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Abstract

Vibrio species, autochthonous to aquatic environ-
ments worldwide, comprises of various species
causing serious infections in humans and aquatic
animals. Studying the survival ability of pathogenic
Vibrio spp. in the aquatic environments is significant
to identify the risk posed by them to aquatic animals
as well as the recreational users of the system.
However, in spite of their public health significance,
the removal kinetics of this organism are not studied
in detail from Cochin estuary, a highly productive
estuarine system along the south-west coast of India.
Here we aim to study the survival kinetics of
pathogenic Vibrio spp. (V. parahaemolyticus, V. mimicus,
V. proteolyticus, V. alginolyticus and V. vulnificus) in
the estuary as a function of biological and physico-
chemical factors based on microcosm experiments.
All the five Vibrio spp. showed prolonged and better
survival in the estuarine sediment compared to
water. This indicates that the sediments of Cochin
estuary may act as permanent repository of this
bacterium and is a matter of serious concern.
Biological factors and chemical composition of
estuarine water revealed to play a significant role
in the removal of Vibrios from the estuarine
environment. Exposure to sunlight also exhibited
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deleterious effect on the survival of these organisms.
Thus, our overall findings reveal that the estuarine
system has a self-purifying capacity to control the
pathogens such as Vibrio. However, entry of high
load of pathogens into the system through pollution
and anthropogenic activities may disrupt this
balance.
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Introduction

Vibrios are Gram-negative halophilic bacteria that
inhabits estuaries, marine environments and aquac-
ulture settings worldwide (Thompson et al., 2004).
At present the genus Vibrio comprises of more than
100 species (Okada et al., 2010) and many are
recognized as human pathogens; associated with
outbreaks of water and seafood-borne gastrointes-
tinal infections in humans (Austin, 2010). The
bacterium is also known to cause high morbidity,
mortality, or infections in aquatic animals (Osunla &
Okoh, 2017). Vibriosis caused by this bacterium is
one of the most serious diseases in fishes and other
aquatic animals and pose a major challenge to food
security and economy of the country. Not all strains
of Vibrio are pathogenic; they turn pathogenic under
favourable environmental conditions. Survival of
Vibrio in aquatic environments is dependent on
various factors. The ecology of Vibrio species in
aquatic environments have been found to be
associated to a wide range of environmental factors
mainly physical (sunlight, temperature), chemical
(salinity, chemical composition of water) and bio-
logical (competition with autochthonous microflora,
bacteriophage lysis and grazing by protozoan
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predators) and to the presence of organic matter, its
habitat, and the location (Arunagiri et al., 2013).
However, previous studies have shown that the
effect of these environmental parameters on the
bacterium is species dependent (Caburlotto et al.,
2012).

The Cochin estuary is one of the largest and highly
productive estuarine systems along the south-west
coast of India (Vinita et al., 2013). It is rich in fishery
resources and also a popular destination for
recreational activities. The estuary is currently
under the threat of nutrient enrichment by the
anthropogenic interventions and terrestrial inputs
through land runoff (John et al., 2020). The studies
on survival kinetics of such Vibrio spp. from Cochin
estuary and the role played by environmental
factors in its natural elimination process is not
attempted in detail till date. Such studies are very
significant as this will give us a detailed insight
about the extent of survival of the pathogen in
estuarine environments. Prolonged persistence of
such pathogens will have an adverse effect on the
beneficial uses of the estuary. Here, we aim to
evaluate the survival kinetics of Vibrio bacterium in
the Cochin estuarine system based on various
microcosm experiments.

Materials and Methods

Five Vibrio species previously isolated from Cochin
estuary and maintained at room temperature in the
fish pathology laboratory of Cochin University of
Science and Technology were used for the study.
This included Vibrio parahaemolyticus (Genbank
Accession No. KM406325), Vibrio alginolyticus
(KT005561), Vibrio wulnificus (KT005560), Vibrio
proteolyticus (KT748656) and Vibrio mimicus
(KT187246). The strains were previously screened
for the presence of virulence factors and multi-drug
resistance. All the five strains showed virulence
potential as they harboured extracellular virulence
enzymes and were multi-drug resistant. In addition,
V. parahaemolyticus PM1S2 strain also harboured
T35S1, tdh and trh virulence genes (Silvester et al.,
2017).

All the microcosms were designed using previously
described protocol (Abhirosh et al., 2009). Water and
sediments samples were freshly collected from
Cochin estuary using Niskin sampler and Van veen
grab respectively and brought immediately to the
laboratory for setting up the microcosms. Water
microcosms were prepared by adding 100 ml of the
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collected estuarine water into sterile 250 ml Erlen-
meyer flasks. Sediment microcosms were prepared
by adding 50 gm of collected sediment and 50 ml
of overlaying estuarine water into sterile 250 ml
Erlenmeyer flasks (Hood & Ness, 1982). This was
done so as to mimic the estuarine condition.

Raw water (RW) and raw sediment (RS) were used
to set microcosms to evaluate the effect of self-
contained biotic factors present in estuarine water
and sediment respectively on the survival of test
organisms. Un-inoculated RW and RS microcosms
were kept to find the presence of naturally occurring
Vibrio, if any. Autoclave sterilised estuarine water
(AW) and sediment (AS) devoid of all the self-
contained biological factors such as protozoan
predators, competing bacterial flora and bacterioph-
ages were used to set control microcosms. All the
microcosms were incubated in dark to nullify the
effect of light.

About 500 mg I of cycloheximide (eukaryotic
inhibitor) was added into the raw water and
sediment microcosm to study the individual role of
protozoan grazing on the study organisms. The
protozoans were identified by microscopic method.

Bacteriophages specific to Vibrio present in the water
were detected by double layer agar method (Kennedy
et al., 1986) using each of the 5 Vibrio species as host
cells for bacterio-phage in separate experiments. The
competing autochthonous bacterial flora in water
and sediment was enumerated by the spread plate
technique method on Nutrient agar (Himedia,
India). The THB isolates were identified up to the
genus level using various biochemical tests men-
tioned in the Bergey’s manual of determinative
bacteriology (Buchanan & Gibbons, 1984).

The effect of temperature and sunlight on the
survival of test organisms were studied. Estuarine
water (100 ml) freshly collected from the estuary
and sterilised by autoclaving (AW) was used as test
solution to evaluate the effect of temperature and
sunlight. Three temperatures ie., 25°C, 30°C and
35°C were chosen for the study based on the range
of temperatures observed in the estuary during the
monsoon, post-monsoon and pre-monsoon seasons
respectively. All the microcosms were incubated in
dark. Glass bottles with test solution were inocu-
lated with the test organisms and immersed in a 50
litres plastic tank (which act as a thermal jacket)
containing estuarine water, and then kept exposed
in the sun. The control microcosms were incubated
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in dark to prevent exposure to sunlight. The
experiment time was from 08 h till 18 h.

Filter sterilised (0.22 pm) estuarine water (to nullify
the effect of biotic factors) was used as microcosm
to study the effect of chemical composition of
estuarine water on the survival of the test organisms.
Isotonic saline was used as the control. To study the
effect of salinity alone on the survival, autoclaved
water with salinities adjusted to 0 ppt, 15 ppt and
30 ppt were used as test microcosms. Nutrients
present in the estuarine water was analysed by
Grassholf et al, 1983 and heavy metals were
analysed by Brooks et al., 1967; Smith & Windom,
1972.

For preparation of inoculum, each of the test
bacterial strain was aseptically inoculated into
Tryptone Soy Broth and incubated for 24 h at 37°C.
After incubation the bacterial cells were harvested
by centrifugation at 3000 rpm for 5 min. The cell
pellet was washed twice in sterile isotonic saline
(0.85% NaCl) and resuspended in sterile isotonic
saline to prepare the inoculum. One ml (approxi-
mately 108 CFU ml) of each inoculum was added
into the microcosms with 100 ml estuarine water or
sediment plus water to give initial inoculum density
of 10° CFU ml™.

Sampling and enumeration of the microcosms were
done as follows. The bacterial count at the time of
inoculation was taken as the initial count at time
zero. Survival assay was carried out up-to 28 days
with sampling at 1%, 3rd, 5th 7th 14th 27st and 28t
days. To study the effect of sunlight on test
organisms, one-day experiment was set up with
sampling at 2 h intervals. Samples were enumerated
by the drop plate method (Hoben & Somasegaran,
1982). 10 ul of sample from each microcosm was
drop plated onto a selective media for Vibrio; TCBS
agar (Himedia, India) and also a non-selective media
Tryptone Soy agar (Himedia, India). Two plating
media in parallel such as the non-selective TSA and
selective TCBS was used in order to understand the
injury caused by the test solutions on Vibrio species,
if any (Abhirosh et al., 2009). All the platings were
done in triplicates, the plates were incubated
overnight at 37°C and the number of colonies was
counted and expressed as CFU/ml. The mean values
from triplicate experiment were used to plot the
survival curves using the Origin software.

Any significant difference in the survival of each test
organism in different microcosms was analysed by

T-test and one-way ANOVA in the SPSS statistical
package. The significance level was set at 5%.

Results and Discussion

No growth was observed in the un-inoculated raw
water and sediment microcosms, thus indicating the
absence of naturally occurring culturable Vibrio in
the estuarine water and sediment collected for
microcosm preparation. A significant difference was
observed in the survival of V. parahaemolyticus, V.
mimicus, V. proteolyticus, V. alginolyticus and V.
vulnificus in estuarine water and sediment (p<0.05)
(Fig.1a-e). All the test organisms exhibited a
prolonged and better survival in the estuarine
sediment compared to the water. This may be due
to high concentration of available nutrients in the
sediment compared to water. Studies report that the
marine sediments provide a natural protection to
the bacteria against the bactericidal effect of the UV
rays from the sun and also against predators (Abia
etal, 2016). In a previous study, V. fluvialis survived
better in the sediment microcosms when compared
to water and this supports our findings (Amel et al.,
2008). Thus, Cochin estuarine sediments may be
permanent reservoirs for pathogens such as Vibrio.
Similar reports are presented by (Abhirosh et al.,
2011a, b) from a different study area.
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Fig. 1. Survival curves of (a) V. parahaemolyticus, (b) V.
proteolyticus, (c) V. mimicus, (d) V. alginolyticus, (e)
V. vulnificus in water and sediment of Cochin
estuary

All the tested Vibrio species exhibited a better
survival in the absence of biotic factors (AW, AS)
compared to raw microcosms (RW, RS). A statisti-
cally significant difference (p<0.05) was observed in
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the survival of all the five Vibrio species in raw and
autoclaved water (Fig. 2 a-e) and sediment (Fig. 3
a-e). Though there was a difference in the survival
pattern between each Vibrio spp., however, each of
the species had a higher mortality rate in RW and
RS microcosms with biotic factors (competing
bacteria, bacteriophages and protozoans) compared
to autoclaved microcosms AW and AS. The plate
count of total heterotrophic bacteria (THB) isolated
from water of Cochin estuary was 6 x 10° CFU ml
!'and a higher count was observed from sediment
2 x 10 CFU ml!. Bacterial genera identified from
water were Gram-positive Staphylococcus and Gram-
negative Enterobacteriaceae, Flavobacterium and
Moraxella. Bacterial genera identified from the
sediment were Gram-positive Staphylococcus and
Bacillus, and Gram-negative Alkaligenes, Cytophaga,
Moraxella and Flavobacterium. Bacteriophage specific
to V. parahaemolyticus was isolated from the estuary
and the mean phage count was 2x10° PFU ml™.
Bacteriophages specific to the remaining four
species were not detected in the estuary. The
protozoans encountered in Cochin estuary were
Centropyxis, Difflugia, Euglena, Favella, Phacus,
Tintinnids, Strombidium, Tintinnopsis, Stylonichia and
Vorticella.
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Fig. 2. Survival curves of (a) V. parahaemolyticus, (b) V.
proteolyticus, (c) V. mimicus, (d) V. alginolyticus, (e)
V. vulnificus as a function of biotic factors in water
of Cochin estuary; RW: raw water, AW: auto-
claved water

When the role of protozoan predation alone on the
test organisms was studied, the effect was more
visible in the microcosms treated with cyclohexim-
ide when compared to the untreated. The survival
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Fig. 3. Survival curves of (a) V. parahaemolyticus, (b) V.
proteolyticus, (c) V. mimicus, (d) V. alginolyticus, (e)
V. vulnificus as a function of biotic factors in
sediment of Cochin estuary; RS: raw sediment,
AS: autoclaved sediment

curves of five Vibrio species in cycloheximide treated
water and untreated raw water (RW) microcosms
are shown in Fig. 4 a-e. V. parahaemolyticus and V.
mimicus showed a difference in the survival pattern
in raw and treated microcosms. However, the
difference was not statistically significant (p>0.05).
V. proteolyticus showed a statistically significant
difference in the survival pattern in treated and
untreated water (RW) (p<0.05). Thus, a higher
mortality was observed in the raw water micro-
cosms that had protozoan predators. However,
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Fig. 4. Survival curves showing effect of protozoan
predation on survival of (a) V. parahaemolyticus, (b)
V. proteolyticus, (c) V. mimicus, (d) V. alginolyticus,
(e) V. vulnificus in water of Cochin estuary; RW:
raw water
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protozoan predation did not show any significant
effect on the survival of V. ovulnificus and V.
alginolyticus in water (p>0.05).

The survival curves of the five Vibrio spp. in
cycloheximide treated and untreated raw (RS)
sediment microcosms are shown in Fig. 5a-e. The
difference in the survival pattern of the V. proteolyticus,
V. mimicus, V. vulnificus and V. alginolyticus in the
treated and untreated sediments were not statisti-
cally significant (p>0.05). More or less similar
pattern was observed in the treated and untreated
microcosms. V. parahaemolyticus showed a statisti-
cally significant difference in the survival in treated
and control sediment (p<0.05). The direct effect of
cycloheximide on the test organisms was negligible.
Results clearly highlight the deleterious role played
by various biotic elements in removal of Vibrio from
the estuarine environment. Thus, our findings point
out the significant part played by protozoans,
phages and competing flora in controlling the
survival of Vibrio in estuarine systems. Our results
are in agreement with a study on removal of V.
parahaemolyticus from Vembanad Lake (Abhirosh et
al., 2009).
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Fig. 5. Survival curves showing effect of protozoan
predation on survival of (a) V. parahaemolyticus, (b)
V. proteolyticus, (c) V. mimicus, (d) V. alginolyticus,
(e) V. vulnificus in sediment of Cochin estuary; RS:
raw sediment

The survival curves of each species at varying
temperatures are given in Fig.6 a-e. All the test
organisms showed a better and extended survival at
lower temperatures compared to elevated tempera-
ture. However, the variations in the survival of the
five species at 25°C, 30°C and 35°C was not

statistically significant (p>0.05). In our study, we
could find that lower temperatures favoured ex-
tended survival of vibrios. This is in agreement with
previous studies highlighting extended survival of
bacteria in fresh and marine waters at lower
temperatures (An et al., 2002). Studies also empha-
size that the effect of various environmental
conditions will vary from one species of Vibrio to
another (Osunla & Okoh, 2017).
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Fig. 6. Survival curves showing effect of different tem-
peratures on survival of (a) V. parahaemolyticus, (b)
V. proteolyticus, (c) V. mimicus, (d) V. alginolyticus,
(e) V. vulnificus in Cochin estuary

When the effect of sunlight was tested, V.
parahaemolyticus was more tolerant to sunlight
compared to the other four species tested. There was
no significant difference in the survival of V.
parahaemolyticus in the presence and absence of
sunlight (p=0.6) and more or less similar survival
pattern was observed (Fig. 7 a-e). Sunlight had a
statistically significant deleterious effect on the
survival of V. mimicus, V. proteolyticus, V. vulnificus
and V. alginolyticus (p<0.05). Their survival was
better in microcosms kept in dark compared to those
exposed to sunlight. The sunlight intensity mea-
sured was maximum at 14 h (98 kilolux) and the
least was observed at 18 h (4 kilolux). Previous
studies states that sunlight plays a major role in the
inactivation of pathogenic bacteria in aquatic envi-
ronments (Abhirosh & Hatha, 2005; Anuar & Chan,
2013).

The chemical composition of the estuarine water
also exhibited a significant deleterious effect on the
survival of all the tested Vibrio spp. The differences
in the survival of all five species in the test and



Survival of Vibrio species in a Tropical Estuary
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Fig. 7. Survival curves showing effect of sunlight on
survival of (a) V. parahaemolyticus, (b) V. proteolyticus,
(c) V. mimicus, (d) V. alginolyticus, (e) V. vulnificus
in Cochin estuary

control microcosms were highly significant
(pd=0.002). All the five species exhibited a relatively
extended survival in the control microcosms devoid
of chemical factors compared to the test microcosm
until the end of the experiment (Fig. 8a-e). The
nutrient levels in the estuarine water were ammo-
nia-5.73 mg L7, phosphate-5.16 mg L7, nitrite-
0.34 mg L, nitrate- 1.50 mg L' and silicate-
10.37 mg L. The chemical factors such as
secondary metabolites (antibiotics secreted by au-
tochthonous bacteria), heavy metals, toxins, etc.
might be responsible for this bactericidal activity in
the aquatic systems (Sharma, 2000). The concentra-
tion of heavy metal in the estuarine water were Pb-
0.0045 ppm, Cd-0.00045 ppm, Fe-0. 93724 ppm, Ni-
0.00635 ppm, Zn-0.01135 ppm. Sb, Cr, Hg and As
were below detection limit. A previous report also
pointed out this estuary to be polluted with such
heavy metals (Bindu et al., 2015).

A high prevalence of Vibrio is usually observed
during summer months (high saline condition)
(Oliver, 2010). In our study, all five species showed
an enhanced survival at higher salinities (Fig. 9 a-
e). However, the difference in survival curves of V.
parahaemolyticus, V. alginolyticus, V. proteolyticus, and
V. mimicus at 0 ppt, 15 ppt and 30 ppt were not
significant statistically (p>0.05). V. vulnificus showed
an enhanced survival at 30 ppt followed by 15 ppt
and the least at 0 ppt. There was a significant
difference in the survival of this species at different
salinities (p<0.05). While analysing the effect of
varying salinities on the survival of the species, we
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V. vulnificus as a function of chemical factors in
water of Cochin estuary

could thus find a better survival at higher salinities
(15ppt and 30 ppt) when compared to zero saline
condition. Vibrio spp. except V. cholerae and V.
mimicus are halophilic in nature. At lower salinities
the membrane integrity is lost and the bacterium
remains under stress (Deepanjali et al., 2005).

V. parahaemolyticus (a) V. proteolyiicus (b)

/

Log CFU/ ml

1 21
Time In Days

V. alginolyticus (d)

|

Log CFUI ml
Log GFUI ml
/

" _ 2
Time in Days

——0 ppt
—=— 15 ppt
—=— 30 ppt

Log CFU ml

A )
Time In Days

Fig. 9. Survival curves of (a) V. parahaemolyticus, (b) V.
proteolyticus, (c) V. mimicus, (d) V. alginolyticus, (e)
V. vulnificus at varying salinities

The extended persistence of pathogenic species of
Vibrio in Cochin estuary is a serious concern for
health of recreational and commercial users of the
system and also for the aquatic animals. Even
though the study highlights the role played by
biological, physical-and chemical factors in the self-



Silvester, Antony, Yousuf, Madhavan, Sooria, Kokkat, Harikrishnan and Hatha 46

purification of Cochin estuary, entry of high load of
pathogens into the system through anthropogenic
activities may disrupt this natural balance. Hence,
the local health authorities must initiate necessary
measures to control pollution, so as to prevent any
potential future outbreaks in the area and also to
guarantee safety of the fish and shellfishes.

Acknowledgements

The author would like to thank the Head, Dept. of Marine
Biology, Microbiology and Biochemistry, CUSAT for
providing the facilities for the research. Financial support
by University Grants Commission Basic Science Research
UGC-BSR (E.7-321/2011(BSR) is also acknowledged. This
research was conducted as a part of the doctoral work
of the first author.

References

Abhirosh, C. and Hatha, A. A. M. (2005) Relative survival
of Escherichia coli and Salmonella typhimurium in a
tropical estuary. Water Res. 39: 1397-1403

Abhirosh, C., Sheeja, K. M., Hatha, A. A. M., Sherin, V.
and Thomas, A. P. (2009) Role of biological factors on
the survival of Escherichia coli, Salmonella paratyphi and
Vibrio parahaemolyticus in a tropical estuary, India.
Water Res. 76: 76-84

Abhirosh, C., Sherin, V., Ellen, K., Ambattu, T., Hatha, A.
A. M. and Asit, M. (2011a) An assessment of potential
public health risk associated with the extended
survival of indicator and pathogenic bacteria in
freshwater lake sediments. Int. J. Hyg. Envir. Heal.
214: 258-264

Abhirosh, C., Sherin, V., Thomas, A. P. and Hatha, A. A.
M. (2011b) Potential public health significance of
faecal contamination and multidrug-resistant Escheri-
chia coli and Salmonella serotypes in a lake in India.
Public Health 125: 377-379

Abia, A. LK., Ubomba-jaswa, E., Ndombo, M. and
Momba, B. (2016) Competitive survival of Escherichia
coli, Vibrio cholerae, Salmonella typhimurium and Shigella
dysenterine in riverbed sediments. Microb. Ecol.
10.1007/s00248-016-0784-y

Amel, B.K.N.,, Amine, B. and Amina, B. (2008) Survival
of Vibrio fluvialis in seawater under starvation condi-
tions. Microbiol. Res. 163: 323-328

An, Y. ]., Donald, H. K. and Peter, B. G. (2002) Escherichia
coli and total coliforms in water and sediments at lake
marinas. Environ. Pollut. 120: 771-778

Anuar, N. M. and Chan, C. M. (2013) The effect of
sunlight exposure on the survival of Escherichia coli in
dredged marine soils. In: 12th International UM
Annual Symposium UMTAS Kuala Terengganu,
Terengganu

Arunagiri, K., Jayashree, K. and Sivakumar, T. (2013)
Isolation and identification of Vibrios from marine food
resources. Int. J. Curr. Microbiol. App. Sci. 2: 217-232

Austin, B. (2010) Vibrios as causal agents of zoonoses. Vet.
Microbiol. 140: 310-317

Bindu, K. R., Deepulal, P. M., Gireeshkumar, T. R. and
Chandramohanakumar, N. (2015) Evaluation of heavy
metal enrichment in Cochin estuary and its adjacent
coast: multivariate statistical approach. Environ. Monit.
Assess. 187(8): 519

Brooks, R. R., Presley, B. J. and Kaplan, I. R. (1967) APDC-
MIBK extraction system for the determination of tract
elements in saline waters by atomic-absorption
spectrophotometry. Talanta, 14: 809-816

Buchanan, R. E. and Gibbons, N. E. (1984) Bergeys
manual of determinative bacteriology, 8th ed. Will-
iams and Wilkins, Baltmore, MD: 1268

Caburlotto, G., Bianchi, F., Gennari, M., Ghidini, V., Socal,
G., Aubry, F. B., Bastianini, M., Tafi, M. and Lleo, M.
M. (2012) Integrated evaluation of environmental
parameters influencing Vibrio occurrence in the coastal
Northern Adriatic Sea (Italy) facing the Venetian
lagoon. Microb. Ecol. 63(1): 20-31

Deepanjali, A., Kumar, H. S, Karunasagar, I. and
Karunasagar, I. (2005) Seasonal variation in abun-
dance of total and pathogenic Vibrio parahaemolyticus
bacteria in oysters along the southwest coast of India.
Appl. Environ. Microbiol. 71: 3575-3580

Grassholf, K., Ehrhardt, M. and Kremling, K. (1983)
Methods of Seawater Analysis, In: Grassholf, K,
Ehrhardt, M., Kremling, K (eds.). (VerlagChemie,
Weinheim). pp. 89-224

Hoben and Somasegaran (1982) Comparison of the pour,
spread, and drop plate methods for enumeration of
Rhizobium spp. in inoculants made from pre-sterilized
peat. Appl. Environ. Microbiol. 44: 1246-1247

Hood, M. A. and Ness, G. E. (1982) Survival of Vibrio
cholerae and Escherichia coli in estuarine waters and
sediments. Appl. Environ. Microbiol. 43: 578-584

John, S., Muraleedharan, K.R., Revichandran, C., Azeez, S.
A., Seena, G. and Cazenave, P. W. (2020) What controls
the flushing efficiency and particle transport path-
ways in a tropical estuary? Cochin estuary, Southwest
Coast of India. Water, 12 (2020): 908

Kennedy Jr, J. E, Wei, C. I. and Oblinge, J. L. (1986)
Methodology for enumeration of coliphages in foods.
Appl. Environ. Microbiol. 51: 956-962

Okada, N., Matsuda, S., Matsuyama, J., Park, K. S., de los
Reyes, C. and Kogure, K. (2010) Presence of genes for
type III secretion system 2 in Vibrio mimicus strains.
BMC Microbiol. 10: 302



Survival of Vibrio species in a Tropical Estuary

Oliver, J. D. (2010) Recent findings on the viable but
nonculturable state in pathogenic bacteria. FEMS
Microbiol. Rev. 34: 415-425

Osunla, C. A. and Okoh, A. 1. (2017) Vibrio Pathogens: A
Public Health Concern in Rural Water Resources in
Sub-Saharan Africa. Int. J. Environ. Res. Public Health.
14(10): 1188

Sharma, P. D. (2000) Ecology and Environment. Rastogi
publication. Ed: 7th, pp.125-126

Silvester, R., Madhavan, A., Antony, A. C., Alexander, D.,
Francis, B. and Hatha, M. (2017) Genotyping and
distribution of virulence factors in V. parahaemolyticus

47

from seafood and environmental sources, South-west
coast of India. Reg. Stud. Mar. Sci. 12: 64-72

Smith, R. G. and Windom, H. L. (1972) Analytical
handbook for the determination of As, Cd, Co, Cu, Fe,
Mn, Ni, Hg and Zn in the marine environment,
Georgia Marine Science Center, Technical Report 72

Thompson, F., Lida, T. and Swings, J. (2004) Biodiversity
of Vibrios. Microbiol. Mol. Bio. Rev. 68: 403-422

Vinita, S. J., Revichandran, C., Reny, P. D., Deepak, M.
P, Muraleedharan, K. R. and Naveen Kumar, K. R.
(2013) Seasonal stratification and property distribu-
tions in a tropical estuary (Cochin estuary, west coast,
India) A Hydrol. Earth Syst. Sci. 17: 187-199




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


