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Ultrastructure of Red-Sore Lesions on Largemouth Bass
(Micropterus salmoides): Association of the Ciliate
Epistylis sp. and the Bacterium Aeromonas hydrophila®
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SYNOPSTS, Epizootic authreaks of red-sore disease in several reservoirs i the southeastern United Siates have been reporied
to eauge beavy mortality among several species of fish having sport and commercial value, The ctologie agent is said to he
the peritrich ciliate Episiplis sp.; secondary infection by the gram-negative bacterium Aeromonas hpdrophida prodoces hemor-
rhagic septicemia which resuls in death. Tlowever, in recent studies on the largemouth bass Micropterns solmoides, Eprisylis
s could be isalated from anly 35% af 114 lesions from 114 [ish, while A, hydrephila was found In %% of the sune lesions.
Transmission and scanning cleciron microscopy of lesions associated with red-sore disease indicate that seither the stalk nor
the attachment structure of Epistydic sp. have organelles capable of producine lytic ensvines.  Since other investigators have
shown that A. hydrophila produces strong lytic toxing, and in absence of evidence (o the contrary, 1t s concluded that Epicey.
fie #p i @ benign ectocomnmensal and that A, hydraphila is the primary etiologic agent of red-sore discase.

Index Key Waords: Red-sore disease: Micropterus sofmoides, FKpistolis spo: Aevomuonas hydrophila : seanning electron mieros-

capy i transmission eleciron microscopy,

N the southeastern Unived States, the gram pegative-bactenium

Arromonas hydrophila [Chester] appears o be intimarcly
asawiated with the peritrich ciliate Epistylis <p. in causing ‘red-
sure’ disease. Common among centrarchid and other game
fishes, the discase may reach epiwootic praportions, resulting in
rassive {ish kills (9, 103, e Dean (2) veported that more than
31,000 fish died of the disease in Badin Lake, North Carolina,
in 1073,

The external pathologic changes include scale eresion and
hemorthen of the pitlike lesons, These lesions may cover 75%
of the body surface of a largemonth bass and ultimately resulr
in bemorrhagic septicemia and death, Esch et al, (3) showed a
correlation berween thermal loading and a suiking sensonal pe-
riadicity in infected lish in Par Pond, a cooling reservoir for a
nuelenr preduction veactor near Aiken, South Careling. They
also demonstrared a significant relationship between the body
condition of the ish and the probability of beinyg infected with
red-sore disease.

The primary iovader in red-sore disease ix said w0 be the
aalked, colonial ciliate Episylis spo (10, with secondary in-
volvement by the gram-negative bacrerium A, fydraphile. Rog-
ers [ 10] hus suggested that the stalk of Epiaylis sp, produces an
ergynae that causes seale erosion, allowing secondary invasion of
waterbore A, kydrophila. Other researchers [7) maintain that
the stulk docs not produce lytic ensymes: Epinylis sp. wonld
thus be incapable of producing the leson which is considered
typical of the discuse. Though A hydrophila and Epasiylis sp.
appear 1o be imimately associated n the “red-sore’ phenomenon,
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Figs, 2%, [Transmission electronmicrographs of Epistylis sp. from a largemouth hass lesion. x 4230, 2, 3,

the exact mature of their relagonship 1o each ather and to the
host, Micrepterus salmoides Lacépéde, s unrcsolved. In this
stanely, tramsanission amd weanning olectron microscopy have been
uset] 10 examine the mature of these relatinnships,

MATERIALS AND METHODS

Fish were collected by a combination of elecirofishing and
angling at 'ar Porul. Aiken, South Carolina (3.

Tmumediately

Fig. 1. Scanning electronmicrograph of stalk from largemouth
bass lesion covered with rod-shaped bacterin. 3¢ 10,000,
o o >

Stalk in longitudinal

(Fie. 2) and transverse (Fig. 3) section, showing bacteria [B) surreunding sealk, and striated stalk fibers (58). 4 Secrion of zooid
(Z) and stalk (5) showing bacteria (B) on stalk but not on zoeoid.
Fig. 3. Bacterma (B} within Epictylis sp. oral ciliawure, cilia (C). x 9,200,
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Figs. 69,
surface lesions.] 6.
showing hacteria (B) and red bload cells [R). % 2ouag0. 7. Higher

[ Scanning 1’:|¢3'.I"ll‘rl]'1.|:]]il:I(:u,g’.__"!’ﬂJ’!-i13 of largemourh  hass
Largemouth hass epithelium within a lesion

353

upant caplure, the fish were examined for lesions, weighed, and
measured. 1 lesions were found, they were excised and fixed.

For scanning electron microscope studies, lesions were fixed in
G (v/v] oelutaraldehyde in 0.1 a0 Sorensen’s phosphare buffer
(87, pll 7.5, for & h at 4 . The specimens were then washed
in this buffer, debydrated in an ethanol serivs, and eritical-point
deied wsing 2 Bomar SPC-900 [Tacoma, Wa.] critical point
drver with GO as 2 solvent. All specimens were coated with
Y nmn gold-palladiom using a Technic Incorporated ( Alexan-
dria, Va,) Hummer IT sputtering system and examined in a
Super Mini-Sem (I81) scanning electron microscope at aceel-
erating voliages from 10 to 23KV,

For iransmission clectron microscope studies, lesions were
Fixed in 4% (v/v) glutaraldehyde in 000 w0 Na cacodvlate bof-
fer, pl 7.50 for 2 h at 4 €. The specimens were then washed in
this buffer and postfixed for 1 h at room temperatre in 29%
fw vy Oy in the same bulfer. The specimens were then rinsed
in 1.2 w1 Na cacodylate bulfer, pH 75, and dehydrated in an
ethanol serics. Dehydrated specimens were infilerated with pro-
pylene andde and embedded in an Epon-Araldite plastic mix-
ture.  Hmhedded specimens were sectioned on a Porter Blum
MT2-H ulramicrotome and double stained with 3% (w/v) ura-
nyl acerate, followed by (.29 (w/v) lead citrate (13). Stained
seetions were examined in a Yelss EM95-2 pransmision elec-
trom microscape with an accelerating voltaze of 60 KV,

One hundred fourteen external body lesions on 114 Targe-
mouth bass were examined for the presence of Fgdstylis sp. and
A, fydrophila. Scrapings of lesions were fixed in phosphate-
bullered formalin and stained with Semichon’s acetic-carmine
[3) lwtore heing examined for Fpistylis sp. These lesions alsa
were swabbed with sterile loops which were then streaked on
Rimler-Shotts [R-8) mediom, known to be 945% cfficient for
growing A hydrophile (11), The B-5 medium plates were in-
cubated ac 35 C for 20 h and then exumined for yellow colonies,
characteristic for A, fypdreplila. Colonies were selected and
subjected to further verification using API 20 strips [ Analytaly,
Ine.). lsolates also were tested for antibiotic sensitivity pat-
terns, oxidase production, aud gram stain reaction.

Specific anti-A. Aydrophile antiserum was prepared by intra-
venous injection into rabbits of heat-killed, wushed suspensions
of A Gydrophide cells. Clonal culiures of A, hydro phila isolates
from our lab and an isolate obtained from the American Type
Culture Colleetion [ATCC #7966) were wsed as antigens. Rab-
bits: were bled by cardiac puncture when the eirculating anti-
Bewdy te the homelogous antigen had an agglutinating  ticer
grearer than 1: 2360, Antiserum was [ractionated by smmonium
sulfate ]_Jfﬂ?t'i.]’:u't':l1:ir:l[1 and lejuguu:d ter Fluorescein ]:Sl'.*[l].;ﬂf}'a-
nate.  Impression slides of lesions were stained  directly with
[uorescent antibody, Al FA rechnics followed the procedures
of Fliermans ¢t al. (4].

RESULTS
Cultures and stained scrapings of bass lesions [rom 114 fish re-
verled that 96% (110/114) contained cultivable A. hydrophila,
while Epistylis sp. was observed in only 35% (407114) of the
same lesions. The guantities of A, fydrephils coltivated from
the lesions also indicated thar large numbers of viable bacteria
were present, Impression slides of the lesions, stained with anri-

=

magnilication showing packing of rod-shaped hacteria, 10,000.
8. Surface of largemouth bass lesion near stalks (S) of Epistylis
sp. showing accumulations of rod-shaped Lacteria (B, 3¢ 1000,
9. Attachment point of Epistylis sp. stalk on seale, % 2280,
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A, hydraphila conjugate were positive and further substantiated
that this hacterium was present in large numbers and was not a
spurines contaminant.  Swals from infected areas of both in-
fecid and uninfected [ish vielded less than 1% positive RS
eulres and, when positive cultares were found, they indieated
low densities of A, hydrophila.
Fh'.‘ll:!l'l.:lllg :rlr:'rrnn-:1|;|q'|'r1:.;|':1p]|_a- v lied |.'.t|'!;:|:‘ numbers of
tudl-shaped bacteria closely adhering 1o the stalk of Epistylis sp.
Fig. 1}, Transmision clectron-micrographs  of longitudinal
Fig, 2} and transverse seetions [Fig. 31 of the stalk revealed a
close association of the hacteria and the ciliates, Furthermore,
hacteria were never found on the zoold of Eplsiylis sp; rather,
they were present omly on the stalk even when a smalk and
oot were juxtaposed (Fig. 4. Bacteria were, however, found
within the oral area {(Fig. 3, which s not surprising since Epi-
siydis sp. s a bacteriovore, Rod-shaped bacterian were also pres-
ent in lesions that did not contain any Epistylis sp, {Fig
however, the density of hacteria in these areas was reduced com-
pared o thar in lesions containing Fgistylic sp. (Figs. 7, 8).
The avachment of Epigylis sp. to the surface of the fish did
not appear 1o cause any palboelogic changes. At no time was the
stalk of Epistylis sp. observed o peneteate the epithelium cover-
ing the seales of bass. The attachment appeared a5 a spreading
of stalk fibers over the substrate (Fie. 117 the siriated stalk
fibess (myonemes) can e seen in transverse amed longitudinal
sectioms (Fige 2. 37, This type of attachiment was observed on
Loth seft {epithelium ] and hard (seale] substeates {Figs, 9, 103,
Close examination of the awaclooent revealed no penetration
or pitting of fish tssue by Epistylis sp. (Figs. 9-11). The rod-
.-i]l:l]'ll'ﬂ |J'.ll’.'1t‘rfz‘|, hnu.'l,'\'m" were fonnd o be associaced with per-
Forations in the tssue [Pig, 12). Sections of the stalk conrained
unly stalk fibers and a few scartered mitochondria; no Golg
hodies or other organclles conld be identified {Figs, 2, 3).

INSCLUSSION

The Dasis for the intinate association between A, fypdvo phila
and the stalk of Kpistplis spe is not readily explainable. The
stalk has been reported to exude a mucilaginous material (7)
which may act as either o nuirient source for the bacteria or
ury have “adberence™ tqualities lacking on other nearby sur-
faves. Doth rransverse and longitndinal sections of Episiylis sp.
stalks, covered with bacteria, contain a [ueey material which
may represent the mocilaginees coar.

Avvomanas fiydrophile was found associated with 96% of the
reclsore lesions examined, while Listylis sp. was obsernved
only 30% of these lesions, [t wos shown in other studies that
high densities of 4. hydrophitla can induce lesions in bass held
in laboratory aguarian (Hawen & Esch, unpublished ::Im"na
tions}, while Episiviis sp. alone will not produce lesions
deromunas hydrophila is known to produce a number of ]x[m
engymes (1, G, 127 while Epistylis sp. is said 1o be incapable of
priwdicing such cnzyimes [ 7). Sections of the stalk did not re-
v wny urgam*!lm t'ﬂpuhh" of r}rﬁd:u:ing CTEVITS, and the sear-
city of mitochondria [urther suggested an inaetive role for the
stalk. It is reasonable to assume thae if Epityliz sp. could in-
duce lesions, the point of attachment of the protozoon to the

=

Fig. 10, Auachment point of Epodylis spo stalk on epithelium.,
2280,

Fig, 11, Attachment of Epidylis sp. to a lasgemouth bass scale.,
> 1.000,

Fig. 12. Bacteria associuted with perforation of larsemouth
bass epithelium. 3 6K,
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fish surface would he the site of patholegic changes. Cur ovi-
dence and that of Lom (7], however, suggest a benim rela-
uonship.

Contrary to the conclusions of Rogers (0], our results indi-
cate that the etiologic agent of red-sore disease is not Efastylis
sp. but the gram-negative bacterium, A, hyidraphila. Thus, as
the primary invader, 4. kydrophila appears to induce the lesion
and Epistylis sp. seems to he a sccondary, but benign, ectocom-
mensal: or, allematively, a teletroch of Epistylis sp. attaches Lo
the surface of a fsh, develops into a colony, and then Is subse-
gquently colonized by A Aydrophila. Once the density of A fy-
draphila reaches a threshold level on Epistylis stalks, the bacte-
ria produce Iytic enzymes in sufficient quantity to cause a lesion,

The frequency of oceurrence of A hydraphila in lesions [ree
of Epdstylis sp. and our observations that A, feyedrophila alome
can induce lestoms in [ish held in aguaria indicate that A, hy-
drophila is most likely the primary cause of red-sore disease in
largemonth  bass.
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