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Objectives: To monitor changes in seroprevalence of SARS-CoV-2 antibodies in populations over time and 

between different demographic groups. 

Methods: A subset of practices in the Oxford-Royal College of General Practitioners (RCGP) Research and 

Surveillance Centre (RSC) sentinel network provided serum samples, collected when volunteer patients 

had routine blood tests. We tested these samples for SARS-CoV-2 antibodies using Abbott (Chicago, USA), 

Roche (Basel, Switzerland) and/or Euroimmun (Luebeck, Germany) assays, and linked the results to the 

patients’ primary care computerised medical records. 

We report seropositivity by region and age group, and additionally examined the effects of gender, 

ethnicity, deprivation, rurality, shielding recommendation and smoking status. 

Results: We estimated seropositivity from patients aged 18-100 years old, which ranged from 4.1% (95% 

CI 3.1–5.3%) to 8.9% (95% CI 7.8–10.2%) across the different assays and time periods. We found higher Eu- 

roimmun seropositivity in younger age groups, people of Black and Asian ethnicity (compared to white), 

major conurbations, and non-smokers. We did not observe any significant effect by region, gender, depri- 

vation, or shielding recommendation. 

Conclusions: Our results suggest that prior to the vaccination programme, most of the population re- 

mained unexposed to SARS-CoV-2. 

© 2022 Published by Elsevier Ltd on behalf of The British Infection Association. 
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Antibodies to severe acute respiratory syndrome coronavirus 2 

SARS-CoV-2) can usually be detected following infection, whether 

ymptomatic or asymptomatic. The seroprevalence of SARS-CoV-2 

ntibodies in the population serves as a measure of past exposure 

nd population immunity. 1 Community serological surveys allow 

onitoring of changes over time, and comparisons between so- 

iodemographic groups. 
∗ Corresponding author. 

E-mail address: heather.whitaker@phe.gov.uk (H. Whitaker) . 
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Box 1 provides some background to the spread of SARS-CoV-2 

nd restrictions imposed in England during 2020. Several national 

ommunity serological surveys for SARS-CoV-2 in adults were on- 

oing in England throughout this period. These include a survey 

n sera taken from blood donations, 2 the Real-time Assessment 

f Community Transmission (REACT-2) survey, with recruitment 

y postal invitation and use of self-administered lateral flow im- 

unoassays coupled with a questionnaire, 3 and the Office for Na- 

ional Statistics’ (ONS) Coronavirus Infection Survey, with recruit- 

ent by household, and samples and questionnaire responses col- 

ected during a doorstep visit. 4 Evidence from multiple surveys 

elp to build a fuller picture of seroprevalence by geography, age 

roup and other sociodemographic factors. 
. 

https://doi.org/10.1016/j.jinf.2022.04.016
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
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ox 1 . Overview of the COVID-19 spread in England, prior to vacci- 

ation 

The first cases of COVID-19 were confirmed in England on 

31st Jan 2020. Case numbers rose, leading to a national lock- 
down commencing 23rd March 2020, with lockdown mea- 
sures subsequently eased from 10th May. From July, con- 
cern over outbreaks in cities and towns in the midlands and 

north of England began to rise, and local lockdowns were put 
in place as necessary; then from 14th October 2020 a geo- 
graphic tier system was implemented. From 2nd November to 
1st December 2020 England was in back national lockdown; 
though schools remained open. 

The B.1.1.7 (UK) variant began to spread rapidly in Lon- 
don and the South East leading to stricter local restrictions 
in these areas from 19th December. The first COVID-19 vac- 
cine was licenced in the United Kingdom from 7th December 
2020. 

We present interim results of a serological survey in Eng- 
land, where additional blood samples for surveillance have 
been collected opportunistically from individuals attending 
their general practice for routine blood tests. Participating 
practices were members of the Oxford-Royal College of Gen- 
eral Practitioners (RCGP) Research and Surveillance Centre 
(RSC). 

Like the blood donor survey, the RCGP RSC serosurveillance 

omprised convenience samples, but the populations captured tend 

o be older and more likely to have chronic diseases. Samples have 

een linked to GP records to give clinical history and demographic 

nformation and allow more detailed exploration of seroprevalence 

ithin risk groups. For example, the RSC is able to flag extremely 

linically vulnerable patients who have been advised to ‘shield’ 

uring the pandemic; 5 shielded patients were instructed to stay at 

ome except to attend medical appointments, exercise or for other 

ssential reasons. 

We present nationwide estimates of SARS-CoV-2 seropositivity 

uring 2020 by region and age group, to provide insight into the 

evels of possible population immunity prior to the commence- 

ent of vaccination. Further, we explored seropositivity by gender, 

thnicity, rurality, socioeconomic status, shielding recommendation 

nd smoking status. 

ethods 

ata collection 

The study population comprises individuals registered at prac- 

ices throughout England, where 212 practices provided blood sera 

amples as part of the Oxford-RCGP RSC sentinel network. Prior 

o the emergence of SARS-CoV-2, there had been limited serol- 

gy collections in the network. 7 To aid SARS-CoV-2 surveillance, 

he network of participating GPs was rapidly expanded, 6 and from 

ay 2020 onwards provided more than 10 0 0 sera samples per 

eek. Practices were recruited to provide good geographical cov- 

rage across England. 

Patients attending their GP and undergoing routine blood tests 

re invited to provide an additional sample for surveillance pur- 

oses, thus collection of sera within a practice is opportunistic. Pa- 

ients can usually be linked back to their primary care electronic 

ealth record to provide additional health and demographic infor- 

ation. Patients who have explicitly opted out of data sharing are 

xcluded from the analysis. 

The UK has registration-based primary care where each patient 

egisters with a single general practice, and data are entered into 
815 
omputerised medical records (CMRs) either as coded data or as 

ree text. 7 The Oxford-RCGP RSC uses systematised nomenclature 

f medicine (SNOMED) clinical terms (CT) for key variables. 8 Vari- 

bles used in this study have been carefully curated and are part of 

he Oxford-RCGP RSC’s Surveillance themed dataset, 9 hosted in the 

xford RCGP Digital Hub (ORCHID), a trusted secure environment 

igital platform. Patient characteristics extracted for this study in- 

lude: 

• Patient sociodemographics: Sex is coded female/male. Ethnicity 

is coded Asian/Black/Mixed/Other/White. Deprivation is coded 

using the Office for National Statistics’ (ONS’) 2019 Index of 

Multiple Deprivation (IMD) 10 quintile, where 1 and 5 represent 

the most and least deprived populations respectively. Rurality 

is coded major conurbation/urban city & town/rural based on 

ONS urban/rural classifications. 
• Shielding recommendation: Patients at ‘high risk’ of developing 

complications from SARS-CoV-2 infection were identified and 

put on the Shielded Patients List. 
• Smoking status: smoking status is coded into three categories 

(active smoker, ex-smoker, non-smoker). 

erological assays and test validation 

Samples were tested using one to three assays, with the major- 

ty tested using two of them. First, samples were tested using the 

nti-SARS-CoV-2 ELISA IgG assay from Euroimmun (Luebeck, Ger- 

any) targeting the S1 domain. Second, testing to October 2020 for 

ARS-CoV-2 IgG was carried out using the nucleoprotein-targeting 

ssay produced by Abbott (Chicago, USA) for use on the Architect 

latform. From November 2020 onwards, samples were tested us- 

ng the Elecsys Anti-SARS-CoV-2 nucleoprotein assay from Roche 

iagnostics (Basel, Switzerland) (plus limited back-testing of sam- 

les taken July-Aug, for comparison). 

Details of test validation have been published. 11 , 12 The Abbott 

ssay was found to decline in sensitivity with time since infection, 

ence the switch to the use of the Roche assay, which was found to 

ave sustained sensitivity. 13 Euroimmun results of > = 1.1 were as- 

igned as positive and > = 0.8 to 1.1 as equivocal, as advised by the

anufacturer, and analyses focus on the percentage positive. Sim- 

larly, Roche results of > = 1.0 were assigned as positive and < 1.0 

egative, according to manufacturer guidelines, 14 and we present 

he percentage positive. According to Abbott manufacturer guide- 

ines, results of > = 1.4 are assigned as positive. No equivocal range 

as given by Abbott but based on in-house testing of convalescent 

nd baseline sera, PHE assigned the range > = 0.8 to 1.4 as equivo- 

al. For the Abbott assay our analyses focused on percentage posi- 

ive or equivocal, with an assay cut-off of 0.8; this helped to cap- 

ure low or waning positives whilst retaining a high specificity of 

9%. 

ata management 

Samples were receipted by PHE Manchester along with NHS 

umber and basic demographic information: age, postcode district 

nd sex. Samples were then sent to PHE labs for testing, and re- 

ults were entered into a database. Pseudonymised NHS numbers 

ere sent to RCGP RSC weekly to enable linkage to clinical record 

ata. 

tatistical analysis of seropositivity 

We calculated the proportion of the population testing posi- 

ive (or Abbott positive/equivocal) by age group and region using 

ayesian multilevel regression and poststratification (MRP) mod- 
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Fig. 1. Flow chart for inclusion in study. 
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ls, 15 over two-month time periods. MRP models are a two-step 

pproach: Bayesian Markov chain Monte Carlo (MCMC) multilevel 

egression was used to estimate the odds of seropositivity by 

emographic units, and then model predictions for each demo- 

raphic unit were population weighted and summed to give es- 

imates of population seropositivity. Estimates were weighted by 

ge group and NHS region, based on mid-2019 population esti- 

ates for health geographies provided by the ONS. 16 Use of mul- 

ilevel regression helps to produce more stable estimates where 

ata are sparse; estimates for demographic units where little 

ata is available are influenced by data across the same age 

ange (in other regions) and in the same region (in other age 

anges). Posterior medians and 95% credible intervals were gener- 

ted through MCMC simulations, with four chains each of 25,0 0 0 

terations after a burn-in of 10 0 0 iterations using the R interface to 

tan. 17–19 

tatistical analysis of sociodemographic factors 

Multivariable logistic regression was used to explore the effects 

f gender, ethnicity, deprivation, rurality, shielding recommenda- 

ion and smoking status on seropositivity. Broad age group, NHS 

egion and month sample taken were also included as explana- 

ory variables. For ethnicity, IMD quintile and rurality, multiple 

mputation was used to account for missing data, based on 100 

mputations. ‘Cold deck’ imputation was used; the probability of 

elonging to each category was based on external data available 

or geographic locations, as well as broad age group for ethnic- 

ty. IMD quintile and rurality were defined at lower super output 

rea (LSOA) level; postcode districts were known, hence probabil- 

ty could be assigned according to LSOAs within or partly within 

ostcode districts where LSOA was missing. Ethnicity and rurality 

mputations were based on 2011 census information. A multiple 

mputation approach was not sought for smoking status, as this 

as only available when collected by GPs within the past year and 

as missing for just over half of the samples; smoking status is 

ot likely to be missing at random. Analyses were carried out us- 

ng Stata version 14. 20 
816 
esults 

tudy sample 

We excluded samples that were collected in March and April, 

rom unknown locations, or from patients aged < 18 years. This left 

 total of 26,203 samples for the seropositivity analysis. For the 

ultivariable logistic regression, we further excluded results with- 

ut GP record linkage, repeat samples from the same patient and 

atients vaccinated ≥7 days before sampling, leaving 15,165 sam- 

les with a Euroimmun result available ( Fig. 1 ). 

eropositivity 

Seropositivity was estimated from 26,203 samples from patients 

ged 18–100 years old, who had a routine blood test with their GP 

uring the period 1 May-31 December. 

Population weighted (by NHS region and age group) modelled 

eropositivity estimates for adults from the Oxford RCGP RSC col- 

ection as measured by the Euroimmun assay were 4.1% (95% CrI 

.1–5.3%) in May-June increasing to 5.2% (95% CrI 4.5–6.1%) in July- 

ugust, 5.5% (95% CrI 4.8–6.4%) in September-October, and then 

.6% (95% CrI 5.7–7.6%) in November-December ( Table 1 ). Estimates 

ere initially higher using the Abbott assay at 6.2% (95% CrI 5.4–

%) in May-June and 5.9% (95% CrI 5.1–6.7%) in July-August but 

ere lower at 5.0% (95% CrI 4.3–5.9%) in September-October. There 

as good agreement between the Euroimmun and Abbott out- 

omes where paired results were available ( κ = 0.67). However, 

here were considerably more samples tested using the Abbott as- 

ay than the Euroimmun assay during May-June, which make re- 

ults for this particular period less comparable between assays. 

eropositivity as measured by the Roche nucleocapsid assay dur- 

ng July-August was 6.3% (95% CrI 5.4–7.4%), similar to the Abbott 

esult (though again, fewer samples were tested). This increased 

o 8.9% (95% CrI 7.8–10.2%) over the November-December period, 

igher than the Euroimmun for the same period. 

Differences in trends between the assays can be explained by 

ssay sensitivities. 11 , 13 The Abbott assay is highly sensitive within 

-6 weeks following infection, but this sensitivity declines rapidly 
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Table 1 

RCGP RSC population weighted (by age group, NHS region) modelled seropositivity estimates, as measured by the Euroimmun (S) 

assay, the Abbott (N) assay and the Roche (N) assay. 1 May – 31 Dec 2020. 

Euroimmun (S) Abbott (N) Roche (N) 

Period Pos Total Pop Weig % Pos/ equiv Total Pop Weig % Pos Total Pop Weig % 

May -June 165 5455 4.1% (3.1-5.3%) 476 9870 6.2% (5.4-7%) - - 

July -Aug 248 5781 5.2% (4.5-6.1%) 291 5767 5.9% (5.1-6.7%) 212 3572 6.3% (5.4-7.4%) 

Sept - Oct 261 5478 5.5% (4.8-6.4%) 216 4781 5% (4.3-5.9%) - - 

Nov - Dec 274 4934 6.6% (5.7-7.6%) - - 307 4236 8.9% (7.8-10.2%) 

Fig. 2a. SARS-CoV-2 antibody seropositivity by region in the RCGP collection in adults aged 18-100 years, May-December 2020, using the Euroimmun assay. 
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ith time since infection, hence seropositivity declines with time 

ince the first epidemic wave. The Euroimmun assay is less sensi- 

ive within 2–6 weeks since infection onset, which partly explains 

he lower Euroimmun result for May-Jun, along with the smaller 

et of samples tested. The sensitivity of the Euroimmun assay, too, 

eclines with time since infection, but less rapidly than the Abbott, 

ence we see Euroimmun seropositivity rise above Abbott seropos- 

tivity by September-October. The Roche assay achieves 90% sensi- 

ivity about a month post infection onset, and sensitivity is more 

ustained, hence the significantly higher Roche over Euroimmun 

eropositivity for November-December. 

A later second sample was taken from some individuals, but 

his was only known where a result was linked to clinical 

ecord. Since there was usually at least a two-month gap be- 

ween those known second samples, all assay results were re- 
817
ained in seropositivity analyses. We acknowledge that occasion- 

lly one individual may contribute more than one sample to an 

stimate. 

Regional estimates, using the RCGP RSC collection, over 2- 

onth periods are shown in Figs. 2 a–c. Seropositivity estimates 

ere, in general, highest in London and lowest in the South West. 

here were fewer samples and greater uncertainty in estimates for 

he East of England, reflected in wide error bars. There is little 

lear evidence of change in seropositivity in any region by time pe- 

iod; the exception was increases in London using the Euroimmun 

ssay, but the same is not true using the Abbott assay; London Ab- 

ott seropositivity was higher than Euroimmun at 9.3% May-June 

nd similar to Euroimmun at 12.4% July-August. 

Seropositivity by age is given in Figs. 3 a–c. When stratified 

y age, there was slightly higher seropositivity in younger age 



COVID-19 seroprevalence across England in a primary care sentinel network Journal of Infection 84 (2022) 814–824 

Fig. 2b. SARS-CoV-2 antibody seropositivity by region in the adults aged 18–100 in the RCGP collection, May-October 2020 using the Abbott assay. 
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roups compared to older age groups in general, though there is 

reater variation in younger age groups where there were fewer 

amples. 

ultivariable regression analysis of sociodemographic factors 

Linked database information was available for 18,313 individual 

atients whose samples were collected at their GPs during consul- 

ations which involved routine blood tests via the RCGP RSC net- 

ork during the period May-December 2020 for adults ≥18 years. 
818 
he age distribution of linked and unlinked samples was similar, 

ut there were proportionally fewer London samples linked than 

ther regions. Repeat samples from the same individual were ex- 

luded (with the last sample retained), as were individuals with 

 record of vaccination more than 10 days prior. We present only 

he Euroimmun regression results here given the greater number 

f samples available ( n = 15,165), but findings were similar us- 

ng the Abbott assay. Results for complete cases only, i.e. not using 

ultiple imputation methods, and for the Abbott assay are avail- 

ble within the supplementary material. 
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Fig. 2c. SARS-CoV-2 antibody seropositivity by region in the adults aged 18–100 in the RCGP collection, November-December 2020 using the Roche N assay. 

Fig. 3a. Population weighted SARS-CoV-2 antibody seropositivity by age group in the RCGP collection, May-November 2020 using the Euroimmun assay. 

819 
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Fig. 3b. Population weighted SARS-CoV-2 antibody seropositivity by age group in the RCGP collection, May-October 2020 using the Abbott assay. 
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The main focus of this analysis was to explore the effects of 

thnicity, rural/urban classification, IMD quintile, shielding recom- 

endation, sex and smoking status on seropositivity. We report 

he raw percentage seropositive and multivariable regression odds 

atios (OR) for Euroimmun seropositivity ( Fig. 4 ). 

Despite higher seropositivity in London ( Fig. 2a ), there was lit- 

le difference between London and most other regions in the mul- 

ivariable regression after accounting for other factors ( Fig. 4 ); 

nly the OR for the South West was significantly lower than that 

or London. However, the rurality variable also partly explains 

ifferences between regions. Odds of seropositivity were higher 
820 
or younger age groups compared with 70–79 year olds, in line 

ith higher seropositivity in younger age groups ( Fig. 3a ). There 

as evidence of higher odds of seropositivity during December, 

hich corresponds with the B.1.1.7-variant dominated epidemic 

ave in the UK that peaked around the turn of the new year 

021. 

There was little difference in seropositivity between sexes, and 

o significant difference in the regression ( p = 0.087) ( Fig. 4 ).

here was a strikingly higher seropositivity in black ethnicities, 

he odds of seropositivity compared to white ethnicities was 

.7 (95% CI 2.4–5.9, p < 0.001) ( Fig. 4 ), and increased odds of
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Fig. 3c. Population weighted SARS-CoV-2 antibody seropositivity by age group in the RCGP collection, November-December 2020 using the Roche assay 
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eropositivity in Asian ethnicities compared to white ethnicity 

OR 1.6 [95% CI 1.2–2.3, p = 0.005]), but there were few data 

vailable on mixed and other ethnicities. There was little dif- 

erence between IMD (deprivation) quintile odds ratios ( Fig. 4 ). 

he highest seropositivity was in major conurbations (includ- 

ng London, Manchester, Birmingham, Leeds-Bradford, Liverpool- 

irkenhead, Newcastle-Sunderland) and the odds of seropositivity 

ere approximately 40% lower in rural areas compared to ma- 

or conurbations ( p = 0.013) ( Fig. 4 ). Seropositivity was slightly 

ower in those recommended to shield, though the multivariable 

egression odds ratio was 0.8 (95% CI 0.6–1.2) indicating no signifi- 

ant difference between shielding and non-shielding groups. There 

as much lower seropositivity and regression odds of seropositiv- 

ty amongst smokers compared to non-smokers (OR: 0.3 95% CI 

.2–0.6) ( Fig. 4 ), and 20% lower odds in ex-smokers, compared to 

on-smokers. 

iscussion 

rincipal findings 

Population weighted estimates of seropositivity were 4.1-6.2% 

ay-October, periods of relatively low transmission nationally, 

ncreasing to 6.6–8.9% November-December, amid steeply rising 

OVID-19 rates during the UKs second wave. There was no clear 

vidence of change in seropositivity between May and October in 

ny of the regions when Euroimmun and Abbott results were con- 

idered; but November-December Roche results were higher. 

We observed higher odds of seropositivity in younger age 

roups, in people of Black and Asian ethnicity, in major conurba- 

ions and in non-smokers; however, we did not find effects of gen- 

er, deprivation, or shielding. 

omparison with the literature 

Our seroprevalence estimates appear to be in line with 

opulation-based estimates reported for the UK 

21 and Europe. 22 

ay-June Abbott seropositivity is in line with that from the REACT- 

 

23 and ONS infection 

4 studies in England, while blood donor 

eropositivity was higher, reflecting the lower age of blood donors 

t the time. All surveys subsequently showed evidence of anti- 

ody waning. The RCGP-RSC September-October estimates of 5–

.5% were a little lower than the ONS infection survey and blood 
821 
onor surveys in the range of 5.9–6.9%, and higher than REACT- 

 September seropositivity of 4.4%. Our November-December es- 

imates were again a little lower than the national seropositivity 

stimates from blood donors and the ONS infection survey around 

his period. The increased seropositivity observed among younger 

ge groups is similar to results from other English surveys. 

mplications of the findings 

None of the estimates of seropositivity suggest that more than 

2% of the population has exposure to SARS-CoV-2 infection. How- 

ver, whilst the presence of antibodies does not necessarily imply 

rotection, we consider that the population remained vulnerable to 

OVID-19 until the start of the UK vaccination rollout. In the ab- 

ence of immunisation or continued social distancing, there would 

e a high chance of further waves of COVID-19. This highlights 

he importance of the national vaccination programme in achiev- 

ng herd immunity for SARS-CoV-2. 

It appears that people of Black and Asian ethnicity are at higher 

isk of being infected as well as have poorer outcomes, particu- 

arly those of Black ethnicity, 24 and our findings in this study sup- 

ort this notion. These disparities are likely multifactorial in na- 

ure, involving an interplay of biological factors, socioeconomic fac- 

ors, and health behaviours. For instance, Black, Asian and minority 

thnic (BAME) groups often have higher rates of cardiometabolic 

omorbidity, which has been shown to be an important risk factor 

or poor outcomes in COVID-19. These groups may also be overrep- 

esented in occupations for which homeworking is not possible or 

e resident in larger households, increasing the risk of SARS-CoV-2 

xposure. Further research on mechanisms underlying the higher 

isk in BAME groups is necessary to reduce these disparities. 

Higher seropositivity in major conurbations was anticipated and 

s likely due to higher population density, and as a result, higher 

ikelihood of mixing of households or limited physical distancing 

e.g. in shops or on public transport). The latter may also apply 

o younger age groups, who will be less likely to shield, continue 

orking in jobs outside the home and may mix more readily given 

vidence of lower risk of severe outcomes. 

The finding that smokers and ex-smokers showed lower 

eropositivity is in line with other studies, and theories have been 

ut forward as to mechanisms. 25 We found a similar difference in 

CR test results for smokers, but no protection from mortality. 26–28 

e note the limitation that the smoking variable is not likely to be 
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Fig. 4. Forest plot showing the odds of seropositivity using the Euroimmun assay; all estimates were adjusted for NHS region, age group, month of sample, gender, ethnicity, 

IMD quintile, urban/rural classification and shielding recommendation status. Smoking was fitted in a separate multivariable model due to the volume of missing data. 
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issing at random; only those with smoking status collected in the 

ast year were included in this analysis, hence healthy individuals 

ith no GP contact in the past year were not included. 

trengths and limitations 

The RCGP collection, which captures patients presenting for 

outine GP blood tests, is a unique source of sera for national 

onitoring of COVID-19 antibodies, though there are examples of 

era collections from surgery patients in Australia, 29 patients un- 

ergoing reproductive treatment in Spain, 30 dialysis patients in the 

SA 

31 and patients visiting medical centres in French Guiana. 32 

n advantage of such surveys is the minimal inconvenience to pa- 

ients. 
822 
Since samples are taken when other blood tests are ordered, pa- 

ients are more likely to have conditions needing monitoring and 

equiring shielding than the general population, and are on aver- 

ge older. This may represent a population that are typically more 

areful to avoid COVID. Practices were selected from the wider set 

f RCGP-RSC, which may not be fully representative of the English 

opulation, however they were selected to give good geographical 

overage of all of England. 

As it takes two to three weeks to develop an antibody response, 

he most recent samples probably reflect transmission events that 

ccurred up to early December, so our analysis will not capture the 

ncreased transmission at the very end of 2020. Our December re- 

ults are not likely to be affected by vaccine-induced antibodies; 10 
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ndividuals with linked information were found to be vaccinated, 

ll less than 2 weeks prior. 

It is also important to acknowledge that serological surveys may 

nderestimate the true seroprevalence, as assays may not be sen- 

itive enough to detect low level antibody responses. 33 , 34 Possible 

apid waning of antibodies has also been documented, depending 

n the type of assay used, the assay target, and disease sever- 

ty. 12 , 35 , 36 Furthermore, the relationship between the presence of 

ntibodies and protective immunity remains unclear. Future stud- 

es should examine the longer-term trajectory of antibody preva- 

ence and examine association with protection. 

onclusion 

This study adds to a growing body of literature examining 

ARS-CoV-2 exposure at the population level, and highlights health 

isparities between ethnic groups and rurality. Our results are 

argely consistent with other population-based seroprevalence sur- 

eys and suggest that a large majority of the English population 

emained unexposed to SARS-CoV-2 to early December 2020. We 

ound that younger age groups, Black and Asian ethnicity and pop- 

lation density were all associated with greater seropositivity. De- 

pite the high burden of COVID-19 in England, the low seropreva- 

ence estimates indicate that the national vaccination programme 

s essential to achieving herd immunity in the population. 

thics 

This seroprevalence study was approved by the PHE Caldicott 

uardian under Regulation 3 (Health Protection) of The Health 

ervice (Control of Patient Information) Regulations 2002. Specific 

thical approval was not required for this surveillance work. The 

niversity of Oxford additionally has a Data Sharing Agreement 

ith PHE which individually specifies studies undertaken to sup- 

ort Health Protection. 

unding 

Public Health England. 

ata sharing 

The Oxford-RCGP RSC dataset can be accessed by researchers; 

pproval is on a project-by-project basis ( https://orchid.phc.ox.ac. 

k/index.php/orchid-data/ ). Ethical approval by an NHS Research 

thics Committee is required before any data release/other appro- 

riate approval. Researchers wishing to directly analyse patient- 

evel pseudonymised data will be required to complete information 

overnance training and work on the data on the ORCHID secure 

erver. Patient-level data cannot be taken out of the secure net- 

ork. 
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