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ABSTRACT The importance of a standard based interoperability framework is now widely recognized.
In order to understand the challenges, feasibility and impact of outcomes of such architectures for public
health improvement, it is important to implement and demonstrate the usefulness of data analytics based on
pathway provided by the framework. This work provides an implementation details and results of transferring
dengue data from source database to data analytical programs used by public health authorities. Dengue
fever, a mosquito-borne disease that occurs in tropical and subtropical areas of the world, is considered to
be a significant threat in both developing and the developed countries. This study investigates the spatio-
temporal distribution of dengue in Pakistan from the years 2014-2017 and identify the most frequently
affected hotspots of dengue across the the 3 provinces in the country using data mining, clustering and
GIS based analysis of data. In addition, the identification of most vulnerable dengue locations has led to
investigation into the potential environmental or geographical conditions that may have contributed to dengue
prevalence in the area. These investigations present interesting results that shows positive correlation for
temperature, humidity and population density with the dengue incidences. In addition, the results are able to
identify disease hotspots over time windows that can be mapped to any spatio-temporal scales. The outcome
of this research is crucial for optimal use of resources for combating dengue fever at a regional or national
scale by identifying the hotspots. The hotspots identified can be use to create a sentinel surveillance network
for a pandemic disease. In addition, the work serves as a useful reference for a comprehensive national level

early warning and rapid disease outbreak detection framework for any disease of public health context.

INDEX TERMS Disease analytics, dengue, HL7 trasmission, hotspot analysis, disease patterns.

I. INTRODUCTION

The surveillance protocols in many developing countries
are disease specific and fragmented. There is no standard
based data transmission protocol for notifiable diseases
and cases are reported through multiple methods. The data
obtained through these methods including spreadsheet report-
ing, app based reporting is controlled based on predefined
variable and format. In order to complement research with
quality, on ground data, a pathway must be present to transmit
data from source to research and analysis sites in a stan-
dardized way. Pakistan has been experiencing dengue fever
epidemic since 2010 [1]. From 1995-2004 only 699 dengue
cases were reported from 3 districts of Pakistan. During 2005-
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2011 numbers of confirmed cases and deaths dramatically
increased to 55,946 and 539 respectively effecting 105 out
of 146 districts and since then, the disease has become widely
recognized as one of the major public health problems in
Pakistan. The availability of accurate data patient’s addresses,
start of epidemics, vector density, composition, trend, resis-
tance level etc) is the fundamental factor to prioritize the
areas, type of vector control operations and also the time
of intervention(s). For this purpose, presence of functional
dengue surveillance at all level is the primary requirement.
Among many reasons of not achieving health targets is the
lack of standard for health information transmission and
absence of standard central repository. The hospitals are not
maintaining data according to international formats that hin-
ders information exchange and subsequently its meaningful
analysis and utilization of all available data at policy level [2].
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Population surveys are further limited by the self-reported
nature of the information, by a lack of information for small
geographic areas, and sometimes by substantial delays in data
availability [3]. In addition, data often lacks many important
demographic and other features useful for public health dis-
ease management.

HL7 [4] is a set of standard, formats and definitions for
exchanging electronic health records (EHR) and is accred-
ited by American National Standards Institute (ANSI). The
7 seven in HL7 represents the seventh layer in Open System
Interconnection (OSI) model where structure formatting and
exchange of messages occur. HL7 standard defines a stan-
dard format that allows messages to be transmitted between
disparate healthcare systems. It recognizes that all health care
facilities are not identical and there cannot be a single stan-
dard protocol model to represent the data exchange process
between these facilities. Therefore, it provides a broad range
of messaging standards that can be applied to large scale
health facilities, major hospitals as well as to stand alone
diagnostic centres, laboratories, and clinics. It is now a widely
accepted e-Health standard and is considered efficient for
health information exchange. The HL7 V2.x [5] offers mes-
sages models, documents and services that cover the health
data integration, retrieval and exchange requirements of most
of the public health agencies.

The work presented in this article is based on HL7 V2.x
standard specification for clinical health information
exchange as it is currently, the most widely used standard.
Most of the health information exchange work in HL7 has
focused on clinical level. However, the alarming growth
rate of epidemics, pandemics, infectious disease agents and
dynamics around the globe requires that these standards be
acquired for population health monitoring and control. Our
prior work details the framework as a multi layer architec-
ture for privacy compliant and standard based acquisition,
transmission and integration of health data for evidence base
disease management [6].

We present an HL7 based disease surveillance and analysis
model that is implemented as a disease data exchange model
from source such as hospitals and laboratories to destination
including public health agencies for case reporting necessary
for research in public health decision making and disease
prevention and control intervention programs. We present
implementation of the transmission protocol of dengue dis-
ease data from multiple sources and analysis methods to
identify hotspots for dengue incidences based on data from
all provinces in Pakistan. The data becomes directly inter-
pretable by the public health agencies as compared to the
surveillance data in multiple formats received via email,
faxes or csv files. This work presents the dengue case report-
ing using the presented transmission model as well as statisti-
cal and spatial analysis for hotspot identification. Therefore,
this study is able to demonstrate the use of information tech-
nology tools available in other domains for achieving public
health objectives.
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The presented work a multi-disciplinary effort in order to
achieve public health targets. First, we present a successful
implementation for an HL7 standard based transmission of
disease data in places where minimum digitization or stan-
dard compliance is practiced. We provide a pathway with
semantic and implementation details for transmitting data of
public health interest from multiple heterogeneous sources
and present its availability to public health agencies and
research facilities for further analysis and decision mak-
ing. The presentation of this implementation will help to
understand the validity of data sharing ability and models
for decision making process. Using HL7 based transmission
protocol, we reduce the ambiguity and incompatibility among
different data sources. Second, we present a dengue case
study in the context of standard based acquisition and trans-
mission framework for 3 provinces of Pakistan and capital
city Islamabad, from year 2014-2017. To the best of our
knowledge no prior work has performed a spatial analysis
of this scale over a standard framework. The implementation
shows that active disease surveillance is possible over legacy
systems which can result in timely and appropriate allocation
of resources as well as implementation of control and preven-
tive programs [7]. In addition, the analytical results provides a
reference for selecting facilities based on cluster analysis for
implementing sentinel surveillance that can provide detailed
data over a population while using lesser public health
resources.

With public health informatics becoming more sophisti-
cated, it is important to provide an objective evidence base
for population health analysis instead of aggregated informa-
tion. The current surveillance techniques in many developing
countries, including Pakistan still remains heterogeneous and
fragmented with varying data reporting formats due to lack
of standardization. A standard based transmission protocol is
presented and implemented in this study to provide a trans-
mission channel from data source to data analytics platforms
for public health authorities. This pathway allows near real
time reporting of diseases cases to public health authorities as
early as they are diagnosed with the disease or are admitted
with a diagnosis. HL7 is a relatively young specification for
health data exchange and its available application is mostly
for clinical data exchange among heterogeneous EHR in
healthcare entities to maintain a common patient profile and
to share patient data. We demonstrate that this data interop-
erability specification can be applied in public health data
acquisition and transmission settings where minimum digi-
tization is present (in low and middle income countries, e.g.
Pakistan) where infrastructure for complete interoperability
is limited as well as in developed countries where at the
time electronic health record systems or hospital information
systems were developed and implemented, the standards of
health data exchange were still in their infancy. Therefore,
this work may also be useful where interoperability middle
ware solutions are required to exchange health data for public
health informatics.
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FIGURE 1. The overview of process of acquiring dengue incidences data from two sources and
transmitting to server through a multi layer framework for dissemination to concerned health

authorities for disease dynamics analysis.

Il. RELATED WORK

In developing countries, there is still need for digitization of
health records. The reportable disease data is collected mostly
from public hospitals that do not have standard EHR systems
installed. The efforts being done in context of public health
informatics are localized and non standard in most cases [8]—
[10]. In order to establish an effective dengue control and
prevention mechanism in a region, it is important to acquire
and transmit case reports in real or near real time instead of
passive surveillance. The surveillance data acquisition and
flow in Pakistan has been previously defined [6]. In context of
dengue surveillance, while it is a reportable disease, the data
collection mechanism remains fragmented and vertical from
regional to national level as is common in many other devel-
oping countries [11], [12]. HL7 is an internationally recog-
nized not only as clinical data exchange standard [13]-[16]
but also in disease surveillance for public health management
[17]-[19]. However, fewer examples in literature discuss the
implementation stages for enhancing passive surveillance
using HL7 interoperability standard [20]-[22].

Several epidemiology and other factors have been inves-
tigated affecting dengue outbreaks [23], [24]. Candidate fea-
tures of interest or determinants disproportionately affects the
dengue disease spread. It has become increasingly important
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to investigate these candidate features including climatic and
non-climate factors for control and prevention of disease in
vulnerable populations. The process involves identification
of dengue hotspots, complex relationships patterns between
the disease incidences and its transmission that drive the
spread of dengue fever globally [25]. Dengue disease dynam-
ics have been studied along with multiple factors including
demographic, climatic, topographical, geographical, migra-
tion and traveling [26]-[30]. To build an effective model for
predictive and Al based analysis, strongly correlated factors
with disease incidence rate have been investigated. Many
studies have reported strong influence of temperature and
rainfall on dengue transmission [31]-[33]. Several potential
reasons have been identified for this influence. For exam-
ple,warmer temperature facilitates the survival of disease
causing mosquitoes, increase their reproduction, growth and
transmission rates. Similarly, precipitation or rainfall creates
potential breeding sites for mosquitoes and is shown to have a
positive correlation with disease incidences [34]-[36]. How-
ever, some research has also shown negative correlation and
have attributed their results to removal of breeding sites due
to excessive rain [37], [38]. On the other hand, using time
lags based analysis, it has also been shown that hot and dry
weather followed by heavy rainfall also increases dengue
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incidences [39]-[41]. Therefore, the relationship of climatic
factors and dengue outbreak is not as straight forward and
needs further investigations by analyzing dengue dynamics in
populations with high incidence rates to understand the global
transmission dynamics of dengue. Further, the identification
of clusters over spatio-temporal scales is crucial to understand
the disease dynamics at a location. While some diseases
maybe randomly distributed, most communicable diseases
tend to form cluster over space or time. The presented anal-
ysis and their results serve a useful reference for further
investigations into the geographical location for potential
causal relationship of dengue cases with other factors. For
example, using network analysis such as distance from water
bodies, construction sites and other breeding sites for dengue
mosquitoes to understand the complex disease dynamics can
be undertaken based on the analysis of results of the study.

GIS based spatial analysis is becoming increasingly
popular for management of infectious diseases [42]-[44].
Researches have applied mathematical models, Al based
analysis and other techniques in order to study dengue disease
dynamics and in terms of locations and external factors
[45]-[49]. However, the spatial analysis is strongly influ-
enced by the scale. Many studies fine scale the results to
city, district or town administrative level [50]-[52], while
some use point time series data to analyze the outbreak
pattern [53], [54].

Pakistan faces enormous dengue burden each year [55],
[56]. The disease outbreaks have been attributed to multiple
factors ranging from climatic change to natural disasters such
as flooding and earthquakes [57], [58]. Due to its endemic
nature in Pakistan, several studies have been conducted to
model and spatial temporal dynamics for control and pre-
vention of the disease [59]-[61]. Presently, to the best of our
knowledge, no recent study has been conducted correlating
temperature, humidity, and population density with dengue
case incidences in Pakistan. In addition the data used in
previous studies is of a high spatial scale or localized, taken
from a single hospital or city.

Studying disease dynamics in multiple varied environ-
ments and analyzing their results can lead to new scientific
evidences that are an important reference for further scientific
studies. The importance of studying features of diseases over
different areas cannot be undermined. To make the process
more meaningful, health data needs to be exchanged through
a standard based pathway.

In this paper, we provide an interoperability framework
implementation experience for studying dengue disease
dynamics in any given population. This framework can be
generalized to include any set of diseases of public health
interest, e.g communicable diseases. The presented work is
able to demonstrate the use of interoperability tools to inform
public health authorities for effective decision making by
using methods to provide insights into diseases over a geo-
graphical area e.g. using hotspot analysis. This is possible
due to implementation of an interoperability framework that
carried disease data directly from hospitals to public health
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level case to case instead of aggregated passive forms. This
is highly required in many low and middle income countries
where there is a lack of interoperability infrastructure. In this
work we attempt to uncover challenges of placing an inter-
operability standard over existing infrastructure and present
case of dengue disease spread studies through data transmis-
sion over the proposed pathway. In addition, the presented
work is aimed at finding new evidences in varied environ-
ments for diseases spread through exploratory analysis.

Ill. METHODS AND MATERIAL

A. STUDY AREA

Dengue is endemic in Pakistan with its usual peak in Mon-
soon season. Despite of government efforts thousands of
cases have been reported from all across the country every
year. The climate in Pakistan varies from hot summers to
cold winters with variations between the two according to
locations. In general winter lasts from December to February,
spring from March to May, hot summers and rains from
June to August and a monsoon season from September to
November [62]. We study the dengue incidence distribu-
tion patterns for three provinces, Punjab, northern province
Khyber Pakhtunkhwa (KPK), south east province Sindh and
Islamabad Capital Territory (ICT). Punjab is the highest pop-
ulated province of Pakistan and has seen highest dengue inci-
dences from the study time period. In 2017, KPK experienced
an epidemic of dengue, with more than 18000 cases with high
number of deaths [63].

B. DENGUE DATASET

The dataset used in this research process is obtained from
National Institute of Health (NIH) [64], Directorate Gen-
eral of Health of Provinces (DSCP) [65]-[67] and Dengue
Surveillance Cell Punjab [68]. It includes dengue confirmed
cases data from all districts in the 4 provinces of Pakistan
from year 2014 to 2017. The cases are confirmed positive
from first clinical diagnosis or from laboratory diagnosis. The
data includes demographic details and case incidence infor-
mation for the afore mentioned time frame and locations.The
data is mapped to HL7 standard messages. The locations
are geocoded to find latitude and longitude for meaningful
spatial analysis of data. The disease incidence data is aug-
mented with contextual features of interest. These include
weather data attributes and population data. Weather data
for affected areas is obtained from Pakistan Meteorological
Department (PMD).The dengue incidence data set consists
of 42,239 cases reported from the study areas.

C. DATA MAPPING

The HL7 messages are composed of segments that are further
categorized into fields where actual data is stored. Each mes-
sage has a type and a trigger associated with it. (Fig.2). There
are more than 183 segments included in HL7 v2.x. When
an event occurs such as patient admission, patient transfer,
patient discharged etc., it defines a trigger and is represented
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TABLE 1. Segment level mapping profile for HL7 ADT-A01 messages from S; and ORU-RO1 messages from S,.

[ HL7 Segment | Description ‘ Data Element

| Description | Description | Data Element |

‘ SYNDROMIC DATA ELEMENTS OF INTEREST (ADT Messages)

| LABORATORY RESULT MESSAGES (ORU Messages) \

Patient Identifier Sex, Age,
Mohallah, UC, District, Province,
Zipcode, Contact no

Reporting Hospital/ District,

PID Patient Identification
PV1 Patient Visit
Datetime for discharge

PD1 Patient Demographic ~ Occupation, Ethnicity

Chief complaint, Onset of symptoms,

Height, weight, Smoking status

OBX Observation Segment  platelet count at admission,

Fever, Body aches, Bleeding, Skin rashes,

Travel history
DG Diagnosis

Message Type Message Trigger Message Structure

Unique Identifier Identifier for the Data structure
in message event that corresponding
header segment provided to message type
based on context for and trigger
message message event.
purpose generation

o <
s

FIGURE 2. The HL7 message structure.

by a particular type of message. Messages can have a single
trigger and thus a single format (e.g. VXU message) or they
can have multiple triggers and formats (e.g. ADT message).
Segments in the messages can be optional, repetitive or both.
Field are the components of message holding the data content
of the message. Field may have none or several sub fields.
The glue layer with an HL7 agent and HL7 gateway is
implemented at health care facilities including hospitals and
laboratories from where the disease cases are reported. The
data reported may be in any form including spreadsheets,
aggregated sums, and non digitized information. For every
new data source added to the framework, a glue layer with
HL7 agent need to de designed according to the source spec-
ification. Data mapping is a challenging task that involves
understanding source data context and how it is being stored
in the data base and what it represents. Therefore, when a
mapping specification is defined for a source, the types and
formats of data involved and their place in HL7 messages
must be clearly defined. Consequently, it involves a complete
knowledge of HL7 specification as well as the working of
source legacy system. The glue layer in the framework that
resides at the data source facility, is responsible for extracting
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Datetime for encounter, Status of Discharge =~ OBR

Status ( Admitting, Underprocess, Final)

Patient Identifier, Sex, Age,
Mohallah, UC, District, Province,
Zipcode, Contact No.

PID Patient Identification

Observation Request (NS1, PCR), Datetime for report
Test performed, Results,
Datetime for tests, test status,
Labortray Name

OBX Observation Segment

the case based information of public health interest required
from the source. The data is queried from HL7 compliant
database and mapped to HL7 specification for transmission
to a central public health server in form of HL7 messages.
In cases where HL7 compliant form of data is not present
at the source, an HL7 agent is implemented that creates
HL7 messages based on source specific attributes mapping to
HL7 specification. In this study the dengue surveillance data
is mapped to HL7 segments based on mapping specifications
summarized in Table.1. Table.1 gives the segment level speci-
fication for mapping of source specific attributes to HL7 mes-
sages. We use two types of messages for transmitting data,
ADT-AO1 (Admission, Discharge, Transfer) messages used
to transfer data from S data source and ORU-RO1 messages
to transfer observations and results from test laboratory at S».
At the receiver end, the received HL7 messages are fused in
the underlying database. Missing values present in the origi-
nal data are transmitted as the empty fields in the HL7 mes-
sages. For analysis purposes the missing value are dropped
from the data set. For example, patient address may not be
present, which will lead to unavailability of point location for
spatial clustering. Therefore, records with missing or out of
range values are removed from the data.

D. DATA TRANSMISSION PROTOCOL

Information moves from multiple layers in the framework
following an HL7 based protocol. The data from multi-
ple sources and on multiple diseases is made available to
concerned authorities in the form of data marts that are
spawned from the underlying public health consolidated data
bank. This data is combined with other candidate features
of interest that are collected and transmitted by other means
and serve as context features for a given population. The
details of components of the framework and the processes
involved are presented in. For the purpose of this study,
we present the HL7 mapping done at the dengue data source
glue layer end the analytical processes employed for feature
selection and hotspot detection. We have implemented the
framework using two methods, first, HL7 compliant database
quering and MirthConnect v3.4.1.8057, and second, using
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HAPI (HL7 application programming interface) for creating
client and server programs in Java for HL7 message trans-
mission and receiving. MirthConnect is an open source cross-
platform HL7 engine for bi-directional transmission of multi-
ple HL7 messages [69]. HAPI is an open source HL7 library
and parser for Java [70]. The overview of the transmission
of dengue data from sources to analytical dashboards is pre-
sented in Fig.1.

Mirthconnect uses channels for connecting source to des-
tinations. For dengue case study we create channels at two
sources, one for DSCP data source (S) and second for NIH
data source (S;) for HL7 message transmission. At (S)
communication channel continuously listens for any incom-
ing HL7 message at a predefined port. When an HL7 mes-
sage is received, a filter validation process maps all required
data attributes of interest based on a predefined mapping.
At receiving end, the filter validation checks for the presence
of all required data attributes and transformers reads the data
received into single attributes in the incoming channel that are
then mapped to the server’s local database. Thus, mapping at
source and destination are performed inside the channel. The
difference between the two sources data transmission is the
presence of an HL7 compliant database at (S;). In this case
the Mirthconnect connectors can directly read the database
into the HL7 message based on the transformer mappings. For
data source (S1), first, HL7 mapping is done by an HL7 agent
and sent to the HAPI connector for transmission by the agent.

The data from provinces is acquired and mapped to
HL7 messages using HAPI, an open source java based
HL7 API in Eclipse IDE environment. An HL7 message is
created and managed using HAPI context that controls the
configuration and instantiation of HAPI objects including
a server listening to incoming HL7 messages and trans-
mitting over a network as well as a client that receives
the HL7 messages. HAPI also allows message encryption
and process threads giving more control over data transmis-
sion protocol. Further more, HL7Service interface in HAPI
allows multiple message types to be received using multiple
channels.

E. DATA ANALYSIS

The data transmitted from all sources is provided to the
public health authority dashboard using AJAX that allows
data to be updated asynchornously. Data received is filtered
for the required attributes. For example, for our study, Dis-
trict, Province, Gender, Reporting date and patient address
are extracted from the message. Data was preprocessed for
mispelled location names, missing addresses and converting
adrdesses to obtain fixed lonititude and latitude values. For
this purpose, we used OpenRefine tool. For the received
dengue dataset, at the analytical layer, we use multiple linear
regression model to find the relation ship between candidate
features of interest including temperature, humidity and pop-
ulation density with dengue incidence data by fitting linear
equation to recorded data. This gives a correlation of dis-
ease incidence to candidate features of interest. Our spatial
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analysis of dengue is based on two hypothesis, first, any
patterns in the disease dynamics can be identified using the
near and recent rule; and second, there are multiple factors
involved in the disease propagation. The candidate features
of interest are selected and analyzed with disease incidence
data. We apply spatial clustering to identify vulnerable sites
of dengue outbreak during each year and study the effects
of external factors on number of cases in these identified
hotspots.

Spatial pattern analysis of the disease incidences is con-
ducted to identify disease hotspots. The hotspot identification
process involves clustering disease incidences based on inci-
dence location for spatially close incidences. In contrast to
traditional aggregated data analysis, we employ spatial point
processes for dengue incidence modeling. The spatial point
process assumes that an incidence occurs at a random well
defined point in space that must be unambiguous with respect
to other points [71]. We are able to represent the disease cases
as a set of discrete incidences occurring at a random point
in space defined by their latitude and longitude and cluster
spatially close incidences to determine a hotspot at a given
area on map [72]. This helps us to identify locations to study
other features of interest for the hotspot areas and serves as
reference for predictive analysis.

Formally, we define each disease incidence DI as given by
Equation. 1:

Dljx = (xj, yj, tr) (0

where DI is an instance of disease incidence at a location,
defined by a pair of coordinates (x, y), and ¢ is the time of
the occurrence incident. For hotspot detection mechanism,
we employ partition based clustering to our spatio-temporal
data. The disease incidences for each year are clustered inde-
pendently to identify hotspots.Therefore, the data is sliced
into 4 windows w1, wo, w3, and wq, each of 12 months period
starting from 2014 to 2017. Each cluster represents a dense
disease incidence area with a centroid locatin based on mean
distance that we call a hotspot. The disease incidence stream
is clustered into m clusters where each cluster C; with [ =
1, ..m is defined by a tuple as in Equation 2.

C; = (id;, HS;, DI}, s;, wy) 2

where id is the cluster identification, HS is the cen-
troid or hotspot in the cluster, DI’ is the subset of DI that
belongs to cluster C, s; is the size of the cluster C; and wy; is
the time window of the disease incidences where t = 1..4.
Each hotspot is defined by a pair of coordinates (x, y), that is,

HS = (x,) 3

where x, y are longitude and latitude representing location of
the hotspot respectively. A population density based threshold
is then applied over each window to identify categories of
hotspots ranging from most significant hotspot to coldspots
over the study area based on cluster density.
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In order to study the relationship between the multiple
candidate factors, we use Pearson correlation based candi-
date feature selection. Pearson correlation coefficient works
to measure the strength of relationship between candidate
features of interest. The coefficient of determination or
R-Squared is calculated to determine the variability of can-
didate features with respect to number of dengue incidences
in the MLR analysis. Visually, the strength of correlation
is higher if a point representing sum of squared distances
lies closer to the regression line. Multiple Linear Regression
(MLR) also called Multiple Regression (MR) method has
been applied to predict the level of affect candidate features
have on dengue incidence. Thus MLR models the linear
between independent variables, that is, candidate features
and dependent variable, that is, disease incidences. MLR is
based on Ordinary Linear Regression (OLR) and is able to
model the process using a single regression equation given
by equation. 4

DI; = Bo + B1CFi1 + B2CFip + ...+ BrCFyy +¢  (4)

where i = 1,..,n with n = numberofobservations, DI is
the predicted of the expected disease incidence, By is the
correlation co-effecient for each candidate factor and € is
the residual error. The model evaluation is based on multiple
criterion including, statistical significance of the selected
candidate factors, non-redundancy in the candidate features,
normal distribution and non-spatial correlation of residuals,
and R_squared value. The closer the value of R-Squared to 1,
the better the MLR prediction model will fit. The R-squared
value equal to 1 would indicate that all the variability in the
number of dengue cases can be explained by temperature and
humidity only, which is rarely a logical case.

In addition, for interactive exploratory analysis, use grid-
based clustering technique to identify hotspots for the dengue
incidences. The visual display of incidences on map allows
zooming to different levels. The zoom level defines the num-
ber of grids the map will be divided into. The incidences are
clustered based on spatial closeness of disease incidences in
each square grid. That is, the disease incidence at a particular
location and incidences is selected and incidences closest to
the selected incidence are mapped to the same cluster. The
measure of closeness is the distance between the clusters.
The grid size can be customized to different values and The
process continues until all disease incidences are allocated to
some cluster and the results are displayed on the google maps.
Disease incidence can also be customized to be selected as
a reference for finding hotspots near it. This exploratory
hotspot analysis of a disease helps to investigate the disease
dynamics in a given area. For example a dense cluster reflects
a very significant hotspot and environmental features of the
given area can be compared to analyze potential causes of
increased number of cases.

IV. RESULTS
The data is extracted from the sources based on prelimi-
nary studies for dengue public health features of interest and
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selected and transmitted using two strategies, mirth connect
channels, with data base readers and writers, HL7 agent
based message transmission and HAPI based protocol imple-
mentation. Fig.3 shows a sample ADT-A0O1 message created
by mapping source attributes to HL7 fields when a dengue
patient is admitted to the hospital. The HL7 messages are
transmitted to a central test server and stored in a population
data bank. When using MirthConnect channels, we were
able to transmit HL7 messages without having to implement
network administrative tasks such as connection, queue and
thread management or error logging and handling. How-
ever, when connecting to multiple heterogeneous sources
that are not HL7 compliant, interfacing with mirth connect
will require more scripting to create HL7 messages from
the source data bank. The source transformers also allow
changes in data format. On the other hand, with the HAPI
implementation, there was more control over the configura-
tion and management of network, encryption and multiple
message transmission. However, both communication servers
used were successfully implemented to realize the standard
based health data transmission for public health analytics.

The dengue incidence data received at the server end and
stored in an SQL relational database is queried for patient
address to represent case incidence location stored in PID
segment of HL7 message, district stored in PID segment
of HL7 message stored in PID segment of HL7 message,
province stored in PID segment of HL7 message, patient
gender stored in PID segment of HL7 message and case
reporting date stored in PV1 segment of HL7 message as
shown in Table.1. The PID segment contains patient specific
information wheres PV1 segment contains event or visit spe-
cific information of a patient. The patient address is geocoded
to obtain spatially meaningful location on the map. For point
process based analysis the data is fetched from the database
into XML files in PHP.

For the purpose of this study, we use the patient address,
gender, and date-time of incidence from the incoming data.
The statistical analysis of received dengue data provides fol-
lowing results. 22628 cases were reported in 2017. In 2014,
2015 and 2016, the total numbers of cases were 1991,
9899 and 7721 respectively. In years 2014-2017, male and
female affected are 73.1% and 26.8% respectively. The initial
disease spread statistics are presented in Table 2.

In order to study the impact of temperature changes on
dengue incidences, we focus on the rate of change of monthly
dengue cases with temperature changes within each province.
Fig. 4 shows the number dengue cases in all 12 months of the
year for each year bracket in 3 provinces and federal capital
of the country. The results show that the months of August,
September, October and early November, are favorable for
Dengue in Punjab, KPK, and Islamabad. These months form
the post monsoon period in these areas. Sindh is seen more
affected by the disease in months from October till January.

The spatial hotspot analysis revealed multiple hotspots
through out the country. We applied our hotspot detection
algorithm for each years data to identify locations with
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TABLE 2. Dengue Distribution across the study area from 2014-2017.

2014 2015 2016 2017
Islamabad 96 65 31 526 353 173 2813 1828 985 296 192 104
Punjab 1314 972 342 5242 4139 1103 2745 2012 724 418 307 111
Sindh 114 82 32 1818 1309 509 1245 896 349 2692 1952 740
KPK 467 341 126 2277 1662 615 918 670 248 18784 13731 5053
Total 1991 1460 531 9863 7463 2400 7721 5406 2306 22190 16182 6008

MSH| “~'&| Dur 5ysten|Patient Health Data|Their Remote System|Patient Health Data]20120110185401] | ADTA01#ADT A01]123420190110165402]P|2.4
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FIGURE 3. The sample ADT-A01 message for single dengue case transmission based on mapping of source attributes to HL7 fields.
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FIGURE 4. Monthly dengue incidences in 3 provinces Punjab, Sindh, KPK and federal capital Islamabad, Pakistan. The x-axis represent the 12 months of
the year where as y-axis shows number of dengue incidences. The results show that maximum number of disease incidences are reported between
August to October for Punjab, KPK and Islamabad whereas Sindh experiences peak during October to December in all years.

dengue incidences spatially closer to each other forming
a cluster. The clusters are formed based on geocoding of
street addresses of patients. The districts of these hotspots
are identified. The identified hotspots districts and cluster
size for each is presented in Table 3. The hotspot anlysis
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shows districts Malakand, Peshawar, Abbottabad, Mansehra
and Mardan of KPK province to be most affected over the
selected time period. These districts are more developed
and urbanized as compared to other less affected ones. The
threshold is applied to find districts for most significant
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TABLE 3. Administrative districts for identified hotspots over the study areas for each time window w. The size represents the cluster members s at each

hotspot representing dengue incidences.

Districts Size Districts Size Districts Size Districts Size
w1 w2 w3 wq
Karachi 72 Karachi 1741 | Karachi 955 Karachi 2661
Rawalpindi 1111 | Rawalpindi | 3303 | Rawalpindi | 1160 | Rawalpindi 213
Lahore 97 Lahore 146 Lahore 1110 | Mardan 322
Swat 78 Multan 365 Mansehra 295 Peshawar 17670
Sheikhupura | 60 Mansehra 589 Islamabad 2813 | Islamabad 296
Malakand 130 Malakand 397 Malakand 263 Malakand 236
Abbotabad 65 Abbotabad | 493 Khyber Agency | 330
Islamabad 96 Islamabad 526

Peshawar 383

Kohat 310

fooge st

(c) wz=2016

(d) wa=2017

FIGURE 5. Most significant hotspots identified in red, significant hotspots identified in blue and aqua blue, cold spots in brown for each window
wy - - - wy over the geographical map of the identified districts for the hotspots.

TABLE 4. Regression statistics for MLR.

Regression Statistics

Multiple R 0.164106271
R Square 0.026930868
Adjusted R Square  0.019115052
Observations 252

hotspots, significant hotspots and cold spots based on the
the cluster density for each window size w. Fig.5 shows the
geographical locations for the hotspot districts on the map.
Rawalpindi is identified as the most significant hotspot for
w1, where as Karachi,Lahore,Swat,Malakand and Islamabad
are identified as significant botspots for wy and shown in blue
(Fig.5a). The districts shown in brown color are identified
as cold spots based on cluster density. For w,, Rawalpindi
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is the most significant hotspot, and Karachi, Multan, Lahore,
Peshawar, Mansehra, Malakand, Abbottabad and Islamabad
as significant hotspots (Fig.5b). Similarly, for w3, Islamabad
is found as most significant hotspot. Rawalpindi, Lahore,
Mansehra and Malakand identified as significant hotspots
shown in blue and Karachi as high significant hotspot in
purple color (Fig.5¢). For w4, Peshawar forms the most signif-
icant hotspot and Karachi, Rawalpindi, Mardan, Malakand,
Khyber Agency and Islamabad are categorized as significant
hotspots (Fig.5d).

The hotspot districts identified are further analyzed for
candidate factor correlation. We use temperature and humid-
ity as candidate features and find correlation with the
dengue disease incidence in significant hotspots districts. The
R-squared value calculated is 0.41 that shows a positive rela-
tion between temperature, humidity and dengue incidences.
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FIGURE 6. Relationship between dengue incidences and temperature values. The x-aaxis represent the temperature values in °C; y-axis gives dengue
incidences. It can be seen that highest number of dengue cases were recorded for temperatures between 30-37 °C.
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FIGURE 7. Monthly dengue incidences vs climatic factors fit plot for predicted vs actual number of dengue cases.

A very strong relation can be analyzed between tempera-
ture and the dengue cases. Multiple Linear Regression is
performed to see the relation of temperature and humid-
ity on dengue cases and results shown in Table. 4. Mean
monthly maximum temperature and humidity are taken as
independent variables while corresponding Dengue cases as
dependent variable. The results show positive correlation val-
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ues for temperature (0.445) and humidity (0.245). In addition,
dengue incidences also show positive correlation with the
population density in the hotspots. The correlation analysis
gives 0.48,0.39,0.48 and 0.41 values from year 2014-2017.
Therefore, the densely populated areas are more prone to the
disease. We find the f-statistic to determine if the regression
relationship exist. Table 6 and p-values in Table. 5 shows
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FIGURE 8. The exploratory graph showing spatio-temporal clusters of dengue incidences in KPK for selected months in
year 2017. The cluster size shows number of neighbouring incidence in the selected spatial grid scale. Colors represent
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FIGURE 9. Fine scaled hotspot identification in KPK for identification of other potential factors affecting high
disease incidence rates. The Metro-Bus project in Peshawar was identified as a major factor through this

analysis since the hotspots lie close to the project areas.

a significant relationship between nd dengue cases exist as
p-value is less than 0.05. The impact of temperature on
dengue cases is investigated by acquiring mean monthly max-
imum temperature for the identified hotspots. The hotspot
districts were analyzed against the temperature data to study
the temperature and dengue cases relation. Fig. 6 shows the
relationship between temperature and dengue incidences. It
can be seen by observing results presented in Fig. 6 that
for all the four years, highest number of the dengue cases
are reported where temperature ranges from 30-37 °C in the
study areas in Pakistan. Fig. 7 give the predicted vs actual
cases for humdity and temperature variations. Table 5 gives
the descriptive statistics based on MLR analysis. The large
value of MS shows that there more unexplained variation
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in the data. This leads to employing an exploratory analysis
for identification of potential variables in the dengue preva-
lent populations to be added as independent variables in the
regression model.

We further performed an exploratory cluster analysis for
the hotspot districts throughout the country. The sample snap-
shots for the KPK province is shown for 2017 dengue inci-
dences in Fig.8 and Fig.9. Since KPK was the most hard hit
province for dengue outbreak in 2017 from all the available
time frame, with more than 18000 cases in a single year,
we explored the locations with hotspots of significant sizes
and found the following results. Areas adjacent to Tehkal,
Pishtakhara, University road, Mithra and Kohat road were
identified as the significant sub hotspot locations. These
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TABLE 5. Variable section for MLR.

Coefficients Standard Error  t Stat P-value Lower 95% Upper 95% Lower 95.0%  Upper 95.0%
Intercept -151.4967459  91.027625 -1.664294173  0.097311518  -330.7790093  27.78551754  -330.7790093  27.78551754
temperature ~ 4.76831784 1.891652458 2520715589  0.012337371  1.042638582 8.493997097  1.042638582 8.493997097
humidity 1.47601692 1.227030131 1.202918235 0230150495  -0.940664162  3.892698002  -0.940664162  3.892698002
TABLE 6. ANOVA.
df SS F SF

Regression 2 290066.3772
Residual 249  10480710.62
Total 251 10770777

are the undeveloped areas lacking basic municipal amenities
such as sewerage and drainage systems and cleanliness that
may have eventually lead to provision of breeding places
for mosquitoes.Therefore, the exploratory hotspot mining
reveals that there are other potential factors than temperature
and population density, affecting disease transmission that
need to be included in the model to explain the dengue
incidence rate differences in different hotspots each year. One
strong speculation for increased number of cases may be the
initiation and progress of major construction projects includ-
ing Metro Bus project in the main cities of the provinces.
These projects provide breeding sites for the breeding of
dengue mosquitoes in humid and rainy season.

V. DISCUSSION
When using channel for (S,), we connect with the source
database and selected attributes that were required at the
public health analysis layer. However, MirthConnect did not
allow filtering of the data. This meant that disease case data
already transmitted will again be sent along with the new data.
This challenge can be overcome by adding a flag column in
the source database that represents if the particular disease
incidence has already been reported. This means the glue
layer at the source need to be customized according to the
source data model. The model remains scalable in terms of
implementing glue layer only for every new data source added
to the framework. The implementation process, in general,
shows that the data transmitted through secure communi-
cation channels provides a standardized way of filtering,
transmitting and transforming the disease incidence data, that
is transmitted in real time and maybe less prone to errors.
Dengue and its impact in Pakistan is devastating. Dengue
spatial pattern is highly intense in main cities of country like
Lahore, Islamabad, Karachi, Rawalpindi, Peshawar, Abbot-
tabad and Malakand. Dengue increasing trend is seen from
August to mid-November in Punjab, Khyber Pakhtunkhwa
and Capital Territory of Pakistan while from December to
March in Sindh. The temperature favorable for the breed
of dengue mosquito is noted to be in range 30-37 °C.
Densely populated slums and unplanned urban areas are
major hotspots of dengue disease. The hotspots identified
in Lahore, Rawalpindi, Karachi, Peshawar, Abbottabad and
Islamabad augment the findings of the study. Further, in KPK,
it is seen that the urban centers with large population are
more affected including Malakand, Peshawar, Abbottabad,
Mansehra and Mardan. Urban environment is more favorable
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145033.1886
42091.20732

3.44568849  0.03341105

to dengue spread as most of the population of the province
resides in urban centers, hence they are naturally the most
affected ones. In addition, due to the non-existence of diag-
nostic facilities, the cases in other districts largely remain un
reported. It may also be concluded that a combination other
factors is responsible for this trend.

For example, massive construction projects have harvested
an enormous toll of the disease. Metro Bus project in
Peshawar in 2017 can also be seen as a major reason for
the surge in dengue cases. Similarly, Metro Bus project in
Multan in 2015 can be attributed towards the high 361 cases
for city of Multan that had an average of 3 cases per year.
2017 KPK dengue epidemic is attributed to a different lineage
of dengue virus serotype 2 that entered in Pakistan from China
[73]. Construction on smaller scale is equally dangerous as
there are diggings involved and water accumulation results in
spread of disease.

The increasing death count due to dengue in recent years
has emerged as one of the most challenging task for health
care authorities at provincial and national level. Every year,
with approach of high rate incidence months in the country,
increased financial, human and other health care resources
need to be allocated for prevention and control of dengue. The
research presented can be utilized well at multiple adminis-
trative level to identify and explore hotspots for prevention
and control of different diseases. The resource allocation and
preventive efforts can be well aligned with the more affected
hotspots identified in the spatial analysis results of this work.

The presented work comes with some inherent data related
limitations. For example, the spatial analysis can only be as
fine scaled as the recorded data allows. In addition, as with
other disease data, dengue incidence data also has unreported
cases. In addition, the incidences with missing location infor-
mation had to be removed in order to present a meaningful
spatial analysis. Another limitation of the presented work
is the non standardized acquisition of candidate features
that can be taken up as a potential future investigation. For
example, METeorological Aerodrome Reports (METARS)
can be used to acquire, transmit and process weather data
information. Standards need to be formulated and adopted by
the public health agencies that support data transmission and
archiving of public health interest. Additionally, the work can
be augmented by introducing data from other sources such
as construction work projects data, water sources data and
urbanization data to further understand the disease dynamics
in context with other candidate features of interest.
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VI. CONCLUSION

The methodology and results presented can help to identify
significant hotspots across a region to implement sentinel
surveillance. The work provides a reference for identify-
ing and addressing challenges in implementing standard
based data acquisition and transmission from heterogeneous
sources to a public health management server. Identifying
disease hotspots through a evidence based analysis provided
through presented pathway can ensure appropriate allocation
of resources. In addition, the spatio-temporal analysis pre-
sented in this work identifies dengue hotspots with variation
in spatial and temporal scales. This helps in understanding
the dynamics and relationship of dengue among populations
and sub populations at a fine scale and having different
densities with varying patterns of candidate features. There-
fore, the presenting work provides a reference for moving
from passive to active surveillance and presenting a direc-
tion towards adopting sentinel surveillance where required
resources can optimally be allocated.
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