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exXaminaticn of tissue culture media, in  light of  recant
improvements in formulation would also be valuable. 2 gtudy will Ze
carriad out to investigate these possibilities in defermining
conversicn cf VENC V. cholerae to the culturable form. Colwall and
Roszzk ( 983 oostu aLmj that the viable hut nonculturable state ir
Gram negative bac ta appears to be comparable to the suore 3Tage
of Gram ‘CSLtL\a ra terla but without formation of =z spore S0at.
Thus a view towards VBNC V. cholerae as a "coat-less" spcre o
"pre-spore” is alsc a useful adypothesis to test 2olwell,
unpublished chservations)

The study will be divided into two phases a} laboratery ohase and
b} {i2ld phase. In the laporatory phase, microcosms wil: ha
prepared, folliowing standard DLoﬂedures, and the role of sslec==za
siophvsicechemical conditions on transf ormation from the culturable
tc the nonculturable btate and vice versa will be invebblgated.
VBNC V. chelerae from microcosms will also be tested in various
animal mcdels and tissue culture - systems to determins an
appropriate model/system for converting VEBNC V. cholerze *o the
culturable form. Various environmental sampies {e.g., water, soil,
cvanobacteria, copepods, aguatic plants, etc.) w-;L he *01‘ected
from the field and the appropriate models {(based or laboratory
results; will be used to recover VBHNC V. cholerse 6 *he cuiturable
form, both during inter-epidemic and epidemic seasons.

This study will, therefore, orov1de some direction concerning the

mechanism(s) of conversion of VBNC V. cholerae to the culturable
form during epidemic seasons in the aquatic environment of
Bangladesh. ”his study will also give some 1nd1catlons as to the
mechanismis) volved during passage through various animail guts in
transforming vBNP V. cholerae to the culturable form. Intestinal
mUcous or cther intestinal fluig coemponents have besn suggested as

an inducing agent {Bravton and Colwell, unpublished 4data) but has
net been confirmed. Being released from the muc ilaginous sheath of

- |_|.

cyanobacteria and from copepods during ©phvtoplankton and
subsequent ‘zcoplankton bloom formation in epidemic seascns., VBNC I,
cheolerae enters surface water, as demonstrated for V.

parahaemolyticus {Xaneko and Colwell, 1873, 1S74). Pecple mav
centract the disease when ingesting water containing V3NC V.

cholerae, and then initiate epidemics. When the mechanisnms
associated with seasonalityvy and initiatiocn of epidemics are
identified, prerpnt;vp strategies can be developed. This studyv will
assist in formulatin controi strategies for cholera through
applications of enviro nmental interventicns, which will have
significant lmpllcatijn for national health policies designed to
prevent cholera by predicting ensuing epidemics.



3. PROJECT DESCRIPTION : .
a) Scope

Cholera is a devastating disease in the epidemic form from time
immemorial. In endemic areas of Bangladesh, cholera epidemics acour
twice a year with 4 regular seasonal Pattern (Merson =t ail., 1939;
Glass et al., 1982; Islam et al., 1993). During epidemics, Vilrio
cholerae is isclateq from-patients, as well as from surface water
but ”disappears”, i.e. cannot be cultured, fronm the environment
during inter-epidemic Seasons (Xhan et al., 1984; Islam ot 1.,
1683, 1990a, 1943, 19%4c, 1995, Colwell et al, 19¢4; Hug =t a1, ,
13894}, uUntiz recentlv, the reservoirs or sites ¢f survival ang
multiplication of V. cnolerae‘during.interepidemic periods were not
known andg there were no satisfactory explanations of how
seasonality and endemicity of cholera are maintained in Bangladesh.

Regarding endemicity, Miller et aj, (1%84) suggested four
mechanisms: {1) carrier status in animals, {2) carrier status in
man, (3) continuous transmission in man, and (4) an environmerntsal

i that the firg+ three

(3
reservo
",
Tha

1r. The evidence now availabls 3lggegt
of * &

mocdels are uniixely.

Ho animals have so far been demonstrateg 85 reservoirs of cholera.
Sack (1¢73) investigatedqd. canines gas reservoir of cholers in
Calcutta, India, Cver 500 dogs were examined bacteriologically but

not evidence for a V. cholerae 01 reservoir was found, although 143%

of the dogs tested harboured . cholerae non-01 in their

intestines. These results indicate that non-human reservoirs exist
for v. cholerae non-01 in contrast to V. cholerae 01, However,
toxigenic V. cholerae Ol has been isolated from domestic animals
oniy during cholera seasons (Sanval et al., 1974). 1t is likely
that these nimals probably pick Up the vibrios fronm the
environment‘at the time when cholera infections are ogcurring
locally andftherefore, do not act as true reservoirs. The evidencea
for chronic carriage in man is glso weak. Only one chronic carrier
of cheolera has been recognized (Azurin et al., 1567}, Some
convalescent cholera Patients excrete cholera vibrios for a few
menths after infection, though these strains are nermally rough
(Pierce et al., 1870) and are nonpathogenic, l.e., non-toxigenic,
The model of continuous transmission®in man has gained some suppors
because the organism frequentiv causes sub-clinical infecticns »u+
continuous cransmissiocn of the organism from persen to verscn is
unlikely tc be a successful strategy because Of the comparativ 1v
. A

high infective dose of the Vibrio cholerze (Hornick ez al., 1971)

=+ D

In environmenta; reservoir for Vibries was suggested by the Pioneer
bacteriologist, Dr. Robert Koc! (Koch, 1884}, but was Subsequently
rejected mainly because most of the survival studies showed only a
limited pctential for environmental survival (Felsenfeld, 1$74;
Pollitzer, 1959). This kind of negative conclusion, based on
isolation (culture)rstudies of V. cholerae 01 in water (excluding
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the different kinds of plants and animals in the environmental) in
the laboratery is of Iimited application to field situaticn
However, the hypothesis put forward by Colwell et al., {1981) that

V. cholerae is an autochthonous flora of brackish and estuarine
' provided 2 new impetus for investigating environmentzl

T

a 1Y 3
reservoirs for V. cholerae.

Many scientists at different times in various parts of the world
have trisd to identify reservoirs of cholera. V. cholerae procduces
an e&nzyme, chitinase (Nalin, 1976) tha= is related to 173
association with chitinous fauna, such as copepods and crustacsa in
Lhe aguatic environment and mav act as a reservoir of V. cholerzs.
Hug et al. {1983) studied the role of copepods in survival and
multicliication of V. cheolerae 01 in laboratory microccosms finding
that V. choleras 01 survives longer and multiplies in the presence
cf copepods. V. cholerae was isolated up to 13 dayvs i.e. remained
culturable, -in copepod samples. Though the copepod provides

survival advantages for V. choleras 01 in laboratory microcosms,
the survival time was not long enough to cover the interepidemic
reriod, which is 6-9 months. It has been observed that V. chclerae
may become nonculturable when attached to cver-wintering stages of
copepods and in  brine shrimp (Hasan et al. manuscript Iin
publication). Therefore, copepods may be considered a resarvoir and
can act as a scurce of transmission. '

The role of aquatic fauna such as oysters, crabs, prawns etc.
(Twedt et al., 1981; Hood et al., 1981) has been much discussed.
In the late 1970s, V. cholerie was isolated from hydrophytic plants
by Tslam and Aziz (1978; 1981); Spira et al. (1981) alsoc observsed
attachment of V. cholerae, biotype 21 Tor *o surfaces, inciuding
roots of water hvacinths. Recently, it was observed in a coptrol
experiment that toxigenic V. cholerae 01 survives longer {remains

-

these plants were floating or in control water without plants
{Islam et al., 1989, 1990a). These findinus suggested that planis
may serve as an environmental reservoir for V. cholerae O1 =y
interaction with V. cholerae in a plant-host relationship. 7.
cholerae 01 survived i.e., remained culturable, 15 and 27 davys In
assoclation with a green alga {Rhizoclonium fontanum) and duckweszd
(Lemna minor), respectively. This time period is, again, not long’
enough like copepodes to consider grsen algae and duckweed zs long
term reservolrs of cholera but rather as providers of autrien<t, =3
vet undefined. .

Most recently, a laboratory-based study was carried out 2o
investigate the =role of an aquatic cyanobacterium, Anabaena
variabilis, as a possible reservoir of toxigenic V. cholerae o1
{Islam et al., 1990b). V. cholerae produces an enzyme, mucinase
(Schneider and Parker, 1982) and with an active mucinase, V.
cholerae may penetrate the mucilaginous sheath of Anabaena spp. and
may maintain a symbiotic relationship with the cvanobacteria 23

-5



cvanobacteria do with other gram negative bacteria {Paerl, 197
Paerl et al., 19738). Bv phase contrast microscopy it was fourn th
V. cholerae enters the mucilaginous sheath where it canc mul
locally and cluster around detached heterocysts of the alga {
et al., 19390b}. However, V. cholerae inside the cvanchac
became nonculturable but remained wviable suggesting entrance i
the VBNC, "spore-~like" state. This finding is consistent with
hypothesis of viable but nenculturable V. cholerae but forward by
Colwell et al. {1985). Recentlv it has been demonstrated that VBNC
V. cholerae become culturable and can cause cholers to human
volunteers {Colwpll et al., 199%8),

oh

Therefore, attempts were made to detect viable but nenculturable
(VENC) V. cholerae by an indirect fluorescent antibody (FA)
technique, since this technique has been used for 2 long time to
detect V. cholerae from both clinical and environmental samples
(Hug et 2I., 19980). Sack and Barua (1964) detected V. cholerze 01
in rice water stools of cholera patients using poiyclonal
fluorescent antibody in the early 1960s. The same technique was
also used by others but employing monoclonatl antibodies
subsequently, to achisve greater precision (Braviton et al., 1987;
Xu et al., 1982z, 1984). Colwell et al. {1985) developed an FA
method that was modified to- detect VBNC V. choleras 01 in
laboratory microcosms. By using their method, V. cholerae 01 was
detected inside the mucilaginous sheath of A. variabilis for more
that 15 months (Islam et al., 1990b). This is the first time it has
been shown that toxigenic V. cholerae 01 can persist for a long
time inside a cvanobacterial sheath. This finding demonstrated that
cvancbacteria can act as a reservoir of V. cholerae 01 as was also
found in case of V. cholerae and copepod (Hug et al., 1%94) and
provided possible explanations for maintaining endemicity and
seasonality of cholera in Bangladesh (Islam et al., 1994a,b;
Colwell & Hug, 1994),

However, one major drawback of the study is that V. cholerae became
nonculturable after 5 days of inoculation into the experimental
system (Islam et al., 1990b). Therefors, the next step was to
detect the nonculturable V. cholerae 01 by using FA and gene probe
assays. Now the question remains to be answered how these
nenculturable V. cholerae can be converted to the culturable form.

There are several possible mechanisms by which nonculturable V.,
cholerae are converted to the culturable form, which ars discussed
bhelow,.

1) Physicochemical and nutritional factors: The physiological state
of V. cholerae can be affected by various environmental conditions
(e.g., sunlight, pH, temperature, salinity, competition with other
microflora and fauna for nutrients, etc.) during survival in the
aquatic environment (Xu et al,, 1984; Feachem et al., 1981a; 1981b,
Miller et al., 1984; Huq et al., 1983, 1984; Singleton et al.,
1982; Brayton et al., 1987; Colwell et al., 1985; Islam et al.,
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1992; Hasan et al., 199<¢). Recently it has been observed that the
production of toxin by toxigenic V. cholerae 01 also depends on
selected physicochemical cenditions, based o¢n studies using
microcosms {Tamplin and Colwell, 1986; Islam et al., 1990a, 19$90b,
1991). The conversion of V. cholerae from the nonculturable sztate
to the culturable form may also depend on various pnysicochemical
and nutritional factors, Therefore, attempts will be made to
convert nonculturable V. cholerge to culturable form by changing
various phvsicochemical conditions of the microcosms. Several
attempts were made in the early 1980's by Bravton and Colweil
(unpublished data) to determine such factors, e.g., temperature,
salinity, nutrient concentration, etc. Recently Moriva et al.
(1995} observed in a microcosm study that VBNC V. cholerae 01 can
be converted to culturable form by adding ammonium salt to the
microcosms and providing heat shock for 1 min at 45%C.

2} Developing specifically enriched culture media: Recovery of V.
cholerae 01 from laboratory microcosms also depends on the medium
that is used. Islam (1987) observed that V. cholerae 01 can be
recovered from laboratory microcosms up to 45 days using selective
media (TCBS agar), whereas it can be recovered up to 55 dayvs from
the same microcosm if a non-selective medium trypticase soya agar
(TSA) is used. These findings cast doubt on the efficacy of using
selective media to recover V.w-cholerae well adapted to the aguatic
environment, because these “media were originally developed to
culture V. cholerae from clinical samples in a highly nutritional-
rich state, which may not be suitable to recover V. cholerae
adapted to environmental conditiocns, i.e. either in the VBNC or
starvation state. Therefore, new approaches tc culturing V.
cholerae-which have hecome non-culturable are necessary.

3} Passage through animal models: The strongest possibility for
converting nonculturable V. cholerae to the culturable form is by
passage through animal intestines both vertebrate and invertebrate.
Colwell et al. (1985) observed that nonculturable V. choleras fronm

laboratory microcosms, when injected into ligated ileal locps of -

rabbits, caused fluig accumulation in the loops. This fluid was
aspirated and streaked to bplates of TCBS and TSA. They observed
that V. cholerae grew in all selective plating media in pure
culture. More extensive experiments to determine the association of
V. cholerae in longer periods of VBNC state {1 week, 2 weeks, 1
month, etc.) and response to animal passage are badly needed at
this time. Furthermore, extraction of components of the intestinas!
fluid, as well as sectioning the intestinal wall, need to he tested
to determine their role in the VBNC state. Mucin is one such
component that needs to be tested, Considering all the above
factors, a study will be carried out with the following aims and
objective.

Objective
To investigate the role of physico-chemical parameters of water in

7



cenverting culturable V. cholerae tc the nonculturable but vi
state and vice versa. The role of various animal models, =i
culture systems, embrvenated eggs as was shown for deglone? a
various mcodifications of bacteriological cultural LG;hHlQLES 1

converting V3NC V. cholerae to culturable form will b

investigated using samples collected both from microcosms ané
directly frcom the aguatic environment.

Svecific aims

The are to investigate:
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pheological c¢hanges that VBNC V. cholerae underge with
sing the elec,_on microscope {(Preliminary findings by
ry et al., 1995, submitted for publication, show
t morphoiogical c¢hanges associated with the ocuter
e of VBNC V. cholerage 01). :
efficiency of modified media to facilitate out-growth
sporulation”" ) of VBNC V. cholerae,

lency of variocus animal models, embryonatasd sgg systeams,
issue culture systems in converting VBNC V. cholerae to
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athogenic potential and culturability of VBNC V. cholerae by
animal passage.
&) cenversion of VBNC V. cholerae into the culturable form from
environmentaT sampies, using appropriate svstems {animal
"models, tissue culture, etc.).
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b)‘ Methodology

This study will be divided into two phases; laboratory phase and
field work phase. :

A) Laboratory based studies
Micr occsms will be used to bring culturable V cholerae into
the viable but nonculturable state after which the VBNC V.
cholerae will be studied extensi vely with the objective of
converting the VENC <c¢ells to the culturable state, using
various technlques

i
e

Preparation of microcosms:

In 3500-mi c¢cnical glass flasks (Pvres), 200 ml each of
filtered (0.2 pm pore size filters) and autoclaved pond water
samples will be collected. A measured inoculum cf ca. 10 V.
cholerae per ml will be added and mixed. The flask will be
incubated at room temperature (253°C). Sampling will be done at
selected time intervals to monitor the nonculturable state of

8
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V. cholerae.

be plated ontoc trypticase sov agar (TSA) plating msdia. When
V. cholergae 1is no longer recovered on TSA agar fo W
consecutive samplings, attempts will be made to grow V.
cholerze from 1.0 ml of water samples in wvarious enric f
mediz. If no growth is observed, it will be considered that
has become non-culturable. Then after an additional 2-3 wee
to e sure that not & single c¢ell remains culturable,
cuitures will be used to determine mechanisms cof inducing
culturability, .

Detection of non-culturable V. cholerae : .
Nenculturable V. cholerae will he detected from microcosms
using fluorescent antibody and PCR technigues.

Fluorescent antibody {FA) technique: One ml of water from the
microcosm will he centrifuged at 10,000 rpm for S min. The
pellet 1s resuspended in 25 pl of water from *he same
microcosm. Fluorescent microscopic slides will ke preparad
with 5 ul of the suspension which will be stained with
fluorescein isothiocvanate {FITC) conjugated antibeody,
following procedures described by Islam et al., {19%0b) and a
more recent precedure described by Chowdhury et al. (1995}
(submitted for publication). Finally, the slides will be
examined under an epifluorescent microscope.

Polymerase Chain Reaction (PCR) technique: One ml of water
from microcosms will be centrifuged at 15,000 rmp for 5
minutes and the pellegs will be used for DNA extraction. The
extracted DNA will be amplified by PCR with two primers (CTX1,
5'—CTCAGACGGGATTTGTTAGGCACT—B’; CTX2, 3 -
GCATTATCCCCGATGTCTCTATCT~S') (Shirai et al., 1991).. The PCR
amplified preduct will be analysed by agarose gel
electrophoresis. The target DNA will be transferred to nylon
membrane by southern blcotting and then the membrane will be
hybridized with a.cholera toxin gene specific oligoucleotide
probe (5'-ACTATATTGTCTGGTCATTCTACT-3 "} following ~the
procedurss described by Islam et al. (1994c).

Morphological studies:

Electron Microscopy: Nonculturable V. cholerae from micrecosms
will be stained and examined by scanning and transmission
electron microscopes.

i) Scanning electron microsceopy: V. cholerae samples for
scanning electron microscopy will be passed through 13 mm, 0.2
v-pore size Nuclepore filters, washed with XNP buffer, and
fixed initially in 6% and subsequently in 3% glutaraldehvde in
0.1 M caceodylate buffer (pH 7.2). The filters will be washed

9



V)

a)

VI)

twice in additional buffer, postfixed in 1% osmium tetroxide,
and dehvdrated in graded alecohols for CO, critical-point
drving. The specimens will be mounted on copper tape and
sputter ccated with gold palladium (60:40) for examination
with a JEOL-100CX ASID scanning electron microscope operatead
at 440 kv.

ii) Transmission electron microscopy: Specimens
transmission electron microscopy will be fixed and dehydra
as above, placed in 1:1 propvlene oxide-Luft's epon,
embedded in Luft's epon for sectioning. Sections wil
negatively stained with uranyl acetate and lead citrate
examination with a JEOL-100CX electron microscope operated
80 kv. These experiments will be done using the faciliti
available in the Department of Microbiology, University
Marvyland, USA.
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Viability tests: The viability of non-culturable V. cholerae
will be tested using following procedures.

Division inhibition method: Viability testing of nonculturahls
V. cholerae will be carried out according to the procedure
originally described by Kogure et al. {1979} and recently
modified by Chowdhury et &l. (1995). In brief, nonculturable
cells will be added to the solution containing veast extract
(0.025%) as a nutrient supplement and nalidixic acid (0.002%)
as an antibiotic te inhibit cross wall formaticn during cell
division. Hence, viable cells will start growing but will not
be able to divide. The viable cellis which will appear longer
than their normal length will be stained, following the
flucrescent antibody technigue described earlier.

Respiration method: Viability testing of nonculturable V.
cholerae will also be carried out according to the procedure
described by Zimmermann et al. (19$78). In brief, ncnculturable
cells will be treated with 0.2% INT [2-p-iodophynvi)-3-(P-
nitrophenyl)~-5-phenyl tetrazolium chloride] dye for 20 min.
Then a sliide will be prepared and observed under the
microscope. The active electron transport system of the living
bacteria will reduce INT to INT-formazan which results in an
accumulation ¢f dark red spot inside the cells. These spots
will be observed under microscope. The non-respiring bactarial
cells will not show any swvot but the respiring {iliving)
pacteria will contain spots. This method has been successfully
employed by several investigators {Chowdhury et a1., 1995).

Conversion of VBNC to the culturable state: Attempts will be
mede to convert VBNC V. cholerae to the culturable form,
adapting the following procedures.

Modifying physicochemical parameters: Conversion from the VBNC
state to the culturable state will be done by changin

10



temperature, pH, salinity, etc. For example, microceosms will
be prepared with p 8.0 and 1.0% salini « -
cholerae per ml will be 1noculaucd and the

will ke graduaglly decreased by adding 0.1
water respectively. At the same time, the
transicrmation of nonculturability of V. cholerze
monitcred., When V. cholerae is ncnculturabis, '
testing will be done. Then attempts will be mads
the nonculturable but viable V. choleras inte the cultur
state by gradual increase of pH and salinity in the micro
by adding 0.1 N NaOH and NaCl respectively. Other combinatio
of salinity, nutrient, etc. will be tested “rosre¢51361'
building on information gathered during earlier experiment
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b) Using various selective and non-selective media: Attempts will
be made to grow VBNC V. cholerae using various non selective
solid and broth media e.g., TSA, blood agar, nutrient agar, YE
broth, gram negative broth, T.N. broth etc. These media will
be incubated at various combinations of time and temperatures.

c} Using animal models: Different kinds of animal modals will be
used for conversion of VBNC V. cholerae to the culturabpls
state, e.g. adult mice, infant mice, adult rabbits, infant
rabbits and rabbit ileal loops.

Animal passage : Various laboratory animals, e.g. rabbits, mice,
guinea pigs etc., will be wused as animal models to convert
nonculturable but viable V. cholera to the culturable form by
repeated passages using the following procedures:

Rapbit ileal loop (RIL): One ml of microcosm water containing about

10° VBNC cells will be inoculated into a 4 to 6 em length of ileal

loop of New Zealand white rabbit 1.5 to 2.0 kg following the

standard procedure (De and Chatterjee, 1953; Islam et al., 1992).

After eighteen hours of inoculation, animals will be sacrificed and

the contents of the loops will be cultured onto varicus culture:
media for recovery of culturable cells.

Adult rabbit: The VBNC V. cholerae will be collected from the
microcosms and then about 10’ cells will be inoculated into the
upper part of small intestine on laparotomy after light ether
anaesthesia, fdllowing the procedure describe by Sanval et al.
(1974). After 24 hours, the rabbit will be sacrificsd and t!
intestinal contents will be inoculated directly onto sclid platin
media and enriched wusing enrichment broth for recovery

culturable cells. Each experiment will be carried out in duplic
i.e., using 2 animals. The same procedure will be fcllowed

incculating infant rabbits, adult mice, and infant mice.
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d) Tissue cultures: VBNC cells of V. cholerae from microcosms
will Dpe inoculated into variocus tissue culturs systems,
including Chinese hamster ovary (CHO), green monkey kidney
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cells {(Vero) and v1 adrenal cell lines and incubated at 37°C
in CO. incubator at variocus time internals. If there is anv
growth in any tissue culture system then the sample will be
lnoculated into enrichment broth mediz. If there is any growth
in enrichment media, it will then be subcultureg onto various
selective ang non-selective culture media.

e) Egg embryo: Fertilized chicken eggs will be inoculated
: VBNC cells of v, cholerae from microcosms and incubated
rocm temperature ag well as at 37, Sample from the
inoculated eggs will be subcultured into varicus enrichment
broth media at évery 24 h and incubated at 25 and 37°%C for
variocus time intervals. If any growth is observed in any broth
medium, samples will be subcultured ocnto various non-selective
and selective culture media. The pProcedure employed for viable
but nonculturable Legionella, employing embrvonated eggs will

be followed, .

B} FIELD BASED STUDIES

At 15 davy intervals, environmental samples, including aguatic
plants, water, phytoplankton, Zooplankton, sediment, Oyster, snail,
fish etc., will pe collected from the aquatic environment of a
cholera endemic area of Bangladesh. Culturable, ag well as
nonculturable, V. cholerae will be detecteg using conventicnal
culture, FA and PCR technique. The viability of the nonculturakle
cells will be tested, following the brocedures describeqd above (Lab
based phase}. ’

Samples containing VBNC 1, cholerae will be inoculated into
appropriate animal model to convert nohculturable cells into the
.Culturable form. The culturable cells will be = tested for
pathogenicity uging RIL and tissue culture Systems. Various
phvsicochemical Parameters of water €.9., PH, salinity, dissolved

;v €Oy etc, will be monitored following standard ‘methods
(APHA,1992).

c) Data and analysis

Data will be generated on

I) combination of Parameters, with respect to media, incubation
temperaturs and- times, for recovery of VBNC V. choleras to

Culturabls state,

IT) suitable animal models for recovery of VBNC . cholerae to the
culturable form.

IIT) efficiency of animal models and tissue culture Svstems.

IV) recovery of VBNC V. cholerae from the aguatiec environment by -
using appropriate models selected by laboratorv based studies.

12



V) the role of various physicochemical conditicnsg of the aguatic
environment which might be responsible for inducing V.
cholerae to transform from the VBNC state to the culturable

state.

Vi) data on morphclegy of VBNC V. cholerae Wwill ke compareé with
metabolically normal culturable cells of V. cholerae,
Preliminary data have been obtained bv Japanese worikers
(Moriva et al., 1995} and by Chowchury = ai. {19%5;
(manuscript submittsd for publication).

INTERPRETATION OF DATA

1) The relationship of PH, salinity and temperature in conversion
of culturable V. cholerae to the viable but nonculturable

1
state and vice versa will be monitored bv increasing o
decreasing physicochemical factors in the laborator

A
a4

microcosms.
2) The shape, size, external and internal morphological
structures of culturable V. cholerae will be compared with

VBNC V. cholerae using the electron microscope.

3) The growth efficiency of VBNC V. cholerae on the modified
media and cultural conditions will be compared with the
presently available media and cultural conditions used.

5) The release of VBNC V. cholerae from blue green bacteriz and
from copepods during spidemic seasons will be correiated witt!
changes in the,biophysicochemcial conditions of the aquatic
environment. .

4. SIGNIFICANCE OF EXPECTED FINDINGS

This study. will trovide ideas about the roie of various
bileophysicochemical factors of water in converting nonculturable V.,
choleraze to the culturable form and vice versa. This study will
also demonstrate the potentiality of viable bhut nonculturable V.
cholerae to convert to ths culturable form and expression of
rathogenicity.

This protocol will allow determination of potential :triggering
mechanisms by which V. cholerae released from Cyanobacterial
mucilaginous sheaths and copepods enter the water colum during
epidemic seasons. Human use of contaminated surface waters for
various purpcses, e.qg., bathing, swimming, washing, and
occasionally for drinking, is likely to lead %o disease. If we can
determine triggering mechanisms of multiplication of V. cholerae in

13
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envircnment during cheolera seasons, we sheuld be able
vent transmission through hygiene and heaith education measures
as well as we will be able to develop an early warning system.
This study should establish a relaticnship between the natural and
social environments which contribute to health. For exampls, ii V.
cholerae pers'st in the agquatic environment on cyanobacteria and
multiply in copepods during epidemic seasons, pecple who are
i about this phenomenon occurring 1n the surface watsr
svstem, may become infected by V. cholerae. If we can prochibit use
of surface water by the surrounding pooulatlon during epldem1c
seasons through education, the transmission of the organism from
the aquatic environment to the human population can be prevented
or, at the least, lessened. This study will, therefore, be related
to community participation for preventing cholera. As cholera is a
mazjor health problem in Bangladesh, this study will have a direct
impact on mortality and morbidity due to cholera in Bangladesh.
~This study will, therefore, not only have relevance to the
maintenance of endemicity and seasonality of chelera in Bangladesh
but will alsc have significant implications for understanding
transmission of the disease, thereby influencing future cholera
zcontrol  programs by  environmental interventions and early
forecasting about the ensuing cholera epidemics.
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5. DISSEMINATION OF THE RESEARCH FINDINGS

On successful completion of the project, the results of this study
will be published in national and International journals. Thus, the
findings of our study will be disseminated worldwide. Moreover,
initiatives will be taken to disseminate findings of this study
through presentation of data at scientific conferences in home and
abroad. Collaborative co-investigateors and zdvisors of this project
will vield co-authored manuscripts of very high quality that will
be publishable in peer-reviewed journals.

6. PROTECTION CF HUMAN SUBJECTS

No human subiscts are invoived.



7. I1TEMIZED BUDGET:

Sudget:
No. of Monthly % of Ist Yr. 2nd Yr. J3rd Yr. 4th Yr. Sth Yr. Total
person rate Effort 1896/37 1997/98 1998/99 14%9/2000 2000/01 Us ¢
Personnel .
Project director 7,750 100% 93,000 99,510 108,476 113,929 129,904 534,31
So-investigator (NOC-YIEI) 11,450 208 3,480 3,724 3,984 4,263 4,582 20,013
Research Investigator (HOA) 1 126 te0s 8,712 9,322 3,974 10,873 11,420 50,100
Senior Research Officer (G§- 2 - 520 1008 12,480 13,354 14,288 15,289 16,359 71,769
Fesearch Officer {&5-Y) 34 100% 14,508 15,524 16,610 17,773 19,047 83,432
Senior Laboratery Attendant 1 28 1008 2,592 2,778 2,968 3,175 1,398 14,908
(GS-11)
Consuitants 15,000 16,050 17,174 18,336 19,822 86,182
Travel local 200 Pl 229 245 262 1,150
Travel International 3,000 3,210 3,435 3,675 3,832 17,2%2
Office Supplies 1,000 1,070 1,045 1,228 1,3 5,75t
Rent, Communication & Utilities 200 214 229 245 252 1,150
bevelopment and Communication 1,000 1,070 1,145 3,678 3,932 10,822
Materials cessiondire ete. {) _
Misceilaneous 500 535 572 612 §35 2,854
feroxing 206 214 228 245 262 1,150
Laboratory 25,000 26,750 28,622 30,626 32,778 143,177
Totai US § 180,872 193,533 207,080 223,985 239,656.1,045,127
Qverhead (31%) 56,070 59,895 64,195 69,435 74,293 323,989
Total US § 236,842 253,528 271,275 293,421 313,949 1,389,116
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Activities of the project, 5 vears

investigatocrs
M.83. Islam

M.J. Albert
.Z. Rahim

A. Felsenstein

: 1

M. 5. Islam

Z. Rahim

M.8. Isliam

A. Hug

Z. Rahim

M. 8. Islam
M.J.. Albert

A. Hug

Z. Rahim
Advisors’
Prof. R.R. Colwell

Prof. R.B. Sack

up lakboratcrv methodology

Setting for lnoowvitre
testing. ,
Laboratorv bhased experiments.

o . IR, R, TR, £ Sla A
Data analysis and standardizaticn <f Zisld

Fizld sampling
NData analysis and report writing.

Tasks of investigators:

Standardization of procedurss

Field Investigation

L

Testing of samples

L.

I

5
4

Review meeting about the problems and progress of the project
will be held every siz-month with the advisors.
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- Detailed Comments

Title:  Investigation of viable but nonculturable state of Vibrio cholerae CH
and O139: implications for cholera epidemics -

Pl

Reviewer -

Cholera is an important disease to be contreiled in South Asian
countries including Bangladesh because of the high mortality. The causative
agent of cholera, Vibrio cholerae O1 or 0139, is a habitant in natural water,
therefore understanding the ecology of the vibrio is very important for control
of the disease. Because V. cholerae disappear during inter-epidemic periods,
the natural reservoir of the vibrio in the inter-epidemic periods is an enigma
until today. However suggestion of existence of viable but non-culturable
(VBNC) stage of bacteria has opened the way to solve the guestion. VBNC
ceil is a possible and attractive candidate for the state of the vibric during intsr
epidemic period. ' | ,

With this point of view this project has enough significance to be
accepted. The most important point is demonstration of actuat existence of
VBNC cell and its conversion to culturable cell in natural environment.
Although transforming of culturable cell to VBNGC cell has been demo_nstréte_d
in experimental condition, evidence in natural environment is insufficient.
Colwell et al has demonstrated that the experimentally preparad VBNC cells
acquire culturability by passing human volunteer, but conversion of natural
VBNC to cuiturable cell has not been demonstrated. To elucidate these
questions, many laboratory and field studies such as shown in this project are
necessary. '

In addition to V. cholerae, there are some pathogenic species in genus
Vibrio such as V. parahaemolyticus or. V. vuinificus, and they are also habitant
in natural environmental water. Therefore this project is also useful for controf
of the pathogenic vibrios other than V. cholerae.
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The reviewer mentioned “he study of Prof. Eita B. Colwell ragariing
VENC state of V. cholisrae. Proxi. Colwell has demcnstrated that

VBNC V. chicierze can be convertsed to culturable form when ingested
by volunteers. In this preotocel, Prbf. Colwell is alsoc an advisor.
In the propvosed study, attempts will be made t\ convert VBNC V.
choierae to culturable form using animal medel, tTissue culiurs
system and wvariocus laboratory based technigues instead of using

human. As the reviewer commented on V. parahaemolyticus and V.

vulnificus, we will also include these organisms in this study.
Reviewer No. 2 (External):

The reviewer No. 2 did not make any specific comment.



