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ABSTRACT: Carp edema virus (CEV), the causative agent of 'koi sleepy disease’ (KSD), appears
to be spreading worldwide and to be responsible for losses in koi, ornamental varieties of the com-
mon carp Cyprinus carpio. Clinical signs of KSD include lethargic behaviour, swollen gills, sunken
eyes and skin alterations and can easily be mistaken for other diseases, such as infection with
cyprinid herpesvirus 3 (CyHV-3). To improve the future diagnosis of CEV infection and to provide
a tool to better explore the relationship between viral load and clinical disease, we developed a
specific quantitative PCR (qPCR) for strains of the virus known to infect koi carp. In samples from
several clinically affected koi, CEV-specific DNA was present in a range from 1 to 2046 000
copies, with a mean of 129982 copies and a median of 45 copies per 250 ng of isolated DNA, but
virus DNA could not be detected in all clinically affected koi. A comparison of the newly devel-
oped gPCR, which is based on a dual-labelled probe, to an existing end-point PCR procedure
revealed higher specificity and sensitivity of the qPCR and demonstrated that the new protocol
could improve CEV detection in koi. In addition to improved diagnosis, the newly developed
qPCR test would be a useful research tool. For example, studies on the pathobiology of CEV could
employ controlled infection experiments in which the development of clinical signs could be

examined in parallel with a quantitative determination of virus load.
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INTRODUCTION

Viral infections of fish may induce severe diseases
associated with high morbidity and mortality, and the
global trade of healthy-appearing infected individu-
als (subclinical carriers) of susceptible species has
great potential for spreading such infections. This
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was evident in infections with cyprinid herpesvirus 3
(CyHV-3), also known as koi herpesvirus (KHV).
CyHV-3 is a highly contagious pathogen which in-
fects common carp Cyprinus carpio as well as koi, its
ornamental varieties, and can result in up to 100%
mortality in affected populations (Rakus et al. 2013).
Infections first observed in koi (Hedrick et al. 2000)
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were globally spread by uncontrolled trade with
apparently healthy but subclinically infected koi
(Haenen & Hedrick 2006), and later also affected the
carp aquaculture industry resulting in heavy losses
(Bocklisch et al. 2006). For this reason, CyHV-3 be-
came the focus of surveillance programmes globally.
Unfortunately, delayed disease control measures
could not prevent the global distribution of this dis-
ease, and now CyHV-3 is considered to be the major
viral pathogen in carp and seriously challenges the
trade of ornamental koi and carp production world-
wide (Haenen & Hedrick 2006, Rakus et al. 2013).

Carp edema virus (CEV), a pox virus, is another
virus that infects carp, which also might have the
potential to become a significant threat. CEV has
been known to cause 'koi sleepy disease’ (KSD) in
ornamental carp varieties (koi) in Japan since the
1970s. For a long time, the occurrence of this disease
appeared to be limited to Japan (Oyamatsu et al.
1997a, Miyazaki et al. 2005). However, the situation
changed in 2013 when the first report of koi affected
by KSD was published based on samples collected in
the UK (Way & Stone 2013). Shortly afterwards, the
virus was also detected in the Netherlands (Haenen
et al. 2014) and Austria (Lewisch et al. 2015). In
spring 2014, a clinical outbreak of KSD was diag-
nosed in several koi populations in Germany (Jung-
Schroers et al. 2015).

With mortalities of up to 80% in populations of
naive juvenile koi in Japan (Oyamatsu et al. 1997a),
KSD has the potential to seriously threaten koi popu-
lations. A treatment regime using salt baths for a pro-
longed period of time limited losses for Japanese koi
farmers (Miyazaki et al. 2005) and led the koi indus-
try to the assumption that KSD could easily be con-
trolled. However, the recent disease outbreaks of
clinical KSD in European koi populations indicate the
need for further studies on this infection.

The most common clinical signs of KSD are lethar-
gic behaviour (hence the name 'koi sleepy disease’),
swollen gills (Miyazaki et al. 2005), enophthalmos
and haemorrhages often around the mouth and at
the base of the fins (Oyamatsu et al. 1997a, Way &
Stone 2013). With this set of clinical signs, the disease
can easily be mistaken for other diseases, for instance
koi herpesvirus disease (KHVD). Therefore, a reli-
able detection method for CEV for inclusion into rou-
tine disease surveillance programmes in koi is
required.

Currently, the detection of CEV in affected individ-
uals is based on an end-point PCR coupled with a
nested PCR, developed by Oyamatsu et al. (1997b).
This protocol, however, did not confirm the presence

of CEV DNA in all individuals from clinical cases in
Germany, which displayed clinical signs of a disease
and which were confirmed negative for infections
with carp herpesviruses, bacteria or parasites (Jung-
Schroers et al. 2015). In some of the clinically affected
individuals, a CEV infection could only be confirmed
with the nested PCR, which indicated a low virus
load and raised questions concerning the clinical
findings. We therefore developed a real-time PCR
based on a dual labelled probe that allowed us to
quantify the viral load in the examined samples,
which in turn would aid in the evaluation of the sig-
nificance of the virus to the etiology of the disease
and will enable investigations into the infection
kinetics of the virus in affected populations.

MATERIALS AND METHODS
Sample collection

Gill tissue, and in some cases skin samples, were
collected from 3 different groups of fish. Gill samples
were collected from affected regions of the first gill
arch on the left side of the body. In koi smaller than
5 cm body size, tissue from all 4 gill arches of the left
body side was collected. Skin samples were collected
from the ventral part of the left side of the body. One
group comprised samples from a total of 33 koi origi-
nating from 21 fish tanks or ponds of wholesalers or
hobbyists in Lower Saxony, Germany (Table 1). Of
these koi, 26 were sampled when moribund or re-
cently deceased. These fish presented typical clinical
signs of an infection with an epitheliotropic virus, in-
cluding lesions and necrosis of the gills and skin. In
addition, 7 subclinical individuals were sampled from
the same ponds/tanks where the disease was detected
previously but the sampled koi did not show any clini-
cal signs (Table 1). Observations on 11 of these koi
formed the basis of a previous communication on the
first detection of CEV in Germany (Jung-Schroers et
al. 2015). In all cases, no bacterial or parasitic patho-
gens could be confirmed as the cause of morbidity or
mortality using methods as described by Jung-
Schroers et al. (2015). All koi were diagnosed as
CyHV-3 negative using quantitative PCR (qPCR) fol-
lowing previous methods (Gilad et al. 2004, Jung-
Schroers et al. 2015). A second group of samples con-
sisted of 12 gill pools (gill tissue from 2 koi pool™!)
collected from 12 koi batches with subclinical individ-
uals which were imported from Asia to Germany
shortly beforehand. A third group of samples con-
tained gill tissue from 3 moribund common carp indi-
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Table 1. Koi Cyprinus carpio examined for the presence of carp edema virus
(CEV) DNA by real-time and end-point PCRs, quantitative determination of
the CEV load in positive samples by qPCR and a comparison of qPCR results to
the end-point PCR protocol established by Oyamatsu et al. (1997b). The copy
number of CEV-specific DNA per 250 ng of DNA determined by gPCR is
given. +: positive signal in the end-point PCR; —: negative PCR result; na:

sample was not analysed

diluted with PCR-grade water
(Thermo Fisher Scientific) to a concen-
tration of 50 ng pl™' and stored at
—-80°C. Additionally, 4 DNA samples (2
samples positive for cyprinid her-
pesvirus 1 [CyHV-1] and 2 samples

positive for CyHV-3) were collected
Fish Pond/ Clinical signs qPCR CEV_F1/R1 Nested CEV_F2/R2 gqPCR from previous djagnostic Samples and
ID tankID incl. death Gill Gill Gill Skin included in the study to test for speci-
1 1 Yes 2046000 + na na ficity and cross-reactivity of the newly
2 1 Yes 16220 + na na developed qPCR.
3 1 No - - - na The end-point PCR developed by
‘; ; 31;10 - - - na Oyamatsu et al. (1997b) was initially
5 3 Yes - i i na used for the detection of CEV-specific

es - - - na
7 3 No _ _ _ na genome sequences (fragment encod-
8 4 Yes 11 + na na ing for part of P4a core protein) in the
9 4 Yes 2 - - na tissue samples. The end-point PCR
10 4 Yes 45 + na na .
1 5 Vos 2 . na na was performed usmg a KAPA2G
12 6 Yes _ _ _ na Robust Hot Start PCR kit (Peqlab), the
13 6 No - - na primers CEV_F1/CEV_R1 and CEV_
14 4 Yes 2 na F2/CEV_R2 (Table 2) and 250 ng of
15 7 Yes 132800 + na na DNA. The thermal profile used in-
16 8 Yes - - - na o .
17 8 No _ _ _ na cluded an initial denaturation step at
18 9 Yes 241700 + na 4824 95°C for 3 min followed by 40 cycles at
19 10 No - - - na 95°C for 30 s, 55°C for 30 s and 72°C
g‘; 1? 50 ; - na for 30 s, and a final extension step at
es - na ° . .

29 1 Yes - _ _ na 72°C for 7 min using a Labcycler. (Sen-
23 12 Yes _ _ _ na soquest). PCR products were ligated
24 13 Yes - - - na into the pGEM-T Easy vector
25 14 Yes 59 + na na (Promega) and propagated in JM109
26 14 Yes 3402 + na na competent Escherichia coli bacteria
27 15 Yes 3 - - na K
28 16 Yes 387 + na _ (Promega) following the manufac-
29 17 Yes 7 + na - turer's instructions. Plasmids were iso-
30 18 Yes 1 - - - lated with the GeneJET Plasmid
31 19 Yes 1 - - - Miniprep Kit (Fermentas) following
32 20 Yes 23070 + na 2066 th fact 's inst t d
33 21 Yes 5910 N na na e manufacturer's instructions, an

inserts were sequenced (LGC Gen-

viduals diagnosed to be positive for CEV in early 2015
using an unpublished set of primers designed by the
World Organisation for Animal Health (OIE) reference
laboratory at the Centre for Environment, Fisheries
and Aquaculture Science (CEFAS, Weymouth, UK).

DNA isolation and end-point PCR analysis

DNA was isolated after mechanical lysis of ~25 mg
tissue by Tissue Lyser II (Qiagen), using the QIAamp
DNA Mini Kit (Qiagen) according to the manufac-
turer's manual. After isolation, the DNA concentra-
tion was measured with a Nanodrop ND-1000
(Peqlab) spectrophotometer, and the samples were

omics) using T7? and SP6 promoter
sequencing primers (Table 2). Obtained sequences
were compared to sequences published by Ovya-
matsu (1996) and a sequence obtained from the OIE
reference laboratory at CEFAS.

Quantitative real-time PCR

In order to quantify the virus load in individuals
found to be CEV positive, a quantitative real-time
PCR was developed on the basis of the previously
obtained nucleotide sequence (GenBank ID:
KM283182) amplified from samples of CEV-positive
koi using the primer set published by Oyamatsu et al.
(1997b) and using additional sequences supplied by
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Table 2. Sequences of primers and probes used in this work. Primers were used as indicated by letters, where E: end-point
PCR; P: amplification of gene fragments for plasmid-based quantification; Q: gPCR analyses; S: sequencing

Primer/ Sequence (5'-3') GenBank Use Reference

probe D

CEV_F1 GCT GTT GCA ACC ATT TGA GA - E,P Ovyamatsu et al. (1997b)
CEV_R1 TGC AGG TTG CTC CTA ATC CT - E, P Ovyamatsu et al. (1997b)
CEV_F2 GCT GCT GCA CTT TTA GGA GG - E Oyamatsu et al. (1997b)
CEV_R2 TGC AAGTTATTT CGA TGC CA - E Oyamatsu et al. (1997b)
CEV_gF1 TTT AGG AGG ACA AGT AAA GTT ACCA KM283182 Q -

CEV_qgR1 GCA AGT TAT TTC GAT GCC AACC KM283182 Q -

CEV_probel [FAM]-CCA GCT CCT ACA AGG AAA GCA ATT GA-[BHQ] KM283182 Q -

T7 TAA TAC GAC TCA CTA TAG GG - S Promega

SP6 TAT TTA GGT GAC ACT ATA G - S Promega

the OIE reference laboratory at CEFAS (Fig. S1 in the
Supplement at www.int-res.com/articles/suppl/d119
p245_supp.pdf). Primers and probe for the qPCR were
designed with the IDT RealTime gqPCR tool (http://
eu.idtdna.com/scitools/Applications/RealTimePCR).
Primer and probe concentrations were selected dur-
ing a reaction optimisation process, with combina-
tions of 3 primer concentrations (50, 300, 900 nM)
and 6 probe concentrations (50, 100, 150, 200, 250,
300 nM) being tested. The final diagnostic reaction
mix contained 1x Master Mix (Maxima Probe qPCR
Mastermix, Thermo Fisher Scientific), 900 nM of
each primer, 300 nM of the probe (sequences in
Table 2) and 250 ng of template DNA. For quantifica-
tion of CEV load, DNA standards based on super-
coiled recombinant plasmid DNA (recDNA) were
generated using 1 of the above mentioned plasmids
containing the PCR product amplified with the
CEV_F1/CEV_R1 primers. The number of plasmids
was calculated from the DNA concentration of the
plasmid preparation (absorbance at 260 nm) and the
molecular weight of DNA. A standard from 10° to 107
recDNA plasmids was prepared by 10-fold dilution
with PCR-grade water and used for a quantification
of virus DNA copy number. The qPCR was per-
formed using a Stratagene Mx 3005P thermocycler
(Agilent) with a thermal profile including an initial
denaturation step at 95°C for 10 min, followed by 40
cycles at 95°C for 30 s and 60°C for 30 s. All samples
were run in duplicate. Fluorescence data were ana-
lysed using the Stratagene MxPro Software (Agilent)
and exported to Microsoft Excel. The results are pre-
sented as the total number of virus copies per 250 ng
of DNA. From a standard curve constructed from 10°
to 107 copies of recDNA plasmids of CEV and from a
serially (10-fold) diluted CEV-positive sample as a
template, we concluded that the limit for a reliable
detection of CEV using the new qPCR is lower than

10 copies of CEV-specific DNA, with 1 copy of the
viral genome being detectable. With the standard,
the gqPCR gave the amplification curve y=-3.2499x +
41.706 with a correlation R? = 0.9988 and efficiency of
103.1% (range 99.3-105. 1%, Fig. 1).

To further ensure the reliability of the qPCR pro-
tocol, selected CEV-positive samples were exam-
ined in 3 independent qPCR runs. The standard
deviation (SD) of the cycle threshold (Ct) values
achieved in the 3 replications was below 1 in most
of the samples. Only 1 sample which was bearing
1 copy of the virus showed a higher SD of 1.5
(Table S1 in the Supplement).

When DNA from a diagnostic sample was diluted
10-fold, a linear amplification curve was achieved for
at least 5 orders of dilution (Table S2 in the Supple-
ment). The specificity of the newly developed qPCR
was confirmed by analysing samples from fish
infected with CyHV-1 and CyHV-3 viruses. No fluo-
rescent signal was detected in these samples.

Standard curve CEV gPCR

y =-3.2499x + 41.706
R? = 0.9988
Eff. = 103.1 %

35
30
25
20
15
10

5

0

Ct(dRn)

10° 10" 102 10® 10* 10° 10® 107
Initial quantity (copies)

Fig. 1. Standard curve for 10° to 107 copies of supercoiled re-

combinant plasmid DNA used in qPCR. Standard curve re-

presents mean + SD from n = 3 replicates. Ct(dRn): cycle

threshold based on delta (change) of normalised fluores-
cence; Eff.: efficiency
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The end-point PCR designed by Oyamatsu et al.
(1997b) was included in all analyses to compare
the sensitivity of the new gPCR in routine CEV
diagnostics.

RESULTS
Virus load in gills of clinically aifected koi

Screening of gill samples from 33 koi from the
disease outbreak in 2014 by means of the end-point
PCR developed by Oyamatsu et al. (1997b) con-
firmed the presence of CEV DNA in 15 fish out of
26 clinically affected specimens (Table 1). Surpris-
ingly, not all clinically affected individuals were
positive for CEV, and in 2 clinically affected koi,
the presence of CEV DNA could be detected only
in the second round (nested) PCR. The results from
this end-point PCR indicated a wide range of the
virus load in affected individuals but did not allow
further quantification. For determination of the
virus load, all samples were subsequently analysed
by means of the new qPCR. In this analysis, the
presence of CEV DNA could be detected in 19 out
of the 26 clinically affected koi with a virus load
ranging from 1 to 2046 000 copies with a mean of
129982 and a median of 45 copies per 250 ng of
isolated DNA (Table 1). In 7 koi, the virus load was
as high as 1000 copies per 250 ng of DNA, and
in another 7 individuals, the virus load was below
10 copies per 250 ng of DNA. To exclude potential
false negative results, additional DNA extractions
were performed from samples taken from the clini-
cally affected but CEV-negative koi. Again, the
analysis of these samples by means of both PCR
protocols (end-point and gPCR) gave negative
results.

CEV detection in subclinical koi

In gill samples from subclinical individuals col-
lected from the same tanks as clinically affected koi
(Tanks 1, 3, 6 and 8 in Table 1) at a later time point,
CEV DNA could not be detected during the 2014
event. In contrast, the presence of CEV could be
found in gill tissues of koi from 8 out of 12 koi batches
examined shortly after being imported from Asia to
Germany. The koi from all of these shipments
appeared healthy even though in 2 batches the koi
harboured more than 1000 copies of the CEV gen-
ome per 250 ng of DNA (Table 3).

Table 3. Koi Cyprinus carpio batches exported from Asia to
Germany and examined for the presence of carp edema
virus (CEV). The CEV load is presented as the number of
copies of the CEV genome per 250 ng of DNA isolated from
gills pooled from 2 fish. nd: CEV-specific DNA not detected

Batch number CEV load
B1 9
B2 2
B3 42
B4 nd
B5 2
B6 nd
B7 27
B8 11840
B9 nd
B10 3
B11 nd
B12 4639

Comparison of skin and gill samples from koi

Skin and gill samples were collected from 6 koi
individuals for a comparison of the virus load
between the 2 organs. Virus DNA could be detected
in 6 of the gill samples and in only 2 skin samples
with 11 or 50 times lower virus load than in the gills
(Table 1).

CEV detection in carp samples by the new qPCR

When gill samples from clinically affected carp
were analysed for the presence of CEV-specific
DNA, both the end-point PCR designed by Oyamatsu
et al. (1997b) and the new pPCR gave negative
results.

DISCUSSION

For a long time, clinical outbreaks of KSD
appeared to be restricted to Japanese koi farms
where losses due to KSD could be controlled by a
treatment using prolonged salt baths (Oyamatsu et
al. 1997b, Miyazaki et al. 2005). Therefore, when koi
populations in Europe or North America were found
sick with clinical signs including gill and skin
changes, depressed behaviour and sunken eyes, fish
health professionals often assumed the koi were suf-
fering from a disease caused by infection with CyHV-
3, and when diagnostic tests for the presence of
CyHV-3 gave negative results, the presence of unde-
tected CyHV-3 variants was discussed (Engelsma et
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al. 2013). Recent reports of a CEV infection from such
individuals raise the question of the epidemiological
importance of this pathogen. When examined by
qPCR, a high virus load could be detected in 7 clini-
cally affected koi, suggesting that the CEV infection
might be responsible for the observed clinical signs
of disease in these fish. Surprisingly, in gill samples
from 8 clinically affected koi, only low copy numbers
of CEV-specific DNA were found, and samples from
another 7 clinically affected koi gave negative
results. Information on the development of virus load
in koi with CEV infection is scarce. Miyazaki et al.
(2005) reported the presence of numerous immature
viral particles in enlarged respiratory branchial cells
during the initial phase of infection, while mature
virions were observed in hypertrophied cells of the
branchial epithelium and not in cells of the basal
region of the clubbed gill filament (Miyazaki et al.
2005). A study which correlates the sequential ap-
pearance of histopathological changes with a quanti-
tative assessment of the virus load during the course
of infection has not been performed to date. The
observation that koi kept in water supplemented
with 0.5 % salt developed gill pathology but were not
suffering from clinical KSD (Miyazaki et al. 20095)
suggests that clinical KSD is mostly related to a dis-
turbance of the osmotic balance in koi due to destruc-
tion of the branchial osmotic barrier when CEV-
infected gill epithelium cells deteriorate. Hence, in
koi suffering from clinical KSD, the CEV load might
already have declined. At present, the large differ-
ences in virus load in the gill samples from clinically
affected koi are difficult to interpret and further
infection experiments with CEV are needed, espe-
cially to determine the virulence potential of this
virus and the virus load which is associated with dis-
ease signs and death.

It is unclear whether CEV might persist in subclin-
ical koi from KSD-affected populations. In the pres-
ent study, CEV could not be detected in gill samples
from such fish during the 2014 event. However, some
koi from recently imported populations harboured
high copy numbers of CEV-specific DNA in gills
without developing signs of a disease (Table 3). This
might suggest a stress-related reactivation of a per-
sistent CEV infection, as is also suspected in fowlpox
infections (Lachish et al. 2012). This result may show
a potential dispersal route of CEV.

In previous studies (Ono et al. 1986, Oyamatsu et
al. 1997a, Miyazaki et al. 2005), CEV was mainly
found in gills of affected koi and only occasionally in
skin, liver or spleen (Amita et al. 2002). This could be
confirmed in the present study, where CEV was

detected more often in gills than in skin. Hence, gills
were a more reliable tissue for CEV detection than
skin or other tissues.

In addition to the quantification of virus-specific
DNA copies, the new qPCR gives a significant advan-
tage over the already established end-point PCR for
the detection of a CEV infection in koi because it has
a noticeably higher sensitivity. Using the protocol for
the first round end-point PCR from Oyamatsu et al.
(1997b), 13 out of 33 samples were CEV positive,
while 6 samples with a virus load of 1 to 3 copies per
250 ng of DNA detected by the new qPCR remained
negative. When Oyamatsu's nested end-point PCR
was applied (Oyamatsu et al. 1997b), a positive signal
was observed in 2 additional samples (Table 1). De-
spite the relatively good sensitivity of the nested end-
point PCR, the procedure gave false negative results
for 4 samples, and it took 3 times longer to obtain data
compared to the newly developed gPCR. Further-
more, as indicated by other authors (Way & Stone
2013), the nested PCR produced non-specific
products (Fig. S2 in the Supplement) which can con-
found interpretation of the results.

Interestingly, a carp edema virus was also detected
in common carp displaying clinical signs and mortal-
ity in the UK in March 2012 (Way & Stone 2013), and
recently CEV was also diagnosed from diseased
common carp in Austria (Lewisch et al. 2015) fol-
lowed by 2 further clinical cases in common carp in
Germany in 2015. Sequencing of the PCR amplicons
from common carp and koi isolates revealed signifi-
cant (over 6 %) differences in DNA sequences, sug-
gesting the existence of 2 lineages of CEV: 1 from koi
and 1 from common carp (Way & Stone 2013). As
predicted from an in silico analysis of sequences
(Fig. S1), the newly designed qPCR is specific only
for the koi lineage of CEV, because samples from
common carp gave negative results. In these sam-
ples, the end-point PCR by Oyamatsu et al. (1997b)
was also not capable of detecting CEV DNA.

In conclusion, the analysis of gill samples from koi
affected by KSD by means of a new qPCR revealed a
large difference in CEV load. For a correlation of dis-
ease signs to the virus load determined in gills of
affected individuals, controlled infection experi-
ments are needed in which the development of clini-
cal signs is examined in parallel to quantitative deter-
mination of virus load. In such experiments, our
newly developed qPCR could be useful. In addition,
this gPCR was found to be a specific, more sensitive,
faster and more reliable tool for the detection of CEV
in koi compared to the previously used end-point
PCR designed by Oyamatsu et al. (1997b) and could
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improve disease diagnosis in koi suffering from clini-
cal signs such as lethargy and gill necrosis, particu-
larly since fish health professionals might not be
aware of the current presence of CEV infection in
European koi populations. As a diagnostic tool, the
qPCR will also be very useful in the regulation of the
currently largely unsurveyed global trade of koi,
thereby preventing or limiting the spread of CEV
into natural or aquaculture populations of common
carp in continental Europe. Finally, the confirmation
of high virus loads in dead fish suggests that the CEV
infection might have the potential to be an emerging
disease and could result in similar economic conse-
quences as those seen with CyHV-3-infections,
which has harmed the financial status of many carp
farms around the world.
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