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QUARANTINE OF AEROMONAS SALMONICIDA-HARBORING EBONYSHELL MUSSELS
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(SALVELINUS FONTINALIS)
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ABSTRACT  Furvaculosis, caused by the bacterivm Aeromonas salmonicida, was artificially induced in brook trout {Salvelinus
fonrinalisy in an experimental tank. Ebonyshells (Fusconaio ebena) were placed 1o cobabit with these fish to acquire the pathogen
through siphoning. After 2 wk of cohabitation, 10 of the mussels were assayed by bacterial culture and all were found to harbor A.
salmonicide. The mean cell count from soft tissue homogenates was 1.84 x 10° efufg, which comprised an average 14.41% of the total
bacteria isolated from ussues. From the fluids, a mean of 2.84 x 10° A, salmonicida cfo/ml. was isolated, which comprised an average
of 17.29% of the total bacterial flora. The mussels were removed from the cohabitation tank and distribuied equally among five
previousty disinfected tanks, 35 per tank. The F. ebena in cach tank were allowed 10 depurate A. salmonicida for various durations:
I, 5, 10, 15 or 30 days. After each group had depurated for their assigned time, 10 were assaved for bacteria, mnk water was tested,
and 20 pathogen-free bioindicator brook (rout were added to cohabit with the remaining mussels. Depuration was considered successful
if A, salmonicida was not isolated from tank water or the mussels, and there was no infection or mortality (o bioindicator fish, After
1 day of depuration, A. salmonicida was not isolated from the soft tssues; bowever, it was isolated from one of the paired fluids (10%
prevalence). The tank water tested positive, and the bioindicator fish became infected and died. From the 5-day depuration group, A.
salmonicida was not isolated from soft tissues, but was isolated from three fluids (30%; mean = 1.56 x 10? cfu/mL). Tank water from
the 5-day group was negative, and there was no mortality among the bioindicator fish. However, A. salmonicida was isolated from 2
of 20 fish at the end of the 14-day observation perind. One F. ehena fluid sample was positive for 4. salmonicida from the 10-day
depuration growp, but none of the soft tissue homogenates. The pathogen was not isolated from 10-day tank water, but there was a 30%
cumulative mortality to the bioindicator fish. Aeromenas salmonicida was not isolated from any of the soft tissue homogenates, flaids
or tank water from the 13 day or 30 day depuration groups, and the bioindicator fish remained pathogen- and disease-free. Study results
showed that the F. ebena were harboring a high A. salmonicida cell Toad going into depuration, butat 15 days and beyond, the pathogen
had been depurated to the extent that the mussels did not serve as pathogen vectors.
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INTRODUCTION be documented, laboratory studies have demoenstrated that mussels
can act to transmit a bacterial pathogen from diseased 1o disease-
free fish (Starliper & Morrison 2000, Starliper 2001). Perhaps
more importantly, there are pathogen introduction risks that hatch-
ery propagated mussels pose to wild mussel popuiations when they
are placed into streams as part of population augmentation or
restoration efforts. Thus, there is a need to address issves related to
the biology of pathogen movement among mussels. This informa-
tion is pivotal for heaith and disease management siraiegies, be-
cause disease and mortality prevention is critical for successful
conservation of imperiled species.

Conservation of freshwater mussels is a priority objective for
several federal and state natural resource agencies in the United
States. A significant number of the species or populations that are
native to North American waters are imperiled or at-risk (Williams
et al. 1993). There are several contributing factors to the declines.
Work is being done on various topics; protecting natural habitats,
statms monitoring and identification of fish hosts and population
augmentation with captive-reared animals. One conservation effort
underway is relocation of imperiled mussels from threatening en-
viropments to refuges for maintenance and propagation. Most of

these species included in this effort have never been maintained or
reared in caplivity, so this presents difficult challenges for aguac-
ulturists, such as meeting the mussels’ environmental and nutri-
tional requirernents. Notwithstanding are the potential problems
associated with pathogens and diseases among captive-reared ani-
mals in refugia, particularly because these mussels originate from
natural, open waters (e.g., rivers). Refugia inchude several federal
and state fish hatcheries that rear a suite of important sport and
restoration fish species. When wild fish are moved to hatcheries or
when hatchery fish are moved among facilities, there is the rigk for
introduction and transmission of pathogens and diseases (Piper et
al. 1982). A similar risk can be predicted for relocation of mussels
to refugia; namely, introduction of pathogens via the mussels o
hatchery resident fish and to mussels already in captivity. Al-
though a case of mussels acting to “vector” a pathogen has yet to
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Mussels collected for relocation to hatcheries must first un-
dergo a quarantine to ensure thal zebra mussels (Dreissena poly-
morpha) are not altached and disseminated (Chaffee 1997,
Gatenby et al. 1998). Using the model developed o study patho-
gen transmission (Starliper 2001), it was shown that threeridge
(Amblema plicara) depurated the fish pathogen Aeromonas salmo-
nicida in less than 15 days. Successful depuration was defined by
not reisolating A. salmeonicida from the mussels or their tank water,
and cohabited, susceptible Arctic char Salvelinus alpinus remained
pathogen- and disease-free. This study was a first indication that if
mussels were maintained in pathogen-free water, the duration of
quarantine for zebra mussels would suffice for depuration of
pathogens to the extent that vectoring did not occur. Thiy initial
study was completed vsing A, plicata, 2 species common in the
Ohio River drainage that is not imperiled. Also, the study was
conducted at 12°C, which is the ambient temperature of the fabo-
ratory water supply. The objective of this study was (o repeat the
A, salmonicida depuration study of Starliper (2001) but with se-
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lected changes to be more representative of actual quarantine pa-
rameters. This study used Fusconaia ebena; a surrogate mussel
species selected to represent imperiled species being relocated for
captive-rearing (Dr, Richard Neves, pers. comm.) and was done at
20°C, a water temperature more indicative of zebra mussel quar-
antine temperatures.

MATERIALS AND METHODS

The Fusconaia ebena were collected in October 2002 from
Kentucky Lake (35729 44"N; 88°00°27"W), Tennessee River mile
102.0, Humphreys County, Tennessee. Water depth at the collec-
tion site was between 4.5 and 9 m, and the substrate consisted of
mud, clay and gravel. The rmussels were shipped overnight to the
National Fish Health Research Laboratory, Lectown, West Vir-
ginia and placed into holding tanks for acclimation to laboratory
water. The tanks were 158 L (1 m diameter, chreular) and supplied
with flow-through, specific fish pathogen-free spring water with a
total hardness of about 280 mg/L.. The dissolved oxygen of incom-
ing water averaged 10 mg/L, and the flow was abeut 11.4 L/min or
~4.3 water turmovers per hour. The water was heated from the
ambient temperature of 12°C to 20°C, the temperatare at which all
studies were conducted. The mussels were not directly fed a mus-
sel-specific (e.g., algal) diet throughout the stady. Instead, their
food came from two sources. The incoming spring water contained
low levels of coliform and noncoliform bhacteria. Indirect feeding
also occurred during the bacterial challenge and depuration peri-
ods, when the fish were fed at a rate of about 0.5% body weight per
day.

The fish used were the “Nashua” strain of brook trout (Salveli-
nus fortinalis) averaging 80-100 g each. This species was chosen
because it is highly susceptible to A, salmonicida, the causative
agent for furunculosis, and thus would serve as the source of the
pathogen to mussels and as an excellent bioindicator o evaluate F.
ebena depuration of A. salmonicida. These are the same criteria
used by Starliper (2001) in selecting Arctic char (8. alpinus) as a
doner and bioindicator.

Ten A. salmonicida isolates that were maintained in the
{-70°C) collection at the National IFish Health Research Labora-
tory were passed through brook trout to recover and maximize
virulence factors that may have been compromised during storage.
Passage throvgh fish was done by growing each bacterial isolate in
tryptic soy (TS; Becton, Dickinson and Company, Sparks, Mary-
fand) broth for 48 h; 0.1 mL was intraperitoneal (IP) injected into
each of 5 brook trout. As the fish succumbed, the bacterium was
recovered from kidneys by streak-plate culturing onto CBB agar
plates (TS agar with 0.01% coomassie brilliant blue; Bio-Rad
Laboratories, Hercules, California; Cipriano & Bertolini 1988).
Blue and suspect A. safmonicida colonies were biochemically con-
firmed using standard techniques (Koneman et al. 1992, Maclad-
dirz 20003, The isolate (3.137) that resulted in the highest mortality
to fish in the fewest number of days was selected to produce A.
salmonicida donor brook frout. To determine the A salmonicida
concesntration £ be used in the donor fish, & culture of 3.137 was
produced by growing in TS broth and serial 10-fold dilutions were
prepared in sterile TS broth through a 1 » 107* dilution. Groups of
16 brook trout were IP injected with 0.1 mL of a cell dilution; a
controf group was injected with sterile TS broth. For comparison,
a set of injection groups was done at laboratory-ambient water
emperature in addifion to a set af 20°C., For all stndies involving
brook trout at 20°C, the fish were acclimated to this temperature by
gradually increasing from ambieat over a period of several days.
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Concentration dependent, A. salmonicida-specific, mortality was
monitored to determine the desired concentration.

The procedure vged to expose the F. ebena to A, salmonicida
was similar to the model previously used by Starliper (2001} to
infect A. plicata. Initially, 10 F. ebena were subjected to bacterial
culture to ensure that they were not harboring A. salmonicida prior
to their exposure; simitarly, 20 brook trout also were examined to
ensure that the laboratory population was negative. One hundred
brook trout were injected IP and placed in a 1,245 L tank with 18
Lpm flow. The fish were injected with 48-h cultured cells of 3.137
diluted in sterile TS broth; each of 30 fish received 2 x 10" colony
forming umis {cfu), and another 59 fish received 2 x 10° cfu each,
Once these injected fish began to die and A, salmonicida was
confirmed as the cause (see later), 100 pathogen-free brook wout
were added to the tank to become horizontally exposed {i.e., natu-
rally by contact exposure) and infected with the pathogen. As the
naturally infected fish began to die and A. salmornicida was con-
firmed from primary isolations, 185 F. ebeng were added to this
tank., The mussels acquired A, salmeonicida from tank water, which
contained the diseased fish. After 2 wik of cohabitation, 10 F.
ebena were sampled for total bacteria and for 100% prevalence of
A. salmonicida {isolated from 10 of 10 mussels). Presence of A.
saimonicida in the cohabitation tank water was defermined. The
remaining mussels were removed from the cchabitation tank and
distributed equally among tive previously disinfected 158 L tanks,
35 animals per tank. Flow-throtugh to the 158-1 tanks was 5.83 L.
per min yielding about 2.2 turnovers (L.e., complete water changes)
per hour. The F. ebena in each tank were given the opportunity 1o
depurate A, sahmonicida for various durations; one group depu-
rated for | day and the other groups depurated for 5, 10, 13 or 30
days. After cach group of F. ebena had depurated for their as-
signed time, 10 were assayed for total bacteria and A. safmonicidea;
tank water was evaluated for presence of the pathogen, (see later)
and 20 pathogen-free hicindicator brook trout were added to co-
habit with the remaining mussels. Vaughn et al. (2004) showed
that ecosystem processes done by freshwater mussels are linearly
related to biomass, so the 25 F. ebena to cohabit with the fish were
chosen to achieve a total mussel biomass (~4 kg) in the tank,
similar to that for A. plicata in a previous study (Starliper 2001).
The bioindicator fish in each group cohabited with the pathogen-
harboring mussels for up to 2 wk, or less i there was mortality
among the fish. At the completion of the cohabitation, 13 of the
mussels and ail of the fish were subjected to primary culture for A,
salmonicida, Depuration of A. salmionicida by F. ebena was con-
sidered successful if: (1) A salmonicida was not isolated from tank
waler or the mussels; (2) there was no mortality among the bio-
indicator fish and (3} A. salmonicida was not isolated from the
bioindicator fish,

Primary isolation of A. salmonicida from the brook frout was
done as previously described (Cipriano et al. 1992, Startiper 2001},
CBB plates were used and incubation was at 20°C for 48 h The
presence of viable A. salmonicida in F. ebeng was determined
following the techniques of Starliper et al. (1998) and Starliper
(2001}, with several modifications. Physical data were recorded
from each mussel; the volume (area) inside the valves was esti-
mated by quantifying the amount of waier it took to fill each valve
(I mk = lec) The external shell surface was gently scrubbed with
a solution of 200 mg/l. sodium hypochlorite; the valves were
opened after cutting the adductor muscles and the Hoguid inside
{termed “fluid”™) was caught in a sterile Petri dish and measured.
The fluid presumably consisted of water and pallial fluid. All of
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the soft tissues were excised and treated as one sample. The soft

lissues were surface disinfected by gently swirling in a solution of

200 mg/L sodium hypochiorite for 30 sec and rinsed in sterile
pep-ye {0.1% peptone, 0.05% yeast extract; Becton, Dickinson and
Company, Sparks, Maryland}. Tissues were homogenized in an
equal amount (w/v; 1:2 dilation) of sterile pep-ye for 1-2 min
using a Model 80 Laboratory Blender (Seward Medical, London,
United Kingdom). Serial 10-fold dilutions were prepared from the
fluid and tissue homogenate from each animal in pep-ye and were
used fo drop inoculate CBB plates. The dilution series for the
fluids and tissue homogenates were carried through the 1 x 167
dilution, and these yielded single, isolated bacterial colonies.
Plates were incubated at 20°C for 48 h; total and blue, suspect A,
salmonicida colonies were enumerated. Suspect A. salmonicida
colonies were biochemically confirmed as previously described.
The presence of viable A, salmonicida cells in the water of the
cohabitation {challenge and depuration) tanks was determined by
bacterial culture as previously described (Starliper 20013,

RESULTS

In all, 100G I, ebena were assayed; the physical data collected
from the animals prior o depuration and throughout the 30-day
depuration period following bacterial challenge are presented in
Table 1. The mean totad weight {for n = 100} for the animals was
153.4 ¢, ranging in weight from 82.8 g up 10 212.2 g, The overall
mean length, width and depth dimensions were 74.3 mm, 64.4 mm
and 43.3 mm, respectively. The average volume inside the valves
was 32,5 mL. It may be noted from Table 1 that the measured
physical data for the groups of mussels were similar. The mean
weight of the excised soft tissues was 18.3 g per animal, which
comprised an average 12.0% of their total weight. The average
amount of fluid collected from each F. ebena was 15.3 mL or 9.9%
{v/w) of the total weight.

Challenges to brook trout with A. salmonicida 3.137 resulted in
100% mortality at $12°C and 20°C. At the highest 10-fold dilution
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injected, a caleulated 0.20 cfu was delivered per fish, indicative of
a highly virulent pathogen to the fish. At the cooler water tem-
perature, the mean days to 100% mortality was 7.2 days and only
6.1 days at 20°C,

Pricr to the introduction of A. seimonicida and initiation of the
pathogen transmission model, 1) F. ebena were examined to en-
sure absence of the pathogen. All of the mussels possessed a
bacterial flora in their soft tissues and in their fluids; however, A.
salmonicida was not isolated, The mean for total bacteria present
in the total soft tissues homogenates was 3.64 x 107 cfu/g of tissue,
and bacterial cell counts ranged between the least 6.67 x 10° to the
highest of 1.87 x 10° cfu/g. The mean for total bacteria in fluids
was nearly 10-fold higher than that for the tissues, at 2.36 x 10°
cfu/mL. Fluid bacterial counts ranged from 8.93 x 107 to 1.33 x
107 efu/mL. Bacterial isolation data for F. ebena, brook wout, and
tank wafer throughout the study are presented in Table 2. Up to
1.30 x 107 and 1.05 x 10° cfu/mL of total bacteria was jsofated
from the tank water.

As for the establishment of the furunculosis epizootic, 2 days
after the brook trout were injected, six of the fish had died, and the
etiologic cause of their deaths was confirmed to be A. salmonicida.
The pathogen-free fish were introduced at this time. After 6 days
of cohabitation, the noninjected fish began (o die; the F. chena
were introduced and by then nearly 100% of the injected fish had
succumbed (8 days post TP injection). During the course of the next
2 wk, an additiona} 163 pathogen-free fish (at three different times)
were acclimated to 20°C and introduced 1o the cohabitation tank.
This was done to maintain mortality and maximize shedding of
viable cells by the fish into the water column for presentation to
the mussels. Total, cumulative mortality among the horizontally
exposed fish was 67% during this Z-wk period.

A predetermined level of infectivity in F. ebena was estab-
lished for this study; a 100% prevalence of A. salmonicida was to
be achieved prior to moving mussels to the tanks for depuration,
thus ensuring a maximum pathogen carryever into depuration.
Primary isolation from 10 F. ebena showed that A, salmonicida

TABLE 1,

Means and ranges in physical measurements of ebonyshells Fusconaia ebena from Kentucky Lake,

Pre® (20" Day 1 (1) Day Sn =20 Day ) n =10 Day 15 n =20 Day 34 n = 20

Mean total weight (g} 1641 1450 144.2 1625 152.5 1524
Range in total weight (g) 92.77-201.6 [11.2-179.3 106.7-185.4 110.0-210.2 82.8-194.3 P17.8-212.2
Mean length (mm} 76.9 70.8 72.4 76,5 75.0 73.7
Range in length {mm)} 61.0-89.0 65.0-75.0 §1.0-710 64.0-84.0 62.0-86.0 66.0-83.0
Mean width (mm) 66.1 61.9 63.3 65,1 64.4 64.5
Range in width (mm) 55.0-73.0 37.0-66.0 54.0-68.0 60.0-75.0 36.0-73.0 57.0-72.0
Mean height {mm) 44.0 432 436 422 42.8 43.5
Range in height {mm) 36.0-50.0 3T.0-55.0 39.0-530.0 39.0-45.0 33.0-50.0 38.0-30.0
Mean volume inside valves (o) 328 297 289 317 356 330
Range in volume mside valves {co) 19.0-41.0 20.0-42.0 19.6-35.0 23.0-39.0 22.0-47.0 24.0-55.0
Mean %: soft tssues of wotal (w/w) 12.1¢ 114 125 11.4 11.8 12.1
Ruoage in 9% soft tissues of wotal (w/w) 10.2-14.6 10.6-13.4 1).0-15.2 9.1-14.2 10.0-13.4 10.6-14.4
Mean %: fluid of total (v/w) 9.5 9.5 9.3 10.3 9.9 10.6
Range in %: fluid of total (v/w) TO-12.5 84109 7.0-14.8 6.9-12.3 75127 8.6-13.0

"Pre are the F. ehena samples for Aeromonas sulmonicida before depuration was initiated;, Days 1 through 30 ace the duration of depuration in

flow-through, pathogen-free water.

" The number of F. ebena assayed for primary isolation of A, salmeonicida. “Tre” includes 10 to ensore the animals were negative for the pathogen prior
to the start of the study and subsequently, 10 to determine the prevalence of A, safmonicida infection. On the other days, only 10 F. ebena were assayed

if there was mortality among the brook trout placed to cohabit.

© Ag an example, the weight of their soft tissues comprised 12.1% (the mean for the 20) of the rotal weight of the animal,
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TABLE 2.

Transmission of Aeromonus salmonicida from brook frout Salvelinus fontinalis to ebonyshells Fusconaia chena, subsequent depuration of the
pathogen by the mussels, and isolation of the bacterium from cohabitation tank water and pathogen-source or bivindicator brook trout.

F. ebena Soft Tissues {cfa/g)® F. ebena Fluids (cfw/mLy*

Water® BKT®
No Pos* Mean Range No Pes Mean Range cfa/mE No Pos
Pre-Bapt?
Total bact i0 364 % 107 6.67 x 10°-1.87 x 107 e 236 % 10° 893 x 107133 % 107 N/R N/D
A. salmon ] N/R N/R ] N/R N/R N/R. 07240
at 100%
Total bact 10 1.70x% 105 118 % 10°-5.92 x 10® 10 157 % 10% 147 x10°-697 x ¥ 1.05x 10° N/D
A, salmon 10 .84 % 107 146 % 107574 % 10° 10 284 x 107 TAZx 17203 x 100 240107 67% =2wk
After 1d
Totai bact 14 228 x 10° 192 x 10°-1.50 % 107 10 971 % 107 2.80x 1P340x 1% 213 x 10° N/D
A, salmon 0 N/R N/R 6.50 % 10° N/R 580 % 10% 55% =14d
After 5d
Total bact 10 SO8x10% 146 % 10°-1.85 x 107 10 LT6 x 1Y 760 % 107-9.48 x 107 1.30 % 107 N
A, salmon 0 N/R N/R 156 % 10° 670 % 10"-2.68 x 107 0o 23/20 at 14d
After 10d
Tatal bact iy 222% 107 936 x WA135 % 100 1 P24 %107 3.07xI0P-100%10°  1.09x10° N/D
A. salmon 0 N/R N/R 1.32 % 107 N/R 0 0% =14d
After 15¢ _
Total bact 10 7653 107 6.40 x 1072574 x 10° 10 298 % 10%  600x IP691 x 1 276 % 10¢ N/D
A, salmon 0 N/R N/R N/R NR 4] 0720
After 30d
Tatal bact 10 548 % 107 3.20x 10%-4.66 x 10° 10 472 %30 353 x10°220% 107 542 % I0° N/D
A. sabmon ] NIR NR N/R N/R 0 0/20

*cfu = bacterial colony forming units.
P Water from the F. ebena and brook trout cohabitation tank.

4 Pre-Expt = F. ebena and brook wouf prior to their exposure 10 A, sadmonicida, at 100%

100% prevalence of A. salmonicida from 10 F. ebera; after

1, 5, 14, 15 or 30 days of depuration by the F. ebena; Total bact = all bacteria isolated with the exception of A. salmenicida; A, salmon = A. salmonicida.
“No Pos = pumber of F. ebeng (out of 1) that bacteria or A. salmonicida was isolated; N/R = not relevant, for example, if A, salmonicide was not

isolated from any, there is no mean cfu; N/D = not done.

was isolated from the tissues and fluid from each animal. The
average of A. salmonicida from tissues was 1.84 x 10° clu/g,
whereas the mean for the total baclerial flova was 1.70 % 10° cfu/g.
The A. salmonicida cfu/g comprised an average 14.41% of the
total bacterial cfu/g in tissues; A. salmenicida cell counts ranged
from 1.46 x 10% to 5.74 x 107 cfu/g of soft tissues. From the flnids,
a mean of 2.84 x 10° A, salmonicida cfu/ml was isolated, which
comprised an average of 17.29% of the mean total bacterial flora,
1.57 x 10° cfw/mL. Cell counts of A. salmonicida in fluids ranged
between 7.32 x 107 and 2.13 x 10% cfu/mL. The total bacteria
count from the tank water was 1.05 x 10° cfa/mL. and of this, A.
salmonicida accounted for 22.86% or 2.40 x 10° cfu/mL. Isolation
of this pathogen from tank water and the cumulative mortality
(67%} in the pathogen-source fish were indicative of an active
epizootic that presented the F. ebena with an opportanity for up-
take of a high number of pathogenic cells.

After 1 day of depuration, A, safmonicida was not isolated from
the soft tissues of 10 F. ebena. However, a bacterial flora was
present in all animals, and the mean cell count for total bacteria
wag 2.28 x 107 cfu/g, with a range in counts from 1.92 x 107 o
1.51 x 17 cfifg. From the fluid samples of these 10, the mean for
total bacteria was 9,71 x 10° cfo/g, with cell counts ranging be-
tween 2.80 x 107 and 3.40 x 10° cfw/g. Aeromonas salmonicida

was isolated from the fluid of one F. ebena; 6.80 % 107 cfw/ml. was
isolated or 0.61% of the total bacteria (1.12 x 10° ctu/g) from that
specimen. Therefore, the prevalence of A. salmonicide in the 1-day
group was 10%. The water was positive for A, salmonicida, be-
cause 5,80 x 10% cfu/ml. was isclated. The bivindicator brook trout
introduced to cohabit with the I-day group of F. ebeng became
mfected with A, sabnonicida, and there was a 35% (11/20) mor-
tality among the brook trout within the 14-day observation period.

From the 3-day depuration group, A. salmonicida was not i8o-
lated from any of the homogenates of soft tissues; however, the
pathogen was isolated from 3 of the 10 paired fluid samples, and
the mean for these three was 1.56 x 107 cfu A. safmonicida per mL
of fluid. The range in A. salmonicida cell counts from the three
positives was 6,70 x 10" to 2,68 x 107 cfe/mL, which comprised
an average of (.21% of the total bacteria isolated. Tank water from
the 5-day group was negative for A. salmonicida, and there was no
mortality among the brook trout during the T4-day observation
pericd. However, A. salmonicida was isolated from 2 (10%) of the
20 fish at the end of the observation period, with one positive
mucus sample and one positive kidney tissue streak from apother
fish.

One F. ebena fluid sample was positive for A, salmeonicicde
from the 10-day depuration group; the celi count was 1.32 x 10°
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cfw/mL, which comprised 1.43% of the total from that sample
(.20 % 107 cfu/ml). The average cell count for total bacteria from
the 10-day fluids was 1.24 x 10° cfu/ml. Aeromonas salmonicida
was not isolated from any of the 10 soft tissue homogenates of the
10-day group; the average total hacterial cell count was 2.22 x 107
cfu/g. The pathogen was not isolated from 10-day tank water, but
there was a 30% cumulative mortality among the brook trout
within the 14-day observation period.

Aceromonas salmonicida was not isolated from any of the soft
tissue homogenates or fluid samples from any of the 10 F, ebena
from either the 15-day or 30-day depuration groups, although each
of the 40 samples contained a bacterial flora. Means for total
bacteriz from sofi tissues were 7.65 x 107 and 5.48 x 107 cfw/g for
15-day and 30-day groups, respectively. Means from fluids were
298 x 10" and 4.72 x 10" cfw/mL. for 15-day and 30-day groups,
respectively. ‘The pathogen was not isolated from rank water from
either the 15-day or 30-day depuration groups, and the bioindicator
fish did not incur mortality. An A, salmonicida infection was not
established, based on negative primary isolation results at the end
of both of these observation periods.

DISCUSSION

The mussels used in this study were not fed algae during the
course of the experiments because it was believed that they would
filter a greater number of the challenge bacteria from the water,
thereby, creating maximum uptake of A, salmonicida. This would
result in a worst-case scenario; create the opportunity for the se-
lected depuration durations o fail allowing the bacterivm to con-
tinge to be isolated andfor wansisitted to susceptible brook trout.
The A. salmonicida-exposed mussels were Hikely harboring more
viable and infectious A: salmonicida cells than would be antici-
pated t be carried by mussels collected from feral waters and vet,
depuration of the pathogen was successful at some point beyond
10 days, but <15 days. This overall result is not unlike that seen in
the previous study with A. plicata and Arctic char at 12°C (Star-
liper 2001). That study evaluated depuration at 1, 5, 15 and 30 days
and did not include a 10-day group. In that stady, A. salmenicida
depuration was not complete by day 5; however, it was by 15 days.
The current study included the 10-day group to better define an
endpoint for depuration by F. ebena.

Although the primary result of the two studies was similar,
there were differences relative to the performance of the pathogen
transmission model. In general, the F. ebena acquired A. salmo-
nicida (to 100% prevalence) more quickly, and they tended to rid
the pathogen at a faster rate than did the A, plicara, These differ-
ences could perhaps be explained by the differences in size or
species of the mussels used and other contributing factors, such as
the elevated water temperature resulting in increased filtering by
the mussels. Changes in respiration and filtering relative to water
ternperature differences have been noted in certain marine bivalves
(Dame 1996, Gosling 2003). However, in mussels held at like
temperatures, clearance activities among freshwater stream-
species are similar and vary proportionally with biomass (Silver-
man et al. 1997, Vaughn et al. 2004). The brook trout could have
provided more A. salmonicida cells in the water than did the Arctic
char even though both hosts had similar susceptibilities to this
pathogen. Within the time that the F. ebena were exposed to A,
salmonicida to the 100% prevalence of infection, mortality to the
pathogen-source brook trout was 67%, whereas mortality in Arctic
char that were the pathogen source (0 A. plicata was 43%. It took
=2 wk for the F. ebena to reach 100% prevalence, whereas at a

577

similar time (17 days) the prevalence in A. plicate was at only
30%. Lven at 100% prevalence, A. salmonicida was isolated from
all of the A, plicara tissues (OT), but from only 4 of 10 (40%) of
the paired fluid samples. All 10 of both the tssues and flaids from
the F. ebena were positive for the bacterium, The mean of A
sadmonicida cell counts in A. plicata fluids was 2.50 % 10° cfu/mL,
and the mean of the (OT) tissue homogenates was 1.20 x 10* cfu/g,
The mean cell counts from F. ebeng were considerably greater,
2.84 % 10° cfu/ml and 1.84 x 107 efu/g from fluids and dssues,
respectively.

The virulence testing with 3.137 demonsirated how highly sas-
ceptible the brook trout were to the pathogen. This host-pathogen
bioindicator model proved to be highly sensitive for detection of
an endpoint for successful depuration to have been completed. In
the biology of furunculosis, the disease cansed by A. salmonicida,
mucus plays an important rele in the pathogenesis of disease as an
attachment or entry point for the bacteriwm into fish. If A, salmo-
nicida were shed or purged by the F. ebena, the cohabited brook
trout would likely stand a good probability of becoming infected,
which would demenstrate the presence of the pathogen in the
water. Even though infections to fish may not have resulted in
mortality, the infection could have led to disease if left untreated.

After 1 day of depuration, the A. salmonicida cell count from
tank water of the A. plicara at 12°C was 5.99 % 10 cfu/mL (Star-
hper 2001) and from the F. ebena tank water at 20°C, the cell
count was 5.80 x 10* cfu/mL.. The higher cfu/mL in water from the
F. ebena after | day of depuration corresponded with higher mean
A. salmonicida cell counts when the mussels were determined to
be at 100% prevalence, that is, jast prior to when the mussels were
placed into the tanks to begin depuration. The higher starting cell
load in the F. ebena at initiation of depuration and the higher
cfu/ml. in their tank water after 1 day seems to indicate a more
active siphoning and ridding of the pathogen by the mussels, rela-
tive to that of the A. plicara at 12°C. The guicker rate of depuration
was also reflected in the prevalence of A. salmonicida positives
after 1 day. The prevalence in A, plicara (Gut) tssues was 30%,
and 1 of the 10 (OT) tissue homogenates was positive; A, salmo-
nicide cell counts from these tissues ranged between 2.00 x 10
and 3.00 x 10% ¢fu/g. In contrast, the pathogen was not isolated
from any of the F. ebena tissue homogenates. From the paired
fluid samples, 1 of 10 from each mussel species was positive for
A. salmonicida, with cell coums of 1.33 x 107 cfu/ml from A.
plicata and 6,80 x 10° cfu/mL from F. ebena.

When comparing the prevalence of A. salmonicida-positive
mussels after 1 day of depuration to that after 5 days of depuration,
the prevalence after 5 days was higher in the current study on F.
ehena than in the previous study with A. plicata {Starliper 2001,
An explapation for this could be that the A. salmonicida cells being
shed by the mussels up 1o the day 5 sampling may have been
resiphoned and acquired (i.e., recycled), The increased prevalence
at 5 days was particularly noteworthy for A. plicata, as 6 of 7 were
positive compared with 3 of 10 after 1 day. Another potential
confributing factor to the increase in prevalence at 5 days, which
was not specifically evalvated in either study, was the possibility for
multiplication of A. salmonicida cells within mussel tissues or (luids.

Aeromonas saimonicida was not isolated from water samples
after 5 days in either study at 12°C or 20°C, yet in both studies,
infections were established in the bioindicator fish. This demon-
strated that the fish proved to be a sensitive indicator for presence
of the pathogenic bacterial cells. The fish were placed to cohabit
with the mussels, which in essence provided a long-term cxposure
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of the fish to cells shed into the water. The mussels could have
been shedding pathogenic bacterial cells for most or all of the time
leading up to the 10-day depuration sampling. Although the mean
A, salmonicida cell counts (1.36 x 107 cfu/mb) from the three
positive F. ebena fluids at the 5 day sampling comprised only
0.21% of the total bacteria isolated, there was an average of 13.8
mL (9.5% of the total animal weight; Table 1) of fluid volume
measured from each mussel in this tank of 25 mussels, Therefore,
it 1s estimated that 30% of the 23 {or approximately 8) were posi-
tive for A, salmenicida and that each musse! contained an average
of 2.15 x 16% cfu. Considering the cohabitation in this way, the F.
ebena were providing a significant pathogen exposure to the brook
trout. On the other hand, the water samples were a “point-in-time”
assessment, Perhaps, isolation of A, salmonicida from water would
have been successful if water samples were collected and analyzed
at muoltiple times (e.g.. hourly) after 5 days of depuration.

STARLIPER

ACKNOWLEDGMENTS

A portion of the funding for this project was provided by the
United States Fish and Wildlife Service, Department of the Inte-
rior. Don Hubbs of the Tennessee Wildlife Resources Agency
provided the mussels. Janet Clayton and Craig Stihder of the West
Virgmia Division of Natoral Resources continue to provide guid-
ance on collections and permits. Continuing (and valued) support
comes from Pawty Morrison, USFWS Ohio River [slands National
Wildlife Refuge, Dr. Richard Neves, USGS Virginia Cooperative
Fish and Wildlife Research Unit and Rita Villella-Bumgardner,
USGS Aguatic Ecology Laboratory, Leetown, WV, Alison Griffin,
an undergraduate student from Shepherd University, Shepherds-
town, WV completed her senior research from this project and was
awarded first place for her presentation at the 78th Annual West
Virginia Academy of Science.

LITERATURE CITED

Chaffee, C. 1997. Ohio River valley ecosystem mollusk conservation plan:
strategic action plan-phase 1. Appendix ¥ draft {reshwater mussel
gquarantine protocel, Bloomington, IN: US Fish and Wildlife Service.
13 pp.

Cipriano, R. C. & J. Bertolini. 1988, Selection for virulence in the fish
pathogen Aeromonas salmonicida. using coomassie brilliant blue agar.
J. Wildl. Dis. 24:672-678.

Cipriano, R, C., L. A, Ford, 1. . Teska & L. E. Hale. 1992, Detection of
Aeromonas sclmonicida in the mucus of salmonid fishes. J. Aguat.
Anim. Health 4:114-118.

PDame, R.F. 1996, Ecology of marine bivalves: an ecosystem approach.
Beoca Raton, Fl.: CRC Press, Inc. 254 pp.

Gatenby, C. M., M. A. Patterson, B, C. Parker, P. Morrison & R, ). Neves.
1998, A protocot for the salvation and quarantine of mussels from
zebra-infested waters. Conservation, captive care, & propagation.
Freshwater Mussel Symposium. March 6-8, Columbus, OH. pp.18-16.

Gaosling, E. 2003. Bivalve molluses: biology, ecology and culture, Oxford,
UK: Fishing News Books. 443 op.

Koneman, E. W., S. . Allen, W. M. Janda, P. C. Schreckenberger &
W. C. Winn, Jr. 1992, Color atlas and textbook of diagnostic micro-
biolagy, 4th ed. Philadelphia, PA: I. B. Lippincott Company. 1154 pp.

MacFaddin, 1. F. 2000, Biochemical tests for identification of medical
bacteria, 3rd ed. Philadelphia, PA: Lippincott Williams and Wilkins.
5912 pp.

Piper, R, G, I. B. McElwain, L. E. Orme, J. P. McCraven, L. G. Fowler &
I.R. Leonard. 1982, Fisk hatchery management. Washington, DC: US
Department of Interior, Fish and Wildlife Service. 317 pp.

Silverman, H., 8.1 Nichols, J. 8. Cherry, E. Achberger, J. W. Lynn &
T. H. Bietz, 1997, Clearance of laboratory-cultured bacteria by fresh-
water bivalves: differences between lentic and lotic enionids. Can, J
Zool. T5:1857-1866.

Starliper, C. B. 2001. The effect of depuration on transmission of Aerc-
monas salmonicida between the freshwater bivalve Amblema plicata
and Arctic char. J. Aguar. Anim. Health 13:56-62.

Starliper, C. E. & P. Morrison. 2000. Bacterial pathogen contagion studies
among freshwater bivalves and salmomd fishes. J. Shellfish Res. 19:
251-258,

Starliper, C, E., R, Villella, P. Momvison & J. Mathias, 1998, Studies on the
hacterial flora of native freshwater bivalves from the OChio River.

Vaughn, C. C., K. B. Gido & D. E. Spooner. 2004. Ecosystem processes
performed by unionid mussels in stream mesocosms: species roles and
effects of abundance. Hydrobiologia 527:35-47.

Williams, J. D, M. L, Warren, Jr, K. 5. Cummings, | L. Harris & R L
Neves, 1993, Conservation status of freshwater mussels of the United
States and Canada, Fisheries 18:6-22,



