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ABSTRACT

Background The social determinants of ethnic
disparities in risk of SARS-CoV-2 infection during the first
wave of the pandemic in the UK remain unclear.
Methods In May 2020, a total of 20 195 adults were
recruited from the general population into the UK
Biobank SARS-CoV-2 Serology Study. Between mid-May
and mid-November 2020, participants provided monthly
blood samples. At the end of the study, participants
completed a questionnaire on social factors during
different periods of the pandemic. Logistic regression
yielded ORs for the association between ethnicity and
SARS-CoV-2 immunoglobulin G antibodies (indicating
prior infection) using blood samples collected in July
2020, immediately after the first wave.

Results After exclusions, 14571 participants (mean
age 56; 58% women) returned a blood sample in

July, of whom 997 (7%) had SARS-CoV-2 antibodies.
Seropositivity was strongly related to ethnicity: compared
with those of White ethnicity, ORs (adjusted for age and
sex) for Black, South Asian, Chinese, Mixed and Other
ethnic groups were 2.66 (95% CI 1.94-3.60), 1.66
(1.15-2.34),0.99 (0.42—-1.99), 1.42 (1.03-1.91) and
1.79 (1.27-2.47), respectively. Additional adjustment
for social factors reduced the overall likelihood ratio
statistics for ethnicity by two-thirds (67%; mostly from
occupational factors and UK region of residence); more
precise measurement of social factors may have further
reduced the association.

Conclusions This study identifies social factors that
are likely to account for much of the ethnic disparities

in SARS-CoV-2 infection during the first wave in the UK,
and highlights the particular relevance of occupation and
residential region in the pathway between ethnicity and
SARS-CoV-2 infection.

INTRODUCTION

Many ethnic minority groups in the UK and else-
where are at increased risk of SARS-CoV-2 infec-
tion, and subsequent hospitalisation and death from
coronavirus disease (COVID-19), compared with
White ethnic groups.'™ Prior to widespread vacci-
nation, representative surveys in England found the
prevalence of antibodies to SARS-CoV-2 (ie, indi-
cating prior infection) among some ethnic minority

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies have found that ethnic
disparities in risk of SARS-CoV-2 infection are
not adequately explained by differences in
underlying health conditions, health-related
behaviours (including smoking and obesity) or
various social factors (including household size,
occupation and socioeconomic deprivation).
Such studies have suggested that investigation
of alternative biological susceptibilities, as well
as a more comprehensive assessment of social
and behavioural factors influencing possible
exposure to SARS-CoV-2, is warranted.

WHAT THIS STUDY ADDS

= The current study examined the association
of ethnicity with risk of SARS-CoV-2 infection
during the first wave of the COVID-19 pandemic
in the UK, using detailed assessments of
social factors to investigate which, if any,
might explain the ethnic differences in risk of
infection. The study found that social factors
(particularly occupational factors and UK region
of residence), rather than genetic predisposition
or other biological susceptibilities, are likely
to account for higher infection rates of SARS-
CoV-2 among minority ethnic groups during the
first wave of the pandemic in the UK.

groups, including people of Black or South Asian
ethnicity, to be twofold to threefold higher than
among White ethnic groups.'”

Proposed explanations for these ethnic disparities
have included differences in major comorbidities,
health-related behaviours (including smoking and
obesity) and social factors (such as household size,
employment and living in areas of high socioeco-
nomic deprivation). However, previous large-scale
studies have found only modest impacts of these
factors on the association of ethnicity with risk of
SARS-CoV-2 infection.! 2® As a result, there have
been widespread calls for further investigation into
alternative biological susceptibilities, as well as
more comprehensive assessments of the social and
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= This large population-based study indicates the primacy of
social factors, as opposed to any biological susceptibility, in
driving ethnic disparities in risk of SARS-CoV-2 infection. In
addition to addressing the inequalities in social opportunity
that ultimately underlie the differences in infection rates
between ethnic groups, this study indicates that policies
to mitigate the specific vulnerabilities of different regions
(including major urban conurbations, given the higher
proportion of the population from ethnic minority groups
in such regions of the UK), as well as policies aimed at
preventing occupational exposure to major respiratory
infections, are likely to be particularly important in ensuring
future pandemics do not further exacerbate existing ethnic
inequalities in health.

behavioural determinants of the ethnic differences in the risk of
SARS-CoV-2 infection.* "

Understanding the key mechanisms driving ethnicity dispar-
ities in SARS-CoV-2 infection is crucial to mitigate the current
and future impact of the COVID-19 pandemic (and future
pandemics) on population health and health inequalities. The
current study examines the association of ethnicity with the
risk of SARS-CoV-2 infection in a large-scale population-based
study in the UK, and uses detailed assessments of social factors to
investigate the potential pathways between ethnicity and SARS-
CoV-2 infection risk.

METHODS

Study design and data collection

The UK Biobank SARS-CoV-2 Serology Study is a longitudinal
study of a subset of UK Biobank participants and their relatives
(children or grandchildren >18 years), which aimed to assess the
prevalence and determinants of SARS-CoV-2 infection across
different subgroups in the UK. Details of UK Biobank and its data
collection have been reported previously." In brief, UK Biobank
is a prospective cohort study of 502000 adults, recruited from
the general population in England, Scotland and Wales between
2006 and 2010. Eligible participants were men and women aged
40-69 years, who were registered with the National Health
Service (NHS) and living within approximately 25 miles of the
22 assessment centres; centres were distributed throughout the
UK in settings to allow heterogeneity in socioeconomic, ethnic
and urban-rural characteristics.'? Overall, 9.2 million individuals
were invited, a response rate of 5.5%. Information on lifestyle
and health-related characteristics was collected at recruitment,
and health outcomes have been identified over time through
linkage to electronic health records.

Between 7 May and 8 June 2020, all UK Biobank participants
with a valid email address, resident in mainland UK and who had
previously indicated willingness to be contacted about research
activities were invited to join the Serology Study (see online
supplemental figure S1). UK Biobank participants who had not
provided a valid email address were able to view details of the
study and register an interest via the UK Biobank participant
website. Participants were asked to consent to taking a series
of capillary blood samples and to answer questionnaires about
potential symptoms of COVID-19. They were also asked to indi-
cate if they would be willing to forward an email invitation from

UK Biobank to their adult (ie, >18 years) children and/or grand-
children (if applicable).

A total of 116435 individuals consented to participate in the
study. From this pool of consented individuals, UK Biobank
selected 20203 participants (11345 UK Biobank participants
and 8858 of their relatives; eight participants subsequently
withdrew, leaving 20195 participants) using the following
procedures. First, households with more than one consented
participant (UK Biobank participants or their relatives) were
identified, and a single study participant from each household
was randomly selected for inclusion in the sampling pool. Partic-
ipants were then selected within each postcode area of main-
land UK (excluding Northern Ireland) using random stratified
sampling by age, sex and socioeconomic status (online supple-
mental table S1). The number of participants selected from each
area was proportional to the geographical distribution of the
2011 UK Census population. There was some oversampling of
participants from ethnic minority populations and from urban
settings, including London.

Between mid-May and mid-November 2020, at approx-
imately monthly intervals, participants received a capillary
blood sampling kit to collect a finger-prick blood sample (about
0.5mL), together with a symptom questionnaire. Participants
were requested to return the sample and questionnaire by post to
the UK Biobank laboratory on the same day of collection (from
October, participants could also complete the questionnaire
online). Plasma was recovered from capillary blood samples and
stored at —80°C at UK Biobank facilities (Cheadle, North West
England) then shipped weekly on dry ice to the Target Discovery
Institute (University of Oxford) for analysis. Serum immuno-
globulin G to the spike (S) protein of SARS-CoV-2 was measured
using a well-validated commercial diagnostic ELISA kit."* '*

In January 2021, participants were asked to complete a
further questionnaire that included detailed information on the
major social factors that might have affected their risk of expo-
sure to SARS-CoV-2 at work, at home and in their community.
Information was collected on: employment (including work
sector, whether they worked mostly at home or outside home
and whether their work involved close contact with public);
household circumstances (including number, age and work
status of coresidents); community factors (urban-rural classi-
fication, UK region and area deprivation); and major selected
activities outside the home, which are to some extent socially
determined, and may have increased participants’ contact with
others in the community (including usual mode of transporta-
tion and frequency of shopping).

Some questions in the questionnaire referred to specific
time periods (mid-March to end of June; start of July to mid-
September; mid-September to end of October; and November)
to capture changes in social factors over the course of 2020.
The time periods were chosen to broadly correspond to different
phases of the pandemic in the UK. The first period is consistent
with the first wave of SARS-CoV-2 infections and the associ-
ated government-mandated social restrictions (ie, ‘lockdown’)
in England, Wales and Scotland. Restrictions during this period
included the closure of schools and non-essential retail, the
requirement of stay at home except for essential purposes, and
a directive to work from home where possible (starting in May,
these restrictions were slowly relaxed)." '¢

Statistical analysis
Analysis was restricted to participants who returned a valid
blood sample in July (ie, the month following the end of the first
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wave of the pandemic in the UK; online supplemental table S2)
and those who had completed the questionnaire on social factors
administered at the end of the study.

Logistic regression models were used to estimate odds ratios
(ORs) and corresponding 95% ClIs for the association between
ethnicity and SARS-CoV-2 seropositivity. Group-specific vari-
ances were used to calculate 95% ClIs to enable comparisons
between any two groups, rather than solely with the arbitrarily
selected reference group.'” ORs are reported with adjustment for
age and sex only, and then with further adjustment for a range
of social factors that may lie on the pathway between ethnicity
and SARS-CoV-2 infection, including: UK region of residence,
urban-rural classification of residence, work location, work
sector, whether work involves close proximity with the public
or coworkers, number of coresidents aged <18 years, number
of coresidents aged >18 years, number of coresidents working
outside the home, use of public transportation, frequency of
shopping, Townsend Deprivation Score (derived from postcode)
and highest educational level (see online supplemental table S3
for the operational definitions of these variables and the specific
categories used in the analyses). Missing values for each covariate
were assigned to a separate category.

To assess the extent to which each of these factors might
explain the association between ethnicity and SARS-CoV-2
infection, we calculated the likelihood ratio (LR) x? statistics for
ethnicity in the relevant model."® The change in LR y? statistics
on addition of the ethnicity term to logistic models was assessed
in models with and without potential mediators of the associ-
ation between ethnicity and SARS-CoV-2 seropositivity. The
percentage reduction in LR y? statistics for ethnicity with further
adjustment for each social factor was calculated as a measure of
the extent to which the factor explains the association between
ethnicity and SARS-CoV-2 seropositivity.'® ' All analyses were
performed using R (V.4.1.1; R Development Core Team, Vienna,
Austria).

Patient and public involvement

Participants were not involved in the design, conduct, reporting
or dissemination of the research reported here. However, UK
Biobank participants were involved in developing the ethics and
governance framework for UK Biobank and have been engaged
in the progress of UK Biobank through follow-up questionnaires
and additional assessment visits.

RESULTS

Of the 20 195 participants of the Serology Study, 17 384 returned
a blood sample in July 2020, of whom 14 600 also completed the
questionnaire on social factors. We excluded a further 29 partic-
ipants with missing information on ethnicity, leaving 14571
participants available for analysis (figure 1). Overall, 87% of
participants self-reported their ethnicity as White, 3% as Black,
3% as South Asian, 1% as Chinese, 4% as Mixed and 3% as
Other ethnicity. The mean age of participants was 56 years and
58% were women. Participants were from all major regions of
UK (online supplemental table S4), most lived in urban areas
(86%) and just under two-thirds (63%) held a university or
college degree. Compared with the 2021 UK Census, the study
population was on average slightly older, with a higher propor-
tion of female participants and a lower proportion from minority
ethnic groups; there was also a higher proportion of participants
living in London, reflecting the oversampling from this region
(online supplemental table S4).
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Participants recruited
n=20195

Did not return a blood
sample in July (n = 2811)

[

\ 4

Participants who returned a
blood sample in July 2020
n=17384

. Did not complete social factors
” questionnaire (n = 2784)

A 4

Participants who completed
the social factors
questionnaire
n =14 600

Unknown ethnicity
> (n=29)

A 4

Participants included in
main analyses
n=14571

Figure 1  Flow diagram of participants included in the analysis.

The characteristics of the study population varied by ethnicity
(table 1; online supplemental table S5). Compared with those
of White ethnicity, all other ethnic minority groups were more
likely to live in urban areas (White 85%, other than White
89-96%), with a notably higher proportion living in London.
Those of Black ethnicity were much more likely to live in more
deprived areas than other ethnic groups (Townsend Deprivation
Score =2: Black 40%, other than Black 19-25%), and had lower
levels of education (university or college degree: Black 529%,
other than Black 62-79%), whereas those of Chinese ethnicity
were least likely to live in more deprived areas (19%) and had
higher levels of education (79%) than other ethnic groups.

There were also differences in occupational and household
factors. Black, South Asian, Chinese and Other ethnic groups
were all less likely to work from home than those of White or
Mixed ethnicity (White 32%, Mixed ethnicity 42%, other than
White or Mixed ethnicity 23-29%); and those of Black ethnicity,
in particular, were more likely to work in the NHS or social care
(Black 17%, other than Black 6-11%), and more likely to work
in close proximity with the public or coworkers (Black 399%,
other than Black 20-30%), than all other ethnic groups.

With respect to household factors, compared with those of
White, Mixed or Other ethnicity, participants of South Asian
ethnicity were more likely to have one or more adult coresidents,
whereas those of Black ethnicity and of Chinese ethnicity were
less likely to have an adult coresident (White, Mixed and Other
ethnicities 76-79%, South Asian 82%, Black 67%, Chinese
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Table 1 Participant characteristics and their social circumstances during the first wave of the pandemic, by ethnicity

White Black South Asian Chinese Mixed Other All

(n=12725) (n=369) (n=396) (n=126) (n=526) (n=429) (n=14571)
Age (years), mean (SD) 55 (16.1) 60.9 (7.3) 61.8(9.2) 62.5 (8.0) 54.0 (14.0) 63.5 (8.8) 55.6 (15.6)
Female, n (%) 7298 (57.4) 224 (60.7) 189 (47.7) 95 (75.4) 366 (69.6) 259 (60.4)  84313(57.9)
Resident of urban area, n (%)* 10802 (84.9) 355(96.2) 371(93.7) 120 (95.2) 466 (88.6) 405(94.4) 12519(85.9)
Resident of more deprived area, n (%)t 2890 (22.7) 149 (40.4) 83 (21.0) 24 (19.0) 133 (25.3) 136 (31.7)  3415(23.4)
Educated to university or college level, n (%) 8020 (63.0) 193 (52.3) 246 (62.1) 74 (58.7) 330 (62.7) 268 (62.5) 9131 (62.7)
Works mostly from home, n (%) 4122 (32.4) 85 (23.0) 106 (26.8) 36 (28.6) 219 (41.6) 107 24.9) 4675 (32.1)
Works in NHS or social care, n (%) 1038 (8.2) 61 (16.5) 39(9.8) 7 (5.6) 57 (10.8) 33(7.7) 1235 (8.5)
Works in close proximity with public/coworkers, n (%) 2841 (22.3) 142 (38.5) 117 (29.5) 25(19.8) 140 (26.6) 107 (24.9) 3372 (23.1)
One or more coresidents aged <18 years, n (%) 3082 (24.2) 83 (22.5) 78 (19.7) 14 (11.1) 134 (25.5) 60 (14.2) 3452 (23.7)
One or more coresident aged >18 years, n (%) 10000 (78.6) 248 (67.2) 325 (82.1) 88 (69.8) 405 (77.0) 329(76.7)  11395(78.2)
Has a coresident who works outside the home, n (%) 3807 (29.9) 134 (36.3) 144 (36.4) 31 (24.6) 171 (32.5) 143 (33.3) 4430 (30.4)
Public transport is usual mode of transport, n (%) 377 (3.0) 38(10.3) 9(2.3) 5 (4.0) 25 (4.8) 20 (4.7) 474 (3.3)
Shopping frequency (=1 day/week), n (%) 6491 (51.0) 160 (43.4) 138 (34.8) 49 (38.9) 272 (51.7) 171 (39.9) 7281 (50.0)

Analyses among 14571 participants; exclusions as in figure 1.

*UK Biobank urban and rural area classification, based on postcode information matched to census information on population density.
tMore deprived area defined as postcode with Townsend Deprivation Score >2. See online supplemental table S2 for further details on characteristics.

NHS, National Health Service.

7090). Participants of Black ethnicity were also more likely than
other ethnic groups to use public transport as their usual mode
of transport (Black 10%, other than Black 2-5%), and there was
also evidence of differences in shopping frequency with those of
White ethnicity and Mixed ethnicity shopping more frequently
than other ethnic groups (shopping frequency greater than once
per week: White 51%, Mixed 52%, other than White or Mixed
ethnicity 35-43%).

Overall, 997 (7%) participants had antibodies to SARS-CoV-2
in blood samples taken in July 2020. In analyses adjusted for age
and sex, ethnic minority groups (with the exception of Chinese
and those of Mixed ethnicity) had a significantly higher odds
of having antibodies to SARS-CoV-2 compared with those of
White ethnicity (figure 2), with ORs (95% ClIs) for Black, South
Asian, Mixed and Other ethnic groups of 2.66 (1.98-3.59), 1.66
(1.18-2.35), 1.42 (1.05-1.91) and 1.79 (1.30-2.48), respec-
tively. There were fewer participants of Chinese ethnicity than
other ethnic groups, and hence substantial statistical uncertainty
about the OR estimate for this group (0.99 (0.46-2.13)).

Table 2 shows the ORs for the association between ethnicity
and SARS-CoV-2 seropositivity, and the percentage reduction in

Number of Number testing
participants  positive OR (95% CI)
Ethnicity
Black 369 52 ——— 266 (1.98, 3.59)
Other 429 41 —— 1.79 (1.30, 2.48)
South Asian 396 36 —— 1.66 (1.18, 2.35)
Mixed 526 47 —— 1.42 (1.05,1.91)
Chinese 126 7 0.99 (0.46, 2.13)
White 12725 814 1.00 (0.92, 1.09)
05 1 2 3
Odds ratio (95% Cl)

Figure 2 ORs for SARS-CoV-2 seropositivity by ethnicity, adjusted

for age and sex. Analysis among 14571 participants; exclusions as in
figure 1. ORs, adjusted for age and sex, relative to participants of White
ethnicity; group-specific variances used to calculate 95% Cls.

LR y? statistics after adjustment for each social factor, or set of
factors in a given category. Following full adjustment, the risk
of SARS-CoV-2 seropositivity associated with ethnicity was
substantially reduced compared with those of White ethnicity;
the ORs (95% ClIs) for Black, South Asian, Chinese, Mixed and
Other ethnic groups were 1.83 (1.34-2.50), 1.20 (0.84-1.71),
0.89 (0.41-1.93), 1.31 (0.97-1.77) and 1.34 (0.96-1.87),
respectively.

Adjustment for all the social factors reduced the LR x” statistic
for ethnicity by 67%, indicating that about two-thirds of the
excess risk of SARS-CoV-2 seropositivity among ethnic minority
groups was explained by these mediating factors. Adjustment for
geographical factors (UK region, and whether the participant
lived in an urban or rural area) resulted in the largest reduction
in the LR y? statistic (38%), followed by occupational factors
(219), other measures of socioeconomic status (education and
Townsend Deprivation Score; 13%), use of public transport and
shopping frequency (10%) and household factors (9%).

Of the geographical factors assessed, UK region alone reduced
the LR y? statistic by 36% and urban-rural classification of resi-
dence by 11%. For the individual occupational factors, working
outside the home and working in close proximity with public or
with coworkers reduced the LR y* statistic by 13% and 15%,
respectively, whereas working in the NHS or in social care
reduced the LR % statistic by 7%.

In analyses that progressively adjusted for categories of
factors (table 3), the effect of adjustment for geographical and
occupational factors on the association of SARS-CoV-2 sero-
positivity with ethnicity was found to be largely independent
of each other; the LR y” statistic for ethnicity was reduced by
56% after adjustment for both these factors. By contrast, the
LR x? statistic declined by only a further 4% after additional
adjustment for household characteristics, and a further 7% for
all other measures combined.

Sensitivity analyses were conducted to include the results of
blood samples returned in May, June or July. Cases were defined
as those who tested positive in any month, and all other partici-
pants who returned a sample during this period were defined as
negative for SARS-CoV-2. This increased the number of SARS-
CoV-2 cases identified but meant including some participants
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Table 2 ORs for SARS-CoV-2 seropositivity by ethnicity, with adjustment for age, sex and social factors

OR (95% CI)

White

Black

South Asian

Chinese

Mixed

Other

Per cent

reduction in
LR statistics
for ethnicity

Baseline model

Ethnicity+age+sex

Further adjustment

Geographical factors
Urban-rural classification
UK region
All

Occupational factors
Workplace location*
Work in NHS or social care

Work in close proximity with
public/coworkers

All
Household factors

Number of coresidents aged
<18 years

Number of coresidents aged
>18 years

Has a coresident who works
outside the home

All

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)
1.00(0.92 to 1.09)
1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)

Shopping frequency/use of public transport

Frequency of shopping
Use of public transport
All

Deprivation and education
Deprivation level
Highest level of education
All

All variables

1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)
1.00 (0.92 to 1.09)
1.00 (0.91 to 1.10)

2.66 (1.98 to 3.59)

2.53(1.88 t0 3.41)
2.24(1.66 to 3.02)
2.21 (1.64 to0 2.99)

2.48(1.84 t0 3.34)
2.54 (1.88 t0 3.43)
2.45(1.82 to0 3.30)

2.37(1.76 t0 3.21)

2.67 (1.98 to 3.59)

2.65(1.97 to 3.57)

2.61(1.94 to 3.51)

2.63 (1.95 to 3.54)

2.62 (1.95 to 3.53)
2.53(1.88 t0 3.41)
2.54 (1.88 to 3.42)

2.49 (1.85 to 3.36)
2.62 (1.95 to 3.53)
2.46 (1.82 t0 3.31)
1.83 (1.34 0 2.50)

1.66 (1.18 to 2.35)

1.60 (1.13 t0 2.25)
1.44 (1.02 to0 2.03)
1.42 (1.01 to 2.01)

1.59 (1.12 t0 2.24)
1.64 (1.16 t0 2.32)
1.58 (1.12 t0 2.23)

1.54 (1.09 t0 2.18)

1.66 (1.18 t0 2.35)

1.52 (1.07 to0 2.15)

1.61 (1.14 0 2.28)

1.53 (1.08 t0 2.17)

1.63 (1.16 to 2.30)
1.62 (1.15 t0 2.28)
1.63 (1.15 to0 2.30)

1.67 (1.18 to0 2.35)
1.65 (1.17 t0 2.33)
1.66 (1.18 to 2.34)
1.2(0.84 to 1.71)

0.99 (0.46 t0 2.13)

0.95 (0.44 to 2.04)
0.89 (0.41 to 1.92)
0.88 (0.41 to 1.90)

1.00 (0.47 to0 2.16)
1.02 (0.47 t0 2.19)
1.00 (0.46 to 2.15)

1.03 (0.48 t0 2.21)

0.99 (0.46 to 2.12)

0.97 (0.45 to 2.09)

1.01 (0.47 t0 2.16)

0.99 (0.46 to 2.12)

0.95 (0.44 to 2.05)
0.95 (0.44 to 2.05)
0.95 (0.44 to 2.03)

1.01 (0.47 to 2.16)
0.99 (0.46 t0 2.12)
1.01 (0.47 to 2.16)
0.89 (0.41 to 1.93)

1.42 (1.05 t0 1.91)

1.39(1.03 t0 1.88)
1.35(1.00 to 1.82)
1.34(0.99 t0 1.81)

1.40 (1.04 to 1.89)
1.42 (1.05 to 1.91)
1.42 (1.05 t0 1.91)

1.39(1.03 to 1.88)

1.42 (1.05 t0 1.92)

1.41 (1.05 t0 1.91)

1.42 (1.05 t0 1.92)

1.42 (1.05 t0 1.92)

1.41 (1.04t0 1.9)
1.40 (1.04 to 1.89)
1.39(1.03 to 1.88)

1.41 (1.04 to 1.90)
1.42 (1.05 t0 1.91)
1.41 (1.04t0 1.9)

1.31(0.97 to 1.77)

1.79 (1.30 to 2.48)

1.73(1.25 t0 2.39)
1.54 (1.11 t0 2.14)
1.53 (1.1 t0 2.12)

1.76 (1.28 t0 2.44)
1.80 (1.30 to 2.48)
1.73 (1.25 to 2.40)

1.72 (1.25 t0 2.39)

1.80 (1.30 to 2.48)

1.73 (1.25 t0 2.39)

1.75 (1.26 t0 2.42)

1.71 (1.23 t0 2.36)

1.77 (1.28 to0 2.45)
1.75 (1.27 t0 2.42)
1.75 (1.27 t0 2.42)

1.74 (1.26 to 2.40)
1.79 (1.30 to0 2.47)
1.73(1.25t0 2.39)
1.35(0.97 t0 1.87)

1"
36
38

13

15

21

5
1"
10

1"
3

13
67

Analysis among 14 571 participants; exclusions as in figure 1. ORs relative to participants of White ethnicity, adjusted for age and sex (baseline model), with further adjustment for social
factors where indicated; group-specific variances used to calculate 95% Cls. See online supplemental table S3 for further details on characteristics. LR statistic for ethnicity in the baseline

model=48.21.

*Workplace location (mid-March to end of June 2020): working from home, working outside home, other.

LR, likelihood ratio; NHS, National Health Service.

Table 3  ORs for SARS-CoV-2 seropositivity by ethnicity, progressively adjusted for social factors

OR (95% CI)

Per cent

reduction in LR

statistics for

White

Black

South Asian

Chinese

Mixed

Other

ethnicity

Baseline model (ie,
ethnicity+age+sex)

+geographical factors
+occupational factors

+household factors

+shopping frequency and
use of public transport

+deprivation and
education

1.00 (0.92 to 1.09)

1.00 (0.92 to 1.09)
1.00 (0.91 to 1.09)
1.00 (0.91 t0 1.10)
1.00 (0.91 t0 1.10)

1.00 (0.91 to 1.10)

2.66 (1.98 to 3.59)

2.21 (1.64 t0 2.99)
1.93 (1.43 t0 2.62)
1.92 (1.41 t0 2.61)
1.88 (1.38 t0 2.56)

1.83 (1.34 0 2.50)

1.66 (1.18 to 2.35)

1.42 (1.01 t0 2.01)
1.31(0.92 to0 1.85)
1.22 (0.86 to 1.73)
1.2(0.84 t0 1.71)

1.2(0.84 t0 1.71)

0.99 (0.46 to 2.13)

0.88 (0.41 to 1.90)
0.92 (0.43 to 1.99)
0.92 (0.43 to 1.99)
0.89 (0.41 to 1.92)

0.89 (0.41 to 1.93)

1.42 (1.05 t0 1.91)

1.34(0.99 t0 1.81)
1.32(0.98 t0 1.79)
1.33(0.98 to 1.80)
1.31(0.97 t0 1.78)

1.31(0.97 to 1.77)

1.79 (1.30 to 2.48)

1.53(1.11 t0 2.12)
1.46 (1.05 to 2.03)
1.39(1.00 to 1.93)
1.36 (0.98 to 1.89)

1.35(0.97 t0 1.87)

38
56
60
64

67

Analysis among 14571 participants; exclusions as in figure 1. ORs relative to participants of White ethnicity, adjusted for age and sex (baseline model), with progressive adjustment for social
factors where indicated; group-specific variances used to calculate 95% Cls. See online supplemental table S3 for further details on characteristics. LR statistic for ethnicity in the baseline

model=48.2.
LR, likelihood ratio.
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with unknown SARS-CoV-2 serology status at the end of the first
wave (ie, those who returned negative samples in May or June
but did not provide a sample in July). The analyses produced
similar results to the main findings (adjustment for all the social
factors reduced the LR y? statistic for ethnicity by 64%; online
supplemental table S6).

DISCUSSION

This large population-based study examined the association of
ethnicity with risk of SARS-CoV-2 infection during the first wave
of pandemic in the UK, and used detailed assessments of social
factors to explore the pathways between ethnicity and risk of
SARS-CoV-2 infection. Some ethnic minority groups (including
Black, South Asian, Mixed and Other ethnic groups) had a
much higher risk of SARS-CoV-2 infection compared with those
of White ethnicity. This excess risk was reduced by more than
half after adjustment for occupational and geographical factors
(mainly UK region of residence), with modest additional effects
from household composition, transport, shopping or other
measures of socioeconomic status; more precisely measured
social factors (or other unmeasured social factors) may have
further reduced the strength of the LR % statistic.”” As such,
the effect of any hypothesised biological differences in suscepti-
bilities between ethnic groups (such as differences in expression
of transmembrane serine protease 2 in lung tissue, which may
facilitate entry and spread of SARS-CoV-2 in host cell*®) is likely
to be modest, at best.

This study suggests that ethnic disparities in SARS-CoV-2
infection risk during the first wave of the pandemic in the UK
are largely a function of how ethnicity shapes social opportu-
nities and inequities, and highlights the particular relevance of
occupational and geographical factors. In the first wave of the
pandemic in the UK, the highest infection rates were in major
urban conurbations (particularly London, which had two to
three times higher cumulative SARS-CoV-2 seropositivity by
June 2020 than other UK regions), and ethnic minority groups
are more likely than White groups to live in such regions of the
UK.*' With respect to occupational factors, working outside
the home, and working in close proximity with public or with
coworkers, changed the association with ethnicity more than
working specifically in health or social care. Not all work in
health and social care involves close proximity to others, and
such environments are likely to have provided some personal
protective equipment. The present study indicates the critical
importance of infection control policies and equipment in all
high-risk occupations in the context of a pandemic, not just in
health and social care.

Of the various other social factors, use of public transport
and Townsend Deprivation Score were the only other variables
that reduced the LR y* statistic for ethnicity by 10% or more.
However, the effect of these variables was reduced when differ-
ences in UK region and occupation were adjusted for. Adjust-
ment for household factors had only a modest impact on the
association. Houscehold transmission had previously been iden-
tified as a major cause of infection in the UK population as a
whole,! 2 % but the present study suggests that differences in
household factors (such as household size or age composition)
between ethnicities are unlikely to drive much of the ethnic
disparities in SARS-CoV-2 infection during the first wave. There
is some evidence from other studies, however, that those in large,
multigenerational household (with both school-age children and
older adults) were at higher risk of infection during the second
wave of the pandemic in the UK when schools remained open

for several months, and it is thought this may explain the partic-
ularly high rates of COVID-19 deaths during the second wave
among Bangladeshi and Pakistani communities in the UK.* **
There were too few new cases of SARS-CoV-2 among ethnic
minority groups after the first wave in the present study for reli-
able analyses in subsequent time periods.

This study was designed to recruit individuals across a wide
range of age, sex, ethnicity and socioeconomic deprivation, and
while not fully representative of the UK general population, the
prevalence of SARS-CoV-2 seropositivity across the different
ethnic groups is consistent with contemporary UK national
surveys.!” The Real Time Assessment of Community Transmis-
sion (REACT-2) study, a representative survey of SARS-CoV-2
serological status among 100000 adults in the UK, conducted
at the same time as the current study, described similar excess
risks among ethnic minority groups, with relative risks of infec-
tion among those of Black, South Asian and Mixed ethnicities
of about 3, 2 and 1.5 times higher than among those of White
ethnicity, respectively.! Other studies with less representative
sampling, or that used routinely collected health data (for which
unbiased assessments rely on equal likelihood of being tested
for SARS-CoV-2 infection among subgroups of the population),
have tended to find somewhat lower excess risks of SARS-CoV-2
infection among ethnic minority groups.”®

A number of previous studies have investigated potential
causes of ethnic disparities in SARS-CoV-2 infection in the UK.
Several studies have found area-level measures of deprivation to
explain some of the ethnic differences in prevalence of SARS-
CoV-2 seropositivity, but the effects have largely been modest,
and most of these studies have lacked the detailed information
on the exposures needed to understand which aspects of depriva-
tion might be contributing to these disparities.??* Other studies
have investigated the effect of more specific social factors (such
as employment and household composition) on ethnic differ-
ences in SARS-CoV-2 infection, but the relative importance of
these factors has previously not been well described.'® Although
the relevance of specific social factors is most generalisable to
the target UK population, the study did not find any evidence
to support the hypothesis that genetic predisposition or other
biological susceptibilities are the main reasons for higher infec-
tion rates of SARS-CoV-2 among some ethnic groups, and this
finding is likely generalisable to many other populations.

The detailed assessments of social factor are a key strength
of the present study. This information allowed for exploration
of the independent contribution of occupational, household and
other social factors in explaining ethnic differences in the risk
of SARS-CoV-2 infection, although we acknowledge that this
information was self-reported at the end of the study. Another
strength of this study was that vaccination status did not influ-
ence behaviour or the risk of infection because the study was
conducted before the widespread vaccination of the UK popu-
lation. In addition, as SARS-CoV-2 status was measured in all
participants, the impact of collider bias was likely to be limited.

The size of the study enabled robust analysis of the association
of ethnicity with risk of SARS-CoV-2 infection. However, greater
sample size would have allowed exploration of differences in
risk within the broad ethnic groups used in the present study,
such as between individuals who identify as Black Caribbean,
Black African or any other Black background, or among certain
smaller ethnicity groups. Ethnicity is a complex social construct,
with groups reflecting diverse aspects of culture, ancestry, reli-
gion, language, nationality and other characteristics.”*” ** There
may well be important differences in risk of SARS-CoV-2 infec-
tion within the ethnic categories defined in the present study,
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and understanding these differences would allow more targeted
public health action.

It is also a limitation that it was not possible to assess the
consistency of the social structural experiences (such as crowded
housing) by ethnicity between the study population and the
wider UK population, which would also have been helpful in
assessing generalisability of the findings. Greater sample size
would also have allowed investigation of the associations by
level of other factors (such as within region) to assess further
the generalisability. In addition, although efforts were made to
recruit participants with similar demographic characteristics to
the wider UK population, it is important to acknowledge that
selected individuals (who were all volunteers) may differ in other
ways that it was not possible to control for, which might also
affect risk of infection (such as trust in authorities), with the
potential to cause bias.

The analyses used changes in the LR % statistic to assess the
impact of social factors as potential variables in the pathway
between ethnicity and SARS-CoV-2 infection risk. Although this
and other adjustment methods have been widely used to assess the
impact of potential mediators, various assumptions are needed
for the effects to be interpreted causally, notably that regression
models control for exposure-outcome, mediator-outcome and
exposure-mediator confounding. Alternative methods, such as
causal mediation analysis, might be useful in future analyses to
assess further the causal impact of selected variables on the asso-
ciation of specific ethnicities with SARS-CoV-2 infection risk,
although larger data sets might be required. Future research
should also explore whether the findings varied for different
waves of the pandemic, as the data set did not have sufficient
number of cases among those of non-White ethnicity after the
first wave. Lastly, we were limited in our ability to assess the
impact of more specific occupations (given the number of partic-
ipants in each occupational group) on differences in risk of
SARS-CoV-2 infection between ethnic groups, and this should
also be an important focus of future research.

In conclusion, this large-scale population-based study suggests
that higher infection rates of SARS-CoV-2 among ethnic minority
groups are largely a function of how ethnicity shapes social
opportunity and inequities. The study identifies a wide range
of social factors driving these inequalities, but highlights the
particular relevance of occupational and geographical factors. In
addition to addressing the inequalities in social opportunity that
ultimately underlie the differences in infection rates between
ethnic groups, this study indicates that policies to mitigate the
specific vulnerabilities of different regions (including major
urban conurbations, given the higher proportion of the popula-
tion from ethnic minority groups in such regions of the UK), as
well as policies which address occupational exposure to major
respiratory infections, are likely to be particularly important in
ensuring future pandemics do not further exacerbate existing
ethnic inequalities in health.
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