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Two approaches were used. 

1.	 Predictive mapping using geostatistical Bayesian modelling
	 �Predictive mapping� was used to investigate changes in the geographic variation in the numbers 
	 reporting COVID-19 symptoms. The key idea behind a geostatistical Bayesian modelling approach 
	 is that maps of disease prevalence are made more informative when you can enhance the 
	 resolution of the map in areas where the data are sparse by using data from contiguous areas to 
	 help �update� the data poor neighbourhoods. This was accomplished using R package PrevMap, 
	 a programme based on a Bayesian inference, on spatially referenced prevalence data.4 Regular 
	 grids of 1km, 5 km and 10km were tested. A 10km grid was found to be optimal. It should be 
	 noted that there are uncertainties associated with any automated predictive mapping procedure 
	 and the results provide reasonably granular estimates of disease prevalence across the region. 
	 However, the bene�ts of using the predictive mapping approach are that:
	 �	 The predictive models allow us to estimate prevalence of COVID-19 where we have little or no 
		  data reported, based on data reported by active symptomatic app users within geographic 
		  areas that are contiguous. 
	 �	 The models account for the population of each Census area and therefore the observed 
		  variation across the prevalence map is not so dependent on population density. 
	 �	 The models� uncertainty can be at least quanti�ed, based on a number of computer simulations 
		  (11,000 in this case).

2. 	 Spatial regression analysis
	 Generalised linear regression and spatial regression analysis (using glm and spatialreg R 
	 packages) were used to investigate the relationship between the numbers of symptomatic 
	 app users (of either mobile platform) and the degree of social deprivation in the person�s area of 
	 residence (using Multiple Deprivation Measures (MDMs) provided by the Northern Ireland 
	 Statistics and Research Agency).5 Further analysis included Census data to investigate the 
	 relationship with population household density, derived as the number of residents divided by 
	 number of households for each SOA. A �spatially lagged regression model� incorporates spatial 
	 dependence explicitly into the regression equation and as such acknowledges that prevalence 
	 in neighbouring areas (SOAs in this research) may be an important predictor for the estimation of 
	 prevalence rates in the area of interest.6

	 For both COVID-19 self-reporting symptom mobile platforms, the data were analysed in the 
	 following forms:
	 �	 Rates calculated as the number of active users reporting PHE symptoms (classic and revised) 
		  as a proportion of the number of active users for each SOA that occurred in the de�ned periods 
		  of time (Table 1), standardised according to the population of each SOA. This allowed 
		  comparison of the self-reported prevalence of COVID-19 in terms of active app users reporting 
		  PHE symptoms.
	 �	 Age and sex standardised rates based on the 2011 Census population of Northern Ireland.7 
		  The age brackets used based on 2011 Census population data comprised <18, 18�24, 25�
		  34, 35�49, 50�65, >65. 
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Table 1: COVID-19 symptom mobile data provided by two sources: A) KCL ZOE symptom 
tracker app and B) COVIDCare NI for seven time periods used in the analysis. 

Note: The table shows the number of SOAs with reported symptoms for each of the time periods. 
The dates correspond to the end date of 14 day symptom reporting sliding window (resulting in a one 
week overlap of data).

Findings

The trends in self-reported symptoms are comparable for the two COVID-19 symptom mobile data 
platforms (Figure 1). An increase in the number of active users of the KCL ZOE tracker app was 
observed between 30 March and 6 April 2020 followed by a sharp decrease after 6 April 2020. The 
COVIDCare NI app shows a similar trend in an observed decline in active users reporting COVID-19 
symptoms from the start of reporting period 21 April 2020.

Geostatistical Bayesian predictive modelling enabled insight into spatiotemporal changes in the 
number of people reporting active symptoms. Analysis concentrated on four key time periods using 
a 14 day period reporting period (Figures 2 and 3). The probability maps show the areas predicted 
to exceed the regional average of users reporting symptoms for the analysis periods. The �ndings for 
the initial analysis period (21 March 2020) indicate that the greater Belfast area shows the highest 
likelihood of users reporting symptoms, exceeding the regional average for Northern Ireland. The 
predictive modelling also shows that this above average trend extends to Lisburn and Derry SOAs for 
the later reporting period (11 May 2020).

Regression analysis of population standardised self-reported prevalence rates of COVID-19 shows 
that there tends to be more active users of these apps in less deprived areas over all reporting periods. 
However, the most deprived areas show the highest rates of self-reported COVID-19 symptoms. Full 
analysis of these results is provided in McKinley et al.8

We also found that there tended to be more users reporting COVID-19 symptoms in areas of social 
deprivation that had low levels of employment. In addition, age standardised data from COVIDCare 
NI showed that there was a higher self-reported prevalence of COVID-19 symptoms within the age 

	 Date of end of	 KCLZOE Reported	 KCLZOE (No. of	 COVIDCare NI	 COVIDCare NI
	 reporting period	 symptoms	 SOAs with	 Reported	 (No. of SOAs with
		  (Re�ned PHE)	 reported symptoms)	 symptoms	 reported symptoms)

	 21 April 2020	 1,849	 592	 2,173	 758

	 27 April 2020	 1,584	 515	 1,912	 729

	 4 May 2020	 1,503	 493	 1,577	 677

	 11 May 2020	 1,476	 484	 1,282	 614

	 18 May 2020	 1,325	 439	 928	 540

	 23 May 2020	 1,228	 407	 804	 496

	 1 June 2020	 968	 322	 430	 399
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groups <18, 18�24 and 25�34 years within the most deprived SOAs. The relationship between self-
reported prevalence rates and housing density varies across different age groups but most signi�cantly 
a positive relationship was observed for age groups <18, 18�24, 35�49 and 50�64, indicating higher 
prevalence rates for higher density housing areas for these age groups.

Conclusions

This research underscores the importance of place and health, and demonstrates the value of a 
robust spatial statistical approach to examine the impact of COVID-19 in the community. The �ndings 
underline the potential for COVID-19 to exacerbate socioeconomic inequalities with higher prevalence 
of self-reported COVID-19 symptoms associated with social deprivation, housing density and age. 

The research indicates a heightening of health inequalities during the restrictions of lockdown, with a 
higher burden of COVID-19 associated with the most socially deprived areas, and in particular those 
areas with most unemployment. These results should inform the search for and design of effective 
public health interventions to reduce health disparities and improve overall health outcomes in the 
population.
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Figure 1: Comparison of COVID-19 symptom mobile data platforms provided by two 
sources: KCL ZOE symptom tracker app data for Northern Ireland (reporting period 24 
March�22 June 2020); COVIDCare NI symptom checker feature, (reporting period 6 April�29 
June 2020). The dates correspond to the end date of 14 day symptom reporting sliding 
window.
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Figure 2: Geostatistical Bayesian modelling using data provided by COVIDCare NI. The 
Figures (A- D) show the probability, based on signi�cance levels, of areas exceeding the 
regional average for the different 14 day time periods.
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