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Investigating dengue outbreak in Tamil Nadu, India
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Dengue has been indigenous to India in last decade. There was a major
outbreak in the state of Tamil Nadu in 2017. Here, we investigate the dengue
outbreak in parts of Tamil Nadu, India. Dengue case data were obtained from
the hospital records in the Chennai district of Tamil Nadu. The data were
analyzed using statistical approaches such as correlation and regression. The
result shows that the dengue outbreak in Tamil Nadu during 2017 was due to
the population, water stagnation, and sewage, whereas the human activity
weren’t the cause of the dengue outbreak which caused 65 deaths. Male
constitutes 54.71% whereas female accounted for 45.29% of dengue
incidence in Tamil Nadu, majority deaths were children aged less than 10
years due to the outbreak of Dengue Hemorrhagic Fever (DHF). This
investigation was evaluated using mathematical regressions, Geographically
Weighted Regression (GWR) regression outperformed Ordinary Least
Square (OLS) regression model in detecting dengue incidence. This
investigation can be strengthened by implementing a surveillance system in

parts of Tamil Nadu before an outbreak.
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1. INTRODUCTION

Dengue is a mosquito-borne disease which registers nearly 50 million cases annually [1]. This
disease is spread by Aedes type mosquitoes. Dengue virus family contains three serotypes namely DENV 1
(Dengue Fever), DENV 2 (Dengue Hemorrhagic Fever), DENV 3 (Dengue Shock Syndrome). Dengue
affects entire globe, nearly 4 billion people are at risk by DENV infections [2], and major affected regions are
from the developing countries. It causes threat to the tropical regions where the temperature is abnormal.
Rapid urbanization [3], global warming, environmental factors, human activities are the factors for its spread.
Dengue virus fever is a symptomless, but it can lead from fever to shock syndrome [4]. Dengue is transmitted
from the vectors namely Aedesaegypti and Aedesalbopictus. They are the black colored mosquitoes with
white stripes and they are approximately 5 mm in size. Their feeding habits includes day biter, mainly feeds
on human beings in domestic and peridomestic situations, with continuous biting. They rest on domestic and
peridomestic areas, dark corners of room, curtains, unwashed clothes, umbrella etc., they breed in manmade
containers or containers which contains even small quantities of water. These vectors can live without water
even for a year [5]. The period of communicability of the affected person becomes infective to mosquitoes of
6 to 12 hours before the onset on the disease and it remains up to 3 to 5 days. Favored places of breeding
includes Desert coolers, drums, jars, pots, buckets, flower vases, cisterns, bottles, tyre, tins, refrigerator dip
pans, cemetery urns, bamboo stumps, coconut shells, tree holes, where rain water is stagnated. These Dengue
Hemorrhagic Fever vector viruses are mainly found in the tropical regions of Asia, Africa, Middle East,
Awustralia and Americas [6]. Other factor for these vector creating includes rainfall patterns and temperature
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change due to global warming. High temperature reduces the breading of such vectors [7]. Precipitation and
rainfall also contribute to the growth to the larvae, but severe rainfall tends to kill big mosquitoes, causing
depletion of dengue causing vectors. Tamil Nadu has experienced a severe dengue outbreak in 2012 [8] since
then it experienced average number of deaths till 2016. Total dengue cases registered thought India in the
year 2015 was 99913, causing 220 deaths which increased to 325 deaths in 2017, nearly 65 deaths in Tamil
Nadu, mainly children in the age <10 years due to the outbreak of Dengue Hemorrhagic Fever. Recent work
in [9] investigated the DENV serotypes and analyzed the patterns using machine learning classifier for
detecting DENV serotypes; the hybrid algorithm MSO-MLP outperformed all classifiers under the analysis.
Several works were carried out for investigating infectious disease such as hepatitis [10] and predicting non
small cell lung cancer [11] using machine learning classifiers. Hybrid machine learning classifiers [12] can
be more effective in classifying patients affected with infectious disease [13]. Geographical Information
Systems (GIS) tools can be used to find the affected area which helps the researcher to identify its major
factors involved in it. Several studies [14-18] reported the use of GIS for identifying heat maps of the
affected areas. Spatial rings maps can be used to show the spatio-temporal diffusions in certain regions. Since
2012, Tamil Nadu has experienced a severe dengue outbreak in the year 2017. To our knowledge no other
research work has been carried out to investigate the spatio-temporal pattern in parts of Tamil Nadu. Table 1
shows the number of dengue cases recorded in Tamil Nadu and throughout India, the scenario depicts that the
cases registered follows a steady increase in years, Table 2 shows number of deaths due to dengue outbreak,
2017 accounted a terrible 325 deaths in India, which accounted 65 deaths only in Tamil Nadu. There seems
to be a certain reason for this severe outbreak and deaths, this investigation focuses on the factors involved in
dengue outbreak. This helps the health organizations and national agencies to provide prior indication about
the cause and effect of dengue virus onto the population.

Table 1. Comparison of Tamil Nadu and India no of Dengue Cases Recorded from 2014 to 2017

Year/ Region 2014 2015 2016 2017
India 40571 99913 111896 188401
Tamil Nadu 2804 4535 2531 23294

From Table 1, it can be seen that there is a steady increase in humber of dengue cases registered,;
number of cases registered in 2015 was 40% more than in 2014. In 2017 the cases registered were 188401
which is greater than the cases registered in 2016, the majority of the cases were children <10 years.

Table 2. No of Deaths Due to Dengue Outbreak from 2014 to 2017 in Tamil Nadu and India
Year/ Region 2014 2015 2016 2017

India 137 220 227 325
Tamil Nadu 3 12 5 65

From Table 2, it can be seen that the no of deaths in 2014 were recorded to be 7 in Tamil Nadu out
of 137 deaths in India. The deaths slowly increased to 12 out of 220 in 2015. No of deaths increased
drastically from 5 to 65 from 2016 to 2017 in Tamil Nadu. This paper focuses on the parameters or the
activities which caused major outbreak in Tamil Nadu in 2017.

2. RESEARCH METHOD

This investigation was carried out in Tamil Nadu, India which covers a geographical area of
1,30,060 sq km. Statistical data such as demographics were retrieved from “National Health Profile” database
[19] from Central Bureau of Health Intelligence (CBHI). Dengue case data has been retrieved from National
Vector Borne Disease Control Program (NVBDCP) [20] and Government of India (GOI) websites. These
data includes age, gender, and location of each dengue case. With these data, incidences were calculated and
patterns of dengue diffusion [21] were plotted. Analysis of the spatio-temporal diffusion pattern was carried
out by SaTScan. Maximum window size of population at risk was set to 50%. Monto Carlo simulation was
used to get the p-value through the hypothesis testing. Geographically Weighted Regression (GWR) and
Ordinary Least Square (OLS) [22-23] were the two methods used in this investigation. GWR model was
applied on the population density, human activities, and sewage parameters. OLS has been used to find the
relationship among dependent variables and independent variables on dengue occurrences. An Akaike
Information Criterion was used to test the two model’s performance and also Variance inflation factor was
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used to test the co-linearity of GWR and OLS models. Table 3 represents the demographics of the dengue
cases in Tamil Nadu. The most affected ones are the children in the age group of <10 years. Total number of
cases registered in 2017 was 23294, out of which 12743 were male and 10551 were female. No of cases
registered were categorized as age groups. 8421 cases were registered with age less than 10, 3260 with age
10 to 20, 2980 with age 21 to 30, 1691 with age 31 to 40, 245 with age 41 to 50, 563 with age 51 to 60, 281
with age 61 to 70 and 132 cases with age greated than 70. There were 5721 missing values, the patterns in the
missing values were analyzed and imputed using normal distribution.

Table 3. Demographics of Dengue Cases in Tamil Nadu, 2017

Variables Number of Cases Percentage (%)
Gender
Male 12743 54.71
Female 10551 45.29
Age (in years)
<10 8421 36.15
10to 20 3260 14.00
211030 2980 12.79
31t040 1691 7.26
41t0 50 245 1.05
51 to 60 563 242
61to 70 281 121
>70 132 0.57
Missing 5721 24.56
Total 23294 100

3. RESULTS AND ANALYSIS

In this investigation, a total of 23294 cases were reported in Tamil Nadu, India in 2017, the outbreak
started in August, 2017, reached its peak in September, and decreased in December. The majority of the
cases were <10 years due to the outbreak of Dengue Hemorrhagic Fever (DHF). The investigation of dengue
outbreak falls into various steps, number of cases registered, deaths and various factors causing dengue were
obtained and stored in a local file (dataset), obtained data is preprocessed using impute function for removing
missing values. Later, the datset is subjected to Ordinary Least Square (OLS) and Geographically Weighted
Regression (GWR) statistical approaches and the results obtained are tabulated in Table 4 and
Table 5 respectively.

Table 4 shows the summary of the Ordinary Least Square (OLS) regression model, the estimates of
various parameters causing dengue were recorded with its standard error. Depending on the p-value certain
parameters can be removed. In this investigation, population falls below 0.05 (common alpha value), so it can
be removed, other parameters are statistically significant and VIF value is used to check the multicollinearity
among variables.

Table 4. Summary of the Ordinary Least Square (OLS) regression model

Parameters Estimates Stderr. p-value VIF
Intercept 16.25
Population 0.06 0.03 0.0002 1.42
Human activities -0.006 0.04 0.86 8.61
Water stagnation 0.04 0.08 0.75 8.72
Sewage 0.12 112 0.96 9.84
R-squared 0.48

Akaike Information Criteria 896.21

The regression framework is shown in Figure 1. Four risk factors were considered for OLS and
GWR regression models. In case of OLS regression model population, water stagnation and sewage were
positively associated with the dengue incidence, where as human activities are negatively associated, this
proves that human activities doesn’t cause more effect on the dengue outbreak. By comparing OLS with
GWR regression model, the GWR performance was more in the predicting dengue out break (Akaike
Information Criteria (AIC) 896.21 Vs. 800.98), the population showed high correlation [24] in dengue
outbreak, whereas water stagnation, sewage, human activities were to be negatively correlated. The diffusion
patterns of the dengue outbreak of India were shown in Figure 2. The diffusion pattern seems to be randomly
distributed causing havoc. As per the health records from a National health agency, highest number of
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dengue cases registered next to Tamil Nadu was Kerala which shares its boundaries with Tamil Nadu,
accounted 19994 cases and 37 deaths in 2017, which was less than 2016 where 6083 cases have been
registered with only 8 deaths. Next to Kerala was the Karnataka state with 17844 dengue cases registered
with 10 deaths. This shows even the cases registered in these two states were higher, the deaths encountered
were less compared to Tamil Nadu, due to the preventive action taken by the officials during and after math.
This shows the negligibility of health officials in Tamil Nadu, India.

Table 5 shows the summary of Geographically Weighted Regression model. Population, human
activities, water stagnation, sewage and dengue incidence were provided as input features and
explanatory variables.

Table 6 shows the number of dengue cases registered and number of deaths in 2017, in Tamil Nadu,
Kerala and Karnataka. Number of cases and deaths registered in Tamil Nadu were 23294 and 65. Kerala
accounted 19994 cases and 37 deaths and Karnataka accounted 17844 cases and 10 deaths. It can be seen that

the cases registered and number of deaths due to dengue were greater in Tamil Nadu than the other southern
states under comparison.

Table 5. Summary of the Geographically Weighted Regression (GWR) Regression Model

Parameters Minimum 25% quartile 50% quartile 75% quartile Maximum
Intercept 46.27 12.45 36.98 73.98 207.76
Population 0.01 0.02 0.04 0.06 0.09
Human activities -0.15 -0.19 -0.08 -0.04 -0.02
Water stagnation -0.43 -0.34 -0.26 -0.21 0.06
Sewage -0.54 -0.32 0.03 0.07 0.1
Condition number? 16.26 18.19 20.98 30.98 39.98
R-squared 0.56
Akaike Information Criteria 800.98

alf the condition number is greater than 30, it represents the collineratity

Table 6. Number of Dengue Cases and Deaths Registered in Tamil Nadu, Kerala and Karnataka, 2017

2017
Affected State Cases Deaths
Tamil Nadu 23294 65
Kerala 19994 37
Karnataka 17844 10
Cases and Dengue Dengue
deaths parameters Incidence

Figure 1. Regression framework

“

%

Figure 2. Diffusion pattern of Dengue in India, 2017
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4.  CONCLUSION

This investigation attempts to investigate the outbreak of dengue in 2017 in Tamil Nadu, India. This
is the first study to analyze the dengue pattern in Tamil Nadu to understand the factors involved in the
dengue outbreak. These investigations help the health organization to plan accordingly and take safety
measures in case of severe outbreak of dengue virus. It is worth noting that in gender distribution, the dengue
incidence was found to be more in male than female, this is due to the fact that female restrict their food
habits unhealthy surroundings. By contrast male work from dawn to dusk and exposed to such surroundings
than female. A previous study in [25] introduced the dengue incidence in the Swat district, Pakistan. The
study looked to the space-time diffusion patterns of dengue outbreak by analyzing several factors [26] such
as distant to river, population density, elevation. The study revealed that favorable factors [27] led to the
outbreak in 2013. The dengue outbreak totally occurred in the coastal regions of India, especially in eastern
and western ghats, which gets a heavy rainfall during monsoon season. Rainfall in 2015 was the exact reason
for the huge increase in the number of cases registered in India. Considering the above investigation, there is
no doubt that dengue is severe health problem that costs life. It is necessary for the health organization and
health sectors to take preventive actions to reduce the deaths in near future [28].
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