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Introduction
The mortality rate in India in 2004 was 6% in infants under 12 

months of age, and 8% in children under 5 years of age [1]. This was 
more than 10 times higher than in the United States that year [1]. India 
is a country that depends heavily on prevention for the improvement 
of health, as total health expenditures in 2002 were $96 per capita. 
Because diarrheal illness is a leading cause of morbidity and mortality 
among the pediatric populations of developing countries [2,3], it 
is an important disease. Surveillance of this illness may be useful in 
identifying opportunities for reducing morbidity and mortality.

Many causative enteropathogens for diarrheal illness are waterborne 
[4]. We hypothesized that, due to water contamination during the rainy 
season, the number of pediatric admissions to the hospital for diarrheal 
illness would be greatest during the month with the most rainfall. If a 
correlation exists, it may be useful in planning educational programs 
related to sanitation for the period of time during which they can have 
the greatest impact on reducing diarrheal illness.

Methods
Design

Retrospective cohort of pediatric admissions to the hospital. 
Population: All pediatric patients (less than 16 years of age) admitted 
to the hospital from January 1, 2001 to December 31, 2004. Setting: 
Community teaching hospital in Chennai, southern India. Protocol: 
We examined all diagnoses of admitted pediatric patients and selected 
those associated with acute diarrhea. We then analyzed these data 
for the four year period by month in a Microsoft® Excel® spreadsheet. 
We used Chi square and the two-tailed Student’s t-test (SPSS Version 
7.5) to determine statistical significance with alpha set at 0.05. The 
institutional review board at the study site approved this project.

Results
Of the 3,660 pediatric admissions during the study period, there 

were 740 admissions for diarrheal illness. Figure 1 gives the breakdown 
by age. Of those 740, the average age was 1.8 years, 47% were female, 
36% were in their first year of life, and 30% were in their second year. 

Figure 2 shows the monthly admissions for pediatric diarrheal 
illness for the four year period, and average rainfall by month. Non-
uniformity by month for admissions for diarrheal illness was found 
using the Chi square test (p<0.001). The month with the greatest 
rainfall, November, had the highest number of admissions for diarrheal 
illness: 2.3 times more admissions (95% CI 2.0-2.6, p<0.001) than the 
mean for the other 11 months of the year.

Discussion 
In agreement with our hypothesis, we found that admissions for 

diarrheal illness were highest in the month with the most rainfall. 
Other investigators have found a similar correlation in Nicaragua, the 
Pacific Islands, the Philippines, and Thailand [5-8]. More specifically, 
heavy rainfall has been implicated in increased transmission of 
Giardiasis in the adult population of Dakshina Kannadad district of 
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south India(9), cholera in Indonesia [9,10] and the Philippines, and 
Shigella in Thailand [7,11].

Other investigators have not been able to correlate rainfall and 
diarrheal illness. No correlation was found in studies in southern Brazil, 
Varanasi, India, or Malaysia [9,12,13]. In fact, the human rotavirus 
diarrheal cases in Kuwait and Dibrugarh, India decreased during 
the rainy season [14,15]. This may be due to the fact that rotavirus is 
transmitted mainly through means other than contaminated water 
[16]. The fact that some investigators found no increase in the rainy 
season may be due to differences in water supplies, surveillance 
techniques and severity of illness. In particular we analyzed only those 
with the greatest severity of illness, admitted patients.

We speculate that the chief reason for our findings is the water 
contamination caused by flooding. This notion has been supported in 
Gambia, where water is obtained predominantly from surface wells 
[17]. It was found that, although the water contained fecal contaminants 
throughout the year, the level of contamination increased by up to one-
hundred times at the start of the rainy season from additional fecal 
matter washing into the wells [17]. In developing counties, however, 
water contamination is a problem often complicated by more than just 
flooding. For instance, in Rwanda, it has been found that the major 
sources of contamination of the water supply included the use of 

unclean containers to transport and store water in addition to rainfall 
contamination [18].

The increase in diarrheal illness we found during the month with 
the most rainfall may have complex additional causes, including 
cultural and socioeconomic factors. In Thailand, for example, it 
has been found that both dysentery and diarrhea in children were 
associated with the occupational behavior of people in each season, 
and ambient temperature, in addition to rainfall [8]. In Bangladesh, 
Rowland [17] found that diarrheal illness shows a significant rainy 
season peak, but notes that this period is also the main farming season. 
Rowland suggests that during this period mothers working on farms 
have less time for breastfeeding, leading perhaps to poorer nutritional 
status for children and an increased intake of contaminated water [17].

In Lima, Peru, it has been reported that diarrheal pathogens 
such as Campylobacter jejuni, Escherichia coli, Shigella, rotavirus and 
Cryptosporidum appeared to be transmitted to infants not only through 
feces and contaminated water and food, but also by direct person-to-
person contact [19]. It is also possible that the peak in diarrheal illness 
that we found is caused at least in part by families spending more time 
in their homes together during periods of heavy rainfall.

The rainy season begins in October in Chennai, while the sharp 
increase in admissions for diarrheal illness we have found does not 
begin until November. We suspect that this delay may be due in part 
to incubation periods for some waterborne pathogens may take 1 to 4 
weeks to incubate [4]. We speculate that this may also be due to delays 
in the time floodwaters take to contaminate the water supply.

Management of the burden of this disease in children should 
include attention to prevention. In Bangladesh, it has been found that 
low educational status is a risk factor associated with infection with 
cholera [20]. Parental educational programs focused on the period 
before the rainy season will likely yield the highest reduction in 
admissions for pediatric diarrheal illness. Most of the patients in our 
series were under five years of age; therefore, an intervention should 
be directed at infants and children before they enter school. It may 
be possible to have all pediatricians in the service area of the hospital 
educate the caregivers about the higher risk of serious diarrheal illness 
during the rainy season through discussion with the caregivers, or fact-
sheets for them to take home. This may be most expeditiously done 
during routine childhood immunizations. 

Limitations
The use of the admissions database of one hospital leads to some 

limitations to our results. Without a multi-institutional database, we 
may have selected for a divergent subset of the population of Chennai. 
In addition, only the sickest patients are admitted and recorded in the 
database used for this study. We did not, for example, include those 
seen and discharged from the emergency department. 

Conclusions
The number of pediatric admissions to the hospital for diarrheal 

illness is highest in November, the month with the most rainfall. We 
speculate that this is due to contamination of the water supply, and 
recommend an educational program targeting parents, particularly 
those with children under the age of five, be instituted before the rainy 
season in an effort to reduce admissions for diarrheal illness.
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