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ABSTRACT 

Today, stakeholders in the fight against TB face a dilemma of the quick spreading 

disease that must be fought with minimal resources. The scarcity of the resources for 

fighting Tuberculosis (TB) calls for creative and strategic ways to succeed. 

Information and Communication Technologies (ICTs), such as cloud computing, 

geospatial data analysis and web technologies presents an opportunity to creatively 

fight TB. The ability of these ICTs to capture and present spatial data in real-time, on 

mapping applications makes them a good candidate for exploration in TB prevention.  

The aim of this study was to develop a decision support model that would help to 

prevention TB through improved monitoring and tracking using cloud computing, 

geospatial data and web technologies by providing information upon which TB 

program managers can base the planning and implementation of impactful TB control 

and prevention interventions.  

The study worked to identify and establish factors which escalate the spread of the TB 

in the Zambian settings by conducting a baseline study in Lusaka district. Results of 

this study showed crowding, poor ventilation and exposure due proximity to be major 

drivers of transmission with each of these variables for surveyed participants scoring 

86 percent, 68 percent and 56 percent respectively. 

The next step was to design a model which incorporates cloud technology, geospatial 

data analysis and web technologies into the TB prevention algorithm currently being 

used by the Ministry of Health. The model incorporates cloud computing, whose 

application helps to send the parameters of a particular TB case to the database in the 

cloud, geospatial data analysis, whose application supports the mapping of areas in 

communities with TB cases and web technologies used to develop a web application 

for data capturing and generation of maps and reports upon which stakeholders can 

base their decisions when planning and implementing TB prevention and control 

activities.  

Based on the designed model, the prototype was developed as the output of the 

research project. The prototype provides information which can be used as opposed to 

carrying out one-fits-all TB control and prevention activities and interventions. The 

prototype, for high yielding results, provides information via a map, showing 

community areas with TB transmission and also summarizes the factors escalating the 

transmission in those areas so that stakeholders can plan the best prevention and 

control measures to be carried out in those areas and thus the prototype provides 

information which enables stakeholders to put the scare resources where it matters 

more in the fight against TB - where the cases are.  

The prototype was developed using the cloud computing architecture, Google 

Mapping API, MySQL and PHP Scripting Language.  
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1.0  CHAPTER ONE: INTRODUCTION TO THE RESEARCH 

1.1. BACKGROUND 

Tuberculosis (TB) is one of the leading infectious diseases in the world with an annual 

average of 10,000,000 cases being reported between 2016 and 2018 and causing an 

average of 1,400,000 deaths in the same period, translating into 25 percent of deaths 

globally and making TB the number one cause of death by a single infectious agent 

[1][2][3][4]. In 2015 TB caused 17,000 deaths in Zambia [5] and an average of 36,000 

cases have been recorded annually between 2016 and 2018 in the country [6]. As such 

the World Health Organization (WHO) and its partners, Zambia inclusive want 

eliminate TB, a highly infectious disease which is also curable by the year 2035 

[1][7][8]. TB is an airborne disease which mainly affects the lungs and can spread to 

other parts of the body and it is caused by the Mycobacterium tuberculosis bacterium 

[1][9]. The disease spreads from one person to the other by the exhaling of the bacteria 

from the infected person’s lungs and the subsequent inhaling of those bacteria by a 

non-infected individual [9]. The identification and treatment of TB patients is cardinal 

in the prevention of the spread of the disease and one way of preventing the spread of 

the disease is by identifying people who are infected and then put in measures to curtail 

the transmission of the disease to those who are not infected. The prevention of the 

spread of TB can be enhanced through better disease surveillance and Information 

Communication Technologies (ICTs), particularly, the use of cloud computing, 

improved data management (through database technologies), geospatial data 

management and web technologies can be harnessed for this purpose.  

ICTs play a significant and cornerstone role in the development of countries and the 

world at large [10][11][12][13] and the ability to do business and communicate in this 

information age dictates the rate at which social, political and economic development 

takes place as well as advancement towards epidemic control and improved health 

service delivery [14][15][16][17][18]. ICTs have been used in different ways to 

improve disease surveillance [19][20] and thereby preventing further spreading or at 

least reducing the rate at which some diseases are spread.  

Owing to the abilities of ICTs such as real time data capturing and reporting, location 

independent, summarizing of large datasets into graphical and other formats which 

can be quickly but accurately used for decision making in disease monitoring and 
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tracking [21][22][23], it is not surprising that ICTs have been identified as an 

important enabler in the fight against diseases and TB is not an exception [7][24]. ICTs 

have been used in different countries to make decisions which have led to improved 

TB spread prevention, increased TB case detection as well as improved TB treatment 

outcomes [25].  

The ongoing systematic monitoring, tracking, collection and analysis of data and the 

provision of information which leads to decisions being made and action taken to 

prevent and control a disease, usually one of an infectious nature is known as disease 

surveillance [26][27].  

Cloud computing, geospatial data analysis, and web technologies have been applied 

to help to improve decision-making in TB prevention activities planning and 

implementation South Africa [28][29], Taiwan [30], India [31], Brazil [32] and United 

States [33]. 

Spatial data analysis through the use of Geographical Information Systems (GIS) has 

provided useful information in the planning of TB prevention activities. Using GIS 

software to show places in communities where TB cases have been reported on a 

mapping application has been helpful and this is a good starting point when planning 

TB prevention activities [28] as points stakeholders to geographical areas where the 

prevention activities have to be carried out. 

Identifying and mapping out geographical clusters with high TB cases is cardinal in 

the fight against TB and research works have been conducted to identify TB hotspots 

and this has provided stakeholders in TB prevention sphere with the means of directing 

resources in places with high burdens and this has been helpful in the designing of 

interventions of curbing rising numbers in TB cases [31]. 

To effectively put in measures to curtail the spread of TB, it is important to know the 

driving factors which promote the spread of the disease in the area under investigation 

and spatial data analysis has been used to analyze the effects of some parameters on 

the transmission and spread of TB [32]. Knowing major driving factors of the disease 

in the area of interest helps decision makers to package prevention interventions in 

ways which addresses these unique factors. 
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With the limitation in resources available for fighting the spread of the disease, TB 

prevention activities must be planned and implemented strategically, and innovations 

must be crafted to help with the identification of high-risk places and populations 

which should be targeted for screening, testing and treatment. Spatial data analysis 

using GIS technology has been used before for this purpose [33] to enable TB program 

managers to start planning and implementing geographically informed TB prevention 

activities such as screening and treatment while targeting high risk populations. 

Cloud computing has been leveraged to improve monitoring of TB test results from 

remote laboratories which are sent to a server in a central location in real-time and the 

improved timeliness in the availing of TB results has translated in the prevention of 

the disease transmission as knowing results in good time has enabled stakeholders in 

TB prevention to plan and make prevention decisions and this information has also 

been used to inform the procurement of laboratory supplies and drugs for those testing 

positive based on the availed results [29].  

Having information about TB and how it is transmitted is key in its prevention. 

However, information is not always available and as such the general public is not 

knowledgeable about TB and this puts them at risk of contracting the disease. Web 

technologies and cloud computing have been used to design and develop online 

multimedia e-learning platforms used for tuberculosis prevention education [30]. 

The use of cloud computing, geospatial data management and analysis, and web 

technologies in TB disease surveillance can help to prevent the spread or reduce the 

rate at which the disease is spread through improved decision making in Zambia as 

has been the case in South Africa, India, Brazil and United States and Ireland [28][ 

29][30][31][32][33][34][35]. 

 

1.2. STATEMENT OF THE PROBLEM 

Zambia is among the 30 high TB burden countries in the world [1][5][36]. Each year, 

more TB cases are noted partly resulting from weak surveillance among other causes, 

as a result TB keeps spreading. This disease causes death if not treated and this has a 

negative impact on development of the nation, more especially that TB is more 

rampant in the productive age groups [1][37][38][39][40]. The Zambia government 

and its cooperating partners has lifted the pressure off the TB patients by bearing the 
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cost of treatment so that patients can access TB treatment services for free, this is a 

drain on the national economy as treating a single smear positive drug susceptible TB 

case with direct costs of diagnosis, medication and review tests amounts to about 

US$1, 500 [41][42]. 

TB is an infectious disease which spreads from an infected person to one not infected 

and one way of preventing the spread is that people who are infected must be identified 

and then put in measures to curtail the spread to protect the ones not infected and ICTs 

can be utilized for this purpose, to improve surveillance. In Zambia, ICTs, particularly 

cloud computing, geospatial data and web technologies and their application in TB 

monitoring and tracking has not been researched much and hence these technologies 

have not been used much in the prevention of TB in the country. 

Despite ICTs being used in the prevention of TB in Zambia, there is little or no 

research that has been conducted in the application of geospatial, cloud and web 

technology in the prevention of tuberculosis in Zambia and this has led to the lack of 

evidence based information for decision making in the fight against TB as little is 

known about the geospatial distribution of TB cases, and other information needed for 

decision making in the fight against the spread of TB is not readily available. The 

unavailability of important information such as the geo distribution of TB cases and 

factors escalating disease transmission in a given location, which are critical for 

planning and activity implementation makes the planning and implementation of TB 

prevention activities  less effective because it is unclear as to which areas, places and 

communities TB program managers should urgently direct and apportion scarce 

resources for impactful interventions which would help in the prevention of the spread 

of TB. 

 

1.3. AIM 

To develop a decision support model that would help in the prevention of the spread 

of TB through improved monitoring and tracking using cloud computing, geospatial 

data and web technologies. 
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1.4.  RESEARCH OBJECTIVES 

To help minimize and eventually curtail the spreading of TB as highlighted in the 

above section, the objectives of the research project were to; 

i. Establish factors which escalate the spread of TB in Zambia. 

ii. Design a model to be used to monitor and track the spread of TB based on 

cloud computing, geospatial and web technologies. 

iii. Develop a prototype based on the model in (2). 

 

1.5. RESEARCH QUESTIONS 

i. What factors escalate the spread of TB in Zambia? 

ii. To what extent can a cloud computing, geospatial and web-based model be 

designed to monitor and track the spread of TB?  

iii. How can a prototype based on (2) be developed to monitor and track the spread 

of TB? 

 

1.6. SIGNIFICANCE OF THE STUDY 

The research study envisioned the use of cloud computing, geospatial data and web 

technologies to help with the prevention of the spread of TB through improved 

surveillance. This study aimed to provide data and other tools which TB program 

managers and the Ministry of Health (MoH) at large would use to direct and apportion 

resources into places and interventions which could result in reduced rates at which 

the disease is spread. The halting or reduction in the rate at which TB is spread will 

eventually result in the elimination of the disease. 

The study contributed towards the knowledge body of the TB disease and how ICTs 

can be used to improve decision making in TB prevention through improved disease 

monitoring and tracking using cloud computing, geospatial data and web technologies. 

The study also established the risk factors which escalates the spread of TB in Zambia. 

The designing and development of the prototype model were published in the 

International Journal of Advanced Computer Science and Applications (IJACSA¹).  

______________________________ 

¹Innocent Mwila and Jackson Phiri, “Tuberculosis Prevention Model in Developing Countries based on Geospatial, Cloud and 

Web Technologies” International Journal of Advanced Computer Science and Applications(IJACSA), 11(1), 2020. Pp 219 - 232. 

http://dx.doi.org/10.14569/IJACSA.2020.0110129. 

http://dx.doi.org/10.14569/IJACSA.2020.0110129
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The published paper has been listed in the Appendices section of the dissertation. The 

study demonstrated how cloud computing, geospatial data and web technologies can 

be leveraged to help with decision making in the prevention of the spread of TB. 

 

1.7. SCOPE 

This research study was carried out in Lusaka district of Lusaka province of Zambia. 

TB patients on TB treatment who were identified and randomly picked from clinical 

records at health facilities from which they were obtaining their TB drugs formed the 

sample study population. 

The health facilities from which the participants for the baseline study were drawn 

included Chawama Level One Hospital, Chipata Level One Hospital, Kanyama Level 

One Hospital, Kalingalinga Clinic and Mtendere Clinic. The scope of this study was 

to provide evidence based information upon which TB program managers can act to 

make better decision as they endeavour to fight against the spread of TB through the 

use of cloud computing, geospatial data analysis and web technologies.  

 

1.8. ETHICAL CONSIDERATIONS 

The research study involved collecting data from and about human participants. 

Personal details of participants among others such their ages, gender, geospatial 

information of their residential addresses were being collected. The study strictly 

adhered to ethics regarding human participants as such consents were obtained from 

the participants once the research process and its objectives were explained to them and 

only those who consented were enrolled into the study. All the information which was 

collected was be kept private, confidential and was only being used for the sole purpose 

of academic research. To further ensure adherence to the ethics during this research 

study, ethics clearance was be obtained from the University of Zambia Natural and 

Applied Sciences Research Ethics Committee to conduct research on the identified 

group of individuals.As required by the national guidelines on health research 

involving humans, an ethics clearance and approval for study with the use of the 

prescribed data collection questionnaire and type of participants to be enrolled in the 

study was obtained from the National Health Research Authority. Study approval and 

ethics clearance letters have been in the Appendices section of this dissertation. 



 
 

7 

 

1.9. DISSERTATION ORGANIZATION 

This dissertation is partitioned into five chapters which report how the research 

unfolded from the inception through its implementation and conclusion as well as the 

material from which the researchers consulted. It also has additional information and 

necessary documents which are related to the research in the Appendices section. The 

dissertation begins with chapter one which provides the background of the research 

study. The literature which was consulted and the works which are related to the 

research study which were reviewed are covered under chapter two. Chapter three 

illustrates the research methodology and design which was applied to achieve the set 

objectives and also systematically details the ICT engineering concepts used in the 

designing of the model and the eventual developing of the model. The results which 

were gathered and achieved as part of the research are documented and presented in 

chapter four, this chapter also shows the workings of the prototype system whose 

design and development has been documented in chapter three. The final chapter of 

the dissertation, chapter five discusses the results of the research and draws the 

conclusion of the study and also offers recommendations about the work done and 

future works which are related to this study. The References section comes after 

chapter five and includes references of the materials cited in the dissertation. The 

dissertation ends with the Appendices section which provides additional information 

and necessary documents which are related to the dissertation.  

 

1.10. CHAPTER SUMMARY 

Chapter one serves as the opening scene of the research project and started with the 

research introduction which identified TB as a global and national problem that needs 

urgent attention. It was observed that TB is not just a public health issue but a problem 

that borders on the economy of the country as the productive age groups are the most 

affected and the cost of treating this disease is high. In this chapter, ICTs, particularly 

cloud computing, geographic information systems and web technologies were 

identified as positive contributing factor towards the fight against TB and but the 

underutilization of these technologies seems to be a problem in Zambia as information 

required to make decisions during disease control and prevention activities planning 

and implementation is not readily available. Having noted the problem, the objectives 

of the study were set, and the associated research questions asked as a way of 
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addressing the problem at hand. The chapter highlighted the significance and scope of 

the research project and closed with the guide on how this dissertation has been 

structured.   
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2.0 CHAPTER TWO: LITERATURE REVIEW AND RELATED WORKS 

2.1 INTRODUCTION 

ICTs have been used to model disease spread and prevention. There have been efforts 

to use ICTs to help in the fight against the spread of Tuberculosis (TB). The ability of 

ICTs such as real time reporting coupled with the ability of Geographic Information 

Systems (GIS) to identify and display the geographical position of objects have been 

leveraged to improve disease surveillance and this has resulted in improvements in 

disease prevention activities and TB is not an exception.  

This chapter looks at the TB disease, factors which promote the spread of the disease 

and how cloud computing, geospatial data and web technologies have been and are 

being used in countries such as India, United States, South Africa, Taiwan and Brazil 

to help with the prevention of spread TB through improved monitoring and 

surveillance.  The chapter also looks at some related works which have been done in 

the recent past in disease tracking, monitoring and how these have equipped decision 

makers to quickly make decisions to counter the rate at which diseases spread. The 

first part of the literature review, 2.2 to 2.9 looks at geo spatial data analysis, cloud 

computing and web technologies, and how these technologies can be harnessed in 

order to improve data capturing, reporting and decision making while section 2.10 and 

beyond looks at related works which have been done using the said technologies. 

 

2.2 TUBERCULOSIS AND ITS TRANSMISSION FACTORS 

TB is an airborne disease which mainly affects the lungs and can spread to other parts 

of the body [1]. It is caused by the Mycobacterium tuberculosis bacterium and spreads 

from one person to the other by the exhaling of the bacteria from the infected person’s 

lungs and the subsequent inhaling of these bacteria by a non-infected individual [1]. 

TB is a highly infectious airborne disease which is curable [43]. The disease is 

preventable and one way of preventing further spread is by being aware of the factors 

which lead to its spread. Below are some of the factors which lead to the spread of TB.  

Susceptibility is the likeliness of one to catch a disease due to a weakened immune 

system and the weaker the immune system the higher the likelihood for one to get 

infected with TB when exposed to the disease causing bacillus [43]. 
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The amount of the TB bacteria which an infected person can expel into the air when 

they cough or otherwise is known as infectiousness [44]. The more bacteria in air the 

higher the infectiousness and the higher the chances for the next person to get infected 

with TB. 

Environment factors such as the concentration of infectious droplets in the air, the 

exposure to the TB infected individuals in small enclosed spaces and inadequate 

ventilation are among the prominent drivers in the spread of the disease [43][44]. 

These factors escalate the spread of TB because the more the TB bacteria in the 

environment, the higher the likelihood of the transmission of the disease and this is 

compounded by exposure in small enclosed spaces where ventilation is a challenge.  

Inadequate ventilation results in insufficient dilution or removal of infectious TB 

bacteria from the environment and this supports the transmission of TB. Ventilation is 

the flow of air in and out of a space so as to get rid of stale particles from that space 

[45]. Poor air circulation causes the recirculation of air containing the TB bacteria in 

the environment and this results in the spread of the disease [43][44][45]. 

Proximity and length of exposure to the TB disease causing bacillus are other factors 

pointed out by [43][44] to be key in the spread and transmission of TB, as longer 

duration of exposure to a person with infectious TB accelerates the risk of transmission 

of the disease to the people around that person. The more frequent the exposure to the 

infectious person, the higher the risk for transmission of TB and this is linked to the 

physical proximity to the infectious person [43]. Proximity and prolonged length of 

exposure to the TB causing bacteria in homes and other settings is mainly promoted 

by crowding [43][44].  

A house is said to be crowded if the ratio of the number of its occupants to that of the 

total number of rooms of that house is greater than or equal to 1.5 [46][47]. This is the 

persons per room definition of crowding [46]. 

Influencing the disease transmission factors which we have control over is important 

in the fight against the spread of TB and much of the emphasis in this fight must be 

focused on altering or being aware to these factors. These includes environmental 

factors, ventilation challenges and the prolonged exposure to the TB causing bacillus 

which is brought about because of crowding. Figure one below summarizes the TB 

spread and transmission risk factors.  
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Figure 1: Factors which lead to TB infection and disease transmission [43][44]. 

 

2.3 TUBERCULOSIS BURDEN 

Tuberculosis (TB) is one of the leading infectious diseases in the world with an annual 

average of 10,000,000 cases being reported between 2016 and 2018 and causing an 

average of 1,400,000 deaths in the same period, translating into 25 percent of deaths 

globally and therefore, making TB the number one cause of death by a single 

infectious agent [1][2][3][4][48]. In 2015 TB caused 17,000 deaths in Zambia [5] and 

an average of 36,000 cases have been recorded annually between 2016 and 2018 in 

the country [6]. Zambia is among the 30 high TB burden countries in the world [49] 

with more than 60 percent of the cases reported in Lusaka and Copperbelt provinces 

with Southern and Central provinces contributing slightly below 20 percent of the 

reported cases while North Western, Western, Eastern, Luapula, Northern and 

Muchinga provinces respectively making up the remaining 20 percent with North 

Western being the highest contributing province and Muchinga the least [5]. Each year 

new TB cases are noted partly resulting from weak surveillance among other causes, 

as a result TB keeps spreading resulting in sickness and deaths if not treated. This 

translates into loss of income for the families and the country at large as TB is more 

rampant in the productive age groups [1][37][38][39][40]. As such the World Health 
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Organization (WHO) and its partners, Zambia inclusive want to eliminate TB by the 

year 2035 [1][7][8]. The identification and treatment of TB patients is cardinal in the 

prevention of the further spread of the disease. However, the best way of TB 

prevention is preventing the disease before it occurs, and this is achieved by 

identifying already infected individuals and then put measures in place to prevent 

uninfected people around the infected person from getting infected. 

 

2.4 INFORMATION AND COMMUNICATION TECHNOLOGIES (ICTs) IN 

DISEASE SURVEILLANCE AND SPREAD PREVENTION  

Information and Communication Technology (ICT) is the capturing, processing, 

storing and communicating information electronically within a digital medium. It 

includes the storage, communication and transmission of information using a variety 

of communication methods and devices such as satellite networks, mobile phones, 

wired and wireless networks as well as other digital forms [50]. 

The prevention of the spread of TB can be enhanced through better disease 

surveillance and ICTs can be harnessed for this purpose. ICTs play a significant and 

cornerstone role in the development of countries and the world at large [10] and the 

ability to do business and communicate in this information age dictates the rate at 

which social, political and economic development takes place as well as advancement 

towards epidemic control [5]. ICTs have been used in different ways to improve 

disease surveillance [19][20] and thereby preventing further spreading or at least 

reducing the rate at which some diseases are spread.  

ICTs have been identified as an important enabler in the fight against diseases and TB 

is no exception [7][24] and they have been used in different countries to increase TB 

case detection and improve TB treatment outcomes [25].  

Disease surveillance is the ongoing systematic monitoring, tracking, collection and 

analysis of data and the provision of information which leads to action being taken to 

prevent and control a disease, usually one of an infectious nature [26][27]. 

Using ICTs, in particular, the leveraging of cloud computing, improved data 

management (through database technologies), geospatial data management and web 

technologies in TB disease surveillance can help to prevent the spread of new cases or 
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reduce the rate at which the disease is spread as is the case in India, United States and 

Ireland [34][35]. 

To minimize and eventually halt the prevalence of the TB disease the emergence of 

new TB cases must be prevented, and this can be partially made possible with 

improved TB monitoring and tracking using ICTs. In Zambia ICTs, particularly cloud 

computing, geospatial data and web technologies have been less utilized in TB 

monitoring and tracking. Further, no research has been done in Zambia on the 

effectiveness of cloud computing, geospatial data analysis and web technologies on 

the fight against the spread of TB. Little is known of geospatial distribution of TB 

cases and therefore it is unclear as to which areas and communities TB program 

managers should urgently direct the resources in the fight against TB.  

 

2.5 GEO SPATIAL DATA ANALYSIS 

Spatial data indicates where things are within a given coordinate system while geo is 

the absolute or relative position of an object on the surface of the planet, Earth in this 

case [51]. Geospatial data, therefore, represents the positioning of an object on earth’s 

surface and is associated with a coordinate system and so can be transformed onto a 

map. Geospatial data is either classified as raster or vector [52][53]. Raster data is 

represented in pixel grids arranged as rows and columns to show rectangular patches 

of geographic areas [52] while vector data is used to depict a given point on a map and 

is in form of latitude and longitude pairs [53]. These points can show the location of 

objects on the surface of the earth and such positions on a map can be analysed and 

used to action decisions. The scrutinizing and using of spatial data to interpret the 

relationship of objects and other associated attributes on the earth’s surface is known 

as Geospatial data analysis [53]. 

Geographic Information Systems (GIS) are software systems used to capture, store, 

retrieve, analyse and display spatial data [54]. Advantages of GIS range from cost 

effectiveness to the ability of easing the execution of repetitive tasks, comparing and 

handling large volumes of spatial data, the provision of asking what if questions and 

creation of buffer zones [54][55]. These coupled with other advantages such as the 

presentation of data in real time, have made GIS to be widely applied in disease 

surveillance [56]. The use of GIS in collaboration with other software and statistical 
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packages makes it reliable in handling the combination of spatial data, logic processing 

and statistical data presentation. 

 

2.6 CLOUD COMPUTING 

Cloud Computing is the use of remotely hosted servers for data management instead 

local computers and servers [57]. The servers and other computer resources, hardware 

and software are hosted offsite and made available via the internet by service 

providers. Cloud Computing offers several advantages such as the pulling of resources 

to utilize economies of scale and scalability, cost efficiency, device independency, 

high computing power, location independency, redundancy, improved availability 

while allowing users to use low specification computers to take advantage of 

maximum computing capabilities [57]. Cloud Computing has some disadvantages 

such as security threats, technical challenges and data privacy but its advantages 

outweigh the disadvantages hence its increasing popularity. 

The popularity of Cloud Computing in the recent years has been motivated by ability 

to have secondary backup devices and third-party storage for excess data and the 

storage of data in different multiple locations which averts the complete loss of data 

in times of disaster [57]. 

Cloud Computing services are commonly classified as Information as a Service (IaaS), 

Platform as a Service (PaaS), Software as a Service (SaaS) [57]. IaaS is the Cloud 

Computing service in which service providers provide information to the users such 

as currency exchange rates and users pay to access the information [58]. PaaS as a 

Cloud Computing service involves the provisioning of hardware and network 

connection platforms which users utilize for data storage and retrieval [58]. SaaS lets 

users use the software systems set up by providers to carry out their business thereby 

avoiding the overheads of managing and maintaining such software themselves [58]. 

Figure two below depicts Cloud Computing. 
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Figure 2: Cloud computing [59]. 

Cloud Computing has presented itself as tool that can be harnessed for disease 

surveillance and help with the prevention of the spread of disease [60]. Cloud 

Computing services are now being used in disease surveillance systems such as early 

warning systems of some infectious diseases so that timely steps can be taken to avoid 

epidemic breakout [60][61]. Whereas traditional systems of disease monitoring are 

time consuming, slow and use less efficient data collection and monitoring systems 

ICTs, Cloud Computing in particular provides speed, accuracy and efficiency in the 

epidemic outbreak detection using intelligent systems, databases, improved analytics, 

modelling, visualization and ontology mapping offering real time options for decision 

making [61].  

Cloud Computing capabilities have been used to connect patients, doctors, and 

healthcare institutions by providing applications, services, diagnosis of the disease 

while storing all data in the cloud [62]. Cloud Computing services have been further 

used to prevent the fatal effects of chronic diseases such as hypertension [63]. 

As demonstrated in the work of [64] that was done in South Korea, cloud computing 

is a panacea when it comes to data storage, data management, data exchange, data 
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security and privacy and the facilitation of simultaneous access and retrieval of shared 

data in health care and disease monitoring. Cloud computing offers the ability of 

sharing information among health professionals, caregiver, patients and decision 

makers and this reduces the risk of losing medical records [64] as is the case with hard 

copy files and tradition disease surveillance systems and hence it is recommended for 

exploration and application in infectious disease tracking. 

 

2.7 WEB TECHNOLOGIES 

Web Technologies collectively describe the types of technology used in 

communication over the Internet. The Internet is a global system or world-wide 

interconnected computer networks and sometimes referred to as the World Wide Web 

(WWW) [65][66]. This web of connections enables people to communicate and access 

files and documents located on other computers (and other electronic devices) in this 

network. These files and documents are mainly accessed via an interlinked hypertext 

technology using web browsers. A web browser is a program that runs on the client 

computers and requests for information, files, documents or services from other 

computers [65][66].  

The computers which provides the web browsers (client computers) with information 

and respond to the requests are called servers. Servers and browsers are 

communicating client-server computer programs for sharing information in various 

forms such as audio, visual and other file and document types over the Internet. Web 

data are marked up in the HTML language for presentation and interaction with people 

in web browsers [67]. A Uniform Resource Locator (URL) is an address for uniquely 

identifying a web resource. URLs usually have a format of www.domain.com and are 

most of the times referred to as the web address or just website. This is the address the 

person requesting for files from the server needs to enter on the client side [67].  

Examples of web browsers includes Microsoft Internet Explorer, Mac OS X Safari, 

Mozilla Firefox, Netscape Navigator, Google Chrome and Opera. The internet was 

first used in the early 1990’s for information sharing and its origin is traced from the 

series of military research by the US Department of Defense (DOD) [66] dating back 

to 1969. 

 

http://www.domain.com/
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2.8 DISEASE SURVEILLANCE USING WEB TECHNOLOGIES  

The use of the internet and web-based applications in disease surveillance is a common 

and increasing trend nowadays. According to [68] and [40] infectious diseases are a 

public health problem whose identification and immediate response to curtail further 

spread is important for disease control. The ability of Web Technologies to report 

disease occurrences in real time, at low cost and other strengths are motivating factors 

to which [68] points. Although there are challenges as well which Web Based 

Applications are associated with such as inaccurate information interpretation and 

privacy issues, [68] and [69] still recommends the use of Web Applications in disease 

surveillance as the strengths, opportunities and advantages by far outweighs the 

challenges of tradition surveillance systems which are often expensive and inefficient 

due to inherent delays between disease occurrence and notification. Further, quick and 

strategic decision making are important in disease monitoring and 

[69][70][71][72][73] reemphasizes the importance of enhanced surveillance made 

possible through the use of Web Technologies in epidemiological investigations and 

more so the management and protection of exposed persons and the effectiveness of 

the disease prevention responses. The simultaneous access to the data and other reports 

by various team players in disease surveillance regardless of one’s location as long as 

internet connectivity is available is another desirable attribute which Web 

Technologies have [69][70][71]. 

 

2.9 MOBILE APPLICATIONS IN DISEASE SURVEILLANCE  

The convenience of being able to capture data from any location and send it to a 

database located at a remote location using a device that one can move with to any 

place of choice makes mobile applications very handy for data collection purposes 

[74][75] especially in disease monitoring and tracking. According to [74], a mobile 

application is a software system that is programmed for and runs on a small handheld 

device which is movable and easily accessible from any place. Mobile applications 

are programmed for operating systems such as Android Symbian and Windows and 

they run on smart phones [76]. A smart phone is a phone with additional features such 

as email, web browsing and other functions beyond calling and basic text messaging 

and runs on a complete operating system [74][76]. The ability of smartphones to 

accommodate multiple applications on one device is a strength and a cost saving 
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measure in that one phone can have multiple applications installed on it and put to 

diverse uses [76][77]. The main advantages of mobile applications include quick and 

real time communication and less computation which results in less power 

consumption [74][77] and this makes them a reliable option especially when power is 

a constraint. These advantages and several others not highlighted here have been 

leveraged in the use of smartphones and mobile applications in the disease monitoring 

and tracking. The use of smartphones and mobile applications in disease surveillance 

is on the rise. The research studies done by [75] and [78] in which mobile applications 

have been used in disease surveillance demonstrate the reliability, accuracy and 

creativity upon which players in the health sector can rely on for disease monitoring 

and tracking especially for infectious diseases such as TB. 

 

2.10 UNITED STATES 

A research study conducted by [33] in the United States entitled Using GIS 

Technology to Identify Areas of Tuberculosis Transmission and Incidence illustrates 

how GIS and spatial data analysis can be leveraged to contribute to the fight against 

the spread of TB.  

With the limitation in the resources allocated towards TB screening and treatment 

programs, innovations through which high risk populations are targeted for testing and 

treatment were encouraged. This study’s objective was to identify geographical areas 

with ongoing TB transmission and then use GIS technology and molecular 

surveillance to link the strains of TB with each geographic area.  

Apart from identifying and clustering risk factors involved in the spread of TB in the 

areas being researched, a cross-sectional data analysis was performed on TB patients 

to identify patients with the same strain of the disease. Further, residential addresses 

of TB patients were geocoded and mapped according to the disease strain.  

The results from this research showed the spatial distribution of cases within county 

(sub district) boundaries identified distinct areas of geographical distribution of same 

strain disease and these areas presented an increased likelihood of on-going 

transmission. Going by these findings, the TB program managers started planning and 

implementing geographically informed TB prevention activities such as screening and 

treatment. 
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From this research we learn that using spatial data analysis is an effective way of 

identifying would be instances of local transmission. The information from such 

analysis can be used to conduct targeted screening and other control efforts thereby 

interrupting disease transmission and eventual incidence reduction which can result in 

elimination of the disease. 

 

2.11 SOUTH AFRICA – SPATIAL DATA ANALYSIS 

Spatial data analysis was used in the research conducted by [28] in South Africa to 

determine the geographical distribution of TB cases in Western Cape’s suburbs with 

the highest incidences of the disease. This research study participants were all TB 

patients notified in the two suburbs of Western Cape. The combined population of the 

two suburbs was 34, 294 and TB incidence reported to be greater than 1,000/100,000.  

GIS was used to determine the distribution of the TB cases and the results of the 

research study showed that the TB cases were unevenly distributed in the communities 

with 1, 835 out of the 5, 345 (34.3 percent) residential homes housing at least 1 case 

of TB in the past decade while 3 or more cases occurred in 483 houses. 

This study showed that the TB cases in a high incidence community spread unevenly 

though cases repeatedly occur in some households. The reasons behind the uneven 

disease distribution were not certainly established by the study but could be loosely 

associated to differing socioeconomic factors. The study further showed that there 

were higher incidences in households with the smallest plots in the communities, 

suggesting overcrowding. The lessons learned from this study were used to direct and 

concentrate TB prevention services in specific areas as informed by GIS technologies. 

 

2.12 SOUTH AFRICA – CENTRALISED TB RESULTS SHARING 

Cloud computing has been leveraged to monitor TB test results in real time. According 

to the work carried out in South Africa, reference [29] explains how improved 

timeliness in the availing of TB results translates into TB prevention as it enables 

stakeholders in TB prevention to plan and make prevention decisions as well as 

informing the procurement of laboratory supplies and drugs for those testing positive 

based on the availed results. This work utilizes a client server topology with the 
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application on the computer connected to the analyser sending data from the laboratory 

to the remote server using the cloud architecture.  

Once accessed and processed the information is used for monitoring and evaluation, 

and to provide reports which are used for various decision making in the health care 

system. The data is further used for planning of laboratory supplies procurement and 

medicine for individuals testing positive. Platform as a Service is the cloud computing 

model used in this implementation where computers connected to the laboratory 

analysers send data to the server for storage, retrieve and subsequent use of such 

information for decision making in TB prevention. 

We have to note that diagnosing existing TB cases and subsequent starting of treatment 

is a form of prevention because the disease cannot be transmitted further if the person 

has been on treatment for six weeks. 

In as much as the platform under review provides results in real-time to stakeholders, 

the information provided can be hardly used to plan and implement prevention 

activities in the communities as it does not provide which areas in the community to 

target and neither does it provide the likely causes of the TB case in consideration – 

the information which is important when packaging prevention activities.   

 

2.13 TAIWAN 

Having information about TB and how it is transmitted is key in its prevention. 

However, information is not always available and as such the general public, children 

especially are not knowledgeable about TB and this puts them at risk of contracting 

the disease. The research study that was conducted in Taiwan by [30] worked to avail 

information to children about TB using web technologies and cloud computing by 

designing and developing an online multimedia e-learning platform used for 

tuberculosis prevention education. 

TB is among the top 20 causes of death in children under 14 years in Taiwan and due 

to their vulnerability, stakeholders advocated for the designing and development in 

indigenous languages of e-learning platform so as to improve personal skill in disease 

prevention in children. 
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This interactive learning platform was developed in PHP scripting language and 

utilizes MySQL relational database system for storage. The platform hosts a film about 

TB and it’s transmission factors and how the disease can be prevented and goes into 

interactive mode once the film is over to assess the knowledge acquired and a 

certificate is issued to the learner upon successful completion of the assessment. This 

study utilizes the client server topology and storage as a service cloud architecture 

where a mobile device or desktop accesses lessons from the remote server. 

This work provides a good way of TB prevention through knowledge sharing. The 

knowledge acquired from such a system is important in prevention. However, the 

information acquired from this system cannot be used to devise strategy for disease 

prevention activities in communities as it does not point decision makers to areas with 

TB cases nor does it give them idea about the likely causes of TB transmission in areas 

where the disease has been reported.   

 

2.14 BRAZIL 

Spatial data analysis was once again put to task in this study done in Brazil to establish 

the effect of socioeconomic status on the transmission and spread of TB. The objective 

of this research study conducted by [32] in Vitoria, Espirito Santo in Brazil was to 

investigate the spatial patterns of the incidence of Pulmonary TB (PTB) and to 

establish if socioeconomic status contributes to the transmission and spread of the 

disease. 

This study was done in retrospect with 651 participants who were new PTB patients 

between 2002 and 2006 being enrolled to take part in the study from 78 

neighbourhoods. Spatial clustering statistics smoothed empirical Bayes estimates and 

model predicted incidence rates were used to analyse spatial data of the patients’ 

residential addresses while spatial Poisson models were used to exam the correlation 

between socioeconomic status and TB incidences. 

The results from this research study revealed a strong spatial autocorrelation among 

incidence rates (0.399, P<0.0001) and that TB incidence and socioeconomic status had 

a significant curvilinear relationship (P=0.02). The study established a strong 

correlation between TB incidence and decreasing socioeconomic index as 

neighbourhoods with lower socioeconomic index had increased TB incidence and 
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severe rates. This finding confirmed the hypothesis that neighbourhood poverty is 

strongly associated with increased TB incidence with individuals with lower socio-

economic status being at greater risk of becoming infected with TB.  

Lessons learned from the geospatial analysis of the TB cases distribution helped TB 

control programs in Vitoria to allocate resources and target control efforts to the areas 

more prone to TB transmission and spread via a structured territory-based surveillance 

system. The results of the study provided an opportunity to plan interventions directed 

towards specific areas highlighted in the cluster analysis as TB hotspots. GIS is a 

powerful tool and [32] recommends its use for TB control and prevention in 

developing countries as it offers real-time surveillance and supports decision making.  

 

2.15 INDIA 

With one fifth of the world’s TB patients being in India, the Indian government has 

taken steps to eradicate the disease which poses as the country’s major public health 

threat. The aim of the study under review was to identify geographical clusters with 

the prominent number of TB cases so as to design interventions of dealing with the 

escalating incidence of the disease. In this research study [31], used a spatial scan 

statistic to identify purely spatial and space-time clusters of tuberculosis. 

The research study was conducted in Almora District, Uttaranchal State, India. There 

were 662, 363 people in Almora at the time of the study as per 2001 census projections. 

At the time of the study, Almora had 3 treatment units (TU) with 13 microscopic 

centers (MC), which are nodal centers for sputum examination and free treatment for 

patients coming from within the same residential areas. A TU is referred to as 

catchment area in the Zambian setting. Data for secondary TB cases which were 

treated between 2003 and 2005 in the 13 MCs of the district was collected and used in 

this research study. Data for 629 patients from the three TUs – 455 from DTC Almora, 

118 from Chaukhutiya and 56 from Dhauladevi. 

A spatial scan statistics software program was used to test the presence of statistically 

significant spatial as well as space-time clusters of TB and to identify their 

approximate locations. Identification of spatial and space-time high clusters was done 

under Poisson probability model with geographical unit of the analysis for the study 
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being the MC. The geospatial analysis was done via GIS technologies with input data 

used being digital maps provided by the local government agency. 

The results obtained from this study revealed that DTC Almora and Chaukhutiya were 

TB hotspots with relative risk of 400.2 percent and 164.8 percent respectively for the 

total number of cases, which was 455 and the expected number being 142 for DTC 

Almora and 118 cases in Chaukhutiya with the expected being 74. 

GIS eases the analysis and clearly displays the spatial patterns of disease distribution. 

Just like GIS was used in India, it can be used in Zambia to provide insight into the 

extent and distribution of TB and more importantly let TB program managers use this 

information in the allocation of resources to fight the disease, intensify remedial 

measures and plan out future strategies for impactful TB control. 

 

2.16 ZAMBIA 

The use of the cloud infrastructure to speed up the efficiency of data capturing, 

reporting and the display of information on a mapping application to help with the quick 

understanding of activities and how they relate to their geographic position cannot be 

over emphasized. Researchers [79] and [80] used cloud computing and mapping 

technologies respectively to improve efficiencies in data capturing, reporting and 

mapping in the Zambia Agricultural sector. 

In their study whose objective was to support the Zambia Food Reserve Agency and 

Farmer Input Support Program (FISP) to improve efficiency in data capturing and to 

support the decision making process, [79] used the cloud computing architecture to 

achieve this objective. In this study a cloud-based system was developed to assist with 

the registration and verification of farmers and to also help the officers at the Ministry 

of Agriculture monitor the FISP activities closely. This system runs on a dedicated 

database of a web server on a networked infrastructure, employing a client server 

topology and storage as a service cloud computing type. Agriculture Extension Officers 

access the database via a mobile application on a smartphone or tablet using the 

available connection type such as 3G, 4G or WiFi. The system provides the officers 

with statistics and other reports needed to run FISP efficiently. 
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From this study, we learn how a client server topology can be used in the 

implementation of a web-based system. 

 

2.17 CHINA 

In the related work that was done in China, [75] highlights the importance of timely 

understanding the basic epidemiological information in the communities and how such 

information can be used in rapid and strategic decision making when responding to 

infectious diseases.  

In this study whose objective was to use mobile applications and WebGIS for decision 

support to respond to infectious disease emergences, [75] used geo data to display 

infectious disease emergencies via Google Mapping Application Programming 

Interface and the information collected by data capturers in the field using mobile 

phone applications was being shared via a 3G wireless network with decision makers 

in their respective workplaces who would then make decisions about the course of 

action in the fight against the spread of the infectious diseases.  

In this study, baseline data, geo coordinates of locations where infectious disease 

occurred and other disease parameters were captured throughout China and this data 

was sent to the server and then the WebGIS application on the computer of the decision 

makers would synthesize and summarize the data into reports used to effect action.  The 

architecture of the system under review had two ends as shown in figure three below - 

the data collector interface sitting on a mobile application of a phone or mobile 

computer and the decision maker interface sitting on a web browser of a computer .  

Figure 3:  Data flow graphical design of the application [75] 
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The data collector in the field collected data on a mobile device and sent the data to the 

server. This data included disease parameter and location information obtained using a 

Global Positioning System (GPS) tracking module on the data collectors' application. 

On the decision make interface, one could see maps and other information as retrieved 

from the server. Figure three below shows the data flow graphic design of the system. 

Once the data has been sent to the server, the processing could be done, and decision 

makers could access the reports and maps via web browsing application on their 

computers and use this information for decision making. Figure 4 below shows a map 

output displaying the locations with cases of influenza.   

 

Figure 4: Real-time data display for the 2009 influenza A (H1N1) outbreak in 

mainland China [75]. 

The reviewed work illustrates how mobile and web based applications can be used in 

disease surveillance to enhance decision making in the face of infectious diseases and 

the researches recommend the use of the technologies they used for disease 

investigations especially in developing countries. 

 

2.18 PADI-web 

The Internet and web technologies have been used in disease surveillance, especially 

to monitor and track the spread of infectious diseases. To avoid animal disease 

breakout, being proactive is critical in epidemical intelligence services using formal 
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and informal information sources [81]. Reference [81] shows the effectiveness of web 

technologies in disease monitoring as evidenced this study whose objective was to use 

web technologies to monitor the emerging of animal infectious diseases in France. This 

study used a web-based information extraction system to monitor the emergence of 

exotic animal disease worldwide and used this information to provide an early warning 

system to the French animal health authorities.  

The Platform for Automated extraction of Disease Information from the web (PADI-

web) is the name of the system implemented and collected data from Google news, 

extracted and processed them into the English language epidemiological information. 

PADI-web used the combination of Information Extraction (IE), which is a rule-based 

system and data mining techniques which extracted key disease information such as 

locations, dates, hosts and number of notified cases as reported in the news.  

The motivation behind the implementation of PADI-web was to overcome the time-

consuming manual processes of consulting news websites for disease information and 

the limitation in disease information value that came with the inherent human capacity 

in surveillance. PADI-web collected data online and directly from structured data 

service feeds such as Google News feeds, which are customizable using search terms 

proposed by users from about 4,500 news sites. PADI-web data collection algorithms 

looked at disease names and the association of terms describing clinical signs and hosts 

of specific diseases. This enabled PADI-web to detect the emergency of relevant 

diseases as they are reported in the news world over. 

The IE component of PADI-web extracted disease outbreak information in real time as 

it was being reported in the news and detected the disease, location, location, date and 

the affected host. The IE part of PADI-web is shown in figure five below. 



 
 

27 

 

 

Figure 5:  PADI-web information extraction engine [81]. 

Compared to the traditional and other automated surveillance systems, PADI-web 

efficiently detected animal disease outbreaks. The display map showing areas around 

the world in which animal disease outbreaks were reported and as captured and detected 

by the systems under scrutiny is shown in figure six. 

 

Figure 6: PADI-web versus other animal disease outbreak monitoring systems [81]. 

PADI-web demonstrates how web technologies can be used in conjunction with other 

technologies to improve disease surveillance. It highlights the power of web 

technologies to report disease occurrence in real time, as and when they are reported 
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and enabling risk managers and other decision makers to make strategic decisions to 

mitigate the effects of the disease and plan for other prevention activities. 

 

2.19 Dengue-GIS 

The use of Web based technologies in collaboration with Geographical Information 

Systems in disease monitoring and tracking are on the rise. Dengue-GIS is the name of 

the decision support model that was developed by [82]. This study was conducted in 

Mexico and shows how Web technologies and GIS can be used for improved health 

surveillance by providing quality and timely information for the prevention and control 

of Dengue, a disease which is a threat to the cattle population globally and caused by a 

virus. Humans can also suffer from this disease if bitten by mosquitoes infected with 

the Dengue virus. Dengue-GIS is a web based, GIS embedded system that was used 

for data collection, analysis and reporting of geo-referenced disease information which 

can be used for control and prevention.  

Prior to the implementation of Dengue-GIS the available systems such as DengueNet 

and HealthMap provided surveillance services but not in a timely manner and as such 

this information was less useful as the information was fragmented and mostly paper 

based. Further, this information had no spatial disaggregation and flowed upwards with 

no feedback to local health levels. Due to these problems, Dengue-GIS was designed 

to alleviate these shortcomings by providing for a platform that would collect, integrate 

and analyse the spatial details and timely aggregation of the cases as they are reported. 

The model of Dengue-GIS was in such a way that disease information could be 

collected from the field, processed and synthesized into reports and maps for decision 

makers to plan disease control interventions. The figure seven below shows the 

Dengue-GIS conceptual framework.  
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Figure 7: Dengue-GIS conceptual framework [82] 

Dengue-GIS was a three-component system with the Graphical User Interface 

developed using Microsoft ASP.Net 3.5; the mapping application/model running of 

ESRI ArcGIS Server; and Microsoft SQL being the storage and data management 

platform. 

This system had a mapping application whose function was to geocode the places of 

residence of the probable Dengue cases and geo data was captured from the online 

phone calls, by geo coding the origin of the calls. The system also had a data entry 

module which used to capture other disease spread supporting parameters from the 

houses in the areas under consideration. Further, the system had a tool for printing maps 

which could be used during field disease prevention activities. The system also had a 

reporting module providing complete reports and other summaries relevant to disease 

control. 

Dengue-GIS provided for a web-based tool that allowed for information analysis and 

integration which could be readily available for appraisal and disease control planning. 

It offered a platform for the quick identification of disease hot spots which in turn 
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resulted in focalized disease control interventions as a result of the evidence-based 

information availed by the system. 

 

2.20 eDCS 

Electronic Dengue Control System commonly referred to as eDCS is an electronic 

Dengue disease capturing and reporting system that has been developed to replace the 

manual system that has been in use in Sri Lanka for human case Dengue notifications. 

The research and system under review was conducted and implemented by [83]. Being 

a disease caused by a virus and is transmitted via infected mosquito bites, Dengue has 

been a major public health threat in Sri Lanka since the mid-90s. As documented in the 

work of [83], the challenges which the manual Dengue notification system had are 

similar and inherent to most manual systems which are slow, inefficient and makes 

responding to a disease outbreak ineffective. Owing to these and other challenges 

which are associated with manual paper-based systems, eDCS proposed to provide an 

opportunity to offer timeliness, reliability and accuracy. eDCS also envisioned to 

provide early Dengue detection and verification thereby helping citizens and disease 

controlling officers to act promptly to control the disease.  

eDCS uses web technologies and short messaging services for data capturing and then 

pushes the captured information via social media to disease control officers who act in 

the interest of controlling the disease. Before the implementation of eDCS, it used to 

take up to 12 days for a patient to be notified using a four-step process shown in table 

one with the related narration below. 

Table 1: eDCS manual notification process [83] 

S. 

No 

Flow of Notifications Communication 

Method 

Approximate Time 

Taken (Days) 

1 Hospital to MoH office Postal Service 6 

2 MoH office to Public Health 

Institute (PHI) 

Official visit to MoH 

office 

2 

3 PHI visits the patient’s 

home 

Official visit 2 

4 PHI reports back to MoH Official visit to MoH 2 

Total number of days taken for processing an outbreak: 12 
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1. Samples drawn from Patient in hospital with Dengue symptoms and sent to the 

medical doctor at MoH office for testing. 

2. MoH communicates to the PHI about the suspected case and the need to further 

investigate. 

3. PHI visits the home of the patient, investigates and provide disease prevention 

interventions. 

4. PHI sends the findings back to MoH and if the disease is confirmed treatment 

services are started. 

The designing and development of eDCS has significantly cut the time lag for Dengue 

notification, prevention interventions and treatment initiation for confirmed cases from 

12 days to minutes (real time) by automating all the manual processes and integrating 

ICTs into the management of the disease. The eDCS system architecture is shown in 

figure eight. 

 

Figure 8: eDCS system architecture [83]. 

eDCS provides timely information, reports and maps which are analysed and used for 

decision making to control the disease.  
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eDCS provides a cost effective and real-time solution in Dengue control that offers 

early detection and valuable information which is easily convertible into action for 

disease control. Similar technologies as the ones used to develop eDCS can be used to 

develop a system that can be used for improved decision making in the prevention of 

TB in Zambia. 

 

2.21 SENTINEL 

The processing of information and provide insight of the epidemic situation is very 

desirable in disease tracking and monitoring if action to deter the rate at which a 

disease spreads is to be taken and also to enable public health officials to plan on 

safeguarding the general public. SENTINEL is a system that was developed and 

implemented by [84] in England with desire to detect Influenza like cases and 

document them in real time based on tweets. The design of this system leveraged 

machine learning and data processing by using data from Twitter and other online 

news articles to detect the occurrence of Influenza and show information about the 

disease spread. 

The main objectives of SENTINEL were to provide an early warning detection system 

from which advance information can be obtained to predict the future situation before 

an outbreak occurs and to present the situational awareness platform by providing 

information about disease related events which have occurred. The situational 

awareness SENTINEL output is shown in figure 9 below. 
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Figure 9: Situational awareness SENTINEL output screen shot [84]. 

SENTINEL is made up of two system interfaces, the back end for data ingestion from 

Twitter and the front-end web application for interaction with users and display of 

information. The back end has an Aggregator which processes the data in real time 

form the stream of tweets which have been sorted by a Machine Learning classifier. 

The system back end uses PostgreSQL for data management and the front end has 

been implemented using HTML5 and JavaScript. 

 

2.22 eIDSR 

In the run up to and during the early stages of the 2014 to 2016 Ebola outbreak in 

Sierra Leone, the national health surveillance system, Integrated Disease Surveillance 

and Response (IDSR) was based on texting, calling or hand delivery of disease 

monitoring and tracking reports from health facilities to the district officer for entry 

into the national system [85]. However, as the Ebola outbreak was peaking, this 

business model became inadequate as Ebola cases and other diseases’ information 

needed to be availed in real time and with reliable levels of accuracy in order to allow 

prevention officers to act and prioritize their activities based on the information and 
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this led to the designing and development of electronic Integrated Disease 

Surveillance and Response (eIDSR) system [85].  

eIDSR uses mobile devices for data entry from communities and health facilities and 

the data is sent to the web based national database which runs on DHIS2. This system 

helped Sierra Leone to respond to the Ebola outbreak efficiently with reporting rates 

improving from less than 40 percent before eIDSR deployment to greater than 97 

percent with the error rate dropping by 45 percent.  

 

2.23 CIDARS 

The China Infectious Disease Automated-alert and Response System (CIDARS) is the 

system that was developed to report in real time 28 notifiable infectious disease in 

China [86].  

The objectives for developing this system were to improve reporting timeliness, 

enhance data analysis to allow public health officials respond to disease occurrences 

and more so in good time to prevent disease outbreaks. CIDARS is a web based 

automated system that transmits data in real time or daily through the use of the 

internet and mobile devices.  

When disease notification data is input from different health facilities into CIDARS, 

the system conducts real time analysis to check for if there are more disease 

notifications than the usual. This is how CIDARS ascertains the possibility of having 

an outbreak using the web-based system which sends signals via short message service 

(SMS) to epidemiologists. The epidemiologists then verify by conducting 

investigations to ascertain if there could be an outbreak and the results of the 

investigations are passed on to the national offices via the internet. The diagram in 

figure 10 below shows the CIDARS information flow. 
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Figure 10: CIDARS information flow [86]. 

 

Replacing the manual analysis which was done by humans with CIDARS has cut the 

time for data analysis and communication in the case of an outbreak and has lessened 

the error rates since the processing is done by computers. 

 

2.24 eHealth Cloud 

eHealth Cloud is a three-tier cloud-based health care system that was developed in 

Bangladesh to heterogeneously connect the patients, doctors, the government other 

players in the health care system to replace the paper based system [87]. Reference 

[87] has identified the major issues which the paper based system had, as the lack of 

electronic medical information repository which can be used further, the inability for 

doctors to see patient medical history, the impracticality of analysing medical data and 

the absence of a heterogeneous communication platform among the health system 

players.  

The three tier model which was designed to solve the problems noted in the paper 

based system has a client and server, and in between the client and the server 

applications seat the logic layer which implements the application logic rules and other 

system functions such as data querying and transfer as well as handling data security 

issues for eHealth Cloud. Figure 11 below shows the three-tier cloud system upon 

which eHealth Cloud is built. 
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Figure 11: Three tier cloud system design [87]. 

eHealth Cloud offers the unified connected solution for all health care players such as 

patients, doctors and pharmacies in Bangladesh and allows for seamless interaction 

and information sharing in the health care system with the capability of storing large 

volumes of medical data such as laboratory results, diagnostic information as well as 

prescriptions. Shown below in figure 12 is the diagram depicting the eHealth Cloud 

communication system running on Health Level International (HL7) web service. 

 

Figure 12: eHealth Cloud HL7 communication system [87]. 

The front end of eHealth Cloud was developed using the Rich Internet Application 

platform and is accessible from both desktop and mobile devices while the cloud 

(database) server was implemented using SimpleDB. Representational State Transfer 
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(REST) was used to link the front end to the cloud server which does all the processing 

so as to take the processing burden off the clients of eHealth Cloud.  

 

2.25 FluMob 

Being business a center of activity for Asia, Singapore has been exposed to many 

diseases and one such a disease is Influenza. With the increasing cases of Influenza 

there was need for a real time monitoring system for tracking and reporting disease 

and the Flumob system was developed as a response to this need [88].  

Flumob system is used by health care workers to report influenza cases in real time 

using a mobile interface and a web-based application therefore allows data entry 

through mobile devices and web browsers of computers to the central server. Flumob 

generates reports which are analyzed and used for disease control and prevention 

purposes. The conceptual model design of Flumob is as shown in figure 13 below.  

 

Figure 13: Flumob conceptual model design [88]. 

Nonfunctional requirements for Flumob implementation are Windows server 2008 R2, 

Apache/2.4.17, PHP Version 5.5.30, MySQL 5.6, Android studio, and xCode for iOS 

development in terms of software and a central server machine with four cores Core2 

Intel Xeon Processor, 8 GB of RAM, and 500 GB of storage space. Figure 14 below 

shows the screenshots of Flumob in use. 
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Figure 14: Flumob system in use [88]. 

2.26 DiTeX 

Disease-related Topic eXtraction system through internet-based sources (DiTex) is a 

web based automated disease related topic extraction system that was developed in 

South Korea to extract disease information from the internet using news feeds and 

social network service for disease monitoring and tracking [89].  

DiTex uses the combination of natural language process and ranking to ensure quality 

results while examining the source data for keywords which are related to diseases. 

The data crawler is used to collect news and social network data for input into the 

system via the contents extractor.  

The application front end, which was implemented using AJAX offers users the 

graphical user interface to the system with the web based back end implemented using 

Jetty and Spring, doing data processing. The diagram below in figure 15 shows the 

system architecture of DiTeX. 
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Figure 15: DiTeX system architecture [89]. 

 

2.27 ICT BASED TB MONITORING TOOLS AND SYSTEMS IN ZAMBIA 

The remaining section of the reviewed material briefly looks at the available ICT based 

tools which are used for monitoring TB in Zambia. 

 

2.27.1 SMARTCARE 

SmartCare is clinical management information system at the facility and district which 

offers electronic health records management that has been developed by the Ministry 

of Health with support from the Government of the United States of America through 

the Center for Disease Control and Prevention (CDC) to provide continuity of health 

care [90][91]. SmartCare has several modules for capturing and reporting data in 

service provision departments, and TB being one of the services [90]. SmartCare 

offers TB case registration and the ease of navigation through the health facility as 

patients moves from one service area to another, for example from the clinician to the 

laboratory and also offers calendar as well as appointment services for patients. It 

provides service providers with information necessary for managing a patient and 

using a smart card privacy is promoted and information movement simplified in case 

a patient moves from one health facility to another,  previously saved information on 

the card can be synchronized and is retrievable from any other computer that has 

SmartCare installed [92]. SmartCare is a desktop application that can provide reports 
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which shows the number of TB patients in a given period, the type of TB they have 

and the treatment regimen they are on.  

 

2.27.2 DHIS2 

District Health Information System always referred to as DHIS2 (version 2) is another 

system used to monitor and report TB notifications in Zambia [93]. DHIS2 is web-

based health reporting system into which TB quarterly reports from health facilities 

are entered as aggregates [90] mainly for drug procurement and planning purposes. 

DHIS2 offers the flexibility that comes with any web-based application and it can used 

from any location to send or receive reports in a timely manner [90] provided internet 

connectivity is available. 

 

2.27.3 SHORTCOMINGS OF THE AVAILABLE TOOLS 

The highlighted systems available for TB monitoring in Zambia are fragmented and 

operate in isolation [90] and they do not provide information which can readily be 

used for decision making in the fight against TB. In as much as they can provide 

aggregate numbers for patients on TB treatment at a high level such as district and 

provincial levels, they do not point decision makers to areas of the communities where 

TB cases are and as result TB prevention activities and interventions such as 

community testing and sensitizing are not informed by evidence.  

SmartCare is a patient records management system for easing patient management at 

the health facility while DHIS2 only reports aggregated numbers of TB cases reported.  

SmartCare captures and records all patient – clinician interactions at the health facility 

and its strength lies in readily availing the clinician the patient history and therefore 

it’s a good source of information when treating a patient and it does not provide TB 

programme managers and clinicians any information which could have led to the 

patient having TB and therefore the information provided by SmartCare cannot used 

for prevention activity planning nor decision making.  

SmartCare is a standalone system. Each health facility has its own database, called the 

Transport Database (TDB). At the end of the reporting period or whenever data 

analysis has to be done, TDBs from all health facilities with SmartCare are merged 

together and then analysed. This business model is not efficient and decisions for 
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improving patient care from high levels above the health facility cannot be made in 

real-time. 

DHIS2 is a web-based platform which the MoH use to report number of TB patients 

in the reporting period as well as the number of TB patients enrolled on TB treatment 

in that period. DHIS2 employs a client server topology with the data entry application 

accessible via a web browser being the client and the data is entered and posted to a 

server for storage. Data on DHIS2 can be accessed anytime but the downside is that 

this data reflects the situation of the last three months and it’s useful for planning of 

medical commodities procurement and shipment and the data thereof cannot be used 

to plan prevention activities as it does not provide any details on the likely causes of 

the TB cases reported and more so they are reported as aggregates.     

Owing to the these tools’ inability to take into account the factors which escalate the 

spread of TB in the communities they cannot be used for decision making to plan TB 

prevention activities and therefore, the intervention packages which are implemented 

currently are not tailored at addressing the particular factors which promote the spread 

of the disease but are planned and implemented in a one fits all manner and this makes 

the prevention efforts less effective. 

 

2.28 SYSTEMS REQUIREMENTS 

The system requirements needed for the prototype to work successfully can be 

categorized into two: 

Functional requirements which define the internal requirements or processes of the 

system such as the input which needs to be provided to the system upon which it can 

act by processing and then provide some output [94]; and  

Non-functional requirements which are external to the system but are needed for the 

system to work such as software and hardware [95]. 

 

2.29 CHAPTER SUMMARY 

In this chapter, we reviewed the literature about TB and its burden globally and in 

Zambia as well as the past research works which have been done in the health sector 
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using geo spatial data analysis, cloud computing and web technologies. The first part 

of the review looked at TB, how it is caused and how it is transmitted and then 

proceeded to look at the ICT technologies which can be harnessed in the fight against 

the spread of the disease and how these technologies have been generally used to 

improve disease surveillance. The follow on sections of the chapter looked at the 

works which have been done in the recent past and looked at how geo spatial data 

analysis, cloud computing and web technologies have been applied in improving data 

capturing and reporting, and how these technologies have helped in decision making 

especially in the fight against TB as well as in the health sector at large.  

The last part of the chapter looked at the ICT tools which are being used in Zambia in 

the management of TB and the weaknesses which these tools have. The presentation 

of theses weaknesses in these ICT tools and the analysis of other reviewed works 

revealed the knowledge gaps which this research sought to fill. The reviewed works 

showed how, in isolation cloud computing, geospatial data and web technologies have 

been used to help with decision making in TB prevention which calls for the 

development of a unified tool leveraging the strengths of these technologies in one 

tool. The review and analysis of the ICT tools being used in Zambia in the TB program 

showed the absence of a unified system which leverages cloud computing, geospatial 

data and web technologies to help TB program managers make decisions to in TB 

prevention activities planning and implementation. 
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3.0 CHAPTER THREE: METHODOLOGY AND SYSTEM DESIGN 

3.1 INTRODUCTION 

This chapter looks at how the research was done, step by step to answer the research 

questions which were presented in chapter one. First, we will look at the research 

design which briefly outlines the methods which were used to answer the research 

questions and then proceed to explain how the research activities were conducted from 

the baseline study, data collection to analyzing how the current business model for TB 

prevention works and finally to the designing of the proposed model that can be used 

to enhance TB prevention by providing evidence upon which decisions can be made.  

 

3.2 RESEARCH DESIGN 

The aim of this study was to develop a decision support model that would help in the 

prevention of the spread of TB through improved monitoring and tracking using cloud 

computing, geospatial data and web technologies. In order to achieve the stated aim, 

three research questions were asked as highlighted in chapter one and to answer these 

questions the research methodology as summarised in table two was devised. 
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Table 2: Research Methodology summary. 

Objective Question Method 

1. Establish factors 

which escalate the 

spread of TB in 

Zambia. 

1. What factors escalate 

the spread of TB in 

Zambia? 

 

• Literature review  

• Questionnaire 

administering 

2. Design a model to be 

used to monitor and 

track the spread of TB 

based on cloud 

computing, geospatial 

and web technologies. 

2. To what extent can a 

cloud computing, 

geospatial and web-

based model be 

designed to monitor 

and track the spread 

of TB? 

• Modelling 

3. Develop a prototype 

based on the model in 

(2). 

3. How can a prototype 

based on (2) be 

developed to monitor 

and track the spread 

of TB? 

Prototype development 

using; 

• Web application for 

data collection 

• Cloud database for data 

management 

• Web mapping API for 

mapping, display and 

summary report 

presentation 

 

To answer the question that was seeking to establish the factors which escalate the 

spread of TB in Zambia, literature review was conducted to ascertain the causes of TB 

in other parts of the world and based on the established causes of the disease elsewhere 

a baseline study was conducted to ascertain which of the factors contribute more to 

the transmission and spread of TB in the Zambian settings and this should guide TB 

program managers when planning and implementing disease prevention and control 

activities. The data collection was done through an interview which required TB 

patients on treatment to answer questions from a questionnaire. The method for 

answering this question, that is, interviewing TB patients on treatment to establish 
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factors which promote the transmission of TB in the Zambian was inspired by the fact 

that one can only solve a problem if they are aware of its cause and in this case 

knowing the causes of TB transmission in the communities is important when planning 

and implementing TB prevention activities. Data was collected and analyzed using the 

Statistical Package for the Social Sciences (SPSS) software and the statistics carried 

out included Frequencies, Correlation and Linear Regression as type of data which 

was collected is more suited to be analyzed using the said statistics. 

To help the TB program managers with decision making to counter the identified risk 

factors which support the spread of TB, a model was designed that would be used to 

monitor and track TB cases using cloud computing, geospatial and web technologies. 

This process took the steps in the current TB diagnosis, treatment and prevention 

algorithm, and then incorporating the use of ICTs such as cloud computing, geospatial 

data and web technologies to capture, store and process data into this model. To 

effectively prevent TB, the prevention activities have to be carried out in the location 

of the community where the already existing TB cases are. This activity includes 

recording what could have led to the TB case in question, this is important as it informs 

prevention activity planning and also capturing the geo coordinates of the place where 

the TB case is. Once these details have been captured, they are sent to the cloud 

database from which information is pulled through the use of a web application in 

form of maps and reports to be used for decision making in the planning and 

implementation of TB prevention and control activities by stakeholders. This 

answered the question which sought to establish whether a model based on cloud, 

geospatial and web-based model could be designed to monitor and track the spread of 

TB.  

Finally, a prototype based on the model described in the previous paragraph was 

developed. This was to answer the research question number three and the prototype 

was developed using a web application to capture data including geospatial details. 

This application feeds the data collected into a cloud database. Once the data is in the 

cloud database, a mapping application reads the data and uses it to display geospatial 

locations on earth surface where the TB cases have been reported in the community. 

The application also provides other reports upon which decision-making cab be based. 

The prototype development is based on the Cloud Computing Architecture and was 

implemented using PHP programming language embedded with Google Mapping 
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Application Interface for displaying locations with reported TB cases. MySQL was 

the Relational Database Management System (RDBMS) that was used for data 

management. Data is only useful while it can be accessed and used for decision making 

at any time and having data online, in a cloud database makes this achievable. PHP 

was chosen as the implementation scripting language due to its robustness and ability 

to write short but working codes which could be longer and time consuming if 

implemented using other languages. PHP also blends well with MySQL. MySQL was 

chosen to be the data management system for the prototype because it is Open Source, 

efficient and works well when blended with PHP. 

 

3.3 BASELINE STUDY 

Upon reviewing of the literature to ascertain the factors which escalate the spread of 

TB in other parts of the world and based on the knowledge acquired from this review 

a baseline study was conducted. Data was collected and descriptive statistics, 

correlation and regression analysis were used to analyze the results. The data 

collection was done through an interview which required TB patients on treatment to 

answer questions from a questionnaire. While researchers have conducted and 

established the risk factors which contribute to the spread of the TB disease elsewhere, 

this study sought to establish factors which drive the spread of TB in the Zambian 

settings. The major outcome of the baseline study was the establishment of factors 

which promote the spread of TB in Zambia. This would enable Zambian TB program 

managers to plan and implement disease control and prevention interventions based 

on information and specific factors in the communities as informed by the findings of 

such a study.  

3.3.1 IDENTIFYING BASELINE SURVEY VARIABLES 

Figure 16 below shows the variables which were identified from the literature review 

which support the transmission and spread of TB as a summary of findings presented 

by [43] and [44] and upon which the questionnaire for answering research question 

number one was developed. The questionnaire has been included in the dissertation 

under the appendices section. 
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Figure 16: Baseline Survey Variables [43][44]. 

TB is preventable and being aware of the factors which lead to its spread is key in 

stopping the further spread. Influencing factors such as proximity and length of 

exposure as well as other environmental factors – which we have control over is 

important in the fight against the spread of TB and much of the emphasis in the fight 

must be focused on altering or being aware to these factors and spatial data analysis of 

already existing TB cases using GIS can help identify the geographical patterns of the 

transmission and spread of the disease and therefore inform strategic decisions in the 

fight against TB. 

 

3.3.2 STUDY POPULATION  

The baseline study was carried out in Lusaka district of Lusaka province of Zambia. 

TB patients on TB treatment formed the sample study population. Participants of the 

baseline study were identified from clinical records at health facilities from which they 

were obtaining their TB drugs and randomly picked. The health facilities from which 

participants of the baseline study were recruited included Chawama Level One 

Hospital, Chipata Level One Hospital, Kalingalinga Clinic, Kanyama Level One 

Hospital and Mtendere Clinic. These health facilities are among the top TB diagnostic 

and treatment centers in Lusaka district. 

 

3.3.3 STUDY SAMPLE DESCRIPTION AND DATA COLLECTION 

PROCEDURE 

The participants of the baseline study comprised TB patients who were on treatment 

at Chawama Level One Hospital, Chipata Level One Hospital, Kalingalinga Clinic, 
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Kanyama Level One Hospital and Mtendere Clinic during the period of the study. TB 

treatment takes six months to be completed and the study sample population was made 

up of people who started treatment between April 2019 and September 2019.  

The baseline study sample size was 195 and the distribution was as shown in table 

three below. 

Table 3: Population study sample. 

Facility Name Participants 

Chawama First Level Hospital 19 

Chipata First Level Hospital 51 

Kalingalinga Clinic 20 

Kanyama First Level Hospital 76 

Mtendere Clinic 29 

Total 195 

The questionnaire whose goal was to establish the causes which escalate TB 

transmission in the Zambian settings was built on the variables shown in figure 16 and 

was used for interviewing participants for the baseline study data collection. In as 

much as TB transmission the factors are generally known, the study sought to 

investigate and establish which of these factors drive disease transmission in Zambia 

as this information is important when planning TB prevention activities. Participants 

who consented to take part in the study were interviewed. Data collection was 

conducted using KoboCollect application running on Android. 

3.4 CURRENT BUSINESS MODEL  

Currently the TB prevention activities routine is reactive and is mainly activated once 

a confirmed Bacteriological TB case has been identified. The prevention routine in this 

model includes a contact tracing activity in which members of the household in which 

the bacteriologically confirmed TB case has been identified are screened for TB 

symptoms. In cases where funds are available TB prevention activities are conducted 

in these communities in a one fits all manner, for example distribution of literature 

which teaches coughing etiquettes – the best way of coughing so as not to spread TB. 

During specific times of the year such as the TB month, which is commemorated in 

March annually, mass education about the disease is done for example through sending 

of text messages to people on a certain mobile communication network. These 

messages are generic and not informed by any evidence. The flow chart in figure 17 

shows the summary of the current TB prevention model in the communities. 
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Figure 17: Current business model. 

3.5 PROPOSED BUSINESS MODEL  

The proposed business model took the steps in the current model and incorporated the 

use of ICTs such as cloud computing, geospatial data and web technologies to capture, 

store and process data. Once the data has been processed into maps and reports, TB 

managers can then use this information to plan and implement TB prevention activities 

in the communities. The proposed model seeks to establish the likely specific causes of 

the given TB case, this process also involves the assessment of the house in which the 

patient resides. This information is important when designing prevention activities. The 

likely causes of the disease are captured together with the details of the patient’s house 

as well as the geo coordinates of that house and sent to the database in the cloud. The 

web application running on the TB program managers’ computer retrieves maps 

showing the geo distribution of TB cases in the communities and other reports upon 

which disease prevention and control activities can be planned and implemented. The 

flow chart in figure 18 shows the proposed business model.    
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Figure 18: Proposed system design. 

 

3.6 MODEL DESIGN METHODOLOGY 

The design model of the TB tracking and monitoring system consists of the data 

capturing application which sits on the mobile device and is accessible via a web 

browser of the device. The application on the mobile device, which can either be a 

smartphone or a mobile computer sends the captured data onto the database in the 

cloud. The web application on user’s computer embedded with a GIS application is 

used to display geo locations of TB cases on a map together with summary reports 

which can be used for strategic decision making by TB program managers to help with 

TB prevention. Figure 19 below shows the system application architectural design of 

the proposed system. 
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Figure 19: Proposed system application architectural design. 

 

User captures data (including geo data) on the mobile device and the data is sent to the 

database in the cloud for storage. The web application on the TB program manager’s 

computer then on retrieves data from cloud database, generates maps and reports for 

decision making to help with resource allocation for prevention activities. 

 

3.7 SYSTEM MODELLING  

The system has two actors, the data capture personnel, to capture data and the TB 

program manager, who is the system administrator and views maps, runs summary 

reports and makes disease control and prevention activities based on the availed 

information. The TB program manager being the system administrator can also create 

user accounts for other system users. 

The figures 20 shows the data capturer use case diagram while figure 21 shows TB 

program manager use case diagram. 
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Figure 20: Data capturer use case diagram. 

 

 

Figure 21: TB program manager use case. 

 

3.8 SEQUENCE DIAGRAM 

Using the two use case diagrams in the above section, the sequence of activities for 

using the system can be summarized as shown in the sequence diagram in figure 22. 
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Figure 22: System sequence diagram. 

The TB program manager being the system administrator can define and add other 

users including the data capturers to the system. 

Once the data capturer has been added, s/he can log in to the system using that user 

account by providing the system with defined credentials.  

When logged in, the data capturer captures the details about the TB case. 

Once the TB case details are available, the TB program manager is able to generate 

reports and maps, and based on the information there in, the TB program manager plans 

disease control and prevention intervention activities.  

 

3.9 DATA DESIGN 

MySQL is the Relational Database Management System (RDBMS) that was used to 

implement the data management platform for the prototype. MySQL is used to store, 

process and retrieve the data in the system. The data design of the application consists 

of seven tables, each table being the entity with its attributes. Shown in figure 23 below 

is the conceptual design of the system prototype database in the form of an Entity 

Relationship Diagram (ERD). It shows the database entities and the related attributes 

of the application database. 

Data Capturer 

TB 

Program 

Manager 

Add User 

Account 

TB case 

Reports 

Prevention Intervention 

(1. Creates users) 

(2. Logs In) 

(3. Captures data) 

(4. Generates 

reports) 

(5. Plans intervention 

based on available 

information) 



 
 

54 

 

 

Figure 23: ERD of the system prototype 

The relationships depicted in the ERD can be summarized as; 

1. A Health Facility offers diagnostic and treatment services to Patients. 

2. Patients live in a Home. 

3. A Home is located in some Community. 

4. A Community is within a District. 

5. A District is in a given Province. 

 

3.10 CHAPTER SUMMARY 

Chapter three focused on the research methodology and system prototype design. The 

chapter looked at the design of the research so as to answer the research questions at 
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hand, from the baseline study to the design of the model and system prototype. We 

looked at the baseline study with its associated location, the population sample of the 

study, the designing of the questionnaire and the data collection procedure before 

proceeding to look at the current model of the TB disease prevention activities being 

used by MoH in the communities from which the proposed model has been derived 

by the introduction of the use ICTs into this model. The final sections of the chapter 

looked at the modeling of the prototype system, from the application design 

architecture using ICT and software engineering concepts such as use case and 

sequence diagrams to the design of the application database. 
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4.0 CHAPTER FOUR: RESULTS 

4.1 INTRODUCTION 

Having designed the research and the model solution to the problem, the research was 

conducted, firstly by carrying out the baseline study and then the development of the 

prototype. This chapter looks at the results as the output of the research activity. It 

starts by highlighting the results of the baseline study, disaggregated by the identified 

causes of TB which were established in chapter two, literature review and related 

works. The data analysis which produced these results was done using the Statistical 

Package for the Social Sciences (SPSS) software and the statistics carried out included 

Frequencies, Correlation and Linear Regression as type of data which was collected is 

more suited to be analyzed using these statistics. The concludes by showcasing the 

implemented prototype, the requirements needed for the prototype system to work. 

The snippet of the source code that was used in the development and implementation 

of the prototype is listed under the Appendices section. 

 

4.2 BASELINE STUDY RESULTS 

The baseline study had 195 participants drawn from five TB diagnostic and treatment 

health centers of Lusaka district. The graph in figure 24 shows the distribution of 

participants across the five health facilities. 

 

Figure 24: Health facilities and participants distribution graph 
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The sections below show the results of the survey and further looks at the results of 

the correlation analysis between selected variables and how likely they are to 

contribute to the spread of TB in the Zambian settings. 

 

4.2.1 EXPOSURE DUE TO PROXIMITY 

Out of the 195 participants surveyed, 109 remembered being and sharing space with 

someone who was either on TB treatment or presented with the TB symptoms such as 

prolonged coughing, fever, chest pains or was unintentionally losing weight during 

the last one year prior to being diagnosed with TB. The bar graph in figure 27 shows 

that 56 percent of the respondents could have contacted TB due to exposure to the TB 

causing bacillus as a result of being in the same space and spending time with someone 

who had TB.  

The correlation analysis results show that there is a perfect positive correlation 

between the spread of TB and exposure to the TB causing bacteria with the Pearson 

Correlation Coefficient being 1 and the P Value of p < .001. Linear regression results 

show the significance of .000 with Coefficient of 23 and 86 being the Constant of the 

linear regression equation. Figure 25 shows the results for the exposure due to 

proximity variable. Table four shows the exposure and TB correlation analysis while 

table five shows the linear regression coefficients analysis output. 

 

Figure 25: Exposure due to proximity graph. 

Table 4: Exposure and TB correlation analysis 

 1 TB Cases 

Exposure 

Pearson Correlation 1 1.000** 

Sig. (2-tailed)  .000 

N 195 195 

TB Cases 

Pearson Correlation 1.000** 1 

Sig. (2-tailed) .000  

N 195 195 
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**. Correlation is significant at the 0.01 level (2-tailed). 

Table 5: Exposure and TB cases linear regression coefficients analysis output 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 

 

(Constant) 86.000 .000  1235664597.914 .000 

Exposure 23.000 .000 1.000 233076533.579 .000 

a. Dependent Variable: TB Cases 

 

4.2.2 VENTILATION 

Of the 195 participants’ homes which were surveyed 133 (which is 68 percent) were 

poorly ventilated.  

The correlation analysis results show that there is a perfect negative correlation 

between the spread of TB and ventilation with the Pearson Correlation Coefficient 

being -1 and the P Value of p < .001. Linear regression results show the significance 

of .000 with Coefficient of -71 and 133 being the Constant of the linear regression 

equation. The doughnut pie in figure 26 shows the results of the baseline survey on 

ventilation. Table six shows the ventilation and TB correlation analysis while table 

seven shows the linear regression coefficients analysis output for the ventilation 

variable. 

 

Figure 26: Ventilation as a risk factor in TB transmission. 
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Table 6: Ventilation and TB correlation analysis 

 Ventilation TB Cases 

 

Ventilation 

Pearson Correlation 1 -1.000** 

Sig. (2-tailed)  .000 

N 195 195 

 

TB Cases 

Pearson Correlation -1.000** 1 

Sig. (2-tailed) .000  

N 195 195 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 7: Ventilation and TB cases linear regression coefficients analysis 

output 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. 

B Std. 

Error 

Beta 

1 

 

(Constant) 133.000 .000  1101719660.685 .000 

Ventilation -71.000 .000 -1.000 -416939978.434 .000 

a. Dependent Variable: TB Cases 

 
 

4.2.3 CROWDING 

The results of the crowding survey showed that 168 of the surveyed participants’ 

houses were falling into the crowded category, translating into 86 percent.  31 out of 

the 195 houses were not crowded.   

 

The correlation analysis results showed a perfect positive correlation between the 

spread of TB and crowding with the Pearson Correlation Coefficient being 1 and the 

P Value of p < .001. Linear regression results show the significance of .000 with 

Coefficient of 133 and 31 being the Constant of the linear regression equation. The 

bar graph in figure 27 and the correlation and linear regression analysis results in tables 

8 and 9 respectively summarizes the results of the baseline survey on crowding. 
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Figure 27: Results of the crowding survey. 

 

Table 8: Crowding and TB correlation analysis 

 Crowding TB Cases 

Crowding 

Pearson Correlation 1 1.000** 

Sig. (2-tailed)  .000 

N 195 195 

TB Cases 

Pearson Correlation 1.000** 1 

Sig. (2-tailed) .000  

N 195 195 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Table 9: Crowding and TB cases Linear regression coefficients analysis output 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 

 

(Constant) 31.000 .000  92897428.110 .000 

Crowding 133.000 .000 1.000 281100876.116 .000 

a. Dependent Variable: TB Cases 

 

4.2.4 NUTRITION 

The results of the baseline study showed that 66 participant’s nutrition status was good 

while 129 participants had a bad nutrition status. This is equivalent to 34 percent and 

66 percent respectively.  
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Linear regression results show the significance of .000 with Coefficient of -63 and 129 

being the Constant of the linear regression equation. The bar graph in figure 28 and 

the linear regression results in table 10 summarizes the results of the nutrition survey.  

 

Figure 28: Nutrition status 12 months prior to TB diagnosis. 

 

Table 10: Nutrition and TB cases linear regression coefficients analysis output 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. 

B Std. Error Beta 

1 
(Constant) 129.000 .000  . . 

Nutrition -63.000 .000 -1.000 . . 

a. Dependent Variable: TB Cases 

4.2.5 SMOKING 

The participants who were smoking prior to being diagnosed with TB made up 46 

percent which was 89 out of the 195 and those who never smoked were 106 which 

translates into 55 percent of the participants. The pie chart in figure 29 and the 

correlation analysis in table 11 shows the comparison between smoking and non-

smoking participants.  

 

Figure 29: Participants who smoked prior to TB diagnosis. 
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Table 11: Smoking and TB correlation analysis 

 Smoking TB Cases 

Smoking 

Pearson Correlation 1 -1.000** 

Sig. (2-tailed)  .000 

N 195 195 

TB Cases 

Pearson Correlation -1.000** 1 

Sig. (2-tailed) .000  

N 195 195 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

4.2.6 OCCUPATION 

The study also sought to disaggregate the participants by occupation. The results 

reported 34 different occupation types from the 195 participants. Of interest, there 

were 51 small scale traders who included those who sell in small shops and marketers, 

15 drivers who included bus, taxi or truck drivers, seven bus conductors and four 

restaurant workers among other occupation types. Out of the 195 participants, 44 were 

unemployed. The graph in figure 30 below shows selected participants’ occupation 

types.  

 

Figure 30: Selected occupation types of participants graph. 
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4.2.7 ALCOHOL 

Figure 31 shows the results of participants who took alcohol prior to being diagnosed 

with TB. 126 out of 195 (65 percent) took alcohol and 69 (35 percent) did not. The 

results of the alcohol survey are as shown on the next page.  

 

Figure 31: Participants who drank alcohol 

4.2.8 PARTICIPANTS BY SEX 

Male participants made up 66 percent (129 out of 195) of the survey participants and 

34 percent (66 out of 195) were female. The graph in figure 32 show the number of 

participants by sex. 

 

Figure 32: Participants’ sex 
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4.2.9 PARTICIPANTS BY AGE GROUP 

Figure 33 is the graphical representation of the baseline survey participants by age 

group. 

 

Figure 33: Study participants by age group. 

 

4.3 IMPLEMENTED SYSTEM PROTOTYPE  

Upon the designing of the system as highlighted in the above sections, implementation 

was the next phase. The system’s prototype was developed and implemented with PHP 

scripting language. PHP was used to develop the front end of application prototype 

with the Google Mapping API embedded while MySQL was the RDBMS that was used 

for data management. 

 

4.3.1 SYSTEM REQUIREMENTS 

4.3.1.1 FUNCTIONAL REQUIREMENTS 

INPUT: 

✓ TB case details comprising causes as well as geo data of the location where the 

case was reported from. 

SYSTEM PROCESSES: 

✓ Data storage, retrieval, aggregation and summarizing to produce maps and 

reports.  

OUTPUT: 

11

75

61

28

13
4 3

18-19 20-29 30-39 40-49 50-59 60-69 70+

PARTICIPANTS BY AGE GROUP



 
 

65 

 

✓ Geo maps 

✓ Reports 

4.3.1.2 NON-FUNCTIONAL REQUIREMENTS 

SOFTWARE: 

✓ PHP for web application development.  

✓ MySQL for the data management back development. 

✓ Xampp used as the web server solution upon which the web application runs.  

HARDWARE: 

✓ 2.1 GHz Pentium 3 or higher processor; 

✓ 2GB of RAM or higher; 

✓ 60 MB of free disk space at least.  

✓ Internet connection. 

 

4.3.2 IMPLEMENTED SYSTEM  

Using associated the designs which were worked on and documented in chapter four 

together with the associated requirements, the system has been implemented. The 

system prototype has two modules, the data capturing module and the system 

administrator’s module. The data capturing module is for data capturing, it is the 

module into which data capturing staff logs and uses for capturing TB cases data in 

the communities and it’s accessible via a browser of mobile devices once the URL of 

the application is provided and the correct credentials are supplied. The 

administrator’s module is the module which the TB program managers log into. It has 

the data capturing module functionality plus the added system features such as user 

addition/deletion, reports and TB cases geo distribution map viewing. The sections 

below highlight some parts of the system prototype and how it works. 

 

4.3.2.1 DATA CAPTURING MODULE 

Once the user provides the URL, the system will land the user on the login page. The 

user has to enter the username and password. The screen shot in figure 34 below shows 

the login page of the system. 



 
 

66 

 

 

Figure 34: System login page screenshot. 

If at user definition time, the user was given the access rights of the data capturer, the 

system takes the user to the data capturing module upon the provision of the correct 

user credentials. The data capturing module’s primary function is to capture TB cases 

data in communities and as such it only has Data Entry button which allows the user 

to capture the data and post it to the server and the Logout button for logging out of 

the system. The screen shot in figure 35 shows the data capturer landing page. 

 

Figure 35: Data capturer landing page. 

When logged in, the system takes note of the GPS location of the device and captures 

the geo coordinates of that position and show the position of the device on the geo 
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map. This is for the purpose recording the geo spatial data of the location of the TB 

case.  

When the user clicks on the Add Entry button, the data capturing page loads onto the 

device. This is the page onto which the parameters of the TB case are recorded. These 

parameters are patient attributes and other factors which could be used to establish 

what could have caused the TB case in question and could be used when planning and 

implementing disease control and prevention activities.  

The screen shot in figure 36 shows the data capturing screen of the data capturing 

module. 

 

Figure 36: Data capturing page. 
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It’s important to note that the Location Access permission on the device being used 

for data capturing has to be On as shown in figure 37 below when capturing data. This 

enables the application to access and pick the GPS location of the patient’s place of 

residence. 

 

Figure 37: Location access permission of the data capturing device. 

The data capturer enters all the parameters of the TB case being reported except for 

the spatial data of the patient’s location which is automatically picked based on the 

geo location of the device, which is the spatial location the TB patient.  Shown in 

figure 38 is the screen shot of the data capturing page with automatically captured GPS 

coordinates of the location where the data is being captured from. 

 

Figure 38: Data capturing page with automatically captured GPS coordinates of the 

location where the data is being captured from. 
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Once all the TB case parameters have been captured and the GPS coordinates of the 

location of the patient have been automatically generated, the data capturer can post 

the data to the server. Once data has been posted to the server it can be accessed by 

TB program managers from anywhere and it can be used for decision making.   

 

4.3.2.2 TB PROGRAM MANAGER (ADMIN) MODULE 

Upon the successful provision of the correct username and password, and logged in, 

users defined as system administrators have access to additional system modules. The 

additional modules include Reports, TB Geo Map and Users as well as the list showing 

TB cases from different health facilities. Shown in figure 39 below is the screen shot 

of the TB program manager’s landing page. 

 

Figure 39: TB program manager landing page. 

The TB program manager, being the system administrator can add to or remove users 

from the system. This is achievable through the Users button on the Home page. The 

system administrator can define new users with two system access levels, data for data 

capturing and data capturers can only access the data entry module once logged in, 

and the administrators with full system access rights. The administrator can also delete 

users when they no longer need access to the system for any reason. The figures below 
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show the screen shots of the Users module, the first one, in figure 40 is the list of 

defined users while the second, in figure 41 shows the user definition screen. 

 

Figure 40: Users module – users’ list screen shot. 

 

Figure 41: Users module – user definition screen. 

To know the geographical distribution of TB cases for decision making about the 

disease control and prevention activities which need to be carried out in a given area, 

TB program managers can view maps. The maps show the geographic location of 

where the TB cases are, and these are likely targets when planning and implementing 

TB control and prevention activities. The figure 42 below shows the screen shot of the 

TB cases geographic distribution satellite map for some patients being treated from in 

Lusaka district.  
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Figure 42: Satellite image screen shot of the geographical TB cases distribution. 

Additional information is availed to TB program managers through reports. The 

reports are accessible through the Reports button on the home page. The information 

on the reports can be used to craft interventions which can address the prominent 

causes of the disease in a given area. For example, if most patients where smoking 

prior to being diagnosed with TB, non-smoking messages can be prioritized when 

planning and implementing control and prevention activities. If the reports show that 

most patients were drinking before having TB, prevention activities must focus on 

drinking places as these could be breeding spaces for TB transmission.  The screenshot 

in figure 43 shows report of the system prototype with summaries of the details of the 

patients. 

Figure 43: Report summarizing patient details. 
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4.3.3 CODE SNIPPET 

The snippet of the source code that was used in the development of the web application 

of the prototype is listed in the Appendices section of the dissertation. 

 

4.3.4 APPLICATION OF THE IMPLEMENTED SYSTEM 

The developed system demonstrates how geo spatial data analysis, cloud computing 

and web technologies can be used to improve monitoring and tracking of TB cases 

and provide information that can be readily used by TB program managers to carry 

out disease control and prevention  measures to help prevent the spread of the disease. 

The system enables data capturing from places where the cases are in the communities 

and also allows decision makers to access the information from anywhere at any time 

in order plan and implement disease prevention activities built upon evidence based 

information.  

 

4.4 CHAPTER SUMMARY 

This chapter four looked at the results of the research activity, firstly by highlighting 

the results of the baseline study, disaggregated by the identified causes of TB which 

were established in chapter two, literature review and related works. This chapter 

presented the findings of the baseline survey which were produced using SPSS. The 

chapter went on to showcase the implemented prototype, the requirements needed for 

the prototype system to work and the snippet of the source code that was used in the 

development and implementation of the system prototype and concluded by briefly 

describing how the system can be applied in the fight against the spread of TB. 
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5.0 CHAPTER FIVE - DISCUSSION AND CONCLUSION 

5.1 CHAPTER INTRODUCTION 

This is the closing chapter of the dissertation. It provides the summary of the work 

done, from the research inception to the end of the research process as conclusion of 

the research project and also offers the recommendations on the way forward with 

regards to the research project and the prototype. Finally, the chapter suggests the 

future research works in relation to the use of ICTs in the fight against TB and also 

comments on the enhancements which can be made to the research work documented 

in this dissertation. 

 

5.2 DISCUSSION  

This research project, as part of the TB prevention efforts, looked at how ICTs can be 

used in disease prevention through the provision of evidence-based information upon 

which TB program managers can base their decisions during the planning and 

implementation of TB control and prevention activities.  

The firstly, the project looked at identifying and establishing factors which escalate 

the spread of the disease in the Zambian settings by conducting a baseline study in 

Lusaka district. The baseline study was done by interviewing people who had TB and 

were being treated for this disease at Chawama Level One Hospital, Chipata Level 

One Hospital, Kalingalinga Clinic, Kanyama Level One Hospital and Mtendere 

Clinic. Being aware of the factors which escalate the spread of the disease, especially 

those which we have control over such as crowding, poor ventilation and other 

environmental factors is important as this information can be used to design and 

develop disease control and prevention measures which are more effective by 

targeting to address the identified causes not just carrying out control and prevention 

in a one fits all manner. 

The results showed that crowding is the major driver of the TB disease spread in 

Lusaka. While crowding is eminent, 68 percent (133 out of 195) of the participants’ 

homes had poorly ventilated spaces which they shared with the people who were on 

TB treatment or presented with symptoms of the TB disease. From these findings, it 

can be established that crowding and poor ventilation resulted into prolonged exposure 
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to the TB causing bacteria for the individuals who contracted the disease. This concurs 

with what was observed from the reviewed literature. 

While smoking has been strongly associated with causing TB by the literature 

reviewed, only 46 percent (89 out of 195) participants indicated they were smoking 

prior to being diagnosed with TB.  

It should also be noted from the results that some occupation types (such as small scale 

traders in small shops and marketers, public transport drivers, bus conductors, 

restaurant workers such as waiters, waitresses and chefs) put the individuals who do 

them at an increased risk of contracting TB compared to other occupation types. These 

jobs expose individuals to a lot of different people daily as they carry out their duties 

and they mainly work in poorly ventilated spaces.  

The results also showed that 177 of the participants fell within the most productive age 

groups ranging between 20 years and 60 years and this affects the economy negatively. 

This is in conformity with the reviewed literature. This is one of the reasons TB should 

be stopped. 

On the hand being male raises the likelihood of contracting TB to 66 percent compared 

to the 34 percent chances for the females. The average age of the participants was 33 

years, with 66 percent of the participants being male and 65 percent drinking alcohol 

prior to TB diagnosis. These three variables, age, sex (males) and alcohol drinking 

with a high rate of unemployment could be another driving factor in the spread of TB 

as men mostly spend time drinking alcohol in poorly ventilated and crowded spaces 

such as bars and taverns.  

Correlation analysis of the variables, sex, ventilation, immune system, nutrition and 

crowding verses the spread of TB showed a perfect correlation which was 1 for males, 

-1 for ventilation, -1 for nutrition and 1 for crowding. It could therefore be inferred 

that males are highly likely to get TB than females while those who are found in 

crowded spaces are at a high risk as well. Poor ventilation and bad nutrition 

significantly contribute to the spread of TB as Regression analysis of these variables 

resulted in the p value, p < .001, implying that there's a strong relationship between 

these factors and the transmission of TB in the Zambian settings. 
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Having established the factors which promote the spread of the disease, the next step 

was to design a model which incorporates ICTs, particularly geo spatial data analysis, 

cloud computing and web technologies into the TB disease prevention algorithm 

currently being used by the Ministry of Health. The model was designed with the 

incorporation ICTs such cloud computing, whose application helps to send the TB 

case parameters to the database in the cloud, geospatial data analysis, whose 

application supports the mapping of the community areas with TB cases and web 

technologies used web to develop a web application for data capturing and generating 

results such as maps and reports upon which stakeholders in the TB prevention sphere 

can base their decisions when planning and implementing TB prevention and control 

activities. Based on the designed model, the prototype system was developed as the 

output of the research project.   

The developed prototype demonstrates how geo spatial data analysis, cloud computing 

and web technologies can be used to improve monitoring and tracking of TB cases 

and provide information that can be readily used by TB program managers to carry 

out disease control and prevention  measures to help prevent the spread of the disease. 

The prototype enables data capturing from places where the TB cases are, in the 

communities and also allows decision makers to access the information from 

anywhere at any time in order plan and implement disease prevention activities 

supported by the information availed by the prototype. Coupling this information with 

the geospatial display of TB cases on a mapping application can help TB program 

managers to put resources where it matters the most in order to fight TB. 

 

5.3 CONCLUSION 

The research project has demonstrated how geo spatial data, cloud computing and web 

technologies can be leveraged in order to contribute to the fight against TB by pin 

pointing and displaying locations of the community with TB cases and also by 

providing reports which can be used to make decisions. The information provided is 

accurate and can be accessed in real time and can be used from anywhere as long as 

internet connection is available. The research project has thus achieved its aim of 

developing a decision support tool that would help in the prevention of the spread of 

TB through improved monitoring and tracking using cloud computing, geospatial data 

and web technologies. The developed prototype provides information which can be 
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used to make decisions to its users, who in turn would use the provided information to 

plan and implement TB control and prevention activities which are impactful. The 

project also achieved its objectives and provided answers to the three research 

questions which sought to establish the factors which escalate the spread of TB in 

Zambia, ascertain the extent to which a cloud computing, geospatial and web-based 

model could be designed to monitor and track the spread of TB and lastly, to develop 

a prototype based on the designed model to monitor and track the spread of TB. 

The prototype provides useful information which can be used as opposed to carrying 

out one-fits-all TB control and prevention activities and interventions. For example, 

instead of conducting a mass TB screening activity in one area, the prototype for high 

yielding results, can quickly provide information via a map or other reports with 

details of where exactly in the communities most TB cases are and therefore, where 

the likelihood of high transmission rates are and also summarizes the factors escalating 

the transmission rates in those areas so that TB program managers can plan on what 

and how best the prevention and control measures have to be carried out in those areas. 

 

5.4 RECOMMENDATION 

The prototype utilizes the flexibility of cloud computing, accuracy and reliability of 

geo spatial data analysis and the ability to display information on a mapping application 

made feasible by GIS and the ability to create reports and help one to make decisions 

via the web application based on the availed information. The prototype allows one to 

capture the details of the TB case at hand and share the information in real time with 

other team players for quick action, provided internet connection is available to 

enhance TB prevention planning and implementation efforts. The advantages the 

prototype comes with and the scarcity of resources available in the fight against TB, a 

system like this one adds value to this fight and it is therefore recommended that more 

research must be carried out to improve TB prevention outcomes.  

 

5.5 FUTURE WORKS  

While this research project focused on the use of ICTs to help TB program managers 

make decisions based on the information availed to them by the system, it can be 

necessary in future, to have the system itself process the information and suggest the 
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best intervention activities which have to be carried out in a given community to the 

TB program managers using machine learning. This will likely result in more efficient 

and impactful interventions being carried out because the system will be making 

decisions and not humans thereby reducing the inherent human biasness in the control 

and prevention activities planned and implemented.  

Future works on the prototype needs to enhance the Reports module. Reports need to 

be expanded to cover more parameters upon which TB program managers can base 

decisions when planning and implementing disease control and prevention activities 

and visually improved to quicken support decision making. 
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APPENDIX 5: BASELINE SURVEY QUESTIONNAIRE 

 

QUESTIONNAIRE TO ESTABLISH RISK FACTORS WHICH SUPPORT 

THE SPREAD OF TUBERCULOSIS (TB) IN ZAMBIA 

 

INTRODUCTION: 

I am a student at the University of Zambia, School of Engineering carrying out a 

research on MODELLING TO HELP THE PREVENTION OF THE SPREAD OF TB 

THROUGH IMPROVED MONITORING AND TRACKING USING CLOUD 

COMPUTING, GEOSPATIAL DATA AND WEB TECHNOLOGIES. 

This questionnaire intends to collect data which will help to establish the factors which 

contribute rate of spread of TB in Zambia, Lusaka district.  

Kindly note that the data collected will be treated with the utmost confidentiality and 

will only be used for the purpose of this research.  

Your participation will be highly appreciated. 

 

QUESTIONS: 

HEALTH FACILITY OF TREATMENT: 

__________________________________________________ 

SECTION A: BIO DATA AND HOST CHARACTERISTICS 

1. How old are you (age at last birthday) [Age]? ________ 

2. Sex (record as observed) (M/F)? __________________ 

3. Did you suffer from any disease in the last 12 months before you started 

treatment for TB? [Immune system strength] (Yes/No)? _______________ 

4. If Yes to (3), what disease(s) or health complication(s) did you suffer from? 

[Immune system strength and diseases increasing TB susceptibility]? 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 
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____________________________________________________ 

5. How many meals did you have each day in the last 12 months before you 

started TB treatment [Nutrition status]? ____________________________ 

6. Did your meals include? 

i. Proteins (e.g. meat products, beans, soya, milk) (Yes/No) 

_______________ 

ii. Fruits and vegetables? (Yes/No) ____________ 

 

SECTION B: PROXIMITY AND DURATION OF EXPOSURE 

1. Do remember being with a person who was on TB treatment or who was 

coughing, complained of having fever and chest pains or was unintentionally 

losing weight before you started feeling unwell [Exposure] (Yes/No)? 

_________________ 

2. If Yes to (1), were you staying in the same home, close neighbourhood or spent 

time together because you needed to be in the same place (e.g. school, work, 

church etc) with that person [Proximity] (Yes/No)? __________________ 

3. If Yes to (2), how often were you together with that person [Duration of 

contact]? 

i. ___________ days in a week. 

ii. ___________ hours of that day.  

 

SECTION C: ENVIRONMENTAL FACTORS 

1. Approximately how many people do you remember sharing space with (e.g. at 

school, work, church, bar) [Crowding]? _______________ 

2. How many people were you staying with in the house before you started 

feeling unwell [Crowding]? _______________________________ 

3. How many rooms did you house have before you started feeling unwell 

[Crowding]? ___________________ 

4. Did your house, workplace, tavern, church or any other place you used to spend 

time at have openable windows [Ventilation] (Yes/No)? 

__________________ 
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5. If Yes to (4), were these windows kept open at the time you used to be there 

[Ventilation] (Yes/No)? ________________ 

6. What is your occupation (before you started TB treatment) [Occupational 

risk]? ___________________________________ 

7. Were you smoking before you started TB treatment [Smoking] (Yes/No)? 

____________ 

8. Were you drinking alcohol before you started TB treatment [Alcohol] 

(Yes/No)? ____________ 

*Coordinates of patient location [ _______________________],  

[ _______________________ ] 

 

Thank you for participating 
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APPENDIX 6: SOURCE CODE SNIPPET 

DATA ENTRY MODULE (CAPTURES AND SENDS DATA TO THE CLOUD 

DATABASE: 

<?php 

require_once 'core/init.php';  

if (Session::exists('home')) { 

 echo '<p>'.Session::flash('home').'</p>';} 

$user = new User(); 

$log_username =  $user->isown(); 

 $data = $user->data(); 

@$ukey = $user->data()->user_id; 

@$username = $user->data()->username; 

@$access = $user->data()->groups; 

if ($user->isLoggedIn()) { 

  if ($access == 2) { 

  }elseif ($access == 1) { 

  } 

}else{ 

  Redirect::to('index'); 

} 

?> 

<!DOCTYPE html> 

<html dir="ltr" lang="en"> 

<meta http-equiv="content-type" content="text/html;charset=utf-8" /> 

<meta name="viewport" content="width=device-width, initial-scale=1.0, user-

scalable=0, minimum-scale=1.0, maximum-scale=1.0"> 

<head> 

<meta charset="UTF-8" /> 

<title>Cloud Geo Web TB Prevention Model - Dashboard</title> 

<base /> 

<?php include_once 'headfiles.inc'; ?> 

<style>           
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          #mapz {  

            height: 300px;    width: 100%;             

          }           

        </style>  

</head> 

<body class="backs"> 

  <?php include_once 'header.inc'; ?> 

<div class="web_wrapper"> 

  <div class="row"> 

<div class="col-lg-3"> 

  <div class="panel" id='desktop-only'> 

    <div class="panel-heading" style="background: #0081dc;color: #fff;border: 

0px;">Infomations</div> 

     <!-- <div class="panel-body" style="color:#28333a;"> --> 

      </div><br> 

      <ul class="list-group"> 

        <div id="coms1">       

              <li class="list-group-item">Total TB Cases <br> <span style="font-size: 

1.3em;"><span style="color: #e57373;">&#9701;</span> <?php 

              $loan = DB::getInstance()->query("SELECT COUNT(id) FROM reports 

WHERE rtyp = (0)"); 

                     if ($loan->count()) { 

                       foreach ($loan->results()[0] as $key => $c_value) { 

                            $v1 = $c_value; 

                            $sv= number_format($v1); 

                          echo "$sv";    

                        } 

                       }  

                       ?></span> </li> 

              <li class="list-group-item" style="background: #0081dc;color: 

#fff;"><b>Percentages</b><br> 

                <?php 

                $cus_count = DB::getInstance()->query("SELECT SUM(pnum) FROM 

ar_locale"); 
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                     if ($cus_count->count()) { 

                       foreach ($cus_count->results()[0] as $key => $c_value) { 

                            $v0 = $c_value; 

                            $ca = number_format($v0);                         

                          } 

                       } 

                               if ($v1 != NULL) { 

                                    @$endin = $v1 / $v0; 

                                    $perc = $endin * 100; 

                                    $rounder = round($perc); 

                               }else{ 

                                    $rounder = 0;   }                                 

                ?> 

              <h4><?php echo "$rounder%";?> | <small style="color: #fff;">TB 

Cases</small></h4> 

            <div class="progress progress-striped active" style="height: 4px; border-

radius: 0px;"> 

                  <div class="progress-bar progress-bar-danger" role="progressbar" aria-

valuenow="20" aria-valuemin="0" aria-valuemax="100" style="height: 10px; width: 

<?php echo "$rounder%";?>"> 

                    <!-- <span class="sr-only">20% Complete</span> --> 

                  </div> 

                </div><small>Total Population</small><br><h4> > <?php 

              echo "$ca"; ?></h4></li> 

              </div> 

            </ul>  

     <!-- </div> --> 

    <!-- </div> --> 

</div> 

<div class="col-lg-9"> 

            <div id="mapz"></div> 

 <div class="panel "> 

  <div class="panel-body "> 
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    <div class="row"> 

      <div class="col-lg-12"> 

      <button type="button" class="btn btn-danger btn-sm pull-right" data-

toggle="modal" data-target="#transact"> <span class="flaticon2-add31"></span> 

Add Entry </button> 

      <?php if ($access == 1) { 

          echo '<button type="button" class="btn btn-warning btn-sm" data-

toggle="modal" data-target="#tr2"> Add Health Facility </button>'; 

        }?>  

      </div> 

    </div> 

  </div> 

 </div>    

 <div class="panel"> 

  <ol class="breadcrumb" id="desktop-only"> 

    <li class="active"> Information Filters |</li> 

    <li> 

        <div class="btn-group"> 

              <button type="button" class="btn btn-info btn-sm">By Gender</button> 

              <button type="button" class="btn btn-info btn-sm dropdown-toggle" data-

toggle="dropdown"> 

                <span class="caret"></span> 

                <span class="sr-only">Toggle Dropdown</span> 

              </button> 

              <ul class="dropdown-menu" role="menu"> 

                <li><a href="?r=gender&s=Male">Male</a></li> 

                <li><a href="?r=gender&s=Female">Female</a></li> 

              </ul> 

            </div>&nbsp;</li> 

    <li> 

        <div class="btn-group"> 

              <button type="button" class="btn btn-info btn-sm">By Health 

Facility</button> 
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              <button type="button" class="btn btn-info btn-sm dropdown-toggle" data-

toggle="dropdown"> 

                <span class="caret"></span> 

                <span class="sr-only">Toggle Dropdown</span> 

              </button> 

              <ul class="dropdown-menu" role="menu"> 

                <!-- <li><a href="?r=gender&s=Male">Male</a></li> 

                <li><a href="?r=gender&s=Female">Female</a></li> --> 

                <?php 

                          $query = DB::getInstance()->query("SELECT * FROM `facility`"); 

                              if ($query->count()){ 

                                  foreach ($query->results() as $list) { 

                                      $pn = $list->hfaci; 

                                      $ig = $list->fid; 

                                      echo "<li><a href='?r=facility&s=$ig'>$pn</a></li>"; 

                                    } 

                                  } 

                                ?> 

              </ul> 

            </div>&nbsp;</li> 

    <li><a href="dataentry"><button type="button" class="btn btn-info btn-

sm">Clear filters</button></a></li> 

  </ol> 

  <div class="panel-body"> 

    <div class="row"> 

      <div class="col-lg-12">       

        <table class="table table-striped table-hover"> 

          <thead style="text-align: left;"> 

            <th>Health Facility</th> 

            <th>Age</th> 

            <th>Gender</th> 

            <th>Status</th> 

            <th>Action</th> 
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          </thead> 

          <tbody> 

            <?php 

      if (isset($_GET['r']) || isset($_GET['s'])) { 

          $filter = $_GET['r']; 

          $filling = $_GET['s']; 

            $query = DB::getInstance()->query("SELECT * FROM reports WHERE 

$filter='$filling' ORDER BY tframe DESC"); 

                if ($query->count()){ 

                foreach ($query->results() as $list) { 

                    $age = $list->age; 

                    $prov = $list->prov; 

                    $gender = $list->gender; 

                    $year = $list->tframe; 

                    $dtyp = $list->dtyp; 

                    $facility = $list->facility; 

                    $rtyp = $list->rtyp; 

                    $rid = $list->rid; 

                    if ($rtyp == 0) { 

                      $rt = "Recorded"; 

                    }elseif ($rtyp == 1) { 

                      $rt = "Symptoms"; 

                    } 

                    $pr = Crypto::provi($prov); 

                    $hf = Crypto::faci($facility);                        

                    echo "<tr> 

                    <td><a href='cases?xi=$rid'>$hf</a></td> 

                            <td>$age</td> 

                            <td>$gender</td> 

                            <td>$rt</td> 

                            <td><a href='trans?rid=$rid'>Delete</a></td> 

                          </tr>"; 
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                  } 

                } 

          }else{ 

            $query = DB::getInstance()->query("SELECT * FROM reports ORDER BY 

added DESC"); 

                if ($query->count()){ 

                foreach ($query->results() as $list) { 

                    $age = $list->age; 

                    $prov = $list->prov; 

                    $gender = $list->gender; 

                    $year = $list->tframe; 

                    $dtyp = $list->dtyp; 

                    $facility = $list->facility; 

                    $rtyp = $list->rtyp; 

                                    $rid = $list->rid; 

                    if ($rtyp == 0) { 

                      $rt = "Recorded"; 

                    }elseif ($rtyp == 1) { 

                      $rt = "Symptoms"; } 

                    $pr = Crypto::provi($prov); 

                    $hf = Crypto::faci($facility); 

                    echo "<tr> 

                    <td><a href='cases?xi=$rid'>$hf</a></td> 

                            <td>$age</a></td> 

                            <td>$gender</td> 

                            <td>$rt</td> 

                            <td><a href='trans?rid=$rid'>Delete</a></td> 

                          </tr>"; 

                  } 

                } 

          }     

          ?> 
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          </tbody> 

        </table> 

      </div> 

    </div> 

  </div> 

 </div>                                   

      </div> 

    </div> 

<div class="modal fade" id="transact" tabindex="-1" role="dialog"> 

  <div class="modal-dialog"> 

    <div class="modal-content">     

        <div class="modal-header "> 

          <button type="button" class="close" data-dismiss="modal" aria-

label="Close"><span aria-hidden="true">&times;</span></button> 

          <h4 class="modal-title"><b> Capture Information</b></h4> 

                </div> 

        <form action="add.php" method="POST" enctype="multipart/form-data"> 

        <div class="modal-body"> 

                    <div class="row">                     

                      <div class='col-lg-12'> 

                        <label>Health Facility of Treatment</label> 

                        <select class="form-control" name="facility"> 

                          <option>Select Facility...</option> 

                          <?php 

                          $query = DB::getInstance()->query("SELECT * FROM `facility`"); 

                              if ($query->count()){ 

                                  foreach ($query->results() as $list) { 

                                      $pn = $list->hfaci; 

                                      $ig = $list->fid; 

                                      echo "<option value='$ig'>$pn</option>"; 

                                    } 

                                  } 
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                                ?> 

                        </select><br><br><br> 

                      </div> 

                      <h5>Section A: BIO DATA AND HOST 

CHARACTERISTICS</h5><br> 

                      <div class='col-lg-12'> 

                        <label>1. How old are you (age at last birthday)?</label> 

                        <input type='text' class='form-control' required placeholder='Age' 

name='age' /><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>2. Sex (record as observed)?</label> 

                        <select required class='form-control' name='gender'> 

                          <option value='Male'>Male</option> 

                          <option value='Female'>Female</option> 

                        </select> 

                        <br> 

                      </div> 

                       <div class='col-lg-12'> 

                        <label>3. Did you suffer from any disease in the last 12 months 

before you started treatment for TB?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='immune' id="AYes" 

onchange="SectionA(this.id);" value='Yes'> Yes</li> 

                          <li><input type='radio' name='immune' id="ANo" 

onchange="SectionA(this.id);" value='No'> No</li> 

                        </ul> 

                        <br> 

                      </div> 

                      <div class='col-lg-12' id="a"> 

                        <label>4. If Yes to (3), what disease(s) or health complication(s) did 

you suffer from? </label> 

                        <textarea class='form-control' rows='3' placeholder='Diseases' 

name='disea' /></textarea><br> 
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                      </div> 

                      <div class='col-lg-12'> 

                        <label>5. How many meals did you have each day in the last 12 

months before you started TB treatment?</label> 

                        <input type='text' class='form-control' required placeholder='Meals' 

name='meals' /><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>6. Did your meals include?</label><br> 

                        i.  Proteins  

                        <ul class='list-inline'> 

                          <li><input type='radio' name='proti' value='Yes'> Yes</li> 

                          <li><input type='radio' name='proti' value='No'> No</li> 

                        </ul><br> 

                        ii. Fruits and vegetables?  

                        <ul class='list-inline'> 

                          <li><input type='radio' name='fruveg' value='Yes'> Yes</li> 

                          <li><input type='radio' name='fruveg' value='No'> No</li> 

                        </ul><br><br><br> 

                      </div> 

                      <h5>Section B: PROXIMITY AND DURATION OF 

EXPOSURE</h5><br> 

                      <div class='col-lg-12'> 

                        <label>1. Do remember being with a person who was on TB 

treatment or who was coughing, complained of having fever and chest pains or was 

unintentionally losing weight before you started feeling unwell?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='infec' id="BYes" 

onchange="SectionA(this.id);" value='Yes'> Yes</li> 

                          <li><input type='radio' name='infec' id="BNo" 

onchange="SectionA(this.id);" value='No'> No</li> 

                        </ul><br> 

                      </div> 

                      <div class='col-lg-12' id="b"> 
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                        <label>2. If Yes to (1), were you staying in the same home, close 

neighbourhood or spent time together because you needed to be in the same place 

(e.g. school, work, church etc) with that person?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='proxi' id="BYes2" 

onchange="SectionA(this.id);" value='Yes'> Yes</li> 

                          <li><input type='radio' name='proxi' id="BNo2" 

onchange="SectionA(this.id);" value='No'> No</li> 

                        </ul><br> 

                      </div> 

                      <div class='col-lg-12' id="b2"> 

                        <label>3. If Yes to (2), how often were you together with that 

person?</label> 

                        i. Days in a Week<br> 

                        <input type='text' class='form-control' placeholder='Days in a week' 

name='days' /><br> 

                        ii. Hours of that day<br>  

                        <input type='text' class='form-control' placeholder='hours of that day' 

name='hours' /><br><br><br> 

                      </div> 

                    <h5>Section C: ENVIRONMENTAL FACTORS</h5><br> 

                      <div class='col-lg-12'> 

                        <label>1. Approximately how many people do you remember sharing 

space with (e.g. at school, work, church, bar)</label> 

                        <input type='text' class='form-control' required 

placeholder='Crowding' name='ecrowd' /><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>2. How many people were you staying with in the house 

before you started feeling unwell? </label> 

                        <input type='text' class='form-control' required placeholder='Living 

Space' name='hcrowd' /><br> 

                      </div>                       

                      <div class='col-lg-12'> 

                        <label>3. How many rooms did you house have before you started 

feeling unwell </label> 
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                        <input type='text' class='form-control' required placeholder='Rooms' 

name='rooms' /><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>4. Did your house, workplace, tavern, church or any other 

place you used to spend time at have openable windows?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='vent' id="CYes" 

onchange="SectionA(this.id);" value='Yes'> Yes</li> 

                          <li><input type='radio' name='vent' id="CNo" 

onchange="SectionA(this.id);" value='No'> No</li> 

                        </ul><br> 

                      </div> 

                      <div class='col-lg-12' id="c"> 

                        <label>5. If Yes to (4), were these windows kept open at the time you 

used to be there?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='venti' value='Yes'> Yes</li> 

                          <li><input type='radio' name='venti' value='No'> No</li> 

                        </ul><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>6. What is your occupation (before you started TB 

treatment)</label> 

                        <input type='text' class='form-control' required 

placeholder='Occupational Risk' name='risk' /><br> 

                      </div> 

                      <div class='col-lg-12'> 

                        <label>7. Were you smoking before you started TB 

treatment?</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='smok' value='Yes'> Yes</li> 

                          <li><input type='radio' name='smok' value='No'> No</li> 

                        </ul><br> 

                      </div> 
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                      <div class='col-lg-12'> 

                        <label>8. Were you drinking alcohol before you started TB 

treatment</label> 

                        <ul class='list-inline'> 

                          <li><input type='radio' name='alc' value='Yes'> Yes</li> 

                          <li><input type='radio' name='alc' value='No'> No</li> 

                        </ul><br> 

                      </div> 

                      <div class="col-lg-12"> 

                        <label>GPS Coordinates</label> 

                        <span id="demo"><input type='text' disabled id='demo' class='form-

control' /></span><br> 

                      </div> 

                    </div>                

             </div> 

                  <div class="modal-footer"> 

              <button type='submit' class='btn btn-danger btn-md' style='width: 100%;' 

>Post Data</button> 

             </div> 

           </form> 

                  </div> 

              <!-- /modal-content --> 

            </div> 

            <!-- /modal-dailog --> 

          </div> 

          <!-- / add modal --> 

<div class="modal fade" id="tr2" tabindex="-1" role="dialog"> 

  <div class="modal-dialog modal-sm"> 

    <div class="modal-content">     

        <div class="modal-header "> 

          <button type="button" class="close" data-dismiss="modal" aria-

label="Close"><span aria-hidden="true">&times;</span></button> 

          <h4 class="modal-title"><b> Health Facilities</b></h4> 
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        </div> 

        <form action="hf.php" method="POST" enctype="multipart/form-data"> 

        <div class="modal-body">                  

                    <div class="row" > 

                      <div class='col-lg-12'> 

                        <label>Health Facility Name</label> 

                        <input type='text' class='form-control' required placeholder='Health 

Facility Name' name='hfaci' /> 

                      </div> 

                   </div>          

             </div> 

             <div class="modal-footer"> 

              <button type='submit' class='btn btn-info btn-md' style='width: 100%;' 

>Post Data</button> 

             </div> 

                   </form> 

                  </div> 

              <!-- /modal-content --> 

            </div> 

            <!-- /modal-dailog --> 

          </div> 

          <!-- / add modal --> 

</div><!-- class web_wrapper ends --> 

<!--  

 This code shows location on map 

--> 

   <script> 

// Initialize and add the map 

function initMap() { 

  // The location of Uluru 

  var uluru = {lat: <?php if(@$lat == NULL){echo "-15.3875";}else{echo @$lat;} 

?>, lng: <?php if(@$longi == NULL){echo "28.3228";}else{echo @$longi;} ?>}; 

  // The map, centered at Uluru 
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  var map = new google.maps.Map( 

      document.getElementById('mapz'), {zoom: 14, center: uluru}); 

  // The marker, positioned at Uluru 

  var marker = new google.maps.Marker({position: uluru, map: map}); 

} 

    </script> 

    <script async defer 

    src="https://maps.googleapis.com/maps/api/js?key= 

AIzaSyDSHnm4kyderUWM1XPexa_7ArtCE6V0mYI&callback=initMap"> 

    </script> 

<!--  

 This code gets current location 

--> 

 <script> 

var x = document.getElementById("demo"); 

function getLocation() { 

  if (navigator.geolocation) { 

    navigator.geolocation.getCurrentPosition(showPosition, showError); 

  } else { 

    x.innerHTML = "Geolocation is not supported by this browser."; 

  } 

} 

getLocation(); 

function showPosition(position) { 

  x.innerHTML = "<input type='hidden'  class='form-control' name='lat' 

value='"+position.coords.latitude+"' /><br><input type='hidden'  class='form-

control' name='longi' value='"+position.coords.longitude+"' />Latitude: " + 

position.coords.latitude + 

   "<br>Longitude: " + position.coords.longitude; 

} 

function showError(error) { 

  switch(error.code) { 

    case error.PERMISSION_DENIED: 
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      x.innerHTML = "User denied the request for Geolocation." 

      break; 

    case error.POSITION_UNAVAILABLE: 

      x.innerHTML = "Location information is unavailable." 

      break; 

    case error.TIMEOUT: 

      x.innerHTML = "The request to get user location timed out." 

      break; 

    case error.UNKNOWN_ERROR: 

      x.innerHTML = "An unknown error occurred." 

      break; 

  } 

} 

</script>  

<script type="text/javascript"> 

  function SectionA(id){ 

    var qid = id; 

    if(qid == 'ANo'){ 

      document.getElementById("a").style.display="none"; 

    }else if(qid == 'AYes'){ 

      document.getElementById("a").style.display="block"; 

    } 

    if(qid == 'BNo'){ 

      document.getElementById("b").style.display="none"; 

      document.getElementById("b2").style.display="none"; 

    }else if(qid == 'BYes'){ 

      document.getElementById("b").style.display="block"; 

      document.getElementById("b2").style.display="block"; 

    } 

    if(qid == 'BNo2'){ 

      document.getElementById("b2").style.display="none"; 

    }else if(qid == 'BYes2'){ 
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      document.getElementById("b2").style.display="block"; 

    } 

    if(qid == 'CNo'){ 

      document.getElementById("c").style.display="none"; 

    }else if(qid == 'CYes'){ 

      document.getElementById("c").style.display="block"; 

    } 

      } 

</script> 

</body> 

</html> 

 

GEO DISPLAY OF TB CASES ON A GOOGLE MAPPING API 

<script type="text/javascript" 

src="https://maps.googleapis.com/maps/api/js?key=AIzaSyDSHnm4kyderUWM1X

Pexa_7ArtCE6V0mYI"></script> 

<script type="text/javascript"> 

var map; 

var center = new google.maps.LatLng(-13.414413, 28.476564); 

var geocoder = new google.maps.Geocoder(); 

var infowindow = new google.maps.InfoWindow(); 

var directionsService = new google.maps.DirectionsService(); 

var directionsDisplay = new google.maps.DirectionsRenderer(); 

function init() { 

var mapOptions = { 

zoom: 6, 

center: center, 

mapTypeId: google.maps.MapTypeId.ROADMAP 

} 

map = new google.maps.Map(document.getElementById("map_canvas"), 

mapOptions); 

directionsDisplay.setMap(map); 

directionsDisplay.setPanel(document.getElementById('directions_panel')); 
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// Detect user location 

if(navigator.geolocation) { 

navigator.geolocation.getCurrentPosition(function(position) { 

var userLocation = new 

google.maps.LatLng(position.coords.latitude,position.coords.longitude); 

geocoder.geocode( { 'latLng': userLocation }, function(results, status) { 

if (status == google.maps.GeocoderStatus.OK) { 

document.getElementById('start').value = results[0].formatted_address; 

} 

}); 

}, function() { 

alert('Geolocation is supported, but it failed'); 

}); 

} 

makeRequest('get_location.php', function(data) { 

var data = JSON.parse(data.responseText); 

var selectBox = document.getElementById('destination'); 

for (var i = 0; i < data.length; i++) { 

displayLocation(data[i] 

); 

addOption(selectBox, data[i]['id'], data[i]['address']); 

} 

}); 

} 

function displayLocation(location) { 

var content =   '<div class="infoWindow"><strong>'  + location.id + '</strong>' 

+ '<br/>'     + location.gender  

+ '<br/>'     + location.age + '</div>'; 

if (parseInt(location.lat) == 0) { 

geocoder.geocode( { 'address': loaction.address }, function(results, status) { 

if (status == google.maps.GeocoderStatus.OK) { 

var marker = new google.maps.Marker({ 
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map: map, 

position: results[0].geometry.location, 

title: location.id 

}); 

google.maps.event.addListener(marker, 'click', function() { 

infowindow.setContent(content); 

infowindow.open(map,marker); 

}); 

/* Save geocoding result to the Database 

var url =   'set_coords.php?id=' + location.id 

+ '&amp;lat=' + results[0].geometry.location.lat() 

+ '&amp;lon=' + results[0].geometry.location.lng(); 

makeRequest(url, function(data) { 

if (data.responseText == 'OK') { 

// Success 

} 

});*/ 

} 

}); 

} else { 

 

var position = new google.maps.LatLng(parseFloat(location.lat), 

parseFloat(location.longi)); 

var marker = new google.maps.Marker({ 

map: map, 

position: position, 

title: location.id 

}); 

google.maps.event.addListener(marker, 'click', function() { 

infowindow.setContent(content); 

infowindow.open(map,marker); 

}); 
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} 

} 

function addOption(selectBox, text, value) { 

var option = document.createElement("OPTION"); 

option.text = text; 

option.value = value; 

selectBox.options.add(option); 

} 

function calculateRoute() { 

var start = document.getElementById('start').value; 

var destination = document.getElementById('destination').value; 

if (start == '') { 

start = center; 

} 

var request = { 

origin: start, 

destination: destination, 

travelMode: google.maps.DirectionsTravelMode.DRIVING 

}; 

directionsService.route(request, function(response, status) { 

if (status == google.maps.DirectionsStatus.OK) { 

directionsDisplay.setDirections(response); 

} 

}); 

} 

function makeRequest(url, callback) { 

var request; 

if (window.XMLHttpRequest) { 

request = new XMLHttpRequest(); // IE7+, Firefox, Chrome, Opera, Safari 

} else { 

request = new ActiveXObject("Microsoft.XMLHTTP"); // IE6, IE5 

} 
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request.onreadystatechange = function() { 

if (request.readyState == 4 && request.status == 200) { 

callback(request); 

} 

} 

request.open("GET", url, true); 

request.send(); 

} 

//]]> 

</script> 

</head> 

<body onload="init();"> 

<h1>Tuberculosis Cases Geographical Distribution</h1> 

<form id="services"> 

Location: <input type="text" id="start" /> 

Destination: <select id="destination" onchange="calculateRoute();"></select> 

<input type="button" value="Display Directions" onclick="calculateRoute();" /> 

</form> 

<section id="sidebar"> 

<div id="directions_panel"></div> 

</section> 

<section id="main"> 

<div id="map_canvas" style="width: 100%; height: 500px;"></div> 

</section> 

</body> 

</html> 


