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Abstract

Objective The aim of the present study is Vibrio cholerae

non-O1 existing in river. Bacteria are known to inhabit all

kinds of environment. Vibrionaceae is widely distributed in

environmental water. Vibrio spp. have been identified as a

cause of toxicity in fish and shellfish. One condition

affecting the survival of pathogenic microorganisms in

environmental water is the salt concentration, and they

have been reported to inhabit brackish water. However, V.

cholerae non-O1 has also been detected in fresh water, and

its properties suggest that it can survive in river water.

Methods Sampling was performed 4 times at 4 points

during a 5-month period from July to November at about

1-month intervals from the Sagami River in 1985. River

water bacteria were identified, and V. cholera non-O1

isolated. I investigated the relationship between the bac-

terial flora in river water and the detection of V. cholerae

non-O1.

Results There were significant differences in the com-

position of bacterial flora with and without the isolation of

V. cholerae non-O1 (Chi-square test) (v2 = 24.70 [ 22.0

(p = 0.005), df = 8). A correlation between changes in the

composition of the river water bacterial flora and detection

of V. cholerae non-O1 was identified.

Conclusion Therefore, V. cholerae non-O1 exists in the

river.

Keywords Vibrio cholerae � River water � Flora �
Ecology � Environmental microbacteria

Introduction

Bacteria inhabiting rivers have been studied in conjunction

with evaluation of the water quality [1], identification of

cleaning bacteria for the exploitation of water sources, etc.

[2], and changes in the resident flora associated with alter-

ations in the quality of river water [3, 4]. Bacteria of the

family Vibrionaceae are widely distributed in sea and fresh

water environments. Their ecology in bays and oceans has

been investigated in detail, and their frequent and extensive

presence in environmental water has been established [5].

The survival of pathogenic halophilic bacteria that may

cause diseases in humans has been discussed extensively,

and a consensus on the environmental conditions they

require appears to have been reached [6]. However, Vibrio

cholerae non-O1 produces cholera-like enterotoxin [7] and

the infection of V. cholerae non-O1 was caused by polluted

food [8]. It is thus necessary to establish a possibility that

V. cholerae non-O1 can exist in river for preventing

infection. V. cholerae non-O1 has been isolated from river

where salinity concentration was 2 % or lower, suggesting

the possibility of it inhabiting and proliferating in rivers [9].

And a relationship between the isolation of V. cholerae non-

O1 and number of viable bacteria has been reported [10]. It

has been reported that V. cholerae non-O1 is frequently

isolated after outbreaks of V. cholerae O1 [11]. There is also

an included risk of infection and danger of existence of

V. cholerae O1 which is merely different in serotype from

V. cholerae non-O1. In this study, I report the concurrence

of changes in the resident bacterial flora in river water and

detection of V. cholerae non-O1.
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Materials and methods

Sampling points

Figure 1 shows the sampling points along the Sagami River,

which flows through central Kanagawa Prefecture. Water of

the Sagami River is sluiced from the Tsukui Dam near Point

1. Point 2 is located slightly upstream of a water gate with an

intake from a water treatment plant. Point 3 is located where

the width of the river widens, and fishing boats come and go.

The highly contaminated Hato River flows into the Sagami

River upstream of this point. There is a dam immediately

upstream of Point 4, but sea water may flow back to this point

at full tide. The salinity of the Sagami River was 2 % or

lower. The salinity increased, when going downstream [10].

Methods of river water sampling

In 1985, water quality and isolation of V. cholerae non-O1 was

investigated in the Sagami River [10]. At the same time, river

bacteria were isolated and stored. In this report, the changes in

the resident flora are studied by the statistical method. Sam-

pling was performed 4 times at each point during a 5-month

period from July to November at about 1-month intervals.

Method for the isolation of viable bacteria from river

water

The sampled water was transported to the laboratory within

4 h and analyzed [12]. The sample was serially diluted with

0.85 % NaCl solution, smeared over nutrient agar (Eiken

Chemical Co., Ltd.), cultured at 37 �C for 24 h, and the

colonies were counted. Also, 20–30 colonies on the medium

were randomly selected, cultured for purification, and stored

in heart infusion agar (Difco) as isolates from river water.

Identification of river water bacteria

The stored bacterial strains isolated from river water were

cultured in nutrient agar at 37 �C for 24 h, and were identi-

fied by performing the tests [2] according to a guide [13].

Method for the isolation of Vibrio cholerae non-O1

Immediately after sampling, 450 ml of river water was

mixed with 50 ml of alkaline peptone water prepared at 10

times the typical concentration, cultured for 6 h, and sec-

ondary enrichment culture was performed using salt-free

alkaline peptone water, followed by isolation culture using

Thiosulfate Citrate Bile Salts Sucrose agar medium (TCBS

agar medium; Eiken Chemical Co., Ltd.). The bacte-

ria forming colonies on the TCBS agar medium were iden-

tified using the tests [14]. V. cholerae non-O1 was not

agglutinated by V. cholerae O1 to anti-O1 serum test.

Statistical observation

Relation between the river bacterial flora and the isola-

tion of V. cholerae non-O1 tested Chi-square test (v2,

p = 0.005).

Fig. 1 Sagami river sampling

points locations: 1 Ogura-hashi,

2 Shouwa-hashi, 3 Sagami-

ohohashi, 4 Kamikawa-hashi
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Results

Table 1 shows the number and rate of river water bacteria

from Sagami River. Four genera of Flavobacterium

(20.6 %), Moraxella (21.0 %), Aeromonas (17.6 %) and

Pseudomonas (13.6 %), were isolated at high rates for a

period of investigation. Other bacterial genera accounted

for about 1 % and were not always isolated. So, no char-

acteristic was related to season and the sampling point.

Monthly data on river water bacterial flora

On the change of the seasons, the percentage of Flavo-

bacterium and Moraxella changed from over 30 % and to

less than 20 %, showing a tendency to decrease toward

winter. The rate of Pseudomonas and Aeromonas was

about 5 % throughout most of the observation period,

except for Aeromonas in October (38.3 %) and Pseudo-

monas in November (33.3 %).

River water bacterial flora at various sampling points

On the points when going downstream, the rate of Flavo-

bacterium and Moraxella was increased, while the rate of

Aeromonas, Enterobacteriaceae and Pseudomonas showed

a tendency to decrease.

Relationship between the isolation of V. cholerae non-

O1 and bacterial flora

The rate of Moraxella was about 10 % more than without

the isolation of V. cholerae non-O1. However, the rate of

Aeromonas was showing a 10 % difference in the opposite

direction. The rate of Flavobacterium was 22.8 and

19.9 %, and that of Pseudomonas was 13.7 and 13.5 %,

with and without the isolation of V. cholerae non-O1,

respectively, showing no marked difference. At Point 1,

V. cholerae non-O1 was not isolated. There were signifi-

cant differences in the composition of bacterial flora with

and without the isolation of V. cholerae non-O1 (Chi-

square test) (v2 = 24.70 [ 22.0 (p = 0.005), df = 8).

Discussion

Vibrio cholerae O1 invited sometimes pandemic infection

in the world, or invaded our country through travelers from

infected areas. The cholera patients contaminated river

water by V. cholerae O1. The isolation of V. cholerae O1 is

superior to that of V. cholerae non-O1 immediately after a

cholera epidemic. V. cholerae adapted in aquatic environ-

ment, and only V. cholerae non-O1 isolated in process of

time [11, 15, 16]. V. cholerae cannot exist under low T
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temperature and it is known that it cannot exist through

winter in Japan. Therefore, the isolation of V. cholerae

non-O1 from aquatic environment has been considered for

the river pollution from that cholera patients, and it is not

thought V. cholerae non-O1 exists in the river. However, it

was reported that V. cholerae appear to exist as an

autochthonous member of the bacterial flora [17]. How-

ever, it has been reported that V. cholerae inhabit various

aquatic environments, and V. cholerae non-O1 is more

adaptable than V. cholerae O1 in the environment [18]. The

environmental conditions enable V. cholerae non-O1 to

exist in the low temperature river [19]. The Sagami River

was once contaminated by V. cholerae O1 [20], and V.

cholerae non-O1 may have inhabited the Sagami River

after this. It has been considered that V. cholerae inhabited

the river.

Bacteria of the genus Vibrio inhabit sea water in river

mouths and bays [17]. The author evaluated the possibility

of V. cholerae non-O1 inhabiting river water. Toxin-pro-

ducing V. cholerae non-O1 has been isolated from envi-

ronmental water such as Chesapeake Bay [7] and Colorado

River [21]. Since various toxins have been reported from

toxin-producing bacteria [22], the screening of bacteria

using other toxin-detecting methods is necessary, and the

possibility of infection by unknown toxin-producing bac-

teria must be considered.

The increase of coliform or Escherichia coli is designated

that water was polluted by any matter involving feces. These

are used an index of the proportion of environmental pollu-

tion. The number of E. coli was not correlated to whether or

not V. cholerae non-O1 was isolated from river water, and

the speculation that river water is contaminated by feces of

humans or animals infected by V. cholerae non-O1 have

been refuted [23]. Our investigation along the Sagami River

showed no correlation between the isolation of V. cholerae

non-O1 and number of coliform [10]. It is suggested that the

isolation of V. cholerae non-O1 was not polluted by feces.

And the V. cholerae non-O1 inhabits rivers.

There is a report that the incidence of V. cholerae non-

O1 infection increases with the amount and frequency of

isolation of V. cholerae non-O1 [8]. The presence of V.

cholerae non-O1 suggests that it may proliferate depending

on the environmental conditions and increases the risk of

infection in humans through contaminated water or sea

foods [24]. Reports concerning infection from sea foods

have stressed the relationship between the water quality or

isolation of bacteria and the salt concentration [25, 26].

Some nutrients are necessary for the growth of bacteria [9].

Concerning the presence of V. cholerae non-O1 in fresh-

water, it was isolated at salt concentrations of 4–17 % in

an investigation of the Chesapeake Bay [7] and at Na?

concentrations of 5 mM or less in Colorado River water,

suggesting the possibility of its inhabitation [21]. In our

investigation of the Sagami River, V. cholerae non-O1

isolated at Na? concentration of 1 mM or less, salinity

concentration was 2 % or lower, V. cholerae non-O1 is

considered to survive at this salt concentration [10].

According to the results of analysis of the bacterial flora,

Flavobacterium, Moraxella, Pseudomonas, and Aeromonas

were major isolates in this river, indicating that they are

resident bacteria of rivers, as reported by Maeda [17]. In

this study, their rates in the bacterial flora of river water

were examined. By season, the rates of Flavobacterium

and Moraxella decreased from summer to winter. In this

investigation water temperature was 13.4–26.0 �C [10]. By

sampling site, the rates of Flavobacterium and Moraxella

increased, but those of Pseudomonas and Aeromonas

decreased, from upstream to downstream. The rates of

Flavobacterium and Moraxella were high in summer, when

V. cholerae non-O1 was detected, and low in winter,

similar to the difference between up- and downstream

associated with the difference in the salt concentration. At

Point 1, water temperature is always lower than it at the

other point, but salinity is not always lower than it at the

other point. V. cholerae non-O1 is not so propagated that it

is isolated from Point 1 for low water temperature. The

composition of river water bacterial flora was significantly

correlated with the detection of V. cholerae non-O1. The

detection of V. cholerae non-O1 and changes in the com-

position of river water bacterial flora suggest the possibility

of survival of V. cholerae non-O1 in rivers. Interactions

among river bacteria, which are affected by differences in

the water quality at various sampling points may be related

to the survival of V. cholerae non-O1, and V. cholerae non-

O1 may inhabit rivers in areas in which bacteria of the

genus Vibrio are detected [27]. This suggests that

V. cholerae does not only inhabit estuaries but also river

waters. In addition, we regard that V. cholerae was

increased by the environmental change and was susceptible

to V. cholerae.

In conclusion, V. cholerae non-O1 has been isolated

from fresh river water and is thought to inhabit as a river

bacteria flora.

Conflicts of interest The author declare that no conflict of interest.
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