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	Relevance of the Protocol:

Cholera remains an important focus of research for ICDDR,B and Bangladesh public health.  Recent evidence has emerged showing that cholera epidemics are linked (with a lag) to rising sea surface temperatures in the northern Bay of Bengal, through a mechanism of more rapid replication of copepods and phytoplankton in which cholera vibrios hide and survive during non-epidemic periods.
 

This study will take our understanding of the links between climate and cholera outbreaks to another level by examining patterns of cholera according to local flooding patterns in our rural field sites like Matlab.  ICDDR,B is now in a much stronger position to pursue these important links between water levels and characteristics, and disease outcomes, as we now have weather station in Matlab as well as the necessary epidemiological data to link environment with outcomes.
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3.2
Prevention and management of severe and moderate malnutrition, including incorporation of nutrition screening and appropriate treatment in the Essential Services Packages.
4.1

Define the epidemiology and burden of selected infectious diseases and identify effective strategies for prevention and control. These include tuberculosis, diarrhoea, ALRI (pneumonia), typhoid fever, dengue, malaria, kala azar, and drug-resistant infections.

6.3

Understanding the economic and social forces motivating out-migration from rural areas.  This understanding is linked to monitoring of changes in family structure, especially in terms of social and financial support for family members remaining behind in the rural communities.
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	Project Summary
Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. Also describe concisely the experimental design and research methods for achieving the objectives. This description will serve as a succinct and precise and accurate description of the proposed research is required. This summary must be understandable and interpretable when removed from the main application. 


	Principal Investigator(s): Dr. Peter Kim Streatfield


	Research Protocol Title: Flood, Indian Ocean Dipole and public health in Bangladesh

	Total Budget US$: 87,305             Beginning Date : 1 January 2009         Ending Date: 31 December 2010

	General hypothesis

1. Floods affect long-term morbidity and mortality.

2. Indian Ocean Dipole (IOD), recently discovered ocean-atmosphere interaction causing interannual climate variability in the Indian Ocean region, is associated with the incidence of cholera in Bangladesh through the effect on monsoon rainfall and floods.

Objectives
1. To investigate long-term effects of flood on cause-specific morbidity/mortality.
2. To quantify the impacts of Indian Ocean Dipole (IOD) on the incidence of cholera in Bangladesh.
Flood study

Design: historical cohort study. Study population and dataset used: More than 220,000 all residents in Matlab Health and Demographic Surveillance area (HDSS). Outcomes: Morbidity (ARI and diarrhea) and mortality in Matlab HDSS. Exposures: Flooded and non-flooded baris (cluster of households) at the time of 2004 flood are identified by already collected data by interviewing to the head of each bari. Information on depth of flooding in the households and tube-wells, and temporary rehousing are also be collected. Data collection: Morbidity and mortality data in HDSS from 2001 to 2007 will be abstracted. Household socio-economic and demographic status will be collected from 1996 and 2005 Census. Analysis: Morbidity/mortality rates in the 3 years after the 2004 flood (post-flood period) will be compared between flooded and non-flooded individuals. Mortality rate in the pre-flood period (3 years before the flood) is also compared with that in the post-flood period. The cause of death is categorized diseases of circulatory system (cardiovascular diseases and stroke), respiratory diseases, malignant neoplasm and communicable diseases. Stratified analysis of mortality rate will be conducted to determine the vulnerable groups to the effect of flooding on long-term mortality with respect to age group, socioeconomic status and other potential risk factors.

IOD study

Design: retrospective time-series study. Study population and dataset used: Hospital surveillance of Matlab and Dhaka hospital. Outcomes: Monthly number of cases of cholera in Dhaka and Matlab ICDDR,B Hospitals. Exposure: Dipole Mode Index (DMI). Data collection: Monthly number of cholera patients between 1980 and 2007 will be provided from ICDDR,B Hospitals. HadISST data compiled by UK Met. Office will be used to calculate DMI. Hydrological data such as river level and sea surface height will be sought from Institute of Water Modelling (IWM). Analysis: A time series regression model will be used to model the relationship between DMI and number of cholera patients. To have some insight into the causal pathways, the associations with sea surface height and sea surface temperature in north Bay of Bengal are also investigated.
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	Study design
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Description of the Research Project
Hypothesis to be Tested:


Concisely list in order, the hypothesis to be tested and the Specific Aims of the proposed study. Provide the scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.


1. Floods affect long-term morbidity (ARI and diarrhea) and mortality.

2. Indian Ocean Dipole (IOD), recently discovered ocean-atmosphere interaction causing interannual climate variability in the Indian Ocean region, is associated with the incidence of cholera in Bangladesh.

Specific Aims:
Describe the specific aims of the proposed study. State the specific parameters, biological functions/ rates/ processes that will be assessed by specific methods.


1. To investigate long-term effects of flood on cause-specific morbidity/mortality.
2. To quantify the impacts of Indian Ocean Dipole (IOD) on the incidence of cholera in Bangladesh.
Background of the Project including Preliminary Observations 



Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific references. Describe logically how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. Provide scientific validity of the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives.


This chapter aims to provide an overview of the main issues surrounding the health impact of climate much focusing on rainfall and floods in relation to Indian Ocean Dipole. The first section will review the epidemiological evidence for an effect of high rainfall on cholera. The second section will address Indian Ocean Dipole and possible impacts on cholera dynamics in Bangladesh. The third section will review the epidemiological evidence for short and long term health impacts of floods. 
Associations between climate and cholera dynamics                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
Cholera dynamics in endemic regions show regular seasonal cycles. The annual bimodal distribution is observed in Bangladesh (1), while annual single peak can be seen in South America (2), India (3) and Pakistan (4). The clear seasonality suggests that weather factors could play a role, either directly or as an indirect influence through other intermediate pathways. However, only little empirical evidence has been suggested.

Glass et al. (5) investigated the relationship between cholera peaks and monthly river water level, temperature and rainfall using historical data between 1966 and 1988 in Matlab, Bangladesh. They found a peak of cholera in the post-monsoon season and a smaller peak before the monsoon season, and reported that ‘variations in the time of onset, time to peak incidence, or time of maximum rise and fall in the number of cholera cases could not be forecast by changes in the timing of environmental parameters such as peak rainfall or onset of the monsoon, high and low river water levels, or rise and fall in the mean peak or low monthly temperature’. Although statistical methods were not described in the paper, the analyses seem to be conducted not allowing for seasonal variations of cholera cases.

Pascual et al. (1) suggested that high rainfall during the monsoon season in Bangladesh could reduce cholera cases by diluting the concentration of V. cholerae in aquatic environments and also reducing salinity levels of surface water below the optimum requirements of the pathogen survival. This hypothesis was inferred from the observation of marked depression of cholera incidence during the monsoon season. The incidence of cholera is influenced by the primary transmission from an aquatic environmental reservoir in endemic regions (6), and a variety of physical and biological parameters are likely to influence the growth and survival of V. cholerae as a species in the environment (7). In contrast, cholera peaked during the monsoon season in the dryer areas in India (1). The effect of rainfall on seasonality of cholera may be dependent on the levels of average rainfall (1).

Cockburn and Cassanos (8) proposed a hypothesis that ponds in Bangladesh were the main source of infection to the community. They hypothesised that if the pH in ponds were sufficiently elevated, V. cholerae could have advantage in survival to other bacteria. They showed a relationship between elevated pH and onset of cholera cases, which was also related to season, sunlight, temperature, and rainfall. The driver of the temporal pH changes in their hypothesis was algae, which elevated the pH of the surrounding water by the sequestration of CO2 during photosynthesis, with the greatest changes occurring under conditions with elevated temperatures, low turbidity, and sufficient light. According to their hypothesis, when high rain muddies and dilutes the pond water, the pH might not rise, and the V. cholerae would then lose its advantage in survival (8). 
Lipp et al. (6) proposed a model of hierarchy in cholera consisting of abiotic factors, phytoplankton and aquatic plants, zooplankton and transmission to humans. V. cholerae increases growth rate in the aquatic environment at warm temperatures in combination with high-pH conditions and blooms of phytoplankton, aquatic plants or algae. The growth of phytoplankton and aquatic plants is influenced by sunlight, temperature and nutrients in aquatic environment, and in turn alter the dissolved O2 and CO2 content of the water and, therefore, the pH of the surrounding water. High phytoplankton production produce food for zooplanktons to which V. cholerae attach and protect it from the external environment and proliferate (6). 

The predation of V. cholerae by phage has recently been reported to be a possible factor that influences seasonal epidemics of cholera in Bangladesh. Faruque et al. suggested that epidemics would most likely begin in periods of low phage concentration (e.g after floods and the monsoon season) from the observation of the inverse correlation between the environmental concentration of vibriophages and the presence of susceptible V. cholerae strains in water (7, 9). They also proposed that phages play their predominant role in ending cholera epidemics. This hypothesis may need to be confirmed by further observations in possible lags from weather events to phage concentration and the end of cholera epidemics. 

Huq et al. (10) reported a time series analysis using clinical and various environmental data (water temperature, air temperature, water depths, rainfall, pH, salinity, water conductivity, dissolved O2, count of bacteria and copepod counts in water samples, etc.) collected at biweekly intervals in four rural locations in Bangladesh for four years. They found a significant negative association of rainfall with cholera incidence in some locations with different lags (0−8 weeks). However, they did not control seasonal effects in the models and a linear relationship was assumed. Furthermore, so many environmental variables with various lags were examined by stepwise regression procedures without taking into account a priori decision of confounders and intermediates. This may cause biased estimates of the results (11).
Hashizume et al. estimated the effects of rainfall on the incidence of cholera in Bangladesh using time-series Poisson regression models adjusted for seasonal and interannual variations, public holidays and temperature. The weekly number of cholera cases increased by 14% for each 10-millimeter increase above the threshold of 45 millimeters for the average rainfall over lags 0−8 weeks. The number of cases also increased by 24% for a 10-millimeter decrease below the same threshold. River level partly explained the association between high rainfall and the number of cholera cases.
Apart from the seasonality, cholera dynamics in endemic regions also show marked interannual variability. In the analysis of historical data of former British India, rainfall is associated with cholera’s spatial distribution.(1) Average annual cholera mortality in nine provinces of former British India was higher in provinces with higher annual rainfall. 
Koelle et al. (12) reported environmental determinants of interannual cycles of cholera in rural Bangladesh taking into account intrinsic host immunity. The interannual variability showed a strong inverse relationship with monsoon rains and Brahmaputra river discharge at long periods (over 7 years) and positive correlations with flood extent in Bangladesh, sea surface temperatures (SSTs) in the Bay of Bengal, and the El Nino Southern Oscillation (ENSO) at shorter periods (less than 7 years). They suggested that understanding interannual cycles of cholera requires the combined analysis of both environmental and intrinsic factors. 

Indian Ocean Dipole

There is considerable evidence for a role of El Niño-Southern Oscillation (ENSO), a major source of interannual climate variability, in the interannual variation of endemic cholera in Bangladesh.(13-16) Sea surface temperature (SST) in the Bay of Bengal shows an annual bimodal cycle similar to the seasonal pattern of cholera in Dhaka, (17) although another study using satellite-derived and in-situ environmental time series data reported there was no association of SST or sea surface height with the magnitude of cholera in Bangladesh.(18) It has been suggested that the high correlation between SST in the Bay of Bengal and the outbreak of cholera is due to warm waters along the coast, coupled with plankton blooms driven by warm ocean temperatures, which are favourable conditions for multiplication of V. cholerae.(6, 17) SST anomaly over the entire basin of the Indian Ocean is uniformly modulated lagging the ENSO(19) and likely results from the thermodynamic adjustment of the mixed layer to ENSO-induced flux changes.(20)
Another ocean-atmosphere interaction causing interannual climate variability in the Indian Ocean region is the Indian Ocean Dipole (IOD), recently discovered by Saji et al.(21) and Webster et al.(22) The IOD characterizes sea surface temperature (SST) anomalies during this event, with warmer than normal SSTs over the western basin and cooler than usual SSTs in the eastern basin. The origins of IOD events are unclear. The air-sea interaction process is unique and inherent in the Indian Ocean, and has been shown to be largely independent of the ENSO.(21) Historical data show that extreme dipole mode events have occurred eight times in the past fifty years, and that the strong ENSO in 1997 coincided with an IOD (23). The discovery of this dipole mode that relates the ocean temperature distribution to increased rainfall over east Africa, India and Bangladesh and reduced rainfall over Indonesia (23) brightens the prospects for a long-term forecast of rainfall anomalies in the affected regions. For example, Ashok et al.(24, 25) have demonstrated that positive IOD events may enhance the summer monsoon rainfall over India. 

Regional ocean climate is also affected by IOD. Han and Webster(26) showed that IOD events strongly influence sea-level variations in the Bay of Bengal. Floods occur in the river delta region almost every monsoon season in Bangladesh. However, major floods, such as that occurred in 1998 and inundated nearly two-thirds of the country for nearly three months, occur only once or twice in a decade. Major floods are not always associated with excessive precipitation in the delta catchment areas, and the sea-level height in the northern Bay of Bengal has been suggested as a necessary factor for major flooding.(26) Outbreak of cholera associated with flooding has been reported in Bangladesh.(27, 28) Lobitz et al. suggested that the variability of sea level correlated with hospital visits due to cholera in Dhaka.(17) The possible mechanism is that sea surface height may be an indicator for inland incursion of plankton-laden water from the bay, which is a reservoir of V. cholerae.(17) Given the dominant effect of equatorial wind variability in driving the sea level anomalies in the northern bay, sea level changes in the eastern equatorial Indian Ocean, or alternatively westerly wind anomalies at the equator, may be a potential index for predicting flooding and cholera in Bangladesh. Since a strong positive sea level anomaly in the eastern equatorial ocean during summer and fall is generally associated with a negative dipole in the tropical Indian Ocean, a negative dipole event tends to enhance the potential flooding and outbreak of cholera in Bangladesh.(26)
There is a contention on the degree of dependency of the IOD on ENSO. Although Saji et al. concluded that the IOD is independent on ENSO, Allan et al.(29)  and Shinoda et al.(30) noted that the correlation between them highly increases when only September to November data are used in the calculation. Saji and Yamagata estimated that about one-third of the IOD events occurred at the same time as ENSO events.(31) On the cases when IOD accompanies ENSO, the effects of these two systems on weather in Bangladesh might be mixture. Lau and Nath have also shown that IOD events without strong ENSO influence are characterized by above-normal precipitation over the Indian subcontinent and Bay of Bengal region, through a 900-yr experiment with a coupled atmosphere-ocean general circulation model.(32) Partly because of this complexity, compared to the effects of ENSO, little has been known for those of IOD on the incidence of cholera in Bangladesh.

The World Health Organization has proposed developing an early warning system for cholera epidemics using climatic parameters, due to its large global burden and climate sensitivity (33). Highly accurate, climate-based prediction of cholera epidemics, however, has not yet been developed. A system for forecasting IOD has been developed, and IOD events are predictable 4 months in advance (34). Combined with such a prediction model, the results of this study could provide the basis for predicting cholera epidemics in Bangladesh, with a potential for improving disease control.
Health impact of floods

Flood can be caused by high rainfall, tidal and wave extremes such as storm surge and tsunami, thawing of ice and structural failure such as dam-break flood and breaching of sea defences (35). There is potential for increased transmission of diarrhoeal diseases during flood and post-flood conditions. In high-income countries, the risk of diarrhoea due to flood is considered to be low (36, 37), although a study in the UK reported an increase in risk of gastroenteritis for flood exposed individuals (38). A cohort study in the United States found that flooding house or yard was associated with increased risk of gastrointestinal illness (39). Self-reported diarrhoea was used as an outcome measure in these studies. 

In low-income countries, where water supply, sanitation system and causative agents of diarrhoea are likely to be different from those in high-income countries, post-flood increases in cholera (40), rotavirus diarrhoea (41, 42), cryptosporidiosis (43) and non-specific diarrhoea (44-49) have been reported. There is a report that the area outside the flood-control embankment had an 18% higher mortality rate compared to the rate inside the embankment suggesting adverse effect of flooding on diarrheal mortality.(50) However, most of these studies had methodological problems such as lack of pre-flood data, lack of comparison groups and potential recall bias. A recent study in diarrhoeal epidemic during floods in Dhaka provided good evidence for increase in diarrhoeal cases due to some pathogens (28). During four consecutive flood-related epidemics in 1988, 1998 and 2004, the mean number of cases due to V. cholerae, Shigella, Salmonella, E. hystolytica, Giardia lamblia and rotavirus was increased compared with seasonally matched non-flood periods. V. cholerae played a primary role of flood-related epidemics, because it was the only pathogen of which proportion among pathogens increased during the flood compared with non-flood period. They also reported that the cases during the flood-related epidemics were older and of lower socioeconomic status than those in non-flood period.

Floods adversely affect water sources and supply systems as well as sewerage and waste disposal systems (51). For example, the waste disposal system in Dhaka city was almost completely ineffective during the major flood in 1998 (52). A number of tube wells were covered by the floodwaters and were contaminated (53). Many of the flood affected people became displaced and took refuge in temporary shelters (54). Some of the shelters were extremely crowded with displaced people (54), and the deteriorated environmental conditions were observed in shelters and slums (55). These observations implied that people’s hygiene and sanitation level in the city were extremely disrupted, and the transmission of enteric pathogens was likely to have been increased during the flood. 
Acute respiratory infections (ARI) are a major cause of illness and deaths among displaced populations by natural disasters, particularly in children under 5 years of age.(56) Lack of access to health care facilities and to antimicrobial agents for treatment further increases the risk of death from ARI. Risk factors among displaced populations include crowding, exposure to indoor cooking using open flame, and poor nutrition. The reported incidence of ARI increased 4-fold in Nicaragua in the 30 days after Hurricane Mitch in 1998,(57) and ARI accounted for the highest number of cases and deaths among those displaced by the tsunami in Aceh in 2004.(58) In Bangladesh, prevalence of respiratory problems (14%) was the second highest among those affected by flood in 1998 following that of diarrhea (27%).(47) ARI was also the second most common cause of illness (17%) and death (13%) among those affected during the 1988 flood.(44) However, it was not clear whether the higher number of ARI was due to the flood or due to the usual seasonal increase and rigorous studies about the effect of flooding on incidence of ARI are warranted.

There is little evidence on the long-term health impact of flooding. A cohort study of people forced from their homes by flooding in 1968 in Bristol found a 50% increase in the number of deaths in the year after the flood among those whose homes had been flooded.(59) The number of clinic visits and hospital admissions was also higher in the year after the flood among those who had been affected by flooding than among those who had not.(59) However, an Australian study found no difference in mortality between those who had been affected by flooding and those who had not. The authors noted that those who had been affected made a greater number of visits to medical providers.(60) Heightened psychological stress was thought to have played a part in the increase in visits in both studies. A recent study in China showed higher mortality of malignant neoplasm in the residents of flood affected villages than in those of the no-flood villages in the year after the flood.(61)  The standard rate of years of potential life lost for respiratory and circulatory diseases in the flood group were also significantly higher than those in the no-flood group. The authors speculated that the flood-related environmental contaminations and psychological and physical stresses after the flood disaster may be the explanation for this. Actually, the long-term effect of flood on stress-related psychological disorders has been an important public health issue.(36) The adverse effect of flood experience does not limit to the mental health problems. There is clear evidence that chronic psychosocial stress contributes to the pathogenesis and expression of coronary artery disease.(62, 63) Thus, cardiovascular diseases should be included in the investigation of the long-term health impact of flood. A space-time clustering of leukaemia and lymphomas was also reported in New York after 2 years of major floods in 1972.(64)  However, most of these studies had methodological limitations, in particular lack of pre-flood data, ambiguous exposure measurments, lack of clinical diagnosis and potential recall bias. Improved epidemiological research needs to be undertaken on the long-term health impacts of floods. There is also a concern for the potential long term adverse effects of exposure to contaminants, mould, and toxic substances that may be present in their homes after clean up. The high concentration of mold was measured indoors and outdoors in the New Orleans area 2 months after the flooding due to Hurricane Katrina.(65) Repeated exposure to significant quantities of fungal material can result in respiratory irritation or allergic sensitization in some individuals.(66) There is sufficient evidence of a causal link between indoor dampness and upper respiratory tract symptoms, cough, wheeze, asthma symptoms in sensitized people.(67) Also important to note is the impact of inadequate nutrition following disruption to incomes and food distribution systems.(68)
Summary
There is little information for the potential impact of IOD, which could cause severe flooding and outbreak of cholera in Bangladesh. Although there is some epidemiological evidence for short-term adverse effects of floods on diarrhoea in both high and low-income settings, there has been little information on long-term health impact of flooding. 
Research Design and Methods


Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project. Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific aims. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and unambiguous assessment of the project.  

1. Long-term morbidity and mortality after floods in Bangladesh: population based cohort study 
General hypothesis

Floods increase long-term morbidity (ARI and diarrhea) and mortality of affected population.

Objectives

1) To quantify the impacts of flooding on morbidity (ARI and diarrhea) and mortality (total and cause-specific) in the 3 years after the flood event in Matlab, Bangladesh.

2) To determine the vulnerable groups to the effect of flooding on long-term morbidity and mortality with respect to age group, socioeconomic status and other potential risk factors.

Design: 
Historical cohort study

Setting and study population

All residents in Matlab HDSS (more than 220,000 population).
Outcome measure: 
The outcomes are morbidity (ARI and diarrhea) for children under 5 years and cause specific mortality for all population (routinely collected data for HDSS) in the 3 years after the 2004 flood in Matlab HDSS. Linkage of HDSS record and hospital surveillance data of Matlab will be conducted to examine the association between flood exposure and hospital visits due to diarrhoea. The causes of deaths are assigned using a simplified version of the Ninth Revision of the International Classification of Diseases (ICD-9) up to 2001 and ICD-10 after 2002. The primary outcome for cause-specific mortality is diseases of circulatory system (cardiovascular diseases and stroke). Respiratory diseases, malignant neoplasm, communicable diseases and other non-violent death are also investigated in their relationship with flood exposure. There may be concerns about quality of morbidity data. Compared to measurement error in mortality data, that in morbidity data would be more problematic. However, as the extent of measurement error is not likely to change before and after the flood, it seems unlikely that this would obscure the estimste of long-term effect of flooding.
Exposure measure: 

Flooded and non-flooded baris are identified by already collected data by ICDDR,B. The information was collected by interview to the head of each bari (n = 10,600) using a questionnaire. The average number of households in a bari is 4.6. We assume that all households and individuals in the same bari are in the same condition (flooded or non-flooded). Information on inundation of courtyard and the main room of any household in the bari, days and height of water in the main room of any household in the bari, household with temporary rehousing and inundation of tube-wells will be used as exposure measures of the flood. Inundation might have occurred either by river flood or heavy rainfall. Our primary exposure is inundation of household either by water caused by river flood or heavy rainfall. As the information on inundation of household by river flood or by heavy rainfall is available form already collected data by ICDDR,B, we define the exposed group as those inundated by either river flood or by heavy rainfall. Flooded group is categorized by duration of inundation to examine whether there is difference in mortality/morbidity rates by the duration.
Some baris might have been inundated before and after 2004 by either floods or heavy rainfall. As it could cause measurement error of flood exposures, baris flooded almost every year, though we believe it small proportions, are identified. Baris will be categorized into 3 groups: never flooded, flooded only in 2004 and regularly flooded. 
According to communication with local field workers, people well remember the flood event in 2004 because its scale (area, depth of water and duration of inundation) was large and there was no such a severe flooding after 2004 till today. Thus we believe that people in Matlab can precisely report their situation at the time of flooding. It is almost impossible to strictly validate the flood exposure data because there is no record of inundation of each bari or household in the area. However, we also agree that we need to provide information on measurement error in the exposures. We will create a flood map based on the information from interview and compare it with topography map in Matlab area to examine the correlation between them. We also seek for local records of inundation at the time of flooding in 2004.
Characteristics for potential vulnerable group

The effect modification by individual or household characteristics will be investigated to identify the potential vulnerable group to floods. The age-group categories are children (0−14 years), adults (15−64 years), and elderly (≥65 years). Sex, socio-economic status (education levels of mother for children or self-education for adults, materials of the floor) and hygiene and sanitation status (type of drinking water source, distance to water source and type of toilet) will also be investigated. The characteristics of the study subjects in 1996 and 2005 Census are used to represent their characteristics. The effect modification by area level; i.e. ICDDR,B area and government area, will also be investigated assuming that there is a difference in baseline mortality/morbidity and access to health care services. 
Sample size calculations

The sample size is calculated for mortality rate of circulatory diseases because it is enough to take care of that for morbidity.
· Mortality rate of circulatory diseases in unexposed to flood 1.35/1000 person-years (in 2003)

· Mortality rate of circulatory diseases in exposed to flood 2.03/1000 person-years (50% increase in exposed group)

· Significance level 5%

· Power 80%

· Loss to follow-up 5.79% (out-migration in 2004)

· Design effect 2.0

· N=121,252 for each group

Thus, the final sample size would be 242,504, which means that all population living in HDSS should be involved in the study.

Definition of flood period

The period of flood is defined as the period that the river level (Dhanagoda river at Matlab Bazar) exceeded the danger level defined by the Bangladesh Water Development Board. To exclude the immediate deaths directly due to the flood (drowning, trauma, electrocution etc), the deaths occurred during the flood (the period of water level above the danger level) will be excluded from the analysis of long-term effects. To compare mortality between flooded and non-flooded groups in the same condition, this exclusion criterion will be applied not only to flooded group but also to non-flooded group.
Data collection: 

Morbidity of ARI and diarrhea for children under 5 years is available from HDSS data. Morbidity and mortality data of HDSS from 2001 to 2007 will be collected from ICDDR,B. Matlab Hospital surveillance data for the same period will also be collected to link with HDSS record. Household socio-economic and demographic status of 1996 and 2005 Census will be collected. Information on inundation of courtyard and the main room of any household in the bari, days and height of water in the main room of any household in the bari, household with temporary rehousing and inundation of tube-wells are also collected from ICDDR,B to identify flood exposure. Time series data of water level in Matlab will be sought from Bangladesh Water Development Board (BWDB) through Institute of Water Modelling (IWM).  
Ethical issues:

Although the main part of this study is secondary data analysis, ethical approval will be sought to ethical committee in RIHN and ICDDR,B. 

2. Impacts of Indian Ocean Dipole on the incidence of cholera in Bangladesh.
This is a retrospective time-series study to assess the impact of IOD on the incidence of cholera. The research will use the routinely collected data on Dipole Mode Index (DMI), which is based on sea surface temperature (SST) of Indian Ocean, and number of cholera patients in ICDDR,B Matlab and Dhaka hospitals.
Time series study

The study design used here is time series regression, comparing monthly counts of patients in the hospitals with exposure measures (with lags to account for latency/incubation period). This method has been developed for the study of the health effects of air pollution on daily hospital admissions and mortality.69 The underlying hypothesis is that part of the variance of the usual (that is, non-epidemic) daily distribution of the health effect is associated with the daily fluctuations of the exposure indicator, after considering all the potential confounding factors. The main advantage of this design is that the population under study serves as its own control, and covariates that vary between subjects but not over time are not potential confounders. Variables that change with time, for example temperature, can confound the relationship of interest if they are correlated with rainfall, but their effect can be controlled in the regression if they are measured. Even if confounding variables are not measured, their effect can be partially controlled if they follow a consistent seasonal pattern. The main limitations of these studies in providing strong evidence derive from their ecological design. Thus, the measurement of exposure is a monthly average for the city or area, the correlation of which with the personal exposure depends on individual patterns of exposure. 

Study site

The studies are proposed to take place in Matlab and Dhaka. The target population will be people living in Matlab Health and Demographic Surveillance area for Matlab Study, and people living in catchment area for diarrhoea patients in ICDDR,B Dhaka Hospital for Dhaka Study.

Study period

Data will be sought for as much of the period from 1980 to 2007 as possible.

Definition and measurement of outcome variables

Incidence of cholera: Monthly number of cases of cholera in Matlab and Dhaka ICDDR,B Hospitals. The Centre maintains surveillance system since 1979 which systematically samples patients with diarrhoea presenting to the hospital. Every 25th patient was enrolled in the surveillance system between 1980 and 1995, and every 50th patient has been enrolled since 1996. A patient is classified as cholera when V. cholerae of the serogroup O1 or O139 was identified from the stool specimen regardless of other pathogens identified. To specify the characteristics of cholera to the response of IOD, other sub-division of these series by causal pathogens (e.g. rota virus, E. coli and others) are also examined. 
Definition and measurement of exposure variables

Dipole Mode Index: Historical data on monthly measurement of Dipole Mode Index, which is defined as the SST anomaly difference between the western (10ºS-10ºN, 50º-70ºE) and eastern (10ºS-0º, 90º-110ºE) tropical Indian Ocean, are calculated using HadISST data compiled by UK Met. Office.
Definition and measurement of intermediate factors
Cross-correlations between the number of cholera patients and the following possible mediators as well as those between DMI and mediators are investigated to explore the causal link. 

Sea surface temperature (SST) and Sea surface height (SSH): There is a report that the IOD events strongly influence sea-level variations in the Bay of Bengal, which could link to the water level in the area affected by tidal wave (eg. Matlab).26 The association between DMI and monthly average SST and SSH of northern Bay of Bengal (around 20ºN, 90ºE), which has been closely linked to the number of cholera cases in Dhaka,17 is examined to have some insight of causal pathways from IOD to the number of cholera cases.

Monthly rainfall: Historical data on daily measurement of rainfall in Dhaka city and Chandpur are available from 1950 onwards. Monthly amount of rainfall will be calculated by adding daily rainfall in the same month. 
Hydrological factors: Repeated time-specific quantitative measures (daily or monthly) of surface water level, water temperature and salinity of Dhanagoda river at Matlab Bazar or Surma-Meghna river at Chandpur will be used to investigate the hypothesis in more depth, that is, is cholera incidence affected by IOD through the hydrological factors?
Possible confounders

In time series analysis, the only potential confounders are those that vary from time to time in correlation with exposure. Other climate conditions such as ENSO, season and long-term trends should be taken into account for controlling these factors. The strength of the ENSO is measured by SST anomalies in the Niño 3 region (NINO3) in the Pacific Ocean, which are derived from NOAA Climate Prediction Center data (http://www.cpc.ncep.noaa.gov). Flood events could also be an effect modifier or a factor on the causal pathway (see below).
Data collection

Monthly number of cholera patients will be provided from ICDDR,B Hospitals. Laboratory confirmation of pathogens from stool specimens or rectal swabs would be available (in a systematic sample). We will utilize HadISST data (Global sea ice coverage and sea surface temperature data) compiled by UK Met Office to calculate DMI.70 Time series of SST and SSH data will be sought from British Atmospheric data Centre. Meteorological data (daily precipitation, temperature and relative humidity) will be collected from database developed by Disaster Prevention Research Institute (DPRI) of Kyoto University, which has made collaborative works with Bangladesh Meteorological Department (BMD) and Bangladesh University of Engineering and Technology (BUET).  This is the complete database of several meteorological elements for the period from 1950 to 2006. Hydrological data such as water level, water temperature and salinity will be sought from Bangladesh Water Development Board (BWDB) through Institute of Water Modelling (IWM).  

Limitations and difficulties
Exposure measurement error. Rainfall data will be available from a selected meteorological station in Dhaka and in Matlab. Because rainfall is rather local phenomenon, measurement of rainfall at a meteorological station would be imprecise for representing real exposures in individuals, or even the average for all individuals. Misclassification of exposure biases effect estimates to the null. Similarly, random misclassification of disease will bias effect estimates to the null.
Ethical issues

Although we will use no nominal data, ethical approval will be sought to ethical committee in RIHN and ICDDR,B. 
3. Timeline of proposed research
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Sample Size Calculation and Outcome Variable(s)


The outcomes for the flood study are morbidity (ARI and diarrhea) for children under 5 years and cause specific mortality for all population (routinely collected data for HDSS) in the 3 years after the 2004 flood in Matlab HDSS. Linkage of HDSS record and hospital surveillance data of Matlab will be conducted to examine the association between flood exposure and hospital visits due to diarrhoea. The primary outcome for cause-specific mortality is diseases of circulatory system (cardiovascular diseases and stroke). Respiratory diseases, malignant neoplasm, communicable diseases and other non-violent death are also investigated in their relationship with flood exposure.

The sample size is calculated for mortality rate of circulatory diseases because it is enough to take care of that for morbidity.
· Mortality rate of circulatory diseases in unexposed to flood 1.35/1000 person-years (in 2003)
· Mortality rate of circulatory diseases in exposed to flood 2.03/1000 person-years (50% increase in exposed group)
· Significance level 5%
· Power 80%
· Loss to follow-up 5.79% (out-migration in 2004)
· Design effect 2.0
· N=121,252 for each group

Thus, the final sample size would be 242,504, which means that all population living in HDSS should be 

involved in the study.

Facilities Available

Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support. Point out the laboratory facilities and major equipment that will be required for the study. For field studies, describe the field area including its size, population, and means of communications.  


Data analysis will be carried out at Nagasaki University and London School of Hygiene and Tropical Medicine (LSHTM). The institutes are well-equipped with computers and software suitable for such analyses, and has extensive provision for providing computing and statistical support.
Data Safety Monitoring Plan (DSMP)


All clinical investigations (biomedical and behavioural intervention research protocols) should include the Data and Safety Monitoring Plan (DSMP) to provide the overall framework for the research protocol’s data and safety monitoring. It is not necessary that the DSMP covers all possible aspects of each elements. When designing an appropriate DSMP, the following should be kept in mind.

a) All investigations require monitoring;

b) The benefits of the investigation should outweigh the risks;

c) The monitoring plan should commensurate with risk; and

d) Monitoring should be with the size and complexity of the investigation.

Safety monitoring is defined as any process during clinical trails that involves the review of accumulated outcome data for groups of patients to determine if any treatment procedure practised should be altered or not.


Data Analysis


Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals. Specify what statistical software packages will be used and if the study is blinded, when the code will be opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. 

Historical cohort study (Flood study)

Baseline socio-demographic data of the two groups of flood-exposed and non-exposed are compared. Mortality rates in 4 week periods are calculated as the number of deaths divided by the number of individuals at risk, taking into account the amount of person-time before deaths.  Similarly, prevalence rates are calculated as the number of individuals with ARI/diarrhea divided by the number of individuals at risk, taking into account the amount of person-time during which events are counted as well as time elapsed before the symptoms are presented. Thus, the data are adjusted for loss to follow-up owing to migration to another area. 

Linear regression models will be tested with independent time variables in order to analyze trends in the mortality and morbidity before and after the flood. The time variable representing trends over the entire post-flood period and the variable representing pre and post flood period will be incorporated into the models.

Hierarchical linear models are applied in order to identify predictors of morbidity (ARI/diarrhea). This is because observations are repeated measurements of the same individuals, so these are not independent. Intra-bari correlation will also be taken account by this approach. Gender, age and SES and interaction terms between individual characteristics and time are incorporated into multivariate models.  

Linkage of HDSS record and hospital surveillance data of Matlab will be conducted to examine the association between flood exposure and hospital visits due to diarrhoea. There might be migration after the flood. We can follow up the migrants whoever moved anywhere in DSS, but migrants who moved out from DSS (we believe they are very limited numbers) cannot be followed. 

Time-series analysis (IOD study)

After simple descriptive analyses, statistical analysis will be based on time-series regression controlled for possible confounders.(71) The strategy will be to compare the patterns of variation in incidence of cholera over time with the pattern of DMI, using time series regression analysis methods. The unit of analysis in this study is the month, so potential confounders that must be controlled are those that vary over time, possibly coincidentally with DMI. Counts of monthly number of cholera patients are non-negative integers representing counts of rare (relative to the total population) events. Hence, a Poisson regression model will be used to model the relationship between DMI and outcomes controlling for NINO3 (index of El Nino), seasonal and other time trends.(72) To better control for potential non-linear dependencies of outcome on explanatory variables, we will use a generalized additive model. The provisional specific time series regression model to be used is: E(Yi)=exp{( +  (h=1,6 ((ch+(sh) + (k>0(Sk((k ,xki))} where Yi denotes the monthly case counts on month i,  E(Yi) the expected (ie model-fitted) monthly counts, xoi  are explanatory variables {xki , k=1,…,p} (including DMI x0i and temperature). Each Sk is a smooth function (possibly linear) of variable xk , smoothness governed by (k. Seasonal patterns not modelled by measured explanatory variables is incorporated in trigonometric terms, ch and sh, , at annual cycles (h=1) and at higher harmonics (h=2,...,6). This Fourrier approach can model seasonal pattern rather generally. Long term trends are modelled by including calendar time as an explanatory variable (xk). Each explanatory variable can be lagged to allow delayed effects, but this is suppressed from the equation for simplicity. 
We will investigate the hypothesis in more depth, that is, is cholera incidence affected by IOD through the effect on SST, SSH, rainfall and hydrological factors (surface water level, water temperature and salinity)? This will be by investigating (using time series regression) the associations between DMI and potential intermediate factors (SST and SSH of the northern Bay of Bengal, local rainfall and hydrological factors), potential intermediate factors and cholera, and how much the association between DMI and cholera is explained by changes in potential intermediate factors. 

In order to investigate whether the results are sensitive to the levels of control for seasonal patterns, the analyses will be repeated using Fourier terms with different number of harmonics per year adding 1 harmonic at a time. Fourier terms (harmonic waves) can be used to re-create any periodic signal (such as a consistent seasonal pattern) using linear combination of sine and cosine waves of varying wavelength (73). The number of harmonics defines the lowest wavelength reproduced (i.e. the level of seasonal adjustment), for example, with five harmonics corresponding to a wavelength of 10 weeks (one fifth of a year). 
All statistical analyses will be carried out using Stata software (Stata Corporation, College Station, TX). 
Ethical Assurance for Protection of Human Rights


Describe in the space provided the justifications for conducting this research in human subjects. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if there is any benefit or risk to each subject of the study.


Participants will be informed about the objectives of the study and verbal consent will be obtained. Information on flood exposure to 2004 flood and related damage in the baris will be interviewed using questionnaire at the time of routine household visit for HDSS data collection and no other private issues will be asked for this study. Ethical approval will be sought to ethical committee in RIHN and ICDDR,B.
Use of Animals


Describe in the space provided the type and species of animals that will be used in the study. Justify with reasons the use of particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed procedures.


We will not use any animals in the study.
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Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Mention if the project is linked to the Government of the People’s Republic of Bangladesh through a training programme.


In addition to a project report, papers will be prepared for publication in academic and professional journals and the results will be presented at national and international conferences.
Collaborative Arrangements

Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement between the applicant or his/her organization and the collaborating organization. 

The principle collaborator will be the RIHN. This study will also involve Institute of Tropical Medicine of Nagasaki University (NEKKEN), London School of Hygiene and Tropical Medicine, The Disaster Prevention Research Institute (DPRI) of Kyoto University and Tsukuba University. Hydrological data such as water level and water discharge in Bangladesh has also been collected from Bangladesh Water Development Board (BWDB) through Institute of Water Modelling (IWM). By using these meteorological and hydrological data and diarrhoeal surveillance data of ICDDR,B, Tsukuba University and NEKKEN has had substantial research results on the association between local climate conditions and incidence of diarrhea in Dhaka.  
At each stage of work (i.e. starting from protocol development, implementation of activities, up to publication of research papers (if any), the seven parties (ICDDR,B RIHN, NEKKEN, LSHTM, DPRI, Tsukuba University, and IWM) will review, evaluate and decide on actions and outcome of the work upon mutual agreement.   Data analyses for identifying the health effects of flood and IOD will be conducted by the researchers in NEKKEN and LSHTM.

Biography of the Investigators 

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)


1.    Name:  Dr. Peter Kim Streatfield

2.    Present Position: Senior Scientist and Head, Health and Demographic Surveillance Unit




 Head, Population Program

3.    Educational background:
 

          (last degree and diploma & training

           relevant to the present research proposal)

         Ph.D. in demography (1982) – Australian National University


  M.Sc. in medical demography (1977) – London School of Hygiene & Tropical Medicine

4.0 List of ongoing research protocols  

       (start and end dates; and percentage of time)

4.1. As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	2006-001
	May 2006
	December 2007
	-

	2006-037
	December 2006
	September 2007
	-

	     
	     
	     
	     

	     
	     
	     
	     


4.2. As Co-Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.3.   As Co-Investigator  


	Protocol Number
	Starting date
	End date
	Percentage of time

	
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


5   Publications 
	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals                               
	21

	b.   Peer reviewed articles and book chapters                                                               
	24

	c. Papers in conference proceedings
	-

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
	-

	e. Working papers
	36

	f. Monographs
	7


6    Five recent publications including publications relevant to the present research protocol

a.   Razzaque A, PK Streatfield and A Evans.  Family size and children’s education in Matlab, Bangladesh.  J. Biosocial Science (2006):1-12. 

b.
Rahman MM, M Vahter, MA Wahed, S Sohel, M Yunus, PK Streatfield, SE Arifeen, A Bhuiya, K. Zaman, AMR Chowdhury, EC Ekstrom, LA Persson. Prevalence of arsenic exposure and skin lesions.  A Population based survey in Matlab, Bangladesh.  J. Epidemiology and Community Health (2006); 60:242-248.

c.  Breiman R, PK Streatfield, M Phelan, N Shifa, M Rashid and M Yunus.  Evaluation of

 the    impact of infant immunization on childhood mortality in an impoverished setting in rural   

   Bangladesh.  Lancet (2004); 364:2204-11.
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	Types of publications
	Numbers

	f. Original scientific papers in peer-review journals                               
	16

	g.   Peer reviewed articles and book chapters                                                               
	0

	h. Papers in conference proceedings
	2

	i. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
	1

	j. Working papers
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4.  List of ongoing research protocols  

(start and end dates; and percentage of time)

4.4.   As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	RRC #2005-017
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	Sep 2005
	June 2010
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	RRC # 2007-025
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	May 2007
	Apr 2011
	33%
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4.5. As Co-Principal Investigator
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	Dec 2006
	March 2009
	30%

	RRC #2007-

Introduction of an oral live human rotavirus (Rota Rix) vaccine in Matlab
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Initiation of breastfeeding within 120 minutes after birth is associated with breastfeeding at four months among Japanese women: A self-administered questionnaire survey. Int Breastfeed J. 2008 Jan 10;3:1. 

3:  Yahata Y, Imai H, Fukuda Y, Zhang Y, Satoh T, Nakao H, Moji K, Amano K.
BCG immunization age in urban and rural areas of Akita Prefecture, Japan. J Physiol Anthropol. 2007 Sep;26(5):547-51. 

4:  Cai G, Moji K, Honda S, Wu X, Zhang K.
Inequality and unwillingness to care for people living with HIV/AIDS: a survey of medical professionals in Southeast China. AIDS Patient Care STDS. 2007 Aug;21(8):593-601.

5: Yoda T, Minematsu K, Abe T, Basuki S, Artasutra K, Dachlan YP, Moji K, Kanbara H, Rakue Y, Mizota T. Evaluation by villagers of the malaria control project on Lombok and Sumbawa Islands, west Nusa Tenggara Province, Indonesia. Southeast Asian J Trop Med Public Health. 2007 Mar;38(2):213-22.

Biography of the Investigators


Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)


1    Name: Taiichi HAYASHI     
2    Present Position: Associate Professor, Disaster Prevention Research Institute, Kyoto, Japan

3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

Dr. of Science, Kyoto University
4   Publications 
	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals 
	52     

	b. Peer reviewed articles and book chapters 
	9     

	c. Papers in conference proceedings
	32     

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals 
	24     

	e. Working papers
	10     

	f. Monographs
	49     


5    Five recent publications including publications relevant to the present research protocol

1)
Hayashi, T., Terao, T. and Murata F.: Present Review and Future Scope of Studies of Meteorological Disasters in the South Asia, International Conf. Mesoscale Process in Atmosphere, Ocean and Environmental Systems, p.112, 2006.      
2) Prasad, V.S. and T. Hayashi: Large-scale summer monsoon rainfall over India and its relation to 850 hPa wind shear, Hydrological Processes, 21, 1992-1996, 2007.      
3)
Terao, T., Islam, M. N., Murata, F. and Hayashi, T. : High temporaland spatial resolution observations of meso-scale features of pre- andmature summer monsoon cloud systems over Bangladesh. Natural Hazards, 44, doi:10.1007/s11069-007-9128-z, 2008.     
 4)
Murata, F., Terao, T., Hayashi, T., Asada, H. and Matsumoto, J. :Relationship between atmospheric conditions at Dhaka, Bangladesh and rainfall at Cherrapunjee, India. Natural Hazards, 44, doi:10.1007/s11069-007-9125-2., 2008     
5)   Yamane, Y. and Hayashi, T.: Evaluation of environmental conditions for the formation of severe local storms across the Indian subcontinent, Geophys. Res. Letters, 33, L17806, doi,1:.1029/2006GL026823,2006         
Biography of the Investigators


Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)


1    Name: Ben Armstrong
2    Present Position: Reader in Statistical Epidemiology, London School of Hygiene and Tropical Medicine
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

PhD Statistics. University of London 1983
4   Publications 
	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals 
	Approx 95

	b.  Peer reviewed articles and book chapters 
	Approx 100

	c.  Papers in conference proceedings
	10

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals 
	Approx 50

	e. Working papers
	-

	f. Monographs
	0


5    Five recent publications including publications relevant to the present research protocol

1) Armstrong, B.; Models for the Relationship Between Ambient Temperature and Daily Mortality. Epidemiology, 2006; 17(6):624-31 
2) Armstrong, B.G.; Mangtani, P.; Fletcher, A.; Kovats, R.S.; McMichael, A.; Pattenden, S.; Wilkinson, P.; Effect of influenza vaccination on excess deaths occurring during periods of high circulation of influenza: cohort study in elderly people. British Medical Journal, 2004; 329(7467):660 
3) Armstrong, B. G. Fixed factors that modify the effects of time-varying factors: applying the case-only approach Epidemiology, 2003; 14(4):467-72 
4) Hajat, S.; Armstrong, B.G.; Gouveia, N.; Wilkinson, P.; Mortality Displacement of Heat-Related Deaths: A Comparison of Delhi, Sao Paulo, and London. Epidemiology, 2005; 16(5):613-620 
5) Armstrong, B.; Hutchinson, E.; Unwin, J.; Fletcher, T.; Lung cancer risk after exposure to polycyclic aromatic hydrocarbons: a review and meta-analysis. Environ Health Perspect , 2004; 112(9):970-8
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1    Name: Paul Wilkinson
2    Present Position: Reader in Environmental Epidemiology, London School of Hygiene and Tropical Medicine
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

BA Hons Physiol Sciences 
Oxford University 
1982

BM, BCh 


Oxford University 
1985

MRCP (UK)


Royal College

1989

MSc Epidemiology

London University
1992
4   Publications 
	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals 
	62

	b.   Peer reviewed articles and book chapters 
	35

	c. Papers in conference proceedings
	21

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals 
	10

	e. Working papers
	5

	f. Monographs
	0


5    Five recent publications including publications relevant to the present research protocol

1) Wilkinson, P.; Smith, K.R.; Joffe, M.; Haines, A.; A global perspective on energy: health effects and injustices. Lancet, 2007; 370(9591):965-78 
2) Markandya, A.; Wilkinson, P. Energy and Health 2 - Electricity generation and health Lancet, 2007; 370(9591):979-990 
3) Wilkinson, P.; Smith, K.R.; Beevers, S.; Tonne, C.; Oreszczyn, T.; Energy, energy efficiency, and the built environment. Lancet, 2007; 370(9593):1175-87 
4) Tonne, C.; Beevers, S.; Armstrong, B.; Kelly, F.; Wilkinson, P. Air pollution and mortality benefits of the London Congestion Charge: spatial and socioeconomic inequalities Occupational and Environmental Medicine, 2008; 65(9):620-7 
5) McMichael, A.J.; Wilkinson, P.; Kovats, R.S.; Pattenden, S.; Hajat, S.; Armstrong, B.; Vajanapoom, N.; Niciu, E.M.; Mahomed, H.; Kingkeow, C.; Kosnik, M.; O'Neill, M.S.; Romieu, I.; Ramirez-Aguilar, M.; Barreto, M.L.; Gouveia, N.; Nikiforov, B. International study of temperature, heat and urban mortality: the 'ISOTHURM' project International Journal of Epidemiology, 2008; 3:3
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	 Budget Component
	Pay level
	Montly 

rate
	% effort
	Man/

month
	 

Year 1
	 

Year 2
	Amount

required

	A.    Staff Salaries
	 
	
	 
	
	 
	
	 

	        Core Research Team
	 
	
	 
	
	 
	
	 

	        Peter K. Streatfield, PI
	P-5
	15,183 
	5%
	24
	9,110 
	10,021 
	19,131 

	        Mohammad Yunus, Co-I 
	P-4
	12,500 
	5%
	24
	7,500 
	8,250 
	15,750 

	        ASG Faruque, Co-I
	NOD
	3,000 
	10%
	24
	3,600 
	3,960 
	7,560 

	        Karar Zunaid Ahsan, Co-I
	NOA
	1,126 
	10%
	24
	1,351 
	1,486 
	2,838 

	        Sr. Programmer
	NOA
	1,344 
	10%
	24
	1,613 
	1,774 
	3,387 

	        Research Officer
	GS5
	532 
	50%
	24
	3,192 
	3,511 
	6,703 

	        Lab Attendant
	GS1
	261 
	100%
	24
	3,132 
	3,445 
	6,577 

	        Sub-total
	 
	 
	 
	 
	29,498 
	32,448 
	61,945 

	 
	
	
	
	
	 
	 
	 

	B.   Local Travel 
	
	
	
	
	 
	 
	 

	       Dhaka-Matlab-Dhaka (12 trips)
	
	 
	
	
	1000
	1000
	2,000 

	      Sub-total
	 
	 
	 
	 
	1,000 
	1,000 
	2,000 

	 
	
	
	
	
	 
	 
	 

	C.  Other Direct Costs
	
	
	
	
	 
	 
	 

	      Stationeries & office supplies
	
	
	
	
	600 
	600 
	1,200 

	      Printing and photocopy
	
	
	
	
	500 
	1,000 
	1,500 

	      Sub-total
	 
	 
	 
	 
	1,100 
	1,600 
	2,700 

	      TOTAL DIRECT COST
	
	
	
	
	31,598 
	35,048 
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	9,795 
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	20,660
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	41,393 
	45,912 
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Budget Justifications

​​
Please provide one page statement justifying the budgeted amount for each major item.  Justify use of human resources, major equipment, and laboratory services.

Personal cost will be utilized for analysis of historical data on morbidity and mortality impact of climate factors on seasonality and annual cyclical changes.

Travel cost will be involvement for making Dhaka-Matlab-Dhaka transport cost and ICDDR,B guest house charges at Matlab for the project personnel.

A lump sum of $2,700 has been budgeted for office stationeries and printing of results.

All cost related to external Co-PI and other external collaborators has not been budgeted here.

Other Support

Describe sources, amount, duration, and grant number of all other research funding currently granted to PI or under consideration. 
None
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Rank Score
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	Quality of project
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	Adequacy of project design 
	
	x
	

	Suitability of methodology
	
	
	x

	Feasibility within time period
	x
	
	

	Appropriateness of budget*
	
	
	

	Potential value of field of knowledge
	
	x
	


* The budget is not included in the proposal given to me

CONCLUSIONS                                                      

I support the project proposal

	a) without qualification
	

	b)  with qualification
	

	c)  on technical grounds
	x

	d)  on level of financial support
	


Name of Referee:   Mohammad Ali

Signature: Mohammad Ali  Date: 21/10/08

Position: Senior Scientist

Institution:  International Vaccine Institute

Detailed Comments: (Please use additional page if necessary.) 

Please briefly provide your opinions of this proposal, giving special attention to the originality and feasibility of the project, its potential for providing new knowledge and the justification of financial support sought; include suggestions for modifications (scientific or financial) where you feel they are justified.

(Use additional pages if necessary)

Title: ‘FLood, Indian Ocean Dipole and Public Health in Bangladesh’.
The investigators of this research proposal intend to investigate long-term effect of flooding on morbidity and mortality, and to quantify the impacts of Indian Ocean Dipole (IOD) on the incidence of cholera in Bangladesh. The research objectives are not new and the investigators agreed it to some extent. However, some literature related to this project is not reviewed by the investigators. For instance, Emch et al. (Am. J. Trop. Med. Hyg., 2008; 78(5):823–832) conducted similar study using satellite-derived and in-situ environmental time series data (1983 to 2003) to examine the relationships between cholera and the local environment. In their study, they found that increases in ocean chlorophyll concentration are related to an increased magnitude of cholera in Bangladesh. Increases in sea surface temperature are found influence to vary the dynamic of cholera in Hue, Vietnam, whereas increases in river height have a significant role in the dynamic of cholera in Nha Trang, Vietnam. However, they did not find any association of sea surface temperature or sea surface height with the magnitude of cholera in Bangladesh. Ali and his colleagues (Social Science & Medicine 2002; 55(6):1015-1024.) observed from 1992–1996 data that the area outside the flood-control embankment had an 18% higher mortality rate compared to the rate inside the embankment suggesting adverse effect of flooding on diarrheal mortality. 

Although related studies about their topics are already done, the investigators intend to reinvestigate the same issues considering that methodological issues of the earlier studies were not sound enough to accept the results of those studies. Certainly, the questions arise how sound the methodological issues in this research design so that one can accept the results of their study. My specific concerns about this research proposal are given below:

1. The investigators mentioned that they will use already collected data by ICDDR,B regarding 2004 flood. Besides, they intend to collect additional information retrospectively relating to the 2004 flood to fill the gaps in the data collected by the ICDDR,B. The question is how they will ensure reliability of their recall data to be collected after 5 years of the flooding when it occurs almost every year and when they do not believe in recall data.  

2. The investigators mentioned that the study requires 242,504 samples, which mean the population of the entire study area, to test their 1st hypothesis. However, practically there is no flooding inside embankment which is almost half of the study area. Does it mean that they will investigate the health condition between areas inside and outside embankment to retain the required sample size? If not, then what do they mean by flooding. Although area inside embankment should not be affected by flood, heavy rainfall may cause of stagnation of water in that area, and that can create adverse impact on health. In the event of this, how they will separate stagnation of water caused by flood or heavy rainfall? Without properly separating the causes of the stagnation of water, the measure of the association between flooding and health outcome may be misleading.

3. The investigators mentioned they will employ Poisson regression to analyze their data. I am wondering why they have chosen Poisson regression when the research design is cohort and they have access to the rich dynamic population database of Matlab. In the analysis, if they do not censor the cohort population based on the demographic events, the measures of the point estimates for the covariates will be biased. Also, since they will use the bari level information on the flooding, the intra-bari correlation needs to be adjusted in their analysis. Since I do not see a well design analysis plan in this research proposal, I do think the results under this design of the analysis may turn out to be spurious.

4. In chapter “Time series study” (page 12) the investigators mentioned that they will use time series regression, and the tools of this analytical method has been developed for studying health effects of the air pollution on daily hospital admission and mortality. The investigators must cite the source of this information. Even after citing the source, the question is: how appropriate the tool is for modeling the DMI of the Indian Ocean with the incidence of cholera in Dhaka and Matlab? Additionally, the investigators need to explain how their data are to be fitted in to the time series model, which I mean which additional covariates are to be employed in the model?

5. In the chapter “study site” (page 13), the investigators mentioned about target population of the catchment area of the ICDDR,B hospital in Dhaka. How they want to define the catchment area of the hospital when patients from all over Dhaka City come to this hospital. It is also found that the patients mostly from low socio-economic condition come to this hospital. How they will then set the appropriate denominator for this study?

6. How good is the DMI index collected from that part of Indian Ocean in understanding the environment of the Bay-of-Bengal. The investigators mentioned that there is a report that IOD events strongly influence sea-level variations in the Bay-of-Bengal. Where is the citation of the report? Without any evidence, the link between the DMI index of that part of the Indian Ocean and the environmental condition of the Bay-of-Bengal cannot be established.

7. In page 14 under hydrological factors, the investigators mentioned that they will collect repeated time-specific quantities measure of surface water level, water temperature and salinity.  Which water bodies they are talking about, what is the temporal resolution of the data, and what will be source of those hydrological data?

8. The investigators mentioned that they will collect data on monthly number of cholera patients from the ICDDR,B, Dhaka hospital that uses systematic sampling for testing stool specimens (page 14, data collection). What kind of systematic sampling is used by the hospital, and what definition will be used to categorize cholera patients under that systematic sampling for testing stool specimens?

9. The consent form attached herein is probably not related to this project.

Reviewer: Mohammad Ali
Response to referees’ comments.

Title: "Flood, Indian Ocean Dipole and public health in Bangladesh " 

We thank referees for their thorough reviews and useful comments. The referees’ comments are copied below in normal font, with our responses to each comment in italics. In addition to amendments in response to specific comments from the referees, and in view of their comments, we have also revised the manuscript to further clarify the methods, results and conclusions of the paper.
Response to comments by Michael Emch
The study is interesting in that it will attempt to investigate the affects of flooding on morbidity and mortality and also look at indirect relationships between the flooding and the Indian Ocean Dipole.  The analysis will be the most comprehensive description of flooding and it’s relationship with cholera to date. This is a major strength of the proposal. The possible mechanisms are well defined in the literature review of this proposal for cholera.  However, this same attention is not offered for ARI.  There is a discussion of stress and it’s relationship with flood and disease but there is not a mechanistic description of how ARI and flooding might be related. There is another group working in Matlab and Dhaka on a similar project (Pascual, Yunus, Streatfield, and Emch).  I suggest the two groups try to coordinate their efforts.  This other group has done quite extensive work on relationships between IOD and cholera and they are also integrating what is happening at the local scale to these regional climate patterns. This new proposal is however different in that it relates morbidity and mortality to flooding that is measured in the field.  The IOD study is however not much different and the analysis includes almost the exact same variables including the local parameters sea surface temperature and height in the Bay of Bengal. This is only a suggestion and ideally, Streatfield and Yunus will coordinate the overlap between the two studies because the whole might be bigger than the combined parts since each group has different areas of expertise. This is a valuable study and should be done. There are no ethical problems with the study. The methodology is sound. The investigators are well qualified to conduct this study.

We have added a paragraph of literature review on ARI and flood in introduction (page 14) as follows; “Acute respiratory infections (ARI) are a major cause of illness and deaths among displaced populations by natural disasters, particularly in children under 5 years of age.(56) Lack of access to health care facilities and to antimicrobial agents for treatment further increases the risk of death from ARI. Risk factors among displaced populations include crowding, exposure to indoor cooking using open flame, and poor nutrition. The reported incidence of ARI increased 4-fold in Nicaragua in the 30 days after Hurricane Mitch in 1998,(57) and ARI accounted for the highest number of cases and deaths among those displaced by the tsunami in Aceh in 2004.(58) In Bangladesh, prevalence of respiratory problems (14%) was the second highest among those affected by flood in 1998 following that of diarrhea (27%).(47) ARI was also the second most common cause of illness (17%) and death (13%) among those affected during the 1988 flood.(44) However, it was not clear whether the higher number of ARI was due to the flood or due to the usual seasonal increase and rigorous studies about the effect of flooding on incidence of ARI are warranted.”

Response to comments by Mohammad Ali

The investigators of this research proposal intend to investigate long-term effect of flooding on morbidity and mortality, and to quantify the impacts of Indian Ocean Dipole (IOD) on the incidence of cholera in Bangladesh. The research objectives are not new and the investigators agreed it to some extent. However, some literature related to this project is not reviewed by the investigators. For instance, Emch et al. (Am. J. Trop. Med. Hyg., 2008; 78(5):823–832) conducted similar study using satellite-derived and in-situ environmental time series data (1983 to 2003) to examine the relationships between cholera and the local environment. In their study, they found that increases in ocean chlorophyll concentration are related to an increased magnitude of cholera in Bangladesh. Increases in sea surface temperature are found influence to vary the dynamic of cholera in Hue, Vietnam, whereas increases in river height have a significant role in the dynamic of cholera in Nha Trang, Vietnam. However, they did not find any association of sea surface temperature or sea surface height with the magnitude of cholera in Bangladesh. Ali and his colleagues (Social Science & Medicine 2002; 55(6):1015-1024.) observed from 1992–1996 data that the area outside the flood-control embankment had an 18% higher mortality rate compared to the rate inside the embankment suggesting adverse effect of flooding on diarrheal mortality. 
We have added the papers mentioned above in the literature review on page 12 and 13.

“Sea surface temperature (SST) in the Bay of Bengal shows an annual bimodal cycle similar to the seasonal pattern of cholera in Dhaka, (17) although another study using satellite-derived and in-situ environmental time series data reported there was no association of SST or sea surface height with the magnitude of cholera in Bangladesh.(18)” (page 12)

“There is a report that the area outside the flood-control embankment had an 18% higher mortality rate compared to the rate inside the embankment suggesting adverse effect of flooding on diarrheal mortality.(50)” (page 13)

Although related studies about their topics are already done, the investigators intend to reinvestigate the same issues considering that methodological issues of the earlier studies were not sound enough to accept the results of those studies. Certainly, the questions arise how sound the methodological issues in this research design so that one can accept the results of their study. My specific concerns about this research proposal are given below:

10. The investigators mentioned that they will use already collected data by ICDDR,B regarding 2004 flood. Besides, they intend to collect additional information retrospectively relating to the 2004 flood to fill the gaps in the data collected by the ICDDR,B. The question is how they will ensure reliability of their recall data to be collected after 5 years of the flooding when it occurs almost every year and when they do not believe in recall data.  
We use already collected data by ICDDR,B and have no plan to collect additional information on flood exposure by ourselves. To make it clear, we amended sentences in Research Design and Methods.

(Page 17)

Exposure measure: 

Flooded and non-flooded baris are identified by already collected data by ICDDR,B. The information was collected by interview to the head of each bari (n = 10,600) using a questionnaire. The average number of households in a bari is 4.6. We assume that all households and individuals in the same bari are in the same condition (flooded or non-flooded). Information on inundation of courtyard and the main room of any household in the bari, days and height of water in the main room of any household in the bari, household with temporary rehousing and inundation of tube-wells will be used as exposure measures of the flood. Inundation might have occurred either by river flood or heavy rainfall. Our primary exposure is inundation of household either by water caused by river flood or heavy rainfall. As the information on inundation of household by river flood or by heavy rainfall is available form already collected data by ICDDR,B, we define the exposed group as those inundated by either river flood or by heavy rainfall.

Some baris might have been inundated before and after 2004 by regular monsoon floods. As it could cause measurement error of flood exposures, baris flooded almost every year, though we believe it small proportions, are identified. Baris will be categorized into 3 groups: never flooded, flooded only in 2004 and regularly flooded. 

(Page 18)

Data collection: 
Information on inundation of courtyard and the main room of any household in the bari, days and height of water in the main room of any household in the bari, household with temporary rehousing and inundation of tube-wells are also collected from ICDDR,B to identify flood exposure.
11. The investigators mentioned that the study requires 242,504 samples, which mean the population of the entire study area, to test their 1st hypothesis. However, practically there is no flooding inside embankment which is almost half of the study area. Does it mean that they will investigate the health condition between areas inside and outside embankment to retain the required sample size? If not, then what do they mean by flooding. Although area inside embankment should not be affected by flood, heavy rainfall may cause of stagnation of water in that area, and that can create adverse impact on health. In the event of this, how they will separate stagnation of water caused by flood or heavy rainfall? Without properly separating the causes of the stagnation of water, the measure of the association between flooding and health outcome may be misleading.
The sample size of 242,504 is the sum of both flood-exposed and flood-non-exposed groups, and the half of it (=121,252) is required for each group. As the reviewer suggested, we expected that there was almost no flooding inside of the embankment which is almost half of the study area. This may mean that we would compare the outcomes almost between inside and outside of embankment. Thus we expect that we are likely to have appropriate sample size. However, as the reviewer also suggested, inundation might have occurred either by river flood or heavy rainfall. Thus we have added sentences in Exposure measure (page 17) as follows; “Inundation might have occurred either by river flood or heavy rainfall. Our primary exposure is inundation of household either by water caused by river flood or heavy rainfall. As the information on inundation of household by river flood or by heavy rainfall is available form already collected data by ICDDR,B, we define the exposed group as those inundated by either river flood or by heavy rainfall.”
12. The investigators mentioned they will employ Poisson regression to analyze their data. I am wondering why they have chosen Poisson regression when the research design is cohort and they have access to the rich dynamic population database of Matlab. In the analysis, if they do not censor the cohort population based on the demographic events, the measures of the point estimates for the covariates will be biased. Also, since they will use the bari level information on the flooding, the intra-bari correlation needs to be adjusted in their analysis. Since I do not see a well design analysis plan in this research proposal, I do think the results under this design of the analysis may turn out to be spurious.
We have amended sentences of data analysis of flood study as follows (page 25-26); “Baseline sociodemographic data of the two groups of flood-exposed and non-exposed are compared. Mortality rates in 4 week periods are calculated as the number of deaths divided by the number of individuals at risk, taking into account the amount of person-time before deaths.  Similarly, prevalence rates are calculated as the number of individuals with ARI/diarrhea divided by the number of individuals at risk, taking into account the amount of person-time during which events are counted as well as time elapsed before the symptoms are presented. Thus, the data are adjusted for loss to follow-up owing to migration to another area. 

Linear regression models will be tested with independent time variables in order to analyse trends in the mortality and morbidity before and after the flood. The time variable representing trends over the entire post-flood period and the variable representing pre and post flood period will be incorporated into the models.

Hierarchical linear models are applied in order to identify predictors of morbidity (ARI/diarrhea). This is because observations are repeated measurements of the same individuals, so these are not independent. Intra-bari correlation will also be taken account by this approach. Gender, age and SES and interaction terms between individual characteristics and time are incorporated into multivariate models.“
13. In chapter “Time series study” (page 12) the investigators mentioned that they will use time series regression, and the tools of this analytical method has been developed for studying health effects of the air pollution on daily hospital admission and mortality. The investigators must cite the source of this information. Even after citing the source, the question is: how appropriate the tool is for modeling the DMI of the Indian Ocean with the incidence of cholera in Dhaka and Matlab? Additionally, the investigators need to explain how their data are to be fitted in to the time series model, which I mean which additional covariates are to be employed in the model?
We have added a reference as was suggested in “Time series study” (page 19). 

Schwartz J, et al. (1996) Methodological issues in studies of air pollution and daily counts of deaths or hospital admissions. J Epidemiol Community Health.50 Suppl 1, S3-11.
We have also added sentences to make it clear which additional covariates are to be employed (page 21).

Possible confounders
In time series analysis, the only potential confounders are those that vary from time to time in correlation with exposure. Other climate conditions such as ENSO, season and long-term trends should be taken into account for controlling these factors. The strength of the ENSO is measured by SST anomalies in the Niño 3 region (NINO3) in the Pacific Ocean, which are derived from NOAA Climate Prediction Center data (http://www.cpc.ncep.noaa.gov).
It is difficult to answer the question “how appropriate the tool is for modeling the DMI of the Indian Ocean with the incidence of cholera in Dhaka and Matlab?” before conducting the statistical analysis. Alternatively, we have added a following paragraph in the end of data analysis (page 27); “In order to investigate whether the results are sensitive to the levels of control for seasonal patterns, the analyses will be repeated using Fourier terms with different number of harmonics per year adding 1 harmonic at a time. Fourier terms (harmonic waves) can be used to re-create any periodic signal (such as a consistent seasonal pattern) using linear combination of sine and cosine waves of varying wavelength (73). The number of harmonics defines the lowest wavelength reproduced (i.e. the level of seasonal adjustment), for example, with five harmonics corresponding to a wavelength of 10 weeks (one fifth of a year). ” 
14. In the chapter “study site” (page 13), the investigators mentioned about target population of the catchment area of the ICDDR,B hospital in Dhaka. How they want to define the catchment area of the hospital when patients from all over Dhaka City come to this hospital. It is also found that the patients mostly from low socio-economic condition come to this hospital. How they will then set the appropriate denominator for this study?
In epidemiological term, target population means the population from which the samples are drawn for the specific study. The sample used for Dhaka study is diarrhoea patients visiting the ICDDR,B Dhaka Hospital. Thus the target population of this study will be the population representing the diarrhoea patients visiting the ICDDR,B Dhaka Hospital. However, It is very difficult to identify the catchment population of the hospital. For this reason, we think that we do not need to identify the catchment population but just need to say “people living in catchment area for diarrhoea patients in ICDDR,B Dhaka Hospital” as our target population. You may say that the target population should be people living in Dhaka city, but as the reviewer suggested, the patients of ICDDR,B are mostly in low socioeconomic conditions not representing all population in Dhaka.
15. How good is the DMI index collected from that part of Indian Ocean in understanding the environment of the Bay-of-Bengal. The investigators mentioned that there is a report that IOD events strongly influence sea-level variations in the Bay-of-Bengal. Where is the citation of the report? Without any evidence, the link between the DMI index of that part of the Indian Ocean and the environmental condition of the Bay-of-Bengal cannot be established.
In the cited article (Han W &Webster P. (2002) Forcing Mechanisms of Sea Level Interannual Variability in the Bay of Bengal. Journal of Physical Oceanography.32, 216-39.), the authors described as follows in summary; “Finally, given the dominant influence of equatorial wind in causing SLAs in the northern bay, and the positive correlation between SLAs in the northern bay and percents of people positive for cholera in Bangladesh (Lobitz et al. 2000), sea level anomalies in the eastern equatorial ocean, or alternatively equatorial zonal wind variabilities, may serve as an index for predicting flooding and cholera in Bangladesh, which is at or slightly above the sea level.”
16. In page 14 under hydrological factors, the investigators mentioned that they will collect repeated time-specific quantities measure of surface water level, water temperature and salinity.  Which water bodies they are talking about, what is the temporal resolution of the data, and what will be source of those hydrological data?
We have added some more information on water bodies and temporal resolution to the paragraph on page 21; “Hydrological factors: Repeated time-specific quantitative measures (daily or monthly) of surface water level, water temperature and salinity of Dhanagoda river at Matlab Bazar or Surma-Meghna river at Chandpur will be used to investigate the hypothesis in more depth, that is, is cholera incidence affected by IOD through the hydrological factors?“
The data source was provided in Data collection on page 21; “Hydrological data such as water level, water temperature and salinity will be sought from Bangladesh Water Development Board (BWDB) through Institute of Water Modelling (IWM).”
17. The investigators mentioned that they will collect data on monthly number of cholera patients from the ICDDR,B, Dhaka hospital that uses systematic sampling for testing stool specimens (page 14, data collection). What kind of systematic sampling is used by the hospital, and what definition will be used to categorize cholera patients under that systematic sampling for testing stool specimens?
We have added sentences in Definition and measurement of outcome variables on page 20; “The Centre maintains surveillance system since 1979 which systematically samples patients with diarrhoea presenting to the hospital. Every 25th patient was enrolled in the surveillance system between 1980 and 1995, and every 50th patient has been enrolled since 1996. A patient is classified as cholera when V. cholerae of the serogroup O1 or O139 was identified from the stool specimen regardless of other pathogens identified.
18. The consent form attached herein is probably not related to this project.
This is not a comment to the authors.

Response to comments by Diarmid Campbell-Lendrum
I consider this project to be of high quality, and of very high public health relevance. As the proposal authors note, there is a major lack of high quality studies on the health effects of flooding, particularly in developing countries. This part of the study is well described and should be relatively straightforward given the large and high quality database available from IDCCR, B. I can only identify a few places where more information would be useful (e.g. approximate number of households in a bari as the main unit of analysis) - but in general these are details.

We have added information on the number of bari in Matlab DSS in Exposure measure on page 17; “The information was collected by interview to the head of each bari (n = 10,600) using a questionnaire. The average number of households in a bari is 4.6.
I consider that the investigation of the hypothesis concerning the Indian Ocean Dipole to also be of interest, although the ultimate significance is less clear to me from the proposal. My main questions concern whether there will be long enough time series for a robust test of the temporal association of association with the IOD, which I understand is a multiyear cycle (the approximate periodicity of which is not clearly stated here). I am also not clear on the advantages of measuring association of cholera with the IOD as opposed to the weather phenomena affected by the IOD (mainly precipitation). I guess that early warnings based on the IOD would have a longer led time, but this is not clear to me. Despite this, I think that this is worth exploring, given that the necessary data should be readily available from the study design proposed.

We have added more information on the frequency of IOD and amended sentences to make it clear the relationship between IOD and rainfall in Bangladesh (page 12). “Historical data show that extreme dipole mode events have occurred eight times in the past fifty years, and that the strong ENSO in 1997 coincided with an IOD (23). The discovery of this dipole mode that relates the ocean temperature distribution to increased rainfall over east Africa, India and Bangladesh and reduced rainfall over Indonesia (23) brightens the prospects for a long-term forecast of rainfall anomalies in the affected regions.”
We have also added a paragraph including information on the current led time to predict the development of IOD and potential early warning system based on IOD (page 13); “The World Health Organization has proposed developing an early warning system for cholera epidemics using climatic parameters, due to its large global burden and climate sensitivity (33). Highly accurate, climate-based prediction of cholera epidemics, however, has not yet been developed. A system for forecasting IOD has been developed, and IOD events are predictable 4 months in advance (34). Combined with such a prediction model, the results of this study could provide the basis for predicting cholera epidemics in Bangladesh, with a potential for improving disease control.”
I am therefore more than happy to endorse the proposal.

I should also apologise that this review is being submitted a considerable time after it was originally requested, and after the submission date. This is entirely due to delays on my part, and I hope that this does not compromise the success of this important and high-quality proposal.
We hope that you will take into account our revisions, and sincerely hope that you might reconsider to put the protocol into execution. We would like to express our appreciation for the time and effort you have taken in this reviewing process, and look forward to your reply regarding the next step to pursue.

Yours sincerely


Check-List
CHECK-LIST FOR SUBMISSION OF RESEARCH PROTOCOL

FOR CONSIDERATION OF RESEARCH REVIEW COMMITTEE (RRC)

[Please check (X) appropriate box]

	1. Has the proposal been reviewed, discussed and cleared at the Division level?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If No, please clarify the reasons:      


	2. Has the proposal been peer-reviewed externally? 

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, please explain the reasons:      


	If yes, have the external reviews’ comments and their responses been attached

	                        Yes             
	 FORMCHECKBOX 


	No
	 FORMCHECKBOX 


	3. Has the budget been cleared by Finance Department?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, reasons thereof be indicated:      


	4. Does the study involve any procedure employing hazardous materials, or equipments?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If  ‘Yes’, fill the necessary form.



	    ______________                                                                                                                _________                                                                                                                         Signature of the Principal Investigator
                                                                             Date                                                                          
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