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ABSTRACT

The use of GIS for epidemiological studies is recent development in Turkey. Although there are several GIS applications for public services, epidemiological applications are not executed except for Universities because Turkish Epidemiologist generally studies by conventional methods. This study aims to introduce the epidemiological GIS applications executed in Turkey in Istanbul Technical University. The paper is structured in four main parts, which are general introduction, case studies of Istanbul, results / benefits for Turkey and finally discussion and conclusions. According to this structure, a general introduction of epidemiology, GIS and their integration are briefly explained and existing position of Turkey in terms of epidemiological works are introduced in the first part of the paper. In the second part of the paper, three basic interdisciplinary GIS applications are explained. These studies are all about the general procedure of using GIS for tracking of measles distribution, vaccination services conducted by public health services and introducing the epidemiological aspects of air pollution in Istanbul. In the following parts of the study, the general results and benefits for Turkey are discussed based on the presented studies. Also, importance of GIS and cartographic products of this technology for other disciplines are taken in to further consideration in this paper. 
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1. INTRODUCTION 
Medical Geography is the branch of Human Geography that deals with the geographic aspects of health and healthcare by executing studies on geographical distribution and causes of diseases linked with natural environment-man interactions, the percentage of population under risk, and the healthcare services available in these geographies as a whole. Geographical epidemiology and spatial analysis of health planning and distribution of health services are considered as two approaches used by medical geography to succeed its task (Ergun and Sarac, 2006; Timor, 1996). Epidemiology is the scientific study of the spread and control of diseases as a function of time and location. In this concept, patterns of a disease on people in their healthy and un-healthy periods are followed and their histories of illness are tracked by the epidemiologists especially by considering the location and temporal aspects of the illness (Busgeeth and Rivett 2004; Jerrett et al. 2003). 
In recent years, there have been considerable improvements on stated approaches in accordance with the integration of geospatial sciences to medical geography especially in terms of applications executed on epidemiology and heath-care services. Because medical geography approaches aim to organize health and heath-care issues by considering both geospatial and environmental aspects, use of Geographic Information Systems (GIS) has significantly added value to these studies with its capabilities on capturing, storing, managing, and manipulating the spatial data. Additionally, several tools for executing spatial analysis (buffer, overlay, proximity, network and etc.), programming environments to customize and extend existing algorithms and to create new analysis tools, and mapping and visualization tools to communicate the results of analysis make GIS to be considered as an indispensable part of researches on medical geography. When visualization capabilities of GIS are considered, the importance of the cartographic knowledge should also be emphasized for obtaining best products presenting related phenomena. Cartographic visualization involves linking attribute data such as mortality rates, pollution estimates, or educational levels to locations measured in a coordinate system. Maps produced by linking attributes to coordinate systems help to generate hypotheses about potential relationships between environmental phenomena and health outcomes. Visualizing some aspect of the effect (e.g., mortality) by using map-based techniques such as “dot, dot density, choropleth, or isopleths” maps and etc. gives clues about possible causes of disease. Using map-based techniques also enables officials to educate the public and policy makers easily and effectively by conveying complex information in a more understandable format (Jerrett et al 2003; Kraak and Ormeling, 2006). 

There is a large volume of literature relating to the use of GIS for medical geography purposes. For example; Wilkinson et al (1998), Albert et al (2000), Cromley and McLafferty (2002), Bazemore et al (2003), Guagliardo (2004), Black et al (2004) executed studies for planning and developing health and healthcare services, while Jerrett et al (2003), Kaushal and Johnson (2003), Nuckols et al (2004), and Busgeeth and Rivett (2004) studied on epidemiological issues in conjunction with GIS. However the use of GIS for medical purposes is a recent development in Turkey. Although there are several GIS applications for public services, epidemiological applications are not executed except for Universities because most Turkish Epidemiologists generally prefer studying by using conventional methods. Several studies on epidemiology (Colak and Yomralioglu, 2005; Durduran et al, 2005; Ozatan and Durduran, 2006; Kara et al, 2006; Ulugtekin et al 2006; Ulugtekin et al, 2007) and on healthcare services (Ergun and Sarac, 2006; Alkoy et al, 2007) have been executed by the researcher from Turkish Universities since the year of 2004. As a result of the lack of epidemiologists’ interest on GIS technology, some of these studies are being executed individually by geographers or GIS experts. Hence, the reliability of these studies is still polemical in the medical field. Still these attempts should be considered as very important studies to make the conscious of public and epidemiologists on these kinds of interdisciplinary approaches for heath issues.     

In this study, three basic GIS applications executed in Turkey with contributions of cartographers, GIS experts and epidemiologist are explained to introduce recent studies. In the first application the tracking of measles distribution in Gaziosmanpasa district of Istanbul is examined. As well as the database capabilities, spatial analysis tools of GIS mostly used in this application to introduce the distribution and expansion of measles cases. Another study for assessing vaccination services conducted by public health services in Istanbul is considered as second application. In this study, GIS is considered as a solution for covering the disadvantages of Lot Quality Assurance Sampling Technique applied for evaluating the vaccination services. In the final study, GIS is used especially as a communication tool with its cartographic products to determine the epidemiological aspects of air pollution in Istanbul.

2. CASE STUDIES OF ISTANBUL
All case studies reported in this study are implemented in Istanbul that is one of the most important and the biggest metropolitan of Europe with its population more than 12 million people. The city is divided into 32 districts, each of which includes settlement areas classified as rural, urban or slum. Each district has different socio-demographic, economic and cultural characteristics. Currently, Istanbul still receives considerable amount of immense migration from all over the country and so the city expands very fast. As a result of the increasing rate of population and shanty settlements, problems occur on main public services as infrastructure and health care facilities. Especially the presence of disparity in the health-care services provided in these districts is a significant problem in this concept. Case studies reported in this study not only show the deficiencies on public services but also set a good example for future studies that should be executed by the authorities especially for organizing health services.       
2.1. Measles Distribution in Istanbul

In this study, track of measles distribution in Gaziosmanpasa district, where more than 20% of the total 1500 cases encountered in Istanbul, during the measles outbreak for approximately 5 months between the dates of 04.02.2001 and 27.07.2001, were reported, was carried out as a result of a interdisciplinary work (Ulugtekin et al, 2007). There were also reported cases of death from measles that also prioritized this area for investigation. Data on measles cases used in this study were obtained from the “Provincial Health Directorate, Epidemiology Division, Communicable Diseases Control Unit”. Mentioned data, which includes personal information of the patient, main characteristics of the disease (Koplik’s spots, frequency of complications and their types), information about the consultation, and etc., is collected using questionnaires filled in at health centers by health personnel. Additionally, health personnel visited patients in particular areas to gather further information about relatives and neighbors who did not visit health centers to be informed about the expansion of the measles. Geometric data, which is defined at ED 50 datum and at Gauss Kruger projection and used for GIS works in this study, has been provided by the MapInfo distributor company namely, Basar Computer Systems and Communication Technologies Industrial and Commercial Ltd. Co. Tabular data structured from the questionnaires was integrated with the geometric data by using MapInfo Professional 7.8 GIS software. 

The ultimate goal of the study was to define the measles epidemic in the coverage of study area. In this concept, geographical distributions of measles cases were analyzed and the incidences and complications of the disease, time and number of inoculations were first obtained than presented as maps using different techniques. Statistical results of the fieldwork were also evaluated and vaccination programs were planned according to obtained results. 
As a result of this study measles cases were determined with respect to the sub-districts of Gaziosmanpasa. Upon a general evaluation of the data it was introduced that there had been no reported cases at 12 sub-districts out of the total of 41. The three sub-districts having the highest numbers of cases were the 50.Yıl sub-district with 28 cases, Karadeniz sub-district with 27 cases and the Esentepe sub-district with 19 cases. As it is seen in Figure 1 these districts are very close to each other. The distribution of the cases in same sub-district also tended to cluster in neighboring areas. This could be explained with the fact that, one of the basic characteristics of the measles disease is that it can spread to the 8 persons in the closest circle. As the sites were visited by using distribution information to investigate the epidemic, it is introduced that there are approximately 5 unreported cases in the neighborhood of each reported case. 
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	Figure 1. The sub-districts with highest occurrence of the cases
	Figure 2. Age distribution of cases


Although it is not a usual to encounter measles cases at children younger than one year old, this situation should be detected and considered very carefully because these types of dangerous cases can be terminal illnesses. Hence, another important result of this study for the epidemiologists is to be able to see the geographical distribution of the patients with respect to their ages by using age maps (see Figure 2). GIS enables epidemiologists to intervene these cases rapidly by presenting the cases visually as a whole. 
Another parameter that has been investigated in this study was the state of vaccination in the reported cases. It is worth noting that half of the cases occurred in the vaccinated patients. 96 of the measles cases had been vaccinated before, whereas 92 cases were not and in 7 cases there was no information regarding vaccination (see the sample of a neighborhood Figure 3). This situation shows both insufficiency of vaccination services and oblivion of the people about health care services. 
2.2. Quality Assessment of Vaccination Services Conducted by Public Health Services in Istanbul
According to the Expanded Programme on Immunization (EPI), a 1-year old child should be fully immunized against tuberculosis, diphtheria, pertussis, tetanus, poliomyelitis, hepatitis B and measles (WHO, 2006). The proportion of the population that has been vaccinated has been used to evaluate the coverage provided by individual immunization services, where coverage is defined as the extent of the population at risk that has been vaccinated (WHO, 1996; Robertson and Valadez, 2006). In this reported study (Alkoy et al, 2007), the quality of vaccination services provided for children aged 12 – 23 months was determined in different districts of Istanbul by using the integration of the a lot quality assurance sampling (LQAS) method, which is a quality control tool adopted from industry and is based on collecting important management information by using small-size samples randomly taken from specific service and settlement units, and GIS depending on stated information. In healthcare, the sample is usually taken from a group of people that constitute the ‘lot’ that is smallest study unit. Although LQAS provides quick answers to cover questions asked for determining the quality of healthcare services and also it has several abilities such as applicability on small populations, individual lot evaluations, comparisons between lots, and rapid evaluation of collected data, it still has some disadvantages for assessing the lots as a whole and determining the proportional results (Lanata and Black, 1996; Singh et al, 1995). Additionally, deficiencies in the presentation capabilities of this technique avert the share of the results efficiently. However, in order to be able to monitor these data as a whole and to make relative evaluations, the data were monitored with spatial references and managed from a database by using GIS.
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Figure 3. Cases with respect to the vaccination information in a neighborhood 

The used data is extracted from a revised version of questionnaires, first developed for use in WHO immunization studies (WHO, 1996), conducted in 2001 with the mothers or minders of the children. For collecting the base data a doctor and a nurse worked together to collect the data from each sampling region. Vaccination data (date and place of vaccination), if available, were acquired from the children’s vaccination cards and, if not available from this source, were recorded based on verbal declarations from the mother or minder. Geometric data used in GIS integration included lot boundaries as well as the administrative boundaries of Istanbul. 

In the scope of the study, children were classified as ‘fully vaccinated’, ‘not fully vaccinated’ and ‘unvaccinated’ depending on the extent of their vaccination coverage. The level of accuracy that will be used for the evaluations was set as 3% and the level of confidence as 95%. Threshold levels used to assess the performance of a lot were recommended for distinguishing ‘acceptable’ and ‘unacceptable’ lots from each other.  The low and the high threshold levels were determined as 65% and 95%, respectively, and the decision value was determined as 3 based on the World Health Organization’s declaration presented in 1996 (WHO, 1996). Total sample sizes were estimated as 1066 by considering the same declarations. Additionally total 32 districts of Istanbul were divided to the 46 lots depending on the variations encountered at districts in socio-demographic, economical and cultural fields. And finally minimum and total sample sizes of lots calculated as 24 and 1104 respectively. 

As a result of the study vaccination services evaluated based on the revealed statistics as 75.6% of the children aged 12 – 23 months in the study area were fully vaccinated; 20.7% were not fully vaccinated and the remaining 3.7% were not vaccinated at all. Overall quality of the vaccination services determined as well as the quality for each vaccine. And they were presented as maps. For example; it is find out that the quality of measles vaccination service was below the acceptable level at 19 lots out of total 46 (see Figure 4). As a final conclusion one of the 46 lots was considered to be a high-risk area since it had more than 3/24 unvaccinated children across all vaccines. This lot was in the rural area of the Gaziosmanpasa district which, compared with the other lots, has the poorest socio-demographic and economic conditions and lowest quality of health care services (see Figure 5). As it is stated in the previous study; in the measles outbreak in Istanbul in 2001, most cases occurred in this region; five children were reported to have died of measles and a considerable number of the measles cases were unvaccinated children under the age of 5 years (see section 2.1). A vaccination campaign was organized in this region to vaccinate all children aged between 9 months and 7 years in order to stop the outbreak (Ulugtekin et al, 2006). 
The results of this study helped to identify districts of the city in which vaccination services were below the expected level of quality and where an unacceptable number of children were not being fully vaccinated. Subsequent to this study, actions were taken by the agencies responsible to improve the coverage and quality of the vaccination services in these districts of Istanbul.
[image: image4.png]


  [image: image5.png]



	Figure 4. Vaccination service quality for measles 
	Figure 5. Overall quality of vaccination services


2.3. Epidemiological Aspects of Air Pollution in Istanbul
In this part of this paper an unpublished and continuing epidemiological study which has been executed by the authors to determine the relation between air pollution and mortality rates, will be reported briefly. In this mentioned study, the relation between air pollution and mortality was determined by introducing the relation between the temporal change of air pollution and death rate using time series analysis. For this purpose, Sulfur Dioxide (SO2) and Total Suspended Particles (TSP) values were measured at 17 different regions of Istanbul for five years period from 1994 to 1998 when the air pollution measurement results started to improve from the lowest levels. Collected data were organized and various statistical results just as standard deviation, mean, median, minimum and maximum values were obtained seasonally, annually as well as on the whole. Additionally, one way analysis of variance was executed to SO2 and TSP values to determine annual change of air pollution. Finally, these data stored in a relational data base and it is geographically referenced in a GIS environment by providing relations between statistical and geometric data. Geo-spatial analyses were executed to introduce the regions under risk and thematic maps were produced to present the results of the study to the user according to epidemiological criteria.
As a result of the statistical examination of organized data, Bayrampasa, Sisli, and Gaziosmanpasa were determined as the districts of Istanbul with the highest mean values for 5 years of SO2, that are respectively 151,5 μg/m3142,5μg/m3 and 139,2 μg/m3. When the TSP data were examined, the highest mean values for 5 years were obtained for Bayrampasa, Bagcilar and Eminonu (see Figure 6). Determined values for these districts are respectively 129,7 μg/m3, 89  μg/m3 and 80,8 μg/m3.  
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Figure 6. Results of TSP evaluation 
Additionally, the total number of the days, on which the short term threshold values (400 μg/m3 for SO2 and 300 μg/m3 for TSP) determined according to the Environmental Health Legislation (Guler and Cobanoglu, 1996) for SO2 and TSP values were exceeded, was determined in this study and thematic maps were also created to present these results by using the visualization methods and tools of GIS (see Figure 7).  Studies still continue to introduce the relation between these obtained results and mortality rates. In this concept, mortality data obtained for the same time period as air pollution measurements is being correlated with presented results by using the capabilities of GIS.  
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Figure 7. Classification of the districts according their potential to exceed determined threshold values for SO2 and TSP
3. CONCLUSIONS AND BENEFITS FOR TURKEY
This study was conducted to introduce general position of Turkey through the integrated epidemiology and GIS studies. The common concept stated at the end of mentioned studies is the deficiencies in data management and share policies in Turkey. Since there is not a common vision to obtain standardized national databases for each sector, the lack of data and standards on data collection is the most important bottleneck to implement joint studies.   
The integration of GIS and the epidemiological studies need to be developed as a common work of the technical and social sciences. Interdisciplinary works have just started to be considered as a must for development and the adaptation process will be long. Another aim of this study is to evaluate the existing studies by reporting succeeded studies as an interdisciplinary work and to encourage authorities supporting these kinds of approaches by proving the benefits of these studies. At this stage, results of the study should be evaluated by considering the views of both epidemiologists and GIS experts on their fields. 
3.1. Benefits of the use of GIS for Medical Geography Works to the GIS Experts 
Thanks to the technological developments in computer sciences, complicated problems are being solved more precisely by using different approaches. GIS add value to these approaches by integrating the semantic data with its spatial dimension. Nowadays approximately all sectors make use of GIS applications especially for their planning activities. Epidemiological applications are one of these approaches and this current expansion extends the usability of GIS in medical sciences. 

Today, most public problems are considered in the scope of sustainable development and GIS is a good tool to develop sustainable development plans with its complete structure processing in a system approach. It is obvious that the use of GIS in medical geography field will effectively help to develop and extend the strategic plans of health and healthcare services. Studying with medical doctors by sharing the experiences related fields will also add a new vision to GIS experts and it will be possible to develop better works through these experiences.    

3.2. Benefits of the use of GIS for Medical Geography Works to the Epidemiologists 

It is understood from the reported studies that the immediate intervention and control the epidemics will be easier and more effective if there is a complete spatial database, which integrates semantic and tabular data on medical issues with the related geometric data. GIS technology enables the epidemiologists to understand the phenomenon easily and interfere in it rapidly. Additionally, GIS provides a better understanding on epidemiological problems by presenting statistical data in a spatially referenced way by using maps. In this way, results of the studies can easily be opened to the public to make their conscious of these kinds of subjects. 

Consequently, it will be possible for the epidemiologists to; 

· determine geographic distribution of disease,

· surveillance and control the infectious diseases,

· determine the epidemics, to monitor their expansion and to decide intervention strategies, 

· analyze spatial and temporal trends of diseases, and

· determine the populations at risk by creating risk maps by using GIS.
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