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Strains of Vibrio alginolyticus were regularly isolated from mussels,
fish, bottom sediment and seawater from April to October. Vibrio
parahaemolyticus was isolated occasionally in samples from mussels
and bottom sediment in July and Augusrt. None of the species were
detected in the cold season.

Isolated strains were characterized by growth requirement, mor
phological characteristics and biochemical tests, In addition the cel
lular fatty acid composition was determined and compared with
standard strains from the family Vibrionaceae.

With the exception of some biochemical reactions which distin
guish Vibrio alginolyticus from Vibrio parahaemolyticus growth re
quirement, morphological characteristics and biochemical reactions
are similar for these strains.

The close relation between Vibrio alginolyticus and Vibrio para
haemolyticus was also revealed by cluster analyses, of fatty acid pat
terns which combined these two species into one cluster which, how
ever, was clearly separated from the standard strains of Vibrio an
guillarum,

Vibrio p a r a h a e m o Ly t i c u s; Vibrio alginolyticus;
fatty acid composition..

Vibrio parahaemolyticus and Vibrio alginolyticus, also called
Vibrio parahaemolyticus biotype 2 (Sakazaki 1968), have fre
quently been isolated from seawater, fish, bottom sediments and
mussels (Horie et ale 1967, Baross & Liston 1968, Liston & Baross
1973). In areas with warmer climatic conditions Vibrio para
haemolyticus has on several occasions caused food poisoning
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following seafood consumption (Molenda et ale 1972, Barker
1974), and has been the cause of wound infections (Twedt et ale
1969) .

Vibrio parahaemolyticus has also been isolated in areas with
colder waters usually in the summer season (Kristensen 1974,
Vasconcelos et ale 1975, Ayres 1978), but recently investigators
have also detected the organisms in winter time at a temperature
as low as 4.4 0 C (van den Broek et ale 1979).

This work is concerned with the isolation of Vibrio para
haemolyticus and Vibrio alginolyticus in the marine environ
ment from the west coast of Norway at 60 0 latitude. Samples of
mussels, seawater, bottom sediments and fish have regularly
been investigated for the occurrence of Vibrio parahaemolyticus
and Vibrio alginolyticus during a period of one year.

MATERIALS AND METHODS
Bacterial cultures

Organisms, used were: Vibrio parahaemolyticus ATCC 17802,
Vibrio alginolyticus NCMB 1903 and Vibrio anguillarum NCl\IB 6,
Vibrio anguillarum V 962, V 767, V 768, V 873 and A 272 from
the Culture Collection, National Veterinary Institute, Oslo, Nor
way.

Collection of samples

Samples of mussels, seawater, and bottom sediments from
two unpolluted areas at the shore were obtained during, a period
of one year at least once per month with biweekly samples from
July, August and September. Temperature measurements were
made of the overlying water at the time the samples were ob
tained. A total of 48 samples of each category were examined.
Samples were also obtained from newly landed cod, mackerel,
and saithe, caught in the North Sea and rainbow trout from fish
farms, a total of 40 fishes.

Isolation procedure

All samples were examined the same day as obtained.
The samples of mussels were washed and shucked and the

content of 10 mussels were homogenized in an Ultra Turrax for
15 s. Ten grams of the homogenized mussel content were i.nocu
lated into 100 ml of Nutrient broth (Merck 5443) with 5 % NaCI
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(w/v) (enrichment medium) at pH 7.5, and incubated at 37°C
for 18-24 h. The samples of bottom sediments were prepared
in a similar way, with 10 g mixed with 100 ml of the enrichment
medium. One hundred ml of the water samples were filtered
through a millipore filter 0.45 mu pore size and the filter was
placed in the enrichment medium.

From the fish 10 g of the gills, 10 g of intestinal content and
10 em- of the skin were separately inoculated into 100 ml of the
enri.chment medium.

After the incubation period a loopful was streaked on TCBS
agar (Merck 10263) and the plates were incubated at 37°C for
18-24 h. After the incubation period round green or yellow
colonies 2-4 mm in diameter on the plates were respectively
considered as presumptive Vibrio parahaemolyticus and Vibrio
alginolyticus.

Identification procedure

All media used in the identification procedure were supple
mented with NaCI (2 % w/v).

Presumptive Vibrio parahaemolyticus and Vibrio alginolyti
eus isolated from TCBS agar were restreaked on Nutrient agar
(Merck 5450). The strains were checked for purity and rei.nocu
lated in Nutrient broth. Cultures of 18 h were used for further
identification work. A total of 80 strains were examined, 15 pre
sumptive Vibrio parahaemolyticus and 65 presumptive Vibrio
alginolyticus.

Morphologcal characteristics

After 18 h of incubation at 25°C in Nutrient broth, the or
ganisms were examined by phase-contrast microscopy for deter
mination of cell morphology and motility. The organisms were
also Gram stained.

Biochemical tests

The biochemical tests performed and media used are listed
in Table 1.

Growth requirement

The requirement for salt was established by inoculating a
drop of 18 h culture from Nutrient broth to tubes with Nutrient
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broth without NaCI, and Nutrient broth with 7 % and 10 % NaCI.
The tubes were incubated at 25°C for 72 h, and the growth was
determined by comparing the tubes with an uninoculated me
dium. The abiltty to grow at 42°C was established in a similar
way in Nutrient broth with 2 % NaCI (w/v).

Antibiotic reactions

The reaction to antibiotics was determined by placing a di.sc
of Bacto antibiotic sensitivity dishes on Nutrient agar plates
(Merck 5450) streaked with the test organism. The strains were
tested for susceptibility to chlortetracycline (10 mg), novobiocin
(5 mg), Polymyxin B (50 units cons.) , penicillin (2 units cons.),
chloramphenicol (5 mg) and pteridine 0/129 (150 p,g) after in
cubation for 24 h at 37°C.

Fatty acid analyses

For further identification randomly selected strains were
analysed for fatty acid composition of whole cells and compared
to standard strains of Vibrio parahaemolyticus, Vibrio algino
lyticus and Vibrio anguillarum. A total of 11 presumptive Vibrio
alginolyticus and 2 presumptive Vibrio parahaemolyticus were
analysed.

After incubation in Nutrient broth cells were removed and
transferred to a test tube containing 5 ml of 5 % (w/v) NaOH
in 50 % (v/v) aqueous methanol. The fatty acids liberated by
saponification were methylated with BCla/methanol, according
to Moss et ale (1974).

Gas-liquid chromatography (g.l.c.) and g.l.c./mass spectro
metry were performed as previously described (Roe & Gjerde
1980). The gas chromatogram of fatty acid methyl esters
(FAMEs) from Vibrio parahaemolyticus ATCC 17802 is. given
in Fig. 1.

Numerical analyses were based on twelve FAMEs whose areas
relative to 16: 0 were greater than 10 %, Nos 2, 4, 15, 16, and 17
being excluded (Table 2).

The raw data were logarithmically transformed, similarity
indexes calculated and cluster analysis performed as previously
described, based on the unweighted pair group method (Roe &
Gjerde 1980).
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7

8

13

Fig u r e 1. Gas chromatogram of fatty acid methyl esters (FAME)
from Vibrio parahaemolyticus ATCC 17802. FAME numbers as in

Table 2.

RESULTS AND DISCUSSION

The presumptive Vibrio alginolyticus and Vibrio parahaemo
lyticus from TCBS agar were found to be short to medium rods
with rounded ends. Most of them had curved axis, but some
examples of straight axis were also observed. All strains were
actively motile and Gram negative.

Table 3 shows the results of the biochemical tests, and of the
growth requirement and sensitivity to antibiotics tests.

The isolated strains of presumptive Vibrio alginolyticus re
acted identically in the tests except for the methyl red reaction,
where 10 strains were found to be negative. The presumptive
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Table 3. Test response of 15 presumptive Vibrio parahaemolyticus
and 65 presumptive Vibrio alginolytieus isolated from marine: material.

Vibrio parahaemolyticus
Test Vibrio

alginolyticus Group 1 Group 2
5 strains 10 strains

Oxidase + + +
Indole + + +
Methyl red 55 + +
Voges Proskauer + +
Citrate + +
Nitrate reduction + + +
Casein hydrolysis + + +
Urease + +
Lysine decarboxylase + + +
Ornithine decarboxylase + + +
Arginine decarboxylase
H

2S

Arabinose + +
Inosdtol
Xylose
Rhamnose
Fructose + + +
Glucose + + +
Sucrose' +
Trehalose + + +
Mannose + + +
Dulcitol +
Starch + + +
Novobiocin sensitivity + + +
Chlortetracycline + + +
Polymyxin B + + +
Penicillin
Chloramphenicol + -j- +
Pteridine 0/129 + + -+-
Growth without added NaCI
Growth with 7 % NaCI + + +
Growth with 10 % NaCI + +
Growth at 42 0 C + + +
+: all strains positive in the test; -: all strains negative in the test;
Figures: number of strains positive in the test.
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Vibrio parahaemolyticus did not react identical in all biochemical
tests, and were accordingly placed in two groups.

For five of the presumptive Vibrio parahaemolyticus (group
1) the results of the biochemical tests were identical to those
reported earlier (Sakazaki 1973, Shewan & Veron 1974).

Ten strains of presumptive Vibrio parahaemolyticus (group
2) gave a weak positive Voges Proskauer reaction and grew in
Nutrient broth with 10 % NaC!. Though it is stated that true
Vibrio parahaemolyticus are negative in the Voges Proskauer
reaction and do not grow in media with 10 % NaCI, the reliabi
lity of these tests have been disputed (Kampelmacher et ale 1972,
van den Broek et ale 1979).

Isolation of presumptive Vibrio parahaemolyticus from sea
water has shown that such strains can be misidentified as Vibrio
parahaemolyticus if only a few standard bacteriological tests for
identification are done (Kaneko & Colwell 1974). Analyses of
fatty acid composition of whole cells were therefore performed
as an aid in the identification besides the biochemical tests pro
cedure (Table 2).

The phonogram based on tIle fatty acid analyses is given in
Fig. 2. All the strains of Vibrio anguillarum form one tight
cluster, while the presumptive Vibrio alginolyticus and Vibrio

3 2 4 19 21 14 15 12 13 17 18 11 10 () 9 16 7 8
RxlOO

100

90

-------- 65,1

Fig u r e 2. Phenogram of Vfbrionaceae based on 12 fatty acid
methyl esters. Strain numbers as in Table 2.



Table 4. Incidence of V. parahaemolyticus and V. alginolyticus in
marine material.

Sampling Temp. Material Number of V. algino- V. parahaemo-
date samples lyticus lyticus

April e-c Mussel 4 2 0
Seawater 4 1 0
Bottom sediment 4 3 0
Skin 2 0 0
Gills 2 2 0
Intestine 2 2 0

May l3°e Mussel 4 3 0
Seawater 4 2 0
Bottom sediment 4 4 0
Skin 5 0 0
Gills 5 4 0
Intestine 5 4 0

June 13°e Mussel 4 4 0
Seawater 4 3 0
Bottom sediment 4 4 0
Skin 5 1 0
Gills 5 4 0
Intestine 5 4 0

July 16°e Mussel 8 8 3
Seawater 8 5 0
Bottom sediment 8 8 3
Skin 8 2 0
Gills 8 7 0
Intestine 8 7 0

August 15°C Mussel 8 8 2
Seawater 8- 7 0
Bottom sediment 8· 8 1
Skin 5 4 0
Gills 5 5 0
Intestine 5 5 0

September 10 °C Mussel g. 7 0
Seawater 8 5 0
Bottom sediment 8 7 0
Skin 8 1 0
Gills 8 4 0
Intestine 8 4 0

October 8°C Mussel 4 1 0
Seawater 4 0 0
Bottom sediment 4 1 0
Skin 1 0 0
Gills 1 0 0
Intestine 1 1 0

November 6°C Mussel 4 1 0
Seawater 4 0 0
Bottom sediment 4 1 0
Skin 1 0 0
Gills 1 0 0
Intestine 1 0 0
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parahaemolyticus combine with the standard strains of Vibrio
alginolyticus and Vibrio parahaemolyticus into another cluster.
The two clusters are connected at a rather low level of R = 0.65.
A closely similar phenogram was obtained when the similarity
index was based on euclidean distances (Biie & Gjerde 1980) in
stead of correlation coefficients.

Based on the morphological examination, response in the
biochemical reactions and composition of fatty acids in whole
cells it is concluded that the isolated organisms on TCBS agar
are identified as Vibrio parahaemolyticus and Vibrio algi-no
lyticus.

Table 4 shows the incidence of Vibrio parahaemolyticus and
Vibrio alginolyticus from the marine environment and fish spe
cies. The organisms were not found in the winter from the be
ginning of November till the end of March.

From April to October Vibrio alginolyticus was isolated in a
number of cases. Vibrio parahaemolyticus is also found to exist
in the environment, but is only isolated occasionally in July and
August. However, the TCBS plates were frequently overgrown
with the yellow colonies of Vibrio alginolyticus which may cover
the green colonies of presumptive Vibrio parahaemolyticus and
reduce the frequency of detection of the latter. Occasionally
small yellow colonies were observed on the TCBS plates. By
microscopic examination and Gram staining, these colonies were
found to be Gram-]- cocci and were not further examined.

Since sea fish and mussels are normally subject to conta
mination with Vibrio parahaemolyticus it must be expected that
the bacteria can be found in food from marine sources, However,
a number of vibrio cells are needed to yield clinical symptoms
in man (Sakazaki et ale 1979). Therefore with normal hygienic
precautions taken in fish handling, these organisms do not seem
to pose a pressing public health problem in cold climatic areas.
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SAMMENDRAG

Isolering og karakterisering au Vibrio alginolyticus og Vibrio para
haemolyticus fra norsk kystomrdde.

Vibrio alginolyticus ble regelmessig pavist i prever fra blaskjell,
fisk, bunnsediment og sjevann i perioden fra april til oktober. Vibrio
parahaemolyticus ble bare sporadisk pavist i prever fra blaskjell og
bunnsediment i juli og august. Ingen av bakteriene ble funnet i den
kaldeste arstid.

Bakter'iene ble Identifisert pa grunnIag av vekstkrav, morfologiske
egenskaper og biokjemiske reaksjoner. I tillegg ble det uttert under
sekelser av Iettsyremensteret som ble sammenliknet med standard
bakterier fra familien Vibrionaceae,

Med unntak av enkelte biokjemiske reaksjoner som skiller Vibrio
alginolyticus fra Vibrio parahaemolyticus, er vekstkrav, morfologiske
egenskaper og biokjemiske reaksjoner hos disse bakteriene sveert like.

Clusteranalyse av fettsyresammensetningen skilte ikke Vibrio
alginolyticus fra Vibrio parahaemolyticus, Disse bakteriene dannet en
gruppe som imidlertid skilte seg tydelig fra en neerbeslektet art Vibrio
anguillarum.
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