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Abstract

Ameong largemonth bass Micrgplerwy sofmoidey in Par Pond, South Caroling, a significanely
larger percentage of those wilth red-sore disease were positive for anti-ferememas fpdrophile ag-
gluinin than of uninfected fish. Highest titers ocenrred during summer and fall, when the
prevalence of the disease was declining. Most agglutinin activity was sssociated with a single
serim fraction; the agglutinin has an apparent molecular weight of =340,000 daltons, suggesting
it may he a macroglobulin-like antibody. Homelogous agglutinin reacted better with A, Aydrophiln
than heterologous agalutinin. Differences in severity and duvation of red sove epizooties in the
southeastern United States may be due ro differing viculenee among siraing of 4. hydrophils.

Aermmomas hydrophiln is the primary etiological
agent for red-sore discase (Hazeny er al. 1978),
a serious problem for game and commercdal
fish species in the southeastern United States
(Miller and Chapman 1976). In the epizaatiol-
ogv of red-sore disease among largemouth bass
Muerofsteries salmoides, there s a significant pos-
itive correlation between densities of A Aydre-
phila free in the water column and the preva-
lence of the disease (Hazen 1979). There also
is @ significant negative correlation berween
prevalence of red-sore disease and host body
condition (Esch and Hazen 1978, 1980), sug-
gesting an important relatdonship berween host
susceptibility and stress. Largemouth bass with
low condition factors have reduced hemaloorit,
hemoglobin, and total red and white blood cell
counts, and elevated serum cortisol and thyvrox-
in concentrations (Hazen, et al. 1978; Fsch and
Hazen 1980). 'These observations imply that
unmune mechanisms and susceptibility to in-
fection by A, kydrophile could be altered by
stress. In the present report, we characterize
anti-A. hydrophile agglutinin in largemouth bass
and assess seasonal changes in humoral im-
TIRUTLY.

Methods

The primary study site was Par Pond, a
L012-hectare reservoir that receives heated ef-

Huent from a nuclear power plant; it is on the
Savannah River Plant near Adken, South Car-
olira, Water gquality and biotic characreristics of
Par Pond are given by Hazen (1973, 1979,
Largemouth bass also were taken tfrom Lake
Worman, an impoundment on the Catawba
River in North Carolina, [rom Badin Lake lo-
cated on the Yadkin River, and from the Cha-
wan River, a wributary of Albemarle Sound in
northeastern North Carolina.

Twenty-five largemouth bass were angled or
electrotished quarterly from heated and un-
heated parts of Par Pond; 1emperatures at the
heared site penerally were =5 C above those in
unheated arcas. Fish from the Chowan River,
Badin Lake, and Lake Norman were taken by
angling during spring and summer months.

All fish were bled within 1 hour of capture
by cardiac punciure; blood was drawn inm hep-
artnized 10-ml vamtainers. Serum was obizained
by centrifugation after additon of 1% CaCls to
whole hlood.

Uhe agglutination assay was modified from
Kuhn and Vaughn (1976). Pure cultures of A.
fvdrophily were harvested by cenerifugation af-
ter being grown 24 hours in TSE {Difco, De-
troit, Michigan) at 35 C. Cells were suspended
in Locke's solution and the density was adjusted
to 1 = P cells-ml™! with the aid of a Coulter
counter, model ZB (Coulter Flecironices, Hi-
alesh, Florida). The cell suspension then was
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incubated in 5 pcuries-ml™? FCr-sodium
{Amersham, Chicago, Hlingis) with constan
shaking for 2 houwrs at 535 C, Labeled cells were
centriluged and washed three tmes with cold
(4 ) Locke’s solmion (Kubn and Vaughn
1976}, Final suspensions were prepared with
.85% saline and the cell densitics adjusted 1o
1 = L0¥ cells-ml ' labeled cells were then in-
cubited 1 hour with 1wo-fold serial dilutons of
fish sera. The supernatant of ecach serum re-
action was then counted with a Beckman au-
tomated gamma counter, madel 4000 (Beck-
man Company. Irvine, California), The amount
of aniibody present was assumed to be inversely
propurtional to the count obtained. Titers were
calculated as the point of 50% reduction in
count from conteol values.

Sera were characterized by column chroma-
wography with Sephadex G200 and DEAE-cel-
lzlose (Pharmacia Fine Chemicals, Piscataway,
New Jersey), One milliliter of largemouth bass
serum having a high tter was applied 10 a
Sephadex G200 column (3 % 50 em). The se-
rum was fractionated in a descending direction
with (.1 M Tris-HCI buffer (pH 8.0) at a flow
rale of 10 ml-hour™ ar room temperature. One
milliliter of largemouth bass serum was also ap-
plicd to a DEAE-cellulose (coarse mesh—0.9
mequivalent g7} column {3 % 50 cm). The se-
rum was fractonated in a descending direction
in 001 M to 0.3 M phosphate bufter (pH 8.4).
The eluted serum [ractions from both proce-
dl]l'{'.\,‘i W T I_'II:!IUJ{‘:I:E }lnx'ur':!ing [{4] L{;_}H{]r'bi{ﬂfﬂ l
280 nm, measured on a Perkin-Elmer double
beam spectrophotometer. The pooled fractions
were returned 1o original whole-serum volumes
by ultrafiltration. with a 1,000 nominal molec-
ular weight Pellicon hlter (Millipore Corpora-
tion, Bedford, Massachuseis). After concentra-
tion, each fraction was tested for anti-A.
hvdrophila agglutinin by the previously de-
scribed technique. To aid in molecular weighi
determinations, the gel filtration column was
precalibrated with bhie dextran (2 x 108 dal-
tons), human fibrinogen (340,000 daltons). hu-
man gamma globulin (146,000 daltons), and
cvtochrome G (12500 daltons). Serum with
high tter also was diluted with 0.1 M 2-mer
captoethanel and anti-{. hpdrophale agglunnin
was measured as helore.

Parametric data were subjected to analysis of
variance. Any probability less than .05 was
considered stgnificant,
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Results

Dilutions of largemouth bass sera with saline
indicate that the technique used to estimarte ag-
glutinin concentration was highly sensitive (Fig,
1}. Ten replicates at each dilurion had less than
a 0% coelficien of variation (100-SD'mean),
so Liters could be esimated to 0.1 unit. Titers
runged from 0 to 16 (log. of the reciprocal of
the last dilution), Because of the large variation
observed in the fish dters, data were analvied
nonparametrically;, anv titer greater than 20
was considered a positive agglutinin response,

Eluate profiles of serum from 20 largemouth
bass on Sephadex (G200) columns all showed
three distinct optical peaks (Fig. 2). Fraction 1
was the only region in which antivl. Sydropdle
agglutinin: could be found. Comparison with
compounds of known molecular weight indi-
cates the agglutinin is slightly more than
A40.000 daltons (Fiz. 3). The DEAE-cellulose
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Froure 2.—d fypiced! Sephudex G200 fracionation profile
of lerpemonth beis serum.

eluate showed four less distinct peaks; anly the
second peak had significant amounts of anti-4.
hydrophile agglutinin. When sera from 10 large-
maouth bass having high concentration of ani-
A, kydvophila agglutinin were diluted with 01 M
2-mercaptoethanol, agglutinin activity was sig-
nificantly reduced compared with activity of
sera diluted with .85% saline (Fig. 4).

Largemouth hass in Par Pond had highest
incidences of red-sore disease in spring and
summet. Overall, the disease was significanty
more prevalent in heated parts of the reservoir
(20% of Ash) than in unheated areas (12%; chi-
square test; P <7 00029, but its seasonal trends
were similar in both thermal and amluent en-
VITOTNIReTtS.,

The development of anti-4. hwdrophils agplu-
tinins in largemouth bass sera also varied sea-
sonally (Fig. 5). The correlation hetween num-
bers of fish with positive titers and the scasonal
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prevalence of red-sore disease was significant
(r =063 £ =0.03); when the prevalence of
recl-sore disease was lagged by one season, the
correlation was not significant. Positive agplo-
tinin responses occurred in 42% of fsh infected
with red-sore disease (& = #1) versus [99% in
noninfected fish, a significant difference (chi-
square test; P <2 0.01). Shghily more fish from
heated arcas showed the response than from
unheated areas of Par Pond (27% versus 23%),
though the difference was not significant.
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TABLE 1,— Reactizaty of largemouth buss were wilh Acro-
monas hydrophila salates from foar sources i North
and South Caroling, Faluss ave percent af sers nuth pos-
e veachions sample sizes are in purentheses. Al cla-
square valuss ave agreficant (P <2 0.01) except that for
Litke Norman ivolales, Homalagous reactons (isolate and
sevamn from the same seuree) are wederffoed,

Dsolate of deromoras bydropdila

Scrom Badin Par Lake Chowan
source  Reservoir  Poned Norman River i's
Hahin 3% (6 17% |E=i] 240 (34 2% (1) 127
Par WE{GE) BT (AT L5% (47) 2% {49 45
Mornan 0 (3m OF {20y 33% (2m O0% 20 2.0
{Chowan e 112 0% 4 3T (00 1& [y 23T

el 408 421 4.4 LN,

When A, Avdrephila isolates from Chowan
River and three reservoirs were compared with
sera from largemouth bass taken in the four
locations, homologous agglutinin (from the
same source as the serum) reacred significantly
beter than heterologous agglutinin in nearly
all cases {Table 1), In the lone exception, the
Lake MNorman isolate reacted the same with
Chowan River and Lake Norman sera.

Discussion

The agglutinin in serum from largemouth
batss that reacted with A fpdrephils occurred in
fraction | after separation with Sephadex G200
and in fraciion 2 afier separation with DEAE-
cellulose. This corresponds with fractions from
mammals known to have IgM immunoglobu-
lins. Based on calibration of the Sephadex col-
umn, with solutions of known molecular
weight, the anti-4. Aydrophila agzlutinin appears
to have a molecular wtighl greater than
340,000 daltons. These observations contorm
to those of Litman {1976) who reported that
many other teleost species produce an [gM-like
antibody having a molecular weight of 4,000,
and consisting of four HHL000-dalton subunits.
In addition, a significant reduction in activiiy
occurred when sera were diluted with 2-mer-
captoethanol, suggesting that only a polymeric
form is reactive. Corbel {1975), in an extensive
literature review, reported nearly all studies
have shown that fish immunoglobulins are sen-
sHIvEe 1o '.e]—rnt:ruaplut:lh:i:tuL

Our data show, for the first time, that [arge-
mouth bass can produce specific humoral an-

Wt
=T

tiboxdies in response 1w infection by 4. hydrophi-
la. Rainbow trout Selme gaivdneri forms specific
antihodies to A, hydrophila (Post 1963), and
commaon carp Cyprinus carpio will do so o 4.
frunctate (Szakilceai 1969).

The seasonal changes of red-sore disease and
antihody titers in largemounth bass suggest that
epirootics of red-sore disease may be [ollowed
by a decrease in susceptibility to infection re-
sulting from an increase in the number of in-
dividuals with some degree of immuniry. Such
a notion is supported by long-term obscrvations
that showed a strong positive correlation be-
tween densities of A kywdraphila in the water cil-
umn and prevalence of red-sore disease (Hazen
14749). However, during the summer, densities
of A. kydrophila are alwavs slightly higher than
would be expecied from the prevalence of red-
sore disease that occurs. Concurrent with the
decline in prevalence of infected largemouth
bass was the increase in circulating agglutinin
levels, especially obvious during the epizootic
of spring 1976, As densities of 4. hydrophila de-
cline in the fall, and antigenic stimulanon de-
creases, circulating agglutinins remained high
and then fell 1o low levels i winter. Thus, as
for IeM immuneoglobulins in mammals, the
IgM-like agglutinin is useful 1o the hish during
recovery from red-sore disease and prevents
reinfection, bur only for two seasons.

The number of largemouth bass positive for
anti-A. hydrophila agglutinin was greater in heat-
ed parts of the reservoir but not significantly
sor, even though the prevalence of red-sore dis-
case was significantly higher, There are strong
indications that fish from these areas of the res-
ervolr are under substanral stress due 1o ele-
vated temperatures (Hazen, et al, T978), It is
belicved that stress in largemonth bass within
thermally altered paris of the reservoir causes
the specific antihody response to be a less sul-
fictent detervent 1o A, hydrophile infection.

Anti-d. hydrophila agghutinins in largemouth
bass from the Chowan River and the three res-
ervoirs are specific to the A kydrophila strain
causing red-sore disease in each of the {our lo-
cations. Little, if any, cross reactivity was ob-
served between sera and isolates of A, bydrophila
from the four svstems. Thus, it s apparent
that larmemouth buss are able 1o recognize
strain differences of 4. hydrophila and respond
accordingly by production of strain-specfic
anti-A. kypdrophila agglutinin, Fliermans  and
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Hazen (1980). using specibic Huorescent anti-
hoddies, have shown that the dominant iso-
late of A. hydrophile in the water is not the dom-
inant isolate obtained from infected large-
mouth bass or infected American alligators
Alfigator mississippiensis. These invesligations
sugmested that several “strains” of A. fvdrophila
may thus be present simultaneously in the same
habitat, Several variables, including rempera-
tuere, dissolved oxygen, phosphates, nitrogen,
ammonia, and chlorophvll », are correlated
with A. hydrephila density (Hazen, et al. 1978;
Hazen 197%: Harzen and Fliermans 1979). If
changes in these variables increase the densicy
of certain virulent “strains,™ they could influ-
ence the ocourrence of red-sore disease. It is
possible that the variability in severity and du
ration of ecpizootics observed throughout the
southeastern Unired States could be due to dif-
ferences in virulence among A. hydrophila
strains.
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