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Impact of community asymptomatic rapid antigen testing on  
covid-19 related hospital admissions: synthetic control study
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Abstract
Objective
To analyse the impact of voluntary rapid testing for 
SARS-CoV-2 antigen in Liverpool city on covid-19 
related hospital admissions.
Design
Synthetic control analysis comparing hospital 
admissions for small areas in the intervention 
population with a group of control areas weighted to 
be similar for past covid-19 related hospital admission 
rates and sociodemographic factors.
Setting
Liverpool city, UK, 6 November 2020 to 2 January 
2021, under the intervention of Covid-SMART 
(systematic meaningful asymptomatic repeated 
testing) voluntary, open access supervised self-testing 
with lateral flow devices, compared with control areas 
selected from the rest of England.
Population
General population of Liverpool (n=498 042) and a 
synthetic control population from the rest of England.
Main outcome measure
Weekly covid-19 related hospital admissions for 
neighbourhoods in England.
Results
The introduction of community testing was associated 
with a 43% (95% confidence interval 29% to 57%) 
reduction (146 (96 to 192) in total) in covid-19 
related hospital admissions in Liverpool compared 
with the synthetic control population (non-adjacent 
set of neighbourhoods with aggregate trends in 
covid-19 hospital admissions similar to Liverpool) 
for the initial period of intensive testing with military 
assistance in national lockdown from 6 November to 

3 December 2020. A 25% (11% to 35%) reduction 
(239 (104 to 333) in total) was estimated across the 
overall intervention period (6 November 2020 to 2 
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 3 December 2020 to 2 January 2021.
Conclusions
The city-wide pilot of community based asymptomatic 
testing for SARS-CoV-2 was associated with 
substantially reduced covid-19 related hospital 
admissions. Large scale asymptomatic rapid testing 
for SARS-CoV-2 could help reduce transmission and 
prevent hospital admissions.

Introduction
Asymptomatic transmission of SARS-CoV-2 has been a 
major challenge in managing the covid-19 pandemic. 
Modelling studies based on the original strain had 
suggested that more than half of transmissions in the 
community may arise from people without symptoms, 
whether pre-symptomatic or never symptomatic.1 
Non-pharmaceutical interventions 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. 
Concerns have, however, been expressed over the 
potential harms to society and the economy from blunt 
strategies such as national lockdowns, including the 
effects of these measures on mental health and health 
inequalities.2

Among other non-pharmaceutical interventions, 
rapid testing for SARS-CoV-2 antigen using lateral flow 
devices has now been implemented in many countries 
for people without symptoms to determine if they are 
potentially infectious and should self-isolate,3 thereby 
helping to reduce the spread of the virus.4-7 Considerable 
scientific, public, and political debate has taken place 
over the mass use of lateral flow devices—the potential 
harms from false negative and false positive test results, 
sometimes confusing public health uses to reduce the 
risk of SARS-CoV-2 transmission with an approximate 
test of infectiousness with clinical uses to make a 
diagnosis of covid-19 and the economic opportunity 
costs.8-10 Most debates and policies regarding mass 
testing have, however, lacked controlled comparisons 
of key outcomes such as hospital admissions for tested 
versus untested populations experiencing concurrent 
pandemic phases, with comparable patterns of virus 
variants and population immunity.

On 6 November 2020, before populations were 
vaccinated, the UK government piloted the first city-
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What is already known on this topic
Previous studies on managing the spread of SARS-CoV-2 identified asymptomatic 
transmission as major challenges for controlling the pandemic
Along with non-pharmaceutical measures, many countries rolled out population 
based asymptomatic testing programmes to further limit transmission
Evidence on whether large scale voluntary testing of communities for covid-19 
reduces severe disease by disrupting transmission is lacking

What this study adds
This study found that large scale rapid antigen testing of communities for SARS-
CoV-2, within an agile local public health campaign, can potentially reduce 
transmission and prevent hospital admissions
The policy implications are that testing during a pandemic is best integrated 
within local public health programmes, supporting those required to isolate and 
adapting to prevailing biological, behavioural, and environmental circumstances
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wide voluntary community testing programme, which 
was open to all residents and workers in Liverpool 
without symptoms of covid-19.8 Box 1 shows the 
timeline of the pilot. The approach was bold, with 
an urgent need to generate evidence on how popular 
such mass testing would be, whether small, controlled 
environment studies on the accuracy of SARS-CoV-2 
antigen lateral flow devices would be reflected in a 
real world public health setting, and 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

Although popular overall, uptake of this programme 
showed substantial differences, with lower uptake 
among black, Asian, and ethnic minority groups, 
deprived neighbourhoods, areas at a distance from test 
sites, and areas containing populations less confident 
in using internet technologies, such as older people in 

Box 1: Timeline of Covid-SMART community testing pilot in Liverpool

October 2020
14 October
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 October
The UK government offers Liverpool mass testing with military assistance

November 2020
1 November
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 November
The military arrives in Liverpool to establish test sites
5 November
National lockdown; a communications drive begins in Liverpool on testing, including an interactive map of testing sites and waiting times on 
Liverpool City Council’s website, and articles put out via digital media in response to testing uptake, feedback on engagement at testing sites, 
analysis of social media, and commissioned surveys
6 November
Six sites open for lateral flow testing (alongside mobile units for polymerase chain reaction (PCR) testing of people with symptoms)
7 November
Sixteen sites open for lateral flow testing
10 November
First meeting of Department of Health and Social Care’s convened evaluation steering group. Schools-based testing starts
11 November
Capacity increased: 37 community sites plus schools, home PCR kits delivered (one-off, unsolicited mailing to sample households), local evaluation 
group established
20 November
Reconfiguration of resources: 15 popular testing sites kept, other resources redeployed to smaller sites in low uptake areas
23 November
System for confirmatory PCR changed from national communication and delivery of a home test kit to swabbing at one designated local testing site 
(with swab kits sent to residents’ homes if they could not travel) and an invitation message tailored to the local area

December 2020
2 December
Liverpool moved into tier 2, with all surrounding regions in higher tiers or with more restrictions
3 December
Handover of management of asymptomatic testing sites 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
Pilot of visits to care homes in Liverpool begins, and the communications plan shifts priority to test-before-you-go for implementation as the 
population returned to high transmission risk settings (eg, hairdressers)
Liverpool City Region roll-out of Covid-SMART begins
4 December
Test-to-release for some key workers begins
17 December
More areas, including Cheshire and Warrington, move into tier 2. Hotels in Liverpool booked heavily with people from London
31 December
Move back into tier 3, with all surrounding regions in tier 4

January 2021
4 January
National lockdown
National roll-out of community testing begins
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disadvantaged areas.9 Evidence from the pilot showed 
that lateral flow tests were sufficiently accurate for 
the intended purpose of community testing, although 
the number of missed people 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 test 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 of around a fifth in infected 
individuals observed 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 for complex 
interventions, especially as the pilot was accompanied 
by a major communication campaign that might have 
affected risk behaviours of those not testing as well as 
those using rapid testing services.

In this study, we evaluated whether large scale 
rapid testing for asymptomatic SARS-CoV-2 infection 
was effective at reducing covid-19 related hospital 
admissions.

Methods
Setting
Covid-SMART (systematic meaningful asymptomatic 
repeated testing)4 12 was introduced for all people 
living or working in the city of Liverpool, in the north 
west of England, from 6 November 2020. Of 151 upper 
tier local authorities in England, Liverpool is the fourth 
most deprived,16 and at the time, the unvaccinated 
population had the highest covid-19 case rate in the 
country. Introduction of Covid-SMART coincided with 
the start of the second national lockdown (5 November 
to 2 December 2020).

Data
Our primary outcome was the weekly number of 
hospital admissions with a main diagnosis of covid-19 
(international classification of diseases 10th revision: 
ICD-10 code U07.1 for confirmed infections and U07.2 
for suspected or probable infections by clinical or 
epidemiological diagnosis)17 in England between 19 
November 2020 and 15 January 2021 (intervention 
period plus two weeks to allow for average lead time 
from infection to hospital admission), aggregated 
to middle layer super output areas (MSOA), using 
Hospital Episode Statistics data provided by NHS 
Digital covering the period 5 October 2020 to 17 
January 2021.18

In England, MSOAs are standard geographical units 
(with an average population of 7200 people) nested 
within local authorities. We used hospital admissions 
as the primary outcome, including those in people 
with a main diagnosis of covid-19 who tested positive 
for SARS-CoV-2 (ICD-10 code U07.1) or those with a 
clinical diagnosis of covid-19 (code U07.2).19 Hospital 
admissions as an 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 or behaviour, testing 
capacity, and testing practices. This is important 
because an objective of the intervention was to increase 
case detection.

In synthesising controls, we used data on the seven 
characteristics of local areas that could potentially 
influence uptake of testing, transmission, effectiveness 
of control measures, and vulnerability to hospital 
admission. The selection of characteristics was 
based on learning from extensive characterisation of 
differences in covid-19 outcomes and interventions 
in the study population.9 These included the English 
indices of multiple deprivation 2019—a composite 
measure of socioeconomic disadvantage,16 population 
density, MSOA population, and the percentage of the 
population who were aged 70 years or older using 
mid-year population estimates for 2019 from the 
Office for National Statistics, the proportion of the 
population from ethnic minority 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, kidney, or respiratory, 
or diabetes) between 2014 and 2018 to measure long 
term prevalence of chronic conditions, using Hospital 
Episodes Statistics data. To additionally account 
for potential differences in access to SARS-CoV-2 
polymerase chain reaction (PCR) testing between 
areas before Covid-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 before the introduction of Covid-SMART.20 
In sensitivity analyses we investigated the inclusion 
of additional potential confounders in the matching 
process: proportion of women and the education, 
skills, and training deprivation domain score from the 
2019 index of multiple deprivation.

Intervention
Covid-SMART was introduced after the UK government 
selected Liverpool to pilot large scale rapid testing 
for SARS-CoV-2 antigen in asymptomatic individuals. 
From 6 November 2020, supervised self-testing 
with the Innova SARS-CoV-2 rapid antigen lateral 
flow device was made available to everyone without 
symptoms living or working in the city of Liverpool. 
During the initial intensive testing period (6 November 
to 3 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 3 December 2020 the service 
was handed over to Liverpool City Council. The overall 
aim of the pilot was to reduce or contain transmission 
of SARS-CoV-2, with testing focusing on the following 
purposes: test-to-protect vulnerable people and 
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settings (eg, people living in care homes), test-to-
release contacts of confirmed infected people sooner 
from quarantine than the stipulated period (eg, key 
workers), and test-to-enable careful return to restricted 
activities to improve public health, social connections, 
and the economy (eg, mass gatherings). The public was 
strongly aware of, and had a largely positive attitude 
towards, Covid-SMART, motivated by shared identity, 
civic pride, and wanting to protect others.8

Individuals who tested positive were instructed to 
isolate for 10 days according to national guidance and 
to take a confirmatory PCR test. By 2 January 2021, 
33% (n=162 745) of the population had at least one 
lateral flow test result registered, with 36% (n=57 827) 
of people testing more than once. Over this period 
2113 infected individuals (1.3% of all people tested) 
were identified using lateral flow tests. Testing was 
particularly intensive up to 3 December 2020, 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 
covid-19 related hospital admissions by preventing 
onward transmission resulting from the effective 
isolation of people who tested positive and their 
contacts, and from the associated publicity raising 
general awareness of risk behaviours associated with 
covid-19 and mitigation measures. A proportion of 
infections prevented as a result of the Covid-SMART 
intervention would have resulted in admissions to 
hospital.

Statistical analysis
We applied the synthetic control method for 
microdata developed by Robbins et al to estimate the 
effect of Covid-SMART on covid-19 related hospital 
admissions.21 22 The synthetic control method is a 
generalisation of difference-in-differences methods, 
whereby an untreated version of the intervention areas 
(ie, 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 with that in the synthetic control areas after the 
intervention.23

As a time lag would be expected between the 
introduction of Covid-SMART and reduced numbers 
of hospital admissions, we assumed the minimum 
plausible period from the start of the testing programme 
to when an impact on hospital admissions might be 
expected to be two weeks. We therefore compared 
the trend in admissions between the intervention and 
synthetic control areas after 19 November 2020 (ie, 14 
days after Covid-SMART started on 6 November). We 
estimated the intervention effect over two periods: the 
initial intensive testing period with military support (6 
November to 3 December 2020) and the civilian rollout 
involving fewer testing centres (6 November 2020 to 
2 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 2 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 
supplementary figure SF1 for a comparison of lateral 
flow testing in Liverpool versus the rest of the country).

To construct the synthetic control group, we derived 
calibration weights to match the 61 MSOAs in Liverpool 
to areas outside Liverpool before the introduction 
of Covid-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, (MSOA population, 
index of multiple deprivation, population density, 
proportion of the population aged 70 years or older, 
proportion of the population from ethnic minority 
groups, five year hospital admission rate for chronic 
conditions, and PCR testing rate before intervention) 
in the control group is equal to the average for 
Liverpool.21 Secondly, the total number of covid-19 
related hospital admissions in the control group 
equals the number of hospital admissions in Liverpool 
for each of the seven weeks before 19 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.

From the pool of MSOAs used to construct the 
synthetic control, we excluded MSOAs within the 
Liverpool City Region (139 MSOAs in five local 
authorities, other than Liverpool) to avoid spill-over 
effects of community testing on neighbouring areas. 
As we wanted to estimate the effect of Covid-SMART 
alone, we treated Liverpool as the intervention 
group and excluded from the control group any local 
authorities with higher than the average weekly lateral 
flow testing rate of 1 per 100 population between 6 
November 2020 and 2 January 2021. This removes 
influences of any unknown pilots of lateral flow tests 
among the 15% of non-Liverpool local authorities 
testing above this level (see supplementary figure SF2). 
Overall, 142 MSOAs were excluded in this way (2.2% 
of all non-intervention MSOAs), leaving 6290 MSOAs 
to comprise the synthetic control group.

The average treatment effect for the treated was then 
estimated as the difference in cumulative number of 
hospital admissions in the post-intervention period in 
Liverpool compared with the (weighted) cumulative 
number of admissions in the synthetic control group. 
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 95% confidence intervals.22
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After the national lockdown ended on 2 December 
2020, a three tiered system of local restrictions was 
implemented. Liverpool entered less stringent tier 
2 (high alert) restrictions owing to lower levels of 
covid-19, while most similar areas entered tier 3 (very 
high alert) restrictions, which appeared to have a 
relatively large impact on transmission.23 We therefore 
adjusted our analysis for the extended period (6 
November 2020 to 2 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 found that tier 3 restrictions were 
associated with a reduction in hospital admission 
rates by 17% (95% confidence interval 13% to 21%) 
relative to tier 2 restrictions, and that these effects 
started around the 20 December 2020 and extended to 
the 21 February 2021. We therefore adjusted the cases 
in tier 3 areas upwards by this percentage during this 
period before deriving weights to provide a synthetic 
control group reflecting transmission conditions 
that were experienced in Liverpool at that time (see 
supplementary file part 2 for how this adjustment was 
estimated).

All analyses were 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 (see supplementary 
file part 4 for results). We also replicated the analysis 
without excluding places with mean weekly lateral flow 
test rates >1 per 100 population (see supplementary 
file part 5 for results).

To account for the potential bias from our synthetic 
control group being constructed from a dispersed non-
adjacent set of neighbourhoods, while our intervention 
group was the contiguous neighbourhoods of Liverpool, 
we conducted a sensitivity analysis. In this analysis 
we used a different synthetic control approach with 
aggregated local authority data, comparing Liverpool to 
a group of similar cities and towns (see supplementary 
file part 7 for results). We also conducted sensitivity 
analyses to check whether our choice of matching 
variables was robust by incorporating the proportion 
of women (see supplementary file part 8) and the 
education, skills, and training deprivation domain score 
rather than the composite score of the index of multiple 
deprivation (see 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 the University of Liverpool. 
Further details are available 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 (see supplementary 
file part 5, tables SF3 and SF4 for further details). 
Liverpool has markedly higher levels of deprivation, 
higher population density, higher proportion of the 
population previously admitted for a chronic disease, 
lower proportion of the population aged 70 years or 
older, and a lower proportion of the population from 
ethnic minority groups. In the seven weeks before 
the introduction of Covid-SMART, Liverpool had a 
higher number of PCR tests per capita and higher 
covid-19 related hospital admissions 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 
aged 70 years or older, proportion from ethnic 
minority groups, five year hospital admission rate 
for chronic conditions, and PCR testing rate before 
intervention) achieved an exact match between 
the intervention (Liverpool) and synthetic control 
areas. Supplementary table SF4 compares the total 
number of covid-19 related hospital admissions in 
the control group with Liverpool for each of the seven 
weeks before 19 November (preintervention period) 
and shows a perfect match between the intervention 
group and synthetic control group. Supplementary 
figure SF4 shows the geographical pattern of these 
weights when constructing the synthetic control 
group. Many MSOAs 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 
(London), Fulham (London), Torbay, Southampton); 
see supplementary figure SF4.

Figure 1 shows the trend for the average covid-19 
hospital admission rates from 5 October 2020 until 
17 January 2021 across MSOAs in Liverpool, and the 
synthetic control group. Owing to an exact match in 
calibration weights, trends were identical between 
the intervention group and synthetic control group in 
the preintervention period (5 October to 5 November 
2020). Trends began to diverge two weeks after the 
introduction of Covid-SMART, however, with hospital 
admissions being lower in Liverpool than in the 
synthetic control group. The lower trend in Liverpool 
continued throughout December before rising sharply 
in January to match that of the synthetic control group, 
which coincided with the expansion of community 
testing to other areas.

Table 2 shows the results of the synthetic control 
analysis, indicating estimated effect of Covid-SMART 
on covid-19 related hospital admissions. We present 
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the estimated effects for three different models: model 
1 assumes no effects of the tier 3 restrictions during 
the initial intensive testing period with high level 
restrictions (6 November to 3 December 2020); model 
2 also assumes no effects of the tier 3 restrictions 
but extends the initial period to 2 January 2021; and 
model 3 covers the same extended period as model 2 
(6 November to 2 January 2021) but seeks to adjust the 
effects of tier 3.

Over the initial intensive testing period (6 November 
to 3 December 2020) (model 1), admission rates in 
Liverpool were 43% lower than in the synthetic control 

group (95% confidence interval 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 3 December 2020.

When extending the analysis to the period up to 
2 January 2021 (model 2), we observed a smaller, 
estimated effect of Covid-SMART in reducing admissions 
by 16% (95% confidence interval 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 
hospital admissions using our central estimate, the 
impact of community testing was observed to increase, 
and hospital admissions reduced by 25% (95% 
confidence interval 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 those of model 3 
(see supplementary file part 4 for more details). We 
also repeated our analysis by including areas with 
mean weekly lateral flow testing rates >1 per 100 
population; findings were similar to those in table 
2 (see supplementary file part 5 for more details). 
We found similar results in a sensitivity analysis 
using the aggregated local authority level data (see 
supplementary file part 7), adding the proportion of 
women (see supplementary file part 8), and using the 
education, skills, and training deprivation domain 
score rather than the composite score of index of 
multiple deprivation (see supplementary file part 9).

Discussion
Principal findings
This study found that the introduction of community 
testing for SARS-CoV-2 in Liverpool, ahead of its wider 
implementation across the UK, was associated with 
a reduction in covid-19 related hospital admissions 
compared with what would have been expected in the 
absence of this intervention. This effect was observed to 
be 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 of SARS-CoV-2 spread 
nationally. This suggests that widespread community 
testing has an effect at reducing transmission and 
consequently covid-19 related hospital admissions. 
We also 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% confidence interval 22% to 39%) reduction in 
covid-19 related 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 with 

Table 1 | Comparison between Liverpool and MSOAs in the rest of England used to 
construct the synthetic control group

Characteristics Liverpool
MSOAs in rest of 
England

No of MSOAs 61 6290
Total population 498 042 52 330 147
MSOA population† 8165 8320
Index of multiple deprivation 2019 score† 43 21
Population density (No of people per hectare)† 55 36
Population aged ≥70 years (%)†‡ 11 14
Ethnic minority group (%)†§ 11 14
Population with ≥1 admission for chronic disease†¶ 24 20
No of PCR tests per 100 000 population†** 3572 2552
Average weekly hospital admissions per 100 000 population for 
covid-19**

26 9

Weekly covid-19 cases per 100 000 population** 464 203
MSOA=middle layer super output areas; PCR=polymerase chain reaction.
The synthetic control group excludes those within Liverpool City Region or with a high rate for lateral flow testing.
†Matched local area characteristics used to construct the synthetic control group.
‡Calculated using mid-year population estimates for 2019 from Office for National Statistics.
§Data obtained from the 2011 census.
¶Based on Hospital Episode Statistics data between 2014 and 2018.
**Data refer to the preintervention period from 5 October to 5 November 2020.
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Fig 1 | Trend in weekly covid-19 hospital admission rates in middle layer super output 
areas (MSOAs) in Liverpool city compared with a synthetic control group constructed 
from the weighted average of MSOAs outside Liverpool City Region without community 
testing. Community testing pilot for SARS-CoV-2 was introduced in Liverpool on 6 
November 2020, followed by tier 2 covid-19 restrictions on 3 December 2020, before 
the national roll-out of community testing in lockdown on 3 January 2021. Adjustments 
are for the estimated effects of December 2020s tier 2 versus tier 3 restrictions on 
covid-19 related hospital admissions
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similar characteristics to our intervention population. 
The synthetic control approach ensured that control 
areas were similar for 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 before the introduction of Covid-
SMART in Liverpool. This is important as the parallel 
trends assumptions of simple difference-in-differences 
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

Our study also has several limitations. Firstly, 
although we were able to match areas to ensure a good 
balance of potential confounding factors before the 
intervention, it is possible that concurrent changes 
in the intervention or control populations, or both, 
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 made for these 
differences in restrictions assumed that the effect 
of tier 2 restrictions on SARS-CoV-2 transmission in 
Liverpool was the same as the average effect across tier 
2 areas in England. The effect could, however, have 
been greater in Liverpool, because unlike other tier 2 
areas, most of the areas surrounding Liverpool were in 
tier 3. The lower restrictions in Liverpool might have 
encouraged populations from surrounding areas to use 
the restaurants and other facilities open in Liverpool 
that were closed in their own areas at the time. In 
addition, more restrictive tier 4 restrictions were 
applied in some other areas within the synthetic group 
in late December 2020. Therefore our estimates for 
the effect of Covid-SMART may be overly conservative. 
Secondly, there are potential spill-over effects, with 
community testing affecting transmission beyond 
Liverpool—particularly as testing was available to 
people working in Liverpool. We 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, which 
in aggregate had shown similar trends in hospital 
admissions to those in the contiguous neighbourhoods 
of Liverpool—although we found similar results when 
matching Liverpool to larger local authority areas 
(see supplementary file part 7). In our analysis we 
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 with the synthetic 
control areas, as neighbourhoods in Liverpool tended 
to be adjacent to areas with high case rates, whereas 
the synthetic control neighbourhoods tended to be 
adjacent to areas with lower case rates—that is, 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 not able to investigate how effects of 
community testing varied by individual or household 
characteristics. Fifthly, the causal inference cannot be 
applied 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 
hospital admissions.25 26 Despite the World Health 
Organization’s recommendation to find, test, treat, 
and isolate for containing communicable diseases, 
the UK government ended community testing on 1 
April 2022. Before that, people had free and ample 
access to lateral flow devices and were encouraged 
to test frequently. Our study also reflects supervised 
self-swabbing at testing centres, whereas home testing 
became the norm. Therefore, care should be taken 
when interpreting the findings of this study in the 
context of different epidemics, immunity, and testing.

Policy implications
Debate about the potential benefits and harms of mass 
testing using lateral flow tests in response to covid-19 
has been widespread.27 Mass testing is increasingly 
recognised as an important non-pharmaceutical 
intervention for identifying infectious people.4 28-30 
Given the importance of asymptomatic transmission,1 
measures that shorten the time between testing and 
results have the potential to disrupt transmission 
through timely isolation of the most infectious 
people and their close contacts. Criticism of this 
approach, however, has focused on the accuracy of 
tests, potential lack of adherence to self-isolation of 
those identified as infectious and their contacts, and 
insufficient evaluation before roll-out.5 The experience 
in Liverpool indicates that widespread community 
testing is feasible and can detect infectious people 
who would not otherwise have been identified.8 Survey 
results from Liverpool indicated that a high proportion 
of infectious people who were identified reported that 
they did self-isolate after testing positive.8

Table 2 | Estimated effects of Covid-SMART community testing on covid-19 related hospital admissions from synthetic 
control analysis, under alternative assumptions over the effects of a lower level of restrictions in Liverpool city, 
December 2020

Model Intervention period
Assumed reduction in admissions 
from tier 3 v 2 restrictions (%)

Difference in hospital admissions 
(Liverpool v control)

P value% (95% CI) Absolute (95% CI)
1 6 Nov to 3 Dec 2020 Nil −43 (−57 to −29) −146 (−192 to −96) <0.001
2 6 Nov 2020 to 2 Jan 2021 Nil −16 (−27 to 0) −133 (−239 to −3) 0.07
3 6 Nov 2020 to 2 Jan 2021 17 (central estimate) −25 (−35 to −11) −239 (−333 to −104) <0.001
CI=confidence interval.
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It is plausible that the main effect in our analysis 
is causally related to the Covid-SMART intervention, 
especially as the study period pre-dates the main 
roll-out of covid-19 vaccination. Over the full follow-
up period a 25% reduction of what would have been 
without Covid-SMART is the equivalent to an absolute 
reduction of about 239 hospital admissions in 
Liverpool. Assuming an infection hospital admission 
ratio of 3.5%,31 a reduction in 239 admissions would 
suggest that around 6829 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 5110 test positive individuals 
found in the Covid-SMART study prevented around 
6829 infections by identifying infectious people 
sooner and disrupting transmission. The prevented 
infections may have been directly due to the isolation 
of those initial 5110 infectious people or from the 
onward transmission through their contacts observed 
before 2 January 2021.32

Comparison with other studies
Although many countries have implemented large 
scale rapid testing for SARS-CoV-2 antigen, evaluation 
of its impact on transmission and hospital admissions 
have been limited. A modelling study found that one 
round of mass testing might reduce daily infections by 
20-30% but that these effects are likely to be relatively 
short term, 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 
mass testing 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 found 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 
period.6 33 Others have also highlighted the importance 
of combining rapid testing in a large proportion of the 
population along with minimising delays to testing 
to control transmission, with modelling indicating 
that this can compensate for lower test sensitivity.33 
However, the use of asymptomatic testing to control 
transmission will be undermined if test positive people 
are unable, 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 (eg, among more 
deprived groups).9 Our findings, however, suggest that 
even when uptake is unequal and barriers to effective 
isolation exist, widespread community testing can 
potentially reduce transmission and subsequent 
hospital admissions at least in the short term. Further 
strategies for asymptomatic testing in the community 
should aim to maintain high levels of repeat testing, 
particularly targeted at high risk groups. Combining 

this with other control measures could allow control 
of SARS-CoV-2 while maintaining social and economic 
activity.

Conclusion
The voluntary, city-wide SARS-CoV-2 rapid antigen 
testing pilot in Liverpool was associated with a 
substantial reduction in covid-19 related hospital 
admissions. Community asymptomatic testing for 
SARS-CoV-2 antigen with lateral flow devices has been 
a useful addition to the measures for mitigating risks 
of covid-19. 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 successful 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 when combined may reduce SARS-CoV-2 
transmission beyond the individual effects of tests 
on early identification and isolation of test positive 
individuals.
We thank the Liverpool residents who participated during the study 
period and Liverpool City Council officials for support in the planning 
and delivery of the COVID-SMART programme.
Contributors: XZ and BB are joint first authors. IB led the overall 
study, provided clinical and public health expertise on interpretation 
of findings, and drafted, critically reviewed, and finalised the paper. 
BB conceptualised the analytical plan, analysed the data, interpreted 
the results, drafted the paper, and critically reviewed updated versions 
of the paper. BB and IB are guarantors of the study. XZ cleaned and 
analysed the data and drafted and revised the paper. DC drafted 
the paper and helped with interpretation of findings. MGF provided 
expertise on study methodology and critically reviewed the paper. 
MG and DH contributed to the analyses, helped with interpretation of 
findings, and critically reviewed the paper. The corresponding author 
attests that all listed authors meet authorship criteria and that no 
others meeting the criteria have been omitted.
Funding: This report is independent research funded by the 
Department of Health and Social Care. This work was supported by the 
Economic and Social Research Council (grant No ES/L011840/1). IB 
is supported by the National Institute for Health and Care Research 
(NIHR) as senior investigator. BB and XZ are supported by the NIHR 
Applied Research Collaboration North West Coast (ARC NWC). IB, BB, 
and XZ are also supported by the NIHR Health Protection Research 
Unit in Gastrointestinal Infections, a partnership between Public 
Health England, the University of Liverpool, and the University of 
Warwick (ref NIHR200910). The NIHR had no role in the study design, 
data collection and analysis, decision to publish, or preparation of the 
article. The funders had no role in considering the study design or in 
the collection, analysis, or interpretation of data, writing of the report, 
or decision to submit the article for publication. The views expressed 
in this publication are those of the authors and not necessarily those 
of the National Health Service, NIHR, or Department of Health and 
Social Care.
Competing interests: All authors have completed the ICMJE uniform 
disclosure form at https://www.icmje.org/disclosure-of-interest and 
declare: funding from the Department of Health and Social Care, 
Economic and Social Research Council, and National Institute for 
Health and Care Research; no support from any organisation for the 
submitted work; no financial relationships with any organisations 
that might have an interest in the submitted work in the previous 
three years; no other relationships or activities that could appear to 
have influenced the submitted work. The City of Liverpool received a 
donation from Innova Medical Group towards the foundation of the 
Pandemic Institute. None of this funding has supported the research 
reported here or any of the authors’ work to date.
Ethical approval: Not required as this study only used anonymised 
and aggregated data.
Data sharing: The small area covid-19 hospital admissions data 
were made available by NHS Digital under data sharing agreement 
DARS-NIC-16656-D9B5T-v3.10 and are available through application 

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-071374 on 23 N
ovem

ber 2022. D
ow

nloaded from
 

https://www.icmje.org/disclosure-of-interest
http://www.bmj.com/


RESEARCH

the bmj | BMJ 2022;379:e071374 | doi: 10.1136/bmj-2022-071374� 9

to NHS Digital. All other data are publicly accessible and code is 
available via the Liverpool City Region Civic Data Cooperative GitHub 
public repository (https://github.com/civicdatacoop/COVID-SMART-in-
Liverpool/tree/main).
The study guarantors (BB and IB) affirm that the manuscript is 
an honest, accurate, and transparent account of the study being 
reported; that no important aspects of the study have been omitted; 
and that any discrepancies from the study as originally planned have 
been explained.
Dissemination to participants and related patient and public 
communities: The COVID-SMART pilot involved regular focus groups 
with residents run by Liverpool City Council in collaboration with 
University of Liverpool as detailed at https://www.liverpool.ac.uk/
coronavirus/research-and-analysis/covid-smart-pilot/. The emerging 
findings of this study have been shared through formal scientific 
communication platforms, public media and social media, and 
relevant government agencies in the format of press releases, online 
engagement, meetings, reports, and a preprint manuscript.
Provenance and peer review: Not commissioned; externally peer 
reviewed.
This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which 
permits others to distribute, remix, adapt and build upon this work, 
for commercial use, provided the original work is properly cited. See: 
http://creativecommons.org/licenses/by/4.0/.

1 	 Cevik M, Kuppalli K, Kindrachuk J, Peiris M. Virology, transmission, and 
pathogenesis of SARS-CoV-2. BMJ 2020;371:m3862. doi:10.1136/
bmj.m3862. 

2 	 McPherson KE, McAloney-Kocaman K, McGlinchey E, Faeth P, 
Armour C. Longitudinal analysis of the UK COVID-19 Psychological 
Wellbeing Study: Trajectories of anxiety, depression and COVID-19-
related stress symptomology. Psychiatry Res 2021;304:114138. 
doi:10.1016/j.psychres.2021.114138. 

3 	 Drain PK. Rapid Diagnostic Testing for SARS-CoV-2. N Engl J 
Med 2022;386:264-72. doi:10.1056/NEJMcp2117115. 

4 	 Crozier A, Rajan S, Buchan I, McKee M. Put to the test: use of 
rapid testing technologies for covid-19. BMJ 2021;372:n208. 
doi:10.1136/bmj.n208. 

5 	 Gill M, Gray M. Mass testing for covid-19 in the UK. 
BMJ 2020;371:m4436. doi:10.1136/bmj.m4436. 

6 	 Bosetti P, Kiem CT, Yazdanpanah Y, et al. Impact of mass testing 
during an epidemic rebound of SARS-CoV-2: a modelling study 
using the example of France. Euro Surveill 2021;26:2001978. 
doi:10.2807/1560-7917.ES.2020.26.1.2001978. 

7 	 Pavelka M, Van-Zandvoort K, Abbott S, et al, CMMID COVID-19 
working group, Inštitút Zdravotných Analýz. The impact of population-
wide rapid antigen testing on SARS-CoV-2 prevalence in Slovakia. 
Science 2021;372:635-41. doi:10.1126/science.abf9648. 

8 	 GOV.UK. Liverpool coronavirus (COVID-19) community testing pilot: 
full evaluation report summary. https://www.gov.uk/government/
publications/liverpool-coronavirus-covid-19-community-testing-
pilot-full-evaluation-report-summary (accessed 2 Sep 2021).

9 	 Green MA, García-Fiñana M, Barr B, et al. Evaluating social and 
spatial inequalities of large scale rapid lateral flow SARS-CoV-2 
antigen testing in COVID-19 management: An observational study of 
Liverpool, UK (November 2020 to January 2021). Lancet Reg Health 
Eur 2021;6:100107. doi:10.1016/j.lanepe.2021.100107. 

10 	 García-Fiñana M, Hughes DM, Cheyne CP, et al. Performance of the 
Innova SARS-CoV-2 antigen rapid lateral flow test in the Liverpool 
asymptomatic testing pilot: population based cohort study. 
BMJ 2021;374:n1637. doi:10.1136/bmj.n1637. 

11 	 GOV.UK. Liverpool COVID-19 community testing pilot: interim 
evaluation report summary. https://www.gov.uk/government/
publications/liverpool-covid-19-community-testing-pilot-interim-
evaluation-report-summary/liverpool-covid-19-community-testing-
pilot-interim-evaluation-report-summary (accessed 21 Mar 2022).

12 	 University of Liverpool. Covid-SMART rapid antigen community testing 
evaluations. https://www.liverpool.ac.uk/coronavirus/research-and-
analysis/covid-smart-pilot/ (accessed 24 Mar 2022).

13 	 Mina MJ, Peto TE, García-Fiñana M, Semple MG, Buchan IE. Clarifying 
the evidence on SARS-CoV-2 antigen rapid tests in public health 
responses to COVID-19. Lancet 2021;397:1425-7. doi:10.1016/
S0140-6736(21)00425-6. 

14 	 García-Fiñana M, Buchan IE. Rapid antigen testing in COVID-19 
responses. Science 2021;372:571-2. doi:10.1126/science.abi6680 

15 	 Hughes DM, Bird SM, Cheyne CP, et al. Rapid antigen testing 
in COVID-19 management for school-aged children: an 
observational study in Cheshire and Merseyside, UK. J Public Health 
(Oxf) 2022;fdac003. doi:10.1093/pubmed/fdac003. 

16 	 Ministry of Housing Communities & Local Government. English 
indices of deprivation 2019: research report. 2019. https://www.gov.
uk/government/publications/english-indices-of-deprivation-2019-
research-report

17 	 World Health Organization. ICD-10: international statistical 
classification of diseases and related health problems : tenth 
revision. 2004. https://apps.who.int/iris/handle/10665/42980 
(accessed 24 Mar 2022).

18 	 Hospital Episode Statistics. NHS Digital. https://digital.nhs.uk/data-
and-information/data-tools-and-services/data-services/hospital-
episode-statistics (accessed 2 Dec 2021).

19 	 World Health Organization. Emergency use ICD codes for COVID-19 
disease outbreak. https://www.who.int/standards/classifications/
classification-of-diseases/emergency-use-icd-codes-for-covid-19-
disease-outbreak (accessed 2 Dec 2021).

20 	 Official UK Coronavirus Dashboard. https://coronavirus.data.gov.uk/
details/cases (accessed 28 Jan 2021).

21 	 Robbins MW, Davenport S. microsynth: Synthetic Control Methods 
for Disaggregated and Micro-Level Data in R. J Stat Softw 2021;1(2) 
Published Online 14 Jan 2021. https://www.jstatsoft.org/v097/i02

22 	 Robbins MW, Saunders J, Kilmer B. A Framework for Synthetic 
Control Methods With High-Dimensional, Micro-Level Data: 
Evaluating a Neighborhood-Specific Crime Intervention. J Am Stat 
Assoc 2017;112:109-26. doi:10.1080/01621459.2016.1213634.

23 	 Zhang X, Owen G, Green M, et al. Evaluating the Impacts of Tiered 
Restrictions Introduced in England, During October and December 
2020 on COVID-19 Cases: A Synthetic Control Study. Rochester, NY: 
Social Science Research Network2021. doi:10.2139/ssrn.3805859

24 	 Haber NA, Clarke-Deelder E, Salomon JA, Feller A, Stuart EA. Impact 
Evaluation of Coronavirus Disease 2019 Policy: A Guide to Common 
Design Issues. Am J Epidemiol 2021;190:2474-86. doi:10.1093/
aje/kwab185. 

25 	 Ledford H. How severe are Omicron 
infections?Nature 2021;600:577-8. doi:10.1038/d41586-021-
03794-8 

26 	 Nyberg T, Ferguson NM, Nash SG, et al, COVID-19 Genomics 
UK (COG-UK) consortium. Comparative analysis of the risks of 
hospitalisation and death associated with SARS-CoV-2 omicron 
(B.1.1.529) and delta (B.1.617.2) variants in England: a cohort 
study. Lancet 2022;399:1303-12. doi:10.1016/S0140-
6736(22)00462-7 

27 	 Bunn S. Mass testing for COVID-19: January update on lateral flow 
tests. [Rapid response.] Published Online 29 January 2021.https://
post.parliament.uk/mass-testing-for-covid-19-january-update-on-
lateral-flow-tests/ (accessed 2 Dec 2021).

28 	 Pilecky M, Harm S, Bauer C, et al. Performance of lateral flow assays 
for SARS-CoV-2 compared to RT-qPCR. J Infect 2022;84:579-613. 
doi:10.1016/j.jinf.2022.01.013. 

29 	 Kontou PI, Braliou GG, Dimou NL, Nikolopoulos G, Bagos PG. 
Antibody Tests in Detecting SARS-CoV-2 Infection: A Meta-
Analysis. Diagnostics (Basel) 2020;10:319. doi:10.3390/
diagnostics10050319. 

30 	 Brümmer LE, Katzenschlager S, Gaeddert M, et al. Accuracy of novel 
antigen rapid diagnostics for SARS-CoV-2: A living systematic review 
and meta-analysis. PLoS Med 2021;18:e1003735. doi:10.1371/
journal.pmed.1003735. 

31 	 Knock ES, Whittles LK, Lees JA, et al. Key epidemiological drivers 
and impact of interventions in the 2020 SARS-CoV-2 epidemic 
in England. Sci Transl Med 2021;13:eabg4262. doi:10.1126/
scitranslmed.abg4262. 

32 	 GOV.UK. The R value and growth rate. https://www.gov.uk/guidance/
the-r-value-and-growth-rate (accessed 24 Mar 2022).

33 	 Howerton E, Ferrari MJ, Bjørnstad ON, et al. Synergistic interventions 
to control COVID-19: Mass testing and isolation mitigates reliance on 
distancing. PLoS Comput Biol 2021;17:e1009518. doi:10.1371/
journal.pcbi.1009518. 

Supplementary material: additional information 
parts 1-9, including tables and figures

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-071374 on 23 N
ovem

ber 2022. D
ow

nloaded from
 

https://github.com/civicdatacoop/COVID-SMART-in-Liverpool/tree/main
https://github.com/civicdatacoop/COVID-SMART-in-Liverpool/tree/main
https://www.liverpool.ac.uk/coronavirus/research-and-analysis/covid-smart-pilot/
https://www.liverpool.ac.uk/coronavirus/research-and-analysis/covid-smart-pilot/
http://creativecommons.org/licenses/by/4.0/
https://www.gov.uk/government/publications/liverpool-coronavirus-covid-19-community-testing-pilot-full-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-coronavirus-covid-19-community-testing-pilot-full-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-coronavirus-covid-19-community-testing-pilot-full-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary
https://www.gov.uk/government/publications/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary/liverpool-covid-19-community-testing-pilot-interim-evaluation-report-summary
https://www.liverpool.ac.uk/coronavirus/research-and-analysis/covid-smart-pilot/
https://www.liverpool.ac.uk/coronavirus/research-and-analysis/covid-smart-pilot/
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-research-report
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-research-report
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-research-report
https://apps.who.int/iris/handle/10665/42980
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://www.who.int/standards/classifications/classification-of-diseases/emergency-use-icd-codes-for-covid-19-disease-outbreak
https://coronavirus.data.gov.uk/details/cases
https://coronavirus.data.gov.uk/details/cases
https://www.jstatsoft.org/v097/i02
https://post.parliament.uk/mass-testing-for-covid-19-january-update-on-lateral-flow-tests/
https://post.parliament.uk/mass-testing-for-covid-19-january-update-on-lateral-flow-tests/
https://post.parliament.uk/mass-testing-for-covid-19-january-update-on-lateral-flow-tests/
https://www.gov.uk/guidance/the-r-value-and-growth-rate
https://www.gov.uk/guidance/the-r-value-and-growth-rate
http://www.bmj.com/

