


Table of Contents
Introduction	1
Principles of thematic mapping and data visualisation	1
GIS build and analysis.	2
Conclusion	11
References	12
Data sources	12
Information Sources	13

[bookmark: _Toc155900102]Introduction
In 2013 there was an outbreak of measles in Wales, where Swansea was particularly worse than other cities due to low MMR vaccination uptake. An operation to vaccinate those who had not had their MMR vaccinations was launched to prevent further deaths and infections. This report will look at the current MMR uptake in Swansea and offer suggestions that may be beneficial to healthcare professionals in spotting patterns, preventing an outbreak, and also identify where the best areas to bring in new measures would be. The current situation will be compared to 2014-2015 (the period after the outbreak) to see if the vaccination uptake has gotten better or worse. 
Data such as Wales boundaries and MMR vaccinations were gathered as a group for this investigation. Other data sets featured were gathered individually to allow deeper analysis. The visualisations have been created in a workplace within MapInfo which all analysis and conclusions are based on. 
[bookmark: _Toc155900103]Principles of thematic mapping and data visualisation 
[10] Thematic mapping is used to tell a story of a certain geographical location. For example, it is a good way of showing which areas have higher deprivation or health issues. There are different types of thematic mapping including ‘dot density’ where sites could be plotted, or ‘proportional symbols’ where areas with a higher population would have a bigger symbol than those with a lesser population, or a ‘choropleth’ map where different areas are shaded a different colour in line with their value. Choosing the right thematic mapping technique is important as it is telling the story of an area, and sometimes it might be useful to use two or more different thematic mapping techniques to display different data at the same time. [11] Whilst it is useful to show different information at once, it is important to make sure that it is useful, answers the question and is easy to understand. [11] When using colours representing different values it is important that these are easy to differentiate so that the viewer can understand the picture quickly. 
[bookmark: _Toc155900104]GIS build and analysis.
Spatial queries are a quick way to select only the information that you want. I started this build with an MSOA map of Wales, but I knew I wanted to investigate just the Swansea area due to the previous measles outbreak in 2013. The spatial query selected everything where the area name included ‘Swansea’. [image: A screenshot of a computer
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 [12] [1] Geocoding is a way of turning a physical address/code into a geographical location on a map. The MMR vaccine data was able to be geocoded by linking the MSOA Code to the MMR MSOA code column where the values matched. [image: A screenshot of a computer code
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Once the datasets have been geocoded, they can be thematically mapped. The most appropriate way is to shade different MSOA areas by colour. Ranges can be created so that values within the ranges are a specific colour. Colours used should be easy to be differentiated allowing for quick understanding of the data. 
The tables need to be joined for the thematic map to work. [image: A screenshot of a computer
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A range has to be created so I decided to avoid misleading data the ranges should be the same on each dose and year. This allows the data to be more easily read when changing layers and comparing to each other.
[7] This method has been used to create thematic maps for the MMR 1st dose by age 2 and [8] 2nd dose by age 5. I have looked at this data based on two different time periods including 2014-15 and 2020-15. The 2014-2015 data is useful to show the MMR uptake after the outbreak because there were extra vaccination centres encouraging people who were unvaccinated to get the MMR vaccine. You’d expect the vaccination rate in 2014-15 to be high which was the case for both the 1st and 2nd doses shown below. Although the uptake was lesser for the 2nd dose this can be expected because getting people to have their first dose would have been the priority at the time of the epidemic. The deprivation is at it’s worst in the same general areas of Swansea indicating that this area is definitely less vaccinated than the rest. 
I also looked at MMR vaccinations for 1st dose before age 2 in 2020-2021 to look at how the uptake is now, and it is clear that there has been a decline across the Swansea area particularly noticeable in central Swansea and surrounding areas showing more orange and red. I then looked at the MMR uptake for the 2nd vaccine under 5 years old in 2020-2021. Whilst it looks like the northeast of Swansea has improved a little since 2014/2015, central and West Swansea have declined in their MMR uptake.  The 2020-21 data follows the same pattern as 2014-15 where the uptake is lesser for the second dosage. This could indicate to healthcare professionals that there needs to be a better MMR vaccination service for dose 2 than what is in place currently. 
MMR vaccination 1st dose by age 2 for 2014-2015:           |          MMR vaccination 2nd dose by age 5 for 2014-2015:
[image: A screenshot of a computer

Description automatically generated]           [image: A screenshot of a computer

Description automatically generated]
MMR vaccination 1stt dose by age 2 for 2020-2021:       |          MMR vaccination 2nd dose by age 5 for 2020-2021:[image: A screenshot of a computer
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The areas shaded in red are the biggest cause for concern because it is likely to be where the MMR infections would spread the most and the quickest with more people being vulnerable. 
[5] I then thought it would be interesting to see whether the areas shaded red have big populations. By using graduated thematic mapping, it is clear to see the correlation between the populations for each of the doses and years because they can be displayed on the same map with different sizes symbols. The bigger the symbol, the bigger the percentage of the population resides there. Penderry and Townhill area of Swansea in particular had a very large population for a physically small area which is a cause for concern because if areas are highly populated, in a smaller physical space, whilst unvaccinated, the rate that MMR related infections could spread is far quicker. To create the percentage rate of population for each MSOA I divided it by the total population of Swansea and multiplied by 100. The population data only included children ages 0-15 as this is the closest age range that I could get the data in, in relation to the vaccinations before age 2 and 5. This does allow for inaccuracies due to not knowing how many of the children in the area are between 0- 5 but each MSOA rate was calculated in the same way which gives some validity and indication of population density. 
The below maps show the population in different MSOA for each dose and year.
MMR vaccination 1st dose by age 2 for 2014-2015:           |          MMR vaccination 2nd dose by age 5 for 2014-2015:
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MMR vaccination 1st dose by age 5 for 2020-2021:           |          MMR vaccination 2nd dose by age 2 for 2020-2021:
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Due to the middle of the map being more populated and less vaccinated I wanted to investigate whether deprivation could impact on the uptake of the MMR vaccine. [6] The Townsend index is a method used to show deprivation. [13] The Townsend index made by Peter Townsend in 1988 looks at unemployment, overcrowded homes, how many of the households are owned, and whether the household has any cars/vehicles. The percentages of these aspects are calculated and then 1 is added to each in a log in order to prevent skewed data. Then the Z scores are calculated by getting the mean and dividing by the standard deviation creating a reliable average/score. The 4 Z scores are then added up to give the Townsend index. Negative values show wealth whereas positive values show higher deprivation. [2] I decided to look at deprivation in more detail at LSOA level because each MSOA could contain LSOA areas of both affluent and deprived and if there is a correlation between deprivation and lower MMR vaccine uptake it provides more specific areas for the health board to bring new measures in place for. The Townsend Index created is based on 2011 census data due to the 2021 census data being incomplete. By using the 2021 we might get an incomplete story told by the visualisations, so it is more reliable to use a full dataset. By thematically mapping the Townsend index based on its value to the LSOA boundary map for Swansea (created in the same way as the MSOA boundary map for Swansea using SQL spatial queries) it shows that the areas with a lower MMR uptake are the areas with more deprivation. This suggests that people living in these areas do not have good transportation links so might not be able to attend hospital sites. The health authorities could see this data and make the decision to start setting up mobile vaccination hubs visiting every local town within these areas to encourage MMR vaccinations. This data could also suggest that there are more people to bedrooms on average in these houses meaning that children may need to share bedrooms causing a risk of spreading measles, mumps, or rubella in the household. The limitations to the Townsend index are that some areas may have really good transportation links but not good employment rates and, in this instance, the mobile vaccination hub wouldn’t be as effective. It can be assumed that the areas shaded red have an overall higher deprivation rate and would need the most support/preventative measures. 
I wanted to double check my findings because I created the Townsend Index myself and wanted to ensure that the data found for 2011 is similar to the mid 2014 [9] Welsh Index of Multiple Deprivation figures (WIMD). WIMD is a more in depth look at deprivation in Wales as it looks at [14] Income, Employment, Health, Education, Access to Services, Community Safety, Physical Environment, and Housing. I chose to look at the mid 2014 figures because I have MMR vaccination data for 2014-2015 and this helps gather an accurate visualisation for comparison and analysis. The WIMD thematic map layer shows that the areas of high deprivation in the Townsend deprivation layer are within the WIMD deprivation layer. The WIMD data shows that there are other locations in the surrounding areas and north Swansea that aren’t very affluent. 
Townsend Index 2011                                                         |   Welsh Index of Multiple Deprivation mid-2014
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Considering MMR vaccinations are aimed at children of school age I wanted to investigate what impact the schools could have on vaccination uptake and prevention of an outbreak. [3]  I downloaded data for primary schools and [4] secondary schools because although MMR vaccinations are aimed at primary school children, if they carry one of the MMR infections and share a bedroom with an older sibling who is also unvaccinated for instance it could affect other unvaccinated secondary children too, where this scenario could be realistic in the more deprived areas. I downloaded data containing the latitude and longitude of the schools so that they could be plotted using the ‘create points’ spatial query. The British Grid is used as a reference for the X and Y points where the X points are the longitude, and the Y points are the latitude. This data was for all Wales schools, so I ran a spatial SQL query to select the primary schools within the Swansea MSOA boundary, followed by another query for the secondary schools within the Swansea MSOA boundary. The majority of the schools are in areas of deprivation and have lower MMR uptake. This is concerning for health professionals because schools would be where measles, mumps, or rubella would spread amongst the children, and this would happen at a more concerning rate if children were going to schools where a large number of children haven’t been vaccinated. However, the positioning of schools could be a solution to children having better access to the MMR vaccinations. The MMR vaccinations could be given at school for any children who didn’t have their first vaccinations before age 2 and for those that need their 2nd dose before age 5. This solution of using the schools to vaccinate should prevent any outbreaks caused by the placement of the schools where access to transport is an issue because they are in school anyway. 
SQL spatial query for primary schools in Swansea: [image: ]
SQL spatial query for secondary schools in Swansea:[image: ]
Creating points using latitude and longitude: [image: A screenshot of a computer
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Primary and secondary schools plotted using latitude and longitude:
[image: ]
[bookmark: _Toc155900105]Conclusion
It has become clear through the use of spatial queries, thematic mapping, and map visualisations that socio-economic factors can affect the uptake of MMR vaccinations. The 2014-2015 data tells the story after the epidemic where there was previously an operation to mass vaccinate people in an effort to slow down and end the epidemic. The visualisations show this picture because the vaccination rates for 2014-2015 are quite high. The visualisations showing MMR uptake in 2020-2021 show a decline in MMR vaccination uptake through more red and orange areas being present on the map. In both time periods there are less people getting their second vaccinations than the first which could tell healthcare workers that they need to target this group of people. In the areas where MMR uptake is lower, the deprivation is also lower. The WIMD and Townsend Index show some of the same areas in central Swansea having a lower deprivation so these areas could be targeted by the health board with mobile vaccination hubs helping those with a lack of transportation methods. Furthermore, the areas of low deprivation and MMR uptake have quite high populations compared to the outskirts/countryside areas of Swansea. Where there are higher populations in a smaller space, infections can spread quicker and with these areas also being where people are unvaccinated it is a clear sign that measures should be implemented here to get as many people vaccinated as possible to prevent a future outbreak especially because so much fewer people are getting vaccinated recently than in 2014-2015 and it is not good if the rates keep declining. Since MMR primarily effects children I looked at primary and secondary school locations in Swansea and it was interesting that there were more of them in the more deprived and less vaccinated areas. This is concerning because the infections could quickly spread in a school environment. However, if measures are put in place to utilise the schools as vaccination hubs, then it could prevent a future outbreak. Children are already in the schools so it would be effective especially for those deprived with a lack of transport that they don’t need to find transport to anywhere else. 
There is clearly a growing problem where the MMR vaccination rates are on the decline. If the vaccination rates are allowed to decline it could be disastrous to people’s health, causing deaths like there were in 2013 when there was the last measles outbreak. Health authorities could implement measures such as mobile vaccination hubs, and school vaccination hubs in an attempt to get more of the children population vaccination and eliminate a divide in the vaccinated and unvaccinated by deprivation because everyone is equally entitled to access to these vaccinations. 
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