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INTRODUCTION

Cyprinid herpesvirus 1 (CyHV1) infects both com-
mon carp and koi carp Cyprinus carpio and is the most
geographically widespread of the 3 alloherpesviruses
that infect cyprinid fishes (Wolf 1988, Waltzek et al.
2009a). While cyprinid herpesvirus 2 and 3 (CyHV2
and CyHV3, respectively) are associated with lethal

systemic diseases in all ages of goldfish Carassius au-
ratus and carp, respectively, CyHV1 is rarely the
cause of mortality in fish >2 mo old (T. Sano et al.
1991). CyHV1 is unique among the cypriniviruses in
that it induces seasonal episodes of epidermal hyper-
plasia that results in unsightly mucoid to waxy
growths of variable severity known as ‘carp pox’ that
have been recognized since the middle ages among
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ABSTRACT: Cyprinid herpesvirus 1 (CyHV1) infects all scaled and color varieties of common carp
Cyprinus carpio, including koi. While it is most often associated with unsightly growths known as
‘carp pox,’ the underlying lesion (epidermal hyperplasia) can arise from a variety of disease pro-
cesses. CyHV1-induced epidermal hyperplasia may occur transiently in response to water tem-
perature, and thus histopathology cannot be used in isolation to assess CyHV1 infection status. To
address this problem, here we describe a PCR assay targeted to the putative thymidine kinase
gene of CyHV1. The PCR assay generates a 141 bp amplicon and reliably detects down to 10
copies of control plasmid DNA sequence (analytic sensitivity). The PCR does not cross-detect
genomic DNA from cyprinid herpesvirus 2 and 3 (analytic specificity). The CyHV1 PCR effectively
detected viral DNA in koi and common carp sampled from various locations in the UK, USA,
Brazil, and Japan. Viral DNA was detected in both normal appearing and grossly affected epider-
mal tissues from koi experiencing natural epizootics. The new CyHV1 PCR provides an additional
approach to histopathology for the rapid detection of CyHV1. Analysis of the thymidine kinase
gene sequences determined for 7 PCR-positive carp originating from disparate geographical
regions identified 3 sequence types, with 1 type occurring in both koi and common carp.
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common carp cultured in Europe (Hofer 1904, McAl-
lister et al. 1985, Sano et al. 1985a, Lu et al. 2009).

A viral etiology for carp pox was first hypothesized
in the early 1900s (Löwenthal 1907). Herpes-like
virus particles were associated with the characteristic
epidermal growths using electron microscopy in the
mid-1960s (Schubert 1964, 1966). Despite numerous
past and more recent attempts, the virus has only
been isolated with cell lines derived from fathead
minnow Pimephales promelas (Sano et al. 1985b)
and koi (Dixon 2008). The virus, named Herpesvirus
cyprini, was the subject of a series of experimental
studies from 1985 to 1995. These studies revealed 2
phases to CyHV1 infections: (1) a lethal systemic dis-
ease in carp <2 mo old and (2) a recurring prolifera-
tive skin disease linked to seasonal periods of lower
water temperature among survivors or fish exposed
at older ages (T. Sano et al. 1985a, 1991).

Being propagated widely, common carp is the spe-
cies in which CyHV1 disease is most commonly re -
ported (Wolf 1988, Chistiakov & Voronova 2009). Pro-
liferative cutaneous lesions similar to those caused by
CyHV1 in carp occur in other European cyprinids
such as the golden ide Leuciscus idus (McAllister et
al. 1985, Steinhagen et al. 1992) as well as salmonid,
anguillid, osmerid, esocid, silurid, percid, pleuronec-
tid, acipenserid, centrarchid, and various aquarium
fishes (Nigrelli 1952, Lucky 1970, McAllister 1993,
Hoole et al. 2001, Dixon 2008, Waltzek et al. 2009a,
Freitas et al. 2016). However, the role of viruses in
the skin lesions observed in these species is not yet
known.

CyHV1 disease occurs in Europe (Schäperclaus
1969, Dixon 2008, Päkk et al. 2011), North America
(Hedrick et al. 1990, Waltzek et al. 2009a), and Asia
(T. Sano et al. 1985b, Timur 1991, Yardimci et al.
2009) in common carp varieties that have been dis-
persed widely as part of international food and orna-
mental aquaculture industries. Disease caused by
CyHV1 occurs seasonally as water temperatures
decline below 20°C. The disease manifests as foci of
epidermal hyperplasia that expand progressively
into pronounced lesions that can cover up to 60% of
the body surface and can involve up to 95% of fish in
highly affected populations (Lu et al. 2009). As water
temperatures rise, the skin growths spontaneously
regress as the likely result of an elevated cell-medi-
ated immune response hypothesized from leukocytes
being abundant in resolving lesions (Morita & Sano
1990, N. Sano et al. 1993b). Young fish that survive
initial infections with CyHV1 are presumed to be life-
long virus carriers as evidenced by (1) seasonal
recurrences of lesions in the same fish and (2) persist-

ence of viral DNA in skin growths during disease
episodes and in numerous tissues of healthy appear-
ing fish following experimental or natural exposures
to the virus (N. Sano et al. 1992, 1993a).

CyHV1-induced skin lesions are characterized by
severe epidermal hyperplasia (up to 20 times thicker
than the normal epidermis) that can become organ-
ized into large papillomatous folds described as pa-
pillomatous hyperplasia (Hines et al. 1974, Sonste-
gard & Sonstegard 1978, T. Sano et al. 1985a, Wolf
1988, Hedrick et al. 1990, Calle et al. 1999, Lu et al.
2009). Affected epidermal cells may display a wide
range of cytologic changes such as cytomegaly, ani so -
karyosis, karyomegaly, multinucleation, marginated
chromatin, prominent nucleoli, mitotic figures, and
Cowdry type A inclusions. Other changes to the nor-
mal epidermal stratification include alterations in the
number and orientation of mucous cells, alarm cells,
and lymphocytic infiltration. In severe cases, the hy-
perplastic epidermis is nourished by a network of
dermal pegs composed of proliferating connective tis-
sue and associated vasculature that together can re-
semble a true papilloma. Moribund fry suffering from
experimentally induced systemic disease display ex-
tensive necrosis of the liver, kidney, and intestinal
lamina propria (T. Sano et al. 1991).

Diagnosis of the chronic proliferative disease among
varieties of common carp begins with an appropriate
clinical case history and gross findings supported by
characteristic histopathologic changes. Given that
epidermal hyperplasia is a common sequela in fish
suffering from non-viral diseases, the presence of
CyHV1 antigen or genomic DNA in formalin-fixed,
paraffin-embedded tissue sections by indirect im mu -
no fluorescent or in situ hybridization assays, respec-
tively, has been used to confirm the involvement of
CyHV1 (N. Sano et al. 1992, 1993a,b). In cases where
CyHV1 isolation is unsuccessful, diagnosis can be
supported by the observation of herpesvirus particles
by transmission electron microscopy (Hedrick et al.
1990, Calle et al. 1999). Most recently, a DNA array-
based multiplex assay has been reported for the mul-
tiplex detection of all 3 cypriniviruses (CyHV1−3) as
well as 3 Flavobacterium species in a single test
(Lievens et al. 2011). Due to the difficulties reported
in isolating CyHV1 in cell culture and accessing the
DNA array-based test platform, here we developed
a conventional PCR assay targeted to a region of
the CyHV1 thymidine kinase gene. The diagnostic
potential of the assay was assessed using CyHV1 iso-
lates and tissues of naturally infected koi or common
carp from locations in the USA, Europe, Japan, and
Brazil.
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MATERIALS AND METHODS

Fish, viruses, and sampling protocols

Nineteen koi from the Oregon Koi Gardens
(Beaverton, Oregon, USA) undergoing a naturally
oc curring CyHV1 disease outbreak were sampled in
July 2009. The fish were maintained in an 18 900 l
pond receiving well water at 15.5°C. To collect
 samples, fish were anesthetized with 100 ppm of
buffered MS-222 (Margaritov 1982) and blotted dry
with a clean towel prior to sampling. From the 10 fish
that had gross lesions consistent with carp pox, a
superficial biopsy of grossly abnormal skin in a lesion
was excised with a sterile scalpel blade and placed
into RNA later® (Ambion) for PCR analysis, and a
comparable biopsy from a separate lesion was placed
into 10% neutral buffered formalin for histopathol-
ogy. From all 19 fish, a biopsy of grossly normal
superficial skin just posterior to the left pectoral fin
was placed in RNAlater®. Between July and the
beginning of November 2009, 2 fish died and were
discarded without being tested. At the beginning of
November, the remaining fish were moved indoors
and placed in a 3800 l recirculating system with the
water heated to 24°C. After 6 wk indoors, the 17 koi
were sampled again; however, because all skin
lesions had resolved, biopsies were again collected
behind the pectoral fin.

The origins of the common carp and koi skin sam-
ples examined from fish exhibiting gross prolifera-
tive lesions typical of CyHV1 disease are summa-
rized in Table 1. Skin samples were obtained from
Oregon Koi Gardens as described above (sample
CyHV1O), 2 koi dealers in northern California (sam-
ples CyHV1C1 and CyHV1C2), 1 dealer in southern
California (sample CyHV1C3), and from an orna-
mental carp producer in southeast Brazil (sample

CyHV1Br). The CyHV1 (CyHV1J) and CyHV2 iso-
lates used in this study were kindly provided by Pro-
fessor H. Fukuda (Tokyo University of Marine Sci-
ence and Technology, Tokyo, Japan) and originated
from Japanese koi and goldfish, respectively (Davi-
son et al. 2013). The CyHV1UK isolate was isolated
in KF-1 cells inoculated with material from a common
carp sampled from a pond in the UK that also con-
tained koi, goldfish, and rudd Scardinius erythroph-
thalmus (Hedrick et al. 2000, Dixon 2008). The
CyHV3 koi isolate KHV-U used in this study was that
described previously by Aoki et al. (2007). All isolates
were propagated and purified as described previ-
ously (Waltzek et al. 2005).

DNA extraction, sequence alignments, 
and primer design

DNA was extracted from carp skin samples and
purified virus (CyHV1−3) using a DNeasy kit (Qia-
gen) as described previously (Waltzek et al. 2005).
PCR primers were designed to a putative thymidine
kinase (TK) gene and flanking region (ORF 55)
determined for CyHV1J (GenBank accession YP_
007003 721). The primers CyHV1fullTKF+ (5’-AAG
AGC TGC GGG TGA CTA ACA-3’) and CyHV1
fullTKR+ (5’-CCA CAA AAC TGG GAG TAT GTG-
3’) were designed to amplify the complete TK gene
sequence from the CyHV1UK isolate and infected
carp skin samples from Oregon, California, and
Brazil. An aliquot (10 µl) of the PCR was electro-
phoresed in a 1.0% agarose gel containing ethid-
ium bromide (EtBr). PCR products were cloned into
pCR®4-TOPO® (Invitrogen) and transformed into
competent Escherichia coli using a TOPO TA
Cloning® Kit (Invitrogen) according to the manu-
facturer’s protocols.
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Sample name Sample type Host Origin GenBank Reference
accession number

CyHV1C1 Skin Koi Northern California, USA KU672601 This study
CyHV1C2 Skin Koi Northern California, USA KT587201 This study
CyHV1C3 Skin Koi Southern California, USA KT587202 This study
CyHV1O Skin Koi Oregon, USA KU672600 This study
CyHV1Br Skin Koi Brazil KT587200 This study
CyHV1UK Isolate Common carp UK KU672599 This study
CyHV1J Isolate Koi Japan YP_007003721 Davison et al. (2013)
CyHV2 Isolate Goldfish Japan YP_007003876 Davison et al. (2013)
CyHV3 Isolate Koi USA YP_001096090 Aoki et al. (2007)

Table 1. Summary of the samples used in the development and validation of the cyprinid herpesvirus 1 (CyHV1) conventional 
PCR assay targeting the putative thymidine kinase gene
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Plasmid DNA was sequenced using M13 forward
and reverse primers using an ABI 377 automated se-
quencer (Applied Biosystems). The CyHV1TK gene
clone sequences were aligned against the ho mologous
sequences for a Japanese CyHV2 isolate (YP_
007003876) and a US CyHV3 isolate (YP_ 001096090).
Alignments were carried out using Clustal X2.1
(Thompson et al. 1997), and text was formatted using
BioEdit V7.2.5 (Hall 1999). CyHV1-specific diagnostic
primers CyHV1F1 (5’-GTT CTA AAG TTG ATA CCC
C-3’) and CyHV1R1 (5’-TGT AGG CTT CTG TTC
CAC C-3’) were designed using Primer 3 (Untergasser
et al. 2012) and manually edited in BioEdit (Hall 1999)
to ensure the primers targeted regions of sequence
dissimilarity between the 3 cypriniviruses (Fig. 1).

Diagnostic PCR optimization

The diagnostic PCR conditions were optimized
using 100 copies of CyHV1 pDNA linearized with

Not I and purified using a QIAquick PCR Purifica-
tion Kit (Qiagen). The pDNA concentration was
quantified using a Qubit 3.0 Fluorometer®. The
PCR was tested in duplicate using 1.0, 1.5, 2.0 U
Platinum Taq DNA polymerase (Invitrogen) and 0,
10, or 20 mM tetramethyl ammonium chloride
(TMAC) at annealing temperatures of 51, 53, 55,
57, 59, or 61°C for 30, 32, 34, 36, 38, or 40 PCR
thermal cycles. Aliquots (10 µl) of each PCR were
electrophoresed in a 1.0% agarose gel containing
EtBr, and amplified DNA was visualized on a UV
transilluminator.

The detection limit of the optimized diagnostic PCR
assay was determined using 10-fold serial dilutions
of CyHV1 pDNA between 108 and 1 DNA copy, both
with and without the inclusion of 100 ng genomic
DNA extracted from CyHV1-negative koi. The ana-
lytic specificity of the assay for CyHV1, but not
CyHV2 or CyHV3, was also examined using 100 ng
DNA extracted from tissues of infected fish (Waltzek
et al. 2005).
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Fig. 1. Nucleotide sequence alignment of the complete thymidine kinase genes of cyprinid herpesvirus 3 (CyHV3), CyHV2,
and CyHV1. Consensus sequences are presented for the 3 CyHV1 sequence types: (1) CyHV1O from Oregon, USA; (2)
CyHV1C1/C2/Br from northern California, USA, and Brazil; and (3) CyHV1C3/UK/J from southern California, the UK, and
Japan. CyHV1O serves as the alignment reference with the same nucleotide as the reference indicated by dots (.) and gaps

indicated by dashes (−). Yellow highlighted regions indicate the CyHV1 diagnostic PCR primer binding sites
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RESULTS

Genetic variability of CyHV1 samples

From the CyHV1 samples examined
from different locations (Table 1), the
CyHV1TKfull+ PCR amplified a 719 bp
product containing the 444 bp CyHV1
TK gene sequence. The TK gene nu-
cleotide sequences of the CyHV1 sam-
ples from southern California, UK, and
Japan (CyHV1C3/UK/J) were identical
and displayed 97% sequence identity
to the 2 northern California samples
(CyHV1C1/C2) which were identical
to each other and the sample from
Brazil (CyHV1Br) (Fig. 1). The Oregon
CyHV1 sample (CyHV1O) shared 99
and 98% identity with the CyHV1C1/
C2/ Br and CyHV1C3/UK/J samples,
respectively. The CyHV1 thymidine
kinase gene sequences have been de-
posited in GenBank (Table 1).

Diagnostic PCR optimization

The diagnostic PCR had an analytic sensitivity
for plasmid DNA (pDNA) of 10 copies either in the
presence or absence of 100 ng of koi genomic DNA
(Fig. 2). Optimal 141 bp amplicon yields were ob -
tained using 1× PCR buffer (Invitrogen), 2.0 mM
MgCl2, 0.2 mM dNTPs, 0.5 mM of each primer
(CyHV1F and CyHV1R3), 10 mM TMAC, and 1.5 U
Platinum Taq polymerase (Invitrogen). Optimal ther-
mal cycling conditions were 94°C for 5 min; 40 cycles
of 94°C for 30 s, 59°C for 15 s, and 72°C for 15 s; and
72°C for 5 min. The test did not amplify DNA from
either CyHV2 or CyHV3 (Fig. 2).

Examination of koi tissues for lesions and CyHV1

When koi from Oregon Koi Gardens were sampled
in July 2009, 10 of the 19 fish displayed raised
opaque plaques consistent with carp pox. Gross dis-
ease signs ranged in severity from a few discrete
growths to coalescing growths which covered ap -
proximately 50% of the body surface. DNA extracted
from tissue biopsies within lesions of the 10 affected
fish and normal skin of all 19 fish tested positive
using the CyHV1 diagnostic PCR. Proliferative skin
lesions remained evident on the affected fish until

November 2009. However, these lesions re solved
within 2 to 3 wk after moving the fish indoors at an
elevated water temperature. For all 17 koi remaining
alive in December 2009, DNA extracted from skin
biopsies tested negative by PCR.

Of the skin lesion tissue biopsies taken in July
2009, histopathology identified epidermis in all sam-
ples and also scales and/or dermal connective tissues
in 5 samples. All biopsies had acanthosis (epidermal
hyperplasia) consistent with ‘papillomatous growths’
(Figs. 3 & 4A). Several skin lesions had abundant
lymphocytic infiltrates accompanied by other degen-
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Fig. 2. Specific detection of CyHV1 (analytic specificity) with the thymidine ki-
nase (TK) PCR among the closely related cypriniviruses CyHV3 and CyHV2.
Lane 1 shows the molecular weight ladder with the sizes of the first 5 bands
from bottom to top: 100, 200, 300, 400, and 500 bp. Lanes 2−4: CyHV3
(Bercovier et al. 2005), CyHV2 (Waltzek et al. 2009b), and CyHV1 (this study)
samples tested against assays specific to the respective viruses. The expected
409 bp (Lane 2, CyHV3), 366 bp (Lane 3, CyHV2), and 141 bp (Lane 4, CyHV1)
amplicons were observed. Lanes 5 and 6 (CyHV3- and CyHV2-infected tissue
samples) run against the CyHV1 TK PCR assay. Lanes 7−12 illustrate the limits
of the analytic sensitivity of the TK CyHV1 PCR. A linear plasmid target
 sequence for the CyHV1 PCR was diluted to provide target copy numbers of 

1 × 105 to 1 × 100 per reaction for Lanes 7−12, respectively

Fig. 3. Gross photo illustrating lesions associated with CyHV1
disease in Cyprinus carpio. Caudal peduncle and fin diplay-
ing 3 discrete, raised, smooth gray ‘waxy’ nodular growths 

(arrows) characteristic of CyHV1 disease
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erative changes including spongiosis and single-cell
ne crosis (Fig. 4B−D). Some epidermal cells had multi-
ple nuclei (Fig. 5A) or hydropic degeneration (Fig. 5B).
Other epidermal changes included aniso ka ryosis and
occasional mitotic figures, and 4 sections had low to
moderate numbers of monogenean parasites (proba-
bly a Gyrodactylus sp.).

DISCUSSION

A PCR was optimized and partially validated for its
ability to specifically detect CyHV1 among naturally

in fected koi and common carp. The diagnostic CyHV1
PCR complements the use of histopathology by dif-
ferentiating CyHV1-induced epidermal hyperplasia
from similar skin lesions in common carp varieties
that can result from other infectious (e.g. parasites) or
non-infectious (e.g. neoplasia) causes. Further stud-
ies are needed to determine whether the PCR assay
is effective in diagnosing CyHV1 infections in fish
(usually fry) suffering from the acute systemic form of
CyHV1 disease when virus concentrations would be
high, as well as in asymptomatic carriers with low-
level persistent or latent infections (N. Sano et al.
1991, 1992, 1993a).
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Fig. 4. Lesions associated with CyHV1 disease in Cyprinus carpio. (A) Severe epidermal hyperplasia in which the epidermis
varies from 22 to 35 cells thick (H&E). (B) Epidermis infiltrated by moderate numbers of lymphocytes (arrowheads), some of
which are in small discrete clusters, and fewer intermingled eosinophilic granular cells (H&E). (C,D) Degenerative changes 

within the epidermis include spongiosis (C) and necrosis (D) of individual epidermal cells (arrowheads) (H&E)
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Our findings are consistent with previous work in
that the CyHV1 genome could be detected in normal
appearing and hyperplastic skin when proliferative
skin lesions were observed grossly; however, upon
raising the temperature and regression of the prolif-
erative cutaneous lesions, the CyHV1 genome could
not be detected in the skin (N. Sano et al. 1993a,b).
N. Sano et al. (1993a) found the CyHV1 genome in
cranial nerve ganglia and spinal nerves following the
regression of proliferative lesions and suggested that
these nervous tissues might serve as the site of viral
latency. Although nervous tissue was not sampled
from the fish examined here, the sensitive and spe-
cific diagnostic PCR assay described here will pro-
vide opportunities to corroborate and extend in situ
hybridization data on CyHV1 pathogenesis (N. Sano
et al. 1993a).

Histopathology in the diseased koi examined re -
vealed epidermal hyperplasia expected for CyHV1.
Although typical herpesviral-induced nuclear changes
including margination of chromatin and inclusions
have been observed by some authors (T. Sano et al.
1985a, 1991b, Hedrick et al. 1990), other studies in -
cluding ours have not observed such changes (Calle
et al. 1999). However, as virus is isolated most reli-
ably shortly after skin lesions first appear (N. Sano
et al. 1993a), and as nuclear inclusions cease to be
evident when a CyHV1 epidemic passes its peak
(Löwenthal 1907), lesions might al ready have been
regressing in the affected koi when first examined.
This possibility is also supported by the advanced
degenerative state of the affected epi dermis in the

fish as evidenced by the prominence of lymphocytic
infiltrates and single-cell necrosis.  De spite micro-
scopic evidence of lesion regression, the PCR assay
described here was able to detect CyHV1.

Restriction fragment analysis of CyHV1 isolates
from diseased Japanese koi revealed slight differ-
ences supporting close genetic relatedness (Sano et
al. 1991a). The CyHV1 TK gene sequence amplified
from diseased koi and common carp from diverse
geographical locations segregated into 3 distinct
types: (1) koi from Oregon; (2) koi from northern
California and Brazil; and (3) koi and common carp
from southern California, Japan, and the UK (Fig. 1).
The Type 3 grouping of the European (UK) and
Asian (Japan) samples is perhaps expected consid-
ering CyHV1 existed in Europe and Asia prior to its
introduction into North America via the release of
common carp in the late 1800s (Bartlett 1905, Cole
1905). Although further details on the CyHV1 dis-
ease in the UK common carp are not known, it is
possible that the koi cohabitating with the common
carp originated from Japan and were the source of
the virus. Similarly, the Type 3 grouping of the
southern California sample is not surprising consid-
ering that these koi had been imported recently
from Japan. The Brazilian sample is the first report
of CyHV1 occurring in the Southern Hemisphere
and underscores the importance of robust import
biosecurity policies. Although the data on the ori-
gins of fish examined from northern California,
Brazil, and Oregon are not available, the TK gene
sequence suggests that it might be a useful phylo-
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Fig. 5. Photomicrographs of infected skin of Cyprinus carpio sectioned roughly parallel to the basement membrane. H&E stain.
(A) A few epidermal cells in the stratum spinosum have multiple nuclei (arrowheads). (B) Two epidermal cells in the stratum 

spinosum have vacuolated cytoplasm (arrowheads) characteristic of hydropic degeneration (H&E)
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genetic marker in epidemiologic investigations and
in de termining the broader geographical distribu-
tion and nature of CyHV1 in both cyprinid and
non-cyprinid species in which disease commonly
referred to as a carp pox has been detected.

In recent years, the incidence of CyHV1 disease
has declined in European and Israeli common carp
aquaculture industries due to shifts away from
using inbred strains (Schäperclaus 1941, 1969, 1979,
Hines et al. 1974, Hoole et al. 2001). However, dis-
ease continues to negatively impact the large-scale
production of common and hybrid carp in China
(Jiang 1995, Pao & Kuanhong 2005, Lu et al. 2009)
as well as the international koi industry (Sano et
al. 1985b). Although important exceptions have
been noted among severely affected specimens
(Hoole et al. 2001, Pao & Kuanhong 2005, Lu et al.
2009), mortality is generally low in adult koi and
common carp as well as in hybrids. However, fish
may exhibit reduced growth and become less mar-
ketable due to the cosmetic impact of the viral-
induced cutaneous lesions (Bauer 1961, T. Sano et
al. 1985b, Wolf 1988). Control strategies employed
currently to reduce the impact of the disease in -
clude the cultivation of resistant common carp
strains, minimizing stress by avoiding excessive
stocking densities and maintaining water quality,
prophylactic water treatments involving the addi-
tion of lime or herbal extracts (Schäperclaus 1941,
Jiang 1995), formalin baths in severe cases in
which mortality is observed (Jiang 1995), and rais-
ing the water temperature. Virus concentrations
are reduced significantly with low pH (3.0), heat-
ing, and certain chemotherapeutics (IUdR) (T. Sano
et al. 1985a). Given the persistent nature of the
CyHV1 infection and the lack of treatments to ef -
fectively clear a fish population of the virus, culling
afflicted populations may provide a more appropri-
ate control strategy, especially if naïve populations
can be reestablished. The global distribution of the
virus has likely arisen from the largely unregulated
regional and international movements of fancy and
common carp, the persistent nature of the virus,
and the lack of coordinated surveillance programs.
The diagnostic CyHV1 PCR assay described here
is specific and sensitive, and with further validation
could become integral to controlling the spread of
CyHV1.
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