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ABSTRACT

Vibrio cholerae O1 was found to be associated wsithgroups of zooplanktons during the study peridte study
revealed that V. cholerae O1 had maximum associatiih rotifer (60.4%) and nauplii (76%) and minimu
association with cladocera (3.39%). Vibrio choler@439 was also found to be associated with six gsoof
zooplanktons in three studied sites during the ysfperiod. The data revealed that V. cholerae 0188 highest
association with rotifera in all sites (79.5%, 768d 77.7% respectively) and lowest with copepod6®) and
ostracoda (2.69%). Zooplankton had more or less peaks of swarm or bloom like from February to Afpdst-
winter or spring) and September to November (pnetavior autumn) which coincides with two seasor®dlera
epidemics in Bangladesh. The findings therefor@esia correlation between cholera epidemics argplamkton
bloom.
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INTRODUCTION

Cholera is a major public-health problem in devieigpcountries, caused by infection of the intestimi¢h
toxicogenicVibrio cholera [1]. For a long time, it was not understood thatepidemic strain of. choleraewas a
bacterium naturally occurring in the aquatic enwirent [2]. It is now recognized th¥t choleraels a component
of coastal and estuarine microbial ecosystems, thighcopepod species of zooplankton that comphiseatjuatic
fauna of rivers, bays, estuaries and the open ceeatng as host for the bacterium [3, 4, 1, 8].choleraecan be
found to be attached to the carapace and in thefgidpepods in large numbers, the copepod esHgrsaving as
a vector for this human pathogen [2, 6]. A singdeepod, for example, can contain as many ds1®V. cholerae
cells [7]. Because a concentration of @™ V. choleraecomprises an infective dose, ingestion of untreatater
containing a relatively small number of copepodsyiag V. choleraecan initiate the disease [8]. Therefore,
conditions favorable for multiplication of copepaaisd related chitinous zooplankton species for Wwhiccholerae
is commensal or symbiotic will result in an increas the number of/. cholerae The importance of copepods in
cholera transmission was demonstrated in a stuolyigly that the number of cholera cases in Banglddekages
was significantly reduced when a simple filtratiorethod that effectively removed the plankton andipaate
matter was used to treat drinking water [9, 2]. dralbory research [10, 11] later confirmed this tlyesupporting
the hypothesis that the microorganism is an autmctdus member of the microbial flora found in biskkwvaters
typical of estuaries and coastal swamps, as wstssfilggested by [3].

Cholera is endemic in Bangladesh and maintaing@aae seasonal pattern [12]n Bangladesh, cholera epidemics
occur twice every year, the highest peak during pamsoon (September-January) and second smabl&rdueing
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pre monsoon (March-May). During inter-epidemic pdrV/. choleraecannot be cultured from the surface water,
whereas in epidemic season it can be isolated fhenpatients’ body as well as from surface wat8at.[1

V. choleraeOl is native to both marine and freshwater enviremts where it exists in association with planktons
[14]. In general, it can be isolated from only 1%on@ter samples collected during epidemic periaud r@arely, if
ever, between epidemics [15]. However, fluorescantibody-based studies show thet cholerae O1 is
nevertheless, present in aquatic environments ¢imowt the year [16]. Evidences show théatcholerae O1
becomes coccoid and enters into a non-culturable & the environment when conditions are not ootide to
active growth. Some of the coccoid non-culturatdiésacan retain their metabolic activity for a pmoyed time [17].
During epidemic period, environmental stress situat in aquatic environments such as low conceatrathich
allows Vibrio choleraeto maintain a metabolic functions but it cannotdoéturedin vitro. If conditions become
favourable again it can revert to the culturabéesf18, 19, 20, 21, 22, 23].

Considering all, the current study was designeddd some light to the debate regarding the ecotdgyibrio
cholerag a pressing global concern as cholera is becomimglgraic day by day, possible correlation between
survival of Vibrio cholerae versus physical and chemical parameters of water their nature of biological
attachment with ramified planktons especially zaojtons. As cholera is one of the major threatsutman health
and its related problems are becoming insurmouatday by day, these information will draw up a roaap for
future research in multidimensional areas for theatgr interest of public health across the glafe the findings
may help to devise ways to combat cholera epideanckto curb its grave threat to health for theesatkpeaceful
and productive living.

MATERIALSAND METHODS

The present study was conducted at three seleotatspf Mathbaria, which is geographically adjaderthe coast
of the Bay of Bengal and approximately 400 km sawatst of Dhaka. The geographical location of thelgtarea
was between 22° 29' N to 90°-22' E. Several cogstatls of Mathbaria were surveyed by the authangaleith a
team from Enteric Microbiology Laboratory of Labtigy Science Division (LSD) under International @snfor
Diarrhoeal Disease Research, Bangladesh (ICDDRyB)fanally three pristine ponds were chosen. Theseh
ponds were considered as: pond 1(site-1), ponae&d¥ and pond 3 (site-3) and those ponds aredarbe the
potential reservoir o¥ibrio choleraeround the year. The selected ponds were also ginaatits among other ponds
as they retain water throughout the year and aresr@aminated by effluent from outside sources.

A total of 108 zooplankton samples were analyzedcémsecutive 36 months (3 years). In each round,®liter
sampling bottle was filled with water for 20 tim&em different areas of each pond and the same ¥iltzecd
through 64-um pore-sized nylon nets (Millipore Cpfedford, and Mass). In this wa¥0O0 liters of water was
filtered from each pond in each round in order &b tpe final concentration of 50 ml with a view @aalyzing
zooplanktons along with their possible attachmeitth Wibrio cholerae From each of 50 ml samples, 10 ml was
transferred into another small vial along with grestive (formalin for zooplankton). The same trafdsample
collection was continued for consecutive 36 morttitalling the number of samples as 108. All samplese
collected by using aseptic technique in steril&kddalgene bottles (Nalgene Nunc International L8tiis, Mo.) and
transported at ambient air temperature from theditcollection to the central laboratory of théehmational Center
for Diarrhoeal Disease Research, Bangladesh (ICBRR) Dhaka. The samples from 64-um mesh sizedkpben
nets were further concentrated in the laboratorg fimal volume of 5 ml by filtering through a 0-p2n-pore-size
bacteriological membrane filter (Millipore) and thetained contents on the membrane filter were a@shto
phosphate-buffered saline (pH 8.0). All samplesenmocessed the following day, with approximatedyhdurs of
elapsing between sample collections in the fieldl processing in the laboratory.

Analysis of zooplankton

From 50 ml, 10 ml was for analysis and the sampie® immediately preserved by 5% buffered formajdeh For
qualitative and quantitative study, samples werseoked under a compound microscope in a S-R (Se#dgwi
Rafter) cell. Before filling the S-R cell with sategghe cover slip was placed diagonally acrossctie The sample
was transferred with a large pipette. Placing tbeec slip in this manner is to prevent formationaif bubbles.
Then cover slip was rotated to cover the inneripor@nd then count was made under microscope.

Let, 1 ml conc. sample contains n Colony Formingt ((@FU)
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So, 5 ml conc. sample contains 5 nCFU

As, count of 40 ml sample = count of conc. 5 ml

So, 40 ml sample also contains 5n CFU

50 ml sample will contain = (5n x 50) / 40 CFU 2% x nCFU

Again, CFU count of original 100 L sample = CFU nbaf conc. 50 ml

So, 100 L (1®ml) water sample also contains = 6.25 x nNCFU

So, 1 ml of water sample will contain = (6.25 ¥ 1)’ CFU= 6.25 x 10x n CFU
CFU count of 1 ml water sample = 6.25 x>»0CFU of 1 ml concentrated sample
DFA = 1.25 x 1&/L = (6.25 x 10 x 200 x 1000).

(No. of bacterial colonies were multiplied by ttenservation factor)

Samples were enriched in alkaline peptone waterned as APW (Difco, Detroit, MI) and incubated3@fC for 6
to 8 hours before plating on TCBS agar (Eiken, Toklapan) and TTGA (Difco). APW contains 1% peptand
1% sodium chloride with the pH adjusted to 8.5. pAximately, 5 uL of enriched APW broth was strehks
using an inoculating loop on both thiosulfate-¢iraile salts-sucrose (TCBS), and taurocholatexiéd-gelatin
agar (TTGA) and incubated at 37°C for 18 to 24 BoliICBS and TTGA are two of the most commonly used
most widely studied selective plating media for len@ pathogen. colonies with the characteristiceapgnce of
Vibrio cholerae were confirmed by biochemical tests like KIA (Klgls iron agar), TSI (triple sugar iron
agar,oxidase, gas production from glucose, suctgsi@e, arginine, ornithine, VP (Voges-Proskaestg. Finally,
serological tests tests were done using polyvaadtmonoclonal antibodies specific #rcholeraeO1 and 0139.
Samples were preincubated overnight, in the daitty ®025% yeast extract (Difco) and 0.002% naliiacid
(Sigma-Aldrich, St. Louis, MO). The samples wererttcentrifuged and the pellet was stained with etasoDFA
reagents like fluorescein isothio cyanate-labebetiserum specific for O1 or 0139 (New Horizon Diastics,
Columbia, MD). Fluorescent stained cells were olsgrand counted under UV light by using an epifisgence
microscope (Olympus Bx51) and recorded with thep tafl a digital camera attached with the same moops
(Olympus DP20).

RESULTSAND DISCUSSION

Table ). Average per centage of zooplanktonsin association with Vibrio cholerae O1

Sites  Group Winter (%) Summer (%) Monsoon (%) Average (%)

Protozoa 8.6 28.1 16 17.6
Rotifera 48 75 58.3 60.4

1 Nauplii 11 46.€ 38 31.¢
copepoda 3.9 11.8 8.7 8.13
Cladocera 3 4.87 2.3 3.39
Ostracod 0 0 0 0
Protozoa 219 24.8 21 22.6
Rotifera 70.7 70.4 78 73

5 Naupli 439 50 45 46.3
copepoda 4.93 8.83 7.4 7.05
Cladocera 6.83 8.8 7 7.54
Ostracoda 0.63 1.67 1.1 1.13
Protozoa 1.23 4.1 2.4 2.58
Rotifera 46.5 55 50 50.5

3 Nauplii 721 80 76 76
copepoda 8.43 13.2 11 10.9
Cladocera 0.33 4.87 1.7 2.3
Ostracoda 145 20.7 17 17.4

Vibrio choleraeO1 was found to be associated with six groups ofplamktons during study period. The study
revealed thaV. choleraeO1 had maximum association with rotifera in botie di (60.4%) and site 2 (73%) but in
site 3, maximum association was found to be withptia(76%). In site 1 and 2y. choleraeO1 had minimum
association with cladocera (3.39%) whereas, in 3ithere was minimum association with cladocer@%J). No
association between ostracoda ahaholeraeO1 was found in site Nauplii had also significant association with
V. choleraeO1 both in site 1 (31.9%) and site 2 (46.3%) (€abl
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Table Y. Average per centage of zooplanktonsin association with Vibrio cholerae 0139

Sites Group Winter (%) Summer (%) Monsoon (%) Average (%)

Protozoa 2.23 8.03 2.8 4.35
Rotifera 70.2 88.4 80 79.5

1 Nauplii 21.8 36.2 26 28
Copepoda 1.13 3.6 15 2.08
Cladocera 1.43 5.73 2 3.05
Ostracod 0.87 7 2.2 3.3€
Protozoa 0.3 7.5 1.8 3.2
Rotifera 70.8 85.3 72 76

2 Nauplii 22 35.¢ 28 28.€
Copepoda 1.17 4.3 1.9 2.46
Cladocera 0.73 6.6 3.6 3.64
Ostracoda 0.77 6.17 2.7 3.21
Protozoa 2.47 8.07 3.7 4.75
Rotifera 71.1 87 75 7.7

3 Nauplii 23.1 35.1 29 29.1
Copepoda 1.53 4.33 2.3 2.72
Cladocera 1.27 4.87 2.2 2.78
Ostracoda 0.2 5.57 2.3 2.69

Vibrio cholerae0139 were also found to be associated with sixggaf zooplanktons in three studied sites during
the investigation period. The data revealed thatholeraeO139 had highest association with rotifera in @#s
(79.5%, 76% and 77.7% in site 1, 2 and 3 respdgjivand lowest with copepoda both in site 1 (2.08u) 2
(2.46%), whereas, in site 3 it showed lowest astioci with ostracoda (2.69%). Nauplii also showedrection
with VCO139 in all sites (28%, 28.6% and 29.1 %site 1, 2 and 3 respectively) indicating its poi@ntole in
supporting the survival of VC0O139. Rotifera showeghest attachment in summer in all individual si(88.4%,
85.3% and 87% in site 1, 2 and 3 respectively) lamest in monsoon (70.2, 70.8 and 71.1% in sit@ and 3
respectively)(Tablé).

1800
= 1600
= 1400

on AJUNT T
N\ VY NV VS

4
0
S = o = e L‘l)_-':n‘—“<—)‘><_>x:_QLh | = = B g B = B8 ] B e B I = g
HEHEEE §:;$0232$;:ﬁgjﬂgoggszgﬂggazg
October'2006 — November'2007 October'2007 - November'2008 October'2008 - November'2009

Figure ). Average number zooplankton (per liter) from all sites during three yearsof study

The graphical presentation showed that zooplanktmh more or less two peaks of swarm or bloom psritrdm

February to April (post-winter or spring) and Sepber to November (pre-winter or autumn). These $&asons
are considered as seasonal cholera epidemics igl&#esh according to [13]. So, a correlation exisbsyveen
cholera epidemic and zooplankton bloom (Figure
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Plate ). Vibrio cholerae attached with Trichocera Plate Y. Vibrio cholerae attached with Nauplius

Plate Y. Vibrio cholerae attached with Lecane (a Rotifer)

Plate ©. Vibrio cholerae attached with Asplanchna (a Rotifer) Plate 1. Vibrio cholerae attached with Cyclops (a Copepod)
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Plate V. Vibrio cholerae attached with Polyarthra (a Rotifer) Plate A. Vibrio cholerae attached with Nebalia (a protozoan)

Plate 4. Vibrio cholerae attached with Daphnia (a Copepod) Plate ) +. Vibrio cholerae attached with Brachionus falcatus

The present study reported association of VCO1 &BRQwith diverse groups of zooplankton. Rotiferarfa under
zooplankton andChlamydomonasinder phytoplankton showed maximum predilectiondoth VCO1 and O139.
[24] demonstrated that the persistence of cultersibicholeraeO1 under laboratory conditions for over 15 months
in association with blue green bacteria (cyanob&dte

The current study also found association of VCOd @439 with zooplanktons under protozoa, rotifetracoda,
nauplii, cladocera, copepoda. [25] found that fout of five clinical V. choleraeO1 strains and endogenous
bacterial flora were attached in approximately équambers to both exuviae of copepoda and wholeismns
especiallyv. choleraeO1 were found to remain attached with several ghigittkton species. They also showed that
V. choleraeO1 can bind to diverse plankton species collectethfan area where cholera is an endemic disease,
with potentially significant effects on its ecology

The present study found correlation between planktooms and flourishing trend of VCO1 and O139adidition

to association with copepods, the current study edported association with protozoa, rotiferaraasida, nauplii
and cladocera. These information provides stromgegece in favour of cholera epidemics being clirdatked. [26]
reported that sea surface temperature shows aralacyale similar to the cholera case data. Seasearfeight may
be an indicator of incursion of plankton-laden mdawater, e.g., tidal rivers, because it was atsandl to be
correlated with cholera outbreaks. The extensiuelies confirmedV. choleraeis autochthonous to the aquatic
environment and is a commensal of zooplankton, ¢@pepods, when combined with the findings of shtellite
data analyses, provide strong evidence that chelgdemics are climate-linked. Such findings wélto control
cholera epidemics in a better way.
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The present study reports consolidate the findofd43] to consider the aquatic environment of Metha zone to
be the potential reservoir of VCO1 and 0139 Benddl] found that Mathbaria aquatic environment efhBladesh
to be reservoir fol. choleraeOl1 and 0139 Bengal. He also observed that sigmificlumping of the bacteria
during the inter-epidemic period for cholera anel tluorescent micrographs revealed large numbe¥s oholerae
01 in thin films of exopolysaccharides (biofiimgjhey also observed a similar clumping \éf choleraeO1 in
samples collected from Matlab, Bangladesh, wheoteca is also endemic.

CONCLUSION

The current study revealed that there is a corogldtetween pathogenidbrio choleraeand zooplankton blooni
simple and inexpensive filtration method to siewe plankton to whichVibrio choleraeare attached in raw water
supplies, such as ponds, rivers and other natwrsngupplies could be an effective way to curbtdeast to reduce
the number of cholera epidemics. This can be dgrtealditional filtration of pond or river water ungj cotton ‘sari’
worn by the women community prior to domestic os@rinking so thaWibrio choleraeattached with planktons
can be reduced. Further studies regarding possild®gical association between these Mibrio cholera
pathogen and aquatic micro- and macro flora andgashould be accomplished to reach a consensuslirega
overall ecological niche of cholera causing patmoge that cholera epidemics can be managed walt integrated
manner keeping in mind the interest of biodiveraitg ecological balance.
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