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Comparison of lethalities in mouse versus goldfish for clinical and
food isolates of Aeromonas hydrophila

Robert L. Buchanan, Marianne M. Bencivengo and Samuel A. Palumbo

SUMMARY

The lethality of 16 clinical or food isolates of Aeromonas hydrophila was assessed by determination of LDs,
(i.p.) in mice and goldfish. In mice LD s, values for the various 4. hydrophila strains were similar, ranging from
1.2-21.0 x 108 cells/animal. A wider range of LDs, values, 0.03-11.8 x 108 cells/animal, was observed with
goldfish. Lethality was not correlated between the two test animals. Further, cytotoxic response in Y-1
adrenal cells did not correlate with lethality in either test animal. It appears that lethality is not a good
measure of potential enterotoxigenicity, but may be useful in assessing the invasive character of isolates
causing systemic infections in immunocompromised hosts.

INTRODUCTION

Aeromonas hydrophila has become increasingly
recognized as an important cause of potentially fa-
tal septicemia in immunocompromised patients
[16,30]. Likewise, the microorganism has been asso-
ciated increasingly with human gastroenteritis and
wound infections in both immunocompetent and

immunosuppressed individuals [2,7,14,24,28,34].
However, it appears that only some A. hydrophila
isolates are virulent and that there may be signif-
icant host-related factors that influence pathogenic-
ity [4]. Currently, the mechanisms underlying viru-
lence in this species are unknown.

A. hydrophila can be isolated from a variety of
sources, including being ubiquitously associated
with refrigerated fresh foods of both plant and ani-
mal origin. Foodborne transmission has been sug-
gested as playing an important role in the dissemi-
nation of the microorganism [6,8,22,23]. Determi-
nation of the mechanisms of virulence is important;



effective methods are needed to allow differentia-
tion and segregation of potentially pathogenic iso-
lates while avoiding unwarranted concern when on-
ly non-pathogenic strains are present in foods. Our
laboratory has been comparing cultural and viru-
lence-associated characteristics of strains isolated
from clinical and food samples to identify potential
means of distinguishing virulent and non-virulent
isolates.

One attribute of A. hydrophila often overlooked
when considering the public health significance of
the species is its involvement as a well documented,
economically important cause of disease in fish, am-
phibia and reptiles [12,20,21,27,29]. This suggested
that insights into determinants of virulence for hu-
man A. hydrophila infections could be gained by
studying the microorganism’s pathogenicity in
cold-blooded species. However, only a limited num-
ber of studies have evaluated relative virulence of 4.
hydrophila isolates in cold- and warm-blooded ani-
mals, although these have suggested some degree of
relatedness [3-5,11,25]. The objective of the current
investigation was to assess the virulence of clinical
and food isolates of A. hydrophila in both mice and
fish. Additionally, the study served to determine
whether goldfish could be used as an alternate to
mice as a test animal for evaluating lethality, and
whether lethality correlated with cytotoxin produc-
tion.

MATERIALS AND METHODS

Microorganisms. Sixteen clinical or food iso-
lates of A. hydrophila (Table 1) were grown in 50-ml
Erlenmeyer flasks containing 20 ml of Brain Heart
Infusion (BHI) (Difco) for 16 h at 28 £ 1°C on a
rotary shaker (140 rpm). The cultures were harvest-
ed by centrifugation, washed twice with sterile
physiological saline, and serially diluted to appro-
priate levels in sterile saline. Cell concentrations of
each dilution were subsequently confirmed by plat-
ing on Trypticase Soy Agar (Difco).

Animals. Mice (Swiss Webster, 20-25 g) and
goldfish (Carassius auratus) (3-9 g) were obtained
from local commercial suppliers. Mice were housed

Table 1
Source of A. hydrophila strains

Strain Source

B-3-7 Beef?

CJ-2-0 Chicken exudate®
F-9-10 Cod fillet, fresh®
F-8-7 Flounder, fresh®
F-9-7 Cod fillet, fresh®
F-11-7 Bluefish, fresh®
L-2-0 Lamb?*

L-1-7 Lamb®

SC-1-7 Scallops®

SC-1-0 Scallops?

V-1-7 Veal®

V-2-0 Veal®

BA-6 Clinical®
C-3518A Clinical®

K-140 Clinical®

K-144 Clinical®

2 Ref. 22.

b Ref. 23.

¢ Ref. 18.

in groups of 5 animals in plastic cages, with food
and water being supplied ad libitum. Goldfish were
placed in groups of 15 in 10 gallon tanks at 25 +
2°C and fed commercial dry pellets once daily. Di-
viders were placed in the tanks so that the fish could
be divided into subgroups of 5 animals. The mice
and goldfish were acclimated to their surroundings
for 24 h and 48 h, respectively, prior to initiation of
lethality determinations.

Lethality determinations. Groups of 5 mice and
fish were injected intraperitoneally with 100 ul por-
tions of the appropriate cell dilutions. Uninjected
controls and controls receiving 100 ul of sterile
physiological saline were included as part of each
assay. All animals were then observed periodically
for 96 h. Non-specific deaths (1-2 h post-injection)

- were not observed. LDs, values were calculated us-

ing the method of Reed and Muench [26].
Cytotoxin assays. Monolayer cultures of Y-1
mouse adrenal cells (approximately 5 X 10%) were
propagated at 37°C in 96 well plates in Minimal
Eagle’s Medium with 20% fetal bovine serum



(Flow Labs, McLean, VA). Cell-free supernatants
from BHI cultures of A. hydrophila strains were pre-
pared by centrifugation, diluted and added in 100 ul
portions to the monolayers. After 16 h of incuba-
tion, the monolayers were examined with an invert-
ed phase-contrast microscope, with only dilutions
causing a complete detachment of the monolayer
being recorded as a positive response.

RESULTS

Most strains of A. hydrophila had similar LDs¢’s
in mice, 14 of 16 strains having values ranging from
1.24-4.25 x 108 cells/animal. The remaining two
strains, L-1-7 and F-11-7, had higher values of 10.9
x 108 and 21.0 x 108, respectively. A wider range
of responses was observed with goldfish; LDso val-
ues ranged from 0.03-11.8 x 10® cells/animal (Ta-
ble 2). There was a relatively even distribution of
the strains over the range of LDs,’s, with 6, 7 and 3
of the strains having values <1 x 108, <5 x 108,

Table 2

LD,, values and extracellular cytotoxin production observed
with various clinical and foodborne strains of A. hydrophila

Cytotoxin
(greatest dilution
yielding positive

Strain LD, values
(cells/animal x 10%)

mice goldfish response)
B-3-7 3.86 0.03 100 000
CJ-2-0 1.86 3.46 128
F-9-10 1.89 0.71 256
F-8-7 2.27 0.07 2
F-9-7 1.24 3.32 1024
F-11-7 21.00 2.52 100 000
L-2-0 1.54 3.89 1024
L-1-7 10.90 1.18 512
SC-1-7 2.61 3.73 512
SC-1-0 4.01 6.64 1024
V-1-7 3.01 0.31 64
V-2-0 1.93 0.90 1024
BA-6 2.98 1.53 1 000
C-3518A  4.25 0.27 100 000
K-140 3.70 11.80 512

K-144 2.90 7.68 512

GOLDFISH LD ¢ (CFUxI0°%)

MOUSE LD, (CFUXI0°)
Fig. 1. Scatter diagram of LD, (i.p.) values with mice and gold-
fish for sixteen clinical and food isolates of 4. hydrophila.

and >5 x 108, respectively. Higher levels of lethal-
ity were not restricted to strains originally isolated
from fish; the strain most lethal to fish was original-
ly isolated from beef. No relationship between le-
thality in the two test animals was apparent (Fig. 1).
Likewise, there was no apparent relationship be-
tween lethality in either test animal and the source
(clinical vs. food) of the isolates.

A wide span of cytotoxin production values was
observed among the various strains (Table 2), rang-
ing from essentially non-toxic (F-8-7) to positive re-
sponses at dilutions of 1:100 000 (B-3-7, F-11-7,
C-3518A). No relationship was apparent among cy-
totoxin production and lethality in either test ani-
mal. A range of cytotoxin production values was
observed with both clinical and food isolates of 4.
hydrophila.

One advantage of employing cold-blooded spe-
cies for lethality determinations is the ability to as-

Table 3

Comparison of LD, values for five strains of A. hydrophila ob-
tained with goldfish held at 25°C versus 7°C

Strain LD, (cells injected x 10%)
25°C 7°C
F-8-7 0.07 4.14
L-2-0 3.89 >41.60
B-3-7 0.03 2.19
K-140 11.80 4.47
K-144 7.68 3.63




sess readily the impact of temperature. Five strains
that included a range of LDs, and cytotoxin pro-
duction values were re-examined for their lethality
to goldfish held at 7°C instead of 25°C (Table 3).
Three strains had substantially decreased lethalities
while the remaining two were essentially un-
changed. Interestingly, the strains with decreased
lethality were isolated from foods, whereas the
strains with unchanged lethalities were both of clin-
ical origin.

DISCUSSION

The wide range of LDso values observed with
goldfish was similar to observations by other in-
vestigators concerning the relative lethality of A.
hydrophila isolates [4,19]. The values correspond
numerically to the weakly virulent to non-virulent
classes described by Mittal et al. [19], though direct
comparison is hampered by differences in sites of
administration (intraperitoneal vs. intramuscular).
The smaller range of LD s, values observed for mice
is also similar to previous reports [4]. The lack of
correlation (r> = 0.004) between strains’ lethalities
in mice and goldfish suggests that there are sub-
stantial differences in the disease process in the two
test animals, though lethal infections in both have
been reported to involve a toxemia or endotoxemia
[5,20]. One possibility is that the difference in the
animals’ body temperatures is affecting the mi-
croorganism’s virulence characteristics. Temper-
ature effects on lethality and/or production of viru-
lence-associated cell products have been observed
in the current study and by other investigators
[9,17]. Alternatively, Brenden and Huizinga [4] sug-
gested that differences in lethality in mice and gold-
fish may reflect differences in immune responses or
specific bacterial-host attachment factors. Whether
the observed changes in lethalities with temperature
were due to decreased bacterial virulence or in-
creased host resistance will require further research.

Various investigators have concluded that the
B-hemolysin produced by strains of 4. hydrophila is
also the microorganism’s major cytotoxin and ente-
rotoxin [1,9,13,25,31,33]. Based on cytotoxin levels

it appears that most food isolates have significant
enterotoxigenic activity. The lack of correlation be-
tween lethality and cytotoxin levels (#> = 0.284 and
0.096 for mouse vs. cytotoxin and goldfish vs. cyto-
toxin, respectively) suggests that this cell product is
not a major virulence factor involved in lethal in-
fections of the type induced by i.p. injection. The
specific virulence factors associated with lethal in-
fections in fish and other animals is not known,
though several groups have concluded that f-hemo-
lysin is not a major determinant [4,15,17]. Other cell
products proposed as affecting lethality of A. hydro-
phila strains includes a-hemolysin [15], proteases
[32], cell surface characteristics [10,19] and endotox-
in [4,5]. Rigney et al. [27] reported that the symp-
toms of red leg disease in frogs could be produced
by using a combination of B-hemolysin and endo-
toxin from A. hydrophila.

Since lethality did not coriclate with cytotoxin
production, determination of LDso (i.p.) values
would not appear to be a suitable means of assess-
ing the virulence of A. hydrophila isolates as poten-
tial agents for gastroenteritis. However, determina-
tions of this type, particularly with goldfish, might
prove useful for assessing the invasive character of
isolates in relation to systemic infections in immu-
nocompromised patients. It would be of interest to
assess A. hydrophila isolates from such patients to
determine whether they also have enhanced lethal-
ity in fish.
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