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ABSTRACT: A herpesvirus has been isolated for the first time from a population of European eels
Anguilla anguilla cultured in a recirculated system in Taiwan. Syncytia formation was detected in
EP-1 (eel epidermis) cell cultures inoculated with cell-free homogenates prepared from both integu-
ment and visceral organs of moribund fish. Inoculation of homogenates onto EK (eel kidney) cell cul-
tures induced giant cell formation. Subsequent passages produced a consistent and progressive cyto-
pathic effect (CPE) in cell cultures. In this study, EP-1 cell cultures infected with EEHV (European eel
herpesvirus) were examined using an electron microscope. Numerous nucleocapsids of about 100 nm
in diameter were found within the nucleus of infected cells, whereas enveloped particles were
observed within the cytoplasm. The mature viral particle, about 235 nm in diameter, had an electron-
dense core with a hexagonal nucleocapsid surrounded by a coarse capsule. Histopathological exam-
ination of moribund fish showed epithelial hyperplasia with intracytoplasmic metabolic inclusions in
the skin. Macrophage aggregates were found in liver, spleen, and kidney. A pair of primers designed
from channel catfish virus and salmonid herpesvirus 1 was used in a polymerase chain reaction. A
402 bp fragment was amplified and cloned from genomic DNA of EEHV. The nucleotide homology
was 99 % (298 of 300) with DNA polymerase of eel herpesvirus (anguillid herpesvirus). EEHV nucleic
acids were detected within melanomacrophages in the skin, liver, spleen and kidney by in situ
hybridization (ISH).
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INTRODUCTION

Herpesviruses are the most commonly encountered
DNA viruses in teleost fish (Hedrick et al. 1990). Most
of the herpesviruses are associated with hyperplastic
growths or neoplasms of the integument (Hedrick &
Sano 1989), although few of these viruses have been
associated with serious clinical diseases and mortality
(Wolf 1988). Proliferative conditions of the epidermis
caused by herpesvirus have been reported in turbot
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Scophthalmus maximus, walleye pike Stizostedion vit-
reum vitreum, lake trout Salvelinus namaycush, north-
ern pike Esox lucius, salmon masou Oncorhynchus
masou, golden ide Leuciscus idus, koi carp Cyprinus
carpio, and eel Anguilla japonica (McAllister et al.
1985, Bradley et al. 1989, McAllister & Herman 1989,
Hedrick et al. 1990, Ueno et al. 1992, McAllister 1993,
Shih et al. 1993). Systemic diseases caused by herpes-
viruses occur in channel catfish Ictalurus punctatus
(Thune 1993) and goldfish Carassius auratus (L.) (Jung
& Miyazaki 1995).

Because the European eel Anguilla anguilla is an
important commercial species in Taiwan, the fish has
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been cultured in recirculated systems to increase pro-
duction. The present paper describes the first isolation
of a herpesvirus from European eels cultured in recir-
culated systems in Taiwan. The relationships between
fish mortality, virus, and other microorganisms isolated
from moribund fish are discussed. Also, the molecular
characterization of the herpesvirus is presented.

MATERIALS AND METHODS

Fish. European eels, 150 to 200 g in weight, were
collected from a commercial farm in northern Taiwan
in which increasing mortality had been observed. The
eels were cultured in a recirculated system with a
water temperature of 26°C. The eels were subjected to
standard necropsy procedures, which included exami-
nations for both external and internal pathogens
(Amos 1985). Bacterial isolation was performed on tis-
sues of the liver, spleen, kidney and heart by inoculat-
ing onto Trypticase Soya Agar (TSA, Difco) plates and
incubated at 30°C for 24 h. Parasite examination was
performed by wet-mount examination of the gills of all
moribund fish.

Virus isolation and propagation. The integument
and visceral organs including liver, spleen, heart, head
kidney and trunk kidney of 5 moribund fish were col-
lected separately for virus isolation. Samples of integu-
ment and visceral organs were pooled and homoge-
nized in phosphate-buffered saline (PBS) to give a
10% (w/v) suspension, and were then centrifuged at
3000 x g for 20 min at 4°C. The supernatant was fil-
tered through a 0.45 pm-pore filter. Two cell lines, EP-
1 (eel epidermis) (Chen et al. 1982) and EK (eel kidney)
(Kou et al. 1995), were used for virus isolation. The cell
cultures were grown in L15 medium containing 10 %
fetal calf serum with 100 IU ml™! penicillin and 100 ng
ml~! streptomycin. Monolayers of the cells were grown
in 24-well tissue-culture plates and inoculated with
0.1 ml! well of a 10-fold serial dilution of the filtrated
homogenate. The cell cultures were incubated at 28°C
for 14 d, examined daily for a CPE. When a CPE was
observed, a 0.1 ml aliquot of culture fluid was inocu-
lated into a 25 cm? flask of EP-1 cell cultures. Cell cul-
ture medium was obtained from the second subcul-
tures and stored at -70°C.

Histopathology. Histopathologic examination of the
collected fish was performed. Samples of the integu-
ment and visceral organs were fixed in 10 % neutral
formalin, embedded in paraffin, sectioned at 5 pm, and
stained with Mayer's hematoxylin and eosin.

Thin-section electron microscopy. EP-1 cell cultures
in a 25 cm? flask were inoculated with 10%° TCIDs, of
EEHYV and then incubated at 28°C. The cells were har-
vested by flushing them from the flask into the medium

at 60 h post-inoculation. The medium was adjusted to
1 x 107 cells ml™}, collected in a sterile Eppendorf flask
and centrifuged at 1500 x g for 10 min at 4°C. The
supernatant was discarded and 1 ml of 2.5% glutar-
aldehyde (0.1 M cacodylate buffer, pH 7.2) was added
carefully to the pellet and fixed for 2 h at 4°C. The pel-
let was gently removed from the bottom of the Eppen-
dorf flask and allowed to fix for another 4 h. The pellet
was then rinsed and equilibrated 3 times (10 min each)
with 0.1 M cacodylate buffer, pH 7.2; 1% osmium
tetroxide (0.1 M cacodylate buffer, pH 7.2) was then
added carefully to the pellet, which was kept at room
temperature for 2 h. The pellet was then rinsed and
equilibrated 3 times (10 min each) by 0.1 M cacodylate
buffer, pH 7.2, and subsequently dehydrated using an
ethanol series (35, 50, 70, 85, 90, 95, 100%, 10 min
each). The pellet was then immersed in a series of
ethanol-resin mixtures (2 h each). The ratios of ethanol
to resin were 3:1, 1:1, and 1:3. Embedment was
achieved by 100 % resin immersion. The sample was
then polymerized for 24 h at 70°C. Thick sections were
stained with 1% toluidine blue solution and observed
under a light microscope to determine the cell mor-
phology. Ultrathin sections (0.35 pm) were double-
stained with 1% uranyl acetate and lead citrate and
examined by transmission electron microscope (Joel
JEM 1200 EX 1II).

PCR analysis, cloning and DNA sequence analysis.
Chromosomal DNA of moribund fish collected from the
farm was prepared following the method described by
Than & Moon (1996). The DNA was amplified by PCR
with a pair of primers designed from the sequence
encoded to DNA polymerase of channel catfish virus
and salmonid herpesvirus 1 (Davison 1992, 1998).
The sequences of the pair of primers were F1 =
5'-ACATTTGCGCGACCATCCTC-3' and R1 = 5'-
CGGTCTCATCGCAGGGTCTC-3'". A 100 pl reaction
mixture was prepared with 10 pl of 10 x PCR buffer
(10 mM Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCl,,
0.01 % gelatin), 100 mM of each of the deoxyribonucle-
osides, 1 mM of each primer, 10 pl of purified DNA, 2 U
of Taq polymerase, and made up to volume with sterile
distilled water. PCR amplification was performed in a
thermocycler (PTC-100) by 35 cycles of 1 min of denat-
uration at 94°C, 1 min of annealing at 60°C, and 1 min
of extension at 72°C, followed by incubation for 5 min at
72°C. Using a 6 x loading buffer (2 nl), the PCR prod-
ucts (10 nl) were loaded horizontally onto a 2 % agarose
gel and subjected to electrophoresis for 40 min at 50 V
in 0.5 x TBE buffer. Gels were stained with ethidium
bromide, and photographed under UV-light transillu-
mination. A 100 bp DNA ladder was included as a mol-
ecular weight standard on each gel. Fragments derived
from PCR product on the gel were retrived through gel
purification and applied to PCR II-TOPO TA vector for



Chang et al.: EEHV in cultured European eels 113

DNA cloning. Direct sequencing of the cloned gene
was carried out using ABI PRISM 377-96 Sequencer
(Perkin-Elmer) according to the manufacturer's instruc-
tions. Analyses were carried out using the BLAST
(basic local alignment search tool) search programs de-
veloped at NCBI (National Center for Biotechnology
Information, www.ncbi.nlm.nih.gov/BLASTY/).

Probe. A 288 bp DNA polymerase of EEHV was used
as a probe. The sequences were P1 = 5'-CTACACAA-
GAGTGTGGAGAC-3' and P2 = 5'-AAATCACAGT-
CATGCCGGGA-3'. The DNA probe was synthesized
by the PCR technique using DIG-labeled dNTP
mixtures instead of radiolabeled probes. The EEHV-
specific probe was electrophoresed in a 0.8 % hori-
zontal agarose gel and its specificity examined by
southern hybridization. The results showed that the
DIG-labeled 288 bp fragment could be used as an
EEHV-specific probe for ISH using 50 % formamide.
The concentration of the labeled probe was deter-
mined using a Pharmacia biotech GeneQuant II
DNA/RNA calculator (Young 1992).

In situ hybridization. Formalin-fixed, paraffin-
embedded tissues collected from naturally infected
eels were used in the experiment. Sections of 5 pm
thickness were deparaffinized and rehydrated by stan-
dard procedures and digested with 20 pg ml™! of pro-
teinase K for 15 min at 37°C. The slides were treated
with 500 pl per slide of prehybridization buffer for 1 h
at 37°C, overlaid with 500 pl per slide of hybridization
buffer, and incubated at 90°C for 10 min. They were
then transferred to 37°C and hybridized overnight.
After hybridization, the slides were washed with de-
creasing concentrations of saline-sodium citrate (SSC),
followed by washing and blocking, and reacted with
anti-DIG Ab. The slides were washed with maleic acid
buffer and immersed in buffer solution for visualiza-
tion.

Detection of hybridization signals. The slides were
visualized by Fast Red TR (FR-TR) substrate reaction.
Slides were buffered in TM buffer solution (200 mM
Tris-HCI, 10 mM NaCl, pH 8.5) for 2 min. The FR-TR
substrate reaction buffer was prepared by dissolving
1 mg of naphthol-AS-MX phosphate in 250 pl TM
buffer and 5 mg of Fast Red TR salt (Sigma) in 750 nl
TM buffer separately. The 2 solutions were mixed and
brought to 4 ml with TM buffer. Levamisole was added
to a final concentration of 5 mM ml~! for histological
sections. The slides were overlaid with 300 pl per slide
of the FR-TR substrate reaction buffer and left to react
in the dark for 15 min. After the reaction the slides
were washed 2 to 3 times with PBS (Speel et al. 1994).
The slides were then air-dried and sealed with Per-
mount and examined either under a light microscope
or a fluorescent microscope equipped with a 550 nm
wavelength filter.

RESULTS
External symptoms of disease

External symptoms varied among moribund individ-
uals. Most had pale gills and excessive mucus secretion
on the body surface. The internal visceral organs
appeared normal. Only a few fish displayed bloody
congestion of the anal fin, reddening of the anal and
urogenital regions, and petechial hemorrhages on the
abdominal surface. Generally, the gills were pale and
swollen, and excessive mucus production was ob-
served on the gills as well as the body surface. Cumu-
lative mortality was about 30 %.

Bacteriological and parasitological results

Edwardsiella tarda was isolated from the liver,
spleen and kidney of some (but not all) fish, and
Pseudodactylogyrus spp. was observed in the gills of
all moribund fish during wet-mount examination.

Virus isolation

Syncytial formation was detected in EP-1 cell cul-
tures after incubation with homogenates prepared
from both the integument and visceral organs of mori-
bund fish. Subsequent passages produced consistent
and progressive CPE on EP-1 cell cultures within 3 to
7 days post injection (dpi) (Fig. 1A). Inoculation of
homogenates into EK cell cultures resulted in develop-
ment of a CPE within 3 dpi (Fig. 1B), and giant cell
formation within 5 to 10 dpi (Fig. 1C).

Negative-contrast electron microscope observations

Hexagonal capsids surrounding nucleoprotein cores of
varying density were observed in the nucleus and
throughout the cytoplasm of EP-1 cells (Fig. 2A). The nu-
clear membranes remained largely intact, but cytoplas-
mic changes were evident. Nucleocapsids measuring
about 100 nm in diameter were found within nucleus.
Enveloped particles were observed within the cyto-
plasm, some of them in the vacuoles. The mature viral
particle was about 235 nm in diameter (Fig. 2, lower
right).

Histopathology

Histological examination of moribund fish indicated
that the integument is the primary target tissue.
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Fig. 1. Anguilla anguilla. Photomicrographs of cell cultures. (A) Uninfected control cultures showing normal EP-1 (eel epidermis)

cellular morphology; (B) EP-1 cell culture infected with European eel herpesvirus on Day 4 post-infection showing syncytial

formation; (C) EK (eel kidney) cell culture infected with European eel herpesvirus on Day 3 post-infection showing cytopathic

effects; (D) EK cell culture infected with European eel herpesvirus on Day 5 post-infection showing giant cell formation
(arrows). Scale bars in (A) and (C) = 100 pm, in (B) and (D) = 25 pm
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Fig. 2. Anguilla anguilla. Transmission electron micrographs of EP-1 cell infected with European eel herpesvirus. (A) Viral parti-
cles replicated in the nucleus (arrows) and released into the cytoplasm (arrow); scale bar = 1 mm. (B) Enveloped virions in the
cytoplasm (arrow) and nucleocapsids in the nucleus (inset); scale bar = 250 pm

Integumentary lesions were characterized by multi-
focal to diffuse epithelial hyperplasia with intracyto-
plasmic metabolic inclusions (Fig. 3A). Macrophage
aggregates were found in the liver, spleen, and kidney
(Fig. 3B). The lesions of the gill and visceral organs
were in accordance with those of the external lesions.
Various numbers of Pseudodactylogyrus spp. were
found in the gill lamellae of all fish examined.

PCR analysis, cloning and DNA sequence analysis

Two fragments (approximately 400 and 600 bp) were
detected by PCR analysis of moribund fish collected
from the farm. The 400 bp fragment is the expected
size of amplification, and this fragment was cloned and
sequenced. A continuous stretch of 402 nucleotides
was derived (Fig. 4). The sequence has been submitted
to GenBank (Accession number of AF363783). Nu-
cleotide homology was 99 % (298/300) with the DNA
polymerase of eel herpesvirus (anguillid herpesvirus).

Detection of EEHV DNA by in situ hybridization

Distinct positive signals were detected in the skin
and viscera of naturally infected eels. Positive cells

contained a brown reaction product, mainly in the
melanomacrophages and melanomacrophage aggre-
gates (Fig. 5). EEHV-infected cells were detected in
the skin, liver, spleen and kidney. Positive signals were
also detected in a few inclusions in the skin. No signals
were detected in the unprobed sections.

DISCUSSION

This study reports the first isolation of herpesvirus
from diseased European eels cultured in recirculating
systems in Taiwan. The nature of the disease outbreak
and the results of present laboratory analyses indi-
cated a viral etiology to similar to that the disease in
cultured eels. The abundance of EEHV in melano-
macrophages of the viscera and skin detected by in
situ hybridization suggested that EEHV plays an
important role in the infection. Although a bacterial
pathogen, Edwardsiella tarda, was noticed in a few
samples, no relationship between the presence of the
bacteria and the disease outbreak could be found,
since histopathological examination revealed no
lesions related to E. tarda infection (Miyazaki & Egusa
1976a,b). However, the outbreak of a disease in which
a latent herpesvirus infection is activated may be
stress-mediated (Mellergaard & Bloch 1988). Mortality
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Fig. 3. Anguilla anguilla. Histopathology of natural infected European eel. (A) Diseased fish showing epithelial hyperplasia with
metabolic intracytoplasmic inclusions (arrow) in the skin; scale bar = 100 pm. (B) Diseased fish with macrophage aggregates in
the kidney; scale bar = 25 pm

often occurs after cultural or environmental stress, and
the incidence of bacteria also constitutes a systematic
stress (McAllister 1993). Thus, mortality is probably
not due solely to the virus but is the result of concur-
rent bacterial infection.

Most herpesviruses detected in fish are associated
with non-fatal hyperplasia (Wolf 1988, Hedrick & Sano
1989). In the disease, outbreak examined in the pre-
sent study, the epidermal hyperplasia coincided with
that described for other herpesvirus-infected fish spe-
cies except for the appearance of intracytoplasmic
metabolic inclusions in our study (McAllister et al.
1985, Bradley et al. 1989, McAllister & Herman 1989,
Hedrick et al. 1991a,b, McAllister 1993, Shih et al.
1993). However, gill filament necrosis related to her-
pesvirus-infected Japanese eels, Anguilla japonica,
has not been found in the disease (Lee et al. 1999).

A virus-induced CPE was evident in EP-1 and EK
cell cultures. In the EP-1 cell cultures, the syncytia
formed by EEHYV infection is typical of CPEs observed
with other fish herpesvirus (Fig. 1B); rapid growth of
the virus in cell cultures has been reported in WSHV
(white sturgeon herpesvirus) infection of WSSK-1 cells
(Hedrick et al. 1991a,b). The CPE of giant cell forma-
tion in virus-infected EK cells was different: the type of
lesion observed in EK cell has also been reported for

the herpesvirus infection of the eel (Kobayashi &
Miyazaki 1997). Different types of CPE could be due to
differing compatibilities between virus and target cells
(Hedrick et al. 1991a,b).

The morphological properties (icosahedral capsids of
about 100 nm in diameter and an enveloped virion of
about 235 nm in diameter) of EEHV support its classifi-

M S

500 bp —» Fig. 4. Anguilla anguilla.
Agarose gel electrophoretic
analysis of the cloned frag-
ment (approximately 400
bp) from PCR product of
EEHV obtained with Pri-
mers F1 and F2. Lane M:
100 bp DNA; Lane S:
sample
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cation as a member in the family Herpesviridae (Roiz-
man 1992). Viral nucleocapsids were composed of a
solid high-density core enclosed by a hexagonal shell
(Nii 1992). Intranuclear assembly, perinuclear envel-
opment and syncytia induced in EP-1 cells are features
of EEHV which are common to other known herpes-
viruses (lida et al. 1991, Nii 1992, Watson et al. 1995).

Gene amplification by PCR was developed for the
detection of the EEHV polymerase genes. The DNA
gene was amplified with 1 primer set constructed from
the sequence encoded with the DNA polymerase
sequence of Salmonid herpesvirus 1 and the channel
catfish virus (Davison 1992, 1998). Two fragments
(approximately 400 and 600 bp) were amplified from
the PCR product, and the 400 bp fragment was col-
lected for cloning and sequencing. A continuous
sequence of 402 nucleotides was derived, and the
nucleotide homology was 99 % (298 of 300) with the
polymerase-related genes of anguillid herpesvirus.
Based on these results, herpesvirus infection of Euro-
pean eels was identified.

Further studies on the biochemical and serological
relatedness of EEHYV to other piscine herpesviruses are
also under investigation to determine the diversity
among viruses isolated from different piscine species.
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