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Introduction to the Revised Proposal:

The project entitled “A simple filiration for cholera intervention” has been revised
in accordance with the commenis made by the reviewers. Thea reviewer's commenis were
very useful and appropriate which helped us to prepare a stronger proposal. in addition,
further consideration was made to the number of study population to obtain useful data
for analyses. As a rasuit, the testing will be carried out in a larger population than it was
proposed in the original proposal.

Specific response to reviewers comments are as feliows:
Critique 1:

(i) No information about projected compliance with consistent filtration
practices among those families enrolled in the field. Also, it is not clear who will be
carrying out the monitoring in the field and the morbidity potentially related to cholera.

Response: The procedures related to compliance mainly involve simple steps like
fastening a sari cloth or a nylon cloth around the neck of the pitcher before the water is
filled in the pitcher. According to the prevalent practice in the community, water fetchers
use sari cloth or any other similar cloth piece to sieve sand from tube-well water
collected for drinking. They also use similar materials to filter surface water only when it
contains debris visible by naked eyes. As part of this project, the study population will be
motivated and encouraged through verbal communication and pictorial demonstration to
use the filtering device. Practical demonstration regarding the outcome of sieving the
water will be focused by demonstrating the retained debris in the filtering materials. This
study will use visual materials to convince about the benefit of the use of filtration
method. In addition, some indices of compliance will be recorded for the two treatment
groups. These include whether the filter is used, and whether it is used for drinking water
only, for washing vegetables, for utensils or for bathing. A data collection form is
presented in the appendix. Only a subset of the participants will be monitored for
compliance. Following all these procedures, it is expected that all the households
enrolled in the study population would be wiiling to comply with the use of filtration
method. However, it is likely that some of the participants in the study may fail to use the
device due to some inevitable reasons andfor events. The proportion of such
noncompliance is not likely to exceed 5% of the households. The objective of this
portion of the study is to assess practices before and during the study intervention.

The field workers will be trained by the investigators who will implement the
project through education and motivation in favor of using the filtration technique. Field
workers will also coilect data by using questionnaires and participant observations.
Senior Health Assistants will supervise the field workers and monitor their activities in
the field. Senior Field Research Officer (SFRO) in tum will be responsible for overall
supervision and monitoring of the project. Dr. Rita Colwell and Dr. Anwar Huq will visit
the study sites at least twice a year to personally observe the progress of the project and
to discuss with their counter parts at the ICDDR,B. The study has no plan to do active
morbidity surveillance for diarrhoea in the community. Any diarrhoea patient from the
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study population admitted at the Matlab hospital will be identified through the
Demographic Surveiliance System (DSS). Other necessary information will alsa be
collecied using the hospital surveillance form shown in the appendix 3. Based on this
information, morbidity related to cholera will be assessed.

(ii} Mo data management section of the application is described and application
presents no plans to cuiture stools or otherwise prove that peopie ill with diarrhoea are ill
because of cholera.

‘Response: Data management: Figid werkers wiil use an electronic data entry
systems HUSKY HUNTER FS/2 is a portable PC to dirsctly enter data (hardwara to be
determined) and then it will be subsequently downloaded to a PC. A data management
package (FOXPRO) will be used to process data and do an initial screening for errors.
Data will be subsequently transferred to the University of Maryland and SAS will be used
for statistical analysis. Parts of this system are already in place for another joint US-
Bangaldesh collaborative effort. Electronic versions of forms specific for this project will
be developed during the pilot phase.

Microbiclogical analysis: Water and plankton samples from the field and rectai
swab specimens from the patients attending hospitals from the study area will be
cultured on selective media and subsequent identification will be carried out following
standard procedures. The reduction in the number of vibrios following the use of the
filtration devices will be measured by DFA-DVC techniques (7). The reduction of plankton
will be measured using the Sedgerick-Rafter (S-R) counting cell following the procedures
described by Khondkar and Chowdhury (25-A). Each analysis will be conducted with
samples before and after filtration. This will be performed with 20 families within each
filtration treatment group on four separate occasions. Education will be provided during
the first and third such visit.

Critique 2.

(1) Application protocol to be rewritten and there are concerns on the
clinical trial study design, the estimated resuits, the sample size required and how the
data will be analyzed,

Response: Study design: Three villages will serve as our study population. These
villages will be selected from 142 registered villages in the demographic surveillance
system (DSS) of ICDDR,B, Matlab, Bangladesh. Villages with a higher incidence rate of
cholera based on the previous three years data will be selected. Each village has
approximately 4,000 families comprising about 24,000 individuals. Within each village,
families will be randomized to one of three treatment groups. Families will either receive
nylon cloth, cotton sari cloth and/or nothing, so as to serve as a control. Families with at
least one child under the age of five years and a mother between 20 and 44 years of age
will be actively recruited. Younger children have a considerably higher incidence rate of
cholera {five cases per 1000 individuals per year) than do adults and older children. In
the surveillance area around Matlab, the overall rate is approximately three casas per
1000 individuals per year.
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There will be two phases to the study. The first si-month pilof phase wiil be usad
10 refine our methodology and will involve a smailer number of families _in each of the
three villages. The daia collection in both phasas will be similar. Howaver, methads in
the second phase will be refined in accerdance with our findings cduring the first phase.
The s2cond phase will last 2.5 years.

Phasel. The first phase wiil iast six months and will anly consist of evaluating the
rwo filtration devices and their acceptability. During this time the field workers will
encourage acceptance of the Gitration devices in the field setting by education and
motivation. The results regarding the reduction of vibrios following the use of the
filtration devices will be compared to the results found previously (Hugq et al, (20)). During
this pilot phase, 750 households in each village will be given interventions or be
monitored as part of the control group. In addition to being provided with filters, there
will also be educational information given regarding filtering, storage and the use of
surface water. A poster containing the magnified pictures of a zooplankton and algae will
be shown to emphasize the critical requirement of filtration. Each poster will be
laminated so as to ensure durability and provided to each household receiving a filtration
device. During periods of increased risk for cholera, i.e., during the presence of large
number of plankton in the water in fall and spring, all individuals, whether in an
intervention or the control group will be notified and cautioned of risks in using river or
pond water. During that period, emphasis will be given to use of filtered water for
drinking, for washing utensiis and for bathing.

Phase2. The second phase will be based in part on the results of the first phase.
We will expand the use of the treatments, unless initial evidence suggests that one of the
filter treatments is not acceptable. Educational efforts may also be redirected in
accordance with the results of the first phase. Educational efforts will be continued for
those enrolled in the first phase through verbal communication by field workers. An
additional 2000 families will be recruited within each village in the second phase.

Data Forms and Questionnaires: The data forms received from different sources,
including field, hospital and laboratory will be systematically compiled at the Matlab
Project Office. These forms will be scrutinized for the completeness and any possible
error. If any query arises, those will be referred to the respondents and informants
concerned for completion of data collection. Then the data will be computerized and
cleaned following established procedures. The task of computerization will begin on
completion of baseline data collection and will continue as the data collection
progresses through different phases. However, if we use an electronic data system, the
above-mentioned procedures will be reduced and minimize manipulation of the data.

Additional funding: Due to increase in the study population and inclusion of

electronic data entry system, an additional fund has been requested for supplies and
salary for field workers in Bangladesh.
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QObjectives

Tre projact originally comprised two phases. The first phase, conducted during t_he
past two years (ending July, 1998}, was aimed at establishing the feasibility of usifﬂg. sari cloth
(unstitched 5-6 yard sactions of flat material wom by most women in Bangladeshi vallage;) tp
remove Vibrio cholerae attached to plankton in surface water used for drinking and designing
a device for convenient use by villagers without economic, social or a cultural impediment.
The first phase has been successfully completed (20). The second phase is focused on & field
trial of the method for the purpose of reducing the number of cholera cases in villages where
the method is used, comparad to controls. We propose to undertake a three-year study with
two parts: 1) evaluation of the acceptability by the community of the filtration; and, 2} efficacy
of filtration in reducing the number of cases of cholera.

The specific aim of the first part of this proposal is to evaluate the acceptability of the
method by the community under controfled field conditions. The study is based on previous
laboratory findings and limited field study data, showing that the method of filtration employing
‘sart’ cloth as a filter, without modification, can reduce the number of Vibrio cholerae in water
by removing plankton and other particulates present in natural surface water. Thus, the initial
phase of the project will be conducted in the first year. Upon successful completion of the first
phase, application and implementation of the method to reduce the number of cholera cases
will.be evaluated in community-based field studies.

Specific aims:

a. To conduct a community evaluation in Matlab, Bangladesh, to
determine the acceptability of filtration in reducing the number of
vibrios in surface water used for drinking and willingness of
villagers to use the method we have successfully developed and
optimized in the laboratory. The percentage of the population
employing the device will be monitored as well as the number of
index cases appearing in the test population.

b. A field evaluation will be conducted of the filtration device to .
determine quantitatively effectiveness and efficacy in reducing
the number of cholera cases in the same community. The buik of
the field evaluation will be camried out in the second and the third
years of the project, after acceptance and active practice of
filtration is achieved.

Background and Significance

Cholera and other diarrheal diseases remain major killers of children globally,
especially in developing countries. According to one estimate, ca. 5.5 million cases of cholera
occur annually (23). More than 14,000 deaths, many of them children, were reported in
Rwandan refugee camps in 1994. It has long been known that cholera is a waterbome
disease, i.e., the infectious agent, Vibrio cholerae is transmitted via water (2). This bacterium
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is an autochthonous member of the aquatic environmant (8,9). Furthermore, surface water has
been iminlicated in the transmission of cholera {11). The association of vibrics, particutarly
Vibro cf'::o!efae, specifically, with phytoplankion (24,25) and zcoplankton (18,20,22,32) has
een established from extensive studies carried out in our laboratory far the past 30 years. The
muciligencus sheath of Anabaena varapilis has been found to serve as a site of aitachment of
Vibrio cholerae, with survival for >15 months (24). In addition, Vibro choleras O1 was
obsarved to be associated with Volvox, a commen colonial alga (34). The accumulated daia
show that plankionic copepods ptay & major rale in multiplication, survival, and potential
transmission of cholera (10,11,15,16). Larger copepods previde a greater surface area for
attachment of the bacteria.

Aased on human volunteer trials and depending on the heaith of a given individual, ca.
107 - 108 Vibria cholerae Q1, if ingested, is likely to produce clinicai cholera (6). During the
summer phytoplankton blooms oceur in Bangladesh followed by zooplankton blooms in
September and October. Cholera outbreaks aimost always follow the zooplankton bloom (18).
The majority of the members of the zooplankton population consist of crustacea'ns,‘ knqwn to
suppert attachment of vibrios (32). Furthermore, they demonstrate a seasonai dlstnbutsoq, both
in size of individuals and in species composition (26,27). Recently, the presence of Vibrio
cholerzae in cargo ship ballast water has been reported, suggesting intemational
dissemination of Vibrio cholerae via aquatic organisms carried in ballast water discharged in
harbors remote from the original source of the ballast water (29). Our work on ballast water
shows that Vibrio cholerae is present in, and on copepods in the ballast water of ships arriving
in Baltimore, Maryland, from ports of origin else where in the world. Thus, the zooplankton
offers a means of global transport of Vibro cholerae (results to be published elsewhere).

Copepods, a dominant group of the zooplankton community in riverine and brackish
water, have a characteristic seasonal distribution in size and species (33) and can carry a
large number of Vibric cholerae, enocugh to cause cholera if ca.1-10 copepods are ingested via
water (8,10). In addition, coepepods feed on phytoplankton, with the result that Vibrio cholerae
attached to the phytoplankion are ingested by the copepods as demensirated by Hug et al.
(20). Fortunately, copepods are large enough to be removed by using. simple domestic
filtration units (16). Studies of the association of Vibrio cholerae with plankton have provided
new leads on the survival and multiplication of these organisms in the natural aquatic
environment. ‘

Filtering water at the time of collection and just before drinking, has been successful in
removing cyclopes, a planktonic stage of the guinea worm which causes dracunculiasis. The
worm is removed using a nylon net and is now recommended as an effective method of
preventing dracunculiasis, a life-threatening disease common in Africd (35). Although boiling
water prior to drinking will kill cyclopes and guinea worm larvae, as well pathogenic
microorganisms, it is a time-consuming procedure and expensive as well. In a country like
Bangladesh, where fuel wood is in very short supply, boiling water, effective a practice as itis,
has not been done because of the lack of fuel wood. Furthermore, boiling water is not socially
acceptable in most rural villages of Africa (35), a situation which also prevails in Bangladesh.
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Moreover, during severe flooding, which occurs every year there are some areas or
Bangladesn that expenence reduction of conditions to those of mere survival, i.e., even the
harest necessities become difficult to obtain and building fires to boil water is simply not

possibie.

In Bangladesh, a majority of the population in the villages still depends on untrzated
surface water for household consumption (5). Surface water takan from ponds and rivers is
prefarred as a source of drinking water, for reasons of taste, conveqience, orla local belief that
“quality” water is “natural,” i.e., not chemically treated (5,12). A family and naghborhoo.d. study
of cholera transmission demonstrated that those who used V. cholerae 01 cuiture positive
water sources for cooking, bathing, or washing, but used culture negative water for drinking,
had the same rate of infection as those who used V. cholerae 01 cuiture positive for drinking
(17). Family-based clustering of cases is not generally observed (M. Yunus and R. Glass,
unpublished data). However, there are ca. 14-25 "hot spot” villages in the ICDDR B
surveillance area where the number of cases of cholera is higher then average. Once there is
a case reported in a family, the secondary case rate is approximately 10% among the
remaining family members (16). However 29% of the family members have chance of being
colonized with V. cholerae 01 (M. Yunus, S. Islam, K.M.A.Aziz, personal communication). Once
the index case is reported, it is most likely that further spread in the family takes place via food
or other means, such as direct contact which may not be prevented even if the water brought
into the house is free of V. cholerae 01. Therefore, we propose intervention at the index case
[evél, which will aiso help prevent releasing large number of bactena into the environment
when sanitary |latrines are not available. The importance of safe water for all household
purposes, i.e., cooking, bathing, washing and drinking cannot be over-emphasized. In
addition, during monsoons, vast areas in Bangladesh are submerged by floods, with the result
that the few shallow, hand-operated tube wells available in the villages are under water.
Sanitary latrines are flooded, causing serious problems, with hygiene posing a direct threat of
contamination by enteric bacteria, including V. cholerae. Based on previous studies, during
late monsoons, phytoplankton blocms . occur, followed by zooplankton blooms, to which vibrios
are attached and muitiply, amplifying the number of V. cholerae in the naturat water of the
environment (12,18,24). When consumption of surface water cannot be avoided, particularly
during flooding or other natural disasters which occur every year.in Bangladesh, a simple
method that is effective in reducing the number of V. cholerae will be very useful.

it is a common practice in villages in Bangladesh to use cloth, frequently a piece of an
old sar, to filter homemade drinks, usually containing sugar/molasses and served, with rose
water or lemon juice for flavoring, to guests. Thus, there is no ethical, cuitural, or a social
barrier to using sari cloth to filter drinking water. A primary objective of this project is to

develop a method of filtration that will be readily acceptable to villagers in their homes and
without reservation.

Considering all our findings, we have hypothesized that our simple and
inexpensive filtration method to sieve outplankton to which V. cholerae is attached wiit
curb or at least reduce cholerae epdiemics. The latter presumes V. cholerae per volume
of drinking water, whether from ponds, rivers or other natural water supplies, will be
reduced below a potentially infectious dose. Resuits of experiments (see Tables 1 and 2)
recently published (20), demonstrated that simple filtration, in fact, can be a useful practice to
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institute, since it is affordable by even the poorest of the poor, to reduce the incidenca of
cholera, especially during extrame weather conditions, e.g., floeds and monsooens.

A concept of filtration acceptable to villagers is the basis of this project. We h;-ve baen
b= to obtain data showing that simple filtration using Bangladeshi household materizl can
raduca the riumoer of celis of Vibrio choferae 01 (up to 2 icgs) in water. We are suggesting a
method for preventing or reducing the number of cases cf cholera, since the disgase is dgse-
dependent, a community-based study targeted toward underserved rural popgl_atlons and
simed at cholera intervention invelving direct community participatien. In additien, mothers of
households will be responsible for implementation, thereby, ensuring uitimate success.

Preliminary Studies

During the past 18 months, extensive laboratory-based experiments have been
conductad with results demonstrating that V. cholerae attached to copepods can be filterec out
of water using sar material of a type that is readily availabie in nearly every household in
villages of Bangladesh. Different kinds of sari material were used, in addition to nylon net of
maximum pore size of 200 pm (the same nylon net as used to control dracunculiasis in Africa
(35)). The emphasis in this study was on sari material because it was our aim to develop a
method of filtration that bore no additional cost to villagers for household water filtration. Itis
not intended to eliminate cholera by this method but to reduce the number of cholera cases to
a minimum.

Results of experiments showed that either four layers of sari cloth of the commonest
type used by Bangladeshi villagers, or one layer of nylon net, retained 99% of V. cholerae cells
attached to zooplankton (20,21). In separate experiments we demonstrated that equal volume
of phytoplankten and zooplankton, when inoculated with a known number of V. cholerae cells,
showed a two-log difference in attachment (Table 1). From these results, it is concluded that
smaller sized plankton passing through the filters contains less than 1% of the total cells, a
significant reduction in V. cholerae counts, -Experiments were alsc done using a variety of
copepods collected throughout different seasons, with incubation at different temperatures, -
and employing four kinds of sari material. Field experiments done in Bangladesh showed that
naturally contaminated copepods, i.e., in the “wild,” are effectively removed by filtration, with |
the filtrate remaining DFA negative for both V. cholerae 01 and 0139 { Table 2 ).

The sari material used to filter contaminated water, i.e., to separate out suspended
particles, including copepods, can be washed and air dried each time for repeated use.
Complete drying of the filtering material is desirable, with four hours, or more than 24 hours,
required for drying, depending on humidity (20), i.e., monsoons vs. Non-monseon season.,
From results obtained in the preliminary studies, four hours of sun exposure or 24 hours of air
drying in a shaded environment should be employed, since V. cholerae was culture negative in
experiments where the filter material was soaked with up to 10° cells per mi and then washed
and dried. The concentration of cells in the experiments was high, compared to the number of
vibrios occurring in the natural environment, to ensure effectiveness of the procedure. In
addition, by using very large numbers of vibrios, it was possible to determine whether washing
and sunlight drying would reduce counts sufficiently for re-use of the sari cloth. The
decontamination procedure was more effective if the sari cloth was thoroughly rinsed with
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ring the monsoon in Bangla@esh, w’neq thg humidity is ca

t usually achieved. Cons'idenng such s;_Luatlo_ns, :ZOCS;E:*LO
e f h filter after every use is racommended, using 'the same ‘nver Of ﬂpol 3w d\, ©
e eac* 1 Vd lankton from the fiiter, fallowed by rinsing with r!hea"ed water .in rying,
'r‘emovg concemraLemS_lgc-r an advantage, but is not critical (manuscrint in Ereparauon). i

I“r pOSSI?Ie. Dw'lrtli? pt'na ﬂI:L;r should be soaked for 45 minutes in bleach sgiuuop, foilowe:d by
Uﬁeaecr:jiirfga;ifcl?heeﬁnfglded sari cloth to dry.  This achieved reduction of the Vibro counts tc
sprea

non-detectable by culture.

water before drying. How&vgr, du
100%, fully complete drying is no

There is a general belief in Bangladesh among villagers that filtering Watir C?{: prevent
diarrheal disease; However, a scientific study, providing evidence thgt such gc’non I f
effective, has not been dene that provides results sufficiently _convmczng to remT%rce us.ﬁ ga
filtration. The method proposed in this project may not bg ent1r|ely nc_)vel, but the atg \;:1 e
valuable in proving scientifically that the method ls.effe_cuve. Tnere_z is no hazard or ns
associated with application of the proposed method, either to participants or to WOrkers

carrying out the study.

Research Design and Methods

Two kinds of filtration devices will be field tested. One of the devices Comprises &
nyfén net of known mesh size, the same as that used to control dracunculiasis in Africa, under
the auspices of the World Health Qrganization (35). The second device consists of f_our tayers
of sari cloth, shown to be effective in laboratory experiments (20). Four folds of sari material
from an old sar or a piece of nylon material is placed on the neck of the water collecting pot,
locally called “kalash” in Bangladesh, in a way so that water may not enter the container
without passing through the sari cloth filter.

Emphasis will be on instructions for cleaning the filter after each use. There are several
possible ways, some of which are now being tested in our laboratory. As discussed above,
each filter (approximately 1 sq. yd. of sari material} will be washed, after every use, using river
or pond water to remove concentrated-plankton from the filter, followed by rinsing with
previously filtered water and subsequent drying when possible. Because of high humidity,
rapid drying may not be possible, in which case the villagers will be instructed to use several
different pieces of sari material, allowing enough time for drying between application. To filter
water, no more than 1 sq. ft. of an old sari is required. Thus, a simple sari can yield as many
as 50 pieces of filtering cloth. Field Health Assistants will pay reguiar visits to families every
month to reinforce the filtration practice, as per previously set instructions. The field Health
Assistants will also replace broken or damaged filtering devices, as necessary. Data forms
and questionnaires (Appendix 1) wiil be filled out on a regular basis in the field. The information
collected via the questionnaire will be compared with information obtained by observation at
the water collection sites and by means of in-depth interviewing of the users, employing & sub-
sample of the population covered by the
questionnaire. This method will allow for verification of information provided by villagers, a
useful procedure for providing reliable data for analysis.
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Prior to initiating the survey, study families, espleczalhllyi' ;het Ziatgjiszieo;t;:rf:ﬁerr;adl;rir;imbers

i i i Fterwill pe i : =
o houszhald, irers'.iagsnlieof? lrtg ziaep?g?i::mﬁ‘ﬂ.;iab hais tne iargest continuously operating
grc)oppjgtyioin;_:ut;;i;snc;e system in the world, estab.lished i.n 1863 (1).' iSeveral major :égil.JdleS
have peen cenducted successiully in that poputation during the past 30 yeais, possible
because the outstanding cooperaticn and aoodwiil between the Center a_nd th'e peg;zie of
Matlzb. Dr. KM.A. Aziz, Senior Social Scientist and Or. M. Yunus,.an egzdemlologlsL: have
worked at the Center since its founding and are investigators on this project. Erccordlng ta Dr.
Aziz and Dr. Yunus, from their fong experience working in the Matlab community, they are
confident that the proposed filtration device will be acceptable ?n households, as well asin .
other groups in the community {letter enclosed). A questionnaire has b'e‘en develop.ed for this
study (Appendix I) and has been designed to determine how many families are motivated to
fiter their water at the collection site. The data will be corelated with index cases of cholera
as they are reported at the Matlab treatrent center for the study population.

Bathing is often done at the river's edge. in this study, during increased perods of risk
for cholera, i.e., when large numbers of plankton is present in the water during late fail and
late spring, the villagers will be alerted to the risk of cholera in using river or pond water.
During the period of plankton blooms, therefore, instructions wilt be given to use, filtered water
for drinking, washing utensils, and bathing. ‘

Microbiological analysis: Ten water and plankton samples will be collected per day,
once each week, at 10 different sites randomly selected from the study areas to monitor
plankton populations. Also, ten water samples will be coilected from household stored water.
Both water and plankton samples will be used to enumerate V. cholerae 01 and 0139, using
DFA-DVC (7). In addition the rectal swab specimens taken from the patients attending
hospitals from the study area will be cultured on selective media and subsequent
identification will be carried out following standard procedures. Aliquots of plankton and
water samples will be fixed with 2-3% formaldehyde for plankton species identification and
further analysis at the University of Maryland.

The reduction in the number of vibrios following the use of the filtration devices
will be measured by DFA-DVC techniques (7). The reduction of plankton will be measured
using the Sedgerick-Rafter {S-R) counting cell following the procedures described earlier
(25-A). Each analysis will be conducted with samples before and after filtration. This will
be performed with 20 families within each fiitration treatment group on four separate
occassions. Education will be provided during the first and third such visit.

Morbidity data: For the environmental data, the location and date of the collection
will be recorded in addition to the water and plankton values previously described.
Attempt will be made to match up families to the water source nearest their residence.
However, it will not be feasible to monitor each and every water source. Approximately 10

sources within each group will be monitored. Both water and plankton samples will be
collected and analyzed.
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Compliance dzta: The orocedures related to complianca mainly En_vo‘!ve simpla '
steps like fastening a san cioth or a nylen cioth around the neck of the pitcher ?efore the
water is fillad in the pitcher. According to the prevalent practice in the community, water
fetcher uses saii cloth or any cther similar clotn piece to sieve sand from tuba-well water
collected for drinking. They also use similar matarials to filtar surface water only whan it
contains debrs visible by naked eves. As part of this project, the study population will be
motivated and encouraged through verbal communication and pictorial demonstration to
use the Filtering device. Practical demonstration regarding the sutcome of sieving the
water will be focused by demonstrating the retained debris in the filtering materials. This
study will use visual materials to canvince about the benefit of the usa of filtration
method. In addition, some indices of compliance will be racorded for the two treatment
groups. These include whether the fiiter is used, and whether it is used for drinking water
only, for washing vegetables, for utensils or for bathing. A data collection form is
presented in the appendix. Only a subset of the participants wiil be monitored for
compliance. Following all these procedures, it is expected that ali the households
enrolied in the study population would be willing to comply with the use of filtration
method. However, it is likely that some of the participants in the study may fail to use the
device due to some inevitable reasons and or events. The proportion of such
non-compliance is not likely to exceed 5% of the households. The objective of this
portion of the study is to assess practices before and during the study intervention.

) The field workers will be trained by the investigators who will implement the
project through education and motivation in favor of using the filtration technique. Field
workers will also collect data by using questionnaires and participant observations.
Senior Health Assistants will supervise the field workers and monitor their activities in
the field. Senior Field Research Officer (SFRO) in tum will be responsible for overall
supervision and monitoring of the project. Dr. Rita Colwell and Dr. Anwar Huq will visit
the study sites at least twice a year to personaliy observe the progress of the project and
to discuss with their counter parts at the ICDDR,B. The study has no plan to do active
morbidity surveillance.for diarrhoea in the community. Any diarthoea patient from the
study population admitted at the Matlab hospital will be identified through the
Demographic Surveillance System (DSS). Other necessary information will also be
collected using the hospital surveillance form shown in the appendix 3. Based on these
information, morbidity related to cholera will be assessed.

Study design: Three villages will serve as our study population. These villages
will be selected from 142 registered villages in the demographic surveillance system
(DSS) of ICDDR,B, Matiab, Bangladesh. Villages with a higher incidence rate of cholera
based on the previous three years data will be selected. Each village has approximately
4,000 families comprising about 24,000 individuals. Within each viilage, families will be
randomized to one of three treatment groups. Families wili either receive nylon cloth,
cotton sari cloth and or nothing, so as to serve as a control, Families with at least one
child under the age of 5 years and a mother between 20 and 44 years of age will be
actively recruited. Younger children have a considerably higher incidence rate of
cholera (5 cases per 1000 individuals per year) than do aduits and older children. [n the
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rea around Matiab, the overall rate is aporoximaialy 5 cases par 1000

survziilance &
2

individuals par year.

Thare will be two phases to the study. The first 6 month pilot phase will be xlised
to refine our methcdology and wili involve a smalier number of families in each of tne-
three viliages. The data collsction in both phases will he simiiar. Ho‘:vevfar, methods in
the second phase will be refined in accordance with our findings during the first phase.
The second phase will last 2.5 years.

Phased. The first phase will last § months and will only consist of evaluating the
two filtration devices and their acceptability. During this time the field workers will
encourage acceptance. of the filtration devices in the field setting by education and
motivation. The resuits regarding the reduction of vibrics following the use of the
filtration devices will be compared to the results found previously (Hug et al, 1996).
During this pilot phase, 750 households in each village will be given interventions or be
monitored as part of the control group. In addition to being provided with fiiters, there
will also be educational information given regarding filtering, storage and the use of
surface water. A poster containing the magnified pictures of zooplankton and algae will
be shown to emphasize the critical requirement of filtration. Each poster will be
laminated so as to ensure durability and provided to each househoid receiving a filtration
device. During periods of increased risk for cholera, i.e. during the presence of large
number of plankton in the water during fail and spring, all individuals whether in an
intervention or the contro! group will be notified and cautioned of risks in using river or
pond water. During that period, emphasis will be given to use of filtered water for
drinking, for washing utensils and for bathing.

Phase2. The second phase will be based in part on the results of the first phase.
We will expand the use of the treatments, unless inijtial evidence suggests that one of the
filter treatments is not acceptable. Educational efforts may also be redirected in
accordance with the results of the first phase. Educational efforts will be continued for
those enrolled in the first phase through verbal communcation by field workers. An
additional 2000.families will be recruited within each village in the second phase.

Data Forms and Questionnaires: The data forms received from different sources
including field, hospital and laboratory will be systematically compiled at the Matlab
Project Office. These forms will be scrutinized for the completeness and any possible
error. If any query arises, those will be referred to the respondents and informants
concerned for completion of data collection. Then the data will be computerized and
cleaned following established procedures. The task of computerization will begin on
completion of baseline data collection and will continue as the data collection
progresses through different phases. However, if we use data acquisition system that

direcﬂy enters data electronically, the above mentioned procedures will be reduced and
minimize manipulation of the data.
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Facilites Availabie: The faciliizs in ICDDR,B consists of a well-equipozad
envirenmenial microbiology laboratory available to this project anq hea_deq by Dr: Sirajut ts]anj,
co-Pi of this project. Dr. Pairick Vaughan, an experienced epidemxologls_t IS.EESO a Co-Pl of this
project. In addition, an experienced epidemiologist/commur}lty health scieniist and a
sociologist, Drs. M. Yunus and K. #. Ashraful Aziz, respectively and Dr..Estel!g Russek-Cohen,
a biostatistician at the University of Maryland, are Co-Investigators of this project Cr. R.R. _
Colwell, P| of the project was recently appeinted to the Board of Trustees of ICDDR,B, and will
be able to provide full informaticn to ICDDR,B related to this project, as well as ciosely
supervisa f%‘;e project with Dr. Anwar Hug during twice yearly visits to Bangladesh.

Table 1. Total number of V. choleras 01 associated with plankton

Total number of V. cholerae Q1 (ciu/g wet weight]

Flankton Size (pm diameter) LB TCBS
>64 (1.34 £ 0.25) x 10° (9.19 £0.70) x 107
>20 & < 64 (8.97 £0.09) x 10° - (5.89£0.85) x 10°
. >20 & <200 (1.86 £0.10) x 10° (1.58 £ 0.95) x 10°

Data showing colony forming units (cfu) of V. cholerae 01 attached to plankton are per gram
wet weight. The total surface area per gram of smaller size plankton is significantly greater

than that of larger sized plankton. However, the lower concentration on of V. cholerae 01 on
smaller size plankton showed that the san filter was more effective in filtering out the vibrios
since they were attached to the layer plankion, namely the zooplankton.

Table 2. Detection of V. cholerae by direct fluorescent antibody (DFA)

Plankton Collected at Plankton Collected at Sunset
Pond 6" Sunrse :
Plankton Positive Positive
Filter Water Negative Negative

*Site 6 pond in Matlab. The community surrounding this pond had a high incidence of cholera

in 1993, and is one the 70 villages covered by the demographic surveillance system (DSS) of
ICDDR,B.

Evaluation/survey

A survey will be carried out on the practice of filtration, i.e., use of, or use, either of the
filters, and index cases. The degree of diarrheal illness among the study population will be
recorded in both the control group (using normal methods of water collection and use without
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filtration) and the group oracticing fitration. The results abtained via the questionnaires will be

subjected to analysis. For statistical analysis, see below.

Siatistical Analysis

The number of cholera cases per family over the entire study period will be analyzed
using a Poisson regression model {30). Covariates used in the model will include
treatment, village, number of months in which a child under age §is in the househoid
and number of person-months on the study. Environmenial data recorded just prior to
ozch cholera case will 2lso he considered. The model may be modified to cunsicer
alternative discrete response distributions or the presence of extra-poisson variziion (3}..
Mixed-model Analysis of variance models will be used to analyze the reduction in
bacterial counts (log transformed) as a result of fitration and the analysis of patterns in
bacterial levels over time (36).

In addition, severity of illness will be examined for those with a reported case of
cholera-like symptoms. This will include comparing number of hospitalizations required,
and days in which symptoms of diarrhea, fever and/or vomiting are recorded. The latter
wiil necessarily include ilinesses not directly attributable to cholera. However, the
filtration method may be successful in reducing a number of pathogens, since the
filtration may well reduce fecal contaminants in surface water. Environmental data will
be incorporated into this phase of the analysis since one c¢an look at cholera levels in the
water and plankton just prior to disease onset. For data recorded on individual patients,
the analysis will account for correlation of observations within individuals and within
families (14).

Sample Size Calculations

The overall rate of cholera in Matlab is 3/4000 individuals/year. The final phase of the
study will be a 2.5 year study. Approximately 7.5 individuals per 1000 will have cholera at
that time. Few individuals will have more than one episode of cholera during that time
period because of acquired immunity subsequent to the first episode. The expected
number of cases per family over the two year period is approximately .045 since the
typical family consists of two adults and 4 children. The rate may actually be higher
since villages with a higher than average rate of cholera incidence will be selected. The
goal is to reduce cholera by 1/3 or to 2/1000/year with either of the two filtration
treatments. Thus under the null hypothesis and assuming a poisson distribution, all three
treatments will have a mean of .045 cases per family and a variance of .045. Under the
alternative, the control will have the same mean and variance as under the nuli and the
two intervention treatments will have a mean and variance of .030. Assuming thatthe
mean number of cases per family is approximately normally distributed (i.e. using a
central limit theorem), a weighted analysis of variance, a type | error rate of 5% and a
80% detection rate, we needed 2620 families per treatment. By allowing for migration and
mortality, we assumed 2750 families per treatment with 750 to be recruited during the
first phase. Such a high participation in the study is not unreasonable since [CDDR,B
guarantees medical care to households in the surveiilance area. It is beiieved that both
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- M . H = -
cholera morbidity and rmortality is lower in the surveillance’area than in many other areas
of Banoiadesn. This has led to a high degree of cooperation between viilagers and

ICDDR,B.

Data managemeni: Field workers will use electronic data entry systems. _HL_JSKY
HUNTER FS/2 is a portable PC to directly enter data (hardware to be determined) and
then it will be subsequently downtoaded to a PC. A data management packgge (FOXPRO)
will be used to process data and do an initial screening for errors. Data will be
subsequently transferred to the University of Maryland and SAS will be u_sgd for
statistical analysis. Parts of this system are already in place for anotherjomt US.- .
Bangaldesh collaborative effort. Electronic versions of the forms specific for this project
will need to be developed during the pilot phase.

i 00/

Time Schedule ot >0, 2L 7 /9?8
The field survey study will be conducted during first 6 months, beginning November\,

1997 _th/mugh"kprﬂ-i%o, 1998, after which the evaluation of efficacy will be conducted over a:
period of two and a half years, covering two major and two minor cholera seasons in
Bangladesh. It is important to note that any given year is never identical to the previous, with
respect to time of onset of an epidemic, since the occurrence of cholera outbreaks and the
arrival of monsoon flooding differs from year to year.

Badget Justification

In this revised proposal, sample size has been recalculated to obtain data to provide
statistically significant results. Additional funds for added field workers and electronic
data systems have been requested.

Results of .?ilot study: The results of the pilot study are provided in appendices 1-4,
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APPENDIX
GUESTICNNAIRE FOR FILTRATION PROJECT

Data Coilection Form (Subject to Ravision)

Date of Interview

Interviewer 1D

Village Code: __

Family Code: ___ .
1. Where is container cleaned? (Check ali that apply)
At home __ At source Others (specify)

2. Type of water used to clean container (Check all that apply)
Tube-well water
 Filterad surface water
Unfiltered surface water
Others (specify)

3. Type of container .
Copper Brass Aluminum Clay
Other (specify)

4. How is container cleaned?
By water only
Water and hand, hand washed before
Water and hand, hand not washed before
Other (specify}

5. Was pitcher covered with a lid? Yes No

6. Is afilter used at all? If No then skip remainder of form. Yes No

7. Fixation of filter on pitcher mouth
At home At collection site Not at all

8. Was filtering material intact while collecting water? Yes No

9. When was filter removed?
At home At collection site Other
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11,

13.

_ After rernoving filter, how was fiiter cleaned?

Tupe-well waier
Fillerad water
Unfiltered watar

Where was filker cleaned?
At home At collection site _ Other

\Was filter dried after washing? Yes Na

Purposas of use of filterad water (check all that appiy):
Hand washing
Utensils

Ritual purposes
Washing vegetables
Bathing

Drinking

Other

coooooOaOo

45



Principal Investigator/Program Director (Last, first, middle): Colwell, Rita R.
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8 REVISION of application number: _1 RO1 NR04527-0]
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1 ASSTTRANCE/CERTIFICATIONS
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signature o .
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on page 27 of Section I If unable to certify compliance where
applicaole, provide an explanation and place it after this page.

+Human Subjects; -Vertebrate ‘?mn.alv' 3, E_J‘Q-:ba:}}l?nt and Sduspensiulu.;
=Drug-Fres Workplace {appiiceble to new [Type or revised [Type
applications only): -Lobbying, -Delinquent Federal Debt, -gssan:é
Misconduct. -Cival Rights (Form HHS 441 or HFS690); -Handica
Individuals (Form HHS 641 or HHS 690); «Sex Discrimination (Form
639-A or HYS 650); »Age Discrimination (Form HHS 680 or HHS 690);
»Financial Conflict of Interest.

2. PROGRAM See instructions, page 20) NOT APPLICABLE

- "All applications must indicate whether program income is anticipated during the period(s) for whick grant support is requested. If program income

is anticipated, use the format below to reflect the amount and source(s).

Budget Pericd

Anticipated Amount

Source(s)

3. INDIRECT COSTS

Indicate the epplicant organization’s mest recent indirect cost rate estab-
tished with the appropriate DHES Regional Office, or, in the case of
forprofit organizations, the rate established with the appropriate PHS
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¥ DHES Agresment dated: ___03/10/93

0 Wo Indirect Costs Requested.

B DHHS Agreement being negotiated with _ Philadelphia/F. McKune

Regional Office.

0 NoDHHS Agreement, but rate established with

Date

CALCULATION® (The entire grant application, including the Checklist, will be reproduced and provided to peer reviews as confidential
information. Supplying the foilowing information on indirect costs is optional for forprofit orgonizations.}

a.  Initial budget perod: Amount of base 3 253,796

b.  Entire proposed project period:  Amount of base $.707,627

(1) Add to total direct costs from form page 4 and enter new total on Face Page, Item 7b.

x Rate applied 43 %o = Indirect costs {1} $.290,106
x Rate applied 48 % = Indirect costs (2) 3794 940

(2) Add to total direct costs from form page 5 and enter new total on Face Page, Jtem $b.

*Check appropriate box(es):

O Salary and wages base ® Modified total direct cost base U]

O Offsite, other special rate, or more than one rate involved (Explain)

Explanation (4ttach separate sheet, if necessary)

Other base (Explain)

4. SMOKE-FREE WORKPLACE

Eces your organization currently provide a smoke-fres workplace and/er promole the nonuse of tobaceo products or have plans to do so?

Yes O

No (The respense to this question has no impact on the review ar funding of this application.)
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Principal Investigator/Program Director (Last, first, middle): _Colweil RitaR.

EE
GET FOR ENTIRE PROPOSED PERIOD OF SUPPORT
BUD DIRECT COSTS ONLY
BUDGET CATEGORY INITIAL BUDGET ADDITIONAL YEARS OF SUPPORT REQUESTED
TOTALS PERIOD -
(ﬁ-om Form Page 4) 2nd de 4th 3th

PERSONNEL: Salary and fringe benefiss | S 34346 |'S 35720 § 37149 i
Applicant organization only
CONSULTANT COSTS — — —
EQUIPMENT , — — —
SUPPLIES $ 6,500 $ 6900 |S 6900
TRAVEL $ 9400 |$ 9800 $  9.800
PATIENT INPATIENT — . _
CARE
COSTS OUTPATIENT — - _
ALTERATIONS AND _ — _
RENOVATIONS

. OTHER EXPENSES ' — o _
SUBTOTAL DIRECT COSTS $ 50,646 s 52420 |$ 53,849
CONSORTIUM/ | DIRECT $ 155076 | $ 131,431 $ 133,880
CONTRACTUAL
COSTS INDIRECT $ 48074 |$ 40744 |s 41,503
TOTAL DIRECT COSTS $ 253,796 | § 224,595 $ 229232
TOTAL DIRECT COSTS FOR ENTIRE PROPOSED PERIOD OF SUPPORT (item 8a, Face Page) > | $ 707,622

JUSTIFICATION. Follow the budget justification instructions exactly. Use continuation pages as needed

Personnel:

Dr. Rita R. Colwell, Principal Investigator and Project Director, will be overall charge of the project, however, her salary will not be
charged to this iject Dr. Colwell will visit Dhaka at least two times per year and will not charge this project for her travel as the cost

will be paid by ICDDR,B to attend board of trustees meeting. She will have the opportunity for extensive interaction with the investigators
involved in this project.

Dr. Anwarul Huq, Co-Principal Investigator and Co-Project Director will assume the responsibility along with Dr. Colwell for the
planning, coordination and execution of all phases of the project. In addition, his responsibility will include oversight of the testing and
confirmation of the detection of ¥, cholerae 1n plankton and water rted to th?%)niversity of Maryland after tion. Dr. Hug will
be helped out by the graduate who will be working on this project and use data for her/ his thesis.

Supplies:

Conservative funding has been requested for chemical, reagents for DFA tests and other consumable needs in the laboratory. In addition,
funding for a electronic data eatry system has been requested to be used by the field workers.

Travel:

Dr. Huq will visit Bangladesh at least once in a year to an averview the progress and to ensure the procedures are followed as stated out

in the grant proposal. In the first year, it will be necessary to have a meeting for all the investigators to lay out the details of the trial.
Two round trip tckets to attend national meeting for scientific presentation iave been sought.
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Project Title: A SimpleWater Filtration

for Cholera Intervention

ICDDR,B BUDGET
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Peu-'i. dishes and consumable supplies $ 4,000
Filtration Devices and Nylon material $ 25000 . .
Subtotal Supplies: § 44,500
Travel
Eﬁ%ﬁl;itaplus per diem between MD $ 3,200
Other Fxpenses
mr; tt‘gr the field, Boat time for $ 10,000
Communication/Rent/Utilities $ 1,000
Publication Cost $ 1,000
Posters $ 5,000
Repair and Maintenance b 500
Qffice Supplies $ 1,000
Xerox/Mimeography $ 4,000
Subtotal Other Expenses s 22,500
Total: $ 155,076
Overhead: (31%) § 48,074
TOTAL: $ 203,150



APPENDIX-1

Results of pilot study:

A pilot study was carried out ot find out the efficiency and acceptability of the proposed
filtering devices. The results show that by using 4 fold sari material 61% and 77% of
phyto and zooplankton can be reduced (Table-1). However, we are not getting 100%
reduction of total phytoplankton because some of the very small unicellular
phytoplankton e.g., Trachelomonas sp., Chlorella sp. etc. are passing through even in 8
folds of both poplin and markin cloths but these phytoplankton are not our concern as V.
cholerae do not attach to them.

The table-2 shows that V. cholerae O1 can be reduced to 60, 80 and 60% using 4 folds of
sari, poplin and markin cloths respectively.

We interviewed 28 families and found that 93% of the family are willing to adapt the
filtering devices for cleaning the surface water. We also found that 82% of the families
are already using pieces of different cloths as filtering devices for cleaning surface water.
However, 33% of the families use old sari as filtering material and 67% use pieces of
other cloths e.g. napkin, mosquito net, cover of the quilt etc. as filtering material.
Regarding folding of the filtering material 79% and 21% families use one fold and two
folds respectively (Table-3).
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APPENDIX-2

Table 1: Results of plankton reduction using different type of fijlter
materials

Date & | Pond Type Total Total | % red | Total Total | %

time of | Name of phyto phyto uction [zo0 | zoo ;educt
collect Filter | before { after of before after ion of
ion used filtra | filtra | total - | filtra f1%tr total
tion tion phytop | tion ation | zoo
Iankto
9.3.98 Mosque | 4-fold 1.}4 X 1.}3 X t <1.0 Not Not Not
12:30 pond sari 10 10 done done ‘done
pm
3.3.98 Kaladi | 4-fold | 1.33 x 1 5.10 x | 61.50 4.90 X 1.10J 77.55
1:30 pm | pond sari 10 10 10 x 10
9.3.98 Kaladi | 8-fold | 1.00 x | 2.65 x | 73.55 1.22 x 2.88} 76.22
6:30 pm | pond sari 10 10 110 x 10
10.3.98 | Mubara | 8-fold | 8.08 x | 1.90 x { 76.48 8.0 x Nil 100
1:00 pm | kdi sari 10 10 10
pond
10.3.98 | Kaladi | 4-fold I.ZO X 1.?0 X | 91.76 1.0 X Nil 100
3:30 pm | pond chines 10 10 10
e
poplin
10.3.98 | Kaladi | 4-fold { 1.70 x 8.90 X | 53.0 1.? X 3.70 63
3:30 pm | pond | Bangla | 10 10 10 x 10"
deshi
poplin
11.3.98 | v-10, 4-fold | 5.80 x 4.;8 x | 21.03 2.00 x | Nil 100
12:30 F-160 sari 10 10 10
pm pond
11.3.98 | Chairm { 4-fold | 2.72 x 1.83 x § 32.2 1.00 x |9.0x | 10
1:00 pm | an sari 10 10 10 10
bari
pond
11.3.98 | v-10, 4-fold | 3.08 x | 2.65 x | 14.00 4.00 x | Nil 100
2:00 pm | F-149 sari 10 10 10
pond :
11.3.98 | Mubara | 4-fold | 6.26 x | 2.71 X | 56.00 1.20x 1.0 x | 91,6
4:30 pm | kdi sari 10 16 10 10
pond '
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APPENDIX- 3
Table 2: DFA results of water before and after filtration using various
filtration cloths
$l1. | Name of Tvpe of Number Total count of | % of
no. | the pond cloth of fold V. cholerae reduction
01/ml
01 Mubarakdi Before Refore 2.04 x 10s -
filtrati | filtrati
on on

02 . Sari a-foild | 8.16 x 10' 60
03 ) sari 5-fold | 6.12 x 10 70
04 \ sari 6-fold | 6.12 x 10* 70
05 g Sari 8-fold |6.12 x 10’ 70
06 s Poplin | 4-fold | 4.08 x 10 80
o7 |- ,, Poplin | 5-fold | 4.08 x 10 80
08 . Poplin | 6-fold | 2.04 x 10} 90
09 . Poplin | 8-fold | <4.5 x 10’ 100
o | . ., Markin | 4-fold | 8.16 x 10' 60
1 . Markin | 5-fold |6.12 x 10 70
12 'y Markin | 6-fold | 6.12 x 10 70
13 'y Markin | 8-fold | 4.08 x 10* 80




(
® ® e

APPENDIX- 4
Table 3: Response of families regarding some questicons used in baseline.
survey
1. | Families are interested in using _ 93%

filtration device

2. | Families already using filtration device 82%

3. | Use of one fold filter material 79%

4, | Families are using old sari as filter 33%
materials

5. | Use of pitcher for collecting water 93%

6. Socialrpfoblem in using old sari as 64%
filter material




Principat Investigator/Program Director (Last, first, middle): _Colwell, Rita R,

BIOGRAPHICAL SKETCH
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POSITION TITLE o )
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TAME
Rita R Colwell

UCATIONAL/TRAINING (Begin with baccalaureate or other initial professi

ining.)
INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
(if applicable)
{ iversi B.S. 1956 Bacteriology
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Jniversity of Washington PhD. 1961 Microbiclogy
Jarriott-Watt Universi D.Sc. (Hom) 1987
Tood College, Frederick, MD D.Sc. (Hon) 1991
Purdue University D.Sc. (Hom) 1993
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957-1958  Research Assistant, University of Washington
959-1960  Predoctoral Associate, University of Washington
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National Research Council of Canada, Ottawa
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1987-1991  Director, Maryland Biotechnology Institute, University of Maryland
1987-1991  Director, Center of Marine Biotechnology, University of Maryland
1991- President, University of Maryland Biotechnology Institute, University of Maryland System
RESEARCH

Marine and estuarine microbial ecology; microbial systematics; marine microbiology (ecology, physiology,
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PROFESSIONAL ACTIVITIES

Phi Beta Kappa, National Commercial Company Research Award; Fellow - Washington Academy
of Sciences, American Association for the Advancement of Science, Sigma Delta Epsilon,
American Academy of Microbiology, Canadian College of Micrabiologist, Board of Governors -
Society for Industrial Microbiology, 1976-79; Board of Managers - Washington Academy of
Sciences, 1976-79; Board of Trustees - American Type Culture Collection, Board of Trustees,
1970-85; Chairman - American Type Culture Collection, Board of Trustees, Chairman, 1980-81;
International Union of Biological Sciences, U.S. National Committee, 1980-1984;

International Union of Microbiological Societies (IUMS), and Secretary-Treasurer, Vice
Chairman of Microbiology; Governing Roard - American Institute of Biological Sciences, 1987-
92; Marine Technology Society, 1980-86; Editorial Board - Microbial Ecology, 1972-1990;
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Trustees, International Centre for Diarrhoeal Disease, Research, Bangladesh.
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Author or editor of 12 books; produced award-winning film, Invisible Seas, a 28-minute, color,
sound film on marine microbiology.

Author or co-author of 462 papers and articles, 69 chapters, 67 reports and 387 abstracts or
presentations.
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Tamplin, M.L., PR Brayton, A. Huq, D.A. Sack and RR. Colwell, 1990. Attachment of V. cholerae
serogroup O1 to zooplankton and phytoplankton of Bangladesh waters. Appl. Environ. Microbiol. 56:1977-80.
Hug, A., RR. Colwell, R. Rahman, A. Ali, M.A R. Chowdbury, Salin Parveen, D.A. Sack and E. Russek-
Cohen, 1990. Occurrence of V. cholerae in the aquatic environment measured by fluorescent antibody and

culture method. Appl. Environ. Microbiol. 56:2370-73.

Parveen, S. and A. Hug, 1990. Enterotoxicity of deromonas spp. isolated from environmental sources.
Bangladesh J. Microbiol. 7:89-93.

Alam, M., S.I. Khan and A. Hug, 1991. Drug Resistance of Clinical and Environmental isolates of V.
cholerae Q1. Bangladesh J. Microbiol. 8:55-57.
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Huq, 4., A. Akhtar, D.A. Sack and MLA.R. Chowdhury, 1991. Optimal growth temperature
for the isolation of Plesiomonas shigelloides using PDA, IBB and MSS agar. Can. J. Microbiol.
37:800-802. o _

Alam, M., $.1. Khan and A. Hug, 1991, Prevalence of fecal coliform in isolated ponds in a
village-setting. Bangladesh J. Microbiol. 8:103-107. o

Hug, A., M. Alam, S. Parveen and RR. Colwell, 1992. Occurrence of vibrio-static compound
resistant V., cholerae O1 in clinical and environmental samples in Bangladesh. J. Clin. Microbiol.
30:219-2321.

Pacrveer, S., A. Hug, JJAK. Hasan and K. M.S. Aziz, 1992. Prevalence of hemolysin
producing Aeromonas in the aquatic environment of Bangladesh. Microbios. 70:67-70.

Colwell, R.R., J.AK. Hasan, A. Huq, L. Loomis, Mark L. Tamplin, R.J. Siebeling, M.
Torres, S. Galvez, S. Islam and D. Bemstein, 1992. Development and evaluation of a rapid,
simple and sensitive monoclonal antibody-based co agglutination test for direct detection of V.
cholerae O1. FEMS Microbiol. Letters. $7:215-220.

Bug, A., S. Parveen, F. Qadri and R.R. Colwell, 1993. Comparison of Vibrio cholerae
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96:86-92.

Hug, A., J.AK. Hasan, G. Losonsky and R.R. Colwell, 1994. Occurrence of toxigenic .
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Ukraine, and Russia. FEMS Microbiol. Letters. 120:137-142.

- Hasan, J.AK., A. Hug, M.L. Tamplin, R. Siebeling and R.R. Colwell. 1994. A novel kit for
rapid detection of V. cholerae O1.J. Clin. Microbiol. 32:249-252.

Hug, A., J.A K. Hasan. L. Loomis and RR. Colwell. 1994. Occurrence of non-culturable
bactera in the marine environment: rapid detection using inexpensive kit. Indian J. Marine Sc. Pp.
17-24. :

Sack, D.A., A.T.M. Shamsul Haque, A. Huq, and M. Ethenidge, 1994. Hypothesis: Natural
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The Lancet. 343:1413-15.
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1994. Cholera toxin gene polymerase chain reaction for detection of non-culturable Vibrio
cholerae O1. World J. Microbiol. Bictechnol. 10:568-571.

Colwell, RR_, A. Hug, M.AR. Chowdhury, P. Brayton, and B. Xu, 1995. Serogroup
conversion in Vibrio cholerae. Can. J. Microbiol. 41:946-950.
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