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ABSTRACT

Survival of bacteria in aquatic environment is influenced by the prevailing physicochemical
characteristics of water. A study was carried out to assess the effects of temperature, pH, and
salinity of water on the survival of Shigella flexneri in laboratory microcosms. Survival of
S. flexneri was assessed by viable counts of Shigellla on MacConkey agar plates. At pH 7.0 and
temperature of 4 °C, S, flexneri survived longer in 0.5% salinity than in salt-free distilled water,
while at pH 7.0 and at higher temperatures (25 °C and 37 °C), the bacteria survived longer in
distilled water than in 0.5% salinity. It was also observed that 2.0% NaCl solution was
detrimental to bacterial survival at pH 8.0 and temperature of 37 °C, Survival times of the
viable cells increased with reduction of temperatures and salinity. These findings demonstrated
that survival of S. flexneri in the aquatic environment is greatly influenced by physicochemical
factors,
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INTRODUCTION logical studies of shigellosis in Bangladesh.have shown

that surface water, e.g. ponds, lakes, wells, and rivers, can

Shigellosis is endemic in Bangladesh and occasionally act as sources of infection (14, 19). Therefore, it would

causes epidemic outbreaks (3). It is an important cause of
mortality in the country, particularly in malnourished
children (14),

Contaminated water is regarded as an important
vehicle for transmission of the infection (1). In the
United States, outbreaks of shigellosis were attributed to
swimming in contaminated water. In July 1969, 37
children became ill after swimming in a wading pool in
Oregon, USA and in August 1974, 31 cases of shigellosis
in Dubuque, lowa, were traced to swimming in Missi-
ssippi river water (20).

The epidemiological behaviour of an organism,
especially bacteria, depends mainly on how the organism
adapts to the environment or the host. The epidemio-

be useful to study the organism’s physiological properties
that allow it to survive in environmental waters.

In the past, limited studies were carried out with
Shigella in microcosms using nutrient agar and 5% blood
agar slant using some non-standardized procedures
(12,19). However, studies on the impact of combinations
of various physicochemical parameters on the survival of
S. flexneri  using standard procedures are limited.
Therefore, the present study was undertaken to investigate
the impact of various physicochemical conditions of
water on the survival of Shigella flexneri in laboratory
microcosms using standard procedures.
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MATERIALS AND METHODS

Bacterial strain

One strain of §. flexneri {No.16455), obtained from the
Clinical Microbiology Laboratory of the International

Centre for Diarrhoeal Disease Research, Bangladesh.

(ICDDR,B), Dhaka, was used in this study. This strain
was identified by morphological, biochemical, and sero-
logical tests following standard procedures (10, 11).

Physicochemical factors

Temperatures of 4 °C, 25°C, and 37 °C, salt (NaCl)
concentrations of 0.5%, 1.0%, and 2.0%, and pH of 6.0,
7.0 and 8.0 were studied.

Preparation of ineculum

The strain was* inoculated onto a MacConkey agar
(Difco, USA) plate and incubated at 37 °C for 24 hours.
A loopful of the growth was resuspended in tubes
containing 10 ml of 0%, 0.5%, 1.0%, and 2.0% NaCL
solutions. The optical transmittance of the suspension
was determined at 585 nm wave length using a
spectrophotometer {Coleman, Junior IIA, Model 6/20A,
USA), and the concentration of the cell suspension was
adjusted to the desired levels. Then the number of
cellsfmL was assessed by viable counts on MacConkey
agar using the drop plate technique.

Preparation and inoculation of suspending
fluid and storage of bottles

In a 500-mL-conical glass flask (Pyrex), 100 mL of
suspending fluid was placed. Then a measured inoculum
of about 10° organisms/mL of S. flexneri was added and
mixed. Suspending fluids of various salinities (0%, 0.5%,
1.0%, and 2.0%) were prepared in distilled water and
adjusted 10 pH 6.0, 7.0, and 8.0 by adding 0.1 N HCI or
0.1 N NaOH as required. The flasks were then stored at
various temperatures (4 °C, 25 °C, and 37 °C).

Sampling time and counting procedures

The viable cells were counted at 0, 2, 4, 6, and 24 hours
and at differeat-time intervals until the viable cells were
absent. The counting of any suspension was discontinued
after failure to recover §. flexneri on two consecutive
samplings. At each time, 0.1 mL sample from each flask
was taken, and 10-fold dilutions were prepared in
phosphate-buffered saline (PBS), and then 25 pl from
different dilutions were plated on MacConkey agar plates.
The plates were then incubated at 37 °C for 24 hours.
Bacterial counts were derived from counts of individual
colonies and expressed as colony-forming units (cfu)/mlL.
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RESULTS

Fig. 1 shows the survival of S. flexneri at three different
pH levels (6.0, 7.0, and 8.0) at three different
temperatures (4 °C, 25 °C, and 37 °C) at 0.5% salinity.
S. flexneri survived up to day 34, 39 and 18 at pH 6.0, 7.0
and 8.0 respectively at 4 °C; on the other hand, at 25 °C
the cells survived up to 16, 15 and 5 days at pH 6.0, 7.0
and 8.0 respectively. In case of 37 °C, the cells survived
up to 24 hours both at pH 7.0 and pH 8.0 and 4 days at
pH 6.0. At lower temperature, i.e. at 4 °C, neutral pH was
better than acidic and alkaline pH, but at higher
temperatures, i.e. 25 and 37 °C, pH 6.0 supported better
survival when compared with other pH levels.
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Fig. 1. Survival of S. flexneri at different temperatures

and pH levels at 0,.5% salinity

Fig. 2 depicts the survival of §. flexneri at 1.0% NaCl
concentration. S. flexneri survived up to 32, 34, and 10
days at pH 6.0, 7.0, and 8.0 respectively at 4 °C, whereas
the cells survived up to 8, 13, and 5 days at pH 6.0, 7.0,
and 8.0 respectively at 25 °C. At 37 °C, §. flexneri could
survive up to 24 hours at three different pH levels and
could not be isolated on day 2. The results indicate that
pH 7.0 was better than the other pH levels at 4 °C.
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Fig. 2. Survival of S flexneri at different temperatures
and pH levels at 1.0% salinity



Response of 8. flexneri to physicochemical stresses

Fig. 3 represents the survival of §. flexmeri at 2.0%
salinity. At 37 °C, the celis survived up to 24 hours az pH
6.0 and 7.0 and 6 hours at pH 8.0. The strain survived up
to 8, 9, and 2 days at pH 6.0, 7.0, and 8.0 respectively at
25 °C, whereas at 4 °C the cells survived for 22, 16, aind 8
days at pH 6.0, 7.0, and 8.0 respectively. It was obse:rved
that at 2.0% salinity, pH 6.0 was relatively better tham-pH
7.0 and 8.0, at 4 °C temperature.

Fig. 4 describes the comparative survival of §. flexneri
in control water at three different pH at three diffierent
temperatures. The effect of pH and temperatures om the
survival of S. flexneri in control water demonstrated that
the organism survived longer at neutral pH than alkaline
or acidic pH in all the temperatures examined. Howeever,
pH 7.0 was better than pH 6.0 and 8.0 for the surviwal of
S. flexneri at 0% salinity. It was also observed that with
the increase of temperature, the survival time decreased,
irrespective of pH levels,

25
BpHe Flpa7 5 pn 8
20
B
o 15~
=
Q
E 10+
=
5 —
0 i SO P vy D
25°% 3%°C
Temperature

Fig. 3. Survival of S. flexneri at different temperat-ures
and pH levels at 2.0% salinity
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Fig. 4. Survival of S. flexneri at different temperatures
and pH levels at (% salinity

DISCUSSION

The present study demonstrated the impact off various
physicochemical conditions of water on the su.rvival of
S. flexneri, Among the three temperatures tested, lower
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temperature (4 °C) was found to be suitable for the longer
survival of . flexneri, irrespective of salinities and pH
levels examined. Therefore, if water contaminated with
low number of S. flexneri kept in a refrigerator, they can
survive 8-39 days and provide a potential source of
infection, since the infective dose of shigellosis is very
low. It has been demonstrated that ingestion of 10-100
bacteria can cause the disease in humans (15).

Miller etal. (16) in a study on the response of
toxigenic Vibrio cholerae O1 to physicochemical stresses
in an artificial aquatic environment observed that the
optimal pH range for the survival of V. cholerae was
7.5-9.0 at 25 °C at low salinity (0.05%). In the present
study, it was found that in water without NaCl solution,
pH 7.0 was the optimum for the survival of S. flexneri at
any of the temperatures examined. The pH of potable
water is around 7 which can support better survival of
S. flexneri and may help in the transmission of the
disease.

S. flexneri is the predominant serotype of Shigella in
Bangladesh (14). Tt has been demonstrated that the
improvement of water supply and sanitation can
considerably reduce the incidence of shigellosis in
Bangladesh (13). It was also shown that use of open
sources of water, e.g. ponds, lakes, and rivers, was a
significant factor for contracting shigellosis (14). Further,
the experimental findings in this study, which show that
Shigella survives for a long period in water, are other
explanations of the importance of water as the reservoir
of Shigella in the environment.-

The present study demonstrated that the survival of S.
Jflexneri in the aquatic environment is greatly influenced
by the prevailing physicochemical factors, including the
temperature, pH, and salinity. Oppenheimer eral. (18)
showed that the average temperature, pH, and salinity in
fresh water environment of Dhaka, Bangladesh are 26 °C,
7.2, and 0.004% respectively which are close to our
experimental conditions (e.g. 25°C, pH 7.0 and 0%
salinity). In these conditions, §. flexneri survived morc
than two weeks. Therefore, these findings give an insight
into the mechanism of adaptation of S. flexneri in the
aquatic environment in Bangladesh. This study indicates
the probable role of the water sources, e.g. ponds, lakes,
rivers, etc., on transmission of shigellosis. People may
contract shigellosis during interaction with these water
bodies during bathing, swimming, washing, and drinking.
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