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The summer occurrence and distribution of halophilic vibrios in the subtropical coastal waters of Hong Kong
were investigated. The density of vibrios in six sample sites ranged from 90 to 6,700 per ml, which made up 0.41
to 40% of the total bacterial populations of these sample sites. The sucrose-positive vibrios were found to be
much more common (88% of total vibrios) than the sucrose-negative ones. A total of 48 strains belonging to six
Vibrio species were fully characterized. Among these, Vibrio alginolyticus was the most frequently isolated,
followed by V. parahaemolyticus, V. harveyi, V. vulnificus, V. campbellii, and V.fluvialis. The finding that eight
of the nine strains of V. harveyi showed a positive Kanagawa reaction warrants further study.

Several marine species of the genus Vibrio are pathogenic
for man, and some have caused fatal infections (6). Most of
the infections with halophilic vibrios are known to be asso-

ciated with either consumption of seafood or exposure to
marine environments. Infection due to Vibrio parahae-
molyticus is worldwide in distribution (6, 15) and is the main
cause of summer diarrhea in Japan (42). V. parahaemoly-
ticus is commonly found in the coastal waters of Hong Kong
(2). V. vulnificus infection, which causes septicemia and
soft-tissue necrosis, was first recognized in the United States
(13), and sporadic cases have been reported in Japan (24),
Australia (11), and Belgium (25). We have recently seen a

case of necrotizing fasciitis caused by V. vulnificus in Hong
Kong (41). Other halophilic vibrios such as V. alginolyticus
and V. fluvialis may cause wound infection (6) and diarrhea
(14), respectively, but infections due to these organisms
have not been reported in Hong Kong.
Although the ecology and distribution of V. parahae-

molyticus have been studied extensively (12, 15-17, 22, 38,
39), those of V. vulnificus and other marine vibrios are less
well understood. Studies of the ecology and distribution of
V. vulnificus have been limited to the Gulf coast (18, 23) and
the eastern and southeastern coasts of the United States (3,
10, 29, 30). In addition, there is no information on the
distribution of vibrios other than V. parahaemolyticus and
V. alginolyticus in marine coastal waters of Southeast Asia
(2, 9, 26, 28, 35). In view of the potential pathogenicity of
these organisms, we have conducted a study of the occur-

rence and distribution of marine vibrios in the subtropical
coastal waters of Hong Kong.

MATERIALS AND METHODS

Sampling protocol. Six coastal sites in Hong Kong, includ-
ing four recreational beaches (Repulse Bay, Mid Bay,
Stanley Bay, and Shek 0) and two densely populated
dockside areas (Aberdeen shelter and Jordan ferry pier),
were sampled (Fig. 1). Samples were taken from two or three
subsites at each sampling site during summer (May to
October) 1984. Surface water samples were collected in
sterile glass bottles. Each water sample was tested for

* Corresponding author.

salinity, temperature, pH, turbidity, levels of N03- and
P043-, fecal coliform counts, total bacterial counts, and total
vibrio counts. The water temperature, salinity, and pH
measurements were made on site with portable meters.
Turbidity was measured spectrophotometrically at 450 nm.

P043- and NO3- levels were measured by the method of
Murphy and Riley (27) and the brucine method (1), respec-
tively. After serial dilution of the water samples, fecal
coliforms were counted on Levine eosin-methylene blue
agar (Difco Laboratories, Detroit, Mich.) after incubation at
44.5°C for 24 h. Total bacterial counts were performed on
2216 marine agar (Difco) after incubation at 30°C for 48 h.
Total vibrios were counted on TCBS (thiosulfate-citrate-bile
salts-sucrose) agar (Difco) after incubation at 30°C for 24 h.

Isolation and identification of vibrios. Water samples were
diluted, plated on TCBS agar, and incubated at 30°C for 24 h.
The sucrose-negative (green) and sucrose-positive (yellow)
colonies were picked and purified by being restreaked on
TCBS agar. In addition, the sucrose-negative isolates were

streaked onto an estuarine agar (Difco) containing 1% lac-
tose at pH 7.4 (29) to induce ,B-galactosidase synthesis.

All isolates and the reference strains V. vulnificus ATCC
27562, V. parahaemolyticus 113 (obtained fromn P.
Baumann), V. harveyi ATCC 14126, V. alginolyticus 118
(obtained from P. Baumann), V. fischeri 61 (obtained from P.
Baumann), V. marinus ATCC 15381, and V. campbellii 40
(obtained from P. Baumann) were examined for 63 physio-
logical, biochemical, and morphological features (see Table
3). Multiple isolates that were obtained from a single sample
and that showed identical features were considered to belong
to one strain. Some physiological and biochemical charac-
teristics were tested by use of the API 20E system (API
System S.A., Montalieu Vercieu, France) modified by emul-
sification of the organisms in 3% NaCl solution instead of
distilled water. Tests for carbohydrate fermentation were

also carried out in yeast extract broth (Difco) by the method
of Baumann et al. (4), for which pH changes in the culture
medium were measured with a pH meter after incubation.
Tests for utilization of various carbon sources were per-
formed as described previously (4). Each of the tested
carbon compounds was added to basal medium agar (pH 7.4)
without any carbon source to give a final concentration of
0.1% (or 0.2% for sugars). Salt tolerance was tested by using
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FIG. 1. Sample sites.

basal medium (4) supplemented with NaCl at final concen-

trations of 0, 3, 6, 8, and 10%. Except for the test for
hemolytic reaction, which was carried out with Wagatsuma
agar (37) at 37°C, all other tests involved incubation at 30°C.
The Vibrio isolates were identified by the methods in the
literature (5, 6, 15, 34, 40).

RESULTS AND DISCUSSION
The physical and chemical measurements at the sample

sites are listed in Table 1. Vibrios were isolated from all 6
sample sites and from 14 of the 16 subsites. Table 2 shows
the bacterial distribution among these six sample sites.
Except in Stanley Bay, where vibrios made up a high
percentage (40%) of the bacterial population, vibrios were a

minority, ranging from 0.41 to 12% of the total bacterial
populations. This differs from results reported for the coastal
waters of the eastern and souitheastern United States, where
vibrios averaged 15 to 31% of the total bacterial population
during the summer (29, 30).

Sucrose-positive vibrios predominated over sucrose-

negative vibrios in water samples from all sample sites
except those obtained from Mid Bay, where there was an

almost equal distribution of these two types (Table 2). The
fact that the sucrose-positive vibrios were found to be
predominant (88% of total vibrios) proved the ubiquity of
this group of bacteria in subtropical coastal waters, although
they did not make up a major fraction of the total bacterial
population in the water column. It has been found that an

average of 52% of the vibrios isolated from coastal waters of
the United States are sucrose negative (30). There were no

significant differences in the results of physicochemical
measurements in our study (Table 1) and those in the study
of the coastal waters of the United States (30), except that
water samples in our study were more acidic, which presum-
ably was due to large quantities of terrestrial runoff, since
the levels of rainfall were much higher than normal during
sumtner 1984 (31). The pH of the water might therefore be
one of the important environmental factors affecting the

TABLE 1. Environmental data for the sample sites
Water Amt of Amt of

Sample site temp Salinity pH Turbidity at N03P0f 3-

(OC) (9(O) 450 nm (pLg/liter) (ptg/liter)

Repulse Bay 27-28 26-27 6.3-6.6 0.013-0.02 112-134 207-229
Mid Bay 27-28 26-28 6.3-6.7 0.005-0.03 74-92 110-131
Aberdeen shelter 24-25 26-28 5.6-5.8 0.005-0.01 186-205 362-387
Shek 0 28-29 29-30 6.1-6.2 0.005-0.02 91-111 174-198
Stanley Bay 29-29.5 25-26 6.0-6.2 0.005-0.01 77-99 183-201
Jordan ferry pier 23-24 26-27 5.8-6.0 0.01-0.04 168-185 306-324
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TABLE 2. Bacterial densities at the sample sites

Total no. of No. (%)' of fecal Total no. (%)' of No. (%)b of No. (%)b of
Sample site bacteria/ml coliforms/ml vibrios/ml vibriostml vibrios/mi

Repulse Bay 1.0 x 103 56 (6.4) 90 (9) 16 (17) 74 (83)
Mid Bay 8.1 x 103 10 (0.1) 30 (0.41) 16 (53) 14 (47)
Aberdeen shelter 2.0 x 105 7.6 x 103 (3.8) 5.5 x 103 (2.7) 50 (0.9) 5.3 X 103 (99.1)
Shek 0 2.0 x 103 94 (4.9) 2.0 x 102 (10) 44 (22) 1.6 x 102 (78)
Stanley Bay 7.2 x 102 34 (6.1) 2.9 x 102 (40) 32 (11) 2.6 x 102 (89)
Jordan ferry pier 5.5 x 104 5.2 x 102 (0.9) 6.7 x 103 (12) 1.4 x 103 (20) 5.3 x 103 (80)

Mean 4.5 x 104 1.4 x 103 (3.1) 2.1 x 103 (4.6) 2.6 x 102 (12) 1.9 X 103 (88)

a Figures represent percent total bacteria.
b Figures represent percent tottl vibrios.

TABLE 3. Selected characteristics of halophilic Vibrio species isolated from coastal waters of Hong Kong'

No. of strains showing positive reactionb:
Characteristic V. vulnificus V. harveyi V. parahaemolyticus V. alginolyticus V. fluvialis V. campbellii

(n = 8) (n = 9) (n = 10) (n = 14) (n = 3) (n = 4)

Swarming on solid 0 0 0 14 0 0
complex media

Growth in the
presence of NaCl
3%
6%
8%
10%

Growth at
200C
37°C
42°C

ONPG hydrolysis
Arginine dihydrolase
Ornithine decarboxylase
Lysine decarboxylase
Citrate utilization
Indole production
Acetoin production

(Voges-Proskauer
reaction)

0/129 sensitivity
10 ,ug
150 ,ug

Starch hydrolysis
Gelatinase
Lipase
Alginase
Chitinase

Acid from
Lactose
Glucose
Mannitol
Inositol
Sucrose
Mannose
Salicin
Arabinose

8
8
0
0

8
8
7

8
0
8
7
2
8
0

7
8

7
7
7
0

8
8
6
0
0
8
8
8

9
9
0
0

9
9
2

9
0
9
9
5
9
0

0
8

8
9
6
2
7

9
9
9
0
9
9
2
1

10
10
8
1

10
10
9

0
0
9
10
1

10
0

0
9

10
9
7
0
8

0
10
10
0
0
10
4
6

14
14
10
10

14
14
14

0
0
13
14
8
14
14

0
11

12
12
11
0
13

0
14
14
0
14
0
7
0

3
3
2
0

3
3
0

3
3
0
0
3
3
1

0
3

1
2
1
1
2

3
3
3
1
3
2
0
2

4
4
1
0

4
4
0

0
0
0
4
2
4
0

0
4

4
4
3
0
4

0
4
1
0
0
4
0
0

Methyl red 8 8 10 2 1 3
Kanagawa reaction 7 8 3 3 0 0
Sucrose 0 9 0 14 3 0

a All strains were motile gram-negative rods or vibrios with a single polar flagellum; grew on TCBS agar; were glycerol, oxidase, catalase, and nitrate positive;
fermented dextrose without gas; and grew in 1 to 6% but not 0% NaCI-peptone water. They were negative for H,S production, urease, melibiose, and rhamnose
fermentation, and utilization of D-xylose, glutarate, p-hydroxybutyrate, p-hydroxybenzoate, ,B-alanine, 8-aminovalerate, malonate, benzoate, spermine, betaine,
sarcosine, hippurate, erythritol, and phenylacetate.
bn, Number of strains.
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relative abundance of sucrose-negative and sucrose-positive
vibrios in coastal waters.

Since the highest densities of vibrios were detected in
water samples from Aberdeen shelter and Jordan ferry pier
(Table 2), which also gave the highest counts of total
bacteria, and since water samples from these two sites
showed the highest levels of NO3- and P043- and the lowest
pHs and temperatures, the abundance of vibrios in waters
from these two sample sites may have been due to the
combined effect of these environmental factors (Table 1).
The high percentage of vibrios detected in water samples
from Stanley Bay (Table 2) is unexplained at present, and
further study is needed.
A total of 213 isolates were obtained from TCBS agar

plates. After identification, 48 different strains were con-
firmed and identified to species level. Table 3 shows the
selected characteristics of these strains.
Ten sucrose-negative, o-nitrophenyl-3-D-galactopyrano-

side (ONPG)-negative strains were identified as V.
parahaemolyticus. This species was isolated from coastal
waters of Hong Kong in 1967 (2). Only three strains showed
a positive Kanagawa reaction on Wagatsuma agar, which is
typical of environmental isolates of V. parahaemolyticus (7,
33, 36, 38). All 10 strains grew well in medium containing 6%
NaCl, 8 strains could grow at 8% NaCl, but only 1 grew at
10% NaCl.

Eight strains were classified as V. vulnificus, since they
were sucrose negative and ONPG positive and produced
acid from lactose in yeast extract broth. However, when
phenol red lactose broth was used for detecting lactose
fermentation, several of these ONPG-positive strains were
found to be lactose negative even after 4 days of incubation.
It has been proposed that a false-negative result for lactose
fermentation may be due to an extremely rapid fermentation
of lactose by some V. vulnificus strains followed by a
reversion of the pH indicator to the neutral or alkaline state
(29), but this is unlikely to be the case in the present study,
since negative results were obtained as early as 0.5 h after
incubation. Seven of the eight strains were found to produce
a hemolysin, giving a positive Kanagawa reaction. All eight
strains grew in medium containing 6 but not 8% NaCl.
Fourteen sucrose-positive, Voges-Proskauer-positive,

ONPG-negative strains showed swarming colonies on solid
complex media and were classified as V. alginolyticus. All 14
strains grew at 42°C, and 10 of them could grow in medium
containing 10% NaCl.
Three ONPG-positive, lactose-positive strains were clas-

sified as V. fluvialis. These differed from V. vulnificus in
being negative for ornithine decarboxylase and lysine
decarboxylase and positive for arginine dihydrolase and
sucrose fermentation. V. fluvialis has long been considered
lactose negative, but recent evidence strongly suggests that
some isolates may ferment this sugar (29).
Nine strains phenotypically similar to V. vulnificus, except

that they could ferment sucrose, were identified as V.
harveyi. Another four strains which were negative for
ONPG, arginine dihydrolase, and ornithine decarboxylase
and positive for lysine decarboxylase were classified as V.
campbellii.

In contrast to previous reports (16, 30), the results of the
present study indicate that vibrios do not make up a very
high percentage of the marine coastal bacterial populations
in the subtropical waters of Hong Kong. This is in agreement
with other studies in Hong Kong in which few vibrios were
isolated from marine waters (8) or seaweeds (19). During the
enumeration of vibrios in the present study, it was found that

a number of nonvibrios such as Aeromonas hydrophila could
also grow on TCBS agar, and the true numbers of vibrios in
the water samples may therefore be even lower than those
reported here. The fact that most of the sucrose-positive
vibrios detected were V. alginolyticus supports the finding
that this species appears to be present in seawater in larger
numbers than other Vibrio species (20, 26, 32).

Recently, it was reported that vibrios are part of the
common flora of mussels, clams, and oysters in Hong Kong
(21). Although marine vibrios make up only a small propor-
tion of the bacterial populations of coastal waters in Hong
Kong, they may accumulate in bivalve shellfish and cause a
public health hazard, since shellfish in Hong Kong, espe-
cially oysters, are commonly eaten uncooked or only par-
tially cooked. The finding that eight of the nine stratjns of V.
harveyi were Kanagawa positive and were therefore a po-
tential health hazard warrants further investigation. To the
best of our knowledge, this is the first report of the isolation
of V. vulnificus and V. campbellii from coastal waters in
Southeast Asia.
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