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ABSTRACT: High mortality among laboratory cultured Iberian toothcarp Aphanius iberus occurred in February 1997 in
Valencia (Spain).The main signs of the &sease were external
haemorrhage and tail rot. Bacteria isolated from internal
organs of infected fish were biochemically hon~ogeneousand
identified as Vibrio parahaemolyticus. The bacteria were
haemolytic against erythrocytes from eel AnguilIa anguilla,
ambej a c k Seriola dumerili, toothcarp A. iberus and humans,
and were Kanagawa-phenomenon-negative. Infectivity tests
showed that the virulence for A. iberus was dependent on
salinity. Finally, all strains were virulent for ambejack and
eel.
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Vibrio species such as V. anguillarum, V alginolyticus,
V ordalii, V , salmonicida and V , vulnificus biotype 2
(serovar E) are pathogens for marine species of fish
(Hjeltnes & Roberts 1993). These species cause
haemorrhagic septicaemia in marine fish and may lead
to substantial mortalities in cultured populations
(Wong et al. 1990). Among the genus Vibrio, the species V. parahaemolyticus is a marine bacterium which
causes acute gastroenteritis and food poisoning in
humans who consume raw or improperly cooked
seafood (Hlady & Montz 1996, Pan et al. 1997).
The Iberian toothcarp Aphanius iberus is a cyprinodontid native to the Iberian peninsula. This fish is
euryhaline and found in salt marshes and coastal
lagoons (Sanz 1985). It is considered an endangered
species (Blanco & Gonzalez 1992), with decreasing
numbers attributed to pollution and destruction of its
habitats, as well as competition from allochthonous
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species such as eastern mosquitofish Gambusia holbrooki. In 1996 work began on the reproduction of
Iberian toothcarp at different salinities. During February-March 1997, an infectious disease occurred in the
fish maintained in laboratory culture tanks. Diseased
fish first appeared in tanks with 30%0 salinity, and
later in the tanks maintained at 5 and 15%0salinities.
The affected fish showed tail rot, red spots on the
head and a swollen intestine containing ascitic fluid.
Fish held in tanks at 45 and 60%0salinities were not
affected. Mortality was high and all fish in the
affected tanks died within 7 d. Pure cultures of a bacterium identified as V. parahaemolyticus were isolated
from internal organs of all moribund fish. In this paper
the authors report on the isolation and characterization of V. parahaemolyticus from diseased Iberian
toothcarp for the first time.
Material and methods. Microbiological analysis:
Diseased fish were 3 mo old and the water temperature
was above 25°C when the outbreak was registered.
Samples from the surface and liver of moribund fish
were analysed. Each sample was streaked on thiosulphate citrate bile salt agar and tryptone soy agar supplemented with 3 % NaCl (TCBS-3 and TSA-3 respectively).All plates were incubated at 25°C for 24 to 48 h.
Isolates were characterized by morphological tests and
API 20E strips (BioMerieux). Similar analysis was
made of the water from the tanks in which the fish
were held as well as the food supply. Further characterization of the isolates was carried out by additional
biochemical tests (Table 1)and type strain Vibrio parahaemolyticus ATCC 17802 was included as a control.
Enzymatic and haemolytic activities: Enzymatic and
haemolytic activities of isolates were analysed by spot
inoculations on TSA-3 supplemented with skimmed
milk ( 2 % wt/vol), Tween 80 (1% wt/vol), egg yolk
emulsion (2% wt/vol), fibrinogen (0.28% wt/vol)
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Table 1 Vibdo parahaemolyticus. Biochemical and morphological characterization of isolates from tooth-carp Aphanius iberus
and V. parahaemolyticus ATCC 17802. TCBS: thiosulphate citrate bile salt agar; ONPG: ortho-nitrophenyl-galactoside; VP: Voges-Proskauer test
Test

Growth on TCBS
Gram stain
Cytochrome oxidase
0/129 sensitivity:
10 pM
150 pM
Growth at % NaCl:
0%
3%
6%
8%

10%
Growth at:
4°C
25°C
37°C
40°C
P-Galactosidase (ONPG test)
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate
Production of H,S
Urease
Tryptophan deaminase
Indol
VP test
Gelatin liquefaction
Acid from:
Glucose
Mannitol
Inositol
Sorbitol
Rhamnose
Sucrose
MeLibiose
Amygdalin
Arabinose
Lactose
Cellobiose

Strains V parahaemolyticus
ATCC 17802
(n = 12)

Gd
-

+

+
-

+
+
+

+

-

+
+
+
-

+
+
-

+
+

+
+
-

+
+

Test

Strains V. parahaemolyticus
ATCC 17802
(n = 12)

Sole carbon source:
DL-Maltose
L-Rhamnose
D-Mannose
Cellob~ose
Sucrose
D-Galactose
L-Arabinose
D-Xylose
Citrate
Propionate
D-Gluconate
D-Sorbitol
DL-Glycerate
D-Glucuronate
p-Hidroxibenzoate
y-Aminobutyrate
L-Manite
Myo-inositol
L-Serine
L-Tyrosine
L- Alanine
L-Asparagine
L-Leucine
L-Histidine
Citrulline
Hydrolysis of:
Casein
Starch
Tween 80
Fibrinogen
Lipase (egg yolk)
DNase
Mucine
Elastin
Collagen
Haemolysis of:
Eel erythrocytes
Yellowtail erythrocytes
Kanagawa test

"Green colonies on TCBS agar; bweakly positive

and elastin (0.1% wt/vol), respectively, as previously
described (Amaro et al. 1992). DNase production was
assayed on DNase agar (Oxoid). Haemolysis of toothcarp Aphanius iberus, eel Anguilla anguilla, amberjack Seriola dumerili and human blood was tested on
TSA-3 supplemented with 1% freshly obtained erythrocytes (Amaro et al. 1992). Plates were incubated at
25 or 37'C for testing haemolysis of fish or human erythrocytes respectively. The Kanagawa test was performed using Wagatsuma agar (Nishibushi et al. 1989)
supplemented with human 5 % erythrocytes. Haemolysis and Kanagawa plates were streaked in duplicate,

plates were spot inoculated with 10 p1 of overnight cultures on basal medium (BM) and BM supplemented
with 5 mM taurocholic acid (Sigma) as described by
Osawa & Yamai (1996).
Infectivity tests: The 50% lethal dose (LDS,))test,
with batches of 8 fish per dose, was conducted by
intraperitoneal (i.p.) injection as previously described
(Amaro et al. 1992). Briefly, Iberian toothcarp (mean
weight 2 g fish-') were injected with 0.05 m1 of a
bacterial suspension containing 108 to 104 cfu ml-'
(determined by optical density at 600 nm), in phosphate-buffered saline (PBS). Sterile PBS was injected
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i.p. into fish as control. Experimental infections were
carried out at salinities of 5, 15, 30 and 45%0, at 20°C, in
duplicate. Mortalities were recorded daily for 7 d and
were only considered infected if Vibno parahaemolyticus was recovered from assayed fish. The LDS, was
calculated by the method of Reed & Muench (1938).
The assays for pathogenicity were also made on elvers
(5 to 8 g fish-') and ambej a c k (100 g fish-') at 15 and
30%0salinity respectively.
Results. Microbiological analysis: Pure cultures were
obtained from liver and ascitic fluid of diseased fish.
Colonies were 3 to 4 mm and opaque on TSA-3 and
green on TCBS. The strains were Gram-negative
straight rods, motile, oxidase- and catalase-positive,
sensitive to the vibriostatic 0/129 at 150 pM and fermentative. Isolates were first characterized by API 20E
(BioMerieux) strips, which gave profiles typical of
Vibrio parahaemolyticus. On the basis of these results
and those listed in Table 1, the isolates were identified
as V. parahaemolyticus. V. parahaemolyticus strains
were also recovered from the water of the tank and the
skin of the fish, but analysis of food supply gave a negative result.
Enzymatic and haernolytic activities: All isolates
showed identical enzymatic and haemolytic activity
(Table 1). Isolates tested, including the type strain,
were haemolytic against Aphanius iberus, eel, amberjack and human erythrocytes. Cells grown in a
medium containing taurocholic acid produced prominent haemolysis on blood agar compared with cells
grown on BM, which confirms previously reported
data on the enhancement of virulence factors production in bile salt media (Osawa & Yamai 1996). The
Kanagawa test was negative in all isolates independent of whether the strains had previously been grown
on bile salt medium.
Infectivity tests: In infectivity assays, salinities between 5 and 30%0 gave similiar LDso results, since
lethal doses were around 106 cfu fish-' in both cases
(Table 2). At 45%0 salinity, mortalities were only
achieved when more than log cells were injected in

Table 2 . Vibrio parahernolyticus. Virulence (cfu fish-') at &fferent s a h t i e s . ND: not determined
Salinity
Pm)

5
15
30
45

Toothcarp

+ (6.13 X 106)

Virulenced
Elver
ND

+ (5.3X 106)

+ (6.2 X lo5)

+ (3.1X 106)

ND
ND

-

(>log)

Ambe j a c k
ND
ND
+ (5 X lo3)
ND

aNo, of bacteria needed to kill 50% of the inoculated animals in a 7 d period

fish; therefore, these strains were classified as avirulent at the higher salinity (Santos et al. 1988). This
agrees with the fact that the infection occurred at salinities between 5 and 30%0and fish held at 4 5 and 60%0
salinity were not affected. Pure cultures of Vibrloparahaemolyticus were reisolated from liver and skin of
moribund fish. No mortality was detected in the controls. External signs, which included haemorrhage,
exophthalmia and occasionally ulceration, but no tail
rot, appeared 1 d after i.p. injection and mortalities
began 2 to 7 d post-challenge. LDso was assessed in
amberjack and eel by i.p. infections and was 5 X 103cfu
fish-' and 6.2 X 105 cfu fish-' respectively (Table 2 ) .
Discussion. We have isolated Vibrio parahaemolyticus as the causative agent of infection in Iberian toothcarp Aphanius iberus and have reproduced the same
gross signs observed in the outbreak after bacterial
challenge. All isolates were haemolytic on Iberian
toothcarp, eel, a m b e j a c k and human erythrocytes,
and Kanagawa-phenomenon-negative. The Kanagawa phenomenon has been related to thermostable
direct haemolysin (TDH) production, and a strong
association between TDH and pathogenenicity has
been established (Osawa & Yamai 1996). However,
outbreaks of gastroenteritis caused by Kanagawa-negative strains have been reported (Honda et al. 1988).
These Kanagawa-negative strains produce a TDHrelated haemolysin, which is immunologically similar
to TDH, but different in physico-chemical and
haemolytic activities (Osawa et al. 1996).
Vibno parahaemolyticus is considered as a human
pathogen more than a fish pathogen. To our knowledge, there are only 2 reports linking it to fish infections (Wong et al. 1990, Yii et al. 1997). In both papers
this species is described as the causative agent of
vibnosis in groupers Epinephelus coioides in Taiwan.
This is the first description of a bacterial pathogen
affecting Iberian toothcarp. Moreover, this Vibrio species has not been previously reported as fish pathogen
in the Mediterranean area. In order to assess the virulence of the isolates to other fish, lethal dose for amberjack and eel was also established. These fish are
representative of the species cultured along the Mediterranean coast of Spain. Arnberjack are extensively
cultured in seawater, and eels are cultured in water at
low salinity (0.2% ) . The results confirm the bacteria as
virulent for other fish at salinities approximating that of
seawater.
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