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Abstract
Objective: To analyse the impact on hospital admissions for COVID-19 of large-scale, voluntary, public open access rapid testing for SARS-CoV-2 antigen in Liverpool (UK) between 6th November 2020 and 2nd January 2021.
Design: Synthetic control analysis comparing hospital admissions for small areas in the intervention population to a group of control areas weighted to be similar in terms of prior COVID-19 hospital admission rates and socio-demographic factors.
Setting: A national pilot of city-scale rapid antigen testing for people without symptoms of COVID-19 living or working in the City of Liverpool, deployed with the assistance of the British Army from 6th November 2020.
Population: General population of Liverpool (n= 498,042) and a synthetic control population from the rest of England.
Intervention: COVID-SMART (Systematic Meaningful Asymptomatic Repeated Testing) voluntary, open-access supervised self-testing with lateral flow devices.
Main outcome measure: Weekly COVID-19 hospital admissions for neighbourhoods in England.
Results: The introduction of COVID-SMART community testing was associated with a 43% (95% CI: 29% to 57%) reduction – 146 (96 to 192) in total – in COVID-19 hospital admissions in Liverpool compared to a synthetic control (non-adjacent set of neighbourhoods with aggregate trends in COVID-19 hospitalisation similar to Liverpool) for the initial period of intensive testing with military assistance in national lockdown from 6th November to 3rd December 2020. A 25% (11% to 35%) reduction – 239 (104 to 333) in total – was estimated across the overall intervention period (6th November 2020 to 2nd January 2021), involving fewer testing centres, before England’s national roll-out of community testing, after adjusting for regional differences in Tiers of COVID-19 restrictions from 3rd December 2020 to 2nd January 2021.
Conclusions: The world’s first voluntary, city-wide SARS-CoV-2 rapid antigen testing pilot in Liverpool substantially reduced COVID-19 hospital admissions. Large-scale asymptomatic rapid testing for SARS-CoV-2 can help reduce transmission and prevent hospital admissions.
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Summary box
What is already known on this topic
· [bookmark: _Hlk92836181]Previous studies on managing the spread of SARS-CoV-2 have identified asymptomatic transmission as significant challenges for controlling the pandemic
· Along with non-pharmaceutical measures, many countries rolled out population-based asymptomatic testing programmes to further limit transmission
· Evidence is required on whether large-scale voluntary testing of communities for COVID-19 reduces severe disease, by breaking chains of transmission
What this study adds
· The findings suggest that large-scale rapid antigen testing of communities for SARS-CoV-2, within an agile local public health campaign, can reduce transmission and prevent hospital admissions
· The policy implications are that pandemic testing is best integrated with local public health programmes, supporting those required to isolate and adapting to prevailing biological, behavioural and environmental circumstances
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Introduction
Asymptomatic transmission of SARS-CoV-2 has been a significant challenge in managing the COVID-19 pandemic. Modelling studies, based on the original strain, had suggested that more than half of all transmissions in the community may arise from individuals without symptoms, whether pre-symptomatic or never symptomatic.[1] Non-pharmaceutical interventions (NPIs) intended to reduce the risk of transmission from people without symptoms, such as mask-wearing, social distancing, and restrictions on travel and access to public spaces and mass gatherings have therefore been necessary. However, there have been concerns over the potential harms to society and the economy from blunt strategies such as national lockdowns, including their effects on mental health and health inequalities.[2]
Among other NPIs, many countries have now implemented SARS-CoV-2 antigen rapid testing with lateral flow devices (LFDs) for people without symptoms to know if they are potentially infectious and to self-isolate,[3] therefore helping to reduce the spread of the virus.[4–7] There has been considerable scientific, public, and political debate over the mass use of LFDs – the potential harms from false negative and false positive results, sometimes confusing public health with clinical contexts, and the economic opportunity costs.[8–10] Most ‘mass testing’ debates and policies have, however, lacked controlled comparisons of key outcomes such as hospitalisation for tested versus untested populations sharing concurrent pandemic phases, with comparable contexts of the virus and immunity.
On 6th November 2020, before populations were vaccinated, the UK Government piloted the first whole city voluntary community testing programme that was open to all residents and workers in Liverpool without symptoms of COVID-19.[8] The timeline of the pilot is shown in Figure 1.The approach was bold, with an urgent need to generate evidence on (i) how popular ‘mass testing’ would be, (ii) whether small, controlled-environment studies of SARS-CoV-2 antigen LFD accuracy would be reflected in a real world public health setting, and (iii) if large-scale asymptomatic testing would contain transmission and reduce adverse health outcomes. The early findings from this pilot informed the eventual national roll out of SARS-CoV-2 antigen rapid testing across the UK, as well as internationally.[11,12]

Figure 1. Timeline of the Liverpool COVID-SMART Community Testing Pilot.
October 2020
· (14) The new three-tier system of Covid-19 restrictions begins in England; with Liverpool City Region in Tier 3, the highest level of restrictions at the time
· (31) Government offers Liverpool mass testing with military assistance
November 2020
· (1) Liverpool City Council Covid-19 Strategic Coordination Group with Mersey Resilience Forum accepts in principle but with the freedom to develop a more targeted approach
· (2) Military arrive in Liverpool to establish test sites
· (5) National lockdown; a communications drive begins in Liverpool on testing
· (6) Six sites open for lateral flow testing (alongside mobile units for symptomatic PCR testing)
· (7) 16 sites open for lateral flow testing
· (10) First meeting of DHSC-convened Evaluation Steering Group; schools-based testing starts
· (11) Capacity increased: 37 community sites plus schools; home PCR kits delivered (one-off, unsolicited mailing to sample households); local evaluation group established
· (20) Re-configuration of resources: 15 popular testing sites kept; other resources were redeployed to smaller sites in low uptake areas
· (23) System for confirmatory PCR changed from national communication and delivery of a home test kit to swabbing at one designated local testing site (with outreach swabbing if needed) and an invitation message tailored to the local area
December 2020
· (2) Liverpool moved into Tier 2 with all surrounding regions in higher Tiers/restrictions
· (3) Handover of management of ATS from military to Liverpool City Council contractors; targeting becomes more focused as the pilot moves to Liverpool Covid-SMART brand and adapts to fewer Covid-19 restrictions
· (3) Liverpool care home visiting pilot begins; and the communications plan shifts priority to “test before you go” for implementation as the population returned to high transmission risk settings such as hairdressers
· (3) Liverpool City Region roll-out of Covid-SMART begins
· (4) Test-to-release for some key workers begins
· (17) More areas including Cheshire and Warrington move into Tier 2. Hotels in Liverpool booked heavily with people from London
· (31) Move back into Tier 3 with all surrounding regions in Tier 4
January 2021
	(4) National lockdown
	(4) National roll-out of community testing begins
March 2021
	(8) Schools and colleges return with twice weekly rapid antigen testing nationally

While popular overall, there were substantial inequalities in the uptake of this programme, with lower uptake among Black, Asian and Minority Ethnic (BAME) groups, deprived neighbourhoods, areas located further from test sites and areas containing populations less confident in using internet technologies.[9] Evidence from the pilot has showed that lateral flow tests were sufficiently accurate for the intended community testing purpose, although the number of missed cases with high viral load (despite being small) should be taken into account in high consequence settings.[10,13] The pilot also showed that the expected change in impact of false results with prevalence should be accommodated in agile, local testing policies.[14,15] Initial analyses of case rates indicated that community testing in Liverpool was associated with a reduction by around a fifth in cases up to the end of December 2020, and that this contrast with other parts of England disappeared as community testing rolled out nationally.[8,10] Case detection also increased by around a fifth over this period. Causal links between testing and transmission are difficult to make in the context of a complex intervention, especially as the pilot was accompanied by a major communication campaign that may have affected risk behaviours of those not testing as well as those using rapid testing services.
We are unaware of any existing research investigating whether large-scale testing of communities for COVID-19, intended to reduce chains of transmission, reduces severe disease. In this study, we evaluate whether large-scale rapid testing for asymptomatic SARS-CoV-2 infection was effective at reducing hospital admissions.
Methods
Setting
COVID-SMART (Systematic Meaningful Asymptomatic Repeated Testing)[4] was introduced for all people living or working in the City of Liverpool, in the North West of England, from 6th November 2020. Liverpool is the fourth most deprived out of 151 upper-tier local authorities in England,[16] and at the time, the unvaccinated population had the highest COVID-19 case rate in the country. Introduction of SMART coincided with the start of the second national lockdown (5th November until 2nd December 2020).
Data
Our primary outcome is the weekly number of hospital admissions with a main diagnosis of COVID-19 (International Classification of Diseases 10th edition: U07.1 for confirmed cases and U07.2 for suspected or probable cases by clinical or epidemiological diagnosis)[17] in England between 19th November 2020 and 15th January 2021 (intervention period plus two weeks to allow for average lead time from infection to hospitalisation), aggregated to Middle Layer Super Output Areas (MSOA), using Hospital Episode Statistics (HES) data provided by NHS Digital covering the period 4th October 2020 to 17th January 2021.[18]
[bookmark: _Hlk82678263][bookmark: _Hlk92878450]In England, MSOAs are standard geographical units (with an average population of 7,200 people) nested within local authorities. We used hospital admissions as the primary outcome, including those with a main diagnosis of COVID-19 having tested positive (U07.1) or having been clinically diagnosed with COVID-19 (U07.2).[19] This outcome is less affected by changes in levels of case detection than other outcomes, such as case rates, because the observation probability is less affected by factors such as choice/behaviour, testing capacity and testing practices. This is important as an objective of the intervention was to increase case detection.
[bookmark: _Hlk105573878]In synthesising controls, we used data on seven local area characteristics that could potentially influence uptake of testing, transmission, effectiveness of control measures, and vulnerability to hospitalisation. The selection of characteristics was based on learning from extensive characterisation of differences in COVID outcomes and interventions in the study population.[9] These included the English Indices of Multiple Deprivation (IMD) 2019 - a composite measure of socioeconomic disadvantage,[16] population density, MSOA population and the percentage of the population who were 70 years or older using 2019’s mid-year population estimates from the Office for National Statistics, the proportion of the population from BAME groups obtained from the 2011 Census (the only available data source at this time), and the proportion of the population that had previously been admitted to hospital for a chronic disease (cardiovascular disease, diabetes, chronic kidney disease or chronic respiratory disease) between 2014-2018 to measure long-term prevalence of chronic conditions, using HES data as outlined above. To additionally account for potential differences in access to SARS-CoV-2 polymerase chain reaction (PCR) testing between areas prior to SMART, we used Local Authority data available from the UK government COVID-19 dashboard on the number of tests per capita in the seven weeks prior to the introduction of SMART.[20] In sensitivity analyses we investigated the inclusion of additional potential confounders in the matching process: proportion of women, and Education, Skills and Training Deprivation domain score from the 2019 Index of Multiple Deprivation (IMD).
Intervention
COVID-SMART was introduced after the UK Government selected Liverpool to pilot large-scale rapid testing of asymptomatic individuals for SARS-CoV-2 antigen. From 6th November 2020, supervised self-testing with Innova SARS-CoV-2 rapid antigen lateral flow tests (LFTs) was made available to everyone without symptoms living or working in the City of Liverpool. During the initial intensive testing period (6th November to 3rd December) the programme was deployed with the assistance of the British Army and was advertised across multiple media channels with communications also drawing attention to parallel PCR testing for people with symptoms. The initial plan to test 75% of the asymptomatic population in two weeks proved infeasible but the availability of testing was popular with the public. From 3rd December 2020 the service was handed over to Liverpool City Council. The overall aim of the pilot was to reduce or contain transmission of the virus, with testing focusing on the following purposes: (1) ‘test-to-protect’ vulnerable people and settings (for example, people living in care homes); (2) ‘test-to-release’ contacts of confirmed infected people sooner from quarantine than the stipulated period (for example, key workers in quarantine); and (3) ‘test-to-enable’ careful return to restricted activities to improve public health, social fabric, and the economy (for example, mass gatherings). There was strong public awareness of, and a largely positive attitude towards, COVID-SMART, motivated by shared identity, civic pride and a wish to protect others.[8]
Test-positive individuals were instructed to isolate for 10 days as per national guidance and to take a confirmatory PCR test. By 2nd January 2021, 33% (n= 162,745) of the population had at least one LFT result registered, with 36% (n= 57,827) of people tested receiving more than one test. Over this period 2,113 cases (1.3% of all people tested) were identified as positive on LFT. Testing was particularly intensive up to 3rd December when 24% (n= 117,470) of the self-declared asymptomatic population were tested for the first time in less than a month. The intervention was hypothesised to reduce hospital admissions by preventing onward transmission from the effective isolation of positive cases and their contacts, and from the associated publicity raising general awareness of COVID-19 risk behaviours and mitigations. A proportion of those cases prevented due to SMART would have resulted in admissions to hospital.
Analysis
We apply the synthetic control method for microdata developed by Robbins et al. to estimate the effect of SMART on COVID-19 hospital admissions.[21,22] The synthetic control method is a generalisation of difference-in-difference methods, whereby an untreated version of the intervention areas (i.e. a synthetic control) is created using a weighted combination of areas that were not exposed to the intervention, and the intervention effect is estimated by comparing the trend in outcomes in the intervention areas to that in the synthetic control areas following the intervention.[23]
As there would be an expected time lag between the introduction of SMART and reduced hospital admissions, we assume the minimum plausible period from the start of the testing programme to the time when we might expect an impact on hospitalisation to be two weeks. We therefore compare the trend in admissions between the intervention and synthetic control areas after 19th November 2020 (i.e. 14 days after SMART started on 6th November). We estimated the intervention effect over two periods: (i) initial intensive testing period with military support (6th November to 3rd December 2020) and (ii) followed by civilian rollout involving fewer testing centres (6th November 2020 to 2nd January 2021). The initial testing period coincided with the national lockdown. We used the extended period to understand the extent to which impacts were sustained. From mid-December, asymptomatic community testing was gradually extended to other areas of the country. We therefore limited the follow up time to 2nd January because after that time community testing in Liverpool was no longer being conducted at a higher rate than the rest of England, removing the intervention contrast with control areas (see Figure SF1 in Supplementary file for a comparison of LFT testing in Liverpool versus the rest of the country).
To construct the synthetic control group, we derive calibration weights to match the 61 MSOAs in Liverpool to areas outside Liverpool before the introduction of SMART. The weighting algorithm derives weights for all MSOAs outside Liverpool that meet two constraints. Firstly, the weighted average of each of the seven local area characteristics, outlined above (MSOA population, IMD, population density, proportion of the population aged 70+ years, proportion from BAME groups, 5-year chronic condition hospital admission rate and PCR testing rate prior to intervention) in the control group is equal to the average for Liverpool.[21] Secondly, the total number of COVID-19 hospital admissions in the control group equals the number of hospital admissions in Liverpool for each of the seven weeks prior to 19th November (preintervention period). Matching the synthetic control group on preintervention trends in hospital admissions for COVID-19 was important to minimise potential differences in unobserved characteristics. Those MSOAs allocated a non-zero weight by this process then contribute to the synthetic control group.
[bookmark: _Hlk105598780][bookmark: _Hlk105598724][bookmark: _Hlk105598754][bookmark: _Hlk105598961]From the pool of MSOAs used to construct the synthetic control, we excluded MSOAs within the Liverpool City Region (LCR) (139 MSOAs in five local authorities, other than Liverpool) to avoid spill-over effects of community testing on neighbouring areas. As we wish to estimate the effect of COVID-SMART alone, we treat Liverpool as the intervention group and exclude from the control group any local authorities with higher than the average lateral flow testing rate of 1 per 100 population per week between 6th November 2020 and 2nd January 2021. This removes influences of any unknown LFT pilots among the 15% of non-Liverpool local authorities testing above this level (see Figure SF2 in Supplementary File). 142 MSOAs were excluded in this way (2.2% of all non-intervention MSOAs). This left 6,290 MSOAs used in constructing the synthetic control group.
The Average Treatment Effect for the Treated (ATT) was then estimated as the difference in cumulative number of hospital admissions in the post intervention period in Liverpool, compared to the (weighted) cumulative number of admissions in the synthetic control group. To estimate the 95% confidence intervals and p-values we used permutation samples, by repeating the analysis through 250 placebo iterations randomly allocating MSOAs outside Liverpool to the intervention group, to estimate the sampling distribution of the treatment effect and calculating permuted p-values and confidence intervals.[22]
Following the end of the national lockdown on 2nd December 2020, a three-tiered system of local restrictions was implemented. Liverpool entered less stringent Tier 2 (High alert) restrictions due to lower levels of COVID-19, whilst most similar areas entered Tier 3 (very high alert) restrictions, which had a relatively large impact on transmission.[23] We therefore adjusted our analysis for the extended period (6th November 2020 to 2nd January 2021) to remove the effect of the Tier 3 restrictions relative to Tier 2 restrictions, in the synthetic control group. Extending our previous analysis,[23] we find that Tier 3 restrictions reduced hospital admission rates by 17% (95% CI 13% to 21%) relative to Tier 2 restrictions, and that these effects started around the 20th December 2020 and extended to the 21st February 2021. We therefore adjusted the cases in Tier 3 areas upwards by this percentage during this period before deriving weights as outlined above to provide a synthetic control group reflecting transmission conditions that were experienced in Liverpool at that time (details for estimating this adjustment are given in Supplementary File, part 2).
All analysis was performed using R version 4.0.3 and the Microsynth package.[21]
Sensitivity analyses
In sensitivity analysis we repeated the synthetic control models for the upper and lower plausible estimates of the potential effect of less stringent Tier 2 restrictions in Liverpool. These were based on the upper (21%) and lower (13%) bounds of the 95% confidence interval of our estimate of the tiered effect (results are provided in Supplementary File, part 4). We also replicated the analysis without excluding places with mean LFT rates above 1 per 100 population per week (results are provided in Supplementary File, part 5).
To account for the potential bias from our synthetic control group being constructed from a dispersed non-adjacent set of neighbourhoods, whilst our intervention group are the contiguous neighbourhoods of Liverpool, we conducted a sensitivity analysis using a different synthetic control approach with aggregated local authority data, comparing Liverpool to a group of similar cities and towns (results are provided in Supplementary File, part 7).
We also conducted sensitivity analyses to check whether our choice of matching variables was robust by incorporating: the proportion of women (Supplementary File, part 8), and Education, Skills, and Training Deprivation domain score rather than the composite score of IMD (Supplementary File, part 9) respectively.


Patient and public Involvement
The implementation of COVID-SMART in Liverpool involved regular focus groups with residents run by Liverpool City Council with University of Liverpool as detailed at https://www.liverpool.ac.uk/coronavirus/research-and-analysis/covid-smart-pilot/.
Results
Table 1 presents summary statistics for the 61 MSOAs that make up Liverpool and the pool of MSOAs in the rest of England from which the synthetic control group was constructed – further detail is given in Table SF3 and SF4 in Part 5 of the Supplement. Liverpool has markedly higher levels of deprivation, higher population density, higher proportion of the population who had previously been admitted for a chronic disease, lower proportion of the population aged 70+ years and a lower proportion of the population from BAME groups. In the seven weeks before the introduction of SMART, Liverpool had a higher number of PCR tests per capita, higher COVID-19 admission and case rates than the average for the rest of England. The weighted average of each matching variable of the seven local area characteristics (MSOA population, deprivation, population density, proportion of the population above 70 years, proportion from BAME groups, 5-year chronic condition hospital admission rate and PCR testing rate prior to intervention) achieved an exact match between the intervention (Liverpool) and synthetic control areas. Table SF4 compares the total number of COVID-19 hospital admissions in the control group and Liverpool for each of the seven weeks prior to 19th November (preintervention period) and achieves a perfect match between intervention and synthetic control groups. Figure SF4 in Supplement shows the geographical pattern of these weights in constructing the synthetic control group. Many MSOAs that are allocated a non-zero weight are near Liverpool, such as Warrington, Wigan, Wyre and Manchester, whereas others cluster in the North East (Northumberland, Newcastle upon Tyne, South Tyneside, Sunderland and Middlesbrough), in Yorkshire and The Humber (Barnsley, Leeds, North East Lincolnshire, Rotherham and Sheffield), or disparately (Solihull, Nottingham, Hammersmith, Fulham, Torbay, Southampton) – see Figure SF4.
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Table 1. Comparison between Liverpool and the MSOAs in the rest of England used to construct the synthetic control group (i.e. excluding those within Liverpool City Region or with a high LFT testing rate). Rows with doubly lined borders are the seven matching local area characteristics used in constructing the synthetic control group.
	

	Liverpool
	MSOAs in the rest of England used to construct the synthetic control

	Number of MSOAs
	61
	6,290

	Total population
	498,042
	52,330,147

	MSOA population
	8,165
	8,320

	2019 IMD score
	43
	21

	Population density1 
(people per hectare)
	55
	36

	% of population 70+1
	11
	14

	% BAME2
	11
	14

	% of population with at least 1 admission for a chronic disease3 
	24
	20

	Number of PCR tests per 100,000 population4 
	3,572
	2,552

	Average hospital admissions per 100,000 population per week for COVID-194 
	26
	9

	Weekly COVID-19 cases per 100,000 population per week4 
	464
	203

	1 calculated using 2019’s mid-year population estimates from the Office for National Statistics
2 data obtained from the 2011 Census
3 based on HES data between 2014 and 2018
4 data refer to the pre-intervention period from 4th October 2020 to 5th November 2020

	
	
	



	
	
	




	
	
	



[bookmark: _Hlk106275869]Figure 2. Trend in weekly COVID-19 hospital admission rates in MSOAs in Liverpool City compared to a synthetic control group constructed from the weighted average of MSOAs outside Liverpool City Region without community testing. Dotted vertical lines represent start of Liverpool community testing pilot on 6th November 2020, followed by Tier 2 restrictions on 3rd December 2020, before the national roll-out of community testing in lockdown on 3rd January 2021 – the estimated effects of December 2020’s Tier 2 vs Tier 3 restrictions on COVID-19 hospitalisation are adjusted for.
[image: ]
[bookmark: _Hlk85191219]Figure 2 shows the trend for the average COVID-19 hospital admission rates from 5th October 2021 until 15th January across MSOAs in Liverpool, and the synthetic control group. Due to an exact match in calibration weights, trends were identical in the synthetic control and intervention group in the pre-intervention period (5th October to 6th November). However, trends began to diverge two weeks after the introduction of SMART with hospitalisations being lower in Liverpool than in the synthetic control. The lower trend in Liverpool continued throughout December before sharply rising in January to match the synthetic control as community testing expanded to other areas.
	
	
	



[bookmark: _Hlk85190787]Table 2 shows the results of the synthetic control analysis, indicating estimated effect of SMART on COVID-19 hospital admissions.
	
	
	



[bookmark: _Hlk85198295]Table 2. Estimated effects of COVID-SMART community testing on COVID-19 hospital admissions from synthetic control analysis, under alternative assumptions over the effects of a lower level of restrictions in Liverpool City in December 2020.
	Model
	Intervention period 
	Assumed reduction in COVID-19 hospital admissions from Tier 3 vs 2 restrictions
	Difference in COVID-19 hospital admissions between Liverpool and control (%)
	Lower 95% CL
	Upper 95% CL
	P- value

	1
	6th November to 3rd December 2020
	Nil
	-146
(- 43 %)
	-192
(- 57%)
	-96
(- 29%)
	<0.001

	2
	6th November 2020 to 2nd January 2021
	Nil
	-133
(- 16 %)
	-239
(- 27%)
	-3
(0%)
	0.07

	3
	
	17% (central estimate)
	-239
(- 25 %)
	-333
(- 35 %)
	-104
(- 11 %)
	<0.001



Over the initial intensive testing period (6th November to 3rd December 2021) (model 1), admission rates in Liverpool were 43% lower compared to the synthetic control group (95% CI 57% lower to 29% lower). In absolute numbers this 43% reduction is the equivalent of 146 (96 to 192) fewer admissions in the period up to 3rd December 2020.
When extending the analysis to the period up to January 2nd (model 2), we observed a smaller, estimated effect of SMART reducing admissions by 16% (95% CI 27% lower to 0%), or -133 (-239 to -3) in absolute terms, in Liverpool compared with control areas. After adjusting for the anticipated effect of Tier 3 restrictions on COVID-19 hospitalisations using our central estimate, the impact of community testing increased, reducing hospital admissions by 25% (95% CI 35% lower to 11% lower) or 239 (104 to 333) in absolute terms (model 3).
Sensitivity analyses using the upper and lower plausible estimates of the potential Tier effect showed coherent and similar results with that of model 3 (see more details in Supplementary File, part 4). We also repeated our analysis by including areas with mean weekly LFT rates above 1 in 100 population; findings were similar to those presented above (see more details in Supplementary File, part 5). We found similar results in a sensitivity analysis using the aggregated LA-level data (Supplementary File, part 7), adding the proportion of women (Supplementary File, part 8), and using the Education, Skills and Training Deprivation score rather than the composite score of IMD (Supplementary File, part 9).
Discussion
Principal findings
We found that the introduction of community testing in Liverpool, ahead of its wider implementation across the UK, was associated with a reduction in hospital admissions for COVID-19 compared to what would have been expected in the absence of this intervention. This effect was greater when analysis was restricted to the first month of implementation, when testing was more intensive through military assistance and before Liverpool entered a lower level of restrictions than most other cities, at the same time as the Alpha variant spread nationally. This suggests that widespread community testing has an effect at reducing transmission and consequently admissions to hospital for COVID-19. And we found similar effects when we explored the impact of the early roll-out of community testing across the wider Liverpool City Region using an equivalent synthetic control analysis, where we estimated a 32% (95% CI: 22% to 39%) reduction in COVID-19 hospital admissions.[8] Early findings from this pilot informed the national roll-out of SARS-CoV-2 antigen rapid testing across the UK, and have influenced policies internationally.[11]
Strengths and limitations of this study
Our analysis has several strengths. We were able to use small area data to construct a control group that had very similar characteristics to our intervention population. The synthetic control approach ensured that control areas were similar in terms of both level and prior trends in hospital admissions, indicating that these areas were likely to have been affected by similar SARS-CoV-2 transmission patterns prior to the introduction of SMART in Liverpool. This is important as the parallel trends assumptions of simple difference-in-difference methods are not sufficient for analysis of infectious diseases, where the rate of change is intrinsically linked to the levels of infection at baseline.[24]
There are several limitations. Firstly, although we were able to match areas to ensure a good balance of potential confounding factors prior to the intervention, it is possible that concurrent changes in the intervention and/or control populations could bias the results. The major policy change that affected transmission at this time was the introduction of tiered restrictions and we have sought to adjust for these in our analysis and present sensitivity analysis assuming different effects of this policy on transmission. The adjustments we make for these differences in restrictions assume the effect of Tier 2 restrictions on transmission in Liverpool was the same as the average effect across Tier 2 areas in England. The effect could have, however, been greater in Liverpool, because unlike other Tier 2 areas, most of the areas surrounding Liverpool were in Tier 3. Being an island of lower restrictions may have seen surrounding populations using the restaurants and other facilities open in Liverpool that were closed in their own areas at the time. In addition, some other areas within the synthetic group saw more restrictive Tier 4 restrictions in late December 2020. So, our estimates for the effect of SMART may be overly conservative.
Secondly, there are potential spill-over effects with community testing affecting transmission beyond Liverpool, particularly as it was available to people working in Liverpool. We have sought to account for that by excluding surrounding areas from the control group.
Thirdly, our synthetic control group was made up of a non-adjacent set of neighbourhoods, that in aggregate had followed similar trends in hospitalisation to the contiguous neighbourhoods of Liverpool, although we found similar results when matching Liverpool to larger local authority areas (Supplement, Part 7). Our analysis did not consider potential effects on transmission of these differences in the spatial dispersion of the intervention and control neighbourhoods. One might expect that this would lead to a more rapid increase in transmission in Liverpool compared to the synthetic control areas, as neighbourhoods in Liverpool tended to be adjacent to areas with high case rates, whilst the synthetic control neighbourhoods tended to be adjacent to areas with lower case rates. In other words, this would be expected to dilute the intervention effect.
Fourthly, we were only able to use data on small neighbourhood areas, rather than on individuals and therefore were unable to investigate how effects of community testing varied by individual or household characteristics.
Fifthly, the causal inference cannot be tied down to the use of rapid antigen tests alone because the extensive communication required to implement community testing may have affected COVID-19 risk behaviours in those not taking tests.
Finally, our study predated vaccination and the Omicron variant with higher transmissibility but lower hospitalisation.[25,26] Despite the WHO’s gold standard practice of “find, test, treat, and isolate” for containing communicable diseases, the UK government ended community testing on 1st April 2022. Prior to that, people had free and ample access to LFDs and were encouraged to test frequently. Our study also reflects supervised self-swabbing at testing centres whereas home testing became the norm. So, care should be taken when interpreting our findings in different contexts of epidemic, immunity, and testing.
Policy implications
There has been widespread debate about the potential benefits and harms of ‘mass testing’ with lateral flow tests in COVID-19 responses.[27] It is increasingly recognised that this can be an important non-pharmaceutical intervention for identifying infectious cases.[4,28–30] Given the importance of asymptomatic transmission,[1] measures that shorten the time between testing and results, have the potential to break chains of transmission through the timely isolation of the most infectious cases and their close contacts. Criticism of this approach, however, has focused on the accuracy of the tests, potential lack of adherence to self-isolation of those identified and their contacts and insufficient evaluation prior to roll-out.[5] The experience in Liverpool indicates that widespread community testing is feasible and leads to the detection of cases who would not otherwise have been identified.[8] Survey results from Liverpool indicated that a high proportion of cases identified reported that they did self-isolate after testing positive.[8]
It is plausible that the main effect in our analysis is causally related to the SMART intervention, especially as the study period pre-dates the main COVID vaccination roll-out. Over the full follow up period a 25% reduction of what would have been without SMART is the equivalent to an absolute reduction of approximately 239 admissions in Liverpool. Assuming an Infection Hospitalisation Ratio of 3.5%,[31] a reduction in 239 admissions would suggest that around 6,829 infections would need to be prevented to reduce hospital admissions by this amount. In other words, if this effect was causal, the isolation among the 5,110 test-positive individuals found in the COVID-SMART study prevented around 6,829 infections by identifying cases (sooner) and breaking transmission chains. The prevented infections may have been due directly to isolation of those initial 5,110 cases or from the onward transmission via those cases’ contacts observed before 2nd January 2021.[32]
Comparison with other studies
Although large-scale rapid testing for SARS-CoV-2 antigen has been implemented in many countries, there has been limited evaluation of its impact on transmission or hospitalisation. A modelling study found that one round of mass testing may reduce daily infections by up to 20 to 30%, but that these effects are likely to be relatively short lived with infections returning to pre mass-testing levels shortly after an initial wave of testing.[6] Analysis of population wide testing in Slovakia indicated that it was associated with a 58% reduction in transmission, although this analysis was not able to distinguish between the impact of mass testing and other control measures that were introduced at the same time.[7] Our study findings are broadly consistent with these estimates.[14]
Similar to previous studies we find that effects seem to have been greatest early on in the programme when large numbers of tests were administered to a large number of people within a relatively short time period.[6,33] Others have also highlighted the importance of combining rapidly testing in a large proportion of the population along with minimising test delays to control transmission, with modelling indicating that this can compensate for lower test sensitivity.[33] Clearly the use of asymptomatic testing to control transmission will be undermined if the positive cases identified are unable to or disinclined to isolate, for example if there are financial penalties to isolation. Effectiveness will also be reduced when, as we found in Liverpool, uptake of testing tends to be lower in populations where transmission tends to be higher (for example amongst more deprived groups).[9] Our findings suggest, however, that even where uptake is unequal and there are barriers to effective isolation, widespread community testing can potentially reduce transmission and subsequent hospitalisations at least in the short term. Further strategies for community asymptomatic testing should aim to maintain high levels of repeat testing, particularly targeted at high-risk groups. Combining this with other control measures could allow us to maintain control of SARS-CoV-2, whilst maintaining social and economic activity.
Conclusion
The world’s first voluntary, city-wide SARS-CoV-2 rapid antigen testing pilot in Liverpool substantially reduced COVID-19 hospitalisation. Community asymptomatic testing for SARS-CoV-2 antigen with lateral flow devices has been a useful addition to the measures for mitigating COVID-19 risks. The success of such control measures relies on high levels of uptake and effective support to enable isolation of infectious people and their close contacts. For effective public health responses to COVID-19, large-scale community testing is more than a test. It is a complex intervention comprising communication, technology and social responses, which may combine to reduce SARS-CoV-2 transmission beyond the individual effects of tests on early identification and isolation of tested cases.
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