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Abstract: Diarrhoea is one of the leading causes of mortality and morbidity in the world, predominantly affecting children in 

developing countries including Bangladesh. Many diarrhoeal diseases show clear seasonality suggesting that weather factors could play 

a role, either directly or as an indirect influence through other intermediate pathways. There is growing concern that climate change 

could increase the transmission of diarrhoeal diseases. This paper reviews firstly the burden of diarrhoea and secondly the effects of 

climate factors (rainfall, flood and temperature) on diarrhoeal diseases especially cholera in Bangladesh. There is evidence that the 

number of cholera cases increased with higher rainfall and lower rainfall in the weeks preceding the infections. High rainfall is likely to 

influence the growth, survival and proliferation of V. cholerae in the aquatic environment by a complex interaction with abiotic factors 

including other weather factors (e.g. temperature and sunlight), salinity and pH and phytoplankton and zooplankton in the aquatic 

environment. Low rainfall has been suggested to lead to reduced water availability for domestic use and increased concentration of 

enteric pathogens in raw water supplies. There is a clear evidence for an association of interannual variability of SST with interannual 

variation of cholera incidence. The short-term effect of ambient temperature on the number of cholera cases was also reported in Dhaka. 
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Introduction 

 

Diarrhoea is one of the principal causes of mortality and 

morbidity especially in developing countries. Many 

diarrhoeal diseases show clear seasonality suggesting that 

weather factors could play a role, either directly or as an 

indirect influence through other intermediate pathways. 

Clarifying potential role of weather on transmission of 

diarrhoeal diseases could help to have deeper insight of the 

mechanisms of the seasonality, and therefore has the 

potential to improve disease control. 

Global climate change is likely to have a significant 

impact on human health, with direct and indirect 

influences1. There is reasonable certainty that climate 

change will be associated with increases in average 

temperatures and the shifts in patterns of precipitation in 

future. Typically, rainfall is estimated to increase in high 

latitudes and some equatorial regions and decrease in 

many mid-latitude, subtropical, and semi-arid regions 

under IPCC’s Special Report on Emissions Scenarios of 

patterns of changes for 21002. Regional changes in 

precipitation characteristics (e.g., total amount, variability, 

and frequency of extremes) has been suggested to have the 

potential to affect frequency and intensity of floods in 

Bangladesh3. Quantitative estimates of weather effects on 

diarrhoeal transmission, which can be applied to estimate 

population attributable risk of climate exposure could also 

contribute to assess attributable burden of climate change. 

Little is known about causes of deaths and illness in 

developing countries including Bangladesh, because they 

lack a systematic vital registration and national 

surveillance system and very few deaths are attended by a 

qualified physician. Longitudinal community-based 

studies have been conducted to estimate morbidity from 

diarrhoea in Matlab, rural Bangladesh (Table 1). It was 

estimated to have 5.6 episodes per year for children 

younger than 5 years and 7.0 episodes per year for 

children younger than one year for the period between 

1978 and 19794-6. Diarrhoeas were the second most 

common illnesses following illnesses of the upper 

respiratory tract, with a peak prevalence in children 6–11 

months of age4. Diarrhoea was also the most frequent 

reason for hospitalization of children aged 2–60 months4. 

Another study suggested 4.1 episodes per year for children 

younger than 5 years in 1978–19797. The morbidity has 

little changed after 10 years (4.6 episodes per year in 

1988−89)8,9.

 

Table 1: Age-specific morbidity from diarrhoea in Matlab, Bangladesh 

             

  Episodes of diarrhoea per person per year 

  
Age group 
(months)  Age group (years) 

Authors Period 0-5 6-11   1 2 3 4 0-4 

Black et al.4-6 1978-79 ----------7.0---------  6.0 5.5 4.5 4.5 5.6 

Chen et al.7  1978-79 ------------------------------4.1----------------------------------- 4.1 

Huttly et al.28 1984-87 2.4 4.4  5.0 4.3    

Baqui et al.8, 9 1988-89 ---------------------------------4.6-------------------------------- 4.6 

Source: adapted from Bern.29         

         

Mortality was estimated by active surveillance in Matlab 

for the period of 1966−1987.  

Diarrhoeal death rate varied between 2.0 and 4.0 per 1,000 

population except during the war and famine periods10. 

Diarrhoeal deaths rate was especially high in children aged 

1–4 years: 10.4 per 1000 population in this age group in 

1978–1979. On average, more than 20 percent of all 

deaths were related to diarrhoea and the relative 
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importance of diarrhoea as the cause of death did not 

diminish over time. Another study also showed similar 

figures of diarrhoeal mortality in Matlab11. The age 

specific mortality from diarrhoea in different period of 

years is shown in  

Table 2.

 
Table 2. Age-specific annual mortality from diarrhoea in Matlab, Bangladesh 

     

   Diarrhoeal deaths 

per 1000 by age 

group (years) 

 

Diarrhoeal deaths as percentage 

of total 0-4 year mortality 

 Study characteristics   

Authors Period Population   <1 1-4 0-4   

Chen et al.30 1975-77 42,000  19.6 15.1 16  27 

Shaikh et al.10 1978-87 28,000  5.7 10.4 9.5   

Fauveau et al.11 1986-87 1,897,000       8.6   24.5 

Source: adapted from Bern.29        

 

Diarrhoea  in Bangladesh: 

 

The aetiological agents of diarrhoea were suggested by 

case-control study of children under 5 years visiting 

ICDDR,B Dhaka hospital in 1993–199412. The major 

pathogens associated with childhood diarrhoea were 

rotavirus, ETEC, enteropathogenic E. coli (EPEC), 

Campylobacter jejuni, Shigella spp., V.cholerae O1 and 

O139, Aeromonas spp., enterotoxigenic Bacteroides 

fragilis (ETBF), Clostridium difficile, and 

Cryptosporidium parvum. Infections with multiple 

pathogens were common. With a few exceptions, these 

findings are similar to those from other developing 

countries. 

Persistent diarrhoea has been identified as the cause of a 

substantial proportion of diarrhoeal mortality in 

Bangladesh. A population-based surveillance among 

women in rural Bangladesh estimated 59 percent of 

diarrhoeal deaths were due to persistent diarrhoea13. A 

case control study of children showed 49 percent of the 

diarrhoeal deaths were in children with malnutrition 

associated with persistent diarrhoea14. Risk factors of 

persistent diarrhoea in Bangladesh were blood in stool15, 16, 

dehydration15 and malnutrition17.  

The environmental risk factors of diarrhoea, especially for 

cholera, have been intensively investigated in rural 

Bangladesh. Cholera is primarily a waterborne disease and 

the occurrence of epidemics of cholera coincides with 

increased prevalence of the causative V. cholerae strain in 

the aquatic environment18. The incidental ingestion of 

copepods, which carry a high concentration of V. cholerae, 

can initiate an infection especially when communities rely 

on untreated environmental water sources for bathing, 

cooking, and drinking water19. 

Emch20 reported high population density and large 

population in a bari (clusters of households), small 

household area, use of tube-wells with large number of 

households and use of latrines with multiple households 

were the risk factors for cholera. Not using tube-well for 

drinking and bathing, low tube-well density per person and 

small household area were the risk factors for non-cholera 

watery diarrhoea. Living in flood-controlled areas was 

also a risk factor for both types of diarrhoea without any 

plausible explanations offered. The spatial model of the 

selected risk factors (proximity to surface water, high 

population density and low educational status) found good 

correspondence between modelled risk areas and observed 

cholera morbidity and mortality21. Hughes et al.22 found an 

increased risk of infection for families using contaminated 

surface water for drinking, cooking, washing or bathing. 

Khan et al.23 reported higher attack rate of cholera in 

families with access to canal water than those with river 

water or tank water. Sommer and Woodward24 reported 

that people living near the tube-wells had a lower 

incidence of cholera than those living distant from tube-

wells.  

Tube-well is a primary drinking water source for about 85 

percent of Bangladeshi people25 and has been installed in 

every village in rural areas. Tube-wells, however, have 

been only partly effective to prevent diarrhoea in 

Bangladesh26. High concentrations of faecal coliform and 

other bacterial indicators in tube-well water have been 

reported25,27. Inadequate environmental conditions of tube-

wells such as short distance from latrines or sewage-

contaminated ponds has been implicated27. Water 

contamination in storage containers in the house was also 

reported 25. 

Effects of climate on diarrhoeal diseases: The direct 

evidence for a relationship between climate factors and 

diarrhoeal diseases will be reviewed in this section. 

Because of its abundance of epidemiological evidence, 

climate sensitivity and clinical importance, we much focus 

on cholera in this section.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Rainfall:  Cholera dynamics in endemic regions show 

regular seasonal cycles. The annual bimodal distribution is 

observed in Bangladesh31, while annual single peak can be 

seen in South America32, India33 and Pakistan34. 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. 

Cockburn and Cassanos35 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, 
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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 35.  

Pascual et al.31 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 regions19, and a 

variety of physical and biological parameters are likely to 

influence the growth and survival of V. cholerae as a 

species in the environment36. In contrast, cholera peaked 

during the monsoon season in the dryer areas in India. The 

effect of rainfall on seasonality of cholera may be 

dependent on the levels of average rainfall31. 

Lipp et al.19 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 

proliferate19.  

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.37suggested 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 water36, 37. 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.38 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 results39. 

Hashizume et al.40 reported the weekly number of cholera 

cases increased by 14 % for a 10 millimetres increase 

above the threshold of 45 millimetres for the average 

rainfall over lags 0−8 weeks. Conversely, the number of 

cholera cases increased by 24 % for a 10 millimetres 

decrease below the same threshold of average rainfall over 

lags 0−16 weeks. River level partly explained the 

association between high rainfall and the number of 

cholera cases. 

Low rainfall and drought have also been associated with 

increase in incidence of cholera. A time-series study in 

Dhaka reported the number of cholera cases increased by 

24 % for a 10 millimetres decrease below the same 

threshold of average rainfall over lags 0−16 weeks40. Low 

rainfall was proposed to interrupt water supply and 

contributes to poor hygiene. This is particularly relevant 

where the rain water is collected for household uses. In 

such areas, hygienic and sanitary condition seem to be 

closely related with rainfall41. The multiple uses in a water 

body may increase during droughts and enhance the risk of 

contamination19. Increased concentration of pathogenic 

agents in raw water supplies is also suggested as possible 

routes of gastrointestinal infections42. Even where there is 

water treatment systems, falling water levels and reduced 

river flows during droughts increase the risk of 

cyanobacterial blooms, and also make water treatment less 

effective as levels of sediment and organic material 

increase43. 

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 distribution31 Average 

annual cholera mortality in nine provinces of former 

British India was higher in provinces with higher annual 

rainfall.  

Koelle et al.44 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.  

Flood: 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 defences45. 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 low46, 47, 

although a study in the UK reported an increase in risk of 
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gastroenteritis for flood exposed individuals48. A cohort 

study in the United States found that flooding house or 

yard was associated with increased risk of gastrointestinal 

illness49. 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 cholera50, rotavirus diarrhoea51,52, 

cryptosporidiosis53 and non-specific diarrhoea54-59 have 

been reported. 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 pathogens60. 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. 

Episode analysis of the 1998 flood revealed that, during 

the flood, the number of cholera and non-cholera diarrhoea 

cases was almost six and two times higher than expected, 

respectively61. In the post-flood period, the risk of non-

cholera diarrhoea was significantly higher for those with 

lower educational level, living in a household with a non-

concrete roof, drinking tube-well water (vs. tap water), 

using a distant water source and unsanitary toilets 

suggesting that low socio-economic groups and poor 

hygiene and sanitation groups were most vulnerable to 

flood-related diarrhoea. The risk for cholera was also 

significantly higher for those drinking tube-well water and 

those using unsanitary toilets. A time-series study using 

hospital surveillance data in Dhaka reported that the 

number of cholera cases increased by 137% for a 1 m 

increase of average river level over lags 0−4 weeks above 

the threshold of 4.0m after controlling for seasonal and 

between-year variations and rainfall40.  

Floods adversely affect water sources and supply systems 

as well as sewerage and waste disposal systems62. For 

example, the waste disposal system in Dhaka city was 

almost completely ineffective during the major flood in 

199863. A number of tube wells were covered by the 

floodwaters and were contaminated64. Many of the flood 

affected people became displaced and took refuge in 

temporary shelters65. Some of the shelters were extremely 

crowded with displaced people65, and the deteriorated 

environmental conditions were observed in shelters and 

slums66. 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.  

Temperature: The relationship between temperature and 

cholera has in particular been studied in relation to ENSO. 

ENSO is a disruption of the ocean-atmosphere system in 

the tropical Pacific and can be seen in measurements of 

SST in the Equatorial Pacific Ocean67. It has been 

suggested that ENSO, a major source of interannual 

climate variability, causes the interannual variation of 

cholera incidence68,69 particularly in areas of South 

America and the Bay of Bengal. 

Interannual variability of cholera incidence between 1980 

and 1998 in Dhaka, Bangladesh was positively associated 

with ENSO measured by SST anomaly in a region of the 

equatorial Pacific70. A consistent annual bimodal cycle of 

SST observed in Bay of Bengal was significantly 

associated with cholera outbreaks in 1992, 1994, and 1995 

in Dhaka71. An analysis of historical data of Bengal 

(1981−1940) showed a significant positive correlation 

between spring cholera mortality in the coastal region and 

an monthly SST in the Bay of Bengal72. The positive 

association between cholera and ENSO is getting stronger 

in the last two decades compared to that in the last 

century73. The effects of ENSO and SSTs may be modified 

by the level of population immunity44.  

Apart from the effect of interannual variability of SSTs on 

the interannual variation of cholera incidence, effects of 

seasonal variability of water temperature and ambient 

temperature on seasonal variation of the number of cholera 

cases have been reported. A time-series study using 

hospital surveillance data in Dhaka reported that the 

number of cholera cases increased by 36.9 percent for a 

one degree increase of average temperature over lags 0−4 

weeks below the cut-off of 28°C after controlling for 

seasonal and between-year variations and rainfall40. In 

rural Bangladesh, water temperature and ambient 

temperature were positively associated with the number of 

cholera cases in various places at various lags of weeks39.  

The possible mechanisms of the relationship between 

temperature and cholera incidence have been suggested. 

Warmer water temperatures are known to promote 

survival and reproduction of V. cholerae through their 

direct influence on the abundance and toxicity of V. 

cholerae in the aquatic environment, or indirect influence 

on pH elevations through the growth of aquatic plants or 

algae in combination with sunlight and rainfall, and on 

zooplanktons to which the pathogen attaches (hierarchical 

model for environmental cholera transmission)19. 

However, lag period of potential effect of temperature on 

cholera incidence is not clear. In addition, causal pathways 

need not be unique and other influences on cholera 

dynamics may be there. 

Effects of non-climatic seasonal factors on diarrhea:  

Not all seasonal variation of diarrhoea is a direct 

consequence of climatic effects. In particular, change of 

nutritional status could affect the incidence of diarrhoea 

seasonally. There is evidence for an increase in both 

gastroenteritis and malnutrition during the rainy season in 

some countries74. This may be associated with changes in 

patterns of food availability which is lower in the rainy 

season75,76. Higher opportunity costs of time for 

agricultural works which is busiest in the rainy season 

could abrupt weaning practices of women74. This could 

result in an increase of infant diarrhoea in the rainy season. 

Seasonal change of access to health care could also bias 
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the number of reported cases. Lower availability of cash 

income in the rainy season could lead to lower access to 

health care77,78. Poorer physical access to health care 

facilities due to flooding and submerged road, in the rainy 

season is also known74.  

These factors could result in biased estimate of effects of 

weather factors on diarrhoeal incidence if season is not 

controlled in analyses. For this reason, in this review the 

distinction of the relationships of diarrhoea with weather 

factors whether or not separated form other seasonal 

effects, were made clear as much as possible. 

 

Conclusion 
 

There is an evidence that the number of cholera cases 

increased with higher rainfall and lower rainfall in the 

weeks preceding the infections. High rainfall is likely to 

influence the growth, survival and proliferation of V. 

cholerae in the aquatic environment by a complex 

interaction with abiotic factors including other weather 

factors (e.g. temperature and sunlight), salinity and pH and 

phytoplankton and zooplankton in the aquatic 

environment. From the observation of reduction of cholera 

incidence during monsoon season in Bangladesh, high 

rainfall have been suggested to reduce cholera cases by 

dilution effect, by reducing salinity levels of water below 

the requirement of the pathogen survival. The role of 

vibriophages which prey on V. cholerae has also been 

suggested in the association of weather and seasonal 

epidemics. Low rainfall has been suggested to lead to 

reduced water availability for domestic use and increased 

concentration of enteric pathogens in raw water supplies. 

There is a clear evidence for an association of interannual 

variability of SST with interannual variation of cholera 

incidence. The short-term effect of ambient temperature 

on the number of cholera cases was also reported in 

Dhaka. 
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