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General aim

To investigate the role of various aguatic fTlora, fTauna and
physicochemical factors of water in maintaining endemicity and
seasonality of cholera in Bangladesh. This will be done

simultanecusly with a clinical cholera surveillance systen.

Specific aims
1) To find out the role of various aguatic flora, both

macrophytes and phytoplanktons, in maintaining endemicity

and seasonality of cholera 1n Bangladesh.



¢)

d)

2) To find out the role of various aguatic fauna, e.g. oysiers,

crabs, shrimps and zooplankton in the maintainance of

seasonality and endemicity of cholera.

3) To study the role of various physicochemical conditions of
water (e.g. pH, temperature, 0DO,, DCO, , salinity, MNa, K,
etc.). which may provide favourable conditicons for
multiplication of vibrios in the agquatic environment

triggering cholera epidemics.

Hypothesis

From the available data we hypothesize that during cholera season
certain physicochemical factors of water, e.g. temperature, pH,
salinity, 00,, etc. bhecome favourable for algal bloom formation in
the aquatic environment. This algal bloom is followed by copepod
bloom. These algae copepod bloom ulEimately becomes responsible
for causing vibrio bloom in the water. Widespread use of this

contaminated water triggers epidemic.

Significance

This study will demonstrate the role of various aguatic flora and
fauna as reservoirs of cholera. 1t will also demonstrate the role
of different biophysicochemical conditions in triggering the
multiplication of ¥. chelerae 01 in the aguatic environment during
chelera seasons. This study will show the microhabitat of
¥. cholerae in the aquatic environment. This will not only have
relevance to the maintenance of endemicity and seasonality of

cholera in Bangladesh.but will also have significant implications

N



c)

)

2) To find out the role of various aquatic fauna, e.9. oysters,
crabs, shrimps and zooplankton in the maintainance of

seasonality and endemicity of cholera.

3) To study the role of various physicochemical conditions of
watar ke.g. pH, temperature, 002, DCOZ, salinity, Na, K,
etc.). which may provide favourable conditions for
multiplication of vibrios in the aquatic environment

triggering cholera epidemics.

Hypothesis

From the available data we hypothesize ihat during cholera season
certain physicochemical factors of water, e.q. temperature, pH,
salinity, DO, , etc. become favourable for algal blecom formation in
the agquatic environment. This algal bloom is followed by copepod
bloom. These algae copepod bloom ulEimately baecomes responsible
for causing vibrio bloom in the water. Widespread use of this

contaminated water triggers epldemic.

Significance

This study will demonsirate the role of various aguatic flora and
fauna as reservoirs of cholera. It will also denonstrate the role
of different biophysicochemical conditieons in triggering the
multiplication of ¥. ¢holerae 01 in the aguatic environment during
cholera seasons. This study will show the microhabitat of
¥. chiolerae in the aquatic environment. This will not only have
relevance to the maintenance of endemicity and seasonality of

cholera in Bangladesh but will also have significant implications



for our understanding of the transmission of the disease and may

influence future cholera control programmes.

1f the likelihood of cholera epidenic can be predicted by
determining the characteristics of water, early warning of an

impending epidemic could lead to better preparations.

The information gained about the microhabitats in the aquatic
environment supporting K. cfiolerae 01 growth may also give us some
idea of the feasibility of control strategies aimed at reduction

of these microhabiltats.

This study will also provide an important contribution to the

overall epidemiclogical understanding of the disease.
7. ETHICAL IMPLICATION

There is no ethical implication in this protocol.
x

10. BACKGROUND, RESEARCH PLAN AND BIBLIOGRAPHY
a) Background
Tntroduction

Cholera is Krown as a killer disease from time immemorial. In endemic areas
of Bangladesh, cholera epidemics occur twice a year with a regular seasonal
pattern reaching their peaks during November, December and January with a
second peak in April and May (Merson et &l., 1980; Glass ef al., 1982).
Quring epidemics, ¥ibrio cholerae 0L is iscolated from patients as well as from
surface water but disappears from the environment during inter—epidenic

seasons (Khan et &l., 1984). The reservoirs or sites of survival and



multiplication of K. cholerae 0L during inter epidemic periods are not Known.

There are no satisfactory explanations of how the seasonality and endemicity

of cholera are maintained.

Suggested mechanisms

Miller ef al. (1984) suggested four mechanisms. (a) Carrier status in
animals, (b) Carrier status in humans, (c) continuous transmission in humans
and (d) an environmental reservoir. The evidence available suggests that the

first three mechanisms are less likely.

carrier status In animals: No animals have so far been demonstrated as
reservoirs of cholera. Sack (1973) investigated canines as reservoirs of
cholera in Calcutta, India. Over 500 deogs were examined bacteriologically but
no evidence of V. cholerae 01 reservoir was found although 14% of dogs
harboured non-cholera vibrios in their intest%nes. These results indicate
that non-human reservoirs exist for non-cholera vibrios in contrast to
Ff cholerae 01. However, toxigenic V. cholerae Ol_have been isclated ¥From
domestic animals only in the locality of current choléra cases in man (Sanyal
et al., 1974). It is 1likely that these animals are probably picking up the

vibrios from the environment at the time when cholera infections are occurring

locally and can not act as reservoirs.

tarrier status 1n marn  The evidence for chronic carriage in man is also weak.
Only one chronic carrier of cholera has been recognized (Azurin ef al., 1967).
Some convalescent cholera patients excrete cholera vibrios for a few months
after infection, though these strains are normally rough (Pierce ef &l., 1970)

and are non-pathogenic.



Continuous transmission in man:  The model of continuous transmission in marn
has gained some support because the organism freguently causes aub-clinical
infections and continuous transmission could remain undetectled. Howevar,
continuous transmission of the organism from man to man is unlikely to he a
successful strategy because of the comparatively high infectlous dose of the
vibrio (Hornick &t al., 1971), the sensitivity of the vibriecs to dehydration
(Koch, 1884), the adaptation of the organism to waters of high salinity, its
1limited survival in potable water (Miller et 2l1., 1982), and the sensitivity

of the organism to acidic conditions (Pollitzer, 1959).

Environmental reservoirs: An environmental reservoir for V. choleras 01 was
suggested by early bacteriologists (Koch, 1884) but was subsequently rejected,
mainly because most survival studies have shown that the organisms have only a
1ihited potential for environmental survival (Felsenfeld, 1974; Pollitzer,
1959). This kind of conclusion based on survival studies of V. ¢holerge 01 1n
water (excluding its different kinds of plantskand animals) in the laboratory

15 of tenuous.

The first case in the USA during the 7th pandemic was detected in 1973 from
the stool of a 51 year old man in Texas, USA. V. cfivlerae E1 Tor Inaba was
isclated. This is the first reported case in USA since 1911 (Weissman ef al.,
1974). After 5 years of this report in 1978, another case of a 44 year old

man was detected in Lousiana. Afterwards, 10 more cases were detected in four

additional clusters (Blake & al., 1980).

An attempt was made to isolate V. cholerdae. from epvironmental samples.
K. cholerae 01 was 1solated from a boiled crab, from a shrimp caught in a
canal near Pecan Island and from two Moore swabs from two canals. All

isclates were V. chclerae 01, biotype E1 Tor, serotype Inaba.



The phage sensitivity of 38 Lousiana isolates and 1 Texas isolate was the
same. This phage sensitivity was unique for these Texas and Lousiana strains

in comparison with 1085 strains which were isolated all over the world during

1964 to 1979.

It has been hypothesized that K. cholerae had been able to survive along the
Gulf Coast for many years. The strongest evidence is the fact that the
isolates from Texas and all the isolates from Lousiana five years later were
of a single phage type limited to the United States. Motreover the strong
haemolytic properties of these isolates were also different from all other

El Tor strains isolated worldwide in the past 15 vears.

Finally it has been suggested that toxigenic V. cholerae 0L can survive and
mdltiply in the environment and persist indefinitely without human faecal
contamination. Fileld studies in Bangladesh have demonstrated that V. cholerae
01 remained attached to various components of  aguatic environments (Tamplin
et al., 1990; Hug et al., 1990; aAmako et al., 1992; Islam et al., 1992).

Aquatic fauna and Flora as reservoirs

Adhesion to surfaces: The availability of nutrients must be one of the most
significant factors limiting the distribution of V. choleras. This alone
suggests that the organism will be found absorbed to surfaces where the
concentration of nutrients will be higher (Heukelekian and Heller, 1940). 1In
addition to this, some studies have suggested that two likely sources of
n.utrien‘ts for this organism are chitin (Kaper, 1979) and aguatic plants

{Gessner, 1955).



In the late 1970s, Islam and Aziz isolated vibric cholerae Trom hydrophytic
plants (Islam and Aziz 1978, 1981). Spira ef al. (1981) ohserved the uptake

of V. cholerae, biotype E1 Tor by water hyacinths.

Recently, it was observed that toxigenic ¥. cholerae 01 can survive longer
with a duckweed (lemmra minee and an alga fhiroclonium fontanum than the water
on which these plants were floating and in control water without plants (Islam
etlal., 1989, 1990c). These findings suggested that plants may serve as an
affective environmental reservoir for V. cholerae 01 either through a non-

specific association or by interaction with ¥. cholerae in commensal

relationship.

Most recently a laboratory-based study was carried out to investlgate the role
of an aquatic blue green alga Anabaena variabilis as a possible reservoir of
toxigenic ¥F. cholerae 01 (lslam et al., 1990d). It was observed that
¥, cholerae survived longer in water with Armabaena and in control water
(without Anabaena) than the Anabaenz itself. This was a puzzling observation
because in all previous studies, V. cfolerae always survived longer on plant
surfaces than water on which the plants were floating (Islam et al., 1988,
1989, 1990¢). However, V. cholerae secrets an enzyme, mucinase (Schneider and
Parker, 1982) and with the help of this enzyme V. cholerae may enter the
mucilaginous sheath of this alga. The infected Anabaena variabilis of this
alga was observed under phase contrast microscope and it was found that
¥F. cholerae had entered the mucilaginous sheath and were dividing and
clustering around detached heterocytes of this alga (Islam ef al. 1990d) but

became non—-culturable.

Then attenpts were made to detect V. c¢helerae by an indirect fluorescent

antibody technigue because this technique has been used to detect V. chiolerae



from both clinical and environmental samples. Sack and Barua {1964 ) detected
V. cholerae 01 from the rice water stool of cholera patients using this
fluorescent antibody technicque in early 1960s. Recently Colwell ef al. (1985)
also used the same technigue to detect V. cholerae 01 from laboratory
microcosms. By using this technique, V. cholerae 01 were detected inside the
mucilaginous sheath of 4. variabilis for 15 months. This is the first time it
has been shown that F. cholerae Dl can persist such a long time inside a blue
areen alga. This finding demonstrated that blue areen algae can act as a
reservoir of cholera and provided a possible explanation for maintenance of
the endemicity and seascnality of cholera in Bangladesh (Islam ef al., 19%0d).
However one major finding was that ¥. cfivlerae became non culturable 120 h
after of inoculation into the experimental system (Islam, 1990d). Tamplin
et al. (1990) studied the interactions between V. cholerae 01 and natural
plankton populations in a cholera endemic area of Bangladesh. By wsing
epifluorescent microscopes, they found that ﬁ. cholerae 01 could attach to

phyto and zooplanktons.

The role of aquatic fauna such as oysters, crabs, /prawns and zoop lanikton
(Twedt et al., 1981; Hood et al., 1981, Hug ef al., 1983) has been much

discussed.

Role of physicochemical factors on survival of V. cholerae

The physiological state of ¥. cholerge can be affected by various
environmental conditions (e.g., sunlight, pH, temperature, salinity,
competition with other bacteria for nutrients, etc.) during survival in the
aquatic environment (Feachem ef &l., 1981: Miller et al., 1984: siddigue

et al., 1991; Singleton et 4l., 1982). Recently it has been observed that the



production of toxin by the toxigenic F. cholerae 01 also depends on various
physicochemical conditions in the microcosms (Islam, 1990a, 1990b, 1991). The
conversion of V. c/wlerse from non—culturﬁﬁle to culturable forms may depend
on various physicochemical factors in the aguatic environment. Recent studies
have shown thét ¥. cholerae cannot persist in water having pH below 7.0 and
salinity of 0.005%. (Islam et al., 1992). Therefore, water having acidic pH
and lower salinity will not be a good habitat for longer survival of
V. cholerae. Colwell et al. {1985) carried out a study on viable but non-
culturable F. cholerae and related pathogens in the environment. They
chserved that over time ¥. cholerae enter a viable but non-culturable state in
a series of microcosm studies. Direct viable counts by epiflucrescent
microscopy are c¢onsistently higher than corresponding plate counts.:
Furthermore, animal passage revealed that viability and pathogenicity
persisted for such "non-culturable” cells. Therefore, indirect
immunofluorescent microscopy offers a more sgnsitive detection system of

¥. cholerae from the gnvironmental samples.

Oppenheimer et al. (1978) carried out a limnological $tudy of three pond§ in
Dhaka, Bangladesh, for one year, from March 1975 to April 1976. They
collected water samples once a month and determined physical and chemical
parameters, including temperature, pH, tufbidity, chloride, hardness,
dissolved oxygen, carbon dioxide, phytoplankton, zooplankton, etc. | They
observed that the changes of pH of the surface water are due to algal
photosynthesis. When the algae form a bloom, their high.rates of
photosynthesis take up the free €O, for carbohydrate synthesis and thus reduce
the free carbon dioxide content, while the production of oxygen increased and

the pH become more bhasic due to the reduction of carbonic acid in the surface



water. The algal bloom formation was mainly due to bhlue green algae. They

also obeerved that the reasons of high pH coincided with the cholera seasons

in the region.

All the previous literature reviews indicated that certain physicochemical
factors may be responsible for producing algae/copzpod blooms during cholera
seasons  in the environment. These algas/copepod bloom may ultimately be
responsible for the formation of Vibrico blooms in the water. Howaver, how
this brings about VFitric bloom remains unclear at the moment widespread use of
heavily contaminated water may result in epidemics. From the foregoing data,

the following model can be darived:

Tenperature
Salinity
——> Algal bloom —> Copepod bloom
Nitrogen | J
v v
Other trace materials -——
—_— Vibrio blooms ~> Epidemic

pH

Using the above framework, we will investigate the interrelationship among
aquatic fauna, flora various physiochemical parameters of surface water, the
pravalence of culturable and non-culturable forms of F. cholerae 01 and the

S2asons.,

Islam (1987) observed that stressed V. cholerse 01 could be recovered in non-
selective media (trypticase soy agar) better than selective media (thiosulfate
citrate bile-salt-sucrose agar) from artificial aquatic ecosystems. Fhese
results throw doubt on the efficacy of the alkaline peptorne water and TCBS

agar isolation technigue which was originally developed for clinical specimens

10



but. is currently employed for environmental samples. Moreover, as the number
of ¥. cholerae non-01 and other vibrios are more than ¥. cholerae 01 in the
environmental samples, frequently the non-0l overgrow the 01 serotypes which
could then not be recovered following presently available cultural techniques.
Therefore, the isolation of lower numbers of ¥, ¢holerae 01 from among other
vibrios and the growth of stressed bacteria from the environmental samples
pose problens. Therefore, attempts will be made to detect the stressed cells
as well as the lower number of K. cholerae using the recently-developed very

sensitive polymerase chain reaction technique (Shirai et al., 1991).

b) Research plan

The search for V. chiclerge, though involving water sampling, will be based
also on an examination of various aquatic flora and fauna. Sadiments from
various aguatic ecosystems will also be examined. The sites investigated will
be chosen on the basis that the composition of the water at a specific site
falls within the range that allows moderats survival of ¥, cholerae. The
likely survival habitat will be determined in light  of information obtained
from the previous studies (Islam et al., 1988, 1989, 1990c, 1990d:; Hug et g4,

1983).

The sites for collection of environmental samples will be the same areas where
a sentinel surveillance system for control of epidemics of cholera will be
ongoing. The objective of the sentinel surveillance system is to implement a
diarrhoeal surveillance systenm using selected sentinel areas in Bangladesh
which will serve as edrly warning posts for impending epidemic outbreaks of
diarrhoea particularly of cholera. The objectives of this protocol are: (a)

the early recognition and documentation of diarrhosal outhreaks, (b) the

11



detection of principal aetiological agents of diarrhoea outbreaks and any
change of their characteristics, particularly antibiotic sensitivity. Five

sentinel surveillance areas have been selected on the basis of:

a) representative geographical locations in the country,

b) risk of being affected by epidemic outbreaks as determined by
historical information,

a) access both during the monsoon and dry months, and

d) the context of the administrative structure of the country.

The proposed surveillance areas are:
a) Gangachara {Rangpur)
b) Bhuapur (Tangail)
<) Sarail (Brahmanbaria)
o) Bakergan) (Barisal)

&) HMorrelganj (Bagerhat)

Every month, the sentinel surveillance team will go and collect stool/RS$
sanples from the human population, at the sane time, the environmental

microbiolgists will also go and collect the environmental samples.

Envirormmental sampling

Samples will be collected from the five sentine)l diarrhoeal surveillance areas
in the east, west, north and southern parts of Bangladesh. The water sampling
from these sites will be determined on the basis of different physicochanical
parameters of water e.g. temperature, pH, 002, suspended solids, salinity, and

TCOZ.

12



Number of samples.  Samples will be collected from 2 ponds and 2 river sites
at each location. Samples will include oysters in addition to the plants,
phytoplanktons, zooplanktons, soil, water and algae already mentioned. A total

of 1680 samples (4 sites x 7 components x 5 districts x 12) per year will be

collected.

Sampling procedure

Surface water (5 cm below the surface) will be collected in presterilized
1000 ml plastic bottles. Plant samples will be collected by hand using
sterile plastic gloves and kept in sterile plastic hags. Sediment samples
will be collected with the help of a core sampler and kept in 4 oz glass
hottles, A1l the collected samples will be transported to the laboratory,
inside an insulated foam box with ice bags so that the temperature can be
maintained at approximately 4°¢. Samples will.pe processed within 4 hr after

collection.

Plankton will be sampled by pulling a NO, 20 (77 um mesh) plankton net through
the water. A portion of each sample will be preserved in formaldehyde for

identification.

Sampling time. Samples will be collected once in a month from each sampling

site.

Treatment of samples. Plant samples will be blended for at least two minutes
with an egual volume of phosphate buffered saline (PBS) to give a homogeneous
mixture, Sediment samples will be shaken vigorously for 3 minutes before

aliquots are taken for analysis. Plankton samples will be homoganized in a

13



Teflon-tippéd tissue grinder (Wheaton Scientific, Millville, NJ) using a

stedfast stirrer (Model 300, Fisher Scientific, USA).

A portion of the blended plants or homogenized plankton materials will be
inoculated in enrichment media (alkaline bile peptone) and incubated for 6 hr,
and subsequent plating will be done onto TCBS agar and TTGA medium. One gram
of sediment will be taken-and processed in the same way. One thousand ml of
water will be filtered through a 0.45 pm membrane filter, and then the filter
paper will be immersed in bile peptone, incubated for 6 hr at 37°C (in a
shaker incubator) and subsequently plated onto TCBS agar and TTGA medium.
Direct plating will also be done taking 0.1 ml from the blended or shaken

samples ontc TCBS and TTGA media.

Bacterial counts for vibrios

#ater. One hundred ml of water will be filtered through a 0.45 um membrane
filter paper. Then the filter paper will be placed onte TCBS agar and
incubated for 18-24 hr at 37°C. Yibrio-like organisms will be picked and
streaked onto gelatin agar medium (Monsur, 1961) and ircubated at 379C to see
the production of gelatinase and sensitivity to 0/129 vibricostatic compound;
then they will be inoculated onto Kliglers Iron Agar (KIA) and Motility Indole
Urea (MIU) agar. Presumptive vibrio isolaies will be checked for lysine and
ornithine decarboxylase, arginine dihydrolase and for fermentation of
mannitol, sucrose, mannose and arabinose (Hug, 1979) and growth in 0, 3, 8 and
10% NaCl. Serology will be done if indicated. Faecal contamination of the
water sources will also be determined following standard procedures of

determining faecal coliform counts {aPHA, 1985).
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cedony hivbeiciration.  The isclated strains of K. cloleras 0L will be flested
for tftoxiaenicity by colony blot hybridization (ollowing procedures as
described by Pal ef al. (1992). In brief, the isolates will be inoculated on
steidle nylen filters layered over nutrient agar plates and will be incubated
at 379 overnight. The memixranes containing the freshly grown atraing will be
placed on the ftop of a denatwration solution {(0.% M NaOH., 1.5 M MNaCl) for 7
min, twice on a neutralization selution (0.5 M Tris-HCL IpH 7.21, 1.5 M NaGl)
for 4 min each and finally on 2 x SSC. The membranes will be treated with
proteinase K (1 mg/ml) for 30 min at room temperature, air dried and will be
baked at 80°C Tor 2 h. fhe membranss will be hvbricdized with pevoxidase
labelled probe at 42°C overnight. After hybridization, the bound precbhbe will
be detected by enhanced chemoluminescence (ECL) aane detection system

(Amersham International).

Fluorescent  microscony. All  the samples wil} be tested by Tfluorescence
microscopy following standard procedures (Islam ef al.. 1990d).  In hirief,the
planktons will be fixed on a slide and then . cholerse 0L monoclonal antibody
Will be added and the slides will be incubated for 30 min in moist concditions.
After washing, FITC anti-mouse alobulin goat serum will be added and incubated
for 30 min as hefore. Finally, afler washing and drying, the slides will he
mounted under a coverslip using buffered glycerol, pH 8.0-92.0 and examined

under a fluorescent microscope.
Procedure for detection of V. cholerae 01 by PCR

All environmental samples will be centrifuged and the pellet will be used for

DNA exiraction.

15



Extraction of ON4. The pellet will be resuspended in 75 ul of 50 mH Tris-HC1
buffer, pH 8.0, containing 20% (w/v) sucrose, 50 mM EDTA and 100 pg of
lysozyme and the reactants will be incubated at 37°C for 30 min. Then 300 pl
of 50 mM NaCl containing 1% (w/v) sodium dodecyl sulphate (S0S) and 800 pg of
proteinase K will be added and the incubation continued for an additional
60 min. The extracted DNA will bhe precipitated by adding absolute ethancl,
harvested by centrifugation, and then resuspended in 100-300 pl of 10 mM Tris-
HCl, pH 8.0 containing 1 mM ERTA. The extracted DONa will be stored in
distilled H,0 at 49C until needed. DNA will he extracted following the

procedures described by Escheverria et al. (1992).

Amplication of ON4 by PCR.  1-5 p)l of the extracted DNA will be amplified by
PCR using 10 pg of each of the primers following procedure described by Shirai
et al. (1991). The sequence of primers are 5°~CTCAGACGGGATTTGTTAGGCACG-3" and
3’ -GCATTATCCCCBATGTCTCTATCT-5. PCR will be performed for 35 cycles of 1 min
at 94%c (denaturation), 1.5 min at 60°C (angealing of primers to single
stranded DNA) and 1.5 min at 72°C (DNA polymerase mediated primer externsion).
then 10 pul of the amplified product will be analyzed by electrophoresis using
1.5% agarose gels, The identify of the amplified product will be further

confirmed by a probe as described below.

Detection of PCR-amplified products with the alkalike phosphatase Jabeled
allgomnweleatide probe

Tﬁe PCR;amplified products (as described above) will be anlalyzed by Southern
hybridization with the K. c¢holerae CT DNA as a probe. The sequence of the CT
probe is 5 -ACTATATTGTICTGGTCATTCTACT~3" (Shirai =¢ al., 1991). Before
hybridization, the DNA will be incubated in 0.3 M NaOH for 5 min at 70°¢ and

will be applied to a nylon membrane. . Before hybridization the membrane will
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he incubated in 5X SSPE, containing 5X Denhart’s, 0.5% SDS and 0.1 mg/ml yeast
tRNA for 15 min at 42°C. Then 4 ng of the AP probe will be added and
hybridization will be allowed to proceed for 15 min. Then the membrane will
be washed four times at room temperature. 2X S$SC, 05% SDS for 10 min; 1X $SC,
0.1% sS0OS for 10 min; 1X $SC, 0.5% Triton X-100 for % min, 1X S$SC for 1 min.
Then the membrane will be incubated with a substrate for the AP probe
consisting of a mixture of nitro blue tetrazolium (NTB) and

3-bromo-4~chloro-3-indolyl phosphate (BCIP) for 4 hr at room temperature.
Detection of aquatic environmentalvparameters
Water temperature, salinity, pH, dissolved oxygen content of water will be

determined using portable electronic meters.

Type of data
1) Isclation of ¥. cholerae 01 from various components of aquatic

environments by using conventional cultural techniqgue

2} Detection of non-cultureable but viable V. cholerse 01 from various

aquatic components by using fluorescent microscopy

3) Detection of low numbers of ¥. cholerae 01 and non-culturable

¥. cholerae 01 using the polymerase chain reaction technique

4) Determination of various physicochenical parameters of water

Interpretation of data

If the V. chiolerae 01 are found in a particular flora throughout the year and

the number of both V. cholerse 01 and the associated hosts increase during
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cholera seasons (clinical surveillance data), that will provide a c¢lue about
the reservoirs and role of thse reservoirs in maintaining endemicity and

seagonality of cholera in various parts of Bangladesh.

it the multiplication of V. chelerae 01 and its associated host correlate with
the changes of some particular physicochemical conditions of water, that will
give us some idea about the role of various physicochemical factors in

initiating the multiplication of vibriocs in the environment.

Correlation of V. cholerae 01 recovery rate from different environmental
samples will be analyzed with particular reference to seasons, cholera
prevalence. The epidemiological data will be collected from the concurrent

sentinel surveillance programme.

The data will be analysed in statistical analysis system (5A$). dBase will
also be included. Data will be entered in $0S data entry package. The data

will be processed by Mr. M.A. Malek in Archive Unit of LSD.

We can cluster the environmental factors in two capegories, high and Jlow.
During cholera seasons, the high values should be observed in algal count,
hours of sunshine, pH, salinity and. dissolved oxygen content of water. The
low values should be observed in rainfall, water level, water temperature and
CO, content. The available data suggest a pattern of increasing or decreasing
trends of various physico-chemical factors during epidemic and inter-epidemic

periocds. We will therefore be able to categorize some physico-chemical

factors on the basis of increasing or decreasing trends.
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12. FLOW CHART

Activities of the laboratory 3 years

First year

Second year :

Third year :

Standardization of techniques - & months
Field sampling - & months

Field sampling

Field sampling - & months
Data analysis and writing - 6 months

13. ITEMIZED SPECIFIC TASKS FOR EACH LISTED INVESTIGATORS

Sequence of tasks

Standardization of procedure e 2 months

Testing of specimens

R 2 years 6 months

Analysis of data and writing reports 4 months

Task of investigators

M. S. Islam
M.J. Abert

f. Felsenstein
A. Hug

M. S. Isiam

A. K. M. Siddique

M. 8. Islam
A. K. M. Siddigue
A. Felsenstein

Professor R. B. Sack
Professor R.R. Colwell

Standardization of procedure
Field sampling
Data analysis

Overall supervision and
interpretation of data
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14, BUDGET

BUDGET SUMMARY

First year

1. Parsonnel . Uss 24,360
2. Operating cost - 30,095
3. Capital equipment . 5,000

mmmmmmmmmmmm Us$ 59,455

Second year

1. Personnel P 25,212
Z. Operating cost R 28,095
wwwwwwwwwwwwww 53,307
Third year
1. Personnel - 26,608
2. Operating cost e 28,095
———————————— 54,703
Total cost (for 3 years) US$ 167,465
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DETATLED BUDGET

First Year
A Personnel
Pesignation Level and step Salary per annum
1. Associate Scientist NOC—4 { 30%) Uss 3.798
2. Senior Research Officer GS-¥1-1  (100%) 6,036
3. Research Officer GS-Y-1 {100%) 4,668
4. Sanior Laboratory Technician GS-1v-1  (100%) 3.768
5. Laboratory Technician GS-111-1 {100%) 2,752
&. Senior lLaboratory Attendant [S-T1-1 (100%) 2,508
7. Consultant - 630
e JSE 24,360

B. Operating costs
a) Sampling and processing

of phytoplankton - 240 @ 7.63 s 1,831
b) Zooplankton - 240 @ 7.63 L.B3L
c) Algae ~ 240 @ 7.63 1,831
d) Sediment - 240 @ 7.63 1,831
e} Plants - 240 B 7.63 1.83]
f) Water - 240 @ 7.63 1,831
a) Water for FC ~ 240 @ 7.41 ' 1,778
h) Oysters - 240 @ 7.63 1.831
i) Antiserum and reagents - 3,000
3) Non-stock supplies - 2.000

(sampling box, sampling

bottles, chemicals)
k) Stationary, communication, Xerox,

Hedical Illustration - 1,500
1) Transport - D& and A - 4,000
m) 3,000

9]

1nternational travel

Total cost (for first year)

Capital equipment

cememmnees USE 30,095

US$ 24,5360 + 30,095 = 54 _455

1) Homogsnizer Uss 2,000
2) Portable DO, meter,
pH meter, water sampler 3,000
mmmmeemes USE 5,000

Total c¢ost (for first year)

= US$ 24.360 + 30,09% + 5,000 = 59,455
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Second year

level and step

NOC-5 { 30%)

G5
GS-
GS-
GS-
G5~

240
240
240
240
240
240
240
240

VI-2 (100%)
V-2 (L0D%)
1¥=2  {100%)
I11-2 (100%)
I1-2  (100%)
@ 7.63
@ 7.63
@ 7.63
@ 7.63 ~
@ 7.63
R 7.6%
@ 7.41
@ 7.63

A. Personnel

Designation

1. Associate Scientist

2. Senior Research Officer

3. Research Officer

4. Senior Laboratory Technician

5. Laboratory Technician

4. Senior Laboratory Attendant

7. Consultant

8. Operating costs

a)' Sampling and processing
of phytoplankton -

b) Zooplankton -

c) Algae -

d) Sediment -

e) Plants . -~

). Water -

a) Water for FC -

h) Oysters -

i) Antiserun and reagents -

i) Stationary, communication, Xerox,
Medical Illustration -

k) Transport - DA and TA

1) [nternational travel -

Total cost {(for second year)

28

Salary per annum

UsE 3,906
6,264
4,848
3,912
3,060
2.592

630

————————————— Uss

Uss  L.831

mmmmmmmmmmmm uss$

Uss 25,212 + 28,095

25,212

28,095

53%.
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Third year

A. Personnel
Designation level and step
1. Associate Scientist NOC-6 { 30%)
2. Senior Research Officer GS-VI-3 (100%)
3. Research Officer G5-v-3  (100%)
4. Senior Llaboratory Technician GS-1v-3 (100%)
5. Laboratory Technician G3S~111-3 (100%)
6. Senior Laboratory Attendant  GS-I11-3 (100%)
7. Consultant -
B. Operating cost as previous
a) Sampling and processing

of phytoplankton - 240 @ 7.63
b} Zooplankton - 240 @ 7.63
c) Algae - 240 @ 7.63
d) Sediment ~ 240 @ 7.63%
e) Plants - 240 @ 7.63
) Hater for vibrio - 240 @ 7.41
g) Water for FC - 240 @ 7.63
h) Oysters - 240 @ 7.63
i), Antiserum and reagents -
i) Stationary, communication, Xerox,

Medical Illustration -
k) Transport - DA and TA -
1) International travel -

Total cost (for third year

MSI:mh/S10:AFLORA.PRT

)

2%

Salary per annum

UsS$ 4,014
6,720
5,208
4,000
3,276
2,760

630

nnnnnnnnnn Us$ 26,608

uss 1,831

__________ Us$ 28,095

US$ 26,608 + 28,095

54,703
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Thank you for sending the protocol of Dr. i8iraiul Islam
- antitieq, ’"Role cf varjious agquatia flora,! fauna, ang
‘physicochemical oconditions of water ip maintaining ehdemicity
and seasonalit of - cholera in RBangladenh," Overnll I anm
impressed with {he‘proposal and feel it will compleme:t nicely
the plannedﬂsurveillunce protocol which is about to begin in - -
Bungladesh.i*mhero'nre however a few atipscta which I hope the
investigators wiil eonelder, 7l ' 1

i
]

. - , . ‘ ' ; ! ‘
1.  Firstly, 1 find an overall framework or modal lacking
from the prbtocol, other than thae general notion that the

ha-ormental reservoir ds important [ tie"T LIECIIGR. of
the resarvoir, Thigs no longer sanme to he a controvereial
area, and by itself, 1d not worthy of much g large study,
What does saen important is the linkage of the findings from
this environmental study with the nlinleal surveillance, such
that epidemice can pe correlated with the environmental
findings, Hopefully an environmentnat axplanation ean he found
which wil1l explain the timing of epidemics. Seakonal changes
in surface waters ghould relate tg seasonnl epidemice; the .
PUrpose of this protocot should kn to dencribn phyeiccechonica)

changes in witer, and the epidemice which result from these
changes,: - *; , . : i

Previously we hypothesized that physicochemical factors
(light, galt; nitrogen, temperature, eto) lead to blooms of
dlgae which| were followed by blooma in copepoda; and that
thesa were followed: by epidemics of cholara gince the Vibrie
could better! survive in the copepodan/algan rich wataps, This
model_lug?eats at least tyo interventjon'atrntegies.' Firatly,

kelihooed. of cholera epldemic oan be bredioted by
determining the characterigtics of water, early warning of an
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< rtter preparations.
mpendin epldemic could lead to be

'ézggndly? sgme“aapects of water may be amenzble to
intervention, especially nitrogen content. The nitrogen could
cbme from feces run~off, but could alse result from

" i Iam tm Awara
a Lture fertilizeor run-orf. 7 smuapact Dr, im
;%rjt'-?ﬂ}at 1nlffc:d@.’r. and wmay have a djifferent model of his own,

Statement of the madel system with which he isg worliing will
allow him to better state more spacific hypotheses. A drawing
might angist him in conceptvalizing his model .

Tamperature

\
Salinity --

Algae blooms i Copepoda bloome

Nitrogen -- ] e

/ ! |
Other trace / | |
minerals | |

Vibrio bloomg

The relationship between water ecology and Vibrilo growth
is obviously complex, and sorting out the important varinb |en aAmong
An over ahanging backgroung of roologioal factorn will be vary
Wiffionit, making the Projact extremely difficult to analy e unlesgs
the framework is well developed from the start.

2. Specific hypotheses, Related to tha firat point, specific
hypothueses are_needed which a) are based on thae extensive data

preseni: the bpegt "guess" as to what factors are moet important in
predicting an epidemic. A hypothesir might. he ftated: epidemic
cholera g mogt likely to oeccur when falinity of surfaca watere
rises above a certain level, algae are blooming, and the mean
temperatyre exceeds 28 C. Obviously othay hypotheges couj.y also bhe
pProposed: the point is to predict which of fhe factors ara thought
to be important in tha cholera epidemic,

3. Data analysis. Before'initiating the project, the nethod of
analyris must be determined. There will be & tremendously large
number of data peinte and unlessg careful attention in given to data
management and 8halysis, the data will not be analyzed.

a8 some epldemiologic data from the ecase detection; at least to
know when an epidenic ig tceourring.

The data base should include both environmental qats as well

4. Definitions of environmental data Clusters, Environmenta)
changes are extremely complex wjith electrolyte Concentrations
changing, temperatures changing, hitrogen concentration changing,

plankton concentrations c¢hanging, etc. Tg there a way that to
Categorize thege changes. Are there patteyne? Ie "gunmerm oy
"monsocn® characterized by a certain pattern, (pon't limit the data
clusters to obvious Beasons; however, since, your data may diﬂcover_



o E

[ - .

v 5 - f data clunters ean
more sibtle patﬁérns which nrm not ohvionn,) I : _
be dofined, analysis would ba greatly amrgisted.

|

4. Lab detnils. We have recently learned a few things in ocur lab
about anrlichment media which might be helpful. Firstly, aeration
of the enrichment broth lg extremely helpful {n growing vibrios in
bile peptone water. I believe this should be incorporated into the
methods. Also, one should compare bile peptone with alkaline
peptonsa, In our hands, bile peptone was hetter than alkaline
peptona at the p?ma pH. :
! ; :
Also smince you are planning gene probe studien, I was
surprised not to sfee a description of doing pigbes on colony blots

of the primary plates to give a quantitative pimber of toxlgenic v,
cholerpa, - SRR o

1

5. "iable but net culturad bacteria” is a farcinating -field but
not related to the epidemiologic study baling undertaken. I would
recommend not including the rabbit loop studies sinom I den't noe |
the connsation to the apldenioleyy. o '

The immunofluorescent tests will 1ikel

Y b2 a convenien™ way to
~detect v, cholerae so should be included. '

In summary, T believe this is an important study, bul: I trust /
that the questions to be answered can bacoms more focu
mora related to the epidemiologic studies which will
and especially will attempt to answer what ehvironmen

x ntal changes
are responsible for the epidemias, Una would hope ‘“:hat the

combination of the epidemiologic murvelllanca plus  this
environmental study will not only describe the . seasonal and
geographic patterns of eholera ih Bangyladesh, but alpo explain tha
environmental caupes ae to why the patterna opcour, Moat
optimistically, the studien could rven nsuggent anenvironmental
Intervention or at least an sarly warning system.
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Summary of Referee's Opinjons: Please see the following table
to evaluate the various aspects of the proposal by checking
the appropriate boxes. Your detailed commqhts are sought on
a separate, attached page. i :
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" project, its potential for providing new knowledge and the
justification of financial support sought; include suggestions for
modifications (scientific or financial) where you feel thay are
justified.

(Use additional pages if necessary)
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ICDDR.B REVIEW

"Role of various aquatic flora, fauna, apd_physicochemical
conditions of water in maintaining endemicity and
seasonality of cholera in Bangladesh"

Dr. Md. Sirajul Islam and Dr. A.K. Siddique

This proposed research project should provide new and useful
knowledge about the ecology of the etiologic agent of
cholera. The project seems feasible and the budget
appropriate. This study represents an excellent opportunity
to define both the niche and the pathogen and to eliminate
confusion resulting from earlier studies.

I strongly urge investigators to use a strict definition for
toxigenic Vibrio cholerae 01 as the cause of cholera and to
rigorously apply it throughout their work and analysis of
the data:
There will undoubtedly be fluorescent antibody and PCR
results in the absence of culturable organisms. A
positive Ol reaction and toxin gene amplification are
convincing evidence, but I suggest these data be
analyzed separately or qualified when integrated with
culture data. .

Determination of toxigenicity is also important in face
of nontoxigenic V. cholerae 01 strains which seem only
distantly related to the toxigenic 01 strains.
Volunteer studies indicate that these strains are not
pathogenic for humans.

Investigators state in the introductory remarks on page 9
(Islam, 1987) that environmental isolates do not grow well
on selective media. However, TCBS and TTGA are indicated in
most of the proposed culturing procedures (pages 12-14).

It would be interesting to determine specifically where the
toxigenic V. cholerae 0Ol strains exist/replicate on or in
the various plants and animals. Investigators may be
proposing this on page 13, but it was not entirely clear.

If it is possible to amplify DNA from nonculturable forms of
V. cholerae, I would suggest using PCR more frequently
during sampling. It can also be used as an assay for toxin
genes in isolates; PCR is much faster and probably more
accurate than most toxin assays.



T suggest that investigators do some pilot studies with the
PCR for ctxA and am attaching a protocol and recent reprint
describing a sllghtly different ctxA PCR. The reprint
describes a more extensive look at control cultures than the
report by Shirai, 1991. Initial amplification conditions
did amplify LT genes of ETEC; the amplicons were visibly
different in size. Since the number of ETEC examined by
both PCR approaches is small, I recommend that the
investigators assay some ETEC isolated recently in
Bangladesh.

Given enough background data from the pilot study, it might
be possible to simply run gels without hybridization.
Investigators might also find that the probe could be
designed to distinguish between LT and CT. 1In any event,
initial studies should warrant some cultural follow up.

I believe that the project is well worth supporting and that
the data may be helpful in determining both reservoirs and
the best technical approaches to assay them. The
information and the methodology might be broadly appllcable
in asse351ng risk and proposing control strategies in
settings within and outside of Bangladesh.



Response to comments raised by Reviewer No. 1

1)

2)

3)

4)

As the reviewsar suggesﬁed, a model has been incorporated 1n

the revised protocol. PLO.

As suggested by the reviewer, specific hypothesis is given

which has been incorporated in the revised manuscript. Pz,

P3.

The surveillance team will provide data of the sources of
infection of the index case and then that data will be

correlated with the environmental data.

The data will be analysed in statistical analysis system
(5AS). dBase will also be included. Data will be entered in
808 data entry package. The data will be processed by
Mr. M.A. Malek in Archive Unit of LSD. This information has

been incorporated in revised manuscript. ’ P18, P4.

We can cluster the environmental factors in two categories,
high and low. During cholera seasons, the high values
shdﬁld be observed in .algal count, hours of sunshine, pH,
salinity and dissolved oxygen content of water. The low
values should be observed in rainfall, water level, water
temperature and CO, content. The available data suggest a
pattern of increasing or decreasing trends\of various
physico-chemical factors during epidemic and inter-epideéemic

periods. We will therefore be able to categorize some



5)

6)

periods. We will therefore be able to categorize soms
physico-¢chemical factors on the basis of increasing or
decreasing trends. It has been incorporated in

interpretation of data section. P18, PS.

As the reviewer suggested we will use bile peptone as
enrichment media and Vibrios will be grown by agitation.
This has been i1ncorporated in the revissd manuscript, P14,

P2, L2.

Detection of toxigenic V. cholerae 01 will be carried out
following colony blot hybridization as described by Pal
et al. (1992). As suggested by the reviewer, this
methodology has been incorporated in the revised manuscript,

P15, PL.
LS

As suggested by the reviewer, the RIL test has been omitted.



s

Response to commnents ralised by Reviewer No. 2
As the reviewar suggested, a strict definition for toxigenic
V. choleras 01 has been rigorously applied throughout the work

and will be used to analyse the data.

As the reviewer suggested, the fluorescent antibody and PCR
results will be analyzed separately or qualified when integrated

with culture data.

All the isolated V. cholerae 01 strains will be tested for its
toxigenicity by colony blot hybridization technigue using CT

probe which has been described in the revised protocol, P15, Pl.

Though the laboratory based study showed better recovery of

stressed V. cholerase 01 in non—seiect}ve media than selecti&e

madia, but in case of environmental gamples,-it will not be

prossible to use non-selective media becayse of presence of
: y

various other bacterial flora. However, fluorescent antibody

test and PCR technique will help to overcome the detection of

stregsed V. cholerae 01 from the environmental samples.

‘a-"'._“
To determine where the toxigenic V. cholerae 0L stralns
exist/replicate on or in the wvarious plants and animals,
fluorescent microscopy will be dons as described previously by

Islam &t al. {(1990).

As the reviewer suggested, and we found that PCR can pick-up non-

culturable cells, this tests will be carried out to amplify DNA

-



from both non-culturable and culturable cells and as the cfix gens
will be used as target seqguence, it will only detect the

toxigenic V. choleras O1.
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