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Abstract. Cholera disease caused by bacteria Vibrio cholerae O1 and
O139. Both afflict 3-5 million and cause 100,000-120,000 deaths
worldwide each year. Although from the previous study we have
information on the association of cholera bacteria with various
zooplankton but little is known about what kinds of relationship exists
between cholera bacterium with protozoa though they prefer to live
more or less at a similar ecological niche. In the present study the role
of free-living fresh water protozoa’s in the persistence of V. cholerae
O1 was assessed. The in situ association of V. cholerae O1 with
protozoa showed the association of V. cholerae O1 with the fresh
water shelled amoeba, Arcella but in the case of ciliates and
flagellates large numbers of bacteria were detected from food
vacuoles. The result also showed that vibrios form biofilms in Arcella
culturing media and survived up to two months but the bacterial
density declined to < 10 cells/mL water within six days in ciliate and
flagellate culturing media. Besides in M-PCR results wbe, ctxA, rstR2
genes were positive for Arcella culturing microcosm later for up to 55
days but after four days all of the genes were negative for flagellate
and ciliate culturing microcosm water. It indicates that tested amoeba,
Arcella spp help in the survival of V. cholerae O1 in nature but
ciliates and flagellates can graze upon large number of planktonic
vibrios and control the abundance of cholera bacteria.
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Introduction
Cholera is a clinical-epidemiologic
syndrome which is caused by Vibrio
cholerae O1 and O139 and is endemic in
Bangladesh (Faruque et al., 2004) and
different other geographical regions of the
world (Colwell, 1996). In south Asia two
seasonal peaks of cholera coincide with the
dry season and monsoon rain (Emch et al.,
2008). In Bangladesh, the freshwater
sources become more salty all through dry
season and during monsoon the fresh water
bodies are inundated by coastal flooding,
and this flood water can lead to the
contamination of fresh water with brackish
water organisms. During this time, the

toxigenic strains of cholera bacterium have
been isolated from the aquatic ecosystem of
Bangladesh in association with diverse
groups of arthropods (Alam et al., 2006a,
2006b, 2007; Nahar et al., 2012) as well as
unicellular organisms such as protozoan
(Abd et al., 2004).
In general, the vegetative stages of
free-living protozoa are cosmopolitan in
their spatial distribution and have been
found in all kinds of waters intimately
associated with bacteria (Lamrabet et al.,
2012). Moreover, this free-living protozoa
plays a vital role in the survival and spread
of some pathogenic bacteria in nature
(Laskowski-Arce and Orth, 2008). As
cholera bacteria need a biological reservoir
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in order to grow in high concentration
(Sack et al., 2004) and also to protect them
from any detrimental conditions (Macarthy,
1996), many of this free-living protozoa
help cholera bacteria to survive and grow
rapidly in unfavourable environmental
condition (Salah and Hadi, 2011). One of
this free-living protozoa, Acanthamoeba
spp secrets a growth promoting factor to
promote the continued existence of V.
parahaemolyticus (Laskowski-Arce and
Orth, 2008). Acanthamoeba spp is also
considered as environmental hosts of
several other pathogenic bacteria such as
Franciscella
tularensis,
Chlamydia
pneumoniae, Legionella pneumophila and
Mycobacterium spp (Wagner et al., 2006).
This free-living amoeba is the frequent host
for different gram negative bacterial
endosymbionts (Abd et al., 2004).
Some members of protozoa are also
well-organized at gathering microbes as
food in aquatic environment and they
probably control the abundances of bacteria
(Hobbie, 1994; Sherr and Sherr, 1994).
Flagellates and ciliates are considered as
biological control agent (Sigee, 1999) as
they contribute to the decline of microcystis
blooms from the natural water body
through their site selective grazing (Nishibe
et al., 2002). Heterotrophic nanoflagellates
can graze upto 90% of picoplankton
population as well as viruses, bacteria,
cyanobacteria and heterotrophic protists
(Pernthanler et al., 1996).
Cholera (V. cholerae O1 and O139)
is a devastating disease, outbreak of which
kills hundreds of thousands of people in the
world annually. During coastal flooding,
the causative agent of this disease, V.
cholerae O1 and O139 disperse brackish to
fresh water ponds of coastal areas (Colwell,
1996) and survive in association with
diverse groups of aquatic organisms.
However, we know very little about the
relationship of cholera bacteria with freee
living protozoa. Aim of our study is to
understand the role of protozoa in the
survival of cholera bacteria to know how
native free living protozoa influence the
survivability of cholera bacteria. To address
our research question we examined the in
situ association of V. cholerae O1 with
diverse types of free living protozoans in
Bangladesh. We hypothesize that members

of chitinous shell bearing protozoa might
help in the survival of cholera bacteria,
however, majority of the free living
protozoa graze upon vibrios and control the
abundances of cholera bacteria.

Materials and methods
Protozoa culture
Protozoa were collected from
Ramna Lake and Dhanmondi Lake in
Dhaka City. Generally the water samples
were collected from the areas having plant
growth, organic debris, slimy growth, dead
leaves, pieces of stick and surface scum.
The samples were then subjected to culture
and inverted microscopy. Collected water
samples were then transferred into four
different beaker (~100 mL) and different
types of foods were added such as hay
infusion, boiled rice, corn flour and
cucumber juice in order to enrich the
growth of protozoa. For an example, in
order to make hay infusion media,
approximately 50 mg of dry hay were
boiled for about 10 min, cooled and allowed
to settle. The supernatant was used as
culture medium and added to the first
beaker which was designated as Hay
Infusion Microcosm (HIM). Similarly,
remaining three set ups for culture were
prepared and beakers were named as Boiled
Rice Microcosm Water (BRM), Corn Flour
Microcosm (CFM) and Cucumber Mash
Microcosm (CMM). All the beakers were
then sealed and incubated at room
temperature (25 °C) in dark condition for
about one month. Growth of protozoa at
different culture media were routinely
measured using the techniques of inverted
microscopes. Protozoa were identified
using the morphological description of
Kudo (1960), Corliss (1979), and Thorap
and Covich (2001). Protozoa were counted
with a Sedgwick-Rafter cell counting
chamber (Graticlues, Ltd, UK) (Wetzel and
Likens, 2000) and their growth in culture
media were estimated using the Chi-square
statistical test.
V. cholerae association assay
V. cholerae O1 biotype El Tor
(EM-226) cells isolated from a pond of
Mathbaria were grown in Luria–Bertani
(LB) broth at 37 °C for 18 h, harvested,
Braz. J. Biol. Sci., 2015, v. 2, n. 3, p. 3-12.
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washed with Phosphate Buffer Saline
(PBS). The cells were then inoculated into
HIMW, BRMW, CFMW and CMMW to a
final concentration of 107 cfu.mL-¹. All the
beakers were then sealed with aluminium
foil and incubated at room temperature.
Periodically, sub-samples were taken from
four beakers to conduct plate culture, Direct
Flourescent Antibody reactions (DFA) and
multiplex Polymerase Chain Reaction
(mPCR).
Culturable count of V. cholerae
O1
Samples were diluted 10-fold
serially in PBS and 100 µL of diluted
sample was spread on the surface of
thiosulfate citrate bile-salts sucrose
(TCBS). Inoculated plates were incubated
at 37 ºC for 24 h. After incubation, plates
were observed and presumptive colonies
resembling V. cholerae were confirmed as
V. cholerae O1 by slide agglutination test
using polyvalent anti-O1 serum (Nandi et
al., 2000). The confirmed colonies
represented the total viable and the
culturable V. cholerae O1 count.
Direct Flourescent Antibody
Technique (DFA)
DFA counting was done following
a method described by Brayton (1987). For
this purpose, samples were stained using
fluorescein isothiocyanate-labeled antiserum specific for V. cholerae O1 (New
Horizon Diagnostic Corp, Columbia, MD,
USA). Stained samples were observed
using an epifluorescence microscope (Carl
Zeiss; Axioskop 40) connected to a digital
camera (AxioCam MRc).
Multiplex Polymerase Chain
Reaction (mPCR)
The colonies confirmed as V.
cholerae O1 by slide agglutination test
(antigen-antibody reaction) were subjected
to M-PCR for detection of O1 serotype
specific wbe genes encoding O-antigen
biosynthesis pathway, ctxA gene encoding
subunit A of cholera toxin subunit A and
rstR2 were amplified using M-PCR
(Hoshino et al., 1998).
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Results
The presence of different food
provided in different culture gave rise to
diverse types of protozoa with variable
concentration. Such as, in the presence of
hay infusion, the day 0 count of protozoa
under light microscope showed 20
Arcella/mL
(Shelled
amoeba),
102 nanoflagellates/mL and 75 ciliates/mL.
Three days latter, the abundance of Arcella
was > 500/mL. But as soon as the number
of Arcella increased the nano-flagellates
and ciliates were decreased by amoeboid
grazing. The total count of Arcella in this
culture showed an increase from 20/mL to
3,400/mL within a period of 15 days
(Figure 1.A). The initial cell count of V.
cholerae in this microcosm in agar plate
was 3.7 x 107 cfu.mL-¹ and continued being
for up to two months. (Table 1). At day 2,
DFA count was 3.3 x 108 and epiflourescent
micrographs showed the association of
bacteria with matured Arcella mainly in its
surrounding chitinous shell, and inside and
outside of shell. Most of the bacteria were
found to attach mainly in the middle portion
of the shell surrounding its chromadial
network; the region where carbohydrate and
other metabolic products laid down (Figure
2.A). Bacteria forming a ring surrounding
the shell could be visible at day 4 (Figure
2.B), day 8 and in day 15 (Figure 2.C).
Bacterial DFA counts remain stable for the
first 14 days and after that bacteria form
biofilms of coccoid cells (Figure 2.D).
DNA templates prepared from HI
microcosm V. cholerae O1 co-cultured with
Arcella supported amplification of - wbe,
ctxA, and rstR2 gens by M-PCR up to 55
days (Table 2).
Supply of boiled rice as the carbon
source supported the growth of rhizopods,
ciliates and flagellates. The initial cell count
showed the abundances of nano-flagellates
and cyst however, after 15 days large
amoeba and Paramecium became the
dominant groups. Trophozoites and cysts
counts were 3,190 cells/mL
and
60 cells/mL, respectively (Figure 1.B).
Bacterial count in agar media collected
from this microcosm experiment was high
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Figure 1. Viable counts of Protozoa in culture media. A) HIW; B) BRW; C) CFW; and D) CMW over a
period of 15 days. There exists a statistical association between groups of Protozoa and number of days as
the χ² test is significant at 5% significance level. A) (χ²15 = 4,848.176, p ≈ 0.000); B) (χ²15 = 232.0472,
p ≈ 0.000); C) level (χ²15 = 643.918, p ≈ 0.000); D) (χ²15 = 4,501.134, p ≈ 0.000).

initially which declined within 10 days.
Initial count was counts approximately
3x107 colony forming unit/mL-¹. The initial
DFA count was 3x108, however after 6 days
bacteria form biofilm (Table 1), where
many bacterial cells were visible inside the
food vacuoles rather than in the surrounding
water (Figure 2.E). PCR amplification
results also follow this pattern where
cholera specific genes (wbe and rstR2) were
amplified only in day 4 sample water but no
genes were amplified for the DNA prepared

from this microcosm water at day 15, 25,
35 (Table 2).
In this experiment we found that
corn flour worked best for the mixed
culture of ciliates which supported rapid
propagation of Paramecium, Oxytricha,
Coleps, Colpoda, Holophyra, Euglena, and
also some nano-flagellates. Overall, this
media had the highest abundances of
protozoa. Though the average V. cholerae
cell count on agar plates was
3x107 cfu.mL-¹ at day 0 but within 6 days
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Table 1. Viable counts (plate count and DFA count) of bacteria in different microcosm water.
Day

Microcosm

Plate count (cfu.mL-¹)

DFA (cells/mL)
LA
TTGA
TCBS
0
HIMW
3.7 x 107
4.1×107
2.0 x 107
3.8 x 108
7
7
7
BRMW
3.4 x 10
4.5×10
1.8 x 10
3.6 x 108
7
7
7
CFMW
5.1 x 10
3.9×10
1.5 x 10
4.1 x 108
7
7
6
CMMW
2.1 x 10
3.2 x 10
2.0 x 10
2.9 x 108
7
7
7
2
HIMW
4.9 x 10
5.5 x 10
2.1 x 10
3.3 x 108
4
4
4
BRMW
3.4 x 10
4.2×10
1.9 x 10
2.5 x 105
3
3
2
CFMW
6.1 x 10
6.4 x 10
2.8 x 10
3.1 x 105
3
3
2
CMMW
3.5 x 10
3.7 x 10
2.1 x 10
4.1 x 105
6
6
6
4
HIMW
3.4 x 10
5.3 x 10
3.2 x 10
3.7 x 108
2
2
1
BRMW
4.1 x 10
5.4 x 10
5.8 x 10
3.2 x 102
2
2
1
CFMW
2.1 x 10
5.2 x 10
6.1 x 10
2.7 x 102
2
2
1
CMMW
2.7 x 10
4.3 x 10
5.4 x 10
3.1 x 102
5
5
5
6
HIMW
4.7 x 10
3.4 x 10
5.1 x 10
5.1 x 108
1
1
1
BRMW
5.6 x 10
4.5 x 10
3.1 x 10
BF
CFMW
2.2 x 101
2.0 x 101
< 10
BF
CMMW
1.5 x 101
1.0 x 101
< 10
BF
8
HIMW
3.4 x 104
5.7 x 104
3.2 x 104
6.4 x 108
BRMW
< 10
< 10
< 10
BF
CFMW
< 10
< 10
< 10
BF
CMMW
< 10
< 10
< 10
BF
10
HIMW
5.6 x 103
2.9 x 103
1.6 x 103
3.2 x 108
BRMW
< 10
< /10
< 10
BF
CFMW
< 10
< 10
< 10
BF
CMMW
< 10
< 10
< 10
BF
12
HIMW
4.4 x 102
6.7 x 102
3.8 x 102
4.3 x 108
BRMW
ND
ND
ND
BF
CFMW
ND
ND
ND
BF
CMMW
ND
ND
ND
BF
14
HIMW
5.6 x 101
8.7 x 101
< 10
3.1 x 108
BRMW
ND
ND
ND
BF
CFMW
ND
ND
ND
BF
CMMW
ND
ND
ND
BF
15
HIMW
< 10
< 10
< 10
BF
BRMW
ND
ND
ND
BF
CFMW
ND
ND
ND
BF
CMMW
ND
ND
ND
BF
18
HIMW
< 10
< 10
< 10
BF
BRMW
ND
ND
ND
BF
CFMW
ND
ND
ND
BF
CMMW
ND
ND
ND
BF
25
HIMW
< 10
< 10
< 10
BF
35
HIMW
< 10
< 10
< 10
BF
55
HIMW
< 10
< 10
< 10
BF
HIMW, Hay Infusion Microcsm Water; BRMW, Boiled Rice Microcosm Water; CFMW, Corn Flour
Microcosm Water; CMMW, Cucumber Mash Microcosm Water (all of the four microcosm water
contained different protozoa inoculated with Vibrio cholerae O1). Survivability of bacteria in the
presence of different protozoa was monitored over a period of 2 months by plate count (LA, Luria Agar;
TTGA, Taurocholate Tellurite Gelatine Agar; TCBS, Thiosulphate Citrate Bile Sucrose Agar); DFA,
Direct Flourescent Antibody test. BF, Biofilm; cfu, colony forming unit.
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Figure 2. Epiflurescent micrographs of the association of Vibrio cholerae O1 with free living fresh water
protozoa. Samples were stained with Flourescent Monoclonal Antiboday (DFA) specific for Vibrio
cholerae O1 observed under epiflurescence microscope (Carl Zeiss model Axioskop 40). A) DFA Day 2
analysis of intracellular localization of V. cholerae O1 in Arcella. Figure showed that cholera bacteria
utilized the chitinous shell and also in the region of chromadial network of an young Arcella
(magnification 40x). B) DFA Day 4 analysis. Localization of cholera bacteria in the outer shell and
sorrounding the space between the inner shell membrane and trophozoite of a mature Arcella
(magnification 40x). C) DFA Day 14 analysis of HIMW. Association of cholera bacteria with an adult
Arcella. The shell of the Arcella is dark chocolate brown color due to the presence of iron oxide. Figure
shows the association of large numbers of cholera bacteria with the highly chitinous shell of Arcella
(magnification 40x). D) DFA Day 35 analysis of HIMW. Biofilm formation by cholera bacteria
(magnification 10x). E) DFA Day 2 analysis of BRMW. Figure showed that cholera bacteria inside the
food vacuoles of Paramecium (magnification 40x). F) DFA Day 4 image of CFMW. Bacteria inside the
food vacuoles of ciliate (magnification 40x). G) DFA day 2 image of CMMW. Localization of bacteria
inside the food vacuoles of ciliate (magnification 40x). H) DFA Day 4 image of CMMW. Figure showed
that cillite grazes large number of cholera bacteria (magnification 40x). I) DFA Day 4 image of CMMW.
Ciliates graze most of cholera bacteria and the number of living bacteria in surrounding water is < 100
(magnification x10).

the count was reduced to < 10 cfu.mL-¹
(Table 1). DFA results showed the presence
of V. cholerae inside the food vacuoles of
ciliates indication ciliates feeds on bacteria
(Figure 2.F). Similar to the other
microcosm water, genes were amplified
from the DNA from this microcosm

treatment didn’t shows the presence of
cholera toxin after 15 days of the initial
treatment set up (Table 2).
Cucumber as the food source
supported the mono culture of Paramecium
spp, where over a period of 15 days
Paramecium
had
been
proliferated
Braz. J. Biol. Sci., 2015, v. 2, n. 3, p. 3-12.
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Table 2. Results of M-PCR (multiplex-polymerase chain reaction) analysis.
M-PCR
wbe
ctxA
rstR2
4
HIMW
+
+
+
BRMW
+
+
+
CFMW
+
+
+
CMMW
+
+
+
15
HIMW
+
+
+
BRMW
CFMW
CMMW
25
HIMW
+
+
+
BRMW
CFMW
CMMW
35
HIMW
+
+
+
BRMW
CFMW
CMMW
55
HIMW
+
+
+
75
HIMW
HIMW, Hay Infusion Microcsm Water; BRMW, Boiled Rice Microcosm Water; CFMW, Corn Flour
Microcosm Water; CMMW, Cucumber Mash Microcosm Water.
Day

Microcosm

tremendously amounting the approximate
count of 4,700 cells/mL. The initial plate
count was 2 x 107 on TTGA and LA and
2 x 106 in TCBS, however a week after the
count was declined to < 10 (Table 1). DFA
analysis showed bacteria inside the food
vacuoles of Paramecium (Figure 2.G, H, I).

Discussion
Cholera is one of the major public
health
challenges
which
occurs
epidemically in a specific time of the year
in parts of the tropic. This bacteria remains
viable throughout the year in association
with diverse groups of zooplanktons and
phytoplanktons. In the present study, we
examined how free living protozoa
influence the survivability of cholera
bacteria at in situ e condition. Our result
showed that the pathogenic strains of
cholera bacteria can be able to survive and
grow in situ for a longer period of time only
in association with shelled amoeba,
however, other groups may have negative
effect in survivability of cholera bacteria.
We found that when bacteria are cocultured with Arcella, bacteria can capable
to survive for more than 60 days in in situ
condition and latter form biofilm. After 60
days, the growth of cholera bacteria slowly
Braz. J. Biol. Sci., 2015, v. 2, n. 3, p. 3-12.

declined following the death of Arcella in
in situ. The better survivability of the
bacteria with Arcella might be because of
its broad, conical, chitinous shell which is
transparent and almost colorless when first
laid but turn into dark brown color in
course of time because of the deposition of
iron oxide (Kudo, 1960). This iron oxide is
regarded as an important factor in the
ecology of cholera bacteria (Patel and
Isaacson, 1994). Besides of this chitin and
iron oxide, chromadial network might have
an advantage for cholera bacteria.
According to Jepps (1956), chromadial
network is the region of the body of shelled
amoebae where carbohydrate and other
metabolic products are laid down. In our
experiment we detected a huge numbers of
bacteria surrounding the outer shell
membrane of the shelled amoeba especially
in the region of chromadial network.
On the other hand, ciliates and
flagellates has food vacuoles which is
analogous to the gut of higher organisms.
They secretes mucus to feed small
organisms and bacteria (Jahn et al., 1961)
and when digestion proceeds, the vacuoles
decrease in size nearly by 50% and the
enclosed bacteria become aggregated (Allen
and Fork, 1980). During the cycle of
digestion rapid reduction of pH occurs,
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dropping to ~3 within 5 min (Fok et al.,
1982). By applying this procedure a ciliate
or a large flagellate can complete digestion
and defecation of 90% of bacterial cells
within 40 min (Allen and Fok, 1980;
Fenchel, 1986). In our study we found that
when bacteria were co-cultured with ciliates
and flagellates their survivability declined
to 0 within 15 days of inoculation. Our
direct flourescent antibody test detected
huge numbers of bacteria inside the food
vacuoles of ciliates and flagellates, and
following the declination of bacteria there
were no cholera toxins detected from the
sample water, which suggests that ciliates
and flagellates graze and completely digest
cholera bacteria. The most important
grazers of cholera bacteria we found in our
study were Paramecium, Holophyra,
Colpoda, Euglena and Amoeba.
The results suggest that V. cholerae
O1 is able to survive and grow in
association with shelled amoeba in natural
environments but their occurance and
survival might be influenced by another
groups of planktonic protozoa as they
grazed upon large numbers of planktonic
vibrios. Those alimentary chain plays an
important role in the epidemiology of
cholera because grazing decreases the
concentration of vibrios in their natural
environmental. The grazing rates of ciliates
and flagellates also enable us to predict that
in the near future it might be possible to
apply ciliates and flagellates to control
cholera biologically.
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