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This study was conducted to investigate the effects of environmental factors such as
temperature, salinity, ;)H, and UV light on the survival of life-threatening Vibrio vulnificus. In the
temperature range of 15 to 25C, the numbers of V. vulnificus increased during the 6-day
incubation, but outside this range, the survival of V. vulnificus was poor. Incubation between 1
and 10C showed that V. vulnificus survived poorly below 10C. At salinities between 5 and 25ppt,
the numbers of V. vulnificus increased or remained unchanged for 6-day. At salinities above this
range, the numbers of V. vulnificus decreased. The optimal pH range was 6.5 to 8.0 and outside
this range, the survival ratio of V. vulnificus was small. At 15 and 25C, UV radiation was
bactericidal for cultures of V. vulnificus. The counts of V. vulnificus were reduced approximately
10,000-fold after 2h of UV light treatment at both temperatures. Above results showed that

environmental factors were effective on the survival of V. vulnificus in the environment.
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1. Introduction

Environmental pollution in marine water is inc-
reasing and seafood exists in many regions of the
world including Korea. Marinal bacteria are affec-
ted by many factors such as salinity and tempera-
ture, et al. Among these, Vibrio vulnificus is a co-
mmon bacterium in estuarine waters in temperate
and tropical climate. It is distributed widely in wa-
ters where it is found in seawater and sediment
and various marine life forms (Tamplin et al, 19
83), particularly when seawater temperature is ele-
vated. It, previously designated as a lactose-positive
vibrio, is a slightly basophilic bacterium and inha-
bits in the marine and estuarine areas. This vibrio
causes wound infection, septicema, and other types
of infections, after contact with seawater or consu-
mption of seafood contaminated with the vibrio

(Blake et al., 1979, Blake et al., 1980). Occasionally,
V. vulnificus causes invasive disease and life-threa-
tening infections in humans who suffer from pree-
xisting illness (Klontz et al, 1988). Many studies
show that warm water temperatures and low-to-
moderate salinities are associated with the prese-
nce of V. vulnificus (Tamplin et al, 1983). Other
studies suggest that temperature and salinity are
controlling factors in its distribution. Low tempera-
tures are shown to be detrimental to survive and
induce formation of viable but nonculturable cells
(Oliver et al, 1991).

This study was performed to further elucidate
and define the survival properties of V. vulnificus
by the environmental factors such as temperature,
salinity, pH, and UV light. Natural seawater samp-
les were used to determine the effects of tempera-
ture, salinity, and et al.
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2. Materials and Methods

2.1 Organism and culture condition
The strain used in this study was Vibrio vulnifi-
cus. It was cultured in tryptic soy broth (TSB) at
37C for 24h which contained additional 5g/1 of
NaCl. It was obtained from the microbiology labo-
ratory of the Paik Hospital in Pusan, Korea.

2.2 Seawater preparation

Samples were prepared by using subsurface sea-
water, aseptically collected from the Gulf of Suy-
oung. It was diluted with deionized water to the
appropriate salinity and sterilized at 12C for 15
min, Salinity was determined by measuring the re-
fractive index. A standardized bacterial suspension
was added to sterilized seawater to reach a final
concentration of around 2.0X10* colony-forming
unit/m! (CFU/ml).

2.3 Effect of temperature on survival

To investigate the effect of temperature on the
survival of V. vulnificus, triplicate tubes containing
25ml of the V. vulnificus suspension in 10 ppt (no-
ninhibitory salinity) sterile seawater were incuba-
ted with agitation in a temperature gradient incu-
bator. The temperature gradient was monitored
daily in blank tubes at each end of the incubation
by using a thermometer to measure seawater tem-
perature. Temperatures did not vary by more than
1C.

2.4 Effect of salinity on survival

Likewise, the effect of salinity on the survival

was determined in triplicate tubes with agitation at
15 and 25C, noninhibitory temperatures. The re-
mainder of the samples were set up in triplicate by
using 500 ml screw cap flasks containing 300 ml of
sterile seawater at the appropriate salinity.

2.5 Effect of pH on survival

The effect of pH on the survival of V. vulnificus
was investigated in triplicate tubes incubated at the
various pH conditions (pH 2 to 11).

2.6 Effect of UV light on survival

The bactericidal effect of UV light systems was
determined. Environmental strain, V. vulnificus was
suspended in equal numbers in phosphate-buffered
saline (PBS), washed with PBS by centrifugation at
5000X ¢, and added to 500 ml of sterile seawater
(salinity, 15 ppt) at 105 CFU/ml. After 2 days of in-
cubation, the bacterial suspensions were added to
two aquaria filled with 501 of seawater at 104
CFU/ml. Seawater was recirculated through 60W of
UV light. The control aquarium did not have UV
light. The UV light chambers were standard water-
tight hollow chambers, each containing a 30 W bulb.

2.7 Bacterial enumeration

At each time point, a sample was removed from
each seawater sample and a portion was plated di-
rectly or following dilution in 0.1% peptone. The
numbers of CFU/ml were determined after incuba-
tion at room temperature for 20 to 24h. Mean va-
lues for replicate samples were determined. Survi-
val (percent CFU/ml) was calculated by using the
numbers of CFU/ml immediately following inocula-
tion as 100%.
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3. Results and Discussion

3.1 Effect of temperature on survival

Survival of V. vulnificus was optimal at tempera-
tures between 15 and 25C in 10ppt (noninhibitory
salinity) sterile seawater (Table 1, Fig. 1). On day
2 numbers of V. vulnificus increased in the tempe-
rature range of 15 to 30C, but on day 6 the grea-
test numbers were found in the temperature range
of 15 to 25C. Temperatures outside this range re-
duced the time of V. vulnificus survival. At these
restrictive temperatures, V. vulnificus numbers
were reduced by 90% after 6 days of incubation.

To further define the sensitivity of V. vulnificus
to low temperatures, a more detailed study was co-
nducted with samples held at temperatures from 1
to 10C and at a salinity of 10 ppt. A decrease in
temperature correlated with a decrease in the time
of survival (Table 2, Fig. 2). In samples incubated
at temperatures between 1 and 6C, the numbers
of V. vulnificus were 30 to 50% of the initial con-
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Fig. 1. Effect of temperature on the survival of V.
wulnificus in 10ppt sterile seawater. Mean
percentages and the mode temperatures for
three tubes are shown. Percentages were
calculated by using the numbers of CFU/ml
following inoculation as 100%.
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Fig. 2. Survival of V. vulnificus in 10 ppt sterile
seawater at temperatures from 1 to 10C.
Ehe data are mean values from triplicate tu-
es.

Table 1. Effect of temperature on the survival of V. vulnificus

Temperature (C)

% CFU/ml on Day 2

% CFU/ml on Day 6

10 80
15 112
20 115
25 113
30 98
35 105
40 81

41
157
82
91
42
28
20

Table 2. Survival of V. vulnificus in 10 ppt sterile seawater at temperatures from 1 to 10C

Temperature (C)

% CFU/ml on Day 2

% CFU/ml on Day 6

1 28
2 49
4 38
6 42
8 71
10 80

9
29
20
21
22
41
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Table 3. Effect of salinity on the survival of V. vulnificus in sterile seawater

Salinity (ppt) % CFU/ml on Day 2 % CFU/ml on Day 6
0 0 0
5 81 118
10 137 86
15 108 169
20 159 121
25 168 148
30 70 48
35 40 12

Table 4. Effect of pH on the survival of V. vulnificus after 2 days.

pH 2 3 4 5 6 6.5 7 8 8.5 9 10 11

% 122 149 133 94 8 69 38

CFU/ml 14 21 62 85 91

centration after 3 days of incubation, 10 to 30% af-
ter 7 days, and 0 to 8% after 13 days. At tempera-
tures of 8C and higher, the numbers of V. vulnifi-
cus increased and remained higher for the duration
of the experiment compared with the initial conce-

0 M 10 15 0 25 30 35

ntration of cells. The sensitivity of V. vulnificus to
low temperature is consistent with the results of
environmental surveys and studies of other vibrios
(Colwell, 1984).

3.2 Effect of salinity on survival

The survival of V. vulnificus was determined in
seawater samples with salinities that were incuba-
ted at noninhibitory temperature. In samples with
salinities between 5 and 25ppt, V. vulnificus num-
bers increased during the 6 days of incubation with
the exception of samples containing 10 ppt seawa-
ter, in which numbers decreased by 14% (Table 3,
Fig. 3). In comparison, at salinities of 30 and 35
ppt, numbers of V. vulnificus decreased by 30 and
60%, respectively. Although V. vulnificus numbers
in all samples were reduced by>87% after 16 days
of incubation, samples with salinities between 5 and
25 ppt contained the highest numbers of CFU. V.
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Fig. 3. Effect of salinity on the survival of V.
vulnificus in sterile seawater. Mean pe-
rcentages for ftriplicate tubes are
shown. Percentages were calculated by
using the number of CFU/ml following
inoculation as 100%.
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Effect of pH on the survival of V. vulni-
ficus. Mean percentages for triplicate
tubes are shown. Percentages were cal-
culated by using the number of CFU/ml
following inoculation as 100%.

vulnificus could not be recovered from deionized
water (0 ppt), probably because of lysis.
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3.3 Effect of pH on survival

Numbers of V. vulnificus increased in the pH ra-
nge of 6.5 to 8.0 (mild acidic to mild basic condi-
tion), but pH outside this range (i.e, pH 2 to 6 and
pH 9 to 11), numbers of V. vulnificus decreased
(Table 4, Fig. 4).

3.4 Effect of UV light on survival

At 15 and 25C, UV radiation was bactericidal for
pure cultures of V. vulnificus suspended in aqua-
rium seawater (Table 5, Fig. 5). V. vulnificus cou-
nts were reduced approximately 10,000-fold to un-
detectable levels after 2 h of UV light treatment at
both temperatures; no significant reduction in V.
vulnificus counts was observed in untreated wa-
ter.

The unusually high temperature optima of V. vu-
Inificus and other human pathogenic marine bacte-
ria may be important in the ability of these organi-
sms to produce human infections. However, these
characteristics also suggest that many marine envi-
ronments of normally high salinity and low tempe-
rature may be hostile to the survival of V. vulnifi-
cus. This organism may grow in select, localized
environments where optimal conditions exist and
then be disseminated to other environments by ti-
dal flow or fresh water runoff. Studies are curren-
tly under way to test this hypothesis.

5 4.5

E 4

< 3.5

g 3t

"9

= ) —o—UV at 15C

~ 2+ :
3 —=—control at 15t ’
o LS —a—UV at 25C

‘E tr —se—contro! at 25t/
= 0.5t ‘
g . |
S ¥
|

s Time (h)

Fig. 5. Effect of UV light on the survival of V.
vulnificus at 15 and 25C.

The salinity and temperature effects on the oc-
currence of V. vulnificus are also interesting in re-
lation to the incidence of human infections due to
this organism. Eight-five percentage of V. vulnificus
infections occur in the warm months of the year
and this organism overwinters in bottom sediments
and enters the water column again when warm te-
mperatures return. The possibility that a similar
mechanism exists for V. vulnificus is currently un-
der investigation by analysis of sediment cultures.
In conclusion, V. vulnificus is a human pathogen
capable of producing highly lethal bloodstream in-
fections and destructive wound infections. All evi-
dence suggests that infections due to this organism
are acquired from seawater or seafood (Kelly et al,,
1980). Our results suggest that the occurrence of
this organism is especially favored by warm water
environments of low salinity. Such environments

Table 5. Effect of UV light on the survival of V. vulnificus at 15 and 25C
Time (h) No. in UV No. of control No. of UV No. of control
at 15C at 15C at 25C at 25C
0 8Xx10° gx? 10* 8X10°
2 2X° 5X3 2X107" 5X10°
8 2X107" 3IX10° 2X107* 10°
24 2X107™! 2X107" 2X10°

183



Bong-Hun LEE, Heung-Jai PARK

may pose a significant hazard for acquisition of V.
- vulnificus infections.

Detailed studies over broad ranges of environ-
mental factors demonstrated that temperatures ou-
tside the range of 15 to 25C, salinities greater than
25 ppt, pH outside the range of 6.5 to 8.0, and UV
radiation for 2h reduced the survival of V. vulnifi-
cus in seawater. In addition, unidentified environ-
mental agents also contribute to the demise of V.
vulnificus in unsterilized seawater.
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