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ABSTRACT—We investigated the histopathological fea-
tures of the gill lesions of diseased ayu Plecoglossus
altivelis that had been diagnosed with ‘Boke’. The fea-
tures were classified into three types: one characterized by
atypical gill epithelial cells, one characterized by numerous
long Gram-negative rods, and one characterized by both
atypical gill epithelial cells and long rods. TEM revealed
the presence of poxvirus-like virus in the atypical gill epithe-
lial cells. Our results indicated that ‘Boke’ was composed
of different kinds of diseases. We propose ‘atypical cellu-
lar gill disease (ACGD)’ as the new name of novel gill dis-
ease in ayu.
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Since 1998, several severe episodes of mortality
have been recorded among cultured populations of ayu
Plecoglossus altivelis in Japan. During these out-
breaks, the diseased fish showed appetite reduction, a
spinning motion and/or poor swimming ability, and a ten-
dency to congregate near the surface of the water,
which were associated with a sudden increase in the
mortality rate of > 90% in some cases. Based on
these clinical signs, local aquaculturists referred to the
condition as ‘Boke’, which is a Japanese word that is
generally used to indicate disorientation and senility in
humans. A previous histopathological examination
revealed that the disease was characterized by prolifera-
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tive branchitis with enlarged and atypical epithelial cells
in the gills and was not accompanied with any pathologi-
cal abnormality in other internal organs”. Abundant
poxvirus-like particles were also observed within the
cytoplasm of the atypical epithelial cells. However, the
clinical signs and gross features of the novel gill dis-
ease, characterized by pathognomonic atypical gill
epithelial cells, were difficult to distinguish from those of
other epizootic gill diseases such as bacterial gill dis-
ease (BGD)*® of ayu. We therefore suspected that
local aguaculturists, who might not have made a diagno-
sis based on histopathology, might have used the term
‘Boke’ to describe a number of different clinical condi-
tions in the ayu, including the novel gill disease with
pathognomonic atypical gill epithelial cells, which was
characterized by appetite reduction, abnormal swim-
ming ability and pale gill coloration among other traits,
and was associated with severe mortality. We there-
fore examined the histopathological features of the gill
lesions of diseased ayu that had been diagnosed with
‘Boke’ disease by local aquaculturists, focusing on the
clinical signs and gross features.

Materials and Methods

Fish

In total, 63 fish were collected between 2003 and
2004 from Tochigi (five outbreaks including 10, 12, 10,
7 and 9 fish, respectively, between May and July,
2003), Miyazaki (one outbreak including 5 fish in May,
2003) and Yamanashi (one outbreak including 10 fish in
June, 2004). These fish had originated from artificial
seeds produced by prefectural fisheries stations using
brood fish captured in each prefecture, and had been
diagnosed with ‘Boke’ disease by local aquaculturists
based on their clinical signs and gross features. The
fish were euthanized using an overdose of FA 100
(Dainippon Sumitomo Co. Ltd., Tokyo, Japan). The
sampled individuals ranged from 9.5 to 136.8 g in body
weight.

Histopathology

All of the fish were fixed in 10% phosphate-buffered
formalin solution. Gills were removed from the fixed
fish, decalcified in 10% ethylenediaminetetraacetic acid
(EDTA) with 5% formalin, and processed routinely for
histology. Sections were stained with haematoxylin
and eosin (H & E), Giemsa or Gram. For electron
microscopy, the gills of three fish from each disease out-
break (seven outbreaks, 21 fish in total) were fixed in
McDowell's and Trump’s 4F:1G fixative (pH 7.2-7.4),
postfixed in 1% osmium tetraoxide (OsO,) in 0.1 M
phosphate buffer (pH 7.2—-7.4), dehydrated through a
graded ethanol series, transferred to 100% acetone and
finally embedded in Spurr’s resin”. Thin sections (80
nm) were cut on a Reichert Ultracut-E ultramicrotome,
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stained with methanolic uranyl acetate and Reynolds’
lead citrate, and observed under a Hitachi H-7100 trans-
mission electron microscope (TEM).

Results

Gross features

The sampled fish showed gross features including
appetite reduction, a spinning motion and/or poor swim-
ming ability, and a tendency to congregate near the sur-
face of the water, which were associated with a sudden
increase of the mortality rate to around 70%. The gills
of the fish examined were pale and swollen, and bore
petechiae.

Histopathology

Based on the histopathological features of the gill
lesions, the sampled fish were classified into three
types as follows: those that presented with proliferative
branchitis characterized by enlarged and atypical gill
epithelial cells, which frequently contained large vacu-
oles and/or basophilic inclusions in the cytoplasm as
well as swollen nuclei (Fig. 1A); those that presented
with apparent proliferation of ‘typical’ gill epithelial cells
resulting in gill lamellae fusion and clubbing of gill fila-
ments associated with numerous long Gram-negative
rods (Fig. 1B); and those that presented with prolifera-
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tive branchitis with enlarged and atypical gill epithelial
cells associated with numerous long Gram-negative
rods (Fig. 1C). In the present article, we refer to the
first type as the atypical cellular (Ac) type, the second
type as the long rods (Lr) type, and the third type as the
mixed (Mx) type. In total, 34 fish (54%) of one out-
break (5 fish) in Miyazaki and three outbreaks (10, 12
and 7 fish, respectively) in Tochigi were classified as Ac-
type, 10 fish (15.9%) of one outbreak in Yamanashi
were classified as Lr-type and 19 fish (30.1%) of two
outbreaks (10 and 9 fish, respectively) in Tochigi were
classified as Mx-type. In Lr-type and Mx-type fish,
long rods were observed attached to the surface of the
gill lamellae and in the small pockets between the lamel-
lae that resulted from their fusion. A slight inflamma-
tory response involving lymphocytes was detected
within the gill lesions of all types. TEM examination of
the gill lesions revealed the presence of numerous virus-
like particles in the cytoplasm of the atypical epithelia in
the Ac- and Mx-types (18 fish in total, Fig. 1D). These
particles were shaped like cocoons or smiling mouths,
with adjacent small, rounded structures. The major
axis length of the virions, calculated from the measure-
ments of 50 particles, ranged from 200 to 300 nm.
The virus-like particles were not observed in the prolifer-
ative ‘typical’ gill epithelial cells of the Lr-type fish (3 fish
in total).

Fig. 1. Histopathological (A-C) and TEM (D) features of the gills of diseased ayu. A: The Ac type was characterized by enlarged
and atypical gill epithelial cefls (arrows). H & E, Bar = 50 um. B: The Lr type was characterized by the proliferation of
‘typical’ gill epithelial cells associated with numerous long rods (arrows). Giemsa, Bar = 30 um. Boxed part of B shows
Gram-negative long rods. Gram, Bar = 10 um. C: The Mx type was characterized by proliferative branchitis associated with
enlarged and atypical gill epithelial cells (arrows) and numerous long rods (red arrow heads). H & E, Bar =50 um. D:
Numerous virus-like particles (arrows) with a cocoon-like or smiling-mouth shape were observed in the cytoplasm of the gill

epithelia in the Ac and Mx types. Bar = 500 nm.
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Discussion

The histopathological features of the diseased fish
examined in the present study included enlarged and
atypical epithelial cells in the Ac- and Mx-types, which
corresponded with those described previously by Wada
et al.”. In addition, the morphological features of the
virus-like particles detected in the atypical epithelial
cells resembled those of the family Poxviridae®.
Based on these observations, the Ac- and Mx-types
might be identified as the novel gill disease associated
with poxvirus-like virus reported by Wada et al.". How-
ever, the Mx-type disease was also characterized by
the presence of numerous long Gram-negative rods,
which might play a role in the pathogenesis of the novel
gill disease characterized by atypical gill epithelial cells
as a factor that exacerbates the pathophysiology. The
clinical signs, gross features and histopathological fea-
tures in gills of the Lr-type corresponded with those of
BGD in ayu caused by Flavobacterium branchioph//umz).
However, we were unable to confirm that the Lr-type
disease was BGD, because we did not attempt to iso-
late and identify the long rods observed in the Lr- and
Mx-types in this study. More detailed bacteriological
examinations, including the isolation and identification
of the long rods, as well as artificial transmission studi-
es, are required to make an accurate diagnosis of the
Lr-type, and to confirm the relationship between the
long rods and the novel gill disease with atypical epithe-
lial cells. The sampled fish of each disease outbreak
in the present study showed a single disease type; how-
ever, more detailed study with many samples should be
required to determine whether each outbreak was com-
posed of some disease types or a single disease type.

Our results confirmed that the diagnostic term
‘Boke’ had been used by the local aquaculturists to
describe not only the novel gill disease characterized by
pathognomonic enlarged atypical gill epithelial cells (Ac-
type)”, but also other gill diseases characterized by
numerous long Gram-negative rods with or without atypi-
cal gill epithelial cells (Mx- and Lr-types). The most
prominent histopathological feature of all three types
was proliferative change of the atypical or typical gill
epithelial cells resulting in fusion of the lamellae and
clubbing of the gill flaments. This histological change
could cause considerable hypoxia due to a significant
decrease of the available respiratory surface. The gill
epithelial cells are considered to be a major portal site
for the excretion of nitrogenous waste products, such as
ammonia and urea, into the surrounding waters), and
they also help to maintain the acid-base balance in
combination with osmoregulation”. Proliferative
changes of the gill epithelial cells causing a significant
decrease of the available functional surface, as

observed in all three types among the present samples,
could thus cause an accumulation of nitrogen metabo-
lites, an acid—base imbalance and a deficiency of
osmoregulation. We therefore suggested that there
might be no notable difference in the pathophysiology
caused by the Ac-, Lr- and Mx-types in the present sam-
ples, due to the significant decrease of the available
functional surface of the gills resulting from the prolifera-
tive changes of the epithelial cells. This led us to pro-
pose that the clinical signs generated by the pathophysi-
ology were common among all three types of disease
described as ‘Boke’. We also suspected that the clini-
cal signs and gross features would be insufficient tools
with which to distinguish these three types. The histo-
pathological examination of gilis is a readily available
tool that can allow an objective diagnosis of atypical gill
epithelial cells to be made, and can clearly distinguish
the three types; however, this method is time consum-
ing and thus cannot provide the rapid diagnosis
required to control the disease by the local aquaculture
industry. Novel diagnostic tools that can rapidly detect
the presence of atypical gill epithelial cells and/or long
Gram-negative rods are thus required for the clinical
control of these diseases.

In the present study, it was revealed that ‘Boke’
was composed of different kinds of diseases relating to
poxvirus-like virus and/or long Gram-negative rods.
We therefore would propose atypical cellular gill dis-
ease (abbreviated to ACGD) in ayu as the new disease
name of the novel gill disease characterized by pathog-
nomonic enlarged atypical gill epithelial cells and associ-
ated with poxvirus-like virus.
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