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Abstract: 

 
Approximately one-third of the world’s population is 

infected with the bacteria that cause tuberculosis (TB). 

99.9% of human DNA is similar & 0.1% dissimilar this is 

because of Single Nucleotide Polymorphism (SNP). SNPs 

are the efficient way of identifying the genes implicated to 

common complex diseases. In this paper particular SNPs 

relevant to TB can obtained from F-SNP database which 

can be helpful in making SNP profile of TB patients, having 

coded information (different types of SNP) of each 

individual. If the SNP information available on the GIS, it 

can be used by physicians, health care providers and 

government to find out genetic origin of TB, susceptibility 

of patient towards that them and drugs to treat them. 

Physicians can use the SNP medical card as a powerful tool 

in designing the individual drug and dosage regimen, 

prediction of drug ADR related to particular patient. 
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1. Introduction 

 
One third of the world’s population is infected with the bacteria that cause tuberculosis (TB), Mycobacterium tuberculosis. One 

in 10 of those infected are estimated to progress to active TB disease. Thus, TB is a significant cause of morbidity and mortality 

and causes ∼2 million deaths annually 
[1-2]

. Various programs are been running to eradicate TB from India like National 

Tuberculosis Eradication Program (NTPE) and Revised Tuberculosis Control Program (RNTCP) but still it seams a herculean task to 

remove it from our country. Specifically, several polymorphic-derived deletions and point mutations of the human homologue of 

the murine natural resistance–associated macrophage protein 1 (NRAMP1) gene 
[3]

, the vitamin D receptor (VDR) gene 
[4]

, the 

interleukin (IL)–1 gene cluster 
[5]

, and the IL-10 
[6]

 and tumor necrosis factor (TNF)–a 
[7]

 genes have been associated with 

susceptibility or resistance to TB in different ethnic groups, although none of these genetic associations has been shown to have 

any relevant functional effect on the containment of M. tuberculosis by the host immune system. 

 

Recent advancement in pharmacogenomics provides various promising approaches in medical fields. Nowadays genetic basis of 

treating diseases is widely in use and have a great future. Discovery of drugs and drugs to be prescribed to the patient is done 

recently by reading patient DNA sequence. 
[8] 

For example: polymorphisms in the cytochrome P450 CYP2C9 with warfarin dose 

requirement and risk of bleeding complications.
 [9] 

After the completion of Human Genome Project (HGP) mapping of DNA 

sequence helped in deciphering the various enigmas of disease origin and their treatment. One of its fruit is SNP which is a point 

variation in the base pair sequence in DNA. It has been found that 99.9% of human DNA is similar & 0.1% dissimilar this is 

because of Single Nucleotide Polymorphism (SNP). 
[10]  

 

In the HGP more than 1.4 million of SNPs in the human genome have being identified. 
[11] 

The SNPs are the efficient way of 

identifying the genes implicated common complex diseases like CNS disorders, cancer, cardiovascular diseases, Type I diabetes, 

multiple sclerosis. 
[12]

 Pluralities of database are been available on the internet which contains SNP information relevant to 

particular disease. This will give a new dimension in the health system. But still this technique has not reached to the masses 

becoming one of the major follies in the health system. 

 

1.1 Geo Informatics System (GIS) 

 
Geo Informatics System (GIS) is a system of hardware, software and procedures to facilitate the management, manipulation, 

analysis, modeling, representation and display of geo-referenced data to solve complex problems regarding planning and 

management of resource. 
[13] 

Nowadays GIS has been used in health area especially in epidemiology and public health. 
[14, 15] 

It 

has being used in mapping disease spread, determining areas of prevalence and identifying the population at risk. This science 

and technology has abilities such as receiving and transferring the data between sources, organizing data, timely receiving and 

showing, processing and merging various data and their ability of offering multipurpose services.  

 

1.2 GIS in public health management 

 
GIS is now been applicable in health field also like determination of the number of private health practitioners in India.

[16] 
Many 

diseases occur in human society but policies and regulations will help in preventing the lessening of disease occurrence. To map 

and monitor the time and location of disease happening, the special data is collected which are in the form of point representing 

regions along with disease statistics. 
[17] 

The relationships between the intensity of the disease and causing factors will be 

modeled using geo-statistical tools in GIS. Such models will be used to prioritize not only the affecting factors of diseases but also 

the action and regulation required for controlling the disease. Furthermore, appropriate disease history is available which 

provides a proper medication to the patient. GIS will also help in the spatial representation of the vulnerable population and 

disease ‘hotspots’ which can provide useful information to health care planners, administrators and professionals to derive 

mitigation plans.   

 

1.3 Objective 
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The present paper attempts to present the possible advantages of using GIS as a decision support tool for curing of the 

tuberculosis patient in the two distinctive areas of health i.e. epidemiology and health care. It provides patient oriented 

medication as the user will view and control the map features directly through the internet. By providing SNP information 

available on the individual medical card as well as on the GIS system will help us getting relevant medical information of a wide 

range of TB patients resulting in proper health facilities. Moreover, also assist health care providers and physicians for quick and 

easy medication of the patient. 

 

1.4 Problems in health GIS  
 

Many reasons are offered for the lack of incorporation of GIS technologies. The majority of these are concerned with the end-

users of GIS and a lack of consideration of their needs.
[19, 20]

 Another reason is the limited exposure of Health care professionals 

to  GIS application software and the perceived notion that the time required to learn and understand its functionality is very 

much.
[18, 20] 

 

Furthermore, GIS may be viewed as an undemocratic technology 
[21]

, as it may broaden the gaps between the powerful and less 

empowered people because of difficulty to access the data and technology by the poor. Those in power will use the surveillance 

capabilities to which other sectors of the population do not have access.
[22]

 Participatory GIS is a field of study and application 

that has emerged from the criticism of GIS and power structures. Participatory GIS or community integrated GIS refers to a 

methodology that allows systems (GIS) to address the needs of people who are concerned with participation in decision 

making.
[23] 

 

2 Material and methods 

 

2.1 Medical card  

 
Medical or smart card is a plastic card in the size of a credit card that one or more chips are used in it as aggregated services. 

There can be also be one or more technologies such as magnetic strips, bar codes, biometric information and image recognition, 

which will be done by machines, used in it. The combination of common plastic cards and a microprocessors, allows large 

information to be stored, processed and accessible online and offline. 

 

2.2 Types of smart cards  
 

There are two of smart cards 1- Memory cards that only include non-overflowable memory and some processes in order to 

provide security and 2- CPU cards which include a CPU and overflowable too. 
[24] 

 

2.3 Amount of data stored in Medical Cards 
 

Smart card will store more data than the normal cards (Magnetic strips) and by storing encoding algorithms, they will also 

improve the security of transfers. The data stored on an IC chip is transferred by means of an electronic module that is 

connected to a terminal or a card reader device or by a magnetic field.
[24] 

 

3. Functionality of Cards  

 
3.1 Operating System: the new pattern and programming in the operating system of medical card is CardJava.

[25]
 This operating 

system is made by Sun Microsystem Company. Other operating systems that will be named as developed for smart cards are 

MULTOS (Multi-Application Operating System) and SmartCard for Windows.
[26] 

3.2 Programming Language: many programming language (Application Programming Interface) have been developed for smart 

cards. Some of them are: GlobalPlatform/OpenCard/SC-PC/CT-API. 

3.3 Medical card security: All data and passwords stored on the card can be erased or modified by an unusual voltage supply, 

heating, UV light supply and physical attacks. These threats can remove the security code or erase the data stored. So the 

card will be secured by providing Operating System security, PIN number and Software security. 
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3.4 Preparation of a Card 

 
SNP discovered in the HGP and the newly discovered SNPs are stored in the SNPs like Functional Single Nucleotide Polymorphism 

(F-SNP) and will act as markers in the search for the origin of TB.
[27] 

F-SNPs database integrates information obtained from 16 

bioinformatics tools and databases about the functional effects of SNPs.
[28]

 Another distinguishing feature of the F-SNP database 

is its integration of human-disease databases to facilitate identification of potential disease-causing SNPs as genetic markers in 

association studies.
[29]

 The current version of the F-SNP database contains the functional information for 559,322 SNPs in 18,282 

genes relevant to 85 major human diseases.
[27]

 So F-SNP provides us a good database where we will extract good information 

about the particular SNP. 

 
In this process SNP of individual person is identified. Particular SNPs relevant to particular disease will be obtained from F-SNP 

database which will be helpful in making SNP profile of each individual. SNP profile has the coded information (different types of 

SNP) of a particular patient. According to the profile SNP medical card of each individual is produced which comprises of coded 

information as a unique identity of the patient. It will be helpful in revealing medical history from centralized database, genetic 

origin of disease, susceptibility of patient towards the disease and drugs to treat them. 

 

SNP profile on the basis of SNPs will be made. Groups may be formed on the basis of different SNP profile. According to these 

SNPs profiles, we will produce identification cards/medical cards of each group uniquely. These medical cards are having some 

coded information of SNP and unique identity of patient. This identity may be used to track the medical history of the patient 

from centralized database. The SNP information is made available on the internet or GIS database where the data is stored and 

can also be manipulated.  According to the number of people it uses has been divided into two categories i.e. on community 

basis and on individual basis. Fig: 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig: 1 – Division of people according to their SNPs profiles. 

 

3.4.1 On Community Basis 

 
It involves a large scale use of GIS where the evaluation of spreading and detecting of epidemic disease will be done. SNP 

information are made available on the GIS will be used by physicians, health care providers and government to find out various 

drug related aspects like genetic origin of disease, susceptibility of patient towards that disease, drugs to treat them and 
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vaccination in the epidemics. 
[30]

 Moreover, the above information provides data and so helps health policy makers and policy 

implementers to provide physical and financial help to the particular region relevant to particular SNP groups. Fig: 2. 

 

3.4.2 On Individual basis 

 
SNP medical card will also act as a powerful tool for the physician so that it’s easy for them to design the individual drug and 

dosage regimen, predicting ADR of drug related to particular patient,
[31]

 helpful in conducting individual patient vaccination and 

immunization program especially for those person on which normal vaccine is ineffective.
[32, 33]

 Allergies related to particular 

drug shown only in some patients will also be predicted. For instance, SNP medical card is also helpful in getting information 

about the inheritance of disease.
[34] 

Fig: 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig: 2 – Uses of SNPs on Individual and Community Basis. 

 

3.5  Recommended GIS Software 

 
In view of the perceived importance of representing the SNP data on a GIS, the requirement is for powerful software that 

provides not just an advanced and standards based GIS framework but powerful analytical capabilities. In this regard, the 

authors recommend the use of ArcGIS suite of products. 

 

Esri ArcGIS provides advanced and state-of-the-art GIS capabilities for data generation, management, manipulation, analysis and 

dissemination. ArcGIS suite of products with their robust and ease-of-use tools and capabilities will enable Healthcare planners 

and professionals to create, manipulate and analyse spatially the epidemiological aspects across population. The capabilities of 

the ArcGIS product suite will not only enable establishing a standards based secure Health GIS infrastructure but will also help 

wider dissemination through its web capabilities. Using the capability to publish standards based web-services, Health 

professionals can ensure wider distribution of data and also integration with multiple data systems like Census information and 

Socio-economic conditions. The web enablement capability provided by ArcGIS will help sensitize the target community and 

ensure greater community participation, which is critical for successful mitigation. 
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With respect to the present study, ArcGIS will help to link the SNP data to create maps; compile geographic variation; analyze the 

mapped SNP information and share the information with wide audience, including the affected community.   

4. Discussion  

In India GIS has been used in decision support to control malaria in Koraput district in Orissa. 
[35] 

If we have a vigil on the present 

health care management some of the well developed countries have contributed a lot in this field. GIS has been applicable in 

many European countries and have improved a lot. But in developing country like India, where only 2% of its budget is spent on 

the health system, it is a very difficult to successfully start and run this system on a grand scale. Finding individual SNP, formation 

of medical card, data storage and data management on GIS requires a substantial amount of financial aid, sophisticated and 

technical workers, and efficient management system. But still in India GIS has been used like investigation of diarrohea by using 

by GIS in a village of southern India. 
[36]

 Moreover, GIS has been used in water supply and sanitation practices in India in village of 

India. 
[37]

 The study aims to create a comprehensive geospatial database linking health status of rural populations along with 

their social, cultural and environmental characteristics. Using this information, a community health index that will predict the 

health outcome of communities for a given set of physical and social factors will be devised. This information will then be 

provided back to community representatives, district and state policy makers to effect policy changes at the peripheral levels. 

5. Conclusion: 

According to the mentioned issues, it can be concluded that GIS based medical card will be suitable equipment for patient 

medical record. In addition to saving on expenses and human force, they provide better managing of distribution, control and 

guidance in health and medical services weather in the medical section or in facilities, equipment and services offering centers. 

Apart from medical and clinical tools, national programs like NTEP and RNTCP for such a huge country as India also need state of 

the art management and planning tool. Furthermore, it provides the ability of recognition, definition and good performance in 

short span of time.  

 

6. References: 

 
1. Porter JD, McAdam KP. The re-emergence of tuberculosis. Annu Rev Public Health 1994;15:303–23. 

2. Bloom BR, Murray CJ. Tuberculosis: commentary on a reemergent killer. Science 1992;257:1055–64. 

3. Bellamy R, Ruwende C, Corrah T, McAdam KP, Whittle HC, Hill AV. Variations in the NRAMP1 gene and susceptibility to 

tuberculosis in West Africans. N Engl J Med 1998;338:640–4. 

4. Bellamy R, Ruwende C, Corrah T, et al. Tuberculosis and chronic hepatitis B virus infection in Africans and variation in 

the vitamin D receptor gene. J Infect Dis 1999;179:721–4. 

5. Wilkinson RJ, Patel P, Llewelyn M, et al. Influence of polymorphism in the genes for the interleukin (IL)–1 receptor 

antagonist and IL-1b on tuberculosis. J Exp Med 1999;189:1863–74. 

6. Bellamy R, Ruwende C, Corrah T, McAdam KP, Whittle HC, Hill AV. Assessment of the interleukin 1 gene cluster and 

other candidate gene polymorphisms in host susceptibility to tuberculosis. Tuber Lung Dis 1998;79:83–9. 

7. Selvaraj P, SriramU,MathanKurian S,ReethaAM,Narayanan PR.Tumour necrosis factor a (238 and 308) and b gene 

polymorphisms in pulmonary tuberculosis: haplotype analysis with HLA-A, B and DR genes.Tuberculosis 2001;81:335–

41. 

8. Haga H, Yamada R, et al. Gene-based SNP discovery as part of the Japanese Millennium Genome Project: identification 

of 190 562 genetic variations in the human genome. J Hum Genet. 2002 Aug 27; 47(11):605-10. 

9. Aithal G P, Day C P, et al. Association of polymorphisms in cytochrome p450 CYP2C9 with warfarin dose requirement 

and risk of bleeding complications. Lancet. 1999,353; 717-9. 

10. Kwok PY. Single Nucleotide Polymorphisms: methods and protocols. New Jersey: Humana Press Inc.; 2003. 

11. Rahman AA, Zlatanova S, Coors V. Innovations in 3D Geo Information Systems. New York: Springer; 2006. 

12. Barnes S, Peck A. Mapping the future of health care: GIS applications in health care analysis.Geographic Information 

Systems. 1994;4:31–33. 

13. Clarke KC, McLafferty SL, Tempalski BJ. On epidemiology and geographic information systems: A review and discussion 

of future directions. Emerging Infectious Diseases.1996;2:85–92. 



  
 
 12

th
 Esri India User Conference 2011                                

                                                               

   Page 7 of 7 

 

14. Mallick RK, Routray JK: Identification and accessibility analysis of rural service centres in Kendrapara District, Orissa, 

India; a GIS-based application. JAG 2001;3:99-105. 

15. Mesgari MS, Masoomi Z. GIS Applications in Public Health as a Decision Making Support System and It’s Limitation in 

Iran. World Applied Sciences Journal 2008;3(1):73-7. 

16. Rob MA: Some challenges of integrating spatial and non-spatial datasets using geographical information system.  

Information Technology for Development 2003, 10:171-8. 

17. Nemeth C, Nunnally M, O'Connor M, Klock PA, Cook R: Getting to the point: developing IT for the sharp end of 

healthcare.  J Biomed Inform 2005, 38(1):18-25. 

18. Magruder C, Burke C, Hann NE, Ludovic JA: Using information technology to improve the Public Health System.   J Public 

Health Manag Pract 2005, 11(2):123-30. 

19. Obermeyer NJ: The Evolution of Public Participation GIS.  Cartography and Geographic Information Systems 1998, 25:65. 

20. Craig WJ, Harris TM, Weiner D: Community participation and geographic information systems.  London: Taylor and 

Francis; 2002. 

21. Nyerges T, Jankowski P, Drew C: Data-gathering strategies for social behavioral research about participatory 

geographical information system use.  International Journal of Geographical Information Science 2002, 16:1-22. 

22. Haghiri Y, Tarantino T. Smart card manufacturing: a practical guide. New York. John Wiley & Sons; 2002. 

23. Oracle. Java Card Technology Overview [Online]. 2008 [cited 2011 Jun 6]; Available from: URL: 

http://www.oracle.com/technetwork/java/javacard/overview/overview-jsp-135353.html. 

24. Windows. Smartcard for Windows. [Online]. 2011 [cited 2011 Jun 6]; Available from: URL: 

http://msdn.microsoft.com/en-us/windows/hardware/gg487492. 

25. Oracle. Java Card Technology Overview [Online]. 2008 [cited 2011 Jun 6]; Available from: URL: 

http://www.oracle.com/technetwork/java/javacard/overview/overview-jsp-135353.html. 

26. Windows. Smartcard for Windows. [Online]. 2011 [cited 2011 Jun 6]; Available from: URL: 

http://msdn.microsoft.com/en-us/windows/hardware/gg487492. 

27. Queens University [Online]. 2007 Aug [cited 2011 Feb 20]; Available from: URL:http://compbio.cs.queensu.ca/F-SNP/. 

28. Lee PH, Shatkay H. F-SNP: computationally predicted functional SNPs for disease association studies. Nucleic Acid 

Research 2008;36(1):820-4. 

29. Johnson GCL, Esposito L. Haplotype tagging for the identification of common disease genes. Nature genetics 2001 

Oct;29:233-7. 

30. Wang C, Tang J. HLA and cytokine gene polymorphisms are independently associated with responses to hepatitis B 

vaccination. Hepatology 2004 Apr;39(4):978–88. 

31. Güzey C, Spigset O. Genotyping of drug targets: a method to predict adverse drug reactions? Drug Safety. 

2002;25(8):553-60. 

32. Sauerbrei A, Rubtcova E et. Al. Genetic Profile of an Oka Varicella Vaccine Virus Variant Isolated from an Infant with 

Zoster. J Clin Microbiol. 2004 Dec; 42(12): 5604–5608. 

33. Dhiman N, Haralambieva IH. SNP/haplotype associations in cytokine and cytokine receptor genes and immunity to 

rubella vaccine Springer link. 2010; 62(4): 197-210. 

34. Altshuler D, Daly MJ. Genetic Mapping in Human Disease. Science 2008 Nov 8; 322(5903): 881-8. 

35. Daash A, Srivastava A, Nagpal BN, Saxena R, Gupta SK.. Geographical information system (GIS) in decision support to 

control malaria – a case study of Koraput district in Orissa, India. J Vector Borne Dis 2009 Mar;46:72–77. 

36. Sarkar R, Prabhakar AT, Manickam S. Epidemiological investigation of an outbreak of acute diarrhoeal disease using 

geographic information systems. Royal Society of Tropical Medicine and Hygiene 2007;101:587—593. 

37. Sankar G, Govindharan BK. Study of water supply & sanitation practices in India using geographic information systems: 

some design & other considerations in a village setting. Indian J Med Res. 2009 Mar;129(3):233-41. 


