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Herpesviruses Detected in Papillomatous Skin Growths of

Koi Carp (Cyprinus carpio)

R. P. Hedrick, J. M. Groft, M. S. Okihiro, and T. S. McDowell, Department of Medicine, School of Veterinary
Medicine, University of California, Davis, California 95616, USA

ABSTRACT: Herpesviruses were found associ-
ated with epidermal hyperplasia of koi carp
(Cyprinus carpio) in northern California (USA).

Papillomas were found principally on the cau-
dal regions of the fish including the fins. The
grow ths occurred most commonly in the fall and
winter among populations of captive carp. In-
fected epidermal cells were characterized by
greatly enlarged nuclei depleted of chromatin
but with thickened nuclear membranes. Nu-
merous virions were detected in infected cells.
Herpesvirus nucleocapsids in the cell nucleus
had a diameter of 109 nm. Virions with enve-
lopes with a diameter of 157 nm were abundant
in cytoplasmic vacuoles. The characteristics of

the papillomatous growths and the viruses were
consistent with descriptions of Herpesvirus cy-
pruni known in koi carp populations in Japan
and extends the range of this pathogen to koi
carp to North America.

Key words: Koi carp, papillomas, herpes-
virus, epidermal hyperplasia, Cyprunus carpio,

Herpesvirus cyprini.

Herpesvinuses are the most commonly

encountered DNA viruses in teleost fish.

At least 16 distinct herpesviruses have been

isolated or identified by electron micros-

copy from fish (Hednick and Sano, 1989).

Most of the herpesviruses are associated

with proliferative conditions of the epi-

dermis although several others cause sig-

nificant systemic diseases (Hednick and

Sano, 1989).

Koi or fancy carp (Cyprinus carpio) are

a very popular ornamental fish in Califor-

nia (USA). There are several major pro-

ducers and many hobbyists nearing koi carp

in earthen or small concrete ponds. Several

serious diseases have affected koi carp in

California as observed in the past 5 yr dur-

ing routine disease diagnostic activities of

the University of California, Fish Disease

Diagnostic Laboratory (Davis, California

95616, USA). The most common skin dis-

eases are ulcerative epidenmal infections

with gram-negative bacterial pathogens,

principally Aeromonas spp. (including A.
hydrophila, A. salmonicida and A. sobria)

and a more benign but cosmetically com-

promising epidermal hyperplasia. Epider-

ma! hyperplasias are most prevalent in the

late fall and winter as water temperatures

decline. These growths are self limiting

and regress with a seasonal pattern as tem-

peratures increase in the spring. However,

attempts to observe or isolate herpesviruses

as reported for other papillomatous skin

conditions in several species of fish, in-

cluding koi carp in Japan (Sano et a!.,

1985a, b), have been unsuccessful.

In November of 1989, a 3-yr-old koi

carp was brought to the laboratory because

of shallow ulcerative lesions on the head.

The fish was from an 8,000 L outside con-

crete pond with a water temperature of

12 C. Several mucoid to white, raised

growths (3 x 7 mm) were observed on the

skin of this carp, principally located in the

caudal areas including the caudal fin. These

growths were removed with a scalpel with

no injury to the fish, and portions fixed for

light and electron microscopy. Tissue fixed

for light microscopy was fixed in David-

son’s solution (Humason, 1979) for 12 hr,

processed for routine paraffin embedding,

sectioned and stained with hematoxylin

and eosin. A small piece of the fresh tissue

was also placed into 2.5% glutaraldehyde

in 0.1 M cacodylate buffer (pH 7.4) and

fixed for 24 hr at 4 C. The tissue was rinsed

twice in buffer and then post-fixed in 1%

aqueous 0s04, dehydrated through a grad-

ed ethanol series, infiltrated and embed-

ded in epoxy medium. Thin sections (10

to 20 nm) were stained with uranyl acetate

and lead citrate prior to examination with

a Phillips EM 400 electron microscope at
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FIGURES 1, 2. Papillomatous skin growths on koi carp (Cyprinus carpio) associated with herpesvirus

infections. (1) Folds of the affected epidermal tissue, bar = 200 �sm. (2) Enlarged nuclei of herpesvirus-
infected cells in the papilloma, bar = 20 tim. H&E.
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80 kV. A third portion of the fresh tissue

was processed by standard methods for vi-

nus isolation and then inoculated onto FHM

and EPC cells at 20 C (Amos, 1985).

Light microscopy of affected tissues

showed that the growth was principally a

hyperplasia of epidermal cells thrown into

lange papi!lomatous folds (Fig. 1). The nu-

clei of these cells were greatly enlarged

(Fig. 2). Chromatin was depleted in the

center of the nucleus but mangination at

the nuclear membrane was evident (Figs.

2, 3). There was no evidence of nuclear

inclusions. Electron microscopy showed

numerous vinions both in the nucleus and

cytoplasm (Figs. 3-5). Nuc!eocapsids with-

out envelopes were abundant in affected

nuclei and arranged into a loose crystalline

appearance (Fig. 4). The nucleocapsids had

a mean diameter of 109 nm (n = 10, SD

= 2.6 nm), were circular to hexagonal, had

a rough appearance due to protruding cap-

someres and possessed a circular electron

dense core (58 nm diameter). Enveloped

vinions with a mean diameter of 157 nm

(n = 10, SD = 15.9 nm) were found in

cytoplasmic vacuoles (Fig. 5).

The size and shape of the virions were

consistent with previous observations of

henpesviruses associated with skin hyper-

plasias including that described for koi carp

in Japan by Sano et a!. (1985a). Sano et a!.

(1985a) were able to isolate a herpesvirus

from koi carp with epidenma! hyperplasia

by inoculating two cypninid cell lines (EPC

and FHM) with filtrates from the affected

tissues. The diameter of the nuc!eocapsids

and enveloped vinions they observed were

113 and 190 nm, respectively. They were

later able to demonstrate that the virus,

Herpesvirus cyprini, was pathogenic for

younger carp and survivors were found to

develop similar skin growths from which

the virus was originally isolated (Sano et

al., 1985b). Although we were unable to

isolate the virus using the methods de-

scnibed by Sano et al. (1985a), we presume

that the herpesvinus we have observed is

similar or identical to H. cyprini and ex-

tends the geographic range of the virus to

North America. Although this is the first

report of H. cyprini in koi carp in North

America, McAllister et a!. (1985) have ob-

served similar virus particles in the cyp-

ninid, golden ide (Leuciscus idus), im-

ported from Europe. We suspect, as with

the golden ide herpesvirus, that the koi

herpesvirus has been imported to Califon-

nia from Japan with the popular fancy

carp. Further attempts to isolate the virus

and to examine its potential pathogenicity

for young carp are under investigation.

LITERATURE CITED

AMos, K. 1985. Procedures for the detection and

identification of certain fish pathogens, 3rd ed.

Fish Health Section Blue Book, American Fish-

eries Society, Corvallis, Oregon, 1 14 pp.
HEDRICK, R. P. , AND T. SAN0. 1989. Herpesviruses

of fish. In Viruses of lower vertebrates, W. Ahne

and E. Kurstak (eds.). Springer-Verlag, Berlin,

Federal Republic of Germany, pp. 161-170.

HUMASON, G. L. 1979. Animal tissue techniques.

W. H. Freeman Co., San Francisco, California,

661 pp.
MCALLISTER, P. E., B. C. LIDGERDING, R. L. HER-

MAN, L. C. HOYER, AND J. HANKINS. 1985. Vi-

ral diseases of fish: First report of carp pox in

golden ide (Leuciscus idus) in North America.

Journal of Wildlife Diseases 21: 199-204.
SAN0, T., H. FUKUDA, M. FURUKAWA, H. HosoYA,

AND Y. M0RIYA. 1985a. A herpesvirus isolated

from carp papilloma in Japan. In Fish and shell-

fish pathology, A. E. Ellis (ed). Academic Press,

London, England, pp. 307-311.
AND . 1985b. Herpesvirus

cyprini: Biological and oncogenic properties. Fish

Pathology 20: 381-388.

Received for publication 5 February 1990.

4-

FIGURES 3-5. Electron micrographs of herpesvirus-infected epidermal cells from koi carp (Cyprinu.s

carpio). (3) Enlarged cells within the papilloma showing distended nuclei, bar = 5 sm. (4) An array of
nucleocapsids within the nucleus of an infected cell, bar = 200 nm. (5) Enveloped virions with electron dense

cores within cytoplasmic vacuoles of infected cells, bar = 500 nm.
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