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Koi herpesvirus (KHV) is a virus that usually infects carp and koi causing mass mortality, as well as economic and social
loss. The results of varied test are often found in its development. Allegedly, there are mutation or genetic variation of
KHV in Indonesia. Based on these problems, this research aims to understand the genetic variation and kindship of KHV
isolate in the carp (Cyprinus carpio) in Lombok Island of West Nusa Tenggara Province based on thymidine kinase
sequence. Water quality of fish pond was checked. KHV clinical symptom was checked visually in each fish sample, then
sacrifices the organ (gill) for PCR analysis and DNA sequencing. The research results show that clinical symptoms that
appear are pale fish gill and bleeding on the surface of the body. The temperature in the research site shows an
optimum range for KHV development. The results electrophoresis of carp suspected with KHV shows five positives out
of a total six samples. Genetically, KHV isolates from Lombok Island of West Nusa Tenggara Province is identical with

the GenBank isolate code KHV-J/U/I and Indo_OCO5WNT2.
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INTRODUCTION

Koi herpesvirus (KHV) is a virus that usually
infects carp and koi which lead to their mass
death [1]. This virus was identified for the first
time in 1998 as the cause of mass mortality of koi
fish both juvenile and adult stages cultivated in
Israel, United States and Germany [2,3]. KHV
entered Indonesia in 2002 through cross-country
fish trade [4].

This virus caused mass mortality which
reached 80-95% population and has impacts of
economic and social loss. This disease caused
material loss about 15 billion rupiah in the first
three months since the incidence of the disease
on March to September 2002 [5]. KHV has been
an outbreak in carp and koi almost all over
Indonesia. According to the government of
Republic of Indonesia, this disease has crossed
spread almost all areas of carp farming in
Indonesia [6].

Based on the result of the observation in
2016 by the Fish Quarantine Station of Quality
Control and Safety Fishery Products Class Il
Mataram, it was found that quarantine pests and
disease of fish in koi and carp namely Koi
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herpesvirus (KHV). Fish mortality amounted to +
1,992 fishes showed the mortality pattern that
occurred quickly without showing any early
symptom of fish disease attack. The review on
KHV has been done by several researchers in
several centers of cultivation in Lombok. The re-
search results of their studies are the only inci-
dent report, until the detection phase using pol-
ymerase chain reaction (PCR) [7].

The results of varied test are often found in
its development. Allegedly, there are mutation or
genetic variation of KHV in Indonesia. According
to Walker [8], genetic variation due to mutation
of the nucleotide sequence can prevent the bind-
ing of primer PCR on the target sequence. Thor-
ough research related to the amplicon sequenc-
ing KHV and the amount of geographic location
variation of the genome’s origin in the future will
be useful in distinguishing some KHV isolates
based on geographic location [8].

Koi herpesvirus (KHV) has and produces at
least four genes encoding the same proteins ex-
pressed by the poxvirus: thymidylate monophos-
phate kinase, ribonucleotide reductase (RNR),
thymidine kinase (TK) and B22R-like gene [9]. The
use of conventional PCR based on the targeting
of the thymidine kinase (TK) gene has been
shown to be specific to KHV. The method distin-
guishes KHV (CyHV-3) from two other herpes
viruses, CyHV-1 and CyHV-2 [10]. Based on dif-
ferences in nucleotide sequence and insertion
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and deletion pattern among 3 CyHV-3 isolates
obtained from Japan (KHV-J), US (KHV-U) and
Israel (KHV-1), KHV forms two lineages: J lineage
and U/I [11].

Therefore, this research aims to determine
the genetic and phylogenetic variation of Koi
herpesvirus (KHV) in carp (C. carpio) in Lombok
Island of West Nusa Tenggara based on sequence
analysis of thymidine kinase. It provides the clues
on growing variants and their pathogens related
to the virus transmission pattern, thereby provid-
ing the information for both its prevention and
control.

MATERIALS AND METHODS

The research conducted from March to April
2017 at the cultivation location in an area with
the KHV epidemic occurrence. Location of culti-
vation pool of freshwater fish used in this re-
search are Mataram, East Lombok, West Lombok
and Central Lombok. The laboratory test con-
ducted at the Fish Quarantine Test Laboratory,
Quality Control and Safety Fishery Products Class
Il Mataram, Fish Quarantine Center, Quality Con-
trol and Safety of Fishery Product Class | Suraba-
ya Il and First Base Laboratories (molecular biol-
ogy service) Malaysia.

Samples of fish that have been taken immedi-
ately examined of its clinical symptoms such as
behavioral observation, and the appearance of
the external or internal organs. Furthermore, the
fish samples sent to the laboratory for analysis.
Examination of clinical symptoms and water qual-
ity performed as preliminary data on the deter-
mination of KHV infection in carp.

DNA extraction

Fish gill that suspected as infected with KHV
virus is cut into small pieces/finely crushed, in-
serted into a sterile Eppendorf tube and added 1
mL of Tri-Reagent. Tri Reagent tissue and solu-
tion are homogenized using pellet pastel, incu-
bated at room temperature for 5 minutes and
then centrifugate at 14,000 rpm at room tem-
perature for 5-10 minutes. After centrifugation,
collect 200 pL of the supernatant and inserted
into new Eppendorf tube. Then, 0.5 mL of 100%
alcohol is added to homogeneous and centri-
fuged at 10,000 rpm, at room temperature for 5
minutes.

The supernatant then eliminated and the pel-
let washed by adding 1 mL of 70% alcohol and
centrifuged at 10,000 rpm, at room temperature
for 5 minutes. This method was repeated three
times or until the color of yellowish pigment dis-
appears. For the last step, remove the superna-
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tant and dry the pellet of DNA using aerated and
dissolved with ddH20 or Nuclease-Free Water by
25 pL and immediately followed by amplification
[12].

PCR Test

KHV tested using PCR test after DNA from fish
tissue extracted and determined its concentra-
tion. PCR amplification using primer Thymidine
kinase [10] with its forward base 5’'-
GGGTTACCTGTACGAG-3" and reverse 5'-
CACCCAGTAGATTATGC-3’ with target band of
409 bp (based pairs). The process of amplification
begins with the initial denaturation at 95°C for
about 5 minutes (1 cycle), and then 30 cycles of
amplification consists denaturation at 95°C for
about 30 seconds, annealing at the temperature
of 50°C for about 30 seconds and extension at
the temperature of 72°C for about 30 seconds,
terminated with extra elongation at 72°C for
about 7 minutes (1 cycle).

After the amplification process completed,
10uL of every sample taken (as well as the mark-
er) then added 2uL of staining solution (6x load-
ing dye) and mixed well on the parafilm. Ten mi-
croliters of the sample mixture are inserted into
each well on the agarose slowly and carefully.
Electrophoresis is carried out with electric power
of 100 V, 400 mA for 25 minutes. Immerse the
gel in the buffer that added with 0.05% ethidium
bromide (EtBr) for 15 minutes. The gel is placed
on the gel documentation to observed and doc-
umented [12].

DNA Sequencing

Positive PCR product contains DNA KHV
packed for sequencing. Sequencing done at First
Base Laboratories (molecular biology service)
Malaysia.

Data analysis

PCR test results in KHV-positive fishes pre-
sented in the form of a picture. Furthermore, the
sequenced data are analyzed and edited using
the Bioedit [13]. The sequence consensus result
is matched with the sequence in GenBank NCBI
(National Center for Biotechnology Information)
available online through the BLAST (Basic Local
Alignment Search Tool) method. Then, using
computer software MEGA ver. 3 in align with the
data from GenBank assisted using Clustal W
computer software [14]. The construction of phy-
logenetic trees is determined using Neighbour-
Joining (NJ-tree) method [15].
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RESULT AND DISCUSSION

The presence of the virus within the host cell
can determinated through the appearance of
clinical symptoms or abnormalities in the infect-
ed host organ. According to the visual observa-
tion of KHV-infected fishes show the increasing of
respiratory disorder frequency behavior, swim-
ming toward the water surface, or gathering at
the water surface, and weak movement. Obser-
vation of the external disorder of some infected
fishes show the presence of bleeding and wound
on the fish’s body, erosion of the gill, color of the
gill and pale body and excessive mucus secretion
(Fig. 1 and 2).

Clinical symptoms of KHV are often not spe-
cific and causes mortality attack in 24-40 hours
subsequently. Another study showed that KHV
infection causes gill erosion and the appearance
of pale, lethargy (fish's mouth always pointing
out to the surface), sunken eyes, excessive mucus
secretion, discoloration, fish skin peeling and
Increased respiratory rates [16,17]. The main
clinical symptom of KHV is skin peeling, pale and
necrotic of skin and gill [18].

Fish gill damage showed by behavioral disor-
der such as always swim and gather at the sur-
face or gather at the water surface and increase
respiratory frequency, meanwhile, damage of the
brain and fish nervous system showed by the
aimless movement where both organs are the
target of KHV [1,17,19,20].

The symptom of excessive mucus secretion is
one of the fish's body-protection responses to
the invasion of pathogenic agents including KHV
and its environmental change. Mucus in the skin
found in the epidermis layer that serves as the
body's defense of fish. Moreover, in the epider-
mal layer, there are also cells that can migrate
freely such as lymphocytes and macrophages
that play a role in skin immunity and in the epi-
dermal layer, that cells secrete immunoglobulin
into the skin mucus [21,22].

Other symptoms found on the fish’s body sur-
face are bleeding and skin wound. Bleeding
symptom occurs due to the rupture of the blood
vessel. In the artery or vein, it can caused by sev-
eral things such as trauma, inflammation, or ero-
sion of blood vessel wall. Wound or skin damage
can caused by the rough treatment and ectopar-
asitic infestation resulting in elevated sensitivity
to secondary infection. Some ectoparasites caus-
es of skin abrasion, although it’s not severe, the
wound can be the entrance of infectious agents
[21].
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Water temperature has a role in disease
attack in aquatic animals such as being able to
increase viral replication in the host while
suppressing host immune processes [23]. The
most definitive factor affecting KHV virulence is
water temperature [19]. That carp lives in the
temperature range between 18-30°C and grow
optimum between 20-28°C [24]. Water tempe-
rature at the study site showed at Figure 3.

Figure 1. The Carp’s Gill Infected with KHV are Eroded and

Figure 2. Hemorrhagic and Wound on the Surface of the
Fish Body

Optimal temperature of KHV development
that can cause death is between 18-27°C. This
factor also has something to do with the change
of seasons either from the rainy season to the
dry season or vice versa, which play a role in the
incidence of KHV disease [1].
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Figure 3. The Temperature at the Study Site. Highest tem-
perature was West Lombok (C2) at 27°C and
lowest temperature was East Lombok (B1) at
24.63°C. Description: A= Mataram, Bl= East
Lombok, B2= East Lombok, C1= West Lombok,
C2= West Lombok, D= Central Lombok.
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PCR test performed to ensure that fish test
was infected by KHV. The samples that show spe-
cific clinical symptoms from one study site was
collected and then extracted. Furthermore, they
are amplified to produce 409 bp PCR product.
The final result obtained KHV positive results of 5
samples representing each location (Table 1).

Table 1. Results of PCR

No Region Location Result of PCR

1. Mataram UPR (A) Positive KHV
2. East Lombok BPBIAT (B2)  Positive KHV
UPR (B2) Positive KHV

3. West Lombok UPR (C1) Positive KHV
UPR (C2) Negative KHV
4. Central Lombok UPR (D) Positive KHV

Note: the PCR test of fish sample with clinical symptom of
KHV showed that five was positively infected.

PCR method used in this study proof the
presence of KHV in carp, even long after the out-
break. This PCR test [10] where he conducted a
research on cloning of the Thymidine kinase gene
and state that Thymidine kinase as a standard
method to diagnose KHV. PCR test using Thymi-
dine kinase to detect at least 10 femtogram of
KHV DNA against 30 virions, while the PCR meth-
od by previous study [17,20] used the primary
design of the of fragment sequence of DNA re-
striction at the non-coding region of DNA virus.
Its may not match the KHV strain, so the result is
undetectable [25].

Accordingly, suggests that PCR using the pri-
mary design of the thymidine kinase gene of the
KHV genome has higher sensitivity than the two
previous methods. Based on the result of the test
using PCR method, Electrophoresis gel visualiza-
tion showed the DNA band banding, the positive
result obtained by 409 bp band or parallel to the
positive control (Fig.4).

M K+ K- A Bl1 B2 C1 C2 D
2017.03. 28

—SAT-POS Acq:0.040sec

Figure 4. Results of Electrophoresis Visualization of the
fish sample suspected to be attacked by KHV.
Description: M= Marker 100 bp, K+= Positive
Control, K- = Negative Control, A to D = Gill
Sample.
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The result of DNA sequencing from the KHV-
infected fish template in the form of the
nucleotide sequence (adenine, cytosine, guanine,
and thymine) are later used to determine the
percentage of the similarity between isolate
genotypic examined based on the database
GenBank. Isolated KHV from GenBank can be
used as the reference for related analysis with
genomic data from the existing isolate to predict
the evolution speed that occurs and to be
reconstructed by the evolutionary relationship
between one organism and another.

Based on the multiple alignments (Fig. 5) it
can be said that KHV isolate from the Lombok
Island has high homology with all four isolates
comparatively. Another study reported that
phylogenetic analysis using the same methode
indicate that isolate of MG, CK and VK (from
Indonesian) had close relations of association
with KHV strain J isolates and of variant Al of
Asian genotype, whereas KV3 isolates have a
close relationship of kinship with the U/l strain
KHV isolate and the variant E1, E2, E3 of
European genotype [26].

Genetic variation in the virus is one natural
way to adapt to environmental changes. Viruses
must face its change constantly in their host, as
well as passing from one host to another. They
must deal with a defense response or immune
system of the host. Avoiding the host defense is a
central feature of the defensive strategy in all
viruses [8].

Mutation can happened at anytime in the
growth of a virus population. It may occur spon-
taneously or may be induced by physical and
chemical agents against the DNA. The spontane-
ous may result from inter-pair faults during DNA
replication or during reparation of the DNA. Also,
it can occur due to meaningless changes in the
DNA base, low radiation level, the bases in depu-
ration or deamination or recombination that
spontantly change [8].

With regards to genetic analysis of KHV ob-
tained from DNA sequencing and phylogenetic
tree construction (Fig. 6), it can illustrated how
the relationship between DNAKHV from various
locations and can predict the possibility of the
outbreak. Sample isolate has a relatively high or
very high resemblance, may come from the same
source. The increasing inter-regional carp trade
in the Lombok Island region or between provinc-
es bring the possibility of spreading the KHV vari-
ants that previously found in another location.

A study reported that on isolation and
characterization of the first KHV isolates from koi
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and carp in Indonesia [4]. Clinical symptoms,
morphology, histopathology, and thevirions are

each collected samplesfrom KHV outbreaks
throughout Indonesia suggest that Indonesia’s

similar from other countries. Phylogenetic are closer to KHV Asian offspring than in Europe
analyses usmg the thymldlne kinasegene from [4].
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Figure 5. The Result of Multiple Alignments
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Figure 6. Construction of KHV Isolate Phylogenetic Tree and Comparative Isolate by Neighbors-Joining Method

CONCLUSION

The research shows that clinical symptoms
that appear are the pale grill and bleeding on the
surface of the body. The results electrophoresis
of carp suspected with KHV shows five positives
out of a total six samples. Genetically, KHV
isolates from Lombok Island of West Nusa
Tenggara Province is identical with the GenBank
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