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Data Mining Techniques for Predicting Dengue Outbreak
in Geospatial Domain Using Weather Parameters for
New Delhi, India

Abstract

Dengue is a hazardous disease which poses a critical threat to the population. Dengue
cases are steadily reported in New Delhi during and post monsoon season indicating its
correlation with weather parameters. Establishing this relation will help to understand
the spread of Dengue and will let decision makers take precautionary steps beforehand.
Our study explains the adopted multi-regression and Naïve Bayes approach to model the
relation between dengue cases and weather parameters i.e., maximum temperature, rainfall
and relative humidity. Both these models have served a great deal in modelling this
relationship which has enabled us to forecast a probable Dengue outbreak. Our results
have shown us that sudden and high rainfall accompanied with 30-35 0C temperature and
high relative humidity contributes to a highly vulnerable weather for the spread of Dengue.
Also, we have proposed a novel application of spherical k-means clustering algorithm to
identify the zones with similar transmission pattern which gives insight to the distribution
of the Dengue incidences in Delhi. According to our results, Central, Civil Lines, Rohini,
South and West zones have highest odds of Dengue occurrences.

KEY WORDS: Dengue, Weather Parameters, Data mining, Multi-regression, Naïve
Bayes, Spherical k-means

1. INTRODUCTION

1.1 Background

Dengue is an arboviral infection transmitting through mosquitoes namely, Aedes
Aegypti and Aedes Albopictus. The primary vector of Dengue, Aedes Aegypti, is
ordinarily found between 350 N to 350 S. The whole tropical area including America,
Asia and Africa is prone to Dengue, and highly populated countries like India,
Indonesia, Brazil, China have the greatest burden of share (Bhatt et al., 2013).

*  Geoinformatics Department, Indian Institute of Remote Sensing, ISRO, Dehradun,
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Their survival rate is very low during colder months of winter and hence, it is only
during warmer months when they are found near 450 N (Nathan et al., 2009).
These mosquitoes have originally domesticated from Africa, and can easily colonize
by laying eggs wherever they can find stagnant water (Powell and Tabachnick,
2013). According to (Gubler, 1998), during and after WWII, these mosquitoes became
pervasive in Southeast Asia bringing dengue pandemic to the world.

Dengue cases in India were first reported in or around 1946 and today, it infects
20,474 lives on an average (Gupta et al., 2012; Shepard et al., 2014). Northern
and Eastern cities of India and the whole of the Gangetic Plain is plagued with
aedes aegypti, the primary vector of dengue (Rao, 1967). The southern India,
however, is more prevalent with the secondary vector, aedes albopictus
(Nimmannitya et al., 2008). Many Indian states including Andhra Pradesh, Delhi,
Gujarat, Goa, Haryana, Karnataka, Kerala, Maharashtra, Rajasthan, Uttar Pradesh,
Punjab, Tamil Nadu, Pondicherry, West Bengal and Chandigarh have already seen
the Dengue outbreak and in fact, according to World Health Organization, cyclic
epidemics are increasing in India (Cecilia, 2014; Gupta et al., 2012; Nathan et al.,
2009).

Delhi, in particular, is more vulnerable than other cities due to a large number of
asymptomatic Dengue case occurrences (Vikram et al., 2015). People of Delhi lack
the immunity to the dengue virus in spite of the historical outbreak during 1967,
1970, 1982, 1988, and 1996 and in recent past during 2006, 2010, and 2013 (Gupta
et al., 2012; Kukreti et al., 2008; Vikram et al., 2015). These outbreaks are normally
reported during or post monsoon season signifying its relation with weather
parameters.

An attempt was made to identify the relation between dengue and weather
parameters i.e., temperature, rainfall and relative humidity and use this derived
relation to forecast dengue vulnerability. Multi-variate regression and Naïve Bayes
approach has been adopted to study the relation between weather and dengue.
Also, the paper proposes a novel application of spherical k-means clustering
algorithm to group the zones of Delhi with similar transmission pattern.

1.2 Related Studies

An understanding is developed about the characteristics of aedes aegypti i.e., its
behavior, habitat preference, transmission pattern etc. from various clinical
literature, shared in Table 1 (Carrington et al., 2013; Chan and Johansson, 2012;
Nathan et al., 2009; Nimmannitya et al., 2008). Apart from the facts in Table, it is
worth noting that temperature fluctuation, like high diurnal temperature, can reduce
the Extrinsic Incubation Period (EIP) of mosquitoes and accelerate the dengue virus
transmission (Carrington et al., 2013). At low diurnal temperature, mosquito
infection and its transmission are raised and at high diurnal temperature, the
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infections are reduced (Lambrechts et al., 2011). This correlation limits the
geographical transmission of dengue virus by limiting the spread of aedes mosquitoes
(Brady et al., 2014).

Furthermore, literature has been referred to understand the current knowledge of
dengue. There have been a few empirical studies to determine the correlation
between dengue and weather parameters, most of which are conducted in Singapore,
Malaysia and Thailand. These studies have used different techniques e.g., multi-
variate regression, Poisson regression, logistic regression, classification.

Table 1: Information on Aedes Aegypti and Dengue

Category Name Description Category Value

Oviposition Preference for laying eggs Containers commonly found in
preference household.

Larval habitat Tree holes, coconut shells,
leaf axils

Extrinsic Incubation The time it takes for a 8-10 days
Period (EIP) mosquito to transmit

virus to host

Intrinsic Incubation The time it takes for a 3-10 days
Period human to transmit virus

to mosquito

Dengue virus Transmission cycle
Transmission that takes place
pattern from mosquito to

human and

Symptoms of Sudden fever, headaches, severe
Dengue joint and muscle pains, fatigue,

vomiting, skin rash, pain behind
eyes, nausea, mild bleeding etc

Miscellaneous These mosquitoes are rare above
1000 meters from mean sea level.
Eggs can survive without water
for one year

Adult mosquitoes

Dengue virus
transmissionto
another host

Dengue
infected person

Mosquito carrying
dengue virus
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One such study has applied multi-regression to find the correlation between dengue
cases and weather parameters (Nakhapakorn and Tripathi, 2005). The empirical
model has been created by taking weather parameters viz. temperature, rainfall
and humidity as the independent variable and dengue cases as the dependent
variable. The developed model serves to denote the correlation between weather
parameters with dengue cases. Apart from these weather parameters, the authors
have tried to establish a relation with land use/ land cover. Using Bayes’ theorem,
they extracted i-value (information value) between dengue cases and land use/
land cover type. According to these calculated i-values, the built-up area is found
to be highly risky zone and forest area showed the lowest risk.

A study has been done in Singapore which adopted Poisson regression model (Hii et
al., 2009). The authors have modelled the relative risk of various lag periods.
Their study reported that higher weekly mean temperature and increased
precipitation lead to higher number of dengue incidence during the years 2004-
2007. They have also incorporated factors other than i.e., vector control capacity,
heard immunity, change of dengue serotype by a trend function.

Depending on the regions and their diverse weather conditions, the relation of
weather parameters with dengue deviates (Promprou et al., 2005). The authors of
the paper have carried out a study near the bordering area of the Andaman Sea
and the Gulf of Thailand. The authors performed a preliminary test to identify the
correlation between dengue incidences and weather parameters i.e., minimum
temperature, maximum temperature, relative humidity and mean temperature.
They have compared both the regions in terms of weather parameters and tried to
establish a relationship between deviations in weather conditions with the
irregularities in dengue incidences. From their study, it has been communicated
that rainy days and precipitation amount during the monsoon season may as well
play a significant role in spreading disease. These two parameters allow a sufficient
window for the mosquito eggs to hatch and turn in larvae and subsequently adult
mosquitoes. Also, they have found that near the seaside, relative humidity seemed
to have a positive effect on mosquito breeding sites, whereas, negative effect
near Gulf region.

There has been a regression study in Dhaka, Bangladesh which included the average
maximum temperature, average monthly rain and humidity (Karim et al., 2012).
The derived regression model was retrospectively validated. However, they mention
that other parameters like immunological, entomological and demographical
parameters can be included in the study along with the weather parameters.

Data mining techniques are becoming popular to detect dengue outbreak (Fathima
et al., 2011). A few authors have developed a predictive model for dengue outbreak
(Bakar et al., 2011). They have used non-clinical data namely, year, epidemic week,
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age, gender, address, type of dengue, incubation period, death code, repetition
case, type of outbreak etc. The authors have used multiple rule base classifier to
detect dengue outbreak. They have used k-means clustering technique to select
the rules created from various classification techniques. Weka data mining tool has
also been used to classify dengue cases (Shakil et al., 2015; Shaukat et al., 2015).
Classification techniques i.e., Naïve Bayes, J48 tree, SMO, Random Tree etc. are
used for prediction using symptoms as parameter.

Table 2: Description of Dataset used in Study

Variable Unit Time Description Source

Monthly Dengue No of January, 2006- Number of cases reported Govt. of
Incidences People September, 2015 in Delhi at given time. NCT of Delhi

Yearly Zone wise No of 2009-2013, 2015 Number of cases is various NVBDCP
Dengue Incidences People zones of Delhi
(9 zones out of 12)

Hourly Temperature 0OC August, 2011- Hourly temperature of 10 NVBDCP
Dengue Incidences October, 2011; AWS in Delhi
(9 zones out of 12) August, 2012-

Hourly Rainfall mm October, 2012 Rainfall amount at every hour Indian
October, 2012 of 10 AWS in Delhi Metrological
August, 2014- Department

Hourly Relative % October, 2014; Hourly relative humidity of
Humidity August, 2015- 10 AWS in Delhi

October, 2015

Maximum 0OC Monthly average of daily
Temperature maximum temperature

Minimum 0OC January, 2006- Monthly average of daily Statistical
Temperature September, 2015 minimum temperature Abstract of

Delhi 2014,
Relative Humidity % Average monthly relative Govt. of NCT

humidity of Delhi

Total Rainfall mm Total monthly rainfall
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2. MATERIALS AND METHODS

2.1 Study Area

Fig. 1.Study Area

The study area chosen for the study is National Capital of Territory (NCT) of Delhi,
India as shown in Figure 1. It lies within 28.890 N and 76.820 E to 28.390 N and
77.340 E with approximately 1483 square kilometers. The elevation range is 200-
253 meters. The population of Delhi is approximately 1,63,14,838. Average yearly
rainfall is 714mm. The temperature can go up to 40-45 0C and cools down to 4-5
0C.

2.2 Datasets

For the study, we required the dengue cases of Delhi and weather parameters i.e.,
temperature and rainfall in the city. We collected the monthly Dengue cases from
Govt. of NCT of Delhi. For our geospatial study we have used the zone wise
distribution of Dengue cases, collected from National Vector Borne Disease Control
Programme (NVBDCP), Government of NCT of Delhi (Prakash and Kumar, 2014).
Monthly weather parameters i.e., Rainfall, Relative Humidity and Temperature for
Delhi City are collected from Statistical Abstract of Delhi 2014, Government of NCT
of Delhi and Indian Meteorological Department (IMD). The temperature, relative
humidity and rainfall data of 10 automated weather station (AWS) of Delhi are
collected from IMD. The ward-wise population data of Delhi is collected from census
information of Delhi. The ward boundaries are matched with the zone boundaries
in NVBDCP maps and zone-wise population is calculated. Table 2 gives a detailed
description of datasets used in the study.
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2.3 Methodology

Our entire methodology is divided into three approaches: multi-variate regression
analysis, Naïve Bayes approach and spherical k-means clustering. Although multi-
variate regression and Naïve Bayes are two entirely different methods, they are
adopted to predict the probable dengue outbreak using weather parameters.

Fig. 2: Methodology

2.3.1 Multi-Variate Regression Analysis: Multi-variate regression analysis is an
approach to model a relationship between dependent and independent variable. It
overlaps statistical and machine learning aspect. Following is the characteristic
equation of multi-variate regression analysis y as dependent variable 51 , 52, … ,
55[ as independent variables,

k1, k2, ..., kn , as coefficient of x and c as intercept.

6 = 5X1 “ 51 + 5X2 “ 52 + “ + 5X5[ “ 55[ + 5P (1)

Using this method we intend to build an empirical model from the data and use
this model for prediction and forecast. In our scenario dengue incidences are
dependent variables and weather parameters i.e., maximum temperature and
rainfall are independent variables. Due to high correlation and co-linearity between
maximum temperature, minimum temperature and average temperature, latter
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two are excluded from the independent variable set (Karim et al., 2012). As our
objective is to identify an outbreak, we are interested in peaks and dips over
seasons. Hence before supplying data as input, spline smoothing is applied on data
to smoothen irregularities within a season. Since it may take around 45 days for a
mosquito to complete its life cycle and reach the adult stage, the lag of 2 months
is projected between dengue cases and weather parameters (Nakhapakorn and
Tripathi, 2005). This data is supplied to R in CSV format and an empirical model is
developed for temporal prediction. This model is further refined to predict the
spatial distribution of these into Delhi zones. First, we have calculated maximum
temperature, rainfall and fraction of cases in each zone. Maximum temperature
and rainfall are calculated from AWS data using IDW and Thiessen polygon. Fraction
of cases is calculated as per the ratio of cases in each zone to total cases in Delhi.
The refined model has two components: global trend and local trend. The global
trend is calculated from the total number of cases predicted for Delhi by multiplying
this number and fraction of cases for each zone. Local trend is calculated from the
zone wise weather data using the developed empirical model. The empirical model
is multiplied by fraction of cases to get the local trend. Finally, the average of
global and local component is taken. Figure 2 gives the schematic diagram of the
aforementioned method.

2.3.2 Naïve Bayes Approach: Naïve Bayes technique is a data mining technique
which belongs to the probabilistic classifier. Naïve Bayes is widely used in text
classification tasks and it assumes that the attributes are distributed independently
(Lewis, 1998). It is based on the Bayes’ theorem which is as follow:

The dataset is divided into training and test datasets to detect the outbreak.
Maximum temperature, rainfall, relative humidity and population density are used
as attributes. From the data, the outbreak is defined as 97 or more cases per
1000,000 population. According to this definition, training dataset has been classified
and given as input to Naïve Bayes. The Naïve Bayes technique is chosen due to its
efficiency of parameter estimation from small datasets (Kumar and Vijayalakshmi,
2012).
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2.3.3 Spherical K-means Clustering: Spherical k-means, commonly used for
clustering text documents, uses cosine distance for proximity measure to cluster
directional data (Hornik et al., 2012). A case vector can be formulated for each
zone from the temporal data of dengue case incidences on which spherical k-
means clustering can be applied. The idea is that the case vector for each zone
gives a particular direction. Cosine similarity measure, when applied to these
vectors, can give the distance between these vectors. Using this distance matrix
similarity between zones can be calculated. Using this similarity these zones can
be grouped according to their transmission patterns.

Fig. 3: Result of Elbow Method

From the zone-wise yearly data of dengue incidences during 2009 to 2013 and
2015, the case vectors for each zone are formulated. These vectors are given as
input to spherical k-means clustering algorithm. Skmeans package from R-software
is used to perform clustering. From the elbow method, number of clusters are
determined. From the elbow method, number of clusters are determined. Figure
3 shows the diagram of elbow method. As it can be observed from the figure 3, the
angle is formed at the number of cluster 2. This implies that more than two clusters
will not add much information as the sum of square error has become steady after
that. Here out of 12 zones in Delhi, only 9 zones are considered according to data
availability.
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3. RESULTS AND DISCUSSION

3.1 Multi-Variate Regression Analysis

Multi-variate regression analysis has provided the relation between dengue and
maximum temperature and rainfall. The models were retrospectively validated.
The temporal data of 2006-2012 was given for training and 2013-2015 was used for
prediction.

Fig. 4. Residual Plots of Regression Models: (a) Model with Degrees of
Freedom 12 (b) Model with Degrees of Freedom 3

We had taken various degrees of freedom (3, 6, 9 and 12) for spline smoothing.
The following Table 3 gives the adjusted R-squared values for various degrees of
freedom. The models with degrees of freedom 3 and 9 failed in generalizing the
model for test data. The model with degrees of freedom 6 gave good results, but
the adjusted R-squared value for this model was very low. The model with 12 degrees
of freedom gave good adjusted R-squared value and results. In Table 3 we notice
that the model with degrees of freedom 3 has higher adjusted R-squared value.
Figure 4 explains why the model with degrees of freedom 12 is better than this
model. Figure 4 gives the residual plots of models with degrees of 12 in Figure 4(a)
and degrees of freedom 3 in Figure 4(b). The perfect regression model will fit a
flat line through this scatter plot. We want this line (represented by solid line) to
be as flat as possible and it is clear that model with degrees of freedom 12 achieves
this condition better. Hence, it was chosen for spline smoothing the training data.
Figure 5 shows the regression plot of linear and quadratic model.
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Table 3: Adjusted R-squared Values for Various Models

Adjusted R-squared
Degrees of
Freedom Linear Model Quadratic Model

3 0.64 0.64

6 0.21 0.27

9 0.49 0.60

12 0.54 0.62

We had taken various degrees of freedom (3, 6, 9 and 12) for spline smoothing. The
following Table 3 gives the adjusted R-squared values for various degrees of freedom.
The adjusted R-squared value for the model with degrees of freedom 6 was very
low. The model with 12 degrees of freedom gave good adjusted R-squared value
and results. in Table 3 we notice that the model with degrees of freedom 3 has higher
adjusted R-squared value. Figure 4 explains why the model with degrees of freedom
12 is better than this model. However it failed to generalize the test data same as
model with degree of freedom 9. Figure 4 gives the residual plots of models with
degrees of 12 in Figure 4(a) and degrees of freedom 3 in Figure 4(b). The perfect
regression model will fit a flat line through this scater plot. We want this line (represented
by solid line) to be as flat as possible and it is clear that model with degrees of freedom
12 achieves this condition better. Hence, it was chosen for spline smoothing the training
data. Figure 5 shows the regression plot of linear and quadratic model.

As we can see from the graph (Figure 5), the quadratic model can explain the peak
in data better than the linear model. These peaks are very necessary as they
represent the outbreak. Also, the adjusted R-squared of linear and quadratic models
are 0.54 and 0.62 respectively. We have chosen the quadratic model due to its
higher adjusted R-squared and better results. The model equation is,

5P = [0.044 “ (5F(5_)) ] ” [0.018 “ (5F(5a)) ] ” 14.327 (3)

Where c = dengue cases
t = average of daily maximum temperature r = monthly total rainfall
S (t) = cubic spline smoothing of temp
S (r) = cubic spline smoothing of rain
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Fig. 5. Regression plot in R

Fig. 6: Prediction Results for 2013
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Fig. 7: Prediction Results for 2014

Fig. 8: Prediction Results for 2015

The graphs in figure 6, 7 and 8 compares the prediction result from model equation
(3) and actual results. These predictions are for entire Delhi. It is observed in the
graphs that although the predicted number of cases deviate from the actual number
of cases, the trend followed in the cases is near to the actual trend. For the year
2014, the results seem to be off-trend and over-predicted. Yet, it is clear that the
predicted cases are low when compared to the neighboring years 2013 and 2015.
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This shows that the model is successful in predicting a dip and rise in dengue cases
over the years, which is very crucial in predicting an outbreak.

3.1.1 Zone wise prediction of Dengue Cases: As mentioned earlier, the modified
model was used to predict the zone wise case of Delhi as well. For zone wise
prediction of dengue cases the model was refined for local trend prediction as,

5P = 5P5S “ [{{0.044 “ (5F(5_))2} “ 0.018 “ (5F(5a))2} “ 14.33] (4)

Where cf = fraction of cases for each zone

c = dengue cases per zone

t = zone wise average of daily maximum temperature

r = zone wise monthly rainfall

S (t) = cubic spline smoothing of temp

S (r) = cubic spline smoothing of rain

Table 4: Fraction of cases for each zone

Zone Fraction of Cases

Central 0.095

Civil Line 0.069

Delhi City 0.023

Karolbagh 0.068

Najafgarh 0.093

Narela 0.033

Rohini 0.11

South 0.094

West 0.093

Table 4 gives the fraction of cases for each zone (value of cf in Equation 4). Figure
9 shows the yearly trend for the predicted and the actual dengue cases in all
zones. Figure 10 shows the predicted and actual dengue heat maps for Delhi for
the years 2011, 2012 and 2015 respectively
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Fig. 9: Zone wise Prediction (a) Central (b) Civil Line (c) Delhi City
(d) Karolbagh (e) Najafgarh (f) Narela (g) Rohini (h) South (i) West
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Fig. 10: Dengue Heatmaps for Delhi. These maps are the prediction result from
our model and recorded cases in Delhi in the following order: (a) Dengue

Prediction for 2011 (b) Dengue Prediction for 2012 (c) Dengue Prediction for
2015 (d) Dengue Recorded Cases for 2015
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3.2 Naïve Bayes

The Naïve Bayes model classified zones of Delhi into outbreak and non-outbreak
zones using maximum temperature, relative humidity, rainfall, and population
density. Out of 9 zones, for which data is available, 6 zones are used for training
and 3 zones are used for validation for the years 2011, 2012 and 2015. Table-5
shows the table of confusion. The table -6 shows the classification result for test
data.

Table 5: Confusion Matrix for Naïve Bayes Results

True Class

Outbreak Non-outbreak

Predicted Class Outbreak 4 1

Non-outbreak 0 4

Table 6: Naïve Bayes Classification Result

Year Zone Predicted Class Actual Class

2011 Rohini Non-outbreak Non-outbreak

2011 South Outbreak Non-outbreak

2011 West Non-outbreak Non-outbreak

2012 Rohini Non-outbreak Non-outbreak

2012 South Outbreak Outbreak

2012 West Non-outbreak Non-outbreak

2015 Rohini Outbreak Outbreak

2015 South Outbreak Outbreak

2015 West Outbreak Outbreak

3.3 Spherical k-means Cluster Analysis

Figure 11 shows the cluster analysis result. Here the numbers are indices of zones.
Table 7 gives the distribution of zones into two clusters. The number of clusters is
decided from elbow method (figure 3) and hence, two clusters are formed. This
cluster analysis explains 73.61% of total variance.
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Fig. 11: Cluster Plot of Spherical k-means

Table 7: Zones in each cluster

Cluster Zones

Cluster 1 Narela, Delhi City, Najafgarh, Karolbagh

Cluster 2 Rohini, Civil Lines, Central, South, West

3.4 Discussion

Our study has implemented two methods for dengue outbreak detection using
weather parameters. Both methods have shown that there is a strong influence of
weather parameters in shaping dengue cases. Results have identified the relation
between dengue and weather parameters. Initially, through regression analysis,
the significance of relative humidity was not identified. The method successfully
modeled the effects of maximum temperature and rainfall. Application of Naïve
Bayes was useful in overcoming this limitation. Naïve Bayes incorporated effects
of relative humidity and population density. Following figures 13, 14 and 15 show
the variation in these weather parameters with variation in dengue cases. All these
graphs have lag period 2 months. As we can see in figures 13 and 14, the dip in
maximum temperature and relative humidity and peak in dengue cases coincides.
Dengue cases are reported during and after monsoon season – August to November.
During this time maximum temperature starts to drop and is around 20 -250C. At
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temperature below 14-150C survival of mosquitoes and their eggs becomes difficult
(Brady et al., 2013). Hence, as temperature continues to drop, there is a decline in
dengue cases towards the end of November. As monsoon starts, relative humidity
starts increasing which has dropped to 50-60% during summer. Similarly, from the
graph of figure 15, there is strong pattern visible between dengue cases and rainfall.
The years 2006, 2011, 2013 and 2015 have been the dengue outbreak years. In the
graph, it is visible that these years have a sudden increase in rainfall (> 300 mm).
These might have facilitated mosquito breeding resulting in a higher number of
cases.

Fig. 12: Maximum Temperature and Dengue Cases

Fig. 13: Relative Humidity and Dengue Cases
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Fig. 14: Rainfall and Dengue Cases

These relations of dengue with weather variables represents the effects of weather
parameters in shaping the dengue cases which is our main objective. As pointed
out by (Hales et al., 2002), high rainfall and temperature lead to high vapor pressure,
a condition favorable for breeding and survival of mosquitoes. To control the dengue
vector control measures become obligatory as no vaccine is yet available for dengue
and the poor weather conditions make this a difficult process (Hales et al., 2002).
This modelled relation will, however, allow estimation of these effects by weather
parameters to some extent. These relations tell us that sudden and high rainfall
with total rainfall >300 mm accompanied with the maximum temperature around
30-35 0C and high relative humidity are the ideal conditions for dengue cases to
spread. When these conditions are satisfied, there is a high probability of a large
number of reported dengue cases and if no precautions are taken, then the spread
can result in an outbreak.
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Fig. 15: Transmission Zones

Apart from this, our cluster analysis has grouped the Delhi zones into the transmission
zones. Figure 16 shows the map of transmission zones clustered using spherical k-
means algorithm. The Cluster 2 is significant because the zones in cluster 2 report
a high number of dengue cases. Since these are neighboring zones, movement of
infected people between these zones can be one of the causes of high vulnerability
in these zones. These zones are prone to spread of dengue whenever the weather
conditions facilitate the mosquito breeding and hence require high precaution
during monsoon season. Cluster 1, on the other hand, is less vulnerable according
to historical data.

3.5 CONCLUSION

Our study describes the relationship between weather parameters and dengue
incidences. We have used regression and Naïve Bayes to identify this relationship.
Here, the advantage of Naïve Bayes is that it was able to identify significance of
relative humidity and population density which regression analysis could not. Another
advantage is that Naïve Bayes can easily adapt to new data because it incorporates
the effects of population as well as area in the form of population density. The
regression model, on the other hand, is highly dependent on the training data and
for different region different relationship can exist. One disadvantage of Naïve
Bayes is that it works well with a small dataset. Considering our application and
data availability either of the approach can be used to model the relationship.
Using this relationship an early warning system can be developed which can allow
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decision makers to take important decisions to prevent and control dengue outbreaks.
Also, the cluster analysis showed the zones which are similar in dengue transmission
pattern. This analysis grouped highly vulnerable zones into one cluster and others
in another cluster. From these results transmission zone map is prepared which
can guide and further be used to analyze the high reporting of dengue incidences in
some zones.

Data scarcity was the biggest challenge of this study. The zone wise aggregated
cases were available but their geographical distribution in the form of coordinates
was not available and therefore our study was limited to few zones. Other
parameters like immunity, the serotype of dengue, demographics are also substantial
which are not modeled due to unavailability. If these parameters are also
incorporated in the study, it would provide better prediction and help to remove
the deviations currently present
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Abstract

The wireless body sensors and the evolution of wireless technology play a vital role in
monitoring the health of the patients remotely. Remote healthcare systems help to monitor
the health of the patients continuously without any disturbance in day-to-day life of the
patient, irrespective of their location. Quality of healthcare is improved by continuous
data collection & monitoring and timely alert generation. In remote healthcare, patient
data are collected from various body sensors and from multiple patients simultaneously
which is huge in terms of volume. This demands the use of cloud to facilitate scalability,
efficient data storage with low maintenance and operational cost. This paper proposes an
Intelligent Personalized Remote Health Monitoring System (IPRHMS) which collects the
vital health parameters and the activities of the patient in a mobile device and efficiently
monitors and detects the abnormality in vital health parameters using soft computing
based personalization. When an abnormality in health status is detected, it is further
confirmed with activities data and an alert is generated to the doctor and the caretaker
using a priority based scheduler which provides health services to the patients based on
severity level of the vital parameters with minimum waiting time in the cloud environment.
The proposed Intelligent Personalized Remote Health Monitoring System is implemented
using PHP scripting and Java, deployed and tested in a private cloud environment. The
experimental results show that the proposed system accurately determines the abnormalities
in the vital health parameter values of the patient in real time.
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1.   INTRODUCTION

Technology advancement in wireless sensor devices, communication, storage,
processing and machine learning methodologies pave the way for monitoring the
health status of a patient or an elderly person regularly and remotely [1]. Manual
data entry of patient chart sheets needs more space, manpower and is not efficient.
Many diseases are curable when they are detected early and they require regular
monitoring of health status of the patient and this is achieved by remote health
monitoring. The cutting-edge technologies like cloud computing [2] and wireless
technologies [3] make remote health monitoring into an intelligent remote health
monitoring system [4]. Today, several remote health monitoring systems [5] have
been proposed and implemented for abnormality detection in vital health
parameters. The important criteria in designing such a remote health monitoring
system is to reduce the false alarm rate and the turnaround time for alert
notification.

Storage, processing and retrieval of healthcare information are referred as Health
Information Technology (HIT) [6]. In early days, a dedicated server is used in hospital
for healthcare application development and deployment. Existing HIT applications
suffer from drawbacks such as unavailability of data access facility anywhere,
anytime, no huge data storage facility to provide on time services to the seriously
ill patients, non-categorization of data requests, and absence of prioritization with
abnormality. Nowadays, Cloud servers provide a cost-effective solution for HIT,
facilitates big data analytics.

A cloud server provides more resources, storage flexibility than dedicated server.
Upgradation of hardware, software or the OS takes a longer time in dedicated
server, whereas in cloud server upgradation, auto scaling, auto- management can
be easily done through the community driven open developed Application
Programming Interface (API). Both IOS and Android OS are compatible with cloud
server, but in the case of dedicated server the compatibility can be achieved only
through manual process. Agility and ability are the two commonly cited benefits of
cloud environment. Apart from these above said benefits, a cloud server allows to
host an application on a virtualized environment which is managed by a cloud
hosting provider. In cloud computing, a number of local clouds can be provided for
extended services based on the resources usage and duration factor. This ensures
the scalability and the customization in both categories such as data and
functionality. Integration of healthcare with cloud computing is the recent area of
interest among researchers, that identified to solve the above cited issues by offering
other valuable advantages like,

1. Integration of health data from different sources like wearable sensors, Smart-
phones into a unified nomenclature.
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2. Simpler way of accessing the stored health data in the cloud.

3. Systematic analysis of massive physiological health data accumulated in the
cloud.

4. Scalable and flexible health-care services over the Internet and enhance the
user experience by means of providing on-demand services.

The cloud computing architecture is divided into three architectural layers: SaaS
(Software as a Service), PaaS (Platform as a Service) and IaaS (Infrastructure as a
Service) with commonly used three models of deployment i.e. Private, Public and
Community [7]. On an operational perspective, a cloud server can offer better
privacy and security control for health data by including data encryption, fine
grained access control and access logging. Adoption of cloud computing in healthcare
industry expands the usage of healthcare devices and it allows storing and analyzing
massive amount of information.

In the proposed Intelligent Personalized Remote Health Monitoring System (IPRHMS)
the vital health parameters such as Heart Rate(HR), Respiration Rate(RR), Blood
Pressure(BP), Oxygen saturation level in blood (SpO2) and electrical activity of the
heart (ECG) are considered for computing the early warning score of the monitored
person. Along with this, the fall of the monitored person is also taken into account
for further confirmation of abnormality since the vital health parameters such as
HR, RR, BP varies with differnt activities like sleeping, walking etc. The body sensor
network monitors the patient or old age people health continuously without
disturbing their daily life. This could be done remotely and the wearable sensors
collect the vital health parameters. Each body worn wearable sensor device consists
of their own power supply and data storage unit. The sensed data is transmitted
via Bluetooth or Wi-Fi to the cloud server. Since the system is designed to monitor
the vital health parameter continuously, it requires high end storage and processing
server.

All the above mentioned features of the cloud server enables the IPRHMS to be
build on the cloud environment. The proposed IPRHMS creates a platform for Health
Service Application (HSA) along with testing process in the cloud server. A seperate
private cloud server (IaaS) has been developed for the IPRHMS with necessary
security. IPRHMS allows the monitored patient or the elderly people to move
anywhere freely without restricting them within a limited space. Location and
activity (sit, stand, walk, fall & lay) information from the monitored person’s mobile
device is also sent along with vital health parameters to the cloud server. This
ensures that the patient is quickly reachable without any delay during emergency
period using the location information.

This paper proposed an intelligent remote health monitoring system by incorporating
personalization, activity recognition, optimization for reducing the false alarm
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rate and cloud computing to reduce turnaround time. After a brief introduction in
section 1, the remainder of this paper is structured as follows: section 2 presents
the related work in remote healthcare and their implementation using wearable
sensor devices. Section 3 discusses about the proposed IPRHMS. Section 4 presents
the real-time implementation and section 5 presents the results cum discussion
with overall performance analysis. Finally, section 6 deals with the conclusion and
the future work.

2.  RELATED WORK

One of the important criteria in healthcare applications using wireless sensor network
is to improve the quality and performance of the entire model. The fundamental
difficulty of using heterogeneous sensor is that the sensed data generated from
each biosensor has distinct statistical features and requires several kinds of analytical
techniques to handle those sensed data. Machine learning and data mining
approaches will provide the necessary solution to extract useful information
automatically from such distinct features. Most of the abnormality detection models
consider pattern learning approaches on vital health parameters. Supervised learning
classification models such as Neural Network [8], Decision Trees [9] and Hidden
Markov Model [10] etc., are generally used to improve the classification accuracy
and for better decision making. Figure 1 shows the taxonomy of remote health
monitoring system.

Pantelopouloset et al., [11] discuss the achievements in wearable health monitoring
system and their paper provides an overall study about remote health monitoring
system. Lei Clifton et al., [12] presented a detailed study on principle of machine
learning approaches for large quantity of continuously receiving data and provided
an early warning during critical situation. This model uses Bayesian Belief for
classification and one-class SVM for optimization of sensed health data. Wigg’s et
al., [13] proposed a methodology for health service application which combines
Bayesian Classifier and Greedy Hill-climb search for classifying the ECG signal
features obtained from the patient based on their age. The extracted ECG features
are transformed into numerical values in order to perform classification and the
evolutionary algorithm discovers the network structure.

Madumita et al., [14] proposed a methodology by integrating Binary Decision Tree
(BDT) with Genetic Algorithm for heterogeneous health data classification. The
BDT is responsible for generating rules by extracting significant features from the
training dataset. But the increased number of rules can affect the classifier
performance and hence Genetic Algorithm is used to reduce the number of rules by
selecting the optimized rules based on its fitness value. Chhaily Mounet et al., [15]
proposed a cost effective real-time localization for an outdoor environment. The
fundamental objective is to identify the user using a nearby well-known structure
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or building with the help of Smartphone camera and GPS. Juan et al., [16] designed
and implemented an affordable Positioning and Tracking system using Smartphone
GPS. Here the user location is acquired using GPS value and the user is tracked by
sending the SMS/MMS to the concerned monitoring application.

Vignesh et al., [17] proposes a Genetic approach based health-care system to detect
abnormality. The system uses the Genetic Algorithm to represent the abnormality
class of each vital parameter as chromosome and apply fitness computation to the
formulated chromosome in order to determine the severity level of the vital health
parameter. Based on the severity level, the system generates alerts to doctors /
caregiver. Though the system provides reliable solution, it has high false alarm
rate as the system is designed to detect abnormality with generic or normal ranges
of vital health parameters. In real scenario, those ranges have high jitters for each
individual patient with respect to his / her health condition. Zhang XM et al., [18]
proposed Support Vector Machine (SVM) classifier to identify the normal and
abnormal ECG patterns such as arrhythmia and gastritis. However, unlike other
classifiers SVM cannot find unexpected information from the unlabeled data.

Fig. 1: Taxonomy of Remote Health Monitoring System

Bagula et al., [19] proposed a cyber-healthcare system that illustrates the situation
recognition using Cloud based IOT framework. The main focus of their paper is to
prioritize the patient handling process by means of K-means clustering. The system
is made adaptive by using multivariate linear regression that carried out the error
correction. Kirthana et al., [20] proposed an Online Incremental Learning Algorithm
(OILA) to monitor and process health parameters in a regular manner. The OILA
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computes the abnormality of a person using regression approach for the incoming
on-stream data. The system is more adaptive and tries to reduce the classification
error by means of feedback mechanism. Their paper does not consider the activity
of the monitored person which has a high impact on the Heart Rate, Blood Pressure
and Respiration Rate.

The importance of Cloud computing techniques in health care domain can play a
major role in providing services like disaster recovery, scaling the application,
affordable cost, storing huge volume of information etc. Dalia Sobhy et al., [21]
proposed a scalable platform using Cloud environment for the healthcare application
which combines the services of Hadoop along with interactive web portal. J. H.
Abawajy et al., [22] proposed a Health Monitoring System (HMS) by combining
Internet of Things (IoT), Cloud and wireless technologies. This framework is validated
using the real time ECG data obtained from the patient suffering from congestive
heart failure and verifies the effectiveness of the developed system. Dragorad et
al., [23] proposed the survey of IoT for healthcare application related to services
application, security and technologies. The key ideas represent the combination of
strong synergy of IoT, cloud computing and wireless technologies for efficient and
high quality remote patient health monitoring.

Haluk Demirkan et al., [24] proposed a smart healthcare system to improve the
healthcare service quality in an affordable range. This model gives the systematic
overview of how the body sensors, mobile phone and the Cloud environment together
enabled to provide a sustainable health service with minimal risk and infrastructure
setup cost. Indumathy N et al., [25] proposed a continuous patient tracking system
by integrating the sensor with Cloud technology. The system is capable of receiving
the physiological health data from sensors and transmits the data to the Cloud that
facilitates doctor to access their patient record from anywhere using internet.

Scheduling alert for critical patient in a multipatient environment faces several
challenges in real time such as on time alert, focusing most critical patient,
improving system performance etc. Chandra Shekar N et al., [26] describes the
impact of turnaround time and waiting time for First Come First Serve (FCFS) and
Shortest Job First (SJF) scheduling algorithm when more number of process has the
same priority levels. Its performance analysis reflect’s that the time complexity is
significantly reduced in priority based FCFS and SJF with respect to different test
cases. Darshan Upadhyay et al., [27] describes how the scheduler works for different
requests. In Open Nebula Cloud environment, the scheduler is responsible for
allocating virtual machine to a particular patient. Here, Open Nebula uses match
making scheduling algorithm that incorporates various policies for allocating
resource to a virtual machine. Tawfeek M.A et al., [28] proposed solution to one of
the fundamental issues in NP-hard optimization problem in cloud. Their solution
uses ant colony optimization algorithm which is a random optimization approach
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for allocating the incoming jobs to the virtual machine. Their experimental results
outperformed FCFS and round robin algorithm.

Tian W et al., [29] proposed two level task scheduling schemes based on load
balancing algorithm. User applications are assigned to virtual machines and in second
level, proper host resource is provided to virtual machine. However, this algorithm
does not consider the network bandwidth and the usage of resources for each task.
Non-linear programming model was proposed to reduce the cost of the data transfer
and task execution time. Even though their algorithm takes less time to execute,
the total time of execution of all tasks is more because of the communication
overhead.

Sweetlin et al., [30] proposed a technique for abnormality detection by integrating
data mining with the outlier detection algorithm. The proposed technique operates
in two levels. At first level, the sliding window is used to limit the data taken from
the dataset and from the observed window the rare pattern is chosen. In the second
level, for each rare pattern Minimal Infrequent Pattern based Outlier Detection
(MIPFOD) algorithm is performed to capture the variation between support and the
user defined threshold. From the summation of all MIPFOD for each transaction,
the outliers are found which ascertain the fall. This proposed system needs to
transform the actual dataset to binary dataset. Adhithyan et al, [31] proposed an
incremental learning technique using SVM classifier for human activity recognition.
However, this method uses less dataset for training and computationally expensive.
Karantonis et al, [32] designed a wearable system with signal processing unit and
tri-axial accelerometer. The sensed signal from the accelerometer is processed
and analyzed using simple threshold detection technique.

Divya poorani et al., [33] proposed an automatic fall detection mechanism for
elderly people using ANFIS (Adaptive Neuro Fuzzy Inference System). The proposed
system combines Fuzzy Logic and Neural Network to make more reliable decision
on fall. Here, the fuzzy logic is used to handle the uncertainty and Neural Network
is used for real time environment learning. Sweetlin et al., [34] proposed a human
fall detection model using frequency bit pattern based association rules. The model
considers the association between the patterns while classifying the input dataset.
The proposed model uses the 3-axial accelerometer data for generating the activity
patterns and the frequency between the pattern is considered that separates the
fall from all other activities.

A comprehensive survey on the methodologies that has been adapted for the existing
healthcare system reveals that all the aforementioned models fail to process on-
stream data, to handle personalization of health data which reflects in high false
alarm rate. In order to provide a reliable, high storage environment for sensed
data an efficient patient monitoring system has been proposed using soft computing
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methods. The proposed approach is different from the above listed works and here
the abnormality detection is based on unique personalized severity class labels for
each patient.

3. PROPOSED IPRHMS MODEL

The primary focus of the IPRHMS is to design a cloud based health monitoring
system that continuously collects the five vital health parameters along with the
activity data of the monitored person using the three wearable sensor devices i.e.
Zephyr BioHarness 3 (HR, RR and ECG, X, Y & Z Coordinate values), wrist worn BP
device (BP- Systole and Diastole) and Nonin pulse oximeter (SpO2). The collected
vital health and activity data are sent to the monitored person’s mobile phone
through Bluetooth. From the mobile application, the sensed data along with the
location and activity information are transferred to the cloud server using Wi-Fi or
mobile internet for further data processing. In cloud server the incoming data is
processed such as generic data labeling as per age and gender, personalizing the
health data for each individual and finally, detecting the abnormality of the
monitored person. Whenever abnormality is detected in the monitored person’s
health, the system generates an alert and sends this notification in the form of
voice message to the doctor and the care taker. The web portal allows the doctor
and the patients to check the patient’s health status whenever needed and wherever
they are. Figure 2 shows the overall architecture of the proposed IPRHMS system.

3.1. Patient data Collection

The bio and the body worn sensors play important role in the remote healthcare
monitoring applications. In IPRHMS, the small yet powerful wireless three wearable
sensors connected with the cloud server collect the patient’s vital health parameters
and the collected sensor data is denoted as S = {S1, S2, S3}. Each wearable body
sensor is enabled with Bluetooth in order to forward the sensed information to the
respective patient’s personal mobile phone. The deployed activity recognition
module using ANFIS in the mobile phone recognizes the current activity of the
person with the available sensed data (X, Y & Z co-ordinate values) from the weareble
sensors.
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Fig. 2: Proposed IPRHMS Architecture

Location information of the pateint is directly available from the mobile phone
and all these information (vital health data, activity data & location data) are
passed to the cloud server using Wi-Fi or mobile network. Figure 3 shows the
collection of physiological and activity data using wearable sensors.

Fig. 3: Wearable Sensors for Collecting Vital Health and Activity Data

1. Zephyr Bio Harness 3 Sensor (S1) Measures Heart Rate (HR), Respiration Rate
(RR), Electro Cardio Gram (ECG) and Accelerometer values such as X, Y and Z
coordinates by wearing in the chest.
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2. Blood Pressure Sensor (S2) measures systolic and diastolic pressure in blood by
wearing in the wrist.

3. Nonin Oximeter Sensor (S3) measures percentage of oxygen saturation (SpO2) in
blood by wearing in the tip of index finger.

4. Smartphone used to obtain Geo-Spatial Information i.e. Latitude and Longitude
of the monitored person’s current location.

The data transmission rate for zephyr bio-harness 3 is listed in Table 1. The
acceptable ranges of the vital health parameters, location and accelerometer details
that are transmitted to the cloud server are given in the Table 2.

Table 1: Sampling Rate for Zephyr Bio Harness Sensor

In built sensors Sampling Rate Data Rate Data / Packet

Electrocardiogramsensor 4ms/data 252 ms/data packet 63

Heart ratesensor 56ms/data 1s/data packet 18

Accelerometersensor 20ms/data 400 ms/data packet 20

Breathing ratesensor 56ms/data 1s/data packet 18

Table 2: General Acceptable Ranges of Physiological Health
Parameters, Accelerometer and Location.

Health Attribute Definition Acceptable Ranges

Heart Rate (HR) Frequency of cardiac cycle 60 – 100 Beats/minute

Respiration rate (RR) Breathing Rate 16 – 20 Breaths/Minute

Electro Cardio Electrical activity of Heart Frequency: 0.5Hz – 100
Gram (ECG) HzAmplitude: 0.25 – 1mV

Dissolved oxygen (SpO2) Amount of Oxygen in the blood 95 – 100 %

Blood Pressure (BP) The pressure of the blood in the Systolic: 100-150 mmHg
circulatory system Diastolic: 40-90 mmHg

Accelerometer The minimum and the maximum X-axis: (-4 , 1.6)
coordinate values for sit, stand, Y-axis: (-3.5 , 2.5)
walk, fall & lay. Z-axis: (-4, 2.5)

Latitude The distance of a person located 0 degree to (+/-)
in north or south directions from 90 degree
the equator.

Longitude The distance of a person located 0 degree to (+/-)
in east or west directions from 180 degree
the equator.
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3.2. Cloud based IPRHMS Framework

An IPRHMS application inside the cloud server is initially trained using supervised
learning techniques such as Naive Bayes (NB) and Bayesian Belief Network (BBN) to
classify the vital health parameters (HR, RR, BP & ECG) into one of the five severity
classes namely Very Low (VL), Low (L), Normal (N), High (H) and Very High (VH) and
the dissolved oxygen in the blood (SpO2) into Very Low (VL), Low (L) and Normal (N)
to provide a generic severity class labels as per the age and gender. Algorithm of
the IPRHM in the cloud server is presented in Table 3. In the testing phase, on-
stream data obtained from the monitored patient is passed to NB, BBN and Adaptive
K-means (AKM) classifiers. NB and BBN provide a generic severity classes for each
vital health parameter based on age and gender of the patient. In order to make
the system more personalized, an unsupervised learning technique called Adaptive
K-means is used to form clusters for each severity class of the vital health parameter
received from the wearable sensors. Over a period of time, the personalized range
for each vital health parameter is updated in the training dataset and this ensures
the adaptability of the system and makes the system intelligent. This personalized
health data is then passed to the Genetic Algorithm (GA) to get the correct severity
index. GA encodes the vital health parameter classes into chromosomes and
calculates the fitness value or overall abnormality (Ao) by considering both the risk
factor and the criticality index of each vital health parameter.

Fig. 4: Priority Scheduler Model
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Table 3: IPRHM Algorithm in the Cloud Server

Algorithm for IPRHM in the cloud server

Input: Wearable sensor readings S1 (HR, RR ECG & X, Y , Z
Coordinate values), S2 (BP) & S3 ( SpO2)

Output: Health Status Normal(N), Abnormal(AB)

Prerequisites:
1. Turn ON Bluetooth and GPS in patient mobile phone.
2. Pair all three wearable sensor devices via Bluetooth.
3. Enable mobile data or Wi-Fi in patient mobile phone.

Process:
Begin
For each patient data ! {S1, S2, S3} do

// Patient side process - Data Collection
     Vital health values, activity and location data from

 mobile phone ! cloud server via mobile data or Wi-Fi
// Server Side process - Training Phase

 Train NB and BBN to classify vital health values Severity
 class labels {VL, L, N, H, VH} based on age and gender

 // Both Patient and Server side Process - Testing Phase
 On-stream vital health data from the patient ! NB, BBN and AKM.
 NB + BBN ! Generic severity class label for each patient
 do
 // Personalization

 AKM ! Personalized severity class labels of each
 individual over a period of time.

 // If any changes in the severity levels over a period of time
 then update the changes in NB and BBN results.

 end if
 end for

 // Optimization
 Chromosome generation ! each vital health parameter
 based on AKM personalized severity level
 Population pool ! Generate random population from
 patient past history.

Repeat
Perform crossover for each chromosome pair
Assign weight Wi ! {HR,RR,BP, ECG, SpO2} as
{9,4,1,4,9}
 Assign Criticality index Ci ! {VL, L, N, H, VH} as
 {4,2,1,2,4}
 Calculate Overall Abnormality Ao ! for each generated
 Offspring

Until optimized result obtained
if

 calculated current Ao exceeds the predefined normal
 status threshold limit ! alert doctor and care taker
 through scheduler

else
 continue with next patient data
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A scheduler carries out the scheduling activity in the cloud server. Figure 4 shows
the priority scheduler model used in the cloud. It allows multiple users to share the
system resources effectively and tries to achieve a good quality of service. For
each doctor separate dynamic scheduler is created which is assigned with a priority
level High(H), Medium(M) and Low(L) for each abnormal health record that are
generated from GA module based on their severity index value and it is shown in
Table 4. These prioritized abnormal health records are then passed to the scheduler
queue and alert messages are generated for the twenty high priority abnormality
health records. These messages are sent to the respective doctors and caretakers.

Table 4: Priority Level based on Severity Index

Severity Index Percentage of abnormality Priority Level

>4 100% abnormality H

4e”3 70 -90% abnormality M

3>1.9 50 – 60% abnormality L

3.3. Patient Monitoring GUI

Doctor / Medical Expert can regularly check the patient health records in their
smart phones using the android application developed for them. A web portal has
been developed for IPRHMS through which an authorized doctor can access their
patient’s health information. Similarly, an authorized patient can use this web
portal to view his / her health data, to check the doctor’s availability, to book an
appointment etc.

4. IMPLEMENTATION

This section describes the practical implementation of the IPRHMS which includes
the health records of thousand patients under different age group and gender. For
validation purpose, the proposed IPRHMS has been tested in Health Centre at Madras
Institute of Technology (Anna University) with the doctor’s guidance. Twenty doctors
are assigned and each doctor is assigned with 50 patients. Bluetooth enabled
wearable sensor devices were worn by the patients to get the vital health data
with an observation period of 5 -10 minutes. Figure 5 depicts the collection of vital
health data from a patient and Figure 6 depicts the corresponding patient’s
personalized severity values over a time period which has been plotted as box
plots. The collected sensed data from the monitored patient has been moved to
the patient’s mobile phone at the rate of 2.2 seconds per packet, with each packet
consisting of vital health parameter values and accelerometer readings.
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Fig. 5: Collection of Vital Health Data

Fig. 6: Box Plots Depicts the Statistical Data of a Patient over a Period of Time

The current location information of the patient is available from the mobile phone
of the patient which is used to track him / her. From the X, Y & Z coordinate
values, the activity of the monitored person is recognized and along with the vital
health data, the recognized activity and location information also been sent to the
cloud server for next level of data processing. Fig. 7 depicts the implementation of
IPRHMS.

In cloud, IPRHMS is formulated and deployed in an open-source management platform
called Open Nebula. It integrates the existing virtualization technologies with
significant features for automatic distribution and provides a good elasticity that
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helps to build the private, public and hybrid cloud. IPRHMS is installed with Open
Nebula 4.12 in Ubuntu 14.04 as the operating system with KVM hypervisor. The
default database for Open Nebula is SQLite which is not suitable for large scale
deployment. Hence IPRHMS maintains its data in MySQL instead of SQLite. Open
Nebula functionalities are accessed using Java Open Nebula Cloud API (Java OCA).
The configuration details of cloud infrastructure (IaaS) are given in Table 5.

Fig. 7: Implementation of IPRHMS
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Table 5: Configuration Details of Cloud Infrastructure (IaaS)

Environment Description

Private Cloud Open-Nebula 4.12

Virtual Machine OS Ubuntu Server 14.04

Virtual Host Local Host (127.0.0.1)

Hyper visor KVM

Data Store System Data-store

Virtual Network 203.153.34.253 (Public IP)

Web Server Apache

Database MySQL

5. RESULTS & DISCUSSION

The deployed application performs data analysis and determines the abnormality
on those collected health data. Whenever an abnormality is detected it is confirmed
with activity data and the health record is given to the corresponding scheduler of
the patient’s doctor. The priority scheduler generates the prioritized list by
considering the level of severity. Finally, the alert generation module running
concurrently for each scheduler takes the top 20 records to generate an alert
(voice messages) to the respective doctors and caretakers in a multi patient
environment. The overall performance of the system is being evaluated using the
mean alert latency metric. The results clearly reflect that the IPRHMS system is
more effective and provides faster alert in a multi patient scenario.

The IPRHMS model includes an android application in the mobile phone of the
patient to collect vital health parameter from the wearable sensor. Figure 8(a)
shows the screenshot of the developed android application which is used for receiving
data from the wearable sensors and then the data is pushed to the cloud server for
abnormality detection. A separate android application has been developed for the
doctor for their regular accessing of patient record and it is shown in Figure 8(a) &
(b).

The IPRHMS also designed a web application to provide a clear visual understanding
of the collected vital health parameter for both patients and doctors in a secure
manner. It has been provided with patient and doctor login. In doctor portal, doctors
can access their respective patient details. Figure 9 shows a doctor screen with his
ID and his patient details. The detailed summary of data for a single patient of the
doctor is shown in Figure 10.
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Fig. 8: (a) Patient App and & (b). Doctor App

The sensed information from the mobile phone along with the activity and location
information is sent to the cloud server. Each data packet is of size 0.046KB which
comprises sensed vital health information, classified activity state, location,
observed time, patient ID, doctor ID and checksum bits. Table 6 shows the disk
space utilization of the health records for a time period of 2 hours / day with
respect to single person.

Fig. 9: Snapshot of Doctor Screen Showing the Current Health
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Fig. 10: Snapshot of Detailed Summary of a Patient

Any abnormality in the monitored person’s health could be identified and confirmed
only if the health data is collected for at least 5-10 minutes which results in 208
records (9.568KB H” 10 KB). Here each person is monitored for 2 hours / day that
results in 0.115MB. A huge volume of data is effectively handled by the cloud
environment rather than a dedicated server. In addition to the scalability feature
provided by cloud, it considerably reduces the response time of the web portal
when more number of doctors and patients are trying to access it simultaneously
which is shown in Figure 11.

Table 6: Disk Space Utilization with Respect to Increase in
No. of Records and Time Period

No. of. Records Database Space Utilization Monitoring Time period

1 record 0.046 KB 2.88 seconds

100 records 4.6 KB 4.8 minutes

1000 records 0.046 MB 48 minutes

1500 records 0.069 MB 1 hour 12 minutes

2000 records 0.092 MB 1 hour 36 minutes

2500 records 0.115 MB 2 hours
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Fig. 11: Response Time in Cloud and Dedicated Server for Active Users

The misclassification in abnormality detection using soft computing methods is
reduced linearly by incorporating personalization, optimization and abnormality
confirmation through activities of the monitored person. Figure 12 shows the
comparison chart for prediction accuracy with respect to increase in number of
health records that involves the step by step appending of each classifier. This
includes generic classification of health records using Naive Bayesian and Bayesian
Belief, personalization of generic health records with the combination of Naive
Bayesian, Bayesian Belief network and Adaptive K-Means classifier. Optimization of
the personalized health records are then done by concatenating genetic algorithm
with Naive Bayes, Bayesian Belief network and Adaptive K-Means classifiers. Finally,
conformation of abnormality for optimized health records is done by including the
activity status along with the health status data i.e. Naive Bayes, Bayesian Belief,
Adaptive K-Means, Genetic algorithm and Adaptive neuro fuzzy inference system.



44    ASCI Journal of Management  46 (2) Spl   September 2017

Fig. 12: Comparison of Prediction Accuracy with Respect to Personalization,
Optimization and Activity Confirmation

Figure 13 depicts the ROC curve with respect to sensitivity and (1-specificity).
From the ROC curve, it is found that IPRHMS performs well with the combination of
intelligent algorithms and cloud computing. Thus the system prominently reduces
misclassification of abnormality detection and thereby reduces the false alarm
rate.

Fig. 13: ROC Curve with Respect to Sensitivity and (1-Specificity)
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The sensitivity and specificity of the abnormality classification with respect to
number of samples are shown in Figure 14.

Fig. 14: Sensitivity & Specificity with respect to no.of. samples

The timely alert generation in each scheduler depends on the average arrival rate
(ëN) and the average service rate (µN) of ‘N’ abnormal health records.

The probability of arrival rate for ‘N’ health records in ‘T’ time period is given by
equation (1),

(1)

The performance of the scheduler is calculated using the Utilization Factor(ñ) and
it is given by equation (2),

 (2)

The efficiency of the entire system is calculated by evaluating the Average
Turnaround time for N health records (  and it is given in equation (3),

 =  (3)

where,  is task completion time for each record which is calculated using

the equation (4) and  is the arrival rate of each record.

= +  (4)

No. of Patitent Data
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where, Ti computation is the computation time of each record and it is given by
the equation (5). is the total transmission time for each record from the sensor to
the cloud and the alert from the cloud to the doctor’s mobile phone.

 =  (5)

where  is the abnormal detection time for each record which includes the

processing time and waiting time in each classifier.

 is a turnaround time of the priority scheduler for each record and it is

calculated by the equation (6)

 =  (6)

where,  is the execution time taken by the priority scheduler for N concurrent

process that depends on average arrival rate (ë) and average service rate (µ).  is

the average waiting time for N process.

Fig. 15: Mean Alert Latency for each Scheduler

Figure 15 shows the Mean Alert Latency (MAL) for each dynamic scheduler assigned
to each doctor with respect to the number of patients entered into abnormal state.
The graph clearly says that the abnormal alert message of a patient can wait for a
maximum period of 0.0048 ms in the queue. The average turnaround time for
abnormality calculation using IPRHMS with respect to increased number of patients
is shown in Figure 16. From the graph, it is seen that the system is able to provide
the alert with minimum delay irrespective of increased patients. The computing
requirements of IPRHMS are well satisfied by cloud server and it is depicted in

No. of Patitents
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Figure 17. From graph, it is seen that the cloud server performance is better in par
with a dedicated server.

Fig. 16: Average Turnaround time for abnormality detection and
providing alert with respect to increased patients.

Fig. 17: Benefits of Using Cloud Server in IPRHMS

No. of Patitents
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6. CONCLUSION

This paper proposed IPRHMS which provides affordable, highly tolerant and scalable
remote healthcare services that combines the functionalities of wearable body
sensor and cloud computing technologies. The system is validated over on-stream
vital health data collected from the patient body. The false alarm rate is reduced
by means of personalizing the data with the help of clustering and genetic algorithm.
The dynamic schedulers in the cloud server reduce the turnaround time of alert
which is the most important criteria in remote health monitoring during emergency
situation. The future work extends to focus in terms of cloud security policies and
privacy management.
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Abstract

There is a growing demand for health facilities in developing countries especially in rural
sector. This demand in turn has necessities the information related to health systems for
decision makers, planners and programme managers to make the health system more
inclusive, equitable and accessible. In this paper, a case study has been carried out in
Dharmapuri Block of Dharmapuri District, Tamil Nadu to identify the Gap areas for Health
Facilities as per the norms of Indian Public Health Standard (IPHS) using geospatial approach.
The study utilizes the Panchayat assets mapped under a National level project titled
“Empowering Panchayati Raj Institution Spatially (EPRIS)” of NRSC/ISRO. The other inputs
used in this study are Infrastructure layers (Road and Settlement) at 1:10,000 scale,
Administrative boundaries generated under Space based Information Support for
Decentralized Planning (SIS-DP) project along with Demographic data as per Census 2011.
This case study also investigates the requirement in existing health centers based on the
available infrastructure, human resources, and other services. In addition to that, the
suitability of already existing facilities has also been assessed based on the settlement
population and distance criteria. The current analysis will be helpful for Govt. in identifying
the areas where upgradation of the existing health facilities or construction of new facilities
is required.

KEYWORDS: Rural Health, Geospatial, Panchayat Assets, Decentralized Planning.

1. INTRODUCTION
Hospitals and health facilities plays a vital role in the development of country. In
community, people become ill and require access to health care facilities and
treatment. Regardless of the nature of the health issue, the health outcomes depend
to a large degree on individuals’ ability to access health care services (Gordon et
al., 1989). Health care delivery in India has been envisaged at three levels namely
primary, secondary and tertiary (Oladipo, Jimoh Ayanda) to bring health care services
within the reach of the people. The primary tier is designed to have three types of
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health care institutions, namely, a Sub-Centre (SC) for a population of 3000-5000,
a Primary Health Centre (PHC) for 20000 to 30000 people and a Community Health
Centre (CHC) as referral centre for every four PHCs covering a population of 80,000
to 1.2 lakh. The Sub-Centre is the most peripheral and first contact point between
the primary health care system and the community.

Each Sub-Centre is manned by one Auxiliary Nurse Midwife (ANM) and one Male
Health Worker/ MPW(M). The Sub-Centres are provided with basic drugs for minor
ailments needed for taking care of essential health needs of men, women and
children. Primary Health Centre is the cornerstone of rural health services. The
concept of Primary Health Centre (PHC) is not new to India. The Bhore Committee
in 1946 gave the concept of a PHC as a basic health unit to provide as close to the
people as possible, an integrated curative and preventive health care to the rural
population with emphasis on preventive and promotive aspects of health care. The
Community Health Centres (CHCs), constituting the First Referral Units (FRUs) and
the Sub-district and District Hospitals (Oladipo et al., 2014). PHC is the first contact
point between village community and the Medical Officer. The PHCs were envisaged
to provide an integrated curative and preventive health care to the rural population
with emphasis on preventive and promotive aspects of health care. The PHCs are
established and maintained by the State Governments under the Minimum Needs
Programme (MNP)/ Basic Minimum Services Programme (BMS). At present, a PHC is
manned by a Medical Officer supported by 14 paramedical and other staff. It acts
as a referral unit for 6 Sub Centres. It has 4 - 6 beds for patients. The activities of
PHC involve curative, preventive, primitive and Family Welfare Services. CHCs are
being established and maintained by the State Government under MNP/BMS
programme. It is manned by four medical specialists i.e. Surgeon, Physician,
Gynecologist and Pediatrician supported by 21 paramedical and other staff. It has
30 in-door beds with one OT, Xray, Labour Room and Laboratory facilities. It serves
as a referral centre for 4 PHCs and also provides facilities for obstetric care and
specialist consultations (NRHM, 2015).

In planning for health care services in any society, special arrangements have to be
made to ensure the availability of services to persons who reside in remote or rural
areas (Madison and Combs, 1981). Lack of proper access facilities for health
infrastructure is major reason. Geospatial approach to manage the existing health
facility or new establishment will lead to time saving process to access it. However,
inspite of a vast net work of health care institutions in India , there exists a wide
gap between the rural and urban areas in terms of availability and accessibility of
health care infrastructure, as the urban areas are found better equipped with
these facilities (Ferguson et al., 2016). Moreover, health being a state subject,
there are imbalances and variations in availability and accessibility of these services
in the rural areas across the states. A large part of India’s nearly 700 million
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population lives in rural areas, with deplorable medical facilities. Research shows
that the healthcare needs of individuals living in rural areas are different from
those in urban areas, and rural areas often suffer from a lack of access to healthcare.
In rural India, where the number of Primary health care centres (PHCs) is limited,
8% of the centres do not have doctors or medical staff, 39% do not have lab
technicians and 18% PHCs do not even have a pharmacist. Considering the picture
of grim facts there is a dire need of new practices and procedures to ensure that
quality and timely healthcare reaches the deprived corners of the Indian villages.
Though a lot of policies and programs are being run by the Government but the
success and effectiveness of these programs is questionable due to gaps in the
implementation. With the goal to provide effective healthcare to rural people and
a focus on 18 states which have poor public health indicators and/or weak
infrastructure the National Rural Health Mission (NRHM) was launched in April 2005
by the Government of India. It has 18,000 ambulances and a workforce of 900,000
community health volunteers and 178,000 paid staff. Only 2% of doctors are in
rural areas - where 68% of the population live (Britnell, and Mark, 2015). The main
aim of NRHM is to provide accessible, affordable, accountable, effective and reliable
primary health care, especially to poor and vulnerable sections of the population.
It also aims at bridging the gap in Rural Health Care through creation of a cadre of
Accredited Social Health Activists (ASHA) and improve hospital care, decentralization
of programme to district level to improve intra and inter-sectoral convergence and
effective utilization of resources. This has been noticed that Rural residents often
experience barriers to healthcare that limit their ability to get the care they need,
Reason of this reality are illnesses that can be treated and deaths that can be
prevented by simple interventions but for which inappropriate structures have
constituted a stumbling block. Other reasons may be lack of reliable transportation,
distance to the next closest facility, availability of alternative services,
,socioeconomic and health status of individuals in the community. People in rural
areas travel long distances to access healthcare services, particularly specialist
services. This can be a significant burden in terms of both time and money. Rural
communities have more elderly residents who have chronic conditions, which may
require multiple visits to outpatient healthcare facilities which requires a reliable
source of transportation. the lengthy travel time and distance to larger, more
developed urban and metropolitan health centers present significant restrictions
on access to essential health care services. Kuldeep et al. (2017) proposed an
method to develop health services in rural area using multicriteria evaluation in
GIS environment. They adopted the Location-allocation algorithm in GIS to select
the suitable location for medical and health facilities.

According to Health Status and Health Care Access of Farm and Rural Populations,
states that “both farm and rural populations experience lower access to health
care along the dimensions of affordability, proximity, and quality, compared with
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their nonfarm and urban counterparts.” In order for rural residents to have sufficient
healthcare access, necessary and appropriate services must be available which
can be accessed in a timely manner. serious attention is required in improving
quality of healthcare services while containing costs and also in planning of health
care activities and carrying out effective management functions relating to health
care delivery systems (HCDS) (Umesh and Panna, 2005).

Bhuvan Panchayat Portal is a web-based single window geo-spatial platform, with
spatial and non-spatial data integrated in an enabling environment for Panchayat-
level planning and governance. It aims to empower Panchayati Raj Institutions
(PRIs) and stakeholders for spatial, participatory, integrated decentralized planning
in the country moving towards the vision of Digital India for transforming and
reshaping the economy, society and environment. This Portal is developed under
Space based Information Support for Decentralized Planning (SIS-DP) Project that
was formulated by National Remote Sensing Centre (NRSC) of Indian Space Research
Organisation (ISRO) and implemented in partnership with State Remote Sensing
Application Centres. A continuously growing national inventory of geo-tagged
community assets along with their photographs and related attributes is available
on the Portal for its utilization in developmental planning. The inventory is crowd-
sourced for citizens to map assets through Bhuvan Panchayat Asset Mapping Mobile
App.

GIS provides the ability to create, evaluate, and utilize a spatial analysis so to
identify various problems and their mitigation measures also.

This study focus on utilization of SISDP project database and the mapped asset to
Identify Gap Areas for Health Facilities Development in Rural Areas in geospatial
environment. In this paper, a case study has been carried out in Dharmapuri Block
of Dharmapuri District, Tamilnadu.

2. STUDY AREA

Dharmapuri block is located in the district Dharmapuri in Tamil Nadu state.
Dharmapuri block lies between Longitude 78.0765 to 78.2914 East and Latitude
11.9592 to 12.2293 North, and the area is 784.51 Sq.Km. Total number of villages
in the block are 32. Population of the Dharmapuri block is 250613 and 70% of the
population depends on the agriculture. At present, health facility available in the
blocks are 09 Primary Health Centers and 03 Sub Health Centers.
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Fig. 1: Study Area

3. METHODOLOGY

The complete flow of the research work is composed of mainly 4 steps viz. (i) Data
preparation (ii) Calculation of weighted population of each settlement with in a
village (iii) Creation of buffer as per the NRHM guidelines around the existing facilities
(iv) Performing overlay analysis to identify the gap areas for health centers.
Methodology for the proposed work is summarized in Figure 2. The data required
for the analysis has been generated under SIS-DP project at 1:10000 scale.

Fig. 2: Methodology
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4. RESULTS AND DISCUSSION

In this paper, the existing facilities in the Dharmapuri block have been geo-tagged
and captured along with the photograph and attribute information. This task (asset
mapping) has been carried out using android based application i.e. “Bhuvan
Panchayat Mobile App”. The mobile application was developed under a National
Project titled “Space Based Information Support for Decentralized Planning (SIS-
DP)”. The mapped assets (Health Centers) within the block are shown in Figure 3.

Table 1. Details of Health Centres

S. No. Description Number Number
(with in block) (with in 3 km buffer)

1 SHC 03 05

2 PHC 09 19

3 Total 12 24

Details of the health centers with in the block and within 3 km buffer from block
boundary are shown in Table 1. The village settlements with in the block have been
extracted from the land cover (Figure 4) of the area.

4.1. Calculation of weighted Population

Since population information as per census, 2011 provides the village - wise
population. To apply the population norms as per the NRHM, settlement - wise
population is required. The selltements within each village are shown in Figure 4.
The weighted population of each settlements with in a village has been calculated
as per formula given in the equation (1).

PoPW=(AS / AT)* PoPV (1)

where,

is weighted Population

is Village Population

is Area of eh settlement

is Total area of settlements in a village
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Fig. 3: Existing Health Centers (a) Within the Block
(b) Within 3 km Buffer from Block Boundary

The mobile application offers the mapping of the 271 types of asset types under
three broad categories viz. Civic Amenities/Infrastructure assets, Governance Assets
and Productive Assets.

Fig. 4: Land Cover Map of the Block
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Fig. 5: Selltements
within the Block

Fig. 6: Road Network
within the Block

Fig. 7: Gap Areas Based
on Buffer Analysis

Fig. 8: Gap Areas Map
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Table 2. Population and Settlement Statistics in Gap Area

S. No. Description Number

1 Population 5075

2 No. of settlements 15

3 Settlement with maximum Population 1194

Population in the gap area and the no. of settlements statistics have been calculated
and shown in Table 2. The total population in the gap area is 5075. The maximum
population of the settlement in the gap area is 1194. The new sub-health centre
can be proposed near to this settlement to serve the maximum population in the
gap area. The propose sub health centre location is shown in Figure 9. By proposing
the sub health centre at this location, 4237 people will get benefited within 3 km
of distance

Fig. 9: Proposed Site in the Gap Area



Gap Areas for Health Facilities Development in Rural Areas    61

4.2. Gap Analysis Based on Available Facilities in Existing Health Centers

The existing health centres in the block mainly constitutes PHC and SHC. As per
NRHM guidelines, minimum essential requirement for infrastructure (no. of beds)
and human resources (no. of staffs) in a PHC is 4-6 and 13 respectively. The exiting
health centres have been investigated based on the available facilities such as no.
of beds, ambulance service and no. of staffs and are shown in Figure 10, 11 and 12.

Fig. 10: PHC’s Lacking
Infrastructure (e.g. No. of beds)

Fig. 11: PHC’s with
Ambulance Facility
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Fig. 12: PHC’s lacking Human Resource

5. CONCLUSION

The study identifies the gap areas which are lacking health facilities as per the
norms of IPHS. The health centres present in the study area sufficient especially
PHCs are enough but they are not spatially distributed. The existing SHCs are lacking
the infrastructural and human resources to provide the minimum required services
to the public. The existing health centres where the no. of health centers are more
than the required no. as per IPHS can also be shifted to the optimum location so
that it can benefit more population to avoid the construction of new health centres.
The current analysis will be helpful for Govt. in identifying the areas where
upgradation of the existing health facilities or construction of new facilities is
required.
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Spatial and Space Time Cluster Analysis of
Acute Diarrheal Disease in Andhra Pradesh

Abstract

Acute Diarrheal Disease (ADD) is a prominent disease in different parts of the world,
specifically in the tropical regions. India is a diarrhea endemic country where cases are
seen all year long. Andhra Pradesh (AP) state records the highest number of ADD cases in
India, with West Bengal being in the second position. Health GIS deals with studying the
geographical and spatio-temporal dimensions of the diseases which in turn helps in
understanding the patterns of disease occurrence and their predictions. In the present
work, a spatial and space time cluster analysis of ADD cases was performed using SatScan
software for a period of five years starting from 2009-2013. Using retrospective discrete
poisson model cluster analysis was conducted in 23 districts of the state to map the most
prone districts to ADD disease in the state during the considered five years. It was observed
that, Nizamabad, Adilabad, Hyderabad and Rangareddy districts had high cluster alarms of
ADD cases over the considered five years with Krishna and Prakasam districts falling in the
next place. The average relative risk factor of each district, and the number of observed
groundtruth cases were estimated and presented in this paper.

KEYWORDS: Acute Diarrheal Disease, SatScan cluster analysis, Spatial and spatio
temporal retrospective analysis, clustering and disease distribution.

1. INTRODUCTION
Diarrheal disease is prevalent in many areas around the world both in temperate
and tropical climates, with the latter being predominantly seen (Zhou et.al., 2013).It
is a common cause of death in developing countries and the second most common
cause of infant deaths worldwide (WHO 2013). In the field of public health, spatial
cluster analysis and subsequent geo-processing of clustering results is the most
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efficient and technically comprehendible way to detect the disease patterns
(Mala,S&Sengupta R. 2013). Visualization of spatial distribution of the disease over
a defined area helps to analyze clusters easily and also detect unusual patterns of
disease outbreaks if any. Clustering can be done in temporal dimension or spatial
dimension or both space –time mode. Spatial clustering is used if a particular area
records more number of cases continuously. However the results always depend on
the varying number of population in that area. Space – time clustering is defined by
a circular or cylindrical window with geographic location as its base and the time
along the height of the cylinder. Studying the geographical and temporal dimensions
of a disease helps in understanding patterns of disease occurrence. Several statistical
methods are used for disease mapping which help in identifying the disease clusters
(Bithell J. F. 1999 and Tango T 2000). SaTScan V 9.4.2 software has been used to
detect space-time disease clusters and to test if they are statistically significant
(Kuldorf 1997). SatScan includes many techniques for detecting the clusters like
binomial, space–time permutation, bernouli’s, multinomial, exponential model etc.
Studies on disease mapping and cluster detection using SaTScan include syndromic
surveillance of disease in New York City (Heffernan et.al., 2004), identification of
geo-spatial hotspots of Tuberculosis in Uttaranchal (Neeraj Tiwari et.al., 2006) and
high risk prone areas of cholera and diarrhoea in Kolkata City (Suman et.al., 2012).

With the Discrete Poisson Model, the number of cases in each location is Poisson-
distributed. Poisson data can be analyzed with the purely temporal, the purely
spatial, the space-time and the spatial variation in temporal trends scan statistics.
The number of cases recorded in each district varies with the increasing population
and the spatial extent of the district. This kind of scenario where the background
population is not a constant parameter for the districts, can be well handled using
the discrete poisson model than any other model.

Retrospective analysis looks for infectious disease clusters at any time during the
data analysis time period – both old clusters and new clusters. These studies look
backward and examine the exposures to suspected risk or protection factors in
relation to the disease outbreak that is established at the start of the study. Many
valuable case-control studies, such as Lane and Claypon’s 1926 investigation of risk
factors for breast cancer, were retrospective investigations. In these studies the
odds ratio provides an estimate of relative risk. However it is required to avoid
sources of bias and confounding in retrospective studies. In this background the
present study has attempted to understand the spatial and spatio-temporal
distribution of ADD in Andhra Pradesh. It is proposed to carry out a retrospective
analysis of Acute Diarrheal cases with the help of Discrete Poisson model for the
data collected over a five year period 2009-2013.
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2. MATERIALS AND METHODS

2.1. Study Area

The study was carried out in 23 districts of Andhra Pradesh (A.P and Telangana
undivided), which is situated on the Southeast coast of India and has coordinates
ranging between 12.62 N & 19.91 N latitude and 76.76 E & 84.76 E longitude.The
geographical area of the state is 2,75,068 km2 and has a coastline of 974 km. The
climate of the state is generally dry with temperatures ranging from 25oC to 50oC
and the annual rainfall ranging from 500 - 1300 mm, received mainly during the
southwest and northeast monsoons. Figure 1 shows the study area comprising of 23
districts in the state.

Fig. 1: Study area map of Andhra Pradesh, India.

2.2. Materials

Yearly Acute Diarrheal Disease (ADD) data was obtained from National Centre for
Disease Control for a period of 2009-2013. Georeferenced map of AP showing 23
districts of the state was generated for the purpose of this study. Softwares of
SaTScan v9.4.2 and ArcGIS v10.1 were used for the statistical analysis and
understanding spatial distribution of the disease. Population data for each district
is obtained from censusindia.com website for the years 2001 and 2011. Rainfall
data was obtained from the Indian Meteorological Department.
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2.3. Methodology

The SatScan retrospective analysis with discrete poisson model was used to identify
clusters for ADD within the study area. The discrete poisson model requires case
data with both spatial location and time of occurrence along with the background
population (KulldorffM, 2013 and Kuldorff M et.al., 2005). Yearly wise ADD cases in
each district and the district wise census data along with the latitude and longitudes
of the districts were used as the inputs. Census data of 2001 and 2011 was used to
estimate the population under risk. The analysis was made to identify the high risk
zones for ADD in the considered study area. Retrospective analysis was carried out
by assuming that 25% of the population is at risk within a radius of 1 kilometer. The
distribution and statistical significance of the clusters were explored by means of
Monte Carlo replication of data sets under the null hypothesis with replications
equal to 999 to ensure adequate power for defining clusters.

Analysis of the results obtained was made using the relative risk factor, probability
value and the cluster occurrences. The frequency i.e. the number of times a district
appeared in the cluster was used as a measure for identifying the most prevalent
district across the state. The spatial and space time results were together analysed
in order to identify the most prone clusters in the united Andhra Pradesh and
Telangana state. As a first step the spatial clusters obtained for all the years are
together analysed based on the number of times the district is identified in the
cluster. Later, the average relative risks of each district in all the five years were
used to estimate the area with highest effect of ADD between 2009-2013. As a
second step, space – time analysis of ADD in Krishna district was performed using
the same discrete poisson model and retrospective analysis. The relative risks
obtained here are also analysed to find the most prone district to ADD during 2009-
2013. In the final step, an overall ranking was given to all the districts based on
their relative risk (population at risk).

3. RESULTS
A study of statistics of ADD in the states of India have shown that, Andhra Pradesh
records the highest number of diarrhea cases in India with West Bengal being in the
next place. In the present study, a geospatial analysis was carried out to analyze
the spatial and space–time distribution of diarrhea disease in Andhra Pradesh during
2009-2013. Statistacal analysis of the major diseases in Andhra Pradesh indicates
that over the considered 5 years (2009-2013), ADD has been the second highest in
occurrence in the state. Hence it is important to understand the spatio-temporal
pattern of the disease at the district level in the state. This study attempts to
analyze the pattern of this disease and identify the most prone areas within the
state. The results for spatial analysis using retrospective discrete poisson model
with 25% of population at risk and with 1 km radius are presented in figures 2 – 6.
The population at risk of 25% was obtained by dividing the number of cases with
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the census data of the district during the corresponding year multiplied by 100.
The corresponding relative risks, likelihood ratio, probability value of the districts
for each year are shown in tables 1 – 5. Observations of results from purely spatial
dicrete poisson model were made intially based on the number of times a district
appeared in the clusters during all the five years. It was observed that Nizamabad
recorded the highest number of cases in the year 2012 and second highest number
of cases in the state in the years 2009 and 2013.Chittoor recorded the second
highest number of cases twice in the years 2010 and 2013. Krishna district was
identified as the highest prone district for ADD only in the year 2013. The districts
Adilabad, Hyderabad, Kurnool, Cuddapah and Krishna recorded highest relative
population risks in the years 2009, 2010, 2011, 2012 and 2013 respectively. There
was no consistency found in the districts that are at high relative risk during all the
five years. Hence, the frequency i.e., the number of times each district is identified
in the high alarm cluster zone during all the five years is considered to identify the
district with higher relative risk. The frequency statistics have shown that Khammam
occured six times in the spatial clusters during the five years and Nellore appeared
four times. The districts East Godavari, Guntur, Srikakulam and West Godavari were
not at all identifed in the clusters in any of the five years when a purely spatial
retrospective discrete poisson analysis was used. A purely spatial relative risk map
was generated using the sum of relative risks obtained using spatial analysis. i.e.
the relative risk of each district obtained using purely spatial poisson analysis during
all the five years is summed up and a total relative risk is obatined. The map and
its corresponding relative risk table are shown in fig 7.

Table 2. Relative Risk and P Values Obtained in year 2009.

District name LLR P_ value Rel_Risk

ADB 944.5735 0.001 25.69

NZM 423.3945 0.001 14.65

ADB 408.7194 0.001 13.78

HYD 53.40227 0.001 3.19

MEDK 8.459848 0.004 1.88

KHAM 7.441773 0.006 1.83

NELR 2.790055 0.326 1.47
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Table 3. Relative Risk and P Values Obtained in Year 2010

District name LLR P_ value Rel_Risk

HYD 538.3406 0.001 5.50

CHITR 211.503 0.001 3.38

WRGL 122.2203 0.001 2.82

PRKSM 59.74388 0.001 2.22

KHAM 49.28673 0.001 1.64

RNRDY 32.20153 0.001 1.79

ADBD 9.225479 0.004 1.47

KHAM 5.649366 0.023 1.36

VZM 4.418024 0.075 1.34

Fig. 2: Clusters Detected in spatial
Analysis for the year 2009.

Fig. 3: Clusters Detected in spatial
Analysis for the Year 2010.
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Table 4. Relative Risk and P Values Obtained in Year 2011.

District name LLR P_Value Rel_Risk

KURN 448.978 0.001 5.25

NELLR 272.0508 0.001 3.33

PRKSM 190.6176 0.001 3.56

NELLR 72.9005 0.001 2.51

KRISH 55.28389 0.001 2.02

KHAM 27.98819 0.001 1.88

ANTPR 24.46188 0.001 1.68

HYD 20.98224 0.001 1.62

Fig. 4: Clusters Detected in Spatial
Analysis for the Year 2011.

Fig. 5: Clusters Detected in Spatial
Analysis for the Year 2012.
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Table 5. Relative Risk and P Values Obtained in the Year 2012.

District name LLR P_value Rel_Risk

CUDPH 276.6109 0.001 5.13

NZMD 169.922 0.001 4.15

VSP 71.80894 0.001 2.41

VZM 31.39377 0.001 2.148

NLGND 12.07779 0.001 1.56

CHITR 6.425219 0.008 1.37

NELLR 3.906298 0.055 1.33

KHAM 3.105582 0.13 1.30

RNRDY 0.829576 0.943 1.13

Table 6. Relative Risk and P Values Obtained in the Year 2013

District nameId LLR P_ValueValue Rel_Risk

KRISH 675.9082 0.001 5.49

CHITR 90.87538 0.001 2.27

RNRDY 45.64694 0.001 1.87

NZMD 39.48558 0.001 2.01

MBNR 13.87709 0.001 1.45

VSP 10.31298 0.001 1.37

PRKSM 2.648836 0.198 1.20

KURN 2.543504 0.224 1.18

ANTPR 0.576008 0.99 1.08

KHAM 0.407769 0.999 1.08
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Table 7. Average Relative Risk of Purely Spatial Analysis During 2009-2013.

Relative risk District

40.963014 Adilabad
20.813566 Nizamabad
10.307714 Hyderabad
9.117334 Khammam
8.670953 Nellore
7.516492 Krishna
7.032593 Chittoor
6.988731 Prakasam
6.439528 Kurnool
5.138623 Cuddapah
4.798865 Rangareddy
3.783918 Vishakhapatnam
3.488289 Vizianagaram
2.820349 Warangal
2.775812 Anantapur
1.88262 Medak
1.555665 Nalgonda
1.458846 Mahabubnagar

Fig. 7: Clusters Detected in Spatial
Analysis for the Year 2009-2013

Fig. 6: Clusters Detected in Spatial
Analysis for the Year 2013.
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Table 8. Relative Risks of Space Time Analysis During 2009 – 2013.

District name Rel_risk

Krishna 3.249547

Nizamabad 3.201752

Hyderabad 2.853831

Cuddapah 2.295205

Chittoor 2.175693

Prakasam 2.169007

Vishakhapatnam 2.028434

Adilabad 1.832232

Rangareddy 1.813153

Kurnool 1.700077

Vizianagaram 1.454072

Khammam 1.445305

Warangal 1.336993

Nellore 1.328708

Mahbubnagar 1.109716

As a second step, the space time analysis was performed using the discrete poisson
model. The population at risk was 25% with a cluster radius of 1km and the time
interval is kept for one year. The relative risk map is shown in fig 8 and the
corresponding likelihhod ratio and P values are shown in Table 7. It was observed
that Krishna, Nizamabad and Hyderabad districts recorded the highest relative risk
respectively with risk values of 3.25, 3.20 and 2.85

To understand the relationship between ADD cases and the rainfall conditions in
the state, the obtained results are compared with average annual rainfall data of
each year. The rainfall data for five years is presented in Fig 9.

The rainfall data was analyzed on yearly basis from 2009 to 2013. The percentage
deviation from normal (900mm) was calculated. In the last five years, the rainfall
recorded has varied from 600 to 1700mm. The years 2009 and 2011 rainfall was
deficit while 2012 and 2013 the state has received normal rainfall. 2010 was an
exceptional year when the rainfall was excess. There has been severe floods in the
andhra pradesh state in the years 2010 and 2013 which showed excess rainfall
conditions and thus causeing higher ADD cases in the state.

Fig. 8: Relative Risk Map of Space Time
Analysis During 2009 – 2013.
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Fig. 9: Rainfall Data from 2009 to 2013.

Table 9. Rainfall and Number of Cases in Andhra Pradesh

Year Rainfall No of Cases of ADD

2013 Excess 3522

2012 Normal 2316

2011 Deficit 2854

2010 Excess 2987

2009 Deficit 2765

20% or more deviation - excess
19% to -19% deviation - normal
-19% to -59% deviation - deficit
-60% to -99% deviation - scanty
-100% deviation - no rain

Although there seems to be no pattern between the rainfall and the number of
cases of ADD, it is seen that years with excess rainfall have also reported high
number of cases. Studies have shown that sudden diarrhea outbreak could be driven
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by extremely heavy rainfall during a season (Rinaldo, 2012). Data has also shown
that cases were also registered during deficit condition which may be related to
other environmental factors. S J Lloyd, 2007 has reported that occurrence of cases
during deficit rainfall conditions could be due to lack of access to safe drinking
water during drought conditions. Thus, it may be concluded that in the state of
Andhra Pradesh, there is a correlation between the rainfall events and the
occurrence of ADD.

4. CONCLUSIONS

In the present work, we have studied the importance of spatial scan statistics in
analyzing the outbreak of Acute Diarrhea in the state of Andhra Pradesh, India. A
retrospective discrete poisson model was used for performing a spatial and space
time analysis for the years 2009 – 2013. A population risk of 25% was used with a
cluster radius of 1km. Observations have shown that results of spatial and space
time statistics have very little correlation. In the purely spatial analysis of Adilabad,
Hyderabad, Kurnool, Cuddapah and Krishna recorded highest relative population
risks in the years 2009, 2010, 2011, 2012 and 2013 respectively. A purely spatial
analysis for all the five years was done by summing up athe relative risks of each
year. In this it was seen that Adilabad, Nizamabad and Hyderabad recorded the
highest relative risks of poulation. In the spatial analysis of all the years it was
observed that Telangana regions have high risk of ADD than the coastal regions.
However a space time analysis with the same populaion at risk (25%) and a time
interval of 1 year have shown Krishna district to have the highest relative risk and
Nizamabad and Hyderabad bearing the second and third highest relative risks.
SatScan tool has been of great importance in detecting the space time clusters of
the disease. The results depict the power of the scan statistic for detecting the
disease clusters.It was observed that although there was no significant relation
between the rainfall data and the clusters, there was a match between the rainfall
data and the groundtruth cases. Krishna district is having the highest relative risk
for the occurrence of ADD followed by Nizamabad. From the data it can be seen
that these districts have also reported the highest number of cases in the years
2012 and 2013 indicating that the trends for high risk in these districts are matching
with the ground truth.
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A Cloud-based Technology Solution for Geo-Spatial
Mapping of Diseases Among Children for Strategic
Healthcare Planning in Rural India

Abstract

Rural healthcare is the biggest challenge faced by developing countries such as India. With
more than 70% of its population residing in rural areas (Census of India, Rural Urban
Distribution of Population, 2011), the inadequate health facilities have lead to a high
mortality rate. One of the key issues that needs to be tackled is the lack of proper health
care data collection and management. In this paper, we propose a generic model that can
be scaled to any form of data collection and analysis. The model consists of a mobile
application for data collection and a centralized cloud server for effective data storage.
Furthermore, the paper discusses our case study where we implemented the proposed
model in the geographical area of Kuppam in Andhra Pradesh, India. Additionally, geospatial
mapping of diseased patients to recognize spatial distribution of diseases was conducted.
Our model uses information technology to aid and enhance the quality of health care
services and attempts to bridge gaps in health care sector.

KEYWORDS: Healthcare, Rural Children, Data Collection, Disease Mapping, Spatial
Analysis, GIS, Cloud Solution.

1. INTRODUCTION

India ranks 154 among 195 countries in Healthcare index as per a recent survey by
Global Burden of Disease Survey (Global Burden of Disease Survey, 2016). A staggering
70% of the Indian population (around 700 million) lives in rural areas with restricted
access to medical care. The lack of quality infrastructure, limited access to qualified
medical functionaries, basic medication, and medical facilities limit the quality of
health care that this population receives. Although there exists many beneficial
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programs, they have not yielded the expected results due to the lack of systematic
processes for proper data management and gaps in the implementation.

One of the major concerns with the health care system today is the high vulnerability
of young children in rural areas. Around 43.5% of children under five are underweight
and 6.6% die before their fifth birthday which is high when compared to United
States rate of 0.8% (World Health Organization, World Health Statistics, 2009). It
has been documented that every third rural child in the age group of 5-14 years
shows some sign of ill health (Kakkar et al., 2012). This is because the rural children
in this age group live in poor health conditions and often suffer from multiple diseases
prompting early identification and care.

The use of technology to document and analyse the spread of diseases can help in
delivering effective healthcare to the children living in these areas. In many cases,
geographic variations in diseases can be extracted through spatial analysis
(Munyaneza et al., 2014). The spatial view of diseases helps us understand the
dynamics of transmission and geographical determinants of the disease (Munyaneza
et al., 2014). Geographic Information Systems (GIS), which is a set of tools to
capture, store, transform, analyse, and display spatial data, helps in gaining this
perspective (Ruiz and Sharma, 2016) (Lovett et al., 2014).

The study presented in this paper has been intended to find the common morbid
conditions and their spatial distribution among children in the chosen geographical
area of Kuppam, Andhra Pradesh. In our study, data collection was carried out
through health camps conducted in rural schools from the five mandals of the Kuppam
geographic region (Gudupalli, Kuppam, Santhipuram, Ramakuppam and V. Kota).
118 schools were randomly selected through the process of multistage cluster
random sampling. Children from these schools were then screened for different
morbid conditions by a team of medical personnel specialized in ENT (Ear, Nose,
Throat), Skin, Ophthalmology, Pediatrics, Dentistry and Community Medicine, for a
period of 18 months. A cloud based technology solution with a mobile application
as an interface was used for data collection and storage. The health screening
comprised of general health problems including dental caries, worm infestations
and vitamin deficiencies; eye problems including refraction and others; ENT problems
and skin infections. Our team also captured the geo-coordinates along with this
health data and stored it onto cloud servers on availability of network. The
Geo-mapping of disease conditions was carried out using the geo-coordinates of
the homes of children. A detailed analysis of the disease patterns, causes and
probable solutions has been discussed in this paper.

Taking into account India’s huge strides in the field of Information and
Communication Technology (ICT), there is an urgent need for developing technology
assisted strategies that help in planning for a suitable model that aids in capturing
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a wide variety of patient data. With geospatial technology in hand, doctors can
now visualize disease burdens spatially and thus carry out detailed analysis that
was once technologically out of reach. Apart from this, various other visualization
tools will help experts infer obscure causes of prevalent diseases and thus will aid
in providing more effective healthcare solutions.

The following sections present the design and implementation details of our proposed
solution. We evaluate the effectiveness and sustainability of our model by discussing
the results obtained and also give a brief overview of our case study in the Kuppam,
Chittoor District.

2. RELATED WORK
Child healthcare is a complex field of study. Many researchers have come to the
conclusion that technological organisation in the field would improve the quality
of child health care. A similar research study in the Netherlands (van Heck et al.,
2009) concluded that the use of electronic child records (ECRs) would lead to an
increase in the quality of child health care. The authors introduced a model for an
ECR system which consists of the designated officials as “actors” and a technological
backend comprising of many databases and a unique reference index that is
integrated with all the levels of operation. The study also concluded that there
was a strong correlation between the area of residence and health of the children
(van Heck et al., 2009). The study also found that the major problems with this
type of model would be the characteristics of the data that would be collected and
conflicts among different “actors” in the healthcare system.

Other studies have found that the technology to implement data aggregation and
cloud management is relatively simple but the process to make it work well in a
real world setting is complex. One of the proposed models of implementation is
that of community based healthcare systems. They are needed desperately as
there is a lack of proper roads and transport for the patients to commute from
their place of residence to the medical center. The main challenge in this scenario
is for the community health workers to access medical records of individual patients
in the field if the records are maintained and stored at a central health facility. In
some instances, individual patients must keep their own paper-based medical record
and carry it with them to the central medical facility for follow up visits and
treatment. This type of system can be unreliable, cumbersome, and susceptible to
human errors. mHEALTHPHC (Bondale et al., 2013) discusses a RFID backed
community healthcare solution in which each patient is provided with an RFID
device and workers use wireless readers/writers to store and retrieve patient data
from a centrally located database. The problem with this solution is that RFID are
mature technologies that are often used in medical facilities, such as hospitals, for
patient tracking and enhancing work flow. The use of such devices for servicing
outpatients in remote locations is still rare (Gouthaman, 2008) for cost reasons.
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However there are other studies that have found that there is a huge increase in
usage of electronic devices in the healthcare industry due to the rapid growth of
information and communication technology (ICT). This has prompted a need to
streamline the above growth towards special children. In a case study (Hussain and
Christiernin, 2016) where different communication patterns were investigated
between special children and their caretakers (healthcare institute, municipality,
medical-care institutes) to develop action plans, it was found out that there is a
need to reduce redundancies by making data communication between the caretakers
more efficient with the use of ICT. The proposed design to solve the above was
divided into modules, which would then integrate and communicate with each
other through a common portal, which would further help in making tailored
decisions. Also, improving the knowledge base of the caretakers would lead to a
better quality of rehabilitation and personal development of the patients. This
would smoothen the knowledge transfer from one caretaker to another, which would
inturn help in making cost effective action plans and decisions (Hussain and
Christiernin, 2016).

Rural communities can benefit from the use of informatics in providing for their
primary healthcare needs. With a proper interface and software usability, a
smartphone can prove to be very useful in the hands of a community healthcare
worker, enabling them to provide quality healthcare to remote villages (McIver,
2009). mHEALTH-PHC is an ICT tool that was developed after studying the needs
and the logistic problems related to primary health care of the rural and tribal
population of India (Bondale et al., 2013). The tool helps to connect the rural
patient to the medical officer through the midwife or the social health activist,
thus overcoming the barrier of transport to these remote villages. The tool has five
major components, a client mobile software at the patient’s end, secured data
servers for exchange and data storage, a doctor’s console to be used for treatment,
an IVR application to record observations and a reporting console to show all data
in a consolidated manner. This platform is based on the patented mKrishi platform
for farmers. The model shows great promise in establishing much needed
communication between patients, sub-center midwives and medical officer but
educating the health workers to use the technology and loss of connectivity in
rural areas, which is needed for real time data syncing, are some challenges faced
by this system.

3. SYSTEM DESIGN

In the proposed model (Figure 1), the process of data collection and storage is
facilitated by the use of tablets and a server hosted on the cloud. The Medical
Officer/Health worker uses the application developed for the smart device (mobile/
tablet) to collect information about a child during the health camps. The collected
data is moved to the server in real time once internet connectivity is established,
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via Wifi or cellular network. This data resides on the server and is further analyzed
with the help of automatically generated reports to identify critical cases that
need immediate medical attention. Such cases are listed for subsequent followups
based on the result of improvement in their health and are approached for further
checkups and treatment through their nearest PHC.

Fig. 1: Proposed Data Collection, Storage and Control Model

Additionally, the data is also used for spatial analysis. The geo-coordinates of the
children’s homes are used to visualise the collected data by generating heat-maps
of the different diseases that the children were screened for and devise inferences
on how their geographic location correlates to their health. Another possible use
of the data is sharing it with other sectors within the government such as the
education sector and public works department.

4. IMPLEMENTATION
For the purpose of data collection, we developed an intuitive android application
that was designed to be used by both health workers and medical personnel. The
application can be used to collect over 200 carefully selected clinical and socio-
demographic parameters efficiently. The application has also been designed to
seamlessly integrate with the user’s usual work environment. To provide good user
experience and keep it intuitive for use by the health workers, the application was
divided into easily accessible pages, such that the different users could only input
the parameters related to their field of expertise. The application uses android’s
in-built features to help collect different types of data. The camera feature is used
to capture images of important information that would be visible on the child’s
body, such as skin infections and other noticeable abnormalities. The camera feature
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was also used to maintain a photograph of the child for cross referencing at the
time of a follow up visit. Additionally, the GPS functionality on the tablets was used
to capture the geo-coordinates of the child’s residence, which would be used to
provide comprehensive visualisations such as heat-maps.

Features were also included in the application to facilitate accurate data collection.
To ensure complete accuracy between a child and their records, metadata about
the children and their schools was downloaded onto the tablet before the health
camps were conducted. The user was required to confirm details about the child
such as their name and parent’s name before any form of data collection could
begin. This feature was designed to work without the use of a stable internet
connection, due to the remote nature of the health camps. For further accuracy,
every data entry by the user undergoes basic validations like boundary checks in
order to avoid incomplete and inconsistent data.

On completion of data collection, the data is securely stored on the tablets that
were used during the health camps. Once a reliable internet connection is
established with the server, a single button incorporated within the main page of
the application is used to transfer the data stored on the tablets to the server in a
manner such that multiple tablets can communicate with the server at the same
time without any difficulties. Steps such as storing backups of the data on both
ends were taken to account for cases where the syncing of data could fail, in the
event of the loss of communication between the tablet and the server.

Fig. 2: Data Verification Screen of the
Android Application

Fig. 3: Data Collection Screen of the
Android Application
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Furthermore, the application and cloud based data server were also designed to
handle the collection of updated information for any child, in order to accommodate
fresh data during any phase of the data collection process. The use of technology in
data collection by inclusion of these features on the mobile application made the
process of data collection more secure and accurate as compared to manual data
collection while also making the process easier and more time efficient. The use
of technology was also incorporated in the visualisation and analysis of the collected
data. For these purposes, an easy to use Web interface was developed.

The web interface was developed as a primary access point for the different
visualisations and analytics on the collected data to be interpreted by a medical
professional. One of the features on the web interface was the real-time, automated
generation of report cards from the data present on the server. The data was
grouped with respect to each child and presented in the form of a printable medical
report to the user. The user then interpreted the data and inferences shown to
determine whether a child was healthy or unhealthy and consequently determined
whether the child needed additional check ups. On completion, if a child was
healthy, instructions for routine health care were provided to the child through the
school authorities. In the case that a child was unhealthy, regular automated
notifications and text messages were sent to both the childs family, with the use of
the social data collected by the health workers, and to the childs school to ensure
that the child arrived for a follow up visit to their nearest PHC.

Fig. 4: Red Markers Indicates Village Centers whereas Blue
Markers Indicates Nearest PHCs

Map Source: GoogleMaps (Google, 2017).

In addition to providing visualisations and analysis for each individual child, the
web interface also provides tools for spatial analysis. This was achieved with the



84    ASCI Journal of Management  46 (2) Spl   September 2017

help of heat-maps that were generated by using a combination of the geographical
coordinates of the residences of the children, collected by the health workers, and
the health data collected by the medical experts. This combination of data was
integrated with a satellite map of the geographical region using google maps and
on combining with additional numerical computation produced the heat-maps.

Fig. 5: A Satellite View of Kuppam Region Showing Spread of
Xerosis in the form of a Heat-map

Map Source: Google Maps (Google, 2017).

5. RESULTS AND DISCUSSION

In view of the proposed model, the data collection activity was carried out by over
150 health camps, spanning across 18 months. A total of around 10,000 students
from 118 schools were examined to observe the health conditions.

Mappings of diseases have shown that they exhibited geographical variations. Clinical
Anemia, Dental Caries, Ear Wax, Pityriasis Alba, and Xerosis were common in all
the 5 mandals. In Kuppam, Gudupalli and V. Kota mandals, prevalence of Tonsillitis
was significant. In Kuppam mandal, Fluorosis and Tonsillitis were predominant. In
Gudupalli and Ramakuppam mandals, Upper Respiratory Tract Infections (URTI),
Allergic Conjunctivitis, Worm Infestations were common. In Santhipuram mandal,
Pharyngitis, Bitot Spots, Fluorosis and Worm Infestations were common. In V. Kota
mandal, burden of Allergic Conjunctivitis, Worm Infestation and Vitamin-C deficiency
was high.
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Fig. 6: Individual Affected Cases being Plotted as Green Points
for Spatial Analysis of Diseases

Map Source: Google Maps (Google, 2017).

A follow up process, using geospatial mapping of diseased children, was implemented
in an attempt to bring down the number of affected cases. A group of students
who required immediate attention were notified and referred to the nearest PHC
for a series of follow ups and the health conditions were updated on each visit.
Heat-maps were adopted to visualize the disease spread from the initial diagnosis
to the last follow up stage. As a result, after four follow ups, the region showed a
drastic decrease in the number of cases of Xerosis, Impacted Wax, Adenotonsillitis,
Pityriasis Alba and Dental Caries, which were previously quite prevalent in the
area.

This study proved to be successful in evaluating the effectiveness of our coordinated
methodical approach in improving the health status of the school children in Kuppam.
Our proposed solution also helps maintain consistent medical histories of individual
patients which can easily be lost otherwise, leading to errors in diagnosis, medication,
and treatment. It is a sustainable, generic and effective proposition, as proven by
our study. With the advent of Digital India, our model is capable of providing more
effective healthcare solution to the rural communities.

In our future work, the data collected over the course of health camps and followups
would be further subjected to various data mining and inferencing techniques.
Data analytics helps to analyse disease trends and reveal underlying correlations
between different parameters to provide timely and quality health care.
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Fig. 7: Individual Affected Cases being Plotted as Green Points
for Spatial Analysis of Diseases

Map Source: GoogleMaps (Google, 2017).

6. CONCLUSION

Public health care is of paramount importance, especially in the rural areas.
Strategic planning and implementation of quality health care in these areas are
not possible without the intervention of technology. This paper is one such
implementation which showcases the methodology involved in seamless integration
of technology and healthcare in rural areas.

All the results of statistical analysis boil down to what is called the root cause
analysis, that is the identification and possible remedial measures for the root
causes of a particular incident. We have seen that the frequency and distribution
of the diseases among children varied with the geographical location across five
mandals. This variation provides cues to focus and identify likely determinants of
the disease condition in their local regions.

Geo-spatial analysis plays an important role in giving a wider picture of the current
situation in a geographical area, with a large geographical area in perspective, the
statistical analysis would yield a more impactful result in terms of large population
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being involved in the analysis. This perspective would be most useful to the
governmental bodies in helping them take decisions, make strategic plans to avoid
future outbreaks and to contain the current situation. Geo-spatial technology shows
the potential for delivering equitable, affordable, accountable and effective
healthcare to people especially in rural areas.
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GIS-based Interoperable Public Health Information
Infrastructure Through EHR And OGC Standards

Abstract

Interoperable Health Informatics Infrastructure plays a vital role in public health and
wellbeing. Adopting EHR, WHO, ICD10 and OGC standards based health informatics
infrastructure that facilitates spatio temporal disease analytics is a boon to the society.
An open source technological tool with added functionalities along with geospatial dimension
to the health informatics improves healthcare analytics and assists health workers and
policy makers in right, effective decision at right time. In the age of digital India, achieving
syntactic, semantic homogeneity and geospatial mapping are the major challenges for
quality and interoperable health informatics, which is the need of the hour. Electronic
Health Record (EHR) is a standard that provides an ability to address heterogeneity in the
healthcare information and enables information exchange and share among various levels
of health organizations. OGC provides several interoperable standards and services to access
data from geospatial databases. The current research addresses the above challenges with
a simple and user friendly technology solution, by facilitating a collaborative GIS based
framework for effective and efficient health information management using OGC, EHR,
WHO and ICD 10 standards. The framework helps healthcare organizations to develop
interoperable solution that transform health information into EHR standard, geospatial
mapping, load into a centralized geospatial database, non-geospatial EHR data mapped
with geospatial.

KEYWORDS: Digital Infrastructure, EHR, Geospatial Mapping, OGC Web Services,
Health informatics, Analytics

1. INTRODUCTION

Effective and efficient healthcare delivery can be achieved through improved health
data analytics. Health data analytics supports better decision making, predictive
analysis, strategic planning, cost effective solutions, etc. Improved health data
analytics can be achieved through good Health Information Systems (HIS) that fulfills
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interoperability standards, quality, security, scalability, reliability and timeliness
in data storage and processing terms (Sandra, 2013). Geospatial information system
(GIS) improves quality of the health information through geospatial mapping and
improves health data analytics. GIS helps in understanding geospatial distribution
of various diseases, visualizing the complex disease patterns, relationships (Zaffar
et al., 2010) and examine the impact of geospatial features on human diseases.

India has been progressing well in the adoption of Information Communication
Technology (ICT) and GIS in various sectors. However, India is not yet utilized the
potential of ICT and GIS in healthcare sector (Sunil Kumar, 2016). In private and
public health sectors of India the usage of ICT is limited and exchange of health
information is not yet started. The government of India is putting efforts towards
achieve digital India.

In India, Different health organizations in private and public sector are using
different formats, structures and vocabulary for recording health information. The
syntactic, semantic heterogeneity in health information leads to interoperability
issues, limit opportunities for proactive to healthcare (Yiming et al., 2016) and
makes health analytics difficult. There is a strong need of strengthening the
recording and reporting systems that provides accurate, timely, complete and
consistent data (Peter et al., 2013).

EHR is a collection of personal health information that is recorded, stored and
accessed through a digital database (USAID, 2017). The EHR standard provides a
common data structure, vocabulary for storing and managing healthcare
information. EHR improves coordination, cooperation and collaboration between
various levels of health organizations and provides opportunity to improve efficiency
of healthcare delivery. EHR data can be used to examine environmental and social
factors impact on human health (Joan et al., 2016). Recently, the Ministry of Health
and Family Welfare has approved the recommendations made by the Medical Council
of India, on the standards to be followed by the health care organizations in the
country (SHS, 2013). GIS linkage of Electronic Health Records (EHRs) improves the
quality of health information and provides better understanding of spatio- temporal
journey of diseases. This enables various levels of healthcare providers and policy
makers to take immediate decisions and reduce the impact of health hazards.

The Open Geospatial Consortium (OGC, 2015) is a non-profit international
organization dedicated to provide quality open standards for the global geospatial
community. The OGC standards are widely using in many domains such as health,
defence, environment, meteorology, disaster management etc., to develop
interoperable applications, information exchange and share. Web Feature Service
(WFS, 2015) and Web Map Service (WMS, 2015) are popular OGC web services that
enables interoperable information access from geospatial databases.
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In order to achieve improved health informatics, the current research designs and
develops a collaborative framework for GIS based digital infrastructure using EHR
and OGC standards and services. The framework facilitates:

• A web form to enter health information into EHR standard.

• Geospatial mapping of EHRs.

• A centralized geospatial database for storing and effective management of
georeferenced EHRs.

• Georeferenced EHRs through OGC WFS and WMS services.

• A web client for GIS based health information analysis.

2. DISCUSSION

The use of EHR has been increasing to conduct epidemiologic investigations studies
on geographically distributed patients. Joan et al., (2016) described EHRs use in
population health research and compared them with traditional epidemiologic
methods. This study concludes that EHR epidemiology advance clinical care, analysis
of individual variability such as occupational, environmental and social determinants
of health. Sunil Kumar (2016) presented the strategies for adoption of EHR and
identified four major areas in which substantial efforts to be made are: ICT
infrastructure, policy and regulations, standards and interoperability, research and
development.

New Zealand committed to build EHR systems to address the issues of fragmented
health information (Wayne, 2010). Health Information Strategy Steering Committee
of New Zealand decided to build multiple linked EHRs to construct a ‘virtual’
national EHR utilizing a network approach. Noonan et al., (2017) presented the
important factors of patient records that are collected through patient voice
recordings. This kind of patient records are used to enhance communication and
provide opportunity to engage patients and carers. Yiming et al., (2016) presented
information model based on HL7 CDA standard to integrate clinical information
documents and analyse CDA documents using JDBC and XML parser. This approach
uses XML language to achieve an integrated CDA document and information
exchange.

André et al., (2016) presented a customizable GUI-building tool for EHR. The
approach uses two algorithms, one for extract the data attributes, terminologies
and constraints of health information models, and another to generate a GUI using
the extracted elements. Kavitha et al., (2016) developed EHR system using the
cloud infrastructure. This approach integrates health information through handling
heterogeneous data, data storage, use of data analytics tool for decision making,
data privacy and the data security.
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Sindhu and Nagaratna (2015) introduced an algorithm to handle heterogeneity in
distributed, unstructured and semi-structured data types and to bring centralized
structured data. (sunitha and suresh babu, 2014) discusses an ontology based
approach to address the semantic heterogeneity in health informatics. The
methodology uses data and ontologies of multiple domains to provide a knowledge
for public healthcare system through integrate data from multiple domains.

Velusamy et al., (2016) used GIS techniques to map acute diarrheal disease (ADD)
data and relative risk was estimated using empirical Bayes approach using Poisson
gamma and Poisson log normal models. The authors conclude that the GIS mapping
helps to take precautionary measures to prevent and control the spread of the
diseases. Rodríguez-Morales et al., (2015) used GIS techniques for the development
of epidemiological maps of malaria. This approach uses Kosmo Desktop 3.0RC1 to
develop thematic maps of diseases.

OGC Health Domain Working Group (Health DWG, 2016) initiated to identify
requirements, gaps in standards and opportunities for Health Domain. The Working
Group pays attention to develop open mapping standards for health requirements.
It efforts towards bringing geospatial vendors and end-users together through
providing technical solutions which support interoperable concepts, data
definitions, formats and services for publishing, search, and exchange of geospatial
information.

The current research did a detailed study on the adoption of EHR standards and
GIS techniques and exchange and share of health informatics. It is been observed
that all the research works are agreed with the benefits of EHR standards, geospatial
mapping and OGC services and standards. However, the research towards the
exploration of EHR, GIS techniques and OGC services to improve health informatics
is fragmented. Current health information exchange forms are directed exchange,
query-based exchange and consumer mediated exchange (HIE, 2014). It is being
observed the current approaches are not focusing on the interoperable exchange
of georeferenced health information. This rises the need of a collaborative GIS
Health Informatics System that accumulates data into EHR standard, maps EHR to
GIS, provides centralized geospatial database for health informatics and make EHR
data available through interoperable OGC web services.

3. GIS BASED DIGITAL INFRASTRUCTURE FOR HEALTH INFORMATICS

To improve the quality of health informatics, interoperable information exchange
and share among health communities, the current research designs and develops a
GIS based collaborative digital infrastructure that incorporates EHR, WHO and OGC
standards. Figure 1 shows GIS based digital infrastructure framework for health
informatics.
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The components of the GIS based digital infrastructure are:

• Web form in compliance with EHR standard approved by Ministry of Health &
Family Welfare, Government of India.

• Geospatial mapping.

• A strong and resilient centralized geospatial database.

• Facilitate georeferenced health information through OGC WFS and WMS services.

• A Web client for GIS based health analytics.

3.1 Web form in compliance with EHR Standard

EHR standard provides Minimum Data Set (MDS) as a reference model that supports
implementation of clinical systems with EHR standard. EHR provides a common
structure and vocabulary for storing and managing clinical information. However,
there is no digital infrastructure for storing and managing clinical information.
The current research designs and develops a user friendly web form in compliance
with EHR standards approved by Ministry of Health & Family Welfare, Government
of India.

The web form allows health workers to feed health information into EHR standard.
It is created using data item name as label and appropriate GUI elements such as
text box, list box etc. based on datatype and size as mentioned in the MDS. Proper
validation of form data is crucial to protect the healthcare system from erroneous
data. The current research incorporates appropriate validations on each MDS data
item.

Fig. 1: GIS Based Digital Infrastructure Framework for Health Informatics



94    ASCI Journal of Management  46 (2) Spl   September 2017

World Health Organization (WHO, 2016) published International Disease
Classification – Version 10 (ICD-10, 2016), it contains codes for diseases, signs and
symptoms, abnormal findings, complaints etc. The web form takes the support of
ICD-10 to display list of diseases while storing a patient information. The use of
ICD-10 vocabulary addresses semantic heterogeneity in disease.

3.2 Geospatial mapping

Geospatial mapping of health information improves the quality of health analytics.
It transforms non-spatial health information into spatial information. In the current
work, geospatial mapping of health information is done in two steps

• Finding geographic physical address (geographic coordinates: latitude,
longitude) of logical address

• Transforming the geographic physical address into geometry and store in
geospatial database corresponding to the EHR.

The former can be achieved using Google Maps Geocoding API (Google Maps APIs,
2016). The Geocoding API provides support to find geographic physical address
equivalent to the given logical address. Further the physical address is transformed
to geometrical point with a common SRID: 4326 using predefined spatial operations.
Thus the framework provides geospatial health information that enables healthcare
communities and organizations to exchange and share EHRs through interoperable
OGC web services.

3.3 Centralized geospatial database

A strong, resilient database facilitates a strong healthcare system. The current
research develops a physical relational schema using data items specifications in
EHR MDS and adds a geometry column to store geospatial information. In order to
provide a collaborative digital infrastructure for health informatics, the current
work deploys the physical schema in a centralized spatial relational remote
database. The centralized database integrates data from different health
organizations and improves the quality of information through homogeneous
structure, vocabulary and geospatial mapping-.

3.4 Facilitate georeferenced health information through OGC WFS and WMS
services

The form based GUI and centralized remote database improves the quality of the
health information through health data integration into a common structure,
vocabulary and geospatial mapping. Accurate, speedy health information exchange
among the health organizations through OGC web services achieves interoperability.
Information accessed through OGC web services can be fit into health analytical
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models and workflows to do further analysis, planning and decision-making. In
order to achieve interoperable health information exchange and share among various
health organizations, the current research publishes the georeferenced health
information in GeoServer (GeoServer, 2016) and made available through OGC WFS
and WMS services. The OGC WFS and WMS helps to produce disease maps from the
centralized geospatial database. WFS service provides diseases maps in vector
formats such as shape files, GML, KML etc., whereas WMS provides in raster formats
like JPEG, PNG, GeoTIFF etc.

3.5 A Web client for GIS based health analytics

The geospatial data such as state and district administrative boundaries are static
in nature. Whereas health information is very dynamic. To understand the geospatial
spread of diseases and identify spatio temporal patterns of diseases, there is a
need of integration of the dynamic health information and static geospatial data.
In order to facilitate GIS based health analytics:

• The static geospatial data is published in the GeoServer and made available
through OGC WFS and WMS services.

• A web based WFS and WMS client interface is designed and developed

The web client provides a user friendly interface that simplifies OGC WFS and WMS
request building. The requests are generated dynamically based on user choice.
The web client facilitates geospatial health analytics through integrating results
of OGC services on dynamic health information and static geospatial data. Further
the geospatial health information can be used to do GIS based patient centric
health analytics based on EHR data items such as patient’s age, gender, occupation,
village, district, state, insurance, disease, diagnosis etc.

4. IMPLEMENTATION AND RESULTS

The framework is implemented using HTML and PHP to design web interface,
Postgres/PostGIS to implement centralized geospatial database, Apache Tomcat as
webserver and GeoServer to publish georeferenced health information and make
available through OGC WFS and WMS services. It uses Java servlet technology for
server side script that can be used to:

• Process data from the web form in EHR standard.

• Find geographic coordinates (latitude and longitude).

• Transform geographic coordinates into point geometry.

• Loads data into centralized geospatial database in EHR standard.

• Build dynamic WFS and WMS requests based on user choices from the web
client.
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In order to facilitate GIS based health analytics, the geospatial information of
India state and district boundaries are taken from Geoportal, NSDI, Govt. of India
(NSDI, 2016) in vector format and published in the GeoServer. Dynamic health
information and static geospatial information are made available through WFS of
versions 1.0.0, 1.1.0 and 2.0.0 and WMS of versions 1.1.1 and 1.3.0.

As the web form is large in size, the whole web form is divided into three parts.
Figure 2a, figure 2b and figure 2c show the three parts of the web form which is
developed in compliance with EHR and WHO standards. Figure 3. shows web client
interface that facilitates GIS based health analytics. A WFS request is executed
on dynamic health information to produce disease map, results are shown in the
figure 4.

Fig. 2a: Web Form in Compliance with EHR and WHO Standards – Part 1
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Fig. 2b: Web Form in Compliance with EHR and WHO Standards – Part 2
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Fig. 2c: Web Form in Compliance with EHR and WHO Standards – Part 3
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Fig. 3: Web Client Interface – EHR Data Integrated with
India State Boundaries using OGC WMS Service

Fig. 4: WFS Results on Google Earth
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5. CONCLUSION

This paper discus a collaborative framework of a GIS based digital infrastructure
to improve the quality of health informatics. The framework uses EHR, OGC and
WHO standards for effective management of patient information, improve the
quality of the data through geospatial mapping, facilitate the georeferenced health
information through

interoperable OGC WFS and WMS services and a web client for GIS based health
analytics. This is a generic framework, it can be used to achieve interoperability,
enhance share and exchange of georeferenced health information among various
health organizations, improve GIS based health analytics and provide better
healthcare delivery. Study the heterogeneity in health information recording
formats, develop a system that extract data from heterogeneous formats and load
into a centralized geospatial database in EHR standard is future work.
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Medical Geology is now an important research subject after the sudden demise of our
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succumbed to cardiac arrest while giving emotional speeches at Himalayan cities of Shillong
and Srinagar respectively. As Altitude may exacerbate ischemic heart disease because of
both reduced O2 delivery and paradoxical vasoconstriction which lead to adverse events,
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causalities of flood disaster.Tamil Nadu coast which is directly west of Andaman isles on
Indo Australian active tectonic plate was affected by Tsunami in Dec 2004. These Geological
conditions has created a new research field of The Medical Geology. This paper explains
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1.1. Introduction

Many have think medical geology as a new field but it is re-emerging. Hippocrates
and Aristotle first recognized the relationship between human diseases and the
earth’s elements.[4] Now people becoming aware of the effects the environment
has on our health. This field ultimately depends on a number of different fields
coming and working together to solve some of the earth’s mysteries.

1.2.“Hydro, bio, geo, chemo, epidemio, patho, ecology”

Paracelsus, the father of pharmacology (1493-1541) stated that, “All substances
are poisons, there is none which is not a poison. The right dosage differentiates a
poison and a remedy.”[2]

The scientific term for this field is “hydro bio geo chemo epidemio patho ecology”
which is known as Medical Geology.[4] It was established in 1990 by the International
Union of Geological Sciences.[2]

This sums up the idea of medical geology. The aim of this field is to find the right
balance and intake of elements/ minerals in order to improve and maintain health.[2]

1.3.Demise of eminent Persons due cardiac arrest at ‘altitudes

Medical Geology has attracted the attention as an important research subject after
the sudden demise of our former President Dr A.P.J. Abdul Kalam and other eminent
scientist of India, Dr Subhan Pathan, President of Geomatic society, Space application
centre,ISRO, Ahmedabad, who succumbed to cardiac arrest while giving emotional
speeches at Himalayan state capital cities of Shillong, Megalaya state and Shrinagar
of Jammu and Kashmir. Altitude exacerbate ischemic heart disease because of
both reduced O2 delivery and paradoxical vasoconstriction, which lead to adverse
events, including acute coronary syndromes and sudden cardiac death, for older or
unhealthy men, within few days.

2. Enviroinment and Medical Geology

It is widely known that the state of our environment affects us in many ways.
Minerals and rocks have impact on human and animal populations. Medical geology
brings professionals from both fields of the medicine and geology to help to
understand this relationship which has two priorities that have been established
within these field,

“(1) the study of trace elements, especially their bio availability and

(2) a need to establish baseline, or background levels of contaminants/
xenobiotics/ potentially harmful but naturally occurring materials in water,
soil, air, food, and animal tissue.”
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Fig. 1: Thiruvallur Dist Tamil Nadu

When especially there is a close relationship between the elements and minerals in
the land as it affect people and animals immensely, they face with one of two
problems.

First, those who live in places exposed to heavily impoverished soils which result
in a number of diseases caused by mineral imbalances.

Second, those in areas such as India and Bangladesh who are often exposed to an
excess of elements in the land resulting in mineral toxicity.

3. Study Area

Tamil Nadu coast which is directly west of Andaman isles on Indo-Australian active
tectonic plate was affected by Tsunami in Dec 2004. These Geological conditions
has created a new research field of The Medical Geology. This paper explains the
Medical Geological investigations done in Thiruvallur town.

3.1. The prominent geomorphic units

Geomorphologic units identified in the district through interpretation of Satellite
imagery are

1) Alluvial Plain

2) Old River Courses

3) Coastal Plains

4) Shallow & deep buried Pediments
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5) Pediments and

6) Structural Hills.

The elevation of the area ranges from 183 m amsl in the west to sea level in the
east.

3.2 Soils

Soils in the area have been classified into i) Red soil ii) Black soil iii) Alluvial soil iv)
colluvial soil. The major part is covered by Red soil of red sandy/clay loam type.
Ferrugineous red soils are also seen at places. Black soils are deep to very deep
and generally occurs in the depressions adjacent to hilly areas, in the western
part. Alluvial soils occur along the river courses and eastern part of the coastal
areas. Sandy coastal alluvium (arenaceous soil) are seen all along the sea coast as
a narrow belt.

4.Coastal land forms Thiruvallur

Thiruvallur District and Thiruvallur Town are covered in this paper. Thiruvallur district
has Pulicat lake at East at Ponneri Taluk, with estuaries of river and forms coastal
land form in Bay of Bengal with Islets and Bird sanctuary.

Fig. 2: Pazaverkadu Eastuay Bird Sanctuary

The Ponneri Taluk, Amabathur Taluk for part of Coatal land form with the coast of
Chennai Metro where the Adyar Coouam and Kosastalai River drains in Bay of Bengal.

Fig. 3: Arania ar and Pazaverkadu Coast
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Four cycles of erosion gave raise to a complex assemblage of fluvial, estuarine and
marine deposits. The major part of the area is characterised by an undulating
topography with innumerable depressions which are used as irrigation tanks. The
coastal tract is marked by three beach terraces with broad inter-terrace depressions.
The coastal plains display a fairly lower level or gently rolling surface and only
slightly elevated above the local water surfaces of rivers. The staraight trend of
coastal tract is the resultant development of vast alluvial plains.There are a number
of dunes on coastal tract.

Fig. 4: Formation of Sandy Beaches

Two rivers which feed the lagoon are the Arani river at the southern tip and the
Kalangi River from the northwest, in addition to some smaller streams. The
Buckingham Canal, a navigation channel, is part of the lagoon on its western side.
The lagoon’s water exchange with the Bay of Bengal is through an inlet channel at
the north end of Sriharikota and out flow channel of about 200 metres (660 ft)
width at its southern end, both of which carry flows only during the rainy season.The
lake acts as buffer to retain the accumulated flood water till the flood water is
discharged gradually to the sea during the monsoon period and cyclones. The lake
and its river basins are located both in Andhra Pradesh and Tamil Nadu states.

Fig. 5: The Bay of Bengal and Isles
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The lake and its drainage river basins become interstate river basin as per Interstate
River Water Disputes Act 1956. Most of the lake area including its water outlet to
the sea is located in Andhra Pradesh.

The water quality of the lake varies widely during various seasons – summer, pre–
monsoon, monsoon and post–monsoon – as the depth and width of the lake mouth
varies causing a dynamic situation of mixing and circulation of waters. The resultant
salinity variation and DO (dissolved oxygen) affects the primary production, plankton,
biodiversity and fisheries in this lake. Salinity values vary from zero during the
monsoon to about 52,000 ppm (hyper saline) during post and pre–monsoon seasons.
Adjustment to this wide variation is difficult for sessile and sedentary species in
the lake. However, euryhaline species still dwell in the lake.

The benthic or the bottom habitat of this lagoon is classified into three zones.

The southern zone, the first zone, is dominated by sand with some admixture of
mud.

The second zone at the northern region is wholly muddy.

The third zone with sand and mud in equal parts is overgrown with patches of
weeds and is reported to be rich in benthic biodiversity. Toxicity levels of heavy
metals such as magnesium, lead, zinc, nickel, cadmium.

4.1. Recent Alluvial Gondwana Formations.

As the Gondwana formations are well-compacted and poorly jointed, the movement
of ground water in these formations is mostly restricted to shallow levels. Ground
water occurs under phreatic to semi-confined conditions in the inter-granular pore
spaces in sands and sandstones and the bedding planes and thin fractures in shales.
Along the northern coast of Chennai and Thiruvallur districts, an arenaceous
formation called Coromandal Formation (Badrinarayanan, 1978) of probable
Holocene age has been recorded below the beach sand. This formation is essentially
a quartz arenite which at places grades in depth to clayey sand and sandy clay.

The Quaternary coastal deposits are large linear tracts of beach sand mixed with
shell fragments seen along the raised beach terraces forming the present and palaeo
shorelines as well as the soft black clay carrying marine shells occurring in a number
of backswamps, tidal flats, lagoons and estuaries. Beach sands in the raised dunes
are often underlain by a bed of pure white sand of glass and foundry grade, which
is considered to be the reworked Coromandal Sandstone (which is not exposed and
therefore not shown separately on the map or in the legend). These are seen at
places between north of Chennai and south of Vedaranniyam along the east coast.



Impact of Medical Geology in Thiruvallur Town    109

4.2. Health Issues in Coastal Land Form

The people living in the coast may guard agains, Arsenicosis, Ascariasis, Botulism,
Campylobacteriosis, Cholera, Cryptosporiodiosis, Cyanobacterial toxins, Diarrhoea,
Dracunculiasis, Fluorosis, Giardiasis, Hepatitis, Hookworm infection, Lymphatic
filariasis, Malnutrition, Methaemo globinemia, Onchocerciasis, Ring Worm or Tinea,
Schistomiasis, Trachoma, Trichuriasis, Typhoid. Urinary infection may occur from
sea, Poor sanitation and improper drinking water supply may cause water bourne
desaess. Kidney stone problem from the salty sea water intruded the aquifer is also
an important issue. The calamities by TSunami and Cyclone and Floods causes
health problem to community. Health emergency and protection centers are already
available to move the persons to elevated palace and provide first aid rescue. In
recent years the oil spill from the Oil Tankers and oil pipe lines affect the aquifer
and cause health hazars to people in Coastal belt.

5. Alluvial Land form of Thiruvallur Rivers

The Nagari river, Kusastahalai River, Cooum River and Arani river flows in the districts
in meandering pattern.They are interlinked with drinking water channels to feed
Cholavaram, Red hill, Chemabrakpakkam and Porur Chennai Metro water drinking
water reservoirs. The drinking water lakes are formed in red soil.

5.1. Natural Elements which are detrimental to health.

Some naturally occurring elements can be extremely detrimental to our health.
There is a direct link between health and the Earth because we ingest and breath
in all of these chemicals and for the most part is done unknowingly.

• Trace Element Deficiency/ Excess I,Se,F,As

• Mineral and Natural Dust - Asbestosis, Silicosis, CWP, Valley Fever

• Water quality Balkan endemic nephro pathy (BEN)

• Organics PAHs, Pesticides, Herbi cides, etc

• Radionuclides - Radon, Radium, Uranium

• Microbes, Pathogens - Buruli ulcer, West Nile Encephalitis,
LaCrosse Ence phalitis, Plague,
Hantavirus, Lyme disease, etc.

• Hot Springs Medical and economical benefits

• Clays and minerals geophagia

• Global Climate Change
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Fig. 5: Floods Dec 2015 Global Climate Change Effect at Fluvial plains

6.Structural Tectonics

Tamil Nadu is endowed with several minerals of which a few are exploited
economically. Molybdenite occurs as fine Occasional composite grains of Pentlandite
+ Pyrrhotite + Chalcopyrite have been recorded from the Red Hills. Clays Clay
deposits of different grades occur in Thiruvallur. The clays are of two types.
i) Residual clay and ii) Sedimentary clay. Sedimentary clay occur in Thiruvallur,
District. A large number of clay deposits from the Gondwana formations are recorded
in Thiruvallur District at Vallam, Mathur, Vaiyupur, Edapalaiyam, Kannanthangal,
Kommanthangal, Kelacheri, Mappadu, Sattarai, Kalambedu and Kannur. The reserves
are estimated at 12.9 million tonnes of which 10.5 million tonnes are of refractory
grade.

Low refractory clay occurs in Tiruvallur Taluk of Thiruvallur District with an estimated
reserve of 12.43 million tonnes. Upper Gondwana clay (Lower Cretaceous) upto
7.5m thick, occurs as six detached patches near Karai, Tarani and Uttattur. The
clay has high alumina content and does not fuse at 1300ºC. Reserves are estimated
at about 0.6 million tonnes.

Construction Material (including Dimension Stones) Greater part of Tamil Nadu is
occupied by hard crystalline rocks. These as well as some of the clays are used as
construction materials for various purposes. The hard rocks are normally used as
dressed stones, ballast and jelly in various parts of the state. In recent times stone
crushing units have come up on large scale, catering to the high demand for road
metal and railway ballast requirements. Developmental activities in respect of
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dimension stone deposits such as exploration, exploitation, processing and export
is so advanced in Tamil Nadu, it merits distinct entity and narration. Practically
every major lithotype of the Precambrian shield is formed a dimension stone variety,
finding extensive use in building the industry. While basic charnockite in areas
around is utilised as OLIVE/SEA GREEN or SEAWEED GREEN, its Younger intrusive
granite with weak to moderate foliation and colour range from grey/yellow to pink
forms dimension stone deposit such as RAW SILK, VANJI PINK, GREY PEARL, MOON
STONE, TOMATO/CHILLI RED, etc. in localities, Tiruttani, Tiruvallur District, Sholingur,
Vellore District. The coarse-grained, mostly porphyritic / glomeroporphyritic Gingee
granite has the trade names DESERT BROWN and HONEY DEW.

7. Aspects of Materials Well Known for Decades

• Industrial / commercial asbestos.

• Silicosis (hard rock mining).

• Pneumoconiosis is an occupational lung disease and a restrictive lung disease
caused by the inhalation of dust, often in mines and from agriculture.

• Black lung (coal mining).

• New issues and problems are arising.

• Regional desert storms, trans-oceanic dust transport.

• Airborne dust composition (ie, toxic metals).

7.1.Examples of Research in Medical Geology Include:

1. Studies on the impact of contaminant mobility as a result of extreme weather
events such as flooding.

Fig. 6: Thiruvallur Town Developed in Alluvial Flood Plains of
Cooum and Kusastahalai River
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The water from Cooum flow north to Kusastahalai river linking about ten tanks
reservoirs. The five tanks in the Town are modified by construction of buildings
blocking the natural drainage. The pre monsoon months with hot summer affect
people with virus fevers, Heat allied probems like Chickenpox, Measeles, High blood
preasure and people are warned to avoid going out side between 10 am to 3 pm
when the temperature crosses 105 to 117 deg F this summer. The floating population
due to annaual festival of temples increase the population density from 1200 per
sq km to 2000 per sq km . The Temple and Govt take adequate care to handle the
crowd and sanitation to prevent communicable decesaes

Fig. 7: Temple and Tank Area receives 1lakh Pilgrims at Festival days

1. Lead and other heavy metal exposure resulting from dust and other particulates.

2. Fungal infection resulting from airborne dust, or coccidioidomycosis.

3. Microbiological, infectious disease agents and pathogens.

7.2. The effect of exposure of Human’s contact with earth elements.

There are many ways in which humans come into contact with the earth’s elements
and below are only a few ways in which we become exposed to them.

• Volcanoes are one of the main sources that bring all the toxicity from inside
the earth to the outside. They bring out chemicals such as; arsenic, beryllium,
cadmium, mercury, lead, radon, and uranium.[7]

• Rocks are also one of the leading sources in exposure to these elements. “They
are essentially the source of all the naturally occurring chemical elements
found on the earth.”
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8. Diseases

8.1. Iodine Deficiency

One of the biggest geochemical diseases is iodine deficiency. Thirty percent of the
world is at risk for it and insufficient intake is the most common cause of mental
retardation and brain damage. The sea is a major source of iodine and those who
are further from it are at a disadvantage. Some cultures actually consume the
earth’s minerals by eating soil and clay, this is known as geophagy. It is most common
in the tropics, especially among pregnant women.

8.2. Cardiovascular Disease

Cardiovascular disease has often been linked to water hardness as the main cause.[2]

Water hardness means that there is magnesium in the water with calcium playing a
role. But some research has completely discredited this evidence, and have found
that the more magnesium in the water the less chance of death due to by
cardiovascular disease.

8.3. Radiation

Natural radiation is found everywhere; in the air, water, soil, rocks, minerals and
food. The largest amount of radiation comes from radon. Certain places are called
‘high background radiation areas’ (HBRAs), such as Guarapari, Southwest of France,
Ramsar, parts of China, and Kerala Coast.

8.4. Other Issues

A few other deficiencies are listed below:

• Hyperkalemia: excess amount of potassium[2]

• Hypercalcemia: excess amount of calcium[2]

• Hyperphosphatemia: excess amount of phosphorus[2]

The high rainfall seasons in hilly region and flood plains causes stagnant rain water
and Thitruvallur town is in Dengu Risk map at national level because of tanks, inter
fluvial rivers, sewage and contaminated aquifer by septic tanks etc. The undulated
plains with porous and non porous soils make geological condition to pollute the
aquifer because of variable infiltration capacity of soil.

Fig. 8: Coouam River with Porous Clay as Deposits-Thiruvallur
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Hydro Geo morphological condition of inter fluvial drainage basin which is blocked
by housing sites causes flooding, due to absence of natural drainage which causes
stagnation of water in the pits and low lying area. These tiny micro watersheds are
prone to water borne deceases even before completion of rescue operation of
rescuing massive health hazard victims and causalities of flood disaster. Anaemia,
Arsenicosis, Ascariasis, Botulism, Campylobacteriosis, Cholera, Cryptosporiodiosis,
Cyanobacterial toxins, Dengue, Diarrhoea, Dracunculiasis, Fluorosis, Giardiasis,
Hepatitis, Hookworm infection, Japanese encephalitis, Lead poisoning,
Legionellosis, Leptospirosis, Lymphatic filariasis, Malaria, Malnutrition,
Methaemoglobinemia,Onchocerciasis, Polio, Ring Worm or Tinea, Scabies,
Schistomiasis, Trachoma, Trichuriasis, Typhoid.

1. Acinetobacter-species,

2. Acinetobacter baumannii,

3. Klebsiella oxytoca Klebsiella oxytoca can cause

3.a. Sepsis., 3.b.  Colitis

4. Klebsiella pneumoniae

5. Pseudomonas aeruginosa

9. Reservaoir in Hilly Land Forms

Fig. 9: Poondi Reservoir

The Pallipet,Thirutani and Thiruvallur taluks at west are covered by hard granite
and charnokite weathered rocks and micro watersheds of streams with hilly land
forms and plateau of Allikuzi with Poondi. The reservoirs recharge the aquifers and
create a micro climatic zone with mist till 8am in November to Januaray. The
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micro climate induces cold, fever in this season if the residents are not protected
with cloths. The forest and bushes are home of reptiles, poisoness creatures, Crabs,
fishes and leaches. The people entering in forest and reservoirs should guard against
these health issues from moist deciduous forests in hills.

Fig. 10: Thirutani Hard Granite Hills

Fig. 11: Plateau of Allikuzi with Poondi Reservoirs

9.1. Trace Elements in Poondi Reservoir

The trace metals and heavy metals present in the Poondi reservoir which plays a
vital role in determining the extent of pollution in the area. Overexploitation of
nature and uncontrolled use of natural resources, including inadequate processing
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of industrial wastes have caused large contamination of ecosystems by toxic metals
which generally show considerable accumulation in aquatic sediments.

A study the impact of pollution on the five different sampling sites in and around
the Poondi reservoir revealed the effect of this sediment bed in polluting the river
Kortalaiyar which flows through Poondi reservoir collecting the pollutants along its
flow.

The Pearsons correlation matrix reveals the correlation between various metals
indicating their proximity in origin and their distribution pattern.

The Poondi reservoir contain Sodium, Aluminium, Silicon, Nitrogen, Phosphorous,
Potassium, Boron, Barium, Calcium, Magnesium, Chromium, Nickel, Copper,
Manganese, Iron, Zinc, and Titanium. The concentration of the metals is found to
vary with seasons namely Post Monsoon and Pre Monsoon periods.

The fertility as well as biodiversity of an aquatic system is greatly influenced by
the concentration of nitrogen in the sediment. It is one of the critical limiting
factors to algal growth and Eutrophication in the water bodies.

10. RECOMMENDATION

Hydro Geo morphological condition of inter fluvial drainage basin which is blocked
by housing sites causes flooding, due to absence of natural drainage which causes
stagnation of water in the pits and low lying area. These tiny micro watersheds are
prone to water borne diceases. Tamil Nadu coast which is directly west of Andaman
isles on Indo Australian active tectonic plate was affected by Tsunami in Dec 2004.
These Geological conditions has created need for research in field of The Medical
Geology.

11. CONCLUSION

This paper explains need for Medical Geolgical investigations. The paper tries to
correlate the published reports on Geology and Geomorphology with Health problems
due to water borne diseases and summer disuses for coastal marine land form,
fluvial plains and hilly land forms including contamination of reservoir like Poondi.
The Medical Geolgical investigation of Thiruvallur district has to taken in micro
level geological investigation linking health problem at least at health data of
Primary Health Centre of Panchayath Union .
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Role of GIS in Public Health by Monitoring the Cigarettes
and other Tobacco Products Act, 2003 (COTPA)

Abstract

Various studies conducted by NGOs, Govt institutes etc. shows that smoking may have
caused 100 million premature deaths in India during the past 100 years. In 2007, Chandigarh
was officially declared a smoke-free city, with a ban on having a puff in public places. One
of the clauses of COTPA Act states that ‘No person shall sell, offer for sale, or permit sale
of, Cigarette or any other tobacco product in an area within a radius of 100 yards of any
educational institutions’. In this study, mapping of the location of places selling tobacco
and other banned products was carried out so as to determine how effectively law is
enforced. As an additional study, liquor vendors were also included in this survey. All the
data collected on GIS platform, so as to analyse the distribution of these vendors amongst
different sectors of the city. Comparative study has also been done to understand the
variations in violations during 2014 and 2016. According to the data, there are 30 illegal
tobacco sell ing points (28%) across the city out of 108. At 62 locations in the city, alcohol
and tobacco products are being sold within 100m of the educational institutes, hospitals
and worship places. An approximate location of these vendors has been identified with
photographs of each too. The major reason for unsatisfactory implementation of the act is
the non-participation of institutes, and the residents themselves and lack of co-operation
with the Chandigarh police. If the institutes itself keeps a check in their vicinity for illegal
tobacco selling, this percentage can be significantly reduced. The output of the study
shows that the geospatial technologies can be effectively used in health-related issues
too. Recent ruling of Supreme Court that liquor vends should not in the 500m of NH/SHs,
use of Geospatial Technology also comes into the picture, due to its applications.

Key Words: COTPA, GIS, GPS, Q GIS, GeoTag

1. INTRODUCTION

Smoking may have caused 100 million premature deaths in India during the past
100 years. The estimate is based on data about bidi and cigarette production
figures collated from different databases as well as earlier mortality studies. This
is the first estimate of mortality directly attributed to smoking over a long period,
researchers said in the study published in scientific journal, Current Science. Between
1910 and 2010, nearly 4.52 trillion cigarettes and 40.3 trillion bidis were

*  PEC University of Technology, Chandigarh, India
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manufactured in the country. They are responsible for nearly 100 million premature
deaths in men above 35. Bidis alone may have contributed to 77 million of these
deaths. The study has been carried out by scientists from International Union against
Tuberculosis and Lung Disease and the Healis-Sekhsaria Institute for Public Health,
Mumbai.

Another study, collaboration between India, Canada and the UK, is published in
the New England Journal of Medicine. According to this study, India is caught in the
midst of a catastrophic smoking epidemic, which is causing one in five of all male
deaths in middle age and will cause about one million deaths a year during the
2010s. Seventy percent of these deaths (600,000 male and 100,000 female) will be
between the ages of 30 and 69.

The study found that, among men, about 61 percent of those who smoke can
expect to die at ages 30-69 compared with only 41 percent of otherwise similar
non-smokers. Among women, 62 percent of those who smoke can expect to die at
ages 30-69 compared with only 38 percent of non-smokers. This means that smoking
accounts for most of the difference in premature deaths between men and women
in India.

Smoking causes various deadly diseases like lung cancer, cancer of the oral cavity,
pharynx, larynx, oesophagus, bladder, stomach, cervix, kidney and pancreas, and
acute myeloid leukaemia etc. The list of additives allowed in the manufacture of
cigarettes consists of 599 possible ingredients.

To make “Smoke free India” since India became a party to the WHO Framework
Convention on Tobacco Control on February 5, 2004. The Cigarettes and Other
Tobacco Products (Prohibition of Advertisement and Regulation of Trade and
Commerce, Production, Supply and Distribution) Act, 2003 (COTPA) is the principal
comprehensive law governing tobacco control in India. The Act was passed before
India became a party to the WHO Framework Convention on Tobacco Control.

As awareness increases, number of NGOs, religious bodies and various Government
agencies are initiating number of preventive steps to control or at least minimize
the sale of tobacco products. To make “Smoke free India” since India became a
party to the WHO Framework Convention on Tobacco Control on February 5, 2004.
The Cigarettes and Other Tobacco Products (Prohibition of Advertisement and
Regulation of Trade and Commerce, Production, Supply and Distribution) Act, 2003
(COTPA) is the principal comprehensive law governing tobacco control in India.
The Act was passed before India became a party to the WHO Framework Convention
on Tobacco Control.
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1.1 Origin of Research Work

Chandigarh is located near the foothills of the Shivalik range of the Himalayas in
northwest India. It covers an area of approximately 44.5 sq mi or 114 km² and
shares its borders with the states of Haryana and Punjab. The exact cartographic
co-ordinates of Chandigarh are 30.74°N, 76.79°E. Chandigarh is one of the best-
planned cities in India and known for its world-renowned architecture and a quality
of life. Being the capital of the states of Punjab and Haryana, and the Union
Territory of Chandigarh makes it more important.

In 2007, Chandigarh was officially declared a smoke-free city, claimed to be India’s
first, with a ban on having a puff in public places. Smoking in public places has
been banned with the implementation of the provisions of the Central Tobacco
Control Act in all parts of the city with effect from, officials said. Restaurants,
hotels, colleges, schools, government offices and markets are some of the places
where smoking will not be permitted unless special provision has been made in
places like restaurants and hotels.

Smoking is permitted outside such areas, in private homes and lawns and road
berms, but disposal of cigarette butts has to be done properly, they said. A special
drive has also been launched to fine defaulters in public places. Sale of tobacco
near schools and colleges has been banned. Police officials and Municipal
Corporation officials have been empowered to impose penalty on people found
smoking in public places in violation of the new rules. An awareness campaign has
been carried out in this regard and sign boards have been put up at appropriate
places, the officials said.

In this study, mapping of the location of places selling tobacco and other banned
products was carried out so as to determine how effectively law is enforced.

1.2 Review of Research and Development in the Subject

1.2.1 International/National Status

Good Health is vital for everyone and understanding the factors of a disease, its
spread from person to person and community to community has become increasingly
global [ESRI White Paper, Enterprise GIS in health and social service agencies; 1999].
As expressed by Scholten and De Lepper [The benefits of the application of
Geographic information systems in public and environmental health. WHO Stat
Quart 1991], ‘‘health and ill-health are affected by a variety of life-style and
environmental factors, including where people live”. There are various factors such
as climate, environment, water quality and management, education, air pollution,
natural disasters, social and many others which are the reasons for the emergence
of diseases.
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GIS is a system where one can capture, store, manipulate, analyze and visualize a
spatial data. More than a century ago, scientists began to explore the application
of maps for understanding the spatial dynamics of diseases. A study carried out by
Dr. Snow, [John Snow] on the mode of communication of cholera. London: John
Churchill; 1855.] is often cited to show that the use of maps to describe and analyze
a disease. Since much of the data used and generated by health and social service
agencies has a spatial dimension, GIS is particularly useful to health professionals
and administrators in planning and day- to-day management (Colledge et al., 1996).

Moreover, recent advances in GIS and mapping technologies have opened a new
era for public health administrators to enhance planning, analysis, monitoring and
management of health systems. Despite tremendous potential of GIS, the health
sector in India has not fully explored it. Majority of the health departments and
research organizations in India do not have the hardware, software or trained
staff that would enable them to apply GIS technology. However, the interest in GIS
has increased during the late 1990s.

Although various studies were done in Health area using GIS, like Minority youth
access to tobacco: A neighbourhood analysis of underage tobacco sales [Faizal
Asumdaa, Lisa Jordanb], Using GPS and GIS to Assess the Exposure of Teenagers to
Tobacco, Alcohol, and Fast Food Outlets in Chengdu, China [Jerrett, Michael et
al.], Does Proximity to Retailers Influence Alcohol and Tobacco Use Among Latino
Adolescents? [Joshua H. West et al.], Using geographic information systems to
compare the density of stores selling tobacco and alcohol: youth making an argument
for increased regulation of the tobacco permitting process in Worcester,
Massachusetts, USA [Yelena Ogneva-Himmelberger et al.], Health GIS and HIV/
AIDS studies: Perspective and retrospective [Rashmi Kandwal et al.], Mapping of
health facilities undertaken [National Population Stabilisation Fund] etc.

Till date, no study is done to monitor and regulate Cigarette and Other Tobacco
Products Act, 2003 (COTPA) in Chandigarh. In this study, GIS and GPS shall be used
to map the point of sales (POSs) of tobacco and other banned products in the
vicinity of the Educational Institutes, Hospitals and Religious Places in Chandigarh.
Thus, enables to determine how effectively Cigarette and Other Tobacco Products
Act, 2003 (COTPA) law is enforced in Chandigarh. The output of the study shall be
helpful for Police department as well as other concerned authorities.

1.2.2 Significance of Study

The study is expected to provide classification of the said area, which will help in
analyzing development around the city and its surroundings. The study of
classification may further help in planning various public utilities in a better way.
In this research, Geographical Information System (GIS) and Remote Sensing (RS)
techniques which are extensively used for urban mapping were used for mapping



122    ASCI Journal of Management  46 (2) Spl   September 2017

of location of selling points of Tobacco and other banned products in the vicinity
of Educational Institutes, Hospitals and Religious places etc. The output of the
project will be shared with police or any concerned department for better
enforcement.

2. OBJECTIVES

The major goal of this project is to determine point of sale of tobacco and other
banned products to monitor Central Tobacco Control Act in Chandigarh. The
objectives of this project may, thus, be enumerated as:

1) To collect the locations of vendors selling cigarettes/tobacco products and
wines near the hospitals, schools and Religious places along with photographs
of each vendor.

2) To bring all the data collected on GIS platform, so as to analyse the distribution
of these vendors amongst different sectors of the city.

3) Using various GIS tools to check the implementation of COTPA Act 2003,
especially the clause regarding prohibition of selling tobacco in one-hundred-
yard radius of any educational institutes.

3. METHODOLOGY

This study involves use of Geospatial Technology (GIS), android app as well as manual
visits. Briefly this study has following steps:

a) Finding Coordinates of the vendors using an android app (GeoTag) with accuracy
about 10m.

b) Creating of vector data of Chandigarh on ESRI base map containing educational
institutes, Hospitals, Temples and Geotagged images of the vendors to it (Using
Q GIS).

c) Creating the buffer around educational institutes of 100 yards and calculating
the number of selling points inside the buffer. These vendors are illegal under
COTPA Act.

d) Comparing the present study with the same study done in 2013.

3.1 Locating the POS

The point of sales of all the contraband were located using the geotagged photos,
clicked by smartphone. The smartphone used was MOTO G3 Turbo. Using the mobile
application “GeoTag”, and keeping the location services on at the time of clicking
the photo insured that the geographical information of the point was displayed on
the photo. An advantage of this method is that we get photographic proof along
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with the coordinates, to lend support to our report later on. A disadvantage of
such method of locating the point was that the geographical information obtained
was of the point from where the photo was taken, not the point of sale. To rectify
this, the photos were taken as close to point of sale, as possible, without raising
too many questions from the vendors or the customers. A total of 192 points were
obtained all over Chandigarh where as the number of points obtained in 2013 were
121. The reason of increment in point of sales in 2016 was that a more intensive
study was done.

Fig. 1: Sample Geotagged Photos

3.2 Creation of Digital Maps

Once the city-wide survey for the illegal POS was complete, the points were plotted,
in QGIS 2.16, using the “Geotagged Photos to Points” options. The map of Chandigarh
was digitized, including all the major sectors, educational, religious and medical
institutes, along with roads (all as separate layers) in QGIS. This was to ensure that
queries and analysis of the data would be possible even offline.

3.3 Buffer Analysis

Buffers are visual tools in QGIS that show whether the various points lie within the
specific distance, or not. These can be made only when an input feature class has
been defined and digitized on the map. Buffer analysis was carried out by creating
a buffer of 100 yard each from educational, religious and medical institutes, each,
thus forming three different layers of buffers.
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Fig. 2: Fully Digitized Map with Buffers. Points Lying in the
Buffers can be Visualized

4. RESULTS

As discussed, main objective of the study to determine role of Geospatial
Technologies in public health, so efficacy of COTPA law was studied and following
were the results owing to the comparative study:

4.1 Percentage of each type

In 2013, a total of 121 selling points were surveyed out of which 60 % were street
vendors selling tobacco, 24 % were liquor shops and remaining 16 % were small
shops selling tobacco.

In 2016, a more extensive survey was done and 192 points were surveyed out of
which 36 % were street vendors, 44 % were liquor shops and 20 % were small shops
selling tobacco products.
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4.2 Percentage of illegal points under COTPA Act:

COPTA Act says that it is illegal to sell tobacco products within 100 yards of any
educational institutions. In 2013, a total of 42 out of 92 i.e. 46 % of all tobacco
sellers are within 100 yards of educational institutes, while according to 2016
data, the illegal points are 30 out of 108 i.e. 28%. Although the percentage has
decreased a lot but still is of significant amount for a city like Chandigarh which
was declared as India’s first smoke free city in 2007. This is a worrying trend, because
the violators are providing a means for the students to easily access banned
products, away from the guidance of their parents/guardians. The major reason
for unsatisfactory implementation of the act is the non-participation of institutes,
religious places, hospitals and the residents themselves and lack of co-operation
with the Chandigarh police. If the institutes itself keeps a check in their vicinity for
illegal tobacco selling, this percentage can be significantly reduced.

4.3 Percentage of tobacco street vendors and liquor vendors in northern and
southern sectors

It has been observed that in 2013, the northern sectors have a percentage of 37%
of all the tobacco street vendors whereas 63% are in southern sectors, while In
2016, only 15% of the street vendors are in northern sectors and the rest in southern
sectors. Similarly, It has been found that In 2013, 31% of all liquor vendors lie in
northern sectors and the rest in southern sectors, while In 2016, 45% liquor vendors
are located in northern sectors and the rest in southern sectors. It is clear from
the data that major portion of liquor and tobacco vendors are located in southern
sectors which is quite expected as northern sectors majorly comprises of VIP sectors

Fig. 3: Liquor and Tobacco Selling
Points in Chandigarh in 2013

Fig. 4: Liquor and Tobacco Selling
Points in Chandigarh in 2016
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like sector 2 to sector 11, and hence police control is higher over there. Southern
sectors especially sector 40 to sector 52 are quite unorganized and more illegal
selling points are observed over there. Hence more control in southern sectors by
the police must be done.

Fig. 7: Distributions of Selling Points Across Chandigarh:
Sector Wise in 2013 and 2016

4.4 Percentage of street vendors in selling of tobacco products

It is also observed that in 2013 street vendors constituted 79% of all tobacco sellers,
while In 2016, 64% of all tobacco sellers were street vendors. Such high percentage
of street vendors is quite alarming and disturbing as it is always difficult to track
such vendors as no official record is there and they are dynamic. Such vendors are
usually located near offices and institutes or along major roads where travellers
can easily see them. Also, since no official license is there, and most of them
being unaware of the law, street vendors are the major culprit of violation of

Fig. 5: Illegal Selling Points in
Chandigarh in 2013

Fig. 6: Illegal Selling Points in
Chandigarh in 2016
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COTPA act. Regular police patrolling and heavy punishment can tackle this problem
to great extent.

4.5 Percentage with 100 yards radius around hospitals and religious places

In 2013, 46% of all the sellers lie within 100 yards of educational institutes, medical
institutions and religious places. In 2016, the percentage decreases to 32%. Keeping
aside what the law says, it is the moral duty of a salesman to see the benefit of the
society but almost half the sellers are selling liquor, tobacco, cigarettes very near
to the schools, colleges, hospitals, religious places. The law doesn’t forbid this but
certain awareness must be spread especially after knowing that our youth is very
much getting into such things.

4.6 Some other observations

 During the study of 2013 and 2016, it was noticed that the street vendors tend
to sell tobacco products at fixed spots rather than dynamic spots. This makes
them easy to catch but still no action is taken against them as seen by the
high percentage of street vendors in both the years.

 Also, there is a clear difference in the spots of street vendors in 2013 and
2016, which indicates that they may have shifted after getting caught or
objected.

 Another interesting point that came out was that majority of the selling points
of such products especially tobacco products were located on the V4 roads,
that are the roads dividing a sector into sub-sectors. Hence it becomes easy for
the police petrol party to narrow down their search area.

 A very high percentage of confectionaries were seen selling tobacco products.

5. LIMITATIONS

As this study is labour intensive and time consuming, only V2 (all the Marg), V3
(all the paths) and V4 (dividing the sector into sub sectors) roads were targeted
running from east to west. Hence V5, V6 and V7 roads which the dividing roads to
residential areas have been skipped. Some of the observations have been made on
public holidays, weekends and on the voting day also due to which some of the
street vendors might have been skipped.
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A Cloud-based Vaccine Cold-Chain Monitoring System

Abstract

Vaccines become ineffective or adversely-effective if not retained within specific range of
temperature, humidity and light intensity even for a few minutes throughout the supply
chain from the manufacturer to the end user. Current quality control and accountability in
the supply chain is to check the container locally and manually, few times a day while the
need is for continuous tracking and alerting supervisors and users who receive delivery in
the supply chain, This paper presents a pilot experiment conducted using a cloud based
remote monitoring system to track internal temperature, humidity and ambient light of
cold-chain containers with automatic alerts to respective supervisors of containers at risk.
The results of applying the cold chain monitoring system to real-life field trials are shown.

KEY WORDS: Vaccine, Cold Chain Monitoring System, Front-End-Units, Patent.

BACKGROUND

A Vaccine cold chain is a supply chain of vaccines from the manufacturer to
distributers, retailers and medical care providers until the drug is consumed by
the patient, as shown in Figure(1). The vaccines become ineffective or counter-
effective if not retained within a specific range of temperature, humidity and light
intensity even for a few minutes throughout the supply chain. For example, most
vaccines have a narrow tolerance range of 2° to 8° Celsius, many of them sensitive
to direct exposure to fluorescent/sun light, and need humidity <60%. Several
international guidelines advocated for standard practices of managing storage of
vaccines [1] [2], but practically most of the containers used by retailers in developing
countries are typically the conventional thermostat based refrigerators used for
groceries, where the temperature control band is much wider range than 2 to 8
degrees but have not facility to externally and centrally track environment within
a large number of containers, as would be needed by manufacturers, distributer
and retailers in the supply chain. While many entities do not track the container
environment at all, some of them do locally track check the container temperature
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few times a day, and manually log the data on log books in their entities. Recently
developments have shown solar powered containers with Peltier based control
systems at much narrow temperature bands maintained by local sensors [3], but
there is no automatic remote tracking and centralized auditing facility available
for various entities in the supply chain. Even in developed countries which have
some systems to sense and monitor temperature remotely, they have no facility to
monitor the humidity and light intensity inside containers [4]. There are systems
to find out if a vaccine is good or bad, but there is no system to track where,
when and why it went bad much before expiry date, due to storage environment.
Without such a system, it becomes difficult for governance to track and hold entities
in the supply chain accountable and publish the information to customers before
they receive the vaccines.

Fig. 1: Typical Cold Chain

A survey conducted by world health organization [5] across 10 Indian States with
40 Data loggers monitoring storage temperature conditions over 138,476 hours
showed 89% variation above 8°C limit and 58% variation below 2° C limit. Another
study [6] illustrates that during transportation the occurrence of freezing
temperatures was found to be 16.7% in developed countries compared to 35.3% in
developing countries. Although such studies are pointing the need for effective
governance of integrity, safety and quality of drugs in supply chains, continuous
monitoring with timely alerting for corrective intervention is necessary across the
system in a transparent, traceable manner to induce accountability. With increasing
awareness consumers are concerned about quality control of vaccines but without
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a system to continuously track the storage environment parameters all along the
supply chain and automatically alert the respective supervisors if any container
gets into unsafe internal environment and escalate the issue to respective
management automatically if corrective response is not being taken within a
stipulated time limit, such surveys remain limited to just academic purposes. If
containers having unsafe environment beyond tolerance periods are automatically
detected and flagged as unsafe and such information be available to the consumer
of the supply to check before receiving delivery, a practical solution will evolve to
enforce quality control standards. Such a tracking system should be centralized
but connected to huge number of field units fitted onto fixed/mobile containers
all along the supply chain, to provide proactive, timely alerts and information
delivery to authorities of respective entities. The data must be available in real
time to respective authorities for timely intervention and enforcement of corrective
action. Applied cognition system has developed such a Cold Chain Monitoring System
(CCMS) (patent pending [7]) to address the gaps and needs mentioned above. This
paper presents results of from application of the system to a pilot trials conducted
in real life systems. The corresponding results showed enhanced compliance and
accountability possible by applying such a system in real-world use.

Fig. 2: CCMS Apparatus Fig. 3: CCMS Front end Unit

CCMS Apparatus: The apparatus used for cold-chain monitoring consisting of the
interconnected modules shown in Figure (2). It employs cloud-based data acquisition
and processing system that connects to multiple Front-End-Units (FEUs) each
mounted on a cold chain container. The FEU is housed in a compact weather proof
enclosure with a flexible pod carrying the intensity sensors as shown in Figure (3),
housing circuitry to digitize the signals from sensors of temperature, humidity and
light are digitized every millisecond, average over each minute, compare with
safety thresholds, set status flags accordingly with stamp of container id, date,
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time, location and send the flags and data through a wireless internet gateway to
a cloud based web service. The cloud application aggregates data from multiple
gateways and inspects the flags to detect containers in unsafe zone and send alert
message with container location information to mobile phones of respective
supervisors. The supervisor’s mobile phone generates alerts and then captures their
acknowledgement with validating measurement from the supervisor. If the cloud
app does not receive acknowledgement within stipulated time it immediately
escalates the message to mobile phones of managers and marks the container as
unsafe, if it receives acknowledgement and finds the validation value within safety
bounds it marks the container as safe. Web-reports are produced automatically by
the system showing graphical trends against safety band for selected containers
along with compliance indicators, for managers to identify and address repeating
issues. It also generates spatial maps indicating status of stationery containers in a
selected geographical region along and status at various points along the path of
transported containers. Validation measurements entered by the supervisors when
alerted are plotted as red dots superposed on the graphs. An app on a customer’s
mobile phone enables receiving entities to check before accepting / rejecting
delivery to check the status of containers supplied by their previous supplier before
accepting delivery. The system generates statistical indicators of compliance as
shown along with drill- down inspection by location, date-time range, entity and
container to assist large scale governance.

Field Trials and Results:

The current manual practice of monitoring the temperature of vaccine container
was studied across more than 100 entities consisting of urban/rural hospitals, clinics,
pharmacies and distributers. There was no tracking process except for a few entities
that make manual data log of form shown in Figure (4), from a thermometer fixed
on the refrigerator about twice a day. Humidity and light intensity are not tracked
and no tracking happens during transportation of a container. In many cases, the
stationary container is a convention home- fridge and portable container is just a
hand bag with ice-packs kept around the vaccines. The proposed monitoring system
[4] was deployed in an urban multispecialty hospital, a pediatric clinic and pharma
distributer who volunteered for the pilot experiment. The sensory front end devices
are fitted into the cold-chain containers as shown in Figure (5) and calibrated with
standard equipment, rounding off to nearest integer counts.
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Fig. 4: Survey Found Ice-Packed carry Bag Containers, Home-fridge Containers,
Ad-hoc Cooling Strategies and Printed Manual Entry Log-sheets

Fig. 5: Placement of Field Unit in Cold Chain Containers

In case of stationary units, the FEUs derive power from local mains power supply
sockets. For mobile containers, the FEU ran stand-alone on battery which was
recharged every day. Continuous data acquisition was carried out with over 1440
samples per day. The system detected many outliers and started alerting supervisors.
The supervisors acknowledge the alerts along with some measurements with
independent thermometers when alerted, using which the system was checked if
automatic measurements tallied with their measurements. After the system was
found stable in reporting correct values, the monitoring was carried out over a
month for over a month in different types of containers. The data logged into the
cloud was inspected in form of tabular lists as shown in Figure (6).

The geospatial information related to the acquired data was used to produce spatial
maps of stationary containers showed several containers in a region flagging unsafe
conditions as shown in Figure (7a), where red flags are overshoot beyond limits,
greens flags are within safe limits and blue are undershoots below safe limits.
Further, geospatial maps of containers being transported were presented as shown
in Figure (7b), indicating the status of the containers at various points of time
along the path way traversed by the transporter. As can be seen in the maps, the
red traces clearly indicate locations of unsafe conditions above upper limits and
blue traces show conditions below lower safety limits which dominate most of the
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journey during the transportation, while the green traces indicating safe condition
are relatively less. The condition could be traced to the specific containers among
many being transported and further inspection showed that humidity and light
intensity were not straying away significantly, but unsafe temperature period were
dominant. A further drill down was conducted for studying the temporal trends of
temperature in specific containers as presented as shown in Figure (8), the trend-
line plotted against the safety band with red dots indicating measurements reported
by supervisors using independent thermometers after then got automatic alert
messages format the system.

Fig. 6: Example of Web-Based Tabular Inspection list presenting
Data Logged from Field Units

Fig. 7: Left (a) Geospatial Map of Stationary Containers and
right (b) Transported Container
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Fig. 8: Temperature Drift within Monitored Container. Red Dots indicates
Validation Measurements taken by Supervisors on being alerted.

Subsequently long term observations were conducted on specific stationery
containers and statistical averages were used to indicate the situation before and
after the implementation of the proposed monitoring system. The results clearly
indicated reduction in outage after alerts to supervisors were introduced by the
CCMS, as shown in Figure (9), under conditions listed in table. Voluntarily
participating entities found it very useful to identify the root causes such as people
not closing the container lid/door properly, power outages not attended to in time
for switching to alternate supply, improper packaging or portable containers, etc.,
which can be corrected within a few iterations of management induced internal
corrections.

Fig. 9: Comparison of Outage period before and after
implementation of CCM and Alerting System

CONCLUSION:
The application of CCMS in Indian supply chain conditions has demonstrated
advantages of real- time continuous tracking, geo and epoch tagging, automatic
detection and alerting to supervisors of stationary and mobile containers located
in distant places. The system detected significant outages in real life situations
even in well-equipped entities and demonstrated automatic improvement in
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management of containers when corresponding supervisory staff was proactively
intimated by the system in real time. The participant entities were found willing
to adopt the system into their process to ensure their goods are preserved and
delivered safely to their customers. In principle the alerts can interface to thousands
of containers to achieve automatic closed loop control to maintain inside safe
zone. Within the limited time and resources of the study, the observations were
conducted in geographies that did not have extreme dryness or humidity and most
vaccines were encapsulated in opaque covers. Unsafe humidity and light exposure
conditions may become evident if the study is extended to more diverse regions
and users. While this work demonstrated an effective monitoring system the
corrective action is dependent on the corrective action the supervisory staff takes
upon being alerted. Policy support by entity management and government to make
it a mandatory requirement for quality assurance will be instrumental to drive the
effective adoption of the system by the entities and their staff.
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Spatial Epidemiology and Bayesian Analysis for
Identifying Disease Trends and Determinants among
Children in a Rural Area of South India

Abstract

Spatial epidemiology can play a vital role in the health care systems especially in a developing
country like India. Application of data analytics is one such field which is gaining momentum
in the field of health care. This paper proposes one way to meet the growing need for
better and efficient health care systems in the rural regions. We report the work on spatial
epidemiology and Bayesian analytics for identifying diseases and its determinants among
school children in a rural area of Andhra Pradesh, South India. Bayesian models have become
a standard approach to disease mapping and decision making process. Data analytics models
such as these, not only speed up the process of diagnosis but also reduce human error.
Analytics can be used to identify important correlations between diseases and their causes
as well as coexistence of two or more diseases based on specific geographic variations.
These predefined correlations can greatly help healthcare in rural India where lack of
doctors and medical equipment are the major constraints. The predefined correlations
between diseases and demographic factors help the government to take better and informed
decisions while introducing new schemes.

KEY WORDS: GIS, Epidemiology, Bayesian analysis, Morbidity, Rural Healthcare

1. INTRODUCTION

Spatial epidemiology describes and analyses the geographic variations in diseases
with respect to demographic, environmental, behavioural, socioeconomic, genetic
and infectious risk factors (Elliott and Wartenberg, 2004). Geospatial technology
helps in disease mapping which further assists in identifying trends and
determinants, apart from planning and management of a dynamic and complex
healthcare system.
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The above technologies play vital roles in explaining and predicting patterns of
the disease outcomes across the geographical space, identifying areas of potentially
elevated risk, and formulating and validating etiological hypotheses for a disease
(Kang et al., 2016b).

Availability of vast health data has triggered a need for data mining to detect the
underlying relations within the data. Network inference algorithms are powerful
computational tools for identifying putative causal relations among variables from
collected data. Bayesian models have become a standard approach to disease
mapping in recent decades. Bayesian methods are promising in that they can capture
linear, non-linear, combinatorial, stochastic and other types of relationships among
variables across multiple socio-demographic and health factors. The greatest
advantage of Bayesian methods is the diversity of options available. It presents
the result in a simplified manner, hence enabling informed decision making,
providing support for service implementation and healthcare planning even in
remote areas (Kang et al., 2016a) (Albert et al., 2003).

Developing countries, particularly India has huge population living in rural areas. In
India, proportion of children aged 0-14 years constitutes 29.5% of the total population
and the proportion of children living in rural areas are higher than in urban areas
(Census of India, Population Composition, 2011). Children from rural and underserved
areas suffer from multiple diseases prompting early identification and care.

The present study is intended to geographically locate the hotspots of selected
diseases among children from a rural area of South India. This paper further explores
the determinants of selected diseases and its related factors by using Bayesian
network analysis.

2. RELATED WORK

Few studies have proved that communicating results in an easily interpretable and
accurate way enables informed decision making.

A study involving the use of algorithm techniques to predict the pathological stage
in prostate cancer showed that upon comparing a range of classifiers, Bayesian
networks generally outperform other methods (Regnier-Coudert et al., 2012).

Considering clinical risk factors and IcB levels of 227 new-born infants in the
algorithm, it was discovered that 15.4% of the new- born infants were diagnosed
with hyperbilirubinemia (Ferreira et al., 2012).

In another study, a Bayesian network model was constructed for the diagnosis of
acute appendicitis and this diagnostic accuracy was compared with other diagnostic
models such as the nave Bayes model, an articial neural network model, and a
logistic regression model. Results showed that 86 of 169 of the patients (50.9%)
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were diagnosed as having an acute appendicitis, and the error rate was the lowest
in the Bayesian network model. (Sakai S et al, 2007)

In a study involving diagnosis of coronary artery disease, results were analysed
using Bayes’ theorem of conditional probability. This analysis revealed a significant
linear correlation between the predicted probability for coronary artery disease
and the observed prevalence of angiographic disease over the entire range of
probability from 0 to 100% (Diamond et al, 1980).

2.1 Advantages

It incorporates prior information into data and accurately estimates the fields
regardless of large sample size. The inferred results are more interpretable and
intuitive since they are in the form of credible intervals. This analysis can be applied
to a wide range of models.

The above explanations, results and discussions prove that Bayesian Network has
an edge over few other models especially with respect to medical datasets. This is
because the Bayesian Networks exploit the given data to create a graph that is
used for further learning to finally come up with relationships between attributes
(Gadewadikar et al., 2010). The Bayesian Network also avoids over fitting as it
analyses few nodes at a time and builds relation between them. By analysing few
nodes at a time, a higher accuracy can be maintained and thus this model proves
suitable to our case study.

2.2 Disadvantages

Prior selection could be non-informative at times which may lead to unpredicted
discrepancies. The amount of mathematical calculations made are voluminous.
Also, different trials may provide slightly different answers since query methods
are based on Monte Carlo particle filters. Hence, Bayesian network also has its
limitation as analysing too many related attributes at a time leads to inaccuracy
(Diamond et al., 1980). Bayesian network also treats the structure learning and
parameter learning as separate entities. Thus verifying of the Bayesian network is
not dependent on the procedure followed while building it. This might lead to few
unforeseen errors. But all in all, Bayesian Networks proved useful in estimating
disease - factor and disease - disease correlations in this study.

3. METHODOLOGY

3.1 Design Overview

This study was conducted in Kuppam geographical area, a rural region of Andhra
Pradesh, South India. Schools in this area covering a radius of around 30 km were
selected by multistage random sampling. Among the selected schools, children
aged 5-15 years were selected for health screening. Around 10,000 school children
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have been systematically screened for health condition by a team of doctors and
health workers. Health screening involved different morbid conditions like general
health problems including dental caries, worm infestations, vitamin deficiencies,
eye problems, ENT (Ear, Nose, Throat) problems and skin infections. Health team
also collected data on relevant socio demographic and school environment.

3.2 Data storage and geographic mapping

This health and socio demographic data has been collected and archived in digital
form with the help of smart devices (mobiles, tablets etc.) and the internet to
sync the data to cloud storage (database). Mapping of these morbid conditions has
been carried out by locating the latitude and longitude of the childs house collected
with the help of GPS technology in the smart devices. Bayesian network analysis
was done to find out the relation between the disease condition and factors like
their housing condition, parents education, socio economic status, personal hygiene
and so forth.

3.3 Bayesian network

Bayesian networks are probabilistic graphical models. Graphical model expresses
probabilistic conditional dependencies between random variables. In this study,
we employed them to establish dependencies among the various attributes

X0 , ..., Xn

where X = attribute vector that represent diseases and the factors

Each attribute is a random variable represented by a node in the graph. An edge
between two nodes conveys a cause and consequence relationship. The direction
of the edge is from effect to cause since the edge is verified by a conditioned
probability. Given a data set, the Bayesian model is built by the process of structure
learning followed by parameter learning.

3.4 Structure learning

Structure learning involves building a Bayesian network through min-max hill climbing
approach (Tsamardinos et al., 2006). This approach involves computing the likelihood
function of the relationships between any two nodes. A likelihood function of this
random variable (independent) is an estimation of other random variables
(dependent) that share a putative causal - consequence relationship with the former.
The likelihood function (Weisstein, 2017) is represented by the following equation:

L(A) = f (X1 ; A)...f (Xn ; A)

where X = attribute

A = dependent random variable

L(A) = likelihood function
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This likelihood function is maximised using hill climbing approach. The maximum
likelihood function is computed recursively by taking each node at a time till
every node is taken into consideration. The maximum likelihood function is used
as a basis to judge a relationship that may exist between two nodes. These
computations ensure the process of structure learning in Bayesian network (Scutari,
2015) and output a Directed Acyclic Graph (DAG). This graph shows the putative
cause- consequence relationship between all possible nodes. These cause-
consequence relationships are analysed further by the process of parameter learning
(Scutari, 2015) to verify their accuracy.

3.5 Parameter learning

Parameter learning involves building Conditioned Probability Tables (CPTs) to verify
the Bayesian network graph derived in the previous step. To do so, we need to fit
the graph derived from the previous step to the standard Bayesian model. An effort
to fit the graph is made by implementing Estimation-Maximization (EM) algorithm.
The EM algorithm alternates between an expectation and a maximization step
(Haas, 2002). The EM algorithm again uses a score based hill-climbing (Weisstein,
2017) approach. The EM algorithm outputs the required CPTs. These CPTs show how
strong the relationship between any two nodes is. They also help in identifying few
faulty relationships that might be shown in the Bayesian network.

3.6 Method verification

The structure learning and parameter learning gives us a final Bayesian network
graph. In many cases, the graph produced by structure learning and verified by
parameter learning may not make sense in medical terminology. In these cases, we
observe the Conditioned Probability Tables (CPTs) to identify the inaccurate results
shown by the Bayesian network graphs. As we know, an edge explains only a possible
correlation between two nodes. These correlations need not mean cause and
consequence relations in all cases. An edge might occur between two nodes that
might indicate that the two diseases or the disease and the factor never occur
together. This definitely indicates a superficial relation and does not ensure cause-
effect or coexistence relationships. To deal with these edges, we must look at the
CPTs and ensure that the probability of both the conditions occurring is high and
not the inverse. In case the probability of both conditions not occurring is high and
the edge was based on this probability, the edge must be deleted. This could be
observed as one limitation of the Bayesian network graphs which must be taken
care of especially while dealing with medical data such as ours.

For example, when we consider Acute Suppurative Otitis Media (ASOM), Chronic
Suppurative Otitis Media (CSOM), Upper Respiratory Tract Infection (URTI), personal
hygiene, housing standards and economy as the input for structure learning, this is
the derived graph:
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Fig. 1.: ASOM is either caused by URTI or co-exists with
URTI whereas URTI is caused due to poor personal hygiene

The output graph generated in structure learning is treated as an input for parameter
learning. Parameter learning involves calculating joint probability distributions of
the graph to verify parameter dependencies based on the data.

The joint probability tables of the given example are:

Thus, parameter learning helps in verifying the graph derived through structure
learning. The same methodology is used to derive other interesting and helpful
cause-consequence relations between disease-factor and disease-disease.

Table 1. The Joint Probability Distribution of the graph shown in Figure 1

URTI VS ASOM 0 1

0 0.9328 0.7826

1 0.0671 0.2173

Table 2. The Joint Probability Distribution of the graph shown in Figure 1

Hygiene VS URTI 0 1

0 0.2689 0.3486

1 0.7310 0.6513

4. IMPLEMENTATION

4.1 Bnlearn in RStudio

The implementation involves achieving Bayesian Networks using R Studio. R Studio
(RStudio Team, 2015) is an open source Integrated Development Environment (IDE)
that can be coded in the R language. R is a programming language for statistical
computation and graphics. R packages include many algorithms that could be used
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to analyse data through statistical models. R package also includes many packages
that construct Bayesian networks, one such being bnlearn. Bnlearn package provides
various structure learning algorithms as well as pattern learning algorithms (Scutari,
2009). We have used a hybrid score based Min-Max hill climbing approach for the
structure learning due to the inability of constraint-based algorithms which do not
definitely output a directed acyclic graph. For parameter learning, we have used
EM algorithms that in turn use hill climbing approach involving the greedy technique.
Hill climbing approach is the choice due to the discrete values we have in our
medical dataset.

4.2 Analysis of Conditioned Probability Tables (CPTs)

From the derived graph and CPTs we can conclude that there exists a correlation
between ASOM and URTI, URTI and personal hygiene, housing standards and socio -
economic class and hygienic surroundings and socio-economic class. But by analysing
the probability tables of ASOM and URTI (Table 1), we observe that the edge is
solely dependent on the probability of both cases absent which is computed as
0.9328 (93.28%). This ensures only correlation but not a cause and effect relationship
nor a coexistence relationship. Whereas the CPTs of URTI and poor personal hygiene
show a probability of 65.13% of both conditions being present, hence inferring that
poor personal hygiene is a major cause of occurrence of URTI in the region under
study (Table 2).

5. RESULTS AND DISCUSSIONS

5.1 Geographic Mapping of Disease

By mapping of the diseases over the study geographical area, we observed that
disease conditions like Clinical Anaemia, Dental caries, Ear wax, Pityriasis Alba,
and Xerosis were common in the region under study. On the other hand, URTI,
Worm infestation, Fluorosis, Allergic Conjunctivitis, Tonsillitis and Vitamin C
deficiency were dominant only in a few pockets of the region, thus exhibiting
spatial variations of diseases.

5.2 Disease-factor relationships

In the present study, 24.80% have Dental Caries. Among them, 94.59% suffer from
Dental Caries because of their poor brushing practices. Among those who did not
suffer from Dental Caries, 96.75% of people were practicing good brushing
techniques. Hence, brushing practices are one of the major causes for dental caries
(Figure 4).

65.13% of children with poor personal hygiene suffer from URTI (Figure 5). Hence,
we can infer that personal hygiene is one of the major cause of URTI.
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Fig. 4: Relation between Dental caries and Poor brushing

Fig. 5: Relation between URTI and Personal hygiene

Fig. 6: Relation between Impacted Ear Wax, School
Standards and Vitamin C deficiency

By analysing Figure 6 we can observe that low school standards is caused due to
vitamin C deficiency, on further investigating this relationship with the help of CPT
we can conclude that this relationship does not exist. On the contrary a strong

Fig. 2: Prevalence of Xerosis in the
region of study where disease

condition is represented by green dots
Map Source: GoogleMaps

(Google, 2017).

Fig. 3: Prevalence of Dental Caries in
the region of study where disease

condition is represented by green dots
Map Source: GoogleMaps

(Google, 2017).

Dental Caries
24.80%

Poor Brushing
94.59%

URTI Personal Hygiene
65.13%

Impacted Ear Wax School Standards
90.77%

Vitamin C Deficiency
11.57
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evidence for the first inference is given by CPT which represents 90.77% of children
who have low school standards suffer from Impacted Ear Wax.

Fig. 7: Relation between Conjunctivitis and School Standards,
Tonsillitis and School Standards

Figure 7 represents that both the diseases Allergic Conjunctivitis and Tonsillitis are
caused due to low school standards. But the probability tables reveal that only
Tonsillitis is caused by low School standards as 40.93% children suffer. But the
relationship between Conjunctivitis and low School standards must be eliminated
due to lack of evidence.

Fig. 8: Relation between Xerosis and Socio-economic conditions,
Xerosis and School Standards

Figure 8 represents a relationship of causation between Xerosis and Socio Economy,
Xerosis and School Standards. It is observed that only children belonging to the
middle socio-economic class are suffering from Xerosis the most. A Gaussian like
graph is expected for Socio economy versus Xerosis where Socio-economic classes
are from 1 to 5 which represent decrease in socio economic conditions from 1
towards 5. Irrespective of the socio economy, 80.48% of children with low school
standards seem to suffer from Xerosis thus representing a stronger relationship
than the former.

Skin diseases like Pityriasis Alba, Xerosis are associated with lower socioeconomic
status. Poor school standards are directly correlated to infectious conditions like
Tonsillitis, Ear Wax, and Allergic Conjunctivitis.

5.3 Disease-disease relationships

It is inferred that 55.60% of people affected from Xerosis are also tested positive
for Pityriasis Alba.

Socio Economy Xerosis
37.3%

School Standards
80.48%

Conjunctivities School Standards
3.6%

Tonsillitis
40.93%
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Fig. 9: Relation between Pityriasis Alba and Xerosis

1.79% of children suffering from mild Anaemia suffer from Vitamin B deficiency,
whereas 8.33% of children with moderate Anaemia suffer from Vitamin B deficiency.
The percentage shoots up to 20% in case of severe Anaemia. This exponential growth
clearly explains that Vitamin B deficiency is a major cause of Anaemia.

Fig. 10: Relation between Anaemia and Vitamin B deficiency

Vitamin C deficiency significantly coexists with Xerosis and Dental Caries. With
adequate amount of Vitamin C, 24.55% suffer from both Xerosis and Dental Caries,
whereas with Vitamin C deficiency, this is 40.29%. Vitamin C deficiency also co-
determines Worm Infestation, since 28.11% test positive in both the conditions. A
small percentage (2.82%) test positive on both Fluorosis and Xerosis, but in the
presence of Gingivitis, occurrence of Fluorosis and Xerosis together is 100%. With a
significance of 99.5%, absence of an ENT condition, ear wax is strongly determining
the absence of cough, another ENT condition.

6. CONCLUSIONS AND FUTURE DIRECTION

This study observed the most common diseases among children in a rural area of
Andhra Pradesh. Most common diseases observed in the spatial mapping of the
region were Clinical Anaemia, Dental caries, Ear wax, Pityriasis Alba, and Xerosis.
Whereas URTI, Worm Infestation, Fluorosis, Allergic Conjunctivitis, Tonsillitis and
Vitamin C deficiency were observed to be dominant only in few parts of the region
under study. On further analysis of these diseases through Bayesian networks,
associations between diseases and determinants as well as association between
the diseases themselves were found out. These diseases are found to be dependent
on many demographic factors like Socio Economic Conditions, Hygienic Surroundings,
School Standards, Housing Standards and Personal Hygiene. Vitamin B deficiency,
Vitamin C deficiency are few disease conditions that cause other diseases that are
majorly observed in the region under study.

Spatial epidemiology is crucial in public health surveillance to identify health
problems and determinants. This in turn helps to plan and deliver better healthcare

Pityriasis Alba Xerosis
55.60%

Anaemia
Vitamin B
Deficiency

30.12%
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by efficiently allocating and monitoring healthcare resources. With the availability
of digitized spatial data, Bayesian network analysis serves the purpose of interpreting
the data and helps in improving the overall quality of health care services.

Further exploration of these associations will help in identifying the root cause of
medical conditions. But Bayesian network may not ensure verified relationships all
the time. This is due to the limitations the Bayesian model faces which has been
previously discussed. The future direction in which we could possibly head is
analysing relationships between the attributes through Random Forest approach.
Random Forest (RF) is an ensemble machine learning algorithm, which is best defined
as a combination of tree predictors such that each tree depends on the values of a
random vector sampled independently and with the same distribution for all trees
in the forest (Breiman, 2001). Random Forest can be chosen for further analysis as
it is very similar to Bayesian Network but develops a relation model between
attributes on a given network. Thus the output of the Bayesian network could be
treated as an input for random forest. The random forest approach could be
expected to build up on this model to output a more accurate model showing
putative cause and effect relationship. Thus by achieving better accuracy, we can
ensure better healthcare management systems too.
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Geo Spatial Analysis of Water bourne Deceases in
Thiruvallur Town because of Septic Tanks and
Healthcare needs

Abstract

Thiruvallur town in Tamil Nadu depend on septic tanks as underground sewarge system is
yet to be completed. The effect of septic tanks on ground water quality is studied to
identify possible water bourne deceases with 1:500 GIS of the town, with mapping of each
house hold, sewerage lines, septic tanks ground water wells, over head tanks,water bodies
etc. The water bourne deceases in this area in summer are identified for fifty GPS points
with culture tests with atleast one more set of data in summer and another after rains.
The larva of Aedes aegypti, the yellow fever mosquito, is a mosquito that can spread
dengue fever, chikungunya, Zika fever, Mayaro and yellow fever viruses breeds in fresh
water collected in container to old tyres, bushes, fresh water pits.The other water borne
deseases spread by Vector, Bacteraial infections,skin deseases etc from the dirty water
from open sewarge lines and drains.The conatminaed kitchen waster in open drains breeds
various pathogens. The Medical teams in Thiruvallur have successfully solving this issue by
strengthening immune system by the natural malai, vembu, leaf water etc apart from
timely vaccination. As completing under ground drainage system may take a year or two in
part of study area the over head tanks may be provided with small cameras to watch and
clean in time to prevent vector born deceases. Sensors network may be created linking
septic tanks to warn the residents to remove sewerage, and to replace leaky tanks. Removing
all unwanted things which can hold good water which breeds Dengue Aedes aegypti in June
to August every year, unnecessary plants which provide breeding space for Dengue and
allied mosquitos.The residents can get help from Govt hospitals for preventive care,
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immunization without wasting time.The Geo spatial net work with hospital will be a tool
to monitor water borne deceases. Delay in diagnosis or treatment has taken away monarch
like Akbar who succumbed water borne desease, “Dysentery”.

KEYWORDS: Septic Tanks, Thiruvallur, Aedes aegypti, Waterborne Diseases,
resistant to Antibiotics, Sepsis, Sensors

1. INTRODUCTION
Waterborne diseases are caused by pathogenic micro-organisms commonly
transmitted in contaminated fresh water. Infection results during bathing, washing,
drinking, in the preparation of food, or the consumption of food that is infected.
Various forms of waterborne diarrheal diseases affect mainly children in developing
countries. World Health Organization states that such diseases account for an
estimated 3.6% of the total DALY global burden of disease, and cause about 1.5
million human deaths annually and 58% of that burden, or 842,000 deaths per year,
is attributable to unsafe water supply, sanitation and hygiene.

Fig.1: Waterborne Diseases can be spread via Groundwater
which is Contaminated with Fecal Pathogens from Pit Latrines

1.2. Definition of Water Borne Diseases

The term waterborne disease is reserved largely for infections that transmitted
through contact with or consumption of infected water. Trivially, many infections
may be transmitted by microbes or parasites accidentally. On exceptional
circumstances, they have entered the water, nor it is common practice to refer to
diseases such as Malaria as “waterborne” just because mosquitoes have aquatic
phases in their life cycles, or because treating the water they inhabit happens to
be an effective strategy in control of the mosquitoes that are the vectors.
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1.3. Microorganisms causing diseases

Microorganisms causing diseases are waterborne prominently include protozoa and
bacteria, many of which are intestinal parasites, or invade the tissues or circulatory
system through walls of the digestive tract. Various other waterborne diseases are
caused by viruses.

1.4. Metazoan parasites

Other important classes of water borne diseases are caused by metazoan parasites.
Typical examples include certain Nematoda, that is to say “roundworms”. One
important waterborne nematodal disease is Dracunculiasis which is acquired by
swallowing water in which certain copepoda occur that act as vectors for the
Nematoda.

Fig. 2: Copepoda act as Vectors

1.4.1 Copepods

Fig. 3: Nematode

Copepods  are a group of small crustaceans found in
the sea and nearly every freshwater habitat.
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The larvae cause guinea worm disease.

1.4.2.Metazoan pathogens

Metazoan pathogens infect victims that make skin contact with the water are certain
forms of the Schistosomatidae, a family of blood flukes. They usually  Blood flukes
are pathogens that cause Schistosomiasis of various forms, more or less seriously
affecting hundreds of millions of people worldwide.

1.4.3.Schistosoma:

Metazoa, Trematoda, Strigeatoida, Schis tosomatidae, Schistosoma etc., which
are commonly known as blood flukes. These parasites infect an estimated 200
million people throughout Africa, Southeast Asia, South America and certain islands
of the Caribbean causing one million deaths per year.

Blood fluke eggs hatch in water, and anyone who comes into contact with this
water usually becomes infected because the newly-hatched worms are able to
burrow through human flesh which can enter the body by digging through exposed
skin of the bottoms of the feet. One common strain of this parasite, Schistosoma
Japonicum, causes coughing, fever, diarrhea, and anemia. It has also been known
to cause radical shifts in body composition such that the abdomen inflates with
liquid while the limbs and the rest of the body waste away. Other symptoms include
bloody urine or feces from damage to the bladder and/or small intestine, and
pneumonia from the infection of the lungs.
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2. ANCIENT WISDOM IN PREVENTION
Long before modern studies had established the germ theory of disease, or any
advanced understanding of the nature of water as a vehicle for transmitting disease,
traditional beliefs had cautioned against the consumption of water, rather favoring
processed beverages such as beer, wine and tea. For example, in the camel caravans
that crossed Central Asia along the Silk Road, the explorer Owen Lattimore noted,
“The reason we drank so much tea was because of the bad water. Water alone,
unboiled, is never drunk. There is a superstition that it causes blisters on the
feet.”

3. WATER BORNE DISEASES IMPACT
Waterborne diseases can have a significant impact on the economy, locally as well
as internationally. People who are infected by a waterborne disease are usually
confronted with related costs and not seldom with a huge financial burden. This is
especially the case in less developed countries.

4. WATER REALATED DISEASES
Anaemia, Arsenicosis, Ascariasis, Botulism, Campylobacteriosis, Cholera,
Cryptosporiodiosis, Cyanobacterial toxins, Dengue, Diarrhoea, Dracunculiasis,
Fluorosis, Giardiasis, Hepatitis, Hookworm infection, Japanese encephalitis,
Lead poisoning, Legionellosis, Leptospirosis, Lymphatic filariasis, Malaria,
Malnutrition, Methaemoglobinemia, Onchocerciasis, Polio, Ring Worm or Tinea,
Scabies, Schistomiasis, Trachoma, Trichuriasis, Typhoid.

5. THIRUVALLUR STUDY AREA

Map of Study Area
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Thiruvallur is the District Headquarters at 45 km west of Chennai with a population
of 57000 in the town of 14 sqkm. on the northern bank of Coouam river which
drains in Chennai with a population density of 1400 per sqkm.The Kusasthalai River
at North. About 15 years ago Coouam river water was used for irrigation linking
tanks in the area including the Kakkalur tank and finally it drained in Kusastahalai
river at North which flow through Ennore Creek and joins at Bay of Bengal in North
Chennai. The town is in alluvial flood plains with low lying areas which helps in
stagnates rain water and promote Water borne diseases. The Town is under constant
care to prevent water borne and vector/Zoonatic diseases by Government.

6. WATER QUALITY TESTING
The water from wells near septic tanks and open drains were collected in sterilized
bottles from Government Kings Institute, Chennai. As the water samples are to
given to the collection centre within two hours for culture test the Apollo Diagnostic
lab collection centre services at Thiruvallur was taken up to test 50 samples which
were transported to Chennai for Apollo lab to do final culture test. This summer
Thiruvallur had high temperatures as high as 105 to 117 F in March to June: the
water bodies were dried up and the water pipe lines were hot when we collected
samples in June. Only 20 samples have indicated seven types of pathogeon. For
other 30 the result indicated no pathogens. However samples will be collected in
Mid July which is also Dengue and Malaria Virus fever season. The culture test and
other tests to disease in Thiruvallur with the collaboration with SRM Medical
University Lab apart from Apollo because the pathogens identified are highly
antibiotics resistant and may lead to highly fatal conditions like SEPSIS.

7. TESTING LABS
7.1. King Institute, Guindy, Tamil Nadu, Government of Tamil Nadu

7.2. Water quality and culture Testing Lab, SRM Dental College and SRM University
Medical College, Thiruchi

7.3. Apollo Diagnostic Labs, Chennai.

8. PATHOGENS IDENTIFIED AT APOLLO DIAGNOSTIC LAB CHENNAI

1. Acinetobacter-species,

2. Acinetobacter baumannii,

3. Klebsiella oxytoca
Klebsiella oxytoca can cause
3.a.  Sepsis.,   3.b.  Colitis

4. Klebsiella pneumoniae

5. Pseudomonas aeruginosa
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9. PATHOGENS IDENTIFIED AND THEIR DETAILS

9.1. Acinetobacter

Acinetobacter is a genus of Gram-negative bacteria belonging to the wider class
of Gamma proteo bacteria. Acinetobacter species are oxidase-negative, exhibit
switching mobility, and occur in pairs under magnification. They are important soil
organisms, where they contribute to the mineralization of, for example aromatic
compounds. Acinetobacter species are a key source of infection in debilitated
patients in the hospital, in particular the species Acinetobacter baumannii.

Acinetobacter

9.1.1. Scientific classification

Domain: Bacteria
Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Pseudomonadales
Family: Moraxellaceae
Genus: Acinetobacter Brisou & Prévot 1954

9.1.2. Species

Acinetobacter albensis, Acinetobacter apis
Acinetobacter baumanni, Acinetobacter beijerinckii
Acinetobacter-bereziniae, Acinetobacter bohemicus, Acinetobacter.boissier,
Acinetobacter bouvetii, Acinetobacter-brisouii,Acinetobacter calcoaceticus,
Acinetobacter-courvalinii, Acinetobacter dispersus, Acinetobacter-equi,
Acinetobacter gandensis. Acinetobacter-gerneri, Acinetobacter guangdongensis.
Acinetobacter-guillouiae
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Acinetobacter-gyllenbergii.Acinetobacter haemolyticus, Acinetobacter-
.harbinensis Acinetobacter-indicus, Acinetobacter-junii Acinetobacter-
kookii,Acinetobacter lwoffii, Acinetobacter modestus, Acinetobacter nectaris,
Acinetobacter nosocomialis,Acinetobacter parvus, Acinetobacter
pakistanensis,Acinetobacter - populi[1] Acinetobacter proteolyticus[1],,
Acinetobacter pittii, Acinetobacter puyangensis, Acinetobacter qingfengensis,
Acinetobacter radioresistens
Acinetobacter rudis, Acinetobacter schindleri
Acinetobacter seifertii, Acinetobacter soli
Acinetobacter tandoii, Acinetobacter tjernbergiae
Acinetobacter towneri, Acinetobacter ursingii
Acinetobacter variabilis, Acinetobacter venetianus
Acinetobacter vivianii

9.1.3. Description
Species of the genus Acinetobacter are strictly aerobic, nonfermentative, Gram-
negative bacilli. They show mostly a coccobacillary morphology on nonselective
agar. Rods predominate in fluid media, especially during early growth.

The morphology of Acinetobacter species can be quite variable in Gram-stained
human clinical specimens, and cannot be used to differentiate Acinetobacter from
other common causes of infection.

Bacteria of the genus Acinetobacter are known to form intracellular inclusions of
polyhydr, oxyal kanoates under certain environmental conditions (e.g. lack of
elements such as phosphorus, nitrogen, or oxygen combined with an excessive
supply of carbon sources).

The genus Acinetobacter comprises 38 validly named species.

Identification of Acinetobacter species is complicated by lack of standard
identification techniques.

9.1.2. Treatment

Acinetobacter species are innately resistant to many classes of antibiotics, including
penicillin, chloramphenicol, and often aminoglycosides. Resistance to
fluoroquinolones has been reported during therapy, which has also resulted in
increased resistance to other drug classes mediated through active drug efflux. A
dramatic increase in antibiotic resistance in Acineto bacter strains has been reported
by the Centers for Disease Control and Prevention (CDC), and the carbapenems are
recognised as the gold-standard and treatment of last resort.
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Acinetobacter species are unusual in that they are sensitive to sulbactam, which is
commonly used to inhibit bacterial beta-lactamase, but this is an example of the
antibacterial property of sulbactam itself.

9.1.2. Natural transformation

Bacterial transformation involves the transfer of DNA from a donor to a recipient
bacterium through the intervening liquid medium. Recipient bacteria must first
enter a special physiological state termed competence to receive donor DNA. A.
calcoaceticus is induced to become competent for natural transformation by dilution
of a stationary culture into fresh nutrient medium. Competence is gradually lost
during prolonged exponential growth and for a period after entrance into the
stationary state. The DNA taken up may be used to repair DNA damage or as a
means to exchange genetic information by horizontal gene transfer. Natural
transformation in A. calcoaceticus may protect against exposure to DNA-damaging
conditions in the natural environment of these bacteria, as appears to be the case
for other bacterial species capable of transformation.

9.2. Acinetobacter Baumannii

9.2.1. Scientific classification

Domain: Bacteria

Kingdom: Eubacteria

Phylum: Proteobacteria

Class: Gammaproteobacteria

Order: Pseudomonadales

Family: Moraxellaceae

Genus: Acinetobacter

Species: A. baumannii
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9.2.2. Description

Acinetobacter baumannii is a typically short, almost round, rod-shaped
(coccobacillus) Gram-negative bacterium. It can be an opportunistic pathogen in
humans, affecting people with compromised immune systems, and is becoming
increasingly important as a hospital-derived (nosocomial) infection. While other
species of the genus Acinetobacter are often found in soil samples (leading to the
common misconception that A. baumannii is a soil organism, too), it is almost
exclusively isolated from hospital environments.

Although occasionally it has been found in environmental soil and water samples,
its natural habitat is still not known.

Bacteria of this genus lack flagella, whip-like structures many bacteria use for
locomotion, but exhibit twitching or swarming motility. Motility in A. baumannii
may also be due to the excretion of exopolysaccharide, creating a film of high-
molecular-weight sugar chains behind the bacterium to move forward.

Colloquially, A. baumannii is referred to as ‘Iraqi bacter’ due to its seemingly sudden
emergence in military treatment facilities during the Iraq War Multidrug-resistant
A. baumannii has spread to civilian hospitals in part due to the transport of infected
soldiers through multiple medical facilities. Due to the prevalence of infections
and outbreaks caused by multidrug-resistant A. baumannii, few antibiotics are
effective for treating infections caused by this pathogen. To overcome this problem,
knowledge of the pathogenesis, antibiotic resistance mechanisms, and prospective
treatment options of A. baumannii is important.

9.2.3. Signs and symptoms of infection

A. baumannii is an oppurtunistic bacterium with a range of different diseases,
each with their own symptoms. Some possible types of A. baumannii infections
include:

• Pneumonia

• Bloodstream Infections

• Meningitis

• Wound and surgical site infections,

• including flesh eating

• Bacterium necrotizing fasciitis

• Urinary Tract Infections

Symptoms of A. baumannii infections are often indistinguishable from other
opportunistic infections caused by other opportunistic bacteria - including Klebsiella
pneumoniae and Strepto coccus pneumoniae. Symptoms of A. baumannii infections
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in turn range from fevers and chills, rash, confusion and/or altered mental states,
pain or burning sensations when urinating, strong urge to urinate frequently,
sensitivity to bright light, nausea (with or without vomiting), muscle and chest
pains, breathing problems, and cough (with or without yellow, green, or bloody
mucus). In some cases, A. baumannii may present no infection or symptoms, as
with colonizing an open wound or tracheostomy site.

9.2.4.Treatment

As most infections are now resistant to multiple drugs, determining what
susceptibilities the particular strain has is necessary to for treatment to be
successful. Traditionally, infections were treated with imipenem or meropenem,
but a steady rise in carbapenem-resistant A. baumannii has been noted. Prevention
methods in hospitals focus on increased hand-washing and more diligent sterilization
procedures.

9.2.5. Incidence in Hospitals

A. baumanii infections are highly prevalent in hospital settings. A. baumanii poses
very little risk to healthy individuals, however, factors that increase the risks for
infection include

• Having a weakened immune systems

• Chronic Lung Disease

• Diabetes

• Lengthened hospital stays

• Illness that requires use of a hospital ventilator

• Having an open wound treated in a hospital

• Treatments requiring invasive devices like urinary catheters

A. baumanii can be spread through direct contact with surfaces, objects, and the
skin of contaminated persons.

A baumannii growth is suspected to be favored in hospital settings due to the
constant use of antibiotics by patients in the hospital. Acinetobacter can be spread
by person-to-person contact or contact with contaminated surfaces. In a study of
European intensive care units in 2009, A. baumannii was found to be responsible
for 19.1% of ventilator-associated pneumonia cases. A 2013 Indonesian study showed
that neonatal infections with A. baumanii were due to the same strains of the
bacteria found in the hospital in which the neonates had spent their earliest days.
These strains were found on hard surfaces as well as on the hands of medical
personnel.
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9.3. Klebsiella oxytoca

9.3.1. Scientific classification

Kingdom: Bacteria

Phylum: Proteobacteria

Class: Gammaproteobacteria

Order: Enterobacteriales

Family: Enterobacteriaceae

Genus: Klebsiella

Species: K. oxytoca

Binomial name

Klebsiellaoxytoca
(Flügge1886) Lautrop 1956

9.3.1. Description

Klebsiella oxytoca is a Gram-negative, rod-shaped bacterium that is closely related
to K. pneumoniae, from which it is distinguished by being indole-positive; it also
has slightly different growth characteristics in that it is able to grow on melezitose,
but not 3-hydroxybutyrate.

K. oxytoca is characterized by negative methyl red, positive VP, positive citrate,
urea and TSI gas production, is AA, and negative for TSI sulfide, DNAse, growth on
sulfide-indole motility medium and the phenylalanine deaminase test.

It is a diazotroph, able to colonise plant hosts and fix atmospheric nitrogen into a
form which the plant can use. Association of K. oxytoca with the barley rhizosphere
during an entire vegetative period has been demonstrated. The bacteria adhere
strongly to root hairs, and less strongly to the surface of the zone of elongation and
root cap mucilage.

9.3.2. Clinical significance

Klebsiella oxytoca can cause colitis and sepsis.

9.4. Sepsis

Sepsis

Synonyms: Septicemia, blood poisoning

Pronunciation

Specialty Infectious disease

Symptoms Fever, increased heart rate, increased breathing rate, confusion
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Causes Immune response triggered by an infection

Risk factors Young or old age, Cancer, Diabetes, major trauma, burns

Diagnostic method Systemic-inflammatory response-syndrome (SIRS), qSOFA

Treatment Intravenous fluids, antibiotics

Prognosis 30 to 80% risk of death

Frequency 0.2–3 per 1000 a year (developed world)

Sepsis is a life-threatening condition that arises when the body’s response to
infection causes injury to its own tissues and organs.

Common signs and symptoms include fever, increased heart rate, increased breathing
rate, and confusion[1]. There also may be symptoms related to a specific infection,
such as a cough with pneumonia, or painful urination with a kidney infection.

Severe sepsis is sepsis causing poor organ function or insufficient blood flow.
Insufficient blood flow may be evident by low blood pressure, high blood lactate,
or low urine output. Septic shock is low blood pressure due to sepsis that does not
improve after reasonable amounts of intravenous fluids are given.

In 2016, SIRS was replaced with qSOFA which is two of the following three: increased
breathing rate, change in level of consciousness, and low blood pressure.

Sepsis usually is treated with intravenous fluids and antibiotics. Typically, antibiotics
are given as soon as possible. If fluid replacement is not enough to maintain blood
pressure, medications that raise blood pressure may be used. Mechanical ventilation
and dialysis may be needed to support the function of the lungs&kidneys,
respectively.

A child, with sepsis from a meningococcal bloodstream infection
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To guide treatment, a central venous catheter and an arterial catheter may be
placed for access to the bloodstream. Other measurements such as cardiac output
and superior vena cava oxygen saturation may be used. People with sepsis need
preventive measures for deep vein thrombosis, stress ulcers and pressure ulcers,
unless other conditions prevent such interventions.

Disease severity partly determines the outcome. The risk of death from sepsis is as
high as 30%, from severe sepsis as high as 50%, and from septic shock as high as
80%. Estimates suggest sepsis affects millions of people a year. In the developed
world approximately 0.2 to 3 people per 1000 are affected by sepsis yearly, resulting
in about a million cases per year in the United States.

9.4.2. Signs and Symptoms

Signs of established sepsis include confusion, metabolic acidosis (which may be
accompanied by faster breathing and lead to a respiratory alkalosis), low blood
pressure due to decreased systemic vascular resistance, higher cardiac output,
and dysfunctions of blood coagulation (where clotting may lead to organ failure).
The drop in blood pressure seen in sepsis may lead to shock. This may result in
light-headedness. Bruising or intense bleeding may occur.

9.4.3. Cause

The most common primary sources of infection resulting in sepsis are the lungs,
the abdomen, and the urinary tract. Typically, 50% of all sepsis cases start as an
infection in the lungs. Infections leading to sepsis usually are bacterial, but may be
fungal or viral. Other commonly implicated bacteria include Streptococcus-pyogenes,
Escherichia-coli, Pseudo monas-aeruginosa,and- Klebsiella species.

Fungal sepsis accounts for approximately 5% of severe sepsis and septic shock cases;
the most common cause of fungal sepsis is infection by Candida species of yeast, a
nosocomial infection frequently acquired in hospitals.

9.4.4. Diagnosis

Early diagnosis is necessary to properly manage sepsis, as initiation of rapid therapy
is key to reducing mortality from severe sepsis. There are different levels of sepsis:
sepsis, severe sepsis, and septic shock.

• SIRS is the presence of two or more of the following: abnormal body
temperature, heart rate, respiratory rate, or blood gas, and white blood
cell count.

• Sepsis is defined as SIRS in response to an infectious process.

• Severe sepsis is defined as sepsis with sepsis-induced organ dysfunction or
tissue hypo perfusion (manifesting as hy potension, elevated lactate, or
decreased urine output).



164    ASCI Journal of Management  46 (2) Spl   September 2017

• Septic shock is severe sepsis plus persistently low blood pressure, despite
the administration of intravenous fluids.

Sepsis Steps: Training tool for teaching the progression of sepsis stages centre

9.4. Epidemiology

Sepsis causes millions of deaths globally each year and is the most common cause
of death in people who have been hospitalized. The worldwide incidence of sepsis
is estimated to be 18 million cases per year. In the United States sepsis affects
approximately 3 in 1,000 people, and severe sepsis contributes to more than 200,000
deaths per year. Sepsis occurs in 1–2% of all hospitalizations and accounts for as
much as 25% of ICU bed utilization. Several medical conditions increase a person’s
susceptibility to infection and developing sepsis. Common sepsis risk factors include
age (especially the very young and old); conditions that weaken the immune system
such as cancer, diabetes, or the absence of a spleen; and major trauma and burns.

9.4.5. History

By the end of the 19th century, it was widely believed that microbes produced
substances that could injure the mammalian host and that soluble toxins released
during infection caused the fever and shock that were commonplace during severe
infections.

9.4.6. Economics

Sepsis was the most expensive condition treated in United States’ hospital an
aggregate cost of billion for nearly 1.3 million hospitalizations. Costs for sepsis
hospital stays more than quadrupled since 1997 with an 11.5 percent annual increase.

9.5. Colitis

Colitis is an inflammation of the colon. Colitis may be acute and self-limited or
long-term. It broadly fits into the category of digestive diseases.
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In a medical context, the label colitis (without qualification) is used if:

• The cause of the inflammation in the colon is undetermined; for example,
colitis may be applied to Crohn’s disease at a time when the diagnosis is
unknown, or

• The context is clear; for example, an individual with ulcerative colitis is
talking about their disease with a physician who knows the diagnosis.

9.5.1. Signs and Symptoms

The signs and symptoms of colitis are quite variable and dependent on the cause of
the given colitis and factors that modify its course and severity with symptoms
which may include: mild to severe abdominal pain and tenderness (depending on
the stage of the disease), recurring bloody diarrhea with/without pus in the stools,
flatulence, loss of appetite and unexplained weight loss. More severe symptoms
may include: shortness of breath, a fast or irregular heartbeat and fever. Other
less or rare non-specific symptoms that may accompany colitis include: arthritis,
mouth ulcers, painful, red and swollen skin and irritated, red eyes. Signs seen on
colonoscopy include: colonic mucosal erythema (redness of the inner surface of
the colon), ulcers, and bleeding

9.5.2. Diagnosis

Symptoms suggestive of colitis are worked-up by obtaining the medical history, a
physical examination and laboratory tests (CBC, electrolytes, stool culture and
sensitivity, stool ova and parasites et cetera). Additional tests may include medical
imaging (e.g. abdominal computed tomography, abdominal X-rays) and an
examination with a camera inserted into the rectum (sigmoidoscopy, colonoscopy).

An important investigation in the assessment of colitis is biopsy. A very small piece
of tissue (usually about 2mm) is removed from the bowel mucosa during endoscopy
and examined under the microscope by a histopathologist. It can provide important
information regarding the cause of the disease and the extent of bowel damage.
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9.5.3. Types

There are many types of colitis. They are usually classified by the cause

Micrograph Showing intestinalcrypt branching, a histopathological finding of chronic
colitis. H&E stain.

1. Types of colitis include:

2. Micrograph of collagenous colitis. H&E stain.

3. Micrograph of a colonic pseudomembrane, as may be seen in Clostridium difficile
colitis, a type of infectious colitis.
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9.5.4. Treatment

Some people may be admitted into the hospital following the colonoscopy depending
on results. It is sometimes necessary to get the patient started on a steroid to
speed up the healing of the colon. It may also be necessary to get the patient
hydrated from the fluid loss and iron replaced from the loss of blood. After a
hospital stay, the patient may be put on a daily medication to manage their chronic
colitis. The medication can be an anti-inflammatory or an immunosuppressant.
There are many different types of medication used and the doctor will prescribe
the one they see fit. If the patient doesn’t respond, new medications will be tried
until there is a good fit.

Moreover, several studies recently have found significant relationship between colitis
and dairy allergy (including: cow milk, cow milk UHT and casein), suggesting some
patients may benefit from an elimination diet.

9.6. Klebsiella Pneumoniae

Klebsiella pneumonia

K. pneumoniae on a MacConkey agar plate

9.6.1.Scientific Classification

Domain: Bacteria

Phylum: Proteobacteria

Class: Gammaproteobacteria

Order: Enterobacteriales

Family: Enterobacteriaceae

Genus: Klebsiella

Species: K. pneumoniae
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Binomial name

Klebsiella pneumoniae
(Schroeter 1886)
Trevisan 1887

9.6.2. Description

Klebsiella pneumoniae is a Gram-negative, nonmotile, encapsulated, lactose-
fermenting, facultative anaerobic, rod-shaped bacterium. It appears as a mucoid
lactose fermenter on MacConkey agar.

Although found in the normal flora of the mouth, skin, and intestines, it can cause
destructive changes to human and animal lungs if aspirated (inhaled), specifically
to the alveoli (in the lungs) resulting in bloody sputum. In the clinical setting, it is
the most significant member of the Klebsiella genus of the Enterobacteriaceae. K.
oxytoca and K. rhinos cleromatis have also been demonstrated in human clinical
specimens. In recent years, Klebsiella species have become important pathogens
in nosocomial infections.

It naturally occurs in the soil, and about 30% of strains can fix nitrogen in anaerobic
conditions. As a free-living diazotroph, its nitrogen-fixation system has been much-
studied, and is of agricultural interest, as K. pneumoniae has been demonstrated
to increase crop yields in agricultural conditions.

Members of the Klebsiella genus typically express two types of antigens on their
cell surfaces. The first, O antigen, is a component of the lipopolysaccharide (LPS),
of which 9 varieties exist. The second is K antigen, a capsular polysaccharide with
more than 80 varieties. Both contribute to pathogenicity and form the basis for
sero grouping.

It is closely related to K. oxytoca from which it is distinguished by being indole-
negative and by its ability to grow on melezitose but not 3-hydroxybutyrate. The
bacteria has an Incubation period of 1-6 weeks (phac-aspc.gc.ca).

9.6.3.Clinical Significance

As a general rule, Klebsiella infections are seen mostly in people with a weakened
immune system. Most often, illness affects middle-aged and older men with
debilitating diseases. This patient population is believed to have impaired respiratory
host defenses, including persons with diabetes, alcoholism, malignancy, liver disease,
chronic obstructive pulmonary diseases, gluco corticoid therapy, renal failure, and
certain occupational exposures. Many of these infections are obtained when a person
is in the hospital for some other reason. Feces are the most significant source of
patient infection, followed by contact with contaminated instruments. The most
common condition caused by Klebsiella bacteria outside the hospital is pneumonia,
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typically in the form of bronchopneumonia and also bronchitis. These patients
have an increased tendency to develop lung abscess, cavitation, empyemaand
pleural-adhesions. It has a death rate around 50%, even with antimicrobial therapy.
The mortality rate can be nearly 100% for people with alcoholism and bacteremia.

In addition to pneumonia, Klebsiella can also cause infections in the urinary tract,
lower biliary tract, and surgical wound sites. The range of clinical diseases includes
pneumonia, thrombophlebitis, urinary tract infection, cholecystitis, diarrhea, upper
respiratory infection, wound infection, osteomyelitis, meningitis, and bacteremia
and septicemia. For patients with an invasive device in their bodies, contamination
of the device becomes a risk; for example, neonatal ward devices, respiratory
support equipment, and urinary catheters put patients at increased risk. Also, the
use of antibiotics can be a factor that increases the risk of nosocomial-infection
with Klebsiella bacteria. Sepsis and septic shock can follow entry of the bacteria
into the blood.

Research conducted at King’s College, London has implicated molecular mimicry
between HLA-B27 and two Klebsiella surface molecules as the cause of ankylosing
spondylitis.

Klebsiella ranks second to E. coli for urinary tract infections in older people. It is
also an opportunistic pathogen for patients with chronic pulmonary disease, enteric
pathogenicity, nasal mucosa atrophy, and rhinoscleroma. New antibiotic-resistant
strains of K. pneumoniae are appearing.

9.6.4. Resistant Strains

Klebsiella organisms are often resistant to multiple antibiotics. Current evidence
implicates plasmids as the primary source of the resistance genes. Klebsiella species
with the ability to produce extended-spectrum beta-lactamases (ESBL) are resistant
to many classes of antibiotics. The most frequent are resistance to aminogly cosides,
fluoroquinolones, tetracyclines, chloramphenicol, and trime thoprim/
sulfamethoxazole.

As with many bacteria, the recommended treatment has changed as the organism
has developed resistances. The choice of a specific antimicrobial agent or agents
depends on local susceptibility patterns and on the part of the body infected. For
patients with severe infections, a prudent approach is the use of an initial short
course (48–72 h) of combination therapy, followed by a switch to a specific
monotherapy once the susceptibility pattern is known for the specific patient.

If the specific Klebsiella in a particular patient does not show antibiotic resistance,
then the antibiotics used to treat such susceptible isolates include ampicillin/
sulbactam, piperacillin/tazobactam, ticarcillin/clavulanate, ceftazidime, cefepime,
levofloxacin, norfloxacin, gatifloxacin, moxifloxacin, meropenem, and ertapenem.
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Some experts recommend the use of meropenem for patients with ESBL-producing
Klebsiella. The claim is that meropenem produces the best bacterial clearing.

The use of antibiotics is usually not enough. Surgical clearing (frequently done as
interventional radiology drainage) is often needed after the patient is started on
antimicrobial agents.

Multiple drug-resistant K. pneumoniae strains have been killed in vivo by
intraperitoneal, intravenous, or intranasal administration of phages in laboratory
tests. Resistance to phages is not likely to be as troublesome as to antibiotics as
new infectious phages are likely to be available in environmental reservoirs. Phage
therapy can be used in conjunction with antibiotics, to supplement their activity
instead of replacing it altogether.

9.6.5. Preventing Klebsiella from Spreading

To prevent spreading Klebsiella infections between patients, healthcare personnel
must follow specific infection-control precautions, which may include strict
adherence to hand hygiene and wearing gowns and gloves when they enter rooms
where patients with Klebsiella–related illnesses are housed. Healthcare facilities
also must follow strict cleaning procedures to prevent the spread of Klebsiella.

To prevent the spread of infections, patients also should clean their hands very
often, including:

• Before preparing or eating food
• Before touching their eyes, nose, or mouth
• Before and after changing wound dressings or bandages
• After using the restroom
• After blowing their nose, coughing, or sneezing
• After touching hospital surfaces such as bed rails, bedside tables,

doorknobs, remote controls, or the phone

9.7. Pseudomonas Aeruginosa

P. Aeruginosa Colony (right) on Trypticase Soy Agar
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9.7.1. Scientific Classification

Kingdom: Bacteria
Phylum: Proteobacteria
Class: Gammaproteobacteria
Order: Pseudomonadales
Family: Pseudomonadaceae
Genus: Pseudomonas
Species: P. aeruginosa

Binomial name

Pseudomonas aeruginosa
(Schröter 1872)
Migula 1900

Type strain

ATCC 10145
CCUG 551
CFBP 2466
CIP 100720
DSM 50071
JCM 5962
LMG 1242
NBRC 12689
NCCB 76039
NCIMB 8295
NCTC 10332
NRRL B-771
VKM B-588

Synonyms

Bacterium aeruginosum Schroeter 1872
Bacterium aeruginosum Cohn 1872
Micrococcus pyocyaneus Zopf 1884
Bacillus aeruginosus (Schroeter 1872) Trevisan 1885
Bacillus pyocyaneus (Zopf 1884) Flügge 1886
Pseudomonas pyocyanea (Zopf 1884) Migula 1895
Bacterium pyocyaneum (Zopf 1884) Lehmann and Neumann 1896
Pseudomonas polycolor Clara 1930
Pseudomonas vendrelli nomen nudum1938

9.7.2. Description

Pseudomonas aeruginosa is a common Gram-negative, rod-shaped bacterium that
can cause disease in plants and animals, including humans. A species of considerable
medical importance, P. aeruginosa is a multidrug resistant pathogen recognized
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for its ubiquity, its intrinsically advanced antibiotic resistance mechanisms and its
association with serious illnesses–especially hospital-acquired infections such as
ventilator-associated pneumonia and various sepsis syndromes.

It is citrate, catalase, and oxidase positive. It is found in soil, water, skin flora, and
most man-made environments throughout the world. It thrives not only in normal
atmospheres, but also in low-oxygen atmospheres, thus has colonized many natural
and artificial environments. It uses a wide range of organic material for food; in
animals, its versatility enables the organism to infect damaged tissues or those
with reduced immunity. The symptoms of such infections are generalized
inflammation and sepsis.

If such colonizations occur in critical body organs, such as the lungs, the urinary
tract, and kidneys, the results can be fatal. Because it thrives on moist surfaces,
this bacterium is also found on and in medical equipment, including catheters,
causing cross-infections in hospitals and clinics. It is also able to decompose
hydrocarbons and has been used to break down tarballs and oil from oil spills. P.
aeruginosa is not extremely virulent in comparison with other major pathogenic
bacterial species – for example Staphylococcus aureus and Streptococcus pyogenes
– though P. aeruginosa is capable of extensive colonization, and can aggregate into
enduring biofilms.

Gram-stained P. Aeruginosa Bacteria (pink-red rods)

9.7.3. Biology

P. aeruginosa is a facultative anaerobe, as it is well adapted to proliferate in
conditions of partial or total oxygen depletion. This organism can achieve anaerobic
growth with nitrate or nitrite as a terminal electron acceptor. When oxygen, nitrate,
and nitrite are absent, it is able to ferment arginine and pyruvate by substrate-
level phosphorylation. Adaptation to microaerobic or anaerobic environments is
essential for certain lifestyles of P. aeruginosa, for example, during lung infection
in cystic fibrosis and primary ciliary dyskinesia, where thick layers of lung mucus
and alginate surrounding mucoid bacterial cells can limit the diffusion of oxygen.
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P. aeruginosa growth within the human body can be asymptomatic until the bacteria
form a biofilm, which overwhelms the immune system. These biofilms are found in
the lungs of cystic fibrosis and primary ciliary dyskinesia, and can prove fatal.

9.7.4. Cellular Cooperation

P. aeruginosa relies on iron as a nutrient source in order to grow. However, iron is
not easily accessible because it is not commonly found in the environment. Iron is
usually found in a largely insoluble ferric form. Furthermore, excessively high levels
of iron can be toxic to P. aeruginosa. To overcome this and regulate proper intake
of iron, P. aeruginosa uses siderophores. Siderophores are secreted molecules that
bind and transport iron. These iron-siderophore complexes, however, are non-
specific. The bacterium that produced the siderophores does not necessarily receive
the direct benefit of iron intake. Rather all members of the cellular population are
equally likely to access the iron-siderophore complexes. This dynamic is an example
of an altruistic interaction; members suffer the metabolic cost of siderophores
production for the good of the group. Members of the cellular population that can
efficiently produce these siderophores are commonly referred to as cooperators;
members that produce little to no siderophores are often referred to as cheaters.
Research has shown when cooperators and cheaters are grown together, cooperators
have a decrease in fitness while cheaters have an increase in fitness. It is observed
that the magnitude of change in fitness increases with increasing iron-limitation.
With an increase in fitness, the cheaters can outcompete the cooperators; this
leads to an overall decrease in fitness of the group, due to lack of sufficient
siderophore production. These observations suggest that having a mix of cooperators
and cheaters can reduce the virulent nature of P. aeruginosa.

9.8. Pathogenesis

Phagocytosis of P. Aeruginosa by Neutrophil in Patient with
Bloodstream Infection (Gram stain)
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An opportunistic, nosocomial pathogen of immunocompromised individuals, P.
aeruginosa typically infects the airway, urinary tract, burns, and wounds, and also
causes other blood infections.

Infections Details and common associations High-risk groups

Pneumonia Diffuse bronchopneumonia Cystic fibrosis patients

Septic shock Associated with a purple-black Neutropenic patient
skin lesion ecthyma gangrenosum

Urinary tract Urinary tract catheterization
infection

Gastrointestinal Necrotising enterocolitis Premature infants and
infection neutropenic cancer

patients

Skin and soft Hemorrhage and Burns victims and
tissue infections necrosis patients with wound

infections

It is the most common cause of infections of burn injuries and of the outer ear
(otitis externa), and is the most frequent colonizer of medical devices (e.g.,
catheters). Pseudomonas can be spread by equipment that gets contaminated and
is not properly cleaned or on the hands of healthcare workers. Pseudomonas can,
in rare circumstances, cause community-acquired pneumonias, as well as ventilator-
associated pneumonias, being one of the most common agents isolated in several
studies. Pyocyanin is a virulence factor of the bacteria and has been known to
cause death in C. elegans by oxidative stress. However, salicylic acid can inhibit
pyocyanin production. One in ten hospital-acquired infections is from Pseudomonas.
Cystic fibrosis patients are also predisposed to P. aeruginosa infection of the lungs.
P. aeruginosa may also be a common cause of “hot-tub rash” (dermatitis), caused
by lack of proper, periodic attention to water quality. Since these bacteria like
moist environments, such as hot tubs and swimming pools, they can cause skin rash
or swimmer’s ear. Pseudomonas is also a common cause of postoperative infection
in radial keratotomy surgery patients. The organism is also associated with the skin
lesion ecthyma gangrenosum. P. aeruginosa is frequently associated with
osteomyelitis involving puncture wounds of the foot, believed to result from direct
inoculation with P. aeruginosa via the foam padding found in tennis shoes, with
diabetic patients at a higher risk.

9.8.2. Toxins

P. aeruginosa uses the virulence factor exotoxin A to inactivate eukaryotic elongation
factor 2 via ADP-ribosylation in the host cell, much as the diphtheria toxin does.
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Without elongation factor 2, eukaryotic cells cannot synthesize proteins and
necrotise. The release of intracellular contents induces an immunologic response
in immuno competent patients. In addition P. aeruginosa uses an exoenzyme, ExoU,
which degrades the plasma membrane of eukaryotic cells, leading to lysis.
Increasingly, it is becoming recognized that the iron-acquiring siderophore,
pyoverdine, also functions as a toxin by removing iron from mitochondria, inflicting
damage on this organelle.

9.8.3.Phenazines

Phenazines are redox-active pigments produced by P. aeruginosa. These pigments
are involved in quorum sensing, virulence, and iron acquisition. P. aeruginosa
produces several pigments all produced via a biosynthetic pathway. These operons
convert a chorismic acid to the phenazines mentioned above. Three key genes,
phzH, phzM, and phzS convert phenazine-1-carboxylic acid to the phenazines
mentioned above. Though phenazine biosynthesis is well studied, questions remain
as to the final structure of the brown phenazine pyomelanin.

When pyocyanin biosynthesis is inhibited, a decrease in P. aeruginosa pathogenicity
is observed in vitro. This suggests that pyocyanin is most responsible for the initial
colonization of P. aeruginosa in vivo.

9.8.4.Triggers

With low phosphate levels, P. aeruginosa has been found to activate from benign
symbiont to express lethal toxins inside the intestinal tract and severely damage or
kill the host, which can be mitigated by providing excess phosphate instead of
antibiotics.

9.8.5. Plant and Invertebrates

In higher plants, P. aeruginosa induces soft rot, for example in Arabidopsis thaliana
(Thale cress) and Lactuca sativa (lettuce). It is also pathogenic to invertebrate
animals, including the nematode Caenorhabditis elegans, the fruit fly Drosophila
and the moth Galleria mellonella. The associations of virulence factors are the
same for plant and animal infections.

9.8.6. Quorum Sensing

Regulation of gene expression can occur through cell-cell communication or quorum
sensing (QS) via the production of small molecules called autoinducers. The
extracellular accumulation of these molecules signals to bacteria to alter gene
expression and coordinate behavior. P. aeruginosa employs three interconnected
QS systems – lasRl, rhlRl, and PQS – that each produce unique signaling molecules.
Detection of these molecules indicates P. aeruginosa is growing as biofilm within
the lungs of cystic fibrosis patients. QS is known to control expression of a number
of virulence factors, including the pigment pyocyanin. Another form of gene
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regulation that allows the bacteria to rapidly adapt to surrounding changes is through
environmental signaling. Recent studies have discovered anaerobiosis can
significantly impact the major regulatory circuit of QS. This important link between
QS and anaerobiosis has a significant impact on production of virulence factors of
this organism. Garlic experimentally blocks quorum sensing in P. aeruginosa.

9.8.7. Biofilms and Treatment Resistance

Biofilms of P. aeruginosa can cause chronic opportunistic infections, which are a
serious problem for medical care in industrialized societies, especially for immune
compromised patients and the elderly. They often cannot be treated effectively
with traditional antibiotic therapy. Biofilms seem to protect these bacteria from
adverse environmental factors. P. aeruginosa can cause nosocomial infections and
is considered a model organism for the study of antibiotic-resistant bacteria. This
should contribute to better clinical management of chronically infected patients,
and should lead to the development of new drugs.

Many genes and factors affect biofilm formation in P. aeruginosa. One of the main
gene operons responsible for the initiation and maintaining the biofilm is the PSL
operon. This 15-gene operon is responsible for the cell-cell and cell-surface
interactions required for cell communication. It is also responsible for the
sequestering of the extracellular polymeric substance matrix. This matrix is
composed of nucleic acids, amino acids, carbohydrates, and various ions. This matrix
is one of the main resistance mechanisms in the biofilms of P. aeruginosa.

Cyclic di-GMP is a major contributor to biofilm adherent properties. This signalling
molecule in high quantities makes superadherent biofilms. When suppressed, the
biofilms are less adherent and easier to treat. Polysaccharide synthesis locus (PSL)
and cdi-GMP form a negative feedback loop. PSL stimulates cdi-GMP production,
while high cd-GMP turns on the operon and increases activity of the operon.

Recent studies have shown that the dispersed cells from P. aeruginosa biofilms
have lower c-di-GMP levels and different physiologies from those of planktonic and
biofilm cells. Such dispersed cells are found to be highly virulent against macrophages
and C. elegans, but highly sensitive towards iron stress, as compared with planktonic
cells.

Recently, scientists have been examining the possible genetic basis for P. aeruginosa
resistance to antibiotics such as tobramycin. One locus identified as being an
important genetic determinant of the resistance in this species is ndvB, which
encodes periplasmic glucans that may interact with antibiotics and cause them to
become sequestered into the periplasm. These results suggest a genetic basis exists
behind bacterial antibiotic resistance, rather than the biofilm simply acting as a
diffusion barrier to the antibiotic.
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P. aeruginosa is a Gram-negative, aerobic (and at times - facultatively anaerobic),
bacillus with unipolar motility. It has been identified as an opportunistic pathogen
of both humans and plants. P. aeruginosa is the type species of the genus
Pseudomonas.

In certain conditions, P. aeruginosa can secrete a variety of pigments, including
pyocyanin (blue-green), pyoverdine (yellow-green and fluorescent), and pyorubin
(red-brown). These can be used to identify the organism.

Pseudomonas aeruginosa fluorescence under UV illumination

P. aeruginosa is often preliminarily identified by its pearlescent appearance and
grape-like or tortilla-like odor in vitro. Definitive clinical identification of P.
aeruginosa often includes identifying the production of both pyocyanin and
fluorescein, as well as its ability to grow at 42°C. P. aeruginosa is capable of growth
in diesel and jet fuels, where it is known as a hydrocarbon-using microorganism,
causing microbial corrosion. It creates dark, gellish mats sometimes improperly
called “algae” because of their appearance.

9.8.8. Treatment

Many P. aeruginosa isolates are resistant to a large range of antibiotics and may
demonstrate additional resistance after unsuccessful treatment. It should usually
be possible to guide treatment according to laboratory sensitivities, rather than
choosing an antibiotic empirically. If antibiotics are started empirically, then every
effort should be made to obtain cultures (before administering first dose of
antibiotic), and the choice of antibiotic used should be reviewed when the culture
results are available.

P. aeruginosa. Some next-generation antibiotics that are reported as being active
against P. aeruginosa include doripenem, ceftobiprole, and ceftaroline. However,
these require more clinical trials for standardization. Therefore, research for the
discovery of new antibiotics and drugs against P. aeruginosa is very much needed.
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9.8.9. Resistance

One of the most worrisome characteristics of P. aeruginosa is its low antibiotic
susceptibility, which is attributable to a concerted action of multidrug efflux pumps
with chromosomally encoded antibiotic resistance genes (e.g., mexAB, mexXY, etc.)
and the low permeability of the bacterial cellular envelopes. Development of
multidrug resistance by P. aeruginosa isolates requires several different genetic
events, including acquisition of different mutations and/or horizontal transfer of
antibiotic resistance genes. Hypermutation favours the selection of mutation-driven
antibiotic resistance in P. aeruginosa strains producing chronic infections, whereas
the clustering of several different antibiotic resistance genes in integrons favors
the concerted acquisition of antibiotic resistance determinants. Some recent studies
have shown phenotypic resistance associated to biofilm formation or to the
emergence of small-colony variants may be important in the response of P.
aeruginosa populations to antibiotics treatment.

Providing Sensor net work and cameras in Water and Draianage lines

As completing under ground drainage system may take a year or two in part of
study area, the over head tanks may be provided with small cameras to watch and
clean in time to prevent vector deceases. Sensors net work may be created linking
septic tanks to warn the residents to remove sewerage, and to replace leaky tanks.
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10. FURTHER PRECAUTIONS AND CONCLUSION

The Medical teams in Thiruvallur have successfully solving this issue by strengthening
immune system by the natural malai, vembu, leaf water etc apart from timely
vaccination. Removing all unwanted things which can hold good water which breeds
Dengu Aedes aegypti in June to August every year, unnecessary plants which provide
breeding space for Dengu and allied mosquitos. The residents can get help from
Govt hospitals for preventive care, immunization without wasting time. The Geo
spatial net work with hospital will be a tool to monitor water borne deceases.
Delay in diagnosis or treatment has taken away monarch like Akbar who succumbed
water borne desease, “Dysentery”.
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