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Abstract

This thesis analyses the impacts of temperature on diarrheal disease in Bangladesh using
district wise monthly average temperature and diarrhea (affected) data from Bangladesh
Bureau of Statistics (BBS), Bangladesh Economic Review and World Food Programme
(WFP) (1998-2010). Generalized Least Square (GLS) is used as estimation method is used to
see whether temperature has impact on the number of diarrhea patients in Bangladesh and
Optimization method is used to find maximum and minimum temperatures where diarrhea
patients are found maximum and minimum respectively. Using results of the study,
precautions and steps can be taken to minimize number of affected people due to diarrhea in

the diarrhea-prone months.
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CHAPTER 1:
INTRODUCTION



1. Introduction

Diarrhea is one of the primary causes of morbidity and mortality on a global scale, with the
major of deaths occurring in children under five years (Pruss-Ustun & Corvalan, 2007). It is
a big problem in developing countries (Zhao et al., 2012). Diarrhea has been linked to
climate mediated changes for susceptible populations such as infants and the elderly who

often have relatively poor immunity (Partz , Lendrum , Holloway & Foley , 2005).

According to the United Nations Children’s Fund (UNICEF) and World Health Organization
(WHO) (2009), diarrhea is a common symptom of gastrointestinal infections caused by a
wide range of pathogens including bacteria, viruses and protozoa. Rotavirus is the leading
cause of acute diarrhea, and is responsible for about 40 percent of all hospital admissions due

to diarrhea among children under five worldwide.



There are three main forms of acute childhood diarrhea-Acute water diarrhea, Bloody
diarrhea and Shigella. Acute watery diarrhea includes cholera and is associated with
significant fluid loss and rapid dehydration in an infected individual and usually lasts for
several hours or days. Bloody diarrhea, often referred to as dysentery, is marked by visible
blood in the stools. The most common cause of bloody diarrhea is Shigella, a bacterial agent

that is also the most common cause of severe cases (UNICEF &WHO, 2009).

According to the WHO and UNICEF, there are about two billion cases of diarrheal disease
worldwide every year, and 1.9 million children younger than 5 years of age perish from
diarrhea each year, mostly in developing countries. This amounts to 18% of all the deaths of
children under the age of five and means that more than 5000 children are dying every day as
a result of diarrheal diseases. Of all child deaths from diarrhea, 80% occur in the African and
South-East Asian regions. (Figurel). Three quarters of global childhood diarrheal deaths
occur within only 15 countries and Bangladesh is in 7th position with 50,800 annual
childhood deaths (Tablel).Systematic surveillance in two rural health facilities between
August 2005 and July 2007 among under-5 children revealed that 12-14% cases of
hospitalization in rural Bangladesh were due to rotavirus infection. Moreover, prevalence of
shigellosis fell from 8-12% from 1980 to 3% in 2008, amongst diarrheal disease patients in a
large facility in Dhaka, the capital city of Bangladesh (Das et al., 2013).

This research is divided into nine chapters. Chapter one gives introduction while the second
chapter mentions objectives of the research. Literature reviews on previous studies related to
the research have been discussed in chapter three and four. Chapter five provides
methodology which deals with sources of data and analytical techniques for this research.
Chapter six discusses results obtained from the research. Chapter seven draws relevant

conclusions. Chapter eight contains references while chapter nine contains appendix.



CHAPTER 2: OBJECTIVES



2. Objectives

2.1. General Objective
To find out whether change in temperature has any impact on the number of diarrhea patents

in Bangladesh.

2.2. Specific Objective
If temperature has any impact on the number of diarrhea patients, then an attempt will be

made to find out the maximum and minimum temperatures where numbers of diarrhea

patients are found maximum and minimum respectively.
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CHAPTER 3: LITERATURES
on DIARRHEAL DISEASE
and IMPACTS of



TEMPERATURES on
DIARRHEAL DISEASE

3. Literatures on Diarrheal Disease
and Impacts of Temperature on
Diarrheal Disease




3.1. Literature on Diarrheal Disease
Diarrhea is usually a symptom of an infection in the intestinal tract which can be caused by a

variety of bacterial, viral and parasitic organisms (WHO, 2013). Armon, Stephenson, Macfaul,
Ecclesston & Werneke (2011) defined diarrhea as a change in bowel habit which results in more
frequent or looser stools. Though some diarrheas are due to errors of metabolism, chemical
irritation or organic disturbance, the vast majority are caused by infectious pathogens (Gracy,

1985).

Usually diarrhea is caused by enteric bacterial infections and found worldwide, especially in
tropical and developing countries among older children and adults. The ranges of causative
micro organisms are very large; they include E. coli, Salmonella, Shigella, Campylobacter,

Yersinia, vibrios, and Clostridium difficile (Gracy, 1996).

Rotavirus is one of the most common causes of severe diarrhea. Other viruses also play role for
diarrheal disease in human, including Norwalk virus, Norwalk-like viruses, enteric adenoviruses,
caliciviruses, and astroviruses (Gracy,1996). Parasites can enter the body through food or water
and settle in the digestive system. Parasites that cause diarrhea include Giardia lamblia,

Entamoeba histolytica, Cyclospora cayetanensis and Cryptosporidium (Hung, 2006).

3.2. Impacts of Temperature on Diarrheal Disease

According to Xu, Liu , Ma, Toloo , Hu and Tong (2014) , both heat and cold are associated with
increases in emergency department visits (EDVs) for childhood diarrhea which may be partially
explained by three reasons. First, high temperature may impact the food chain, from food

preparation stage to production process and expose children to more contaminated food. Second,
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low temperature increases the replication and survival of virus, e.g. , rotavirus . Third, extreme
low and high temperatures may alter children’s hygiene behavior such as water drinking

behavior.

According to D’Souza, Hall and Becker (2007), Rotavirus can remain viable outside the human
body from several hours to several months, depending on the environment. The ideal
environment for survival of rotavirus consists of low temperature (4- 20°C), low pH (~3), low
humidity and protection from ultraviolet radiation. In feces, rotavirus is found to be stable at low
and high relative humidity but not in the medium range of relative humidity. Rotavirus
infectivity is lost more rapidly at 37°C than at 4°C or 20°C. Even at ambient temperatures above
30°C rotavirus particles stored in feces are stable and may infectious in vitro after 2-5 months of

storage.

Seasonal pattern of rotavirus infections may be related to climatic factors. Cold and dry weather
have been associated with a higher number of rotavirus gastroenteritis hospital admissions,
suggesting weather related increases in exposure to rotavirus infection. Indoor relative humidity
has also been speculated to be an important factor for young infants. Rotavirus infection has been
reported to occur more in the dry season compared to the wet season in African countries like

Morocco, Algeria, Egypt, Bangladesh, India and Costa Rica (D’Souza, Hall and Becker ,2007).

3.3. Literature on Diarrheal Epidemics in Bangladesh

Diarrhea is very much related to sanitation, water, high population density, cleanliness and vector
borne diseases in Bangladesh. Flood makes water sources contaminated and scarce. Children are
mainly affected with diarrhea as many of them swim in the dirty flood waters to fetch relief item

and some of the young children play in the dirty water out of boredom- even drink and bath on it
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(Khan, 2010). Most of the educational institutions, hospitals, offices, bus stoppages and railway
stations do not have clean wash rooms. Major portion of Bangladeshis take food with hands
without help of sterilized knife, fork or spoon. This imposes the risk of incidence of diarrhea due

to taking food by using unclean hands.

Flood-related diarrheal epidemics cause significant morbidity and mortality in Bangladesh
(WHO, 2003). During the 1988 flood in Bangladesh, diarrheal disease was responsible for 35%
of all flood-related illness and 27% of 154 flood-related deaths in a population of more than
45,000 patients in rural Bangladesh (Siddiqu, Baqui, Eusof & Zaman, 1998). During the 1998
flood period, 25% of 3,109 people surveyed in two rural areas of Bangladesh reported diarrheal
illness (Kunni, Nakamura, Abdur & Wakai, 1998).

Extreme temperature and decayed food also causes high prevalence of diarrheal diseases
especially among children under five in Bangladesh (Khan et al., 2010). In the 1970s, the infant
mortality rate attributable to diarrhea was up to 36 per 1000 live births and accounted for a
significant proportion of total infant mortality (140/1000) (Bern, Martines, Dezoysa & Glass,
1992). Although diarrhea is still one of the leading causes of childhood mortality, the number of
deaths attributed to diarrhea has decreased markedly down to 13 per 1000 infants out of a total

infant mortality of 65 per 1000 live births. (Wu et al., 2012).

In recent years Dhaka City is facing extensive water logging during the monsoon (May to
October) which has become a common and regular problem of the city. In Dhaka, 58.7% are
poorly drained (CUS, 2005). Slum settlements are often found on land which is in most cases
unsuitable for proper housing. For instance, low lying areas, marshes, sewage canals, riversides,
railway tracts and embankments are frequently the site of slums. These sorts of places are prone
to suffer from poor drainage and hence water logging (stagnation of water) particularly during

the rainy season (Khan, 2010).

Major portion of the slum dwellers (60%) use pit or hanging latrines and 85% throw their daily
waste haphazardly. Those pit and hangings latrine are connected to the ditches and canals. As a

result both household waste and human generated wastes go directly or indirectly into the low-
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lying lands, open spaces or water bodies of the city and causes a number of health problems

including diarrhea (Khan, 2010).

In tertiary-level public hospitals in Bangladesh, there is ample opportunity for infection
transmission through the fecal—oral route. (Bhuiyan et al., 2014).The number of admitted patients
frequently exceeds the number of available beds. Patients often share beds or are cared for on the
floor. As a result of inadequate critical care units, patients with severe illnesses such as acute
respiratory infection, cardiovascular disease, and stroke are often treated in the same general
medicine wards where diarrheal patients are also treated (Gurley et al., 2010). Most patients have
at least one personal caregiver, usually a family member, who provides the majority of hands-on
care that nursing staff would typically provide in high-income countries (Zaman, 2004). Hand
washing stations often lack soap and constant water supply (Rimi et al.,2012). Moreover, limited
routine infection control in crowded wards, lead to situations where patients are at high risk of
being infected by contaminated food, water, and hospital surfaces and also during contact with
other patients, caregivers, and healthcare workers (Pittet et al., 2008 ; Sanderson & Weissler,

1992).
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CHAPTER 4: LITERATURES
ON ESTIMATION METHOD

4. Literature on Estimation Method

Teshima, Yamada , Hayashi, Wagatsuma and Terao (2004) applied Empirical Orthogonal
Function (EOF) analysis method to time series of diarrhea patients and meteorological

elements in Bangladesh to understand effects of the meteorological variation to the
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prevalence of the diarrhea disease. They took averages every two weeks in each year from
1981 to 2001. That is, yearly data were divided into 26 portions and each portion contained
22 data for 22 years. The patient data are normalized by the yearly total patient number to
remove the year to year increasing trend. Two types of correlation analysis were carried out
for meteorological elements and patient number- a) lag correlation of meteorological
elements to one fixed portion of patient and b) lag correlation of patient number to one fixed
portion of meteorological elements. The ith portion in wth year is expressed as X(w,i) for
patient data and Y/(w,i)~Y4(w,i) for meteorological elements. EOF analysis was applied to
X(w,i)~Y4(w,i) by correlation matrix of the anomaly x;(w)=X (w, i) - (i) and y; (W)=Y (w, i)
— (i) where (i) and (i) are averages on i. The seasonal variation of the diarrhea patients
showed two peaks in the pre-monsoon (March and April) and at the end of the monsoon
(September and October). The EOF analysis of the time series of patients and meteorological
elements showed that in the dominating component, the anomaly of the number of the
diarrhea patients had different signs for the periods before and after June, corresponding to
the two peaks of the averaged number of the patients. Higher maximum temperature and
more sunshine in the pre-monsoon period were found to have a tendency to enhance the first

peak of the diarrheal occurrence.

Chou ,Wu, Wang, Huang , Sung and Chuang (2010) investigated and quantified the
relationship between climate variations and diarrhea-associated morbidity in subtropical
Taiwan. Their study applied a climate variation- guided Poisson regression model to predict

the dynamics of diarrhea-associated morbidity. The regression mode was described as:

Here denotes the incidence of diarrhea confirmed cases at time t, through
individually represent the coefficients, and , and RH are the monthly maximum
temperatures (°C), the extreme rainfall intensity (mm) and the relative humidity (%)
respectively. The term t-n in the subscript represents the n- month lag time. The model
includes lag values to control for the autocorrelation of explanatory variables. To consider
how seasonality and long-term trends may be associated with weather conditions, the model

included a triangular function sin  to reveal the seasonality component in series. Study
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results indicated that the maximum temperature and extreme rainfall days were strongly
related to diarrhea-associated morbidity. The impact of maximum temperature on diarrhea-
associated morbidity appeared primarily among children (0-14years) and older adults (40-
64years) but had less of an effect on adults (15-39years).

Kolstad and Johansson (2011) combined a range of linear regression coefficients to compute
projections of future climate change-induced increases in diarrhea using the results from
previous empirical studies. Data from 19 coupled atmosphere—ocean climate models from the
World Climate Research Programme Coupled Model Intercomparison Project Phase 3
(CMIP3) multimodel data set (Meehl et al. 2007) were used to form a large multimodel
ensemble. They analyzed six geographical regions- South America, North Africa, Middle
East, equatorial Africa, Southern Africa and Southeast Asia. The model ensemble projected
temperature increases of up to 4°C over land in the tropics and subtropics by the end of this
century. The associated mean projected increases of relative risk of diarrhea in the six study

regions were 8—11% by 2010-2039 and 22-29% by 2070-2099.

Bandari, Gurung , Dhimal and Bhusal (2012) made a retrospective study in Nepal where
data of past ten years relating to climate and disease (diarrhea) variable were analyzed. The
study conducted trend analysis based on correlation. Time series analysis was also being
conducted. Statistically significant correlation between diarrheal cases occurrence and

temperature and rainfall had been observed in their study.

Alexander, Carzolio, Goodin and Vance(2013) evaluated monthly reports of diarrheal disease
among patients presenting to Botswana health facilities and compared this to climatic
variables using health data from Bostwana spanning a 30-year period (1974-2003). They
analyzed monthly diarrhea against predictor variables using an autoregressive analysis of
covariance model. The analysis included monthly average national rainfall, vapor pressure,
inverse vapor pressure (1/q), a dummy variable indicating wet or dry season, temperature
variables and minimum temperature divided by vapor pressure (Tmin/q). Dealing with
socioeconomic variation over time can add an important amount of complexity to the

analysis of long-term time series data. To minimize potential reporting biases associated with
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these changes and other potential confounding variables, the analyses was done by

standardizing monthly diarrheal data on a yearly basis, transforming the data as follows:

where is defined as the monthly proportion deviation from the mean number of cases of
diarrhea for month m in year y, is the number of reported cases of diarrhea in month m of
year y, and is the mean number of monthly cases of diarrhea for year y. Diarrheal case
incidence presented with a bimodal cyclical pattern with peaks in March and October in the
wet and dry season, respectively. It was found that there were strong positive autocorrelation
in the number of reported diarrhea cases at the one-month lag level. Climatic variables
(rainfall, minimum temperature, and vapor pressure) predicted seasonal diarrheal with a one-
month lag in variables. Diarrheal case incidence was highest in the dry season after

accounting for other variables, exhibiting on average a 20% increase over the yearly mean.

Xu , Huang, Turner, Su, Qiao and Tang(2013) used a Poisson generalized linear regression
model combined with a distributed lag non-linear model (DLNM) to examine the relationship
between diurnal temperature range and emergency department admissions for diarrhea
among children under five years in Brisbane, from 1st January 2003 to 31st December 2009.
Akaike Information Criterion (AIC) and analysis of residuals were used to evaluate the

model fit and choice of df.

Where ¢ is the day of the observation, Y, is the observed daily childhood diarrhea on day ¢ and
o is the model intercept. DTR,;i1s a matrix obtained by applying the DLNM to DTR, S is
vector of coefficients for DTR,; and [ is the lag days. The terms ns(7, 3) and ns(RH, 3) are
natural cubic splines with three degree of freedom which control for mean temperature and
relative humidity respectively. To control for long term trends, a natural cubic
spline ns(Time, 6) with six degrees of freedom was incorporated. DOW, is the categorical day
of the week with a reference day of Sunday. A statistically significant relationship between
diurnal temperature range and childhood diarrhea was found in the study . The effect of
diurnal temperature range on childhood diarrhea was the greatest at one day lag, with a 3%
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increase of emergency department admissions per 1°C increment of diurnal temperature
range.



CHAPTER 5: DATA AND
METHODOLOGY

5. Data and Methodology

5.1. Sources of Data
Based on the objectives of the study, district wise monthly average temperature and Diarrhea

(affected) data from the year 1998 to 2010 have been used in the study. Data were secondary
in nature and were collected from the reports of Bangladesh Bureau of Statistics (BBS),

Bangladesh Economic Review and World Food Programme (WFP).

23



5.2. Analytical Technique

24

Gujrati (2004) defined heteroscedasticity as when the error terms (U;s) do not have same
variance ( which violates one of the OLS assumptions that the variances of U;s will be same
for all values of the explanatory variables. Symbolically,

In this research Breusch-Pagan-Godfey test was used for the detection of heterscedasticity in
the model. According to Gujarati (2004), to understand the basic idea behind Breusch-Pagan-
Godfey test, first a k-variable linear regression model is considered:

where , , and are regressand, intercept, slope coefficient and error terms respectively.

Assuming the error variance is described as

that is, is some function of the nonstochastic variables Z’s; some or all of the X’s can serve
as Z’s. Specifically the following equation has been assumed:

that is, is a linear function of the Z’s. If which is a constant. Therefore, to test whether is
homosceadastic, one can test the hypothesis that .

To overcome the problem of heteroscedasticity of the Ordinary Least square Method (OLS),
Generalised Least Square (GLS) method has been used in the research as the estimation
method. According to Gujarati (2004), GLS method takes the criteria into account that
observations which come from populations with greater variability are given less weight than
those come from populations with smaller variability and therefore capable of producing
estimators which are BLUE (Best Linear Unbiased Estimators). First, a two variable mode
will be taken under consideration.

where , ,and are regressand, intercept, slope coefficient and error term respectively. (i=1, 2,
3....n)

For the ease of algebraic manipulation the above equation can be written as:
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where for each i . Assuming heteroscedastic variances ( are known and dividing equation (2)
by , the following equation is obtained:

For the ease of exposition the above equation can be written as:

where the starred or transformed variables are the original variables divided by (known) . The
notations and illustrates the parameters of the transformed model which distinguished the
OLS parameters and .

In this research optimization method has been used to find maximum and minimum
temperature where the number of diarrhea patients is found maximum and minimum
respectively. According to Chiang and Wainwright (2005) the derivative function measures
the rate of change of the function . By the same token, the second-derivative function is the
measure of the rate of change of the first derivative ; in other words, the second derivative
measures the rate of change of the rate of change of the original function . To put it
differently, with a given infinitesimal increase in the independent variable from a point,

means that the value of the function tends to
Whereas, with regard to second derivative,
means that the slope of the curve tends to

Thus a positive first derivative coupled with a positive second derivative at implies that the
slope of the curve is positive and increasing. In other words, the value of the function is
increasing at an increasing rate. Likewise, a positive first derivative with a negative second
order derivative indicates that the slope of the curve is positive but decreasing- the value of
the function is increasing at a decreasing rate.

Using the above theories mentioned above, a cubic equation has been developed to find out

impacts of temperature on diarrheal disease in Bangladesh.

Where, Y is the number of diarrhea patients, C is Constant term, is the regression
coefficients to be estimated (i=1,2,...,6), T is temperature, is temperatures less than 15
degree Celsius, is temperatures greater than 25 degree Celsius , Trend= Year-1998

(Year=1998,1999,.....2010) and is random error.



CHAPTER 6: RESULTS AND
DISCUSSION
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6. Results and Discussion

6.1 Analysis of Descriptive Statistics
Using district wise monthly average temperature and diarrhea (affected) data from 1998-2010,

descriptive statistics on temperature and diarrhea patients are presented in table 2 and 3

respectively.

It is observed that monthly average temperature is minimum in January (17.73 degree Celsius).

After January temperature increases and reaches maximum in June (28.75 degree Celsius). After

June temperature starts to decrease (Table 2 and Figure 2).

Table -2. Descriptive Statistics on Temperature from 1998 to 2010

Month Average Standard Variance Skewnes Kurtosis
temperature deviation s
in Celsius
January 17.73 0.87 0.77 -0.36 -0.47
February 21.44 1.05 1.10 0.32 0.77
March 25.48 1.01 1.02 -0.30 -0.33
April 28.21 0.81 0.65 0.37 -0.78
May 28.68 0.59 0.35 -0.27 -0.98
June 28.75 0.62 0.38 0.71 -0.55
July 28.47 0.32 0.10 0.63 -0.24
August 28.65 0.34 0.12 -0.04 -0.37
September 28.35 0.32 0.10 -0.78 -0.36
October 27.22 0.45 0.20 0.28 0.23
November 23.71 0.59 0.35 0.24 0.37
December 19.60 0.51 0.04 0.04 -1.52

From table 3 it is observed that in the year 2002, 1.97 percent of total population got affected

with diarrhea. Between the years 1998 to 2010, two major floods occurred in Bangladesh (1998

and 2004). Share of population got affected with diarrheal disease in 1998 and 2004 were 1.63
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and 1.65 respectively. Between the years 1998 to 2010, share of population got affected with

diarrhea was minimum in 2000 (1.20 percent).

Table -3. Descriptive Statistics on % of Population Diarrhea Affected 1998-2010

Year % of Population Diarrhea Affected
1998 1.63
2000 1.20
2001 1.44
2002 1.97
2003 1.71
2004 1.65
2005 1.56
2006 1.40
2007 1.65
2008 1.60
2009 1.79
2010 1.64

Source: Bangladesh Economic Review (2014) & WFP

6.2. Estimated Results
Table 4 shows the estimated results obtained from GLS.

Table -4. Estimated Results using Generalized Least Square Method (GLS)

Dependent variable: Number of diarrhea affected patients; Number of observations: 1170;
Number of groups: 26; Observations per group: min=31, average=45,max=47;
: within=0.0569, between=0.0919, overall= 0.0456;

=40.32; prob >=0.0000

Co-efficient Robust Std. Z p>lz|
Err

T 37189.65* 8408.024 4.42 0.000
-1624.502* 363.3851 -4.47 0.000

22.68555* 5.06424 4.48 0.000

268.249 176.0303 1.52 0.128

158.3958* 40.20512 3.94 0.000

Trend 232.569* 66.94804 3.47 0.001
C -268081.9* 62554.38 -4.29 0.000

29
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From Equation (1) and the estimates of the regression model the following equation is

obtained.

From the equation, it is observed that except , remaining variables ( 7, , , , Trend and C) are
significant at 95% confidence level. As per rule of optimization (solving the equation by
setting first differentiation equals zero) and letting =1, maximum and minimum value of

temperature is found at 28.45 and 19.28 degree Celsius respectively.

By solving the equation by setting second order differentiation equals zero, the value of

temperature is found at 23.86 degree Celsius.

These results mean that the number of people affected with diarrhea is found minimum at 19.28
degree Celsius temperature. Below and above 19.28 degree Celsius temperature, number of
diarrhea patients increase. Above 19.28 degree Celsius temperature, number of diarrhea patient
increases more than 37190 per one degree increase in temperature (increases at an increasing
rate). This continues up to 23.86 degree Celsius temperature. After 23.86 degree Celsius
temperature, number of diarrhea patient increases less than 37190 per one degree increase in
temperature (increases at a decreasing rate). At 28.45 degree Celsius number of diarrhea patient
is found maximum. After 28.45 degree Celsius temperature, number of diarrhea patients starts to

decline.

According to Xu, Liu , Ma, Toloo , Hu and Tong (2014) , high temperature may impact the food
chain, from food preparation stage to production process and expose children to more
contaminated food. Low temperature increases the replication and survival of virus, e.g.,
rotavirus. These could be reasons why below and above 19.28 degree Celsius temperature
number of diarrhea patients increase. Extreme temperatures (high and low) also may alter

people’s hygiene behavior. Bangladeshi rural households have restricted access to medical
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service and have poor housing conditions. (Ahmed, 2004; Practical Action ,2010; UNICEF,
2010). This may trigger or exacerbate their existing health problems.
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CHAPTER 7: CONCLUSION

7. Conclusion

32

This thesis analyzed the impact of temperature on diarrheal disease in Bangladesh using data
from Bangladesh Bureau of Statistics (BBS) and World Food Programme (WFP) (1998-
2010). Generalized Least Square (GLS) is used as estimation method and Optimization
method is used to find maximum and minimum temperatures where diarrhea patients are
found maximum and minimum respectively in Bangladesh. Results of the thesis show that
maximum and minimum temperatures are found at 19.28 and 28.45 degree Celsius
respectively. Also it is found that between 19.28 and 23.86 degree temperatures, with an

increase in temperature, diarrhea patient increases at an increasing rate and after 23.86 degree



Celsius temperature, with an increase in temperature, diarrhea patient increases at a

decreasing rate. This continues up to 28.45 degree Celsius temperature.

Results of the study can be used to make precautions and help to take steps to minimize
number of affected people due to diarrhea in the diarrhea-prone months. Different non
government organizations, international organizations and Government of Bangladesh have
been taking multifaceted and multidimensional activities in this regard. However, their
awareness, prevention and treatment activities for diarrhea should be scaled up to minimize

mortality and morbidity due to diarrhea in diarrhea prone months in Bangladesh.

CHAPTER 8: REFERENCES
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9. Appendix

Source: UNICEF &WHO, 2009

Table-1. Total number of Annual Child Death Due to Diarrhea in 15
selected countries.

Rank Country Total Number of Annual Child Deaths Due
to Diarrhea
1 India 386,600
2 Nigeria 151,700
3 Democratic Republic of 89,900
Congo
4 Afghanistan 82,100
5 Ethiopia 73,700
6 Pakistan 53,300
7 Bangladesh 50,800
8 China 40,000
9 Uganda 29,300
10 Kenya 27,400
11 Niger 26,400
12 Burkina Faso 24,300
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13 United Republic of 23,900
Tanzania

14 Mali 20,900

15 Angola 19,700

Source: UNICEF &WHO, 2009
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