from the organs of goldfish exposed to CyHV-2 by PCR using specific primers targetting the helicase
gene of CyHV-2 (Waltzek et al. 2009).
Arrow indicates position of the 366-bp
amplicon. M, Molecular weight markers (Wako, Gene Ladder 100); P, positive control; N, negative control; F,
caudal fin; G, gill; H, heart; I, intestine;
S, spleen; B, brain; K, kidney
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