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ABSTRACT

Primary cell culture from tail epidermal tissue of koi carp (Cyprinus carpio koi) was
developed. Cells were grown in Leibovits-15 medium supplemented with 20% fetal
bovine serum and antibiotics (Penicillin/Streptomycin and Kanamycin). Cell growth
was observed in a range of incubation temperature (17°C+2°C, 22°C+2°C, 27°C+2°C,
and 32°C#2°C) in order to determine the optimum temperature. The cells were able to
grow at a range of temperature between 17°C to 32°C with optimal growth at 22°C.
Primary cells infected with koi herpes virus produced typical cytopathic effects
characterized by severe vacuolation and deformation of nuclei, which is consistent
with those of previous reports. Artificial injection experiment by using supernatant
koi herpes virus SKBM-1 isolate revealed that it could cause 90% mortality in infected
fish within two weeks. PCR test with Sph 1-5 specific primers carried out with DNA
template from supernatant virus, pellet cell, and gills of infected fish showed positive
results in all samples (molecular weight of DNA target 290 bp). The cells were found

to be susceptible to koi herpes virus and can be used for virus propagation.
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INTRODUCTION

Koi herpes virus (KHV) that causes koi her-
pes virus disease (KHVD) is an emerging dis-
ease that contributes to severe financial and
economic losses in both common carp and koi
carp culture industries world-wide (Hedrick et
al., 1999; Hedrick et al., 2000). This highly con-
tagious and dreadful disease had caused mass
mortality with high rates, between 50%-100%
in Japan, USA, Israel, some European, African
and Asian countries including Indonesia
(Bretzinger et al., 1999). KHV only infect com-
mon carp (Cyprinus carpio carpio) and the koi
carp (Cyprinus carpio koi) populations. KHV can
invade and infect the fish of a wide range of
ages (Oh et al., 2001) and fingerlings are more
susceptible to the virus than adults (Perelberg
etal., 2003).

koi herpes virus, primary cell culture, koi fish

The main clinical sign of KHVD is severe
necrosis of the gills. Infected fish would expe-
rience appetite loss, uncoordinated move-
ments and erratic swimming prior to death. Skin
discolouration and increasing respiratory rate
(Gray et al., 2002), skin lesions and pale, patchy,
and swollen gills (Oh et al., 2001) also can be
used as clinical sign of KHVD.

KHV disease outbreaks are strongly asso-
ciated with environmental conditions. Water
temperature is the main factor that affects viru-
lence of KHV the most (Gilad et al., 2003). The
optimum temperature for viral replication in
vitro is at arange of 15°C-25°C and the virus is
very difficult to grow at temperatures above
and below the optimum temperature. Accord-
ing to Ronen et al. (2003) the virus induces a
lethal disease and fish mortality when water
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temperature ranges between 18°C-25°C (per-
missive temperature).

Virus only lives and grows inside a living
cells, so viral multiplication in vitro is highly
dependent on the availability of cell culture.
Cell cultures were derived from tissues or or-
gans that mechanically or enzymatically sepa-
rated into cell suspensions. Then cell suspen-
sions were cultured and grown into a mono-
layer and can be renewed through sub cultur-
ing (passaging) in order to obtain sustainable
cell/cell line (Freshney, 1994). Suitable cell li-
nes are necessary tools for virus proliferation,
purification, and further characterization. It can
also be used as vaccine development of KHV.

KHV is not susceptible to the commonly
used cell lines by fish virology laboratories.
KF-1 is a cell line derived from tail epidermal
tissue for koi herpes virus propagation. The
cell lines are incubated at 25°C for cell growth
and at 20°C after virus inoculation. Koi herpes
virus isolation in KF-1 cell line is used to con-
firm the etiological agent. These methods are
quite efficient in case of fish deaths, however
sometimes virus isolation could be difficult if
the tissue is frozen. Koi herpes virus isolation
by using KF-1 cell line from the gills is less
reliable than the kidney and spleen due to fre-
quent bacterial contamination of gill tissue
(Amita et al., 2002; Gilad et al., 2002).

KHV has been cultured on FHM (fathead
minnow) cell line in Korea (Oh et al., 2001) while
cytopathic effect (CPE) is observed 3 to 5 days
after virus inoculation and a complete cell ly-
sis can be observed within 15 days. In China, a
new cell line from the caudal fin of koi (KCF-1)
has been established. KCF-1 cells predomi-
nantly consisted of short fibroblast-like cells,
and grew well in DMEM medium supplement
with 10% FBS (Dong et al., 2011). In Germany,
KHV from kidney, liver, spleen have been cul-
tured on brain (CCB) tissues of carp and cell
line from gill (CCG), FHM, CHSE and EPC
(Neukirch et al., 1999). CPE was observed in
CCB cells 5 days after virus inoculation. In CCG
cells, CPE developed since day 6 post-inocu-
lation. Optimal growth of KHV occurs at tem-
peratures from 15°C to 25°C, however the high-
est virus concentrations are observed at 20°C
at 7 days post-inoculation, but there is no evi-
dence of virus growth at 30°C or 37°C (Gilad et
al., 2003).

In this study, we developed a new primary
cell line from tail epidermal tissue of koi carp
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for culturing and propagation of KHV. We hope
this primary cell culture is susceptible to KHV
in Indonesia and can be used to obtain an ef-
fective vaccine to prevent koi herpes virus
infection especially for koi carp.

MATERIAL AND METHODS

Primary Culture and Subculture

Healthy koi fishes (12 cm in total length)
were collected from koi hatchery, Jakarta Pro-
vincial Government in 2011. Fish were main-
tained at room temperature for 24 hours in an
aerated glass container containing sterile tap
water with 500 IU/mL Penicillin/Streptomycin
(Babu et al., 2011). Fish was killed by spinal
damage, and then the skin was wiped out with
70% ethanol. The caudal fin was removed,
washed in sterile tap water then soaked into
a sterile glass beaker containing a concen-
trated chlorine solution (25 mL chlorine + 75
mL sterile tap water). Scales were exfoliated
and keep soaked until the flesh become whit-
ish, then transferred for washing in an Erlenm-
eyer containing 300 mL sterile tap water. Wash-
ing was done twice before retransfered into a
sterile petri disk. The subsequent procedures
were performed under sterile conditions inside
Biosafety Cabinet Type A2 (Nuaire). Petri disk
was added with 10 mL PBS** solution (200 mL
Phosphate Buffer Saline + 10 mL Penicillin/
Streptomycin + 10 mL Kanamycin) before the
washed fin was minced into approximately 1-2
mm tissue blocks, and then transferred into a
sterile erlemeyer containing 100 mL PBS** for
washing. Washing was done twice while stir-
ring until the color of the solution looks clear.
The tissue pieces blocks then transferred into
sterile bottle containing 100 mL of PBS** solu-
tion and incubated at 28°C for 1.5 hours. The
solution was removed then 20 mL of PBS**
Tsolution (50 mL PBS** + 50 mL tripsin 0.25%)
was added for washing. Washing was done
twice before incubated with low striring in 20
mL PBS** Tsolution at 4°C for all night. Tissue
pieces were transferred into centrifuge tube
with addition of 3 drops of serum before per-
forming centrifugation at 3.000x g for 5 min-
utes at room temperature. Cell pellet was dis-
solved in 4 mL of PBS** solution and then dis-
tributed into 2 culture flasks (size 25 cm?) pre-
wetted with 5 mL of primary culture medium (L-
15 + 20% Serum + 10 mL P/S + 10 mL Kanamy-
cin) then incubated at 25°C. Half of the growth
medium was changed every three days. When
the primary cells reached 80% confluence, the
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medium was removed and the cells were rinsed
with 5 mL of PBS solution. Then the cells were
trypsinized with 1.5 mL of Trypsin-EDTA solu-
tion (Gibco) for 30 seconds. Detached cells were
resuspended in the growth medium at a split
ratio of 1:2. The cell suspension was distrib-
uted into two 25 cm? culture flasks containing
5 mL of growth medium and incubated at 25°C.
After 3 passages, the concentration of FBS in
the growth medium was decreased from 20%
to 10%. Observation on cell growth and con-
tamination were performed in everyday.

Effect of Temperature on Cell Growth

The observation of temperature effect on
the growth of cultured cells was carried out
on the 3™ passage. Cells (1.3 x 10° cells/mL)
were grown in 25 cm? flasks and incubated at
25°C for 30 minutes to optimize the attach-
ment of the cells. Then cells were grown in
10% L-15** medium on a four range incubation
temperature (17°Cx2°C, 22°C£2°C, 27°C+2°C,
and 32°C+2°C). Five days later, cell counting
were performed in duplicate at each of these
temperatures by automatic cell counter (Count-
ess, Invitrogen).

Koi Herpes Virus Isolation and
Susceptibility Test

Diseased carp were obtained from common
carp farm in Sukabumi (West Java, Indonesia).
Molecular detection showed that the fish were
positively KHV-infected. Supernatant homoge-
nate was prepared from infected carp tissue
homogenates (kidney, gill and spleen at the
ratio 3:1:1 w/w). Approximate lyonegramof in-
fected fish tissue was taken aseptically and
then homogenized by using cooled sterile
mortal and pestel in 9 mL of HBSS (Hank’s
Balance Salt Solution, Invitrogen). Centrifuga-
tion was then performed at 1.500x g for 15
minutes before removing cell debris and col-
lecting the supernatant. To gain 50x total dilu-
tion of supernatant homogenate, HBSS was
added to the supernatant at a ratio of 1:5 then
filtered through 0.45 pm membranes. The su-
pernatant homogenate should be used imme-
diately for inoculating the primary cell culture.
The primary cell cultures from 5% passage were
used for the viral susceptibility test. Two cul-
ture flasks of primary cell culture (around 90%
confluent) were used to perform viral inocula-
tion while another culture flask was used as
control. After discarding the growth medium,
one milliliter of supernatant homogenate was

added into the inoculated flask while HBSS was
added into control flask. All the flasks then in-
cubated at room temperature for 1 hour to op-
timize the absorption of the virus in the cell
before addition of five mL of maintenance me-
dium (2%L-15) into each inoculated and con-
trol flask. Cell cultures were maintained at 20°C.
Observation of vacuolization formation inviral
infected cells as the signs of cytophatic ef-
fects (CPE) were done daily.

Pathogenicity to Koi

Koi herpes virus of inoculated culture flask
from susceptibility test were harvested and
then kept at deep freezer -80°C in 1 mL ali-
quot. A total of 30 healthy koi fishes were dis-
tributed into 3 aquaria (volume 60 liters). The
fish were fed with commercial diet once a day.
Twenty fishes were intra peritoneally injected
with 0.1 mL supernatant virus and 10 fishes
were injected with 0.1 sterile HBSS as control.
The injected fishes were observed daily and
collected when they were moribund or death.
The gills, kidney and spleen were collected
for PCR analysis in order to detect the KHV.

Chromosome Analysis

Primary cell cultures were grown in 25 cm?
flask and incubated at 25°C for 36-40 hours
until it reaches 80%-90% confluences. Chro-
mosome analysis was performed on cells which
undergoing exponential growth at fourth pas-
sage according to the methods used by Dong
et al. (2011). Cells were treated with colchi-
cine at a concentration of 0.2 pg/mL and incu-
bated for 3 hours at 25°C and then added 5 mL
of 0.075 M KCI (hypotonic medium) for 25 min-
utes before 10 mL of Carnoy fixative (metha-
nol : acetic acid = 3:1) was added for 5 min-
utes. After centrifugation for 5 minutes at 200x
g at 4°C, the cells then resuspended in 2 mL of
fresh Carnoy fixative solution and then
dropped onto a cooled object glass. The cells
then dispersed by air blowing and finally air-
dried. Chromosomes were stained with 10%
Giemsa solution for 20 minutes at room tem-
perature for 30 minutes air-dried, mounted and
documented.

Polymerase Chain Reaction (PCR)
Analysis

Extraction by DNAzol Reagent (Invitrogen)

500 mL of DNAzol reagent was added into
1.5 mL microtube containing approximately 25
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mg tissue sampels and then homogenized by
using pestle. Centrifugation was carried out at
12.000 rpm for 10 minutes, and then superna-
tant was poured into a new 1.5 mL microtube
that already containing 500 mL of 100% etha-
nol. To ensure the homogenation, the solution
was inverted up and down before performing
centrifugation at 8.000 rpm for 2-3 minutes.
After removing the supernatant, pellet was
added 500 mL of 95% ethanol, homogenized
by inverted up and down and then centrifuge
at 8.000 rpm for 2-3 minutes. Supernatan then
removed, and 100 pyL TE buffer was directly
added to resuspend the pellet. DNA was stored
in -20°C to be used in amplification process.

Primer and PCR Amplification

PCR analysis in this study used Sph I-5 spe-
cific primer (Yuasa et al., 2005) for koi herpes
virus detection. Primer was synthesized by Al-
pha DNA (Montreal, Quebec) and sequence of
the primers are Sph1-5 F: 5’-GAC ACC ACATCT
GCAAGGAG-3" andR: 5’-GAC ACA TGT TAC AAT
GGT CGC-3'. PCR amplification were carried out
in the reaction mixture in a total volume of 25
mL per sample as follows: 12.5 mL of GoTag®
Green master mix (Promega, Madison WI, USA),
8.5 mL of nuclease free water, 1 mL of each
primer (reverse and forward) and 2 mL of DNA
template. Amplification was performed using
MJ Research thermal cycler and the cycling
program condition as follows: after an initial
denaturation step at 94°C for 30 seconds, then
undergo 40 cycles of denaturation at 94°C for
30 seconds, annealing at 63°C for 30 seconds,
and elongation at 72°C for 30 seconds. Lastly
the final elongation was performed at 72°C for
7 minutes and RNAse-free water was used as
negative control (No DNA Template).

Electrophoresis

Amplification product was detected by gel
electrophoresis. 10 mL of each DNA amplicon
were run into the well of 1.5% agarose gel in 1x
Tris-acetate buffer-EDTA (220 V for 25 minutes).
DNA staining was done by soaking the gel in a
solution of ethidium bromide (0.5 mg per 100
mL of TAE buffer) for 15 minutes and the re-
sults were documented with Polaroid cameras.

RESULT AND DISCUSSION

Koi herpes virus was first isolated from out-
breaks in Israel and USA (Hedrick et al., 2000).
The virus that caused a highly contagious carp
disease is not infectious to other cyprinid and
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non-cyprinid fish species. The fish morbidity
and mortality are only restricted to koi and
common carp populations (Perelberg et al.,
2005). Several cell lines have been reported
to be susceptible to koi herpes virus and cur-
rently being used in various studies. Some of
them derived from koi caudal fin (Hedrick et
al., 2000; Miwaet al., 2007; Pikarsky et al., 2004;
Sunarto et al., 2010), common carp brain-de-
rived cell line (CCB) (Neukirch et al., 1999),
common carp fin-derived cell line (Neukirch et
al., 1999), and a few other fish cell lines
(Davidovich et al., 2007).

In this study, primary cells from the tail epi-
dermal tissue of koi fish have been success-
fully developed. Primary cells culture at 5t
passages stained by Giemsa showed predomi-
nated by fibroblasts-like cells although epithe-
lial-like cells could be found in a quite amount.
The primary cell cultures grew well in L-15
medium supplemented with 20% FBS. Accord-
ing to literature, other established cell lines
derived from koi fin (KF-1 and KCF-1) predomi-
nantly consists of fibroblast-like cells and can
grow well in different growth media (Pikarsky
et al., 2004; Hedrick et al., 2000; Dong et al.,
2011). We expected that with increasing num-
ber of passages in the future, the cells would
be more uniform for easier cell identification
and characterization.

The primary cells migrating from explants
after 7 days of culture (Figure 1) and almost
completely covered the bottom of the 25 cm?
flask (90% confluences) within 7 weeks. The
primary culture reached 50% confluences af-
ter 24 days of incubation at 25°C without any
changing of medium. After that, the growth
media was replaced gradually until it reached
90% confluences and the cells formed a mono-
layer. The old medium was removed and the
monolayer was washed twice with 1x PBS (ster-
ile) and EDTA to separate individual cells and
split into two flasks with fresh media (subcul-
ture with split ratio of 1:2).

Cytophatic effect (CPE) was not observed
during the initial incubation of inoculated pri-
mary cells with tissue homogenates from
pooled gills, kidney, and spleen of KHV-in-
fected samples. CPE was observed after 14
days post-inoculation and medium contained
koi herpes virus (isolate SKBM-1) was harvested
at 20 days post-inoculation. Three consecu-
tive passages of the original supernatant virus
produced the same CPE at 2 days post-inocu-
lation. Supernatant virus was harvested at 6
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300 pm

Figure 1. Primary cell cultures with migrating cells from an explant (A), primary cell culture at
passage-1 (P1) (B), and passage-5 (P5) (C)

days post-inoculation, aliquot aliqouted in 1.5
mL cryovials and kept at deep freezer -86°C
for stocking virus and another test.

SKBM-1 isolate was used to viral suscepti-
bility of the primary cell culture. CPE caused
by koi herpes virus was observed in primary
cells at 2 days post-inoculation. A lot of small
foci occurred inside the cells with cell lysis
and round-cell aggregations were observed
(Figure 2). As CPE development progressed,
multiple vacuolization and round-cell aggre-
gations became more extensive prior to de-
tachment from the monolayer at 14 days post-
inoculation. These infected cells showed simi-
lar CPE to that reported by Sunarto et al. (2000)
and Dong et al. (2011) in KF-1 cell line and KCF-
1 cell line, respectively. Using this primary cell,
a strain of koi herpes virus (SKBM-1 isolate) was
isolated from infected koi.

Fish began to die at 7 days post-infection
(data not shown), while mass mortality occurred

at 8-11 days post-infection. The highest mor-
tality occurred at 8 days post infection (8 koi
died). The clinical signs observed as gill ex-
pansion and pallor, slow swimming, lethargy,
and loss of appetite were quite similar to those
in previous report (Hedrick et al., 2000; Pikarsky
et al., 2004). In an experiment performed by
Hedrick et al. (2005), they conducted inocula-
tion of koi herpes virus into KF-1 cell line. The
koi herpes virus induced cell fusion and in-
tense cytoplasmic vacuolation in KF-1 cells
within 5 days after inoculation at 20°C. More
complete CPE or cell lysis was evident at 7-10
days and progressed to involve all the cells
after 14 days.

In this experiment, almost all the fish died
on the 14" day post-infection. Cumulative
mortality (Figure 3) continued to increased until
90% of the fish died in a short period of time (2
weeks). These results showed similar data with
Ronen et al. (2003) and Dong et al. (2011) that
virus harvested from KFC cell could cause 75%-

Figure 2. Early (left) and advanced (right) cytophatic effect on koi herpes virus-inoculated

primary cell cultures at passage-4

45



Indonesian Aquaculture Journal Vol. 9 No. 1, 2014

100

90

80

70

60

50

40

30

20

10

0 p—p—p—9
1 2 3 4

Cumulative mortality (%)

5 6 7 8 9 10 11 12 13 14

Days post infection

Figure 3. Pathogenicity of the primary cell cultured with KHV
SKBM-1 isolate. Average cumulative mortality of KHV
injected koi fish reached 90% in two weeks

100% mortality and virus harvested from KCF-1  positive (Figure 4) while there were none of
cell could cause 100% mortality in infected koi.  fish died from control group and PCR test nega-
All dead fish from injected group were PCR tive (Figure 4, Line 6).

KHV December 2011

- e -
A L

Neg Pos

Line Samples Result

M Marker lowrange

1 Koi fish of supernatant-injected group’s death at 7" day post injection +

2 Koi fish of supernatant-injected group’s death at 8" day post injection +

3 Koi fish of supernatant-injected group’s death at 9" day post injection +

4 Koi fish of supernatant-injected group’s death at 11'"day post injection +

5 Koi fish of supernatant-injected group’s death at 4™ day post injection +

6 Koi fish of control group -
Negative Negative control -
Positive Positive control +

Figure 4. PCR detection of the dead fish challenged with KHV SKBM-1 isolate. The positive
result shows a bright and clear band at its target molecular weight (290 base pair)
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Growth studies were carried out to deter-
mine the optimum temperature for maximum
growth of the cells. The primary cells were well
adapted and grow well in L-15 medium supple-
mented with FBS. Fernandez-Puentes et al.
(1993) have reported the suitability of L-15 cell
culture medium for growth of fish cells among
other available cell culture media. The primary
cell culture at 3 passage were exposed to
different temperatures (Figure 5). Cells (1.3 x

17°Cx2°C

22°Cx2°C

27°Cx2°C

32°Cx2°C

105 cell/mL) were grown in 25 cm? flasksunder
10% L-15medium and incubated at 17°C+2°C,
22°C=2°C, 27°C+2°C, and 32°C+2°C. Five days
later, cell were trypsinized and counted using
an automatic cell counter (Countess, Invitro-
gen). The experiment was conducted in dupli-
cate at each of these temperatures. The re-
sults of counting the cell number for optimum
temperature can be seen in Table 1. Cells were
able to grow quite well at all incubation tem-

Figure 5. Photograph of cell number calculation of temperature optimization test (dupli-
cates) for primary cell culture (cell/mL) using automatic cell counter (Countess,
Invitrogen). Blue dots indicate the live cells which absorbed triphan blue dye
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Table 1. Cell number calculation of temperature optimization test for primary cell culture (cell/

mL) using automatic cell counter (Countess, Invitrogen)

Incubation Total of Live cells A\{erage of Death cells Viability
temperature cells live cells (%)
17°C (Well41) 1.5 x10%mL 1.2 x 105/mL 4.0 x 10%/mL 77
2.4 x 105/mL
17°C (Well2) 1.8 x 105/mL 1.6 x 105/mL 2.0 x 104/mL 89
22°C 4 3.6 x10%/mL 3.5 x10%/mL 1.4 x 105/mL 96
(well-1) xPm X AP 9.8 x 105/mL x m
22°C (Well2) 5.5 x 105/ mL 4.7 x 105/mL 9.0 x 104/mL 85
27°C (Well4) 7.4 x 105/mL 7.0 x 105/mL 4.0 x 104/mL 95
6.7 x 105/mL
27°C (Well2) 2.0 x 10%/mL 6.3 x 105/mL 1.3 x108/mL 32
32°C 14 1.4 x 108/mL 6.5 x 105/mL 7.3 x 105/ mL 47
(well-1) xPm X AP 6.9 % 105/mL x m
32°C (Well2) 7.8 x 105/mL 7.3 x 105/ mL 5.0 x 104/mL 94

perature (between 17°C and 31°C), however,
maximum growth was obtained at 22°C+2°C
with saturation density of the cells around
19.8x10° cells/mL. The primary cells were less
grew at temperature 17°C£2°C with low satu-
ration density of 2.4 x 10° cells/mL.

Chromosome analysis was conducted for
primary cell at passage-4 and a total of 100
chromosome spreads were counted (Figure 6).
These result was identical to others reports as
described previously in koi and common carp
cells. Chromosome analysis of KCF-1 (a cell line
derived from caudal fin of koi) revealed that
the cells maintained normal diploid chromo-
some number 2n =100 (Dong et al., 2011). The
diploid chromosome number of common carp

specimens from Vietnam was found to be 2n =
100 (Anjum, 2005).

CONCLUSION

A new primary cell culture from tail epider-
mal tissue of koi carp has been developed and
sub-cultured for more than 5 passages. Primary
cells grow predominantly consisted of fibro-
blast-like cells and grew well in Leibovits-15
medium supplemented with 10% Fetal Bovine
Serum (FBS). The primary cell culture appears
to be suitable cell for isolation and culture of
KHV. So, the cell can be used as a cultured
medium to propagate koi herpes virus to ob-
tain an effective vaccine to prevent the viral
infection.

~~

Figure 6. Photomicrography of chromosome number of koi primary cell. The
diploid chromosome number (2n) was 100

48



Development of primary cell culture from tail ... (Lila Gardenia)

ACKNOWLEGEMENT

This work was supported by DIPA 2011 pro-
gram (Center for Aquaculture Research and
Development-Ministry of Fisheries and Marine
Affairs). We would like to thank Setiadi and
Johan Afandi for their excellent technical as-
sistance and to other Researchers at Fish
Health Laboratory for their great support in dis-
cussion and sharing information.

REFERENCE

Amita, K., Matoyama, H., Yamaguchi, N., &
Fukuda, H. 2002. A survey of koi herpes
virus and carp edema virus in color carp
cultured in Niigata Prefecture. Japan. Fish.
Pathol., 37(4): 197-198.

Anjum, R. 2005. Cytogenetic investigation on
the wild common carp (Cyprinus carpio L.)
from Vinh-Phu Province of Capital North
Vietnam. Int. J. Agri. Bio., 7(5): 729-731.

Babu, V., Nambi, K., Chandra, V., Ahmed, V.,
Bhonde, R., & Hameed, A. 2011. Establish-
ment and characterization of a fin cell
line from Indian walking catfish, Clarias
batrachus (L.). Journal of Fish Diseases, 34:
355-364.

Bretzinger, A., Fischer-Scherl, T., Oumouna, M.,
Hoffman, R., & Truyen, U. 1999. Mass mor-
talities in koi, Cyprinus carpio, associated
with gill and skin disease. Bull. Eur. Assoc.
Fish. Pathol., 19: 182-185.

Davidovich, M., Dishon, A., llouze, M., & Kotler,
M. 2007. Brief Report: Susceptibility of
cyprinid cultured cells to cyprinid herpes-
virus 3. Arch. Virol., 152:1,541-1,546.

Dong, C., Weng, S., Li, W., Li, X., Yi, Y., Liang, Q.,
& He, J. 2011. Characterization of a new
cell line from caudal fin of koi, Cyprinus
carpio koi, and first isolation of cyprinid
herpes virus 3 in China. Virus Res., 161:
140-149.

Freshney, I.R. 1994. Culture of animal cells. A
manual of basic technique. 3 Edition, Alan
R. Liss, Inc. New York.

Fernandez-Puentes, C., Novoa, B., & Figueras,
A. 1993. A new fish cell line derived from
turbot (Scophthalmus maximus L.) TV-1.
Bulletin of the European Association of Fish
Pathologists, 13: 94-96.

Gilad, O., Yun, S., Adkison, M., Willits, K.,
Bercovier, N., & Hedrick, R. 2003. Molecu-
lar comparison of isolates of an emerging
fish pathogen, koi herpes virus, and the
effect of water temperature on mortality of

experimentally infected koi. J. Gen. Virol.,
84:2,661-2,668.

Gilad, O., Yun, S., Adkison, M., Zlotkin, A.,
Bercovier, N., Eldar, A., & Hedrick, R. 2002.
Initial characteristics of koi herpes virus
and development of a polymerase chain
reaction assay to detect the virus in koi,
Cyprinus carpio koi. Diseases Aquatic Or-
ganism., 48: 101-108.

Goodwin, A. 2003. Differential diagnosis: SVC
vs KHV in Koi. Fish Health Newsletter, AFS/
FHS, 31(1): 9-13.

Gray, W., Mullis, L., LaPatra, S., Groff, J., &
Goodwin, A. 2002. Detection of koi herpes
virus DNA in tissue of infected fish. Jour-
nal of Fish Disease, 25: 171-178.

Hedrick, R., Marty, R., Nordhausen, M., Kebus,
M., Bercovier, H., & Eldar, A. 1999. An her-
pes virus associated with mass mortality
of juvenile and adult koi Cyprinus carpio.
Fish Health Newsl., 27: 7.

Hedrick, R., Gilad, O., Yun, S., Spangenberg, J.,
Marty, R., Nordhausen, M., Kebus, M.,
Bercovier, H., & Eldar, A. 2000. A herpes
virus associated with mass mortality of ju-
venile and adult koi, a strain of common
carp. J. Aquat. Anim. Health. 2: 44-55.

Hedrick, R., Gilad, O., Yun, S., McDowell, T.,
Waltzek, T., Kelley, G., & Adkison, M. 2005.
Initial isolation and characterization of a
Herpes-like Virus (KHV) from koi and com-
mon carp. Bull. Fish. Res. Agen. Supplement,
2:1-7.

Miwa, S., Ito, T., & Sano, M. 2007. Morphogen-
esis of koi herpes virus observed by elec-
tron microscopy. J. Fish. Dis., 30(12): 715-
722.

Neukirch, M., Bottcher, K., & Bunnajirakul, S.
1999. Isolation of a virus from koi with al-
tered gills. Bull. Eur. Assoc. Fish. Pathol.,
19:221-224.

Oh, M.J.,Jun, S., Choi, T., Kim, H., Rajendran, K.,
Kim, Y., Park, M., & Chun, S. 2001. A viral
disease occurring in cultured carp
Cyprinus carpio in Korea. Fish Pathology,
36(3): 147-151.

Pikarsky, E., Ronen, A., Abramowitz, J., Levani-
Sivan, B., Hutoran, M., Shapira, Y., Steinitz,
M., Perelberg, A., Soffer, D., & Kotler, M.
2004. The pathogenesis of acute viral dis-
eases in fish induced by the carp intersti-
tial nephritis and gill necrosis virus. J. Virol.,
78:9,544-9,551.

Perelberg, A., Ronen, A., Hutoran, M., Smith, Y.,
& Kotler, M. 2005. Protection of cultured

49



Indonesian Aquaculture Journal Vol. 9 No. 1, 2014

Cyprinus carpio against a lethal viral dis-
ease by an attenuated virus vaccine. Vac-
cine, 23: 3,396-4,303.

Perelberg, A., Smirnov, M., Hutoran, M., Diamant,

A., Bejerano, Y., & Kotler, M. 2003. Epide-
miological description of a new viral dis-
ease afflicting cultured Cyprinus carpio in
Israel. The Israeli Journal of Aquaculture,
55(1): 5-12.

Ronen, A., Perelberg, A., Abramowitz, J., Hutoran,

50

M., Tinman, S., Bejerano, |, Steinitz, M., &
Kotler, M. 2003. Efficient vaccine against
the virus causing a lethal disease in cul-

tured Cyprinus carpio. Vaccine, 21: 4,677~
4,684.

Sunarto, A., McColl, K., Crane, M., Sumiati, T.,

Hyatt, A., Barnes, A., & Walker, P. 2010. Iso-
lation and characterization of koi herpes
virus (KHV) from Indonesia: identification
of a new genetic lineage. Journal of Fish
Diseases, p. 1-15.

Yuasa, K., Sano, M., Kurita, J., Ito, T., & lida, T.

2005. Improvement of a PCR method with
the Sph I-5 Primer Set for the detection of
Koi Herpes Virus (KHV). Fish Pathology,
40(1): 37-39.



