
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, May 1994, p. 1678-1680 Vol. 60, No. 5
0099-2240/94/$04.00+0
Copyright © 1994, American Society for Microbiology
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An outbreak of Aeromonas hydrophila infection with a high rate of mortality (95%) in turtles (Pseudemis
scripta) in Italy is reported. Pure cultures of the pathogen were isolated from liver, lung, kidney, and heart
specimens of the turtles. The A. hydrophila isolate was resistant to amoxicillin, ampicillin, cephalothin, and
trimethoprim-sulfamethoxazole but was sensitive to a number of other antibiotics tested. The study indicates
that pet turtles can act as reservoirs of this pathogen and may play an important role in the etiology of
Aeromonas-associated human infections.

Aeromonas species have long been known to cause different
types of infections in poikilothermic animals such as fishes,
reptiles, and amphibians (2, 5, 13). These pathogens have also
been associated with several categories of human infections
such as gastroenteritis, peritonitis, endocarditis, meningitis,
septicemia, urinary tract infections, and wound infections (6,
12, 15), while epizootic forms of Aeromonas hydrophila infec-
tion have been reported to occur in fishes as well as in frogs (9,
13). A case of septicemia in a Canadian beaver caused by A.
hydrophila has also been reported (14). In this report, we
describe an outbreak of A. hydrophila infection in turtles
(Pseudemis scripta) from southern Italy.

In July 1993, a severe outbreak of infection occurred in
turtles (illegally imported to Italy from an unknown country) in
a pet shop in Naples, Italy. In 10 days, 95 out of 100 animals
died of acute infection. During the infection, the animals were
apathetic, moved very slowly, and refused food.

Gross pathological findings at the time of autopsy of the 21
turtles which were examined were minimal and limited to
general congestion of the internal organs. Tissue samples from
four organs, namely, the liver, lungs, kidneys, and heart, of
each of the 21 turtles were taken aseptically with sterile
instruments. The tissue samples were separately homogenized
under aseptic conditions and later inoculated into tubes con-
taining sterile brain heart infusion (BHI) broth (Difco, Detroit,
Mich.). These BHI culture tubes were incubated overnight at
37°C. The material from the BHI broth cultures was streaked
with an inoculating loop onto blood agar (5% sheep erythro-
cytes in BHI agar) and incubated overnight at 37°C. Among
the bacteria from the tissue samples, only a single pure culture
of beta-hemolytic colonies was present on blood agar plates
(8). For further examination, three to five colonies were
randomly selected from each blood agar plate. The bacteria in
each of these colonies were further identified as gram-negative
rods which were motile, oxidase positive, glucose fermenting,
and 0/129 resistant and were thereby considered presumptive
aeromonads (8, 11).
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Further identification of presumptive aeromonads (84 iso-
lates, i.e., one from each organ sample from the 21 turtles) was
performed by the API ID 32 GN assay (API System, Marcy
l'Etoile, France). They showed identical biochemical profiles in

TABLE 1. Biochemical profilesa and other properties of
A. hydrophila isolated from turtles (P. scnpta)

Substrate or property

Rnamnose .......................................................................................

Proplonate ......................................................................................
Citrate ................
5-Ketogluconate

Reaction

3-Hydroxynenzoate ........................................................................

Salicin ..............................................................................................
D-Ribose..........................................................................................
D-Saccharose...................................................................................

Canrate..
H-istidin e..........................................................................................
Glycogen .........................................................................................
2-Ketogluconate .............................................................................
4-Hydroxybenzoate ........................................................................
L-Proline..........................................................................................
N-Acetylglucosamine .....................................................................
Inositol ............................................................................................
Maltose............................................................................................
Suberate ..........................................................................................
Acetate ............................................................................................
L-Alanine.........................................................................................
D-Glucose........................................................................................

Oxidase...............
Motility...............
0/129 resistance
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a As determined by the API ID 32 GN assay.
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TABLE 2. Susceptibility of A. hydrophila to various
antimicrobial agents

Antibiotic MIC (,ug/ml) Resulte

Amikacin < 16 S
Amoxicillin-clavulanic acid >32 R
Ampicillin >32 R
Ampicillin-sulbactam > 16 R
Aztreonam <8 S
Cefamandole <8 S
Cefotaxime <8 S
Cefotetan < 16 S
Cefoxitin <8 S
Ceftazidime <8 S
Ceftizoxime <8 S
Ceftriaxone <8 S
Cephalothin >32 R
Ciprofloxacin < 1 S
Chloramphenicol <8 S
Gentamicin <4 S
Imipenem 8 I
Netilmicin >4 S
Ofloxacin <2 S
Pefloxacin <2 S
Piperacillin < 16 S
Tetracycline <4 S
Tobramycin <4 S
Trimethoprim-sulfamethoxazole >0.5 R

a R, resistant; S, susceptible; I, intermediate.

this system and were confirmed as A. hydrophila (Table 1) (8,
11). The susceptibility of the isolates to different antibiotics
was tested by the Sceptor system (Becton Dickinson), and the
different isolates yielded identical results (Table 2).

Microbiological identification of bacteria isolated from the
internal organs of the turtles thus showed the presence of
single pure cultures of beta-hemolytic A. hydrophila. All 84 A.
hydrophila isolates from organs of different turtles were resis-
tant to amoxicillin, ampicillin, cephalothin, and trimethoprim-
sulfamethoxazole but susceptible to the rest of the antibiotics
used, except for imipenem, against which the isolates yielded
intermediate sensitivity results (Table 2).
A. hydrophila has been shown to cause a variety of infections

in humans and other mammals as well as reptiles and fishes.
We recently reported a case of human septicemia attributed to
A. hydrophila infection (7). On the other hand, it has been
shown that the immediate cause of death in the majority of
cases of A. hydrophila infection in frogs is septicemia (4).
Similarly, motile Aeromonas septicemia in fishes and its syn-
onymous diseases hemorrhagic septicemia, infectious dropsy,
and red sore disease have frequently been reported (2). In this
report, we describe an outbreak of A. hydrophila septicemia in
turtles in which 95 out of 100 animals died during a period of
10 days.

It is well known that there are two forms of Aeromonas
infections in fishes and frogs: (i) the acute form, with a very
high mortality rate, and (ii) the chronic form, with a low
mortality rate and variable clinical signs of disease depending
on the form of infection. It seems that in the outbreak reported
here, the turtles suffered from the acute form of infection,
since it resulted in a mortality rate of 95%. The ubiquitous
nature of A. hydrophila in the environment, especially the
aquatic environment, suggests that the disease was derived
from an exogenous source. Unfortunately, no microbiological
examination of water samples from the aquarium in which the
turtles were living was performed.

The results of the bacteriological analysis of the internal
organs showed pure cultures of beta-hemolytic A. hydro-
phila; some investigators consider beta-hemolysis to be a
virulence factor of this species (1). In recent years, some of the
motile Aeromonas species have been recognized as primary
human pathogens (10), with the most common infections
caused by these species being gastrointestinal, extraintestinal,
and wound infections (6, 15). In particular, young children,
elderly persons, and immunocompromised patients are vulner-
able to such infections (6, 12, 15). It is in such cases that
Aeromonas infections may lead to very high rates of mortality
(6).

Since A. hydrophila has now been recognized worldwide as a
human pathogen, and since turtles (P. scrpta) are becoming
more popular as household pets (3), it is highly probable that
children who are often in contact with pet turtles run a
risk of infection with A. hydrophila if the turtles are infected
by this pathogen. This report indicates that turtles infected
with A. hydrophila, while acting as reservoirs for these patho-
gens, may well play an important role in the etiology of
Aeromonas-associated human infections that is similar to their
role in cases of pet turtle-associated Salmonella infections in
children (16).

We thank the veterinarians at the CLIVET (Veterinary Clinic) in
Naples, Italy, for their kind collaboration.

This work was supported by grants from the Consiglio Nazionale
delle Ricerche, Rome, Italy, and the Council for Forestry and Agri-
cultural Research, Stockholm, Sweden.

REFERENCES

1. Allan, B. J., and M. W. Stevensson. 1981. Extracellular virulence
factors of Aeromonas hydrophila in fish infections. Can. J. Micro-
biol. 27:1114-1122.

2. Austin, B., and D. A. Austin. 1987. Bacterial fish pathogens:
disease in farmed and wild fish. Ellis Horwood Ltd., Chichester,
West Sussex, England.

3. D'Aoust, J. Y., and H. Lior. 1978. Pet turtle regulations and abate-
ment of human salmonellosis. Can. J. Public Health 69:107-108.

4. Gibbs, E. L. 1973. Rana pipiens: health and disease-how little we
know. Am. Zool. 13:93-96.

5. Heywood, R. 1968. Aeromonas infections in snakes. Cornell Vet.
58:236-241.

6. Janda, J. M., and P. S. Duffey. 1988. Mesophilic aeromonads in
human disease: current taxonomy, laboratory identification and
infectious disease spectrum. Rev. Infect. Dis. 10:980-997.

7. Krovacek, K., M. Conte, P. Galderisi, G. Morelli, A. Postiglione,
and S. Dumontet. 1993. Fatal septicaemia caused by Aeromonas
hydrophila in a patient with cirrhosis. Comp. Immunol. Microbiol.
Infect. Dis. 16:267-272.

8. Krovacek, K., A. Faris, S. B. Baloda, M. Peterz, T. Lindberg, and
I. Mansson. 1992. Prevalence and characterization of Aeromo-
nas spp. isolated from foods in Sweden. Food Microbiol. 9:29-
36.

9. Kulp, W. L., and D. G. Borden. 1942. Further studies on Proteus
hydrophilus, the etiological agent in "red leg" disease of frogs. J.
Bacteriol. 44:673-685.

10. Ljungh, A., and T. Wadstrom. 1986. Aeromonas toxins, p. 289-305.
In F. Dorner and J. Drews (ed.), Pharmacology of bacterial toxins.
Pergamon Press, Elmsford, N.Y.

11. Popoff, M. 1984. Genus III. Aeromonas Kluyver and Van Niel
1936, 398AL, p. 545-548. In N. R. Krieg and J. G. Holt (ed.),
Bergey's manual of systematic bacteriology, vol. 1. The Williams &
Wilkins Co., Baltimore.

12. Rolston, K. V. I., S. A. Zandvliet, S. Rodrigues, H. T. Nguyen, and
G. P. Bodey. 1991. Spectrum of Aeromonas and Plesiomonas
infections in patients with cancer and AIDS. Experientia 47:437-
439.

13. Sanarelli, G. 1891. Uber einen neuen Mikroorganismus des Was-

VOL. 60, 1994



APPL. ENVIRON. MICROBIOL.

sers, welcher fur Thiere mit veranderlicher und konstanter Tem-
peratur Pathogen ist. Zentralbl. Bakteriol. Parasitenkd. Infektion-
skr. Hyg. 9:193-228.

14. Vasenius, H. 1963. A case of septicaemia in Canadian beaver
(Castor canadensis Kuhl) caused by A. hydrophila. Nord. Veteri-

naer. Med. 15:18-20.
15. Washington, J. A., II. 1972. Aeromonas hydrophila in clinical

bacteriologic specimens. Ann. Intern. Med. 76:611-614.
16. Williams, L. P., Jr., and H. L. Heldson. 1965. Pet turtles as a cause

of human salmonellosis. JAMA 192:347-351.

1680 NOTES


