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ABSTRACT: Infections of common carp Cyprinus carpio and koi, its coloured morphotypes, with
the cyprinid herpesvirus 3 (CyHV-3) can induce severe clinical signs and increased mortality in
affected stocks. This may significantly challenge the economic basis of carp farming in Central
Europe. To limit virus spread in carp farms, effective disinfection measures for ponds stocked with
infected populations are required. In the traditional European pond aquaculture of carp, draining
and liming of ponds with quicklime (CaO) up to pH 12 is a well-established disinfection measure
against various pathogens. The present field study investigated whether these measures are suf-
ficient for the inactivation of CyHV-3 infectivity in carp ponds. After draining and liming, the
ponds were stocked with carp fry from a CyHV-3-negative stock, and 2 ponds were examined for
the presence of CyHV-3-specific DNA sequences during the growth period of the carp and in the
harvested stock. Wild fish (from the ponds, and feeder and drainage canals) and water samples
(from the ponds) were also examined for CyHV-3-specific DNA sequences; and naive carp were
cohabited with wild fish, or exposed to the pondwater samples, to test for the presence of infec-
tious virus. All examined samples remained negative for CyHV-3 throughout the study. This indi-
cates that draining and liming with quicklime can be a suitable disinfection measure for ponds
after a CyHV-3 outbreak in carp aquaculture.
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INTRODUCTION cyprinid herpesvirus 3 (CyHV-3, also known as koi

herpesvirus, KHV). Fish affected by this viral disease

Common carp Cyprinus carpio, raised in pond aqua-
culture mainly in Asia and Central Europe, is an im-
portant food fish and constitutes almost 14 % of the to-
tal global freshwater aquaculture production (FAO
2015). Common carp is one of the most variable fresh-
water fish species and the coloured morphotypes, the
koi, are popular ornamental fish worldwide (Barus et
al. 2002). Since the late 1990s, populations of common
carp have suffered from a serious disease caused by
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develop clinical signs including gill necrosis, skin le-
sions, exophthalmos or enophthalmos and apathy
(Haenen et al. 2004, Rakus et al. 2013), and the mortal-
ity rate may reach up to 90 % in aquaculture popula-
tions of carp (G. Fillner pers. obs.). Hence, outbreaks
of the so-called koi herpesvirus disease (KHVD) cause
significant economic losses (Haenen et al. 2004) and
have a severe impact on carp aquaculture and koi
trade. In Saxony, a major carp-producing area in Ger-
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many, carp production declined by 40 % due to CyHV-
3-related losses (Fillner et al. 2011).

The virus is mainly spread by infected carp and
contaminated equipment. In the pond environment,
the virus or virus DNA is also detected in effluent
water (Matsui et al. 2008, Baumer et al. 2013), in the
tissues of several wild fish species (Kempter et al.
2009, Fabian et al. 2013), in benthic invertebrates
such as freshwater clams (Kietpinski et al. 2010) and
in piscivorous birds like herons or cormorants (Mat-
sui et al. 2008). From the studies available, it can be
concluded that the main reservoir for the virus are
infected individuals from the species C. carpio. Wild
fish species in ponds and contributory or draining
canals might also serve as reservoirs, and it remains
unclear whether the virus might survive in pond sed-
iment. In environmental water, virus particles re-
mained infective for up to 3 d (Shimizu et al. 2006)
and could be inactivated by ultra violet irradiation,
iodophore or chlorine treatment (Kasai et al. 2005). In
pond aquaculture, disinfection is frequently done by
the application of quicklime (CaO) to increase the
sediment pH up to 12 (Boyd 2003). This measure has
the capability to inactivate many fish pathogenic
viruses, and therefore treatment with quicklime is,
for instance, recommended as a disinfection measure
after virus outbreaks in traditional German trout
farms (Baur et al. 2010). In the case of CyHV-3 infec-
tions, currently no studies are available which exam-
ine whether CyHV-3 infectivity is retained in ponds
which had been stocked with CyHV-3-infected carp
and which had been drained completely and disin-
fected by the application of quicklime. In the context
of a field study on the presence of CyHV-3 in fish and
water samples from traditional carp farms (Baumer et
al. 2013), we also examined, in a field trial, whether a
CyHV-3 infection could be detected in fish or water
samples from drained and limed carp ponds when
those ponds were re-stocked with uninfected carp fry
after disinfection.

MATERIALS AND METHODS
Field study
Fish samples
Two ponds in different carp farms in Saxony, Ger-
many, were selected for this study. Both ponds had
submersed water plants and reed belts which were

regularly cut. Via contributing and recipient canals,
the ponds were connected to other carp ponds within

the carp farm. Both ponds had been stocked with ju-
venile carp during their first summer (age class C1)
and experienced a clinical outbreak of KHVD in sum-
mer 2008. The etiology of the disease was confirmed
by veterinary and laboratory diagnostics (G. Brauer,
data not shown). Subsequently, the farms were in-
cluded in the Saxonian program for KHV contain-
ment. In all affected ponds, surviving fish were killed,
the ponds were completely drained and quicklime
was applied on top of the pond sediment at a concen-
tration of 1000 kg ha~!. After liming, a pH of 12 was
measured in wet areas of the ponds, and the ponds
were left without water during the winter for a period
of at least 6 wk. In spring 2009, the ponds were again
filled with water and in May, when the pH of the wa-
ter was below 8.5, the ponds were stocked with carp
fry from a stock which was confirmed as negative for
CyHV-3. From the 2 ponds under study, carp were
collected at 4 time points during the production
period from May to September 2009 and in April
2010, when the ponds were drained completely for
harvesting and re-stocking with carp (see Table 1). At
each time point, samples from gills, liver, kidney,
spleen and brain were taken from the collected carp,
the tissues were pooled for individual carp, and an
aliquot of 25 mg was taken and examined for the
presence of CyHV-3-specific DNA sequences by
quantitative PCR (qPCR). In order to rule wild fish out
as possible introducers of the disease into ponds, indi-
viduals of different wild fish species were collected
from contributory and drainage canals of the ponds
during the production period in summer 2009 and
from the ponds in April 2010 and also analysed for the
presence of CyHV-3-specific DNA sequences by
qPCR. The wild fish samples consisted of individuals
of the families Cyprinidae, Ictaluridae and Percidae
(see Table 2). In total, 100 juvenile carp and 145 indi-
viduals of different wild fish species were collected
from disinfected ponds and their drainage canals and
examined for the presence of CyHV-3 as described
previously (Fabian et al. 2013).

Water samples

At each sampling date, ~20 1 of water were collec-
ted from the water column (water depth 100-180 cm)
of each pond and analysed for the presence of CyHV-
3 by qPCR analysis, and water samples were exposed
to sentinel carp obtained from a virus-free stock in
the water. For the qPCR-based detection of CyHV-3,
a 100 ml aliquot was taken from each water sample
and examined by cation-coated filter concentration
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and gPCR, as described previously (Haramoto et al.
2009, Baumer et al. 2013).

Exposure of sentinel carp

Water samples and wild fish individuals from the
disinfected ponds were tested for CyHV-3 infectivity
for carp in laboratory experiments by exposure to sen-
tinel carp. Recipient carp (15 g, 6—-9 mo) originated
from a single crossing (R8X R3, De Haar Fissen, Wa-
geningen University, NL). The carp were kept and
raised under parasite- and virus-free conditions in a
laboratory facility supplied with tap water and were
confirmed as CyHV-3-free and susceptible to CyHV-3
infection as described previously (Baumer et al. 2013).
During the field study, 6 recipient carp were placed
into each of the 20 | samples of pond water at the pond
site, transported to the laboratory and kept in disin-
fected glass tanks at 23°C as described previously
(Baumer et al. 2013). Wild fish collected from the carp
ponds during harvesting in spring 2010 were trans-
ported to the laboratory, separated according to spe-
cies and were kept together with 6 recipient carp in
disinfected glass tanks at 23°C as described previously
(Fabian et al. 2013). In all cohabitation experiments,
the fish were monitored daily for clinical signs of KHVD
for a period of 14 d and subsequently euthanised by
immersion in a bath of 0.5 g 17! tricaine methan
sulphonate (MS-222, Pharmaq). Then tissue samples
from the gill, liver, kidney, spleen and brain were col-
lected and examined for the presence of CyHV-3 by
qPCR. All animal experimentation was done accord-
ing to national and international regulations for ex-
perimentation with animals and under approval of the
Lower Saxony State Office for Consumer Protection
and Food Safety under the reference number 09-1626.

Molecular biological methods
DNA extraction

Genomic DNA was isolated from aliquots of 25 mg
of pooled tissue or from 100 pl concentrated water
samples using the QIAmp DNA Mini-Kit (Qiagen). In
every extraction round, tissue from a CyHV-3-infected
carp and from European flounder Platichthys flesus
were included as positive and negative controls,
respectively. The concentration of obtained DNA
was measured with a spectrophotometer (NanoDrop
1000), adjusted to 25 ng nl~! and stored at —80°C until
further use.

Quantitative real-time PCR

The quantitative TagMan real-time PCR devel-
oped by Gilad et al. (2004) was used for analysing tis-
sue and water samples for CyHV-3-specific DNA
sequences. The PCR was performed using the primer
pair and probe designed by Gilad et al. (2004) and
the INTYPE IC-DNA control (Qiagen) as internal
amplification control as described previously (Baumer
et al. 2013). This assay detected 1-5 copies of virus-
specific DNA sequences in the sampled tissue and
remained negative when tissues from non-infected
individuals or individuals infected with CyHV-1 or
CyHV-2 were tested (Bergmann et al. 2010). Using
this assay, CyHV-3 DNA could be detected in tissues
from all individuals during an acute outbreak of
KHVD (Rakus et al. 2013) and in tissues of 1 out of 10
to 10 out of 10 carp collected from latently infected
carp populations (Baumer et al. 2013).

RESULTS
Field samples

Both carp ponds examined during this study were
stocked with carp fry in May 2009, and CyHV-3-
specific DNA sequences could not be detected in
samples from the stocking carp (Table 1). During
the growth period of carp, from May to late Septem-
ber 2009, there were no clinical signs of a disease or
increased mortalities, and all carp collected during
this period appeared clinically healthy upon sam-
pling. No CyHV-3-specific DNA sequences were
detected in the tissues of these carp (Table 1). Fur-
thermore, no CyHV-3 was detected in tissues of
carp collected during harvesting of the ponds in
spring 2010. Likewise, all water samples remained
negative during testing for CyHV-3-specific DNA
sequences.

No CyHV-3-specific DNA was detected in tissue
samples from the wild fish collected from the canals
supplying the ponds under study during the 2009
growth period or from the wild fish sampled during
draining and harvesting of the ponds in spring 2010.

Sentinel carp

All sentinel carp kept in water from the examined
ponds remained negative for CyHV-3-specific DNA
sequences by qPCR (Table 1). Likewise, no CyHV-3-
specific DNA sequences were detected in tissues
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Table 1. Analysis of samples from farmed carp, water and sentinel carp ex-
posed to water from ponds disinfected with quicklime after an outbreak of a
clinical cyprinid herpesvirus 3 (CyHV-3) infection. Temp.: temperature at
sampling. No of samples which are CyHV-3 PCR positive (+) or negative (-)

which are closely linked to adjacent
aquatic habitats, make disinfection
measures after a disease outbreak
difficult. Virucidal effects of disinfec-

Pond Sampling date Temp. Farmedcarp  Water Sentinel carp tants a.galpst CyHV-3 .were. mainly
D (dd.mm.yy) °C) o/ e e tested in in vitro studies using cell
culture-derived virus suspensions,
7 08.05.09 16 0/10 0/2 0/6 and after application of the disinfec-
23.06.09 19 0/10 0/2 0/6 i ; -
20,07 09 21 0/10 0/2 0/6 ta.lnt, the remaining 1nf§ct1Ylty of _the
29.09.09 16 0/10 0/2 0/6 virus was analysed by in vitro testing
14.04.10 7 0/10 0/2 0/6 using a plaque assay (Kasai et al.
8 16.06.09 18 0/10 0/2 0/6 2005). Several of the tested sub-
24.07.09 21 0/10 0/2 0/6 stances, such as sodium hypochlorite,
21.08.09 22 0710 072 0/6 iodophores or ethyl ethanol (Kasai et
25.09.09 15 0/10 072 076 al. 2005), cannot be applied in natural
21.04.10 12 0/10 0/2 0/6 : ' PPl ,
carp ponds. The application of quick-

Table 2. Samples of wild fish species from ponds and draining canals after
disinfection with quicklime after a clinical outbreak of cyprinid herpesvirus
3 (CyHV-3) infection. Number of CyHV-3 PCR-positive individuals/total num-
ber of individual. —: fish species not present or no sentinel carp kept together

with individuals from this wild fish species

lime to the pond sediment is tradition-
ally used in several pond-farming
systems as an economic and effective
disinfectant (Boyd 2003). The main
effect of the quicklime treatment is an
increase in soil or water pH, and

Common name Scientific name

Canal Pond Sentinel carp

many viruses including CyHV-3 were
found to be inactivated at a pH of 12

Cyprinidae

Gudgeon Gobio gobio 0/20  0/1
Roach Rutilus rutilus 0/19 0/16
Rudd Scardinius erythrophthalmus 0/3 -
Tench Tinca tinca 0/1 0/5
Ictaluridae

Brown bullhead Ictalurus nebulosus - 0/18
Percidae

European perch Perca fluviatilis 0/20 0/11
Ruffe Gymnocephalus cernua 0/11  0/20

(Roberts 2001, Neukirch 2003). The
0/6 results of the present study indicate
0/6 that draining and liming can be effec-
- tive measures for the disinfection of a
pond after a clinical outbreak of
CyHV-3 disease.

All carp collected from the ponds
0/6 after the ponds had been treated and
0/6 re-stocked with uninfected carp fry

from recipient carp kept together with wild fish spe-
cies from the examined ponds (Table 2).

DISCUSSION

In traditional European carp farming, carp ponds
are embedded in the landscape and are natural habi-
tats of a large number of aquatic organisms (Bekefi &
Varadi 2007). This includes the presence of a wide
range of amphibians, water birds and fish from pro-
tected species. Therefore, pond farms are important
components of the local ecosystem and landscape
(Blayac et al. 2014). In addition, via contributory and
recipient pond canals they are closely linked with
surrounding habitats (VSetickova & Addmek 2013).
The large surface area of carp ponds, their muddy
pond floor and their function as open biosystems,

remained negative for CyHV-3-spe-
cific DNA sequences. Our study was
performed in production ponds in carp farms within
the framework of a containment programme con-
ducted by Saxonian veterinary authorities. Conse-
quently, control ponds (which would not have been
limed before re-stocking) could not be included
because of legal restrictions. Therefore, on the basis
of our data, it cannot be determined whether drain-
ing of the ponds without liming would be sufficient to
prevent re-infection. There are, however, field obser-
vations of outbreaks of clinical KHVD after re-stock-
ing with naive carp in ponds which were not or not
completely limed (K. Boettcher pers. obs.). This sug-
gests that the treatment of pond sediment with
quicklime is an important protective factor.

CyHV-3 was not detected in water samples or in
wild fish species from the examined ponds or from
contributory and recipient canals. Individuals from
several wild fish species were collected from the
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examined ponds during draining of the ponds and
harvesting of the carp. These wild fish were not
stocked by the farmers but had migrated into the
ponds from adjacent aquatic habitats, most likely via
contributory or recipient canals. Various fish species
from the pond environment are considered as possi-
ble hosts for CyHV-3 (Kempter et al. 2009, Kietpinski
et al. 2010); hence, fish migrating into treated ponds
from adjacent CyHV-3-infected ponds might carry
the infection into the treated environment. In the cur-
rent investigation, these fishes were tested in order to
rule them out as possible introducers of the disease
into the ponds following treatment. Laboratory infec-
tion experiments involving several wild fish species
with CyHV-3 (Fabian et al. 2016) and our data pre-
sented here indicate, however, that migrating wild
fish might only represent a limited to insignificant
risk for the spread of a CyHV-3 infection into treated
ponds.

Unfortunately, no data are available on the speci-
ficity and sensitivity of the diagnostic method we
used. Applied real-time PCR was recommended by
the German National Reference Laboratory for Koi
Herpesvirus Infection at the Friedrich Loeffler Insti-
tute, Greifswald, Insel Riems, for the examination of
diagnostic samples, because it could detect 1-5 copies
of virus-specific DNA sequences in the sampled tis-
sue and remained negative when tissues from non-
infected individuals or individuals infected with
CyHV-1 or CyHV-2 were tested (Bergmann et al.
2010). Using this assay, CyHV-3 DNA could be de-
tected in tissues from all individuals sampled during
an acute outbreak of KHVD (Bergmann et al. 2010)
and in tissues of 1 out of 10 to 10 out of 10 carp col-
lected from latently infected carp populations (Bau-
mer et al. 2013). In the present study, a total of 50
carp were examined per pond. Thus, the sample was
large enough to detect infected carp at a prevalence
of <56% and a statistical reliability of 90% (Petrie &
Watson 2013).

The data presented here confirm for the first time
under field conditions the effectiveness of draining
and treating ponds with quicklime as a suitable dis-
infection measure in CyHV-3 containment programs
in traditional European carp farms. In ponds treated
with such measures, the reoccurrence of a CyHV-3
infection could not be observed. Economic and envi-
ronmental studies, which were performed in parallel
to the current investigations, indicated a low impact
of these measures on the fauna and flora of treated
habitats. After liming, the prevalence of amphibian
species (Gahsche & Striese 2011, Hutsch 2012) drag-
onflies (Monzka 2012) water beetles and macrophyte

species (Kornek et al. 2014) was not statistically dif-
ferent to ponds without liming. Compared to the high
economic losses in farms with clinical outbreaks of
KHVD, liming, which prevented disease outbreaks,
proved to be cost-effective (Gobel et al. 2011). This
suggests that liming of carp ponds up to pH 12 can be
a suitable disinfection measure after an outbreak of
CyHV-3 infection in a traditional European carp farm.
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