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SYNOPSIS ‘”

Rred sore disease is a common malady of fish in the south-
eastern United States and 1is believed to be caused primarily by
the peritrich ciliate Epistylis sp. Aeromonas hydrophila 1s
believed to be the secondary agent of the disease. However,
electron microscope and bacteriological studies of red sore
lesions from largemouth bass (Micropterus salmoides) revealed
that Aeromonas hydrophila and not Epistylis sp. is the primary
cause of the disease. These studies also revealed that Epistylis
sp. attaches benignly to fish; 4. hydrcphila adheres to the stalks
of Epistylis sp.; A. hydrophila occurs in 96% of the lesions
examined, and only 35% of the lesions have Epistylis sp.; Epistylis

sp. stalks do not have a. structure indicative of lytic enzyme
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production; and 4. hydrophtla clumps are associated with perfora-

tions in fish epithelia.

INTRODUCTION

In the southeastern United States, the gram negative bacterium
Aeromovas hydrophila appears to be intimately associated with the
peritrich ciliate Eptstylis sp. in caﬁsing a pathology known as
nred sore' disease. This disease is common among centrarchid
" fishes in the southeast, and may reach epizootic proportions,
resulting in massive fish kills (9, 10). Dean {2) reported that
in excess of 34,000 fish had died of the diseass in Badin Lake,
North Carolina, in 1973.

The external pathology is manifested as scale erosion and
‘hemorrhea of the pitlike lesions. These lesions may cover 75%
of the body surface of a largemouth bass (Micropierus salmoides)
and ultimately produce hemorrhagicVsepticemiavand death. Studies
by Esch et al. (3) showed a correlation between thermal loading
and a striking seasonal periodicity in infected fish in Par Pond,
a reservoir near Aiken, South Carolina. They also showed a sig-
nificant relationship between the body condition of the fish and
the likelihdod of being infected with red sore disease.

The primary invader in red sore disease 1is thought to be
the stalked, colonial ciliate Epistylis sp. (10). Rogers (10)
has suggested that the stalk of Epistylis sp. produces an enzyme
that causes scale erosion, allowing a secondary invasion by the

gram negative bacterium A. hydrophilc. Other researchers (7)



maintain that the stalk does not produce any lytic enzymes, making
Epistylis sp. incapable of causing the hemorrhaging lesion that
is considered typical of the disease. Although 4. hydrophz
and Epistylis sp. appear to be closely associated in the red sore
phenomenon, the exact nature of their juxtaposition to each other
and to the host, Micropterus salmoides, is unresolved. In this
" study, transmission and scanning electron microscopy were used to

" ‘examine the nature of these relationships.

Materials and Methods
Fish were collected by a combination of electrofishing and
angling at Par Pond, Aiken, South Carolina (3). Immediately upon
" capture, the fish were examined for lesions, weighed, and measured.
"If lesions were found, they were excised and fixed.
For scanning electron microscope studies, lesions were fixed
with 4% glutaraldehyde in 0.1M Sorensen's phosphate buffer (pH 7.5)
':Eor 8 hr at 4°C. The specimens were then washed in 0.1M Sorensen’s
phosphate buffer (pH 7.5) (8), dehydrated in an ethanol series
(50, 70, 80, 95 and 100%), and dried by using a Bomar SPC-900
£Tacoma, WA) critical point dryer with CO; as a solvent. All
specimens were coated with a film of 400 nm of gold-palladium
alloy with a Technic Incorporated (Alexandria, VA.) Hummer II
sputtering system. Specimens were then viewed with a Super
Mini-Sem (ISI) scanning electron microscope at accelerating
voltages from 10 to 25 kV. Records were made with Polaroid 55

P/N film.
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For transmission electron microscope studies, lesions were
fixed with 4% glutaraldehyde in 0.1M sodium cacodylate purfer
(pH 7.5) for 2 hr at 4°C. The specimens were then washed in
0.1M sodium cacodylate buffer (pH 7.5) and postfixed for 1 hr
at room temperature with 2% osmium tetroxldz in 0.I1M sodium
7 cacodylaté“(pH 7.5). “The specimens were then rinsed in 0.2M
" sodium cacodylate buffer (pH 7.5) and dehydrated in an ethanol
series (50, 70, 80, 95,and 100%). Dehydrated specimens were
infiltrated with propylene oxide and embedded in an Epon-Araldite
plastic mixture. Embedded specimens were sectioned with a Porter
Blum MT2-B ultramicrotome and double-stained with 3% uranyl
acetate followed by 0.2% lead citrate (13). Stained sectiocns
were examined with a Zeiss EM9S-2 transmission electron microscope
with an accelerating voltage of 60 kV. Records were made with
Kodak 4899 electron microscope film.

One hundred and fourteen external body lesions on largemouth
bass (Micropterus salmoides) were examined for the presence of
Epistylis sp. and A. hydrophila. Scrapings of lesions were fixed

in phosphate buffered formalin, stained with Semichon's acetic-

carmine stain, and examlned for Eptstylzs sp "according to the

methods of Hazen et aZ. (S). Thesc same 1e51ons were also swqbbed

with sterile loops which were then streaked on Rimler-Shotts (R-S)

medium (11). The R-S medium plates were incubated at 35°C for
20 hr and then examined for yellow colonies, which are 95% pre-

sumptive 4. hydrophila (11). Colonies were selected and subjected
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sensitivity--patterns,- oxidase-produetion,

te further verification as A. hydrophila by using API 20 strips
{Analtab, Inc.). Isolates also were tested for antibiotic

and gram stain reaction.

Specifi¢ anti-4. hydrophila fluorescent antibody was prepared

by using isolates identified as A. hydrophila by our laboratories

~and from an American Type Culture Collection isolate (No. 7966).

These fluorescent antibodies and impression slides were stained

‘and prepared according to the procedure of Fliermans et al. (4).

RESULTS

Stained scrapings of bass lesions revealed that 96% (110/114)

of these lesions contained A. hydrophila which could be cultured.

“gnly 35% (40/114) of the same lesions were infected with Epistylis

sp. °The quantities of 4. ydrophila cultured from the lesions

&80 ‘indicated that there were large numbers of viable bacteria

"in these hemorrhaging areas. Bacteriological swabs from unin-

fected areas of diseased fish as well as healthy fish demonstrated
¢hat less than 1% ofvthe cultures were positive for A. hydrophila.
Impression slides of the lesions stained with anti-4. hydrophila
fluorescent-antibody (Hazen; et al., unpublished results) further
substantiated that A. hydrophila is indeed found in gréat numbers
in lesions and is mot just a spurious contaminant.

Scanning electron micrographs revealed large numbers of rod-
shaped bacteria surrounding and closely adhering to the stalk of

Epistylis sp. (Figs.1l and 2). Transmission electron micrographs
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of stalk cross sections (Fig. 3) and longitudinal sections (Fig. 4)

‘revealed how closely the bacteria were attached. The results of

the culture and staining studies confirmed that these bacteria

were A. hydrdphila. Bacteria were never found on the zooid of

12y

pistylis sp. They were found only on the stalk (Fig. 5), even
when a stalk and a zooid were in very close juxtaposition (Fig. 6).
Bacteria were, however, found among the oral ciliature (Fig. 7)
which 1s not so surprising since Epistylis sp. is a bacteriovore.
Rod-shaped bacteria were also in lesions that did not include any
Epistylis sp. (Fig. 8). However, the density of bacteria in

these areas was reduced compared with that in lesions contaihing
Epistylis sp. (Figs. 9 and 10).

Epistylis sp. attached to the surface of the fish did not_
appear to cause any patho}ogy. AL no time was the stalk of
Epistylis sp. observed to penetrate the host membrane. The
attachment appeared as a spfeéding of stalk fibers over the
substrate (Fig. 11). These striated stalk fibers (myonemes) can
be seen in cross and longitudinal sections in Figs.3 and 4. This
type of attachment was observed on both soft (epithelia) and hard
(scales) fish substrates (Figs. 1l and 12). Close examination of
the Epistylis sp's. attachment revealed no penetration or pitting
of fish tissue (Figs. 11, 12, and 13). The rod-shaped bacteria,
however, were found to be associated with perforations in the
tissue (Fig. 14). Sections of the stalk revealed only stalk
fibers and a few scattered mitochondria; no Golgi bodies or other
organclles could be identified (Figs.3 and 4).
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DISCUSSION
The intimate association between A. Fydropnila and the stalk
of Epistylis sp. cannot be readily explained. The stalk has
been reported to exude a mucilaginous material (7), and this sub-
stance may act as either a nutrient scurce for the bacteria or
»!méxwggﬁ?,gégéreﬁéé quélities 1acking on other nearby surfaces.
~ Both cross and longitudinal sections of Epistylis sp. stalks
_;gpvered with»bucteria reveal electron diffuse matcrial, which
"ﬁﬂy represent a mucous coat.
A. hydrophila was found in 96% of the red sore lesions
examined while only 35% of these lesions included Ewistylis sp;

__ Other studies have éhown that high densities of A. hydrophila
<:alone can 9gperiménfally induce lesions in bass (Hazen and Esch,
'ﬁygenpublished data); Epistylis sp. alone will not produce hemorrhaging
.§ésidn;&£;j.vwlf Epistylis sp. caused the lesions, its points of
i;é%ﬁéchwenthkddld be likeiy sites fofﬂpathology. 'Micrographswré—

‘;veaIéd whaf aépears to be a benign relationship with bass epithelia.
vike Lom (7), we too did not observe Epistylis sp. to penetrate
host cell membranes. However, bacteria were closely associated
sith perforations in bass epithelia. Other studies on largemouth

 Bass infected with red sore disease reveal an internal pathology
that is similar to that caused by a bacterium (Huizinga, in prep-
aration).

Contrary to the conclusions of Rogers (10), our rcsults

indicate that the etiological agent of red sore disease is not



4

Epistylis sp. but rather the gram negative bacterium A. hydrophila.
4. hydrophila may be the primary invader that causes z lesion that
the Epistylis sp. secondarily invades as an ectocommensal. Al-
ternatively, a teletroch of Epistylis sp. may attach benignly to
a fish and then develop into a colony which 1is subsequently
~colonized by A. hydrophila. Once the density of A. hydrophiia
‘has increased sufficiently upon the stalks, the~bacteria cculd
thenvproduce enough lytic enzyme to cause a lesion. A. hydrophila
is known to produce a number of lytic enzymes (12, 6, 1) while
Epistylis sp., on the other hand, 1is said to be incapable of
© producing lytic toxins (7). Scctions of the stalk did not reveal
any organelles capable of producing enzymes and the scarcity of
'_mitochondria further suggests an inactive role for the stalk.
The frequency of occurrence of A. hydrophila in lesions
without Epistylis sp. and our observations that 4. hydrophila
alone can induce lesions in fish held in aquaria indicate that

A. hydrophila is most likely the primary cause of red sore lesions

on largemouth bass.
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Figs. 1 and 2. Stalks of Epistylis sp. covered with rod-shaped

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig. 10.

3.

4.

5.

6.

-

8.

9.

bacteria (B), % 20,000.

Stalk of Epistylis sp. in cross section showing bactéria
(B) surrounding stalk and striated stalk fibers (SS),

X 4,000.

Stalk of Epistylis sp. in longitudinal section showing
bacteria (B) surrounding stalk and striated stalk fibers
(SS), % 3,400.

Epistylis sp. oral ciliature and zooid surface (Z),

x 3,040.

Section of Epistylis sp. zooid (Z) and stalk (S) showiné

bacteria (B) on stalk but not on zooid, X 4,600.

" Bacteria (B) among Epistylis sp. oral ciliature, cilia

(C), x 5,000.
Largemouth bass epithelia within a lesion showing
bacteria (B) and red blood cells (R), x 2,280.
Higher magnific;tion showing packing of Tod-shaped
bacteria, x 15,000. |
Surface of largemouth bass lesion near stalks (S) of

Epistylis sp. showing accunulations of rod-shaped bacteria

(B), x 1,500.



Figs. 11 and 12. Attachment point of Epistylis sp. stalk on

scale {Sc) Fig. 11 and epithelia Fig. 12, x 2,300.

Fig. 13. Attachment of Epistylis sp. to a largemouth bass scale,

x 1,000.

Fig. 14. Bacteria associated with perforation of largemouth bass

epithelia, X 6,000.












At )
R el T P lral T T
Eah B Ly .

. 5







vttt s et







