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Fig. 9. Region B neighboring on region A. This shows surface ultrastructure of the boundary area of
fused lamellae. The majority of epithelial cells show no typical microridge structure. CH: chloride
cell, MC: mucous cell discharged secretory granules. X 1,200.

Fig. 10. Region B neighboring on region C. The tips of gill lamellae are seen, suggesting fusion due to

proliferation of interlamellar epithelial cells.

Fig. 11. Fusion and degradation of microridges.

X 1,200.
Arrows show fusion of microridges. CH: chloride cell,

EP: epithelial cell facing the surface after exfoliation of the outermost layer of epithelial cells. % 5,280.

microridges were few and varied from cell to
cell. No distinguishable differences were
found in structural features of the chloride cell
surface between the gill filament and lamellar

epithelia. Mucous cells exhibited a smooth and
small surface, gentle undulations or a sparsely
scattered granule or particle texture; this tex-
ture was possibly caused by plasma membrane

— 398 —



Kudo and Kimura: Bacterial Gill Disease

Fig. 12. Transformation of microridges into fine granular elements (arrow-heads). The elements are piled
high (arrow). CH: chloride cell, EP: epithelial cell with traces of microridge structure. X 5,760.

Fig. 13. Rampart-like cytoplasmic eminences among cell boundaries (arrows). Arrowhead shows aggrega-
tion of fine granular elements. CH: chloride cell, EP: epithelial cell with vesicular projections on

the flat surface, MC: mucous cell. X 5,760.

vesiculation. Another characteristic was the
frequent appearance of rampart-like cytoplasmic
eminences among the cell boundaries (Fig. 13).
Intercellular spaces were not observed, and the
eminences were at places transformed into

bead-like chains or small undulations.

In region A, hyperplastic lesions rendered it
impossible to discriminate the gill lamella from
the filament. The surface of the lesional tissues
was comparatively smooth and epithelial cells
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were frequently exfoliating. Aggregation of
domed mucous cells presented a ““‘cobblestone”
appearance in some places (Fig. 14). The
fusion of two or more filaments was occasionally
observed, generally at the tips (Fig. 15). The
degree in fusion varied from distinguishable to
indistinguishable filaments. The majority of
epithelial cells were comparatively flat and polyg-
onal, and scattered vesicular projections were
observed on their surface, as seen in the epithelial
cells in more advanced lesions of region B.
Surface compartments among the projections
had a texture as though they were closely packed
with an infinite number of particles. Of course,
there were several exceptions which had a dis-
torted microridge structure, the traces in micro-
ridge structure, or the seat of irregular pebbles.
Chloride cells were generally covered with short,
thin frequently irregular and closely packed
projections. Their number decreased much
more than in region B. Mucous cells projected
at places comparatively small, smooth faces,
but these often had gentle undulations or a
granular texture.

Discussion

SEM observations on the surface ultrastruc-
ture of gill epithelia in healthy rainbow trout
previously revealed a pattern of microridges on
the surface of epithelial cells, microvillus-like
cytoplasmic projections on the chloride cell
surface and occasionally granular openings on
mucous cells (Olson and Fromm, 1973; Kimura
and Kudo, 1979). These findings could also
be applied to the case of the present healthy
fingerlings, except for variations in surface
ultrastructure between trout adults and finger-
lings. The preparation process of the pres-
ent specimens could not always distinguish
the sharp boundaries among the cells. We
have interpreted this to indicate less shrinkage
of the gill tissue. Therefore, the thickness of
microvillus-like projections in chloride cells
and the width of microridges in epithelial cells
in the present healthy fingerlings seemed worthy
of measurement and proved to be about 460 nm
thick and 275 nm wide with space between of
about 390 nm, respectivery. These measurements
might be useful as one criterion in understanding
the surface alteration of diseased gill epithelium.
TEM observations on the outermost epithelial

cells have exhibited irregularly arranged micro-
villus-like projections on their free surface,
tangential sections of which reveal branching
and anastomosing structure (Kudo and Kimura,
1983a). From this viewpoint, microvillus-like
projections on the free surface of the outermost
epithelial cells are identical with a cross section
of microridges seen in the present SEM observa-
tions. Therefore, the microvillus-like pro-
jections must be terminologically kept separated
from those on the free surface of chloride cells.

SEM observations of abnormal epithelia in
bacterial gill disease revealed that surface ultra-
structure varies most remarkably in epithelial
cells. The microridge structure may be a typical
surface characteristic of the outermost layer
of epithelial cells in healthy trout fingerlings
and adults, but its pattern is not uniform in
individual cells. Nevertheless, the outermost
layer of epithelial cells in lesions showed struc-
tural changes of microridges in a uniform direc-
tion, varying from the typical, labyrinth-like
pattern through distortion or transformation
into bead-like chains to decay and disappearance.
Of course, the process of progression from hyper-
trophy to hyperplasia did not cause the simul-
taneous alteration of microridges in all epithelial
cells and, as a result, the tissue surface of hyper-
trophic lesions exhibited a mosaic pattern in
these cells among which other types of cells
were interposed. Variations of the surface
ultrastructure might be related to the total
stimulation period of the epithelial cells due to
adhesion of the bacterial cells. This is presumed
from the fact that the beginning of natural
infection of the bacterial cells occurs in the gill
lamellae near or at the tip of the gill filaments
and progresses towards the base. In lesions
of club-like filaments the hyperplasia in region
A was most serious and became mild in regions
B and C. These findings have been confirmed
in an experimental infection of the disease
(Kudo and Kimura, 1983b).

Microridges had a general tendency to dis-
appear in the course of the disease; early changes
were disorganization and thickening, followed
by fusion which rendered the cell surface flat so
that the microridges appeared to be lost. On
the other hand, exfoliation of epithelial cells
also caused disappearance of the microridge
structure in hyperplastic lesions; the exfoliation
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s in region A. x1,700.
Fig. 15. Fusion of three gill filaments. The bridges (Br) consisting of epithelial cells span the gill filaments.
X 8
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resulted in revealing the underlying epithelial
cells whose free surface does not have such
structure, as suggested from a previous paper
(Kudo and Kimura, 1983b). This exfoliation
was most remarkable in region A which rep-
resented a morphological maximum in hyper-
plastic lesions. Further, simultaneous combina-
tion of the three, i.e., partial fusion, plasma
membrane vesiculation and transfiguration into
bead-like chains of microridges caused an in-
crease in ruggedness or a bizarre structure of the
cell surface. In more advanced lesions, epi-
thelial cells were covered with closely packed
particles or vesicles; to this covering, plasma
membrane vesiculation might be related. Thus,
the monitoring of this cell type by SEM seems
useful to indicate not only the progression of
hyperplastic lesions due to bacterial infection
but also the progressive degeneration of the
cell itself. Changes in microridge structure
were, in general, parallel to the progression of
hyperplastic lesions which are typical of bacterial
gill disease. They imply a functional decline
or degradation as respiratory epithelial cells.
This would be presumed from dysplasia and
carcinoma in situ in the human uterine cervical
epithelium, as shown by the lack of true micro-
ridges and short anastomosing of microvilli
(Ferenczy and Richart, 1973; Williams et al.,
1973). As pointed out earlier (see Rucker et al.,
1952), the present examination has also suggested
that the high mortality of diseased trout finger-
lings may be caused by impaired gas exchanges,
including actual suffocation at the level of the
gill lamellae epithelium, because of the histo-
logical disruption caused by the fusion of gill
lamellae or filaments and by the proliferation
of epithelial cells.

Chloride and mucous cells in bacterial gill
disease have a surface ultrastructure distinct
from that of normal cells. The chloride cells
in region B showed particularly striking varia-
tions (Kudo and Kimura, 1983a). In region
A, however, they sharply decreased in number
and were often difficult to find. This was
possibly caused by their exfoliation through
degeneration and degradation as well as by
their enclosure within the lesion (Kudo and
Kimura, 1983a). Therefore, their surface
changes in hyperplastic lesions may be not too
useful as a criterion in bacterial gill disease.

Comparison between TEM and SEM findings,
however, may be useful to learn the condition
of individual chloride cells. The increase
of thin microvilli and very short, thin micro
ridges at early lesion stages was followed by
their thickening and simultaneous decrease,
plasma membrame vesiculation at their tips, and
disappearance of both microvilli and microridges
in extremely domed chloride cells. The last case
might be difficult to discriminate from domed
epithelial cells which mostly lack microridge
structure. The difficulty in discrimination may
be caused by there being no parallel between the
progression in bacterial gill disease and surface
changes of chloride cells. This may also ac-
count for the unsuitability of chloride cells as a
criterion in hyperplastic lesions.
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