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ABSTRACT

Background Migrants are over-represented in SARS-
CoV-2 infections globally; however, evidence is limited for
migrants in England and Wales. Household overcrowding
is a risk factor for SARS-CoV-2 infection, with migrants
more likely to live in overcrowded households than UK-
born individuals. We aimed to estimate the total effect of
migration status on SARS-CoV-2 infection and to what
extent household overcrowding mediated this effect.
Methods We included a subcohort of individuals

from the Virus Watch prospective cohort study during

the second SARS-CoV-2 wave (1 September 2020-30
April 2021) who were aged =18 years, self-reported

the number of rooms in their household and had no
evidence of SARS-CoV-2 infection pre-September 2020.
We estimated total, indirect and direct effects using Buis’
logistic decomposition regression controlling for age, sex,
ethnicity, clinical vulnerability, occupation, income and
whether they lived with children.

Results In total, 23478 individuals were included.
9.07% (187/2062) of migrants had evidence of infection
during the study period vs 6.27% (1342/21 416) of
UK-born individuals. Migrants had 22% higher odds

of infection during the second wave (total effect; OR
1.22,95%Cl 1.01 to 1.47). Household overcrowding
accounted for approximately 36% (95% Cl —4% to
77%) of these increased odds (indirect effect, OR
1.07,95% Cl 1.03 to 1.12; proportion accounted for:
indirect effect on log odds scale/total effect on log odds
scale=0.36).

Conclusion Migrants had higher odds of SARS-CoV-2
infection during the second wave compared with UK-
born individuals and household overcrowding explained
36% of these increased odds. Policy interventions to
reduce household overcrowding for migrants are needed
as part of efforts to tackle health inequalities during the
pandemic and beyond.
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BACKGROUND

Globally, the UK has the fifth largest migrant (non
UK-born) population comprising approximately
9.57 million people in 2020." 2 Migrants in the UK
may be at greater risk of SARS-CoV-2 infection due
to pre-existing vulnerabilities such as their over-
representation in front-line jobs (eg, in healthcare,
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Migrants in England and Wales may be at
greater risk of exposure to SARS-CoV-2
due to unique risk factors, including over-
representation in front-line jobs, an increased
likelihood of living in multigenerational
households and difficulties in accessing primary
care. Research shows that migrants in high-
income countries have been disproportionally
infected with SARS-CoV-2. It is likely that,
due to their pre-existing vulnerabilities, this
is similarly the case for migrants in England
and Wales; however, quantitative evidence
addressing this is lacking.

WHAT THIS STUDY ADDS

= We investigated the effect of being a
migrant on SARS-CoV-2 infection during the
second wave of the pandemic in a cohort in
England and Wales. We also determined the
proportion of the effect mediated by household
overcrowding after controlling for age, sex,
ethnicity, clinical vulnerability, occupation,
income and the presence of children in the
household. Migrants had 22% higher odds of
being infected with SARS-CoV-2 than their UK-
born counterparts, and household overcrowding
accounted for approximately 36% of these
increased odds.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings highlight the role of household
overcrowding in the disproportionate impact
of SARS-CoV-2 infections on migrants. They
also demonstrate the urgent need for policy
interventions that improve housing conditions
as part of efforts to reduce health inequalities.
Further research investigating other causes of
migrants’ over-representation in infection cases
is also needed to inform further targeted policy
interventions.

hospitality, retail and delivery sectors), increased
use of public transport and increased likelihood of
living in multigenerational households.’ Barriers to
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accessing primary care are well documented for migrants*® and
may negatively impact vaccine uptake, thus potentially putting
migrants at greater risk of infection and severe outcomes from
the combination of greater exposure and undervaccination.”
Migrants in high-income countries have been over-represented in
SARS-CoV-2 infections, hospitalisations and deaths.*”!° UK-fo-
cused quantitative evidence is limited but does suggest inequal-
ities. In England, a study showed a greater increase in all-cause
mortality for migrants versus non-migrants from 21 March 2020
to 8 May 2020 when compared with previous years’ deaths.'"

The built environment is a wider determinant of health.'?
Household overcrowding is a potential marker of social depri-
vation and is associated with an increased risk of infectious
diseases, including tuberculosis, influenza-related illnesses,
pneumonia and acute respiratory illness, and mental health
problems.” Growing UK-focused evidence links household
overcrowding to SARS-CoV-2 infection and other COVID-19-
related outcomes.'* '* In England and Wales, individuals who
participated in the Virus Watch study and lived in overcrowded
households, as defined using the persons-per-room (PPR) meth-
odology, had higher odds of testing positive for SARS-CoV-2
infection via PCR and antibody tests than individuals living in
underoccupied households.'* Similar findings were reported
from the COVIDENCE UK study'® and studies that used related
measures such as household size when controlling for various
demographic, social, behavioural and comorbidity characteris-
tics'®™? or area-level housing indicators.”’ Household size also
played a role in differences in COVID-19 outcomes for South
Asian groups after adjusting for sociodemographic and clinical
factors.”' 2

Household overcrowding is particularly relevant to migrants.
In London, 13%-16% of migrant households were overcrowded
compared with just 4% of UK-born households between 2016
and 2018.” Outside of London, the overcrowding rates were
lower with 2% of UK-born households being overcrowded
compared with 5%-8% of migrant households. Despite the
lack of UK-focused studies, in Europe and the USA, household
overcrowding is a reported risk factor for SARS-CoV-2 exposure
in migrants,”**° thus highlighting the need for investigation in
a UK-based sample. We aimed to examine the odds of SARS-
CoV-2 infection for migrants versus UK-born individuals during
the second COVID-19 wave, and whether household over-
crowding, as determined using the PPR methodology, mediated
the effect of migration status on SARS-CoV-2 infection.

METHOD

Study setting

We used data from Virus Watch, a prospective community cohort
study of COVID-19 in England and Wales from 1 June 2020.*
Virus Watch included 58 628 individuals as of 28 July 2022. Our
analysis was restricted to the second wave, from 1 September
2020 to 30 April 2021, as migrants were likely to have high
exposure risk early in the pandemic and because testing was not
widespread during the first wave. Households were recruited
from 24 June 2020 to March 2022 and asked to complete a
postenrolment baseline survey containing demographic, medical
history, financial and occupation questions. Individuals received
a weekly illness survey via email to collect information on self-
reported acute symptoms, vaccination status and PCR or lateral
flow test results. Households also received a monthly survey of
demographic, health-related, environmental and behavioural/
psychosocial questions. Within the larger study, a subcohort of
adults (the laboratory cohort) received monthly antibody testing.

Virus Watch cohort data were linked to the second-generation
surveillance system (SGSS) containing laboratory SARS-CoV-2
test results from swabs taken during hospitalisation (pillar 1) and
community testing (pillar 2).*® The linkage period was March
2020-August 2021 for pillar 1, and June 2020-November 2021
for pillar 2. Linkage was conducted by NHS Digital using the
name, date of birth, address and NHS number variables, which
were sent in March 2021.

Participants

Participants were aged =18 years and reported the number of
rooms in their household in the February 2021 survey. Partici-
pants with evidence of SARS-CoV-2 infection before the start of
the second wave (September 2020) were excluded as first infec-
tion, rather than reinfection, was our focus.

Exposure and outcome

Country of birth was the exposure, defined as migrant (ie, a
non-UK country of birth reported at enrolment) or UK-born (a
UK country of birth). The outcome was evidence of first SARS-
CoV-2 infection during the analysis period defined as either a
PCR or lateral flow test self-reported during a weekly survey,
a positive test for SARS-CoV-2 anti-nucleocapsid antibodies, a
positive test for anti-spike antibodies or a positive PCR test iden-
tified via the SGSS.

Potential mediator: household overcrowding status

In the February 2021 survey, participating households were
asked how many rooms were available for their exclusive use
(excluding bathrooms, toilets, halls, landings and cupboards).
PPR was calculated by dividing the total number of people in the
household (including children) by the number of available rooms,
excluding bathrooms or kitchens. For households reporting =2
rooms, one room was subtracted from the total, assuming that
one of the rooms was a kitchen. For households reporting one
room, it was assumed that this room is likely to be a bedroom/
studio. Households with PPRs less than one were defined as
‘underoccupied’, equal to one as ‘balanced’ and greater than
one as ‘overcrowded’.'* The PPR approach is a validated over-
crowding measure that has fair agreement with other measures®
and has previously been used to determine overcrowding status
in Virus Watch.'

Confounders

Potential confounders were identified using a directed acyclic
graph (DAG; online supplemental figure 1 and online supple-
mental box 1 for the DAGitty code). To provide minimally
adjusted unbiased estimates of the total, indirect and direct
effects, we controlled for baseline age, sex at birth, ethnicity
(white British, white Irish, white Other, mixed, South Asian,
other Asian, Black, other and unknown), clinical vulnerability
(‘not clinically vulnerable’, ‘clinically vulnerable’, ‘clinically
extremely vulnerable’ and ‘missing’ based on self-reported
conditions or medications indicating vulnerability using govern-
ment criteria, adapted for the clinical variables collected at base-
line®®), baseline total household income (£0-9999, £10 000—£24
999, £25000-£49 000, £50000-£74 999, £75000-£99999
and £100 000+), occupation (see online supplemental box 2 for
details) and whether the household included children.

Other demographic and clinical characteristics
Households were assigned a geographical region (nine English
regions and Wales) and a local area-level Index of Multiple
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Deprivation quintile (where 1 represents the most deprived and
5 the least) by linking their postcode to the May 2020 ONS
Postcode Lookup.*!

Statistical analysis

We found no evidence of colinearity between ethnicity and
migrant status (online supplemental box 3). We used Buis’
logistic decomposition regression with bootstrapped standard
errors to estimate the total and direct effects of migration status
on infection, and the indirect effect mediated through house-
hold overcrowding®® (see online supplemental box 3 for further
methodological information). The percentage of the total effect
mediated by household overcrowding was estimated using the
indirect effect beta coefficient as the numerator and the total
effect beta coefficient (in the form of log odds) as the denomi-
nator. The 95% CI was estimated via the delta method using the
nlcom command in Stata. As the model derives the total effect
coefficient by summing the direct and indirect effects on the log
scale, the percentage is an approximation only (ie, indirect and
direct effect ORs do not sum to give exactly the total effect).

Sensitivity analyses

As eligibility was not dependent on households responding to
all weekly surveys throughout the analysis period, we conducted
a sensitivity analysis including only participants who had either
linked data or, for those without linked data, self-reported
follow-up for every full week of the analysis period (although
this may also bias towards households who were healthy enough
to respond each week). Positive SARS-CoV-2 anti-nucleocapsid
antibody or anti-spike antibody tests during the study period
may indicate evidence of older SARS-CoV-2 infection prior to
the second wave or postvaccination seroconversions. Therefore,
we carried out a sensitivity analysis using only swab-confirmed
infections. We also conducted a sensitivity analysis where house-
hold overcrowding was represented by the continuous PPR
variable.

Individuals with missing country-of-birth responses were clas-
sified as UK-born; however, in a sensitivity analysis, we excluded
these individuals. There were no missing age data and 363
participants (1.5%) had missing data for sex, 478 (2.0%) for
ethnicity, 1405 (6.0%) for clinical vulnerability, 4120 (17.5%)
for household income and 3400 (14.5%) for occupation. All
missing values were included in the model under a ‘missing’
category. We conducted sensitivity analyses to assess the effect
of missing data using a complete-case analysis and multivariate
imputation by chained equations using the mice package with 5
datasets and 50 iterations per dataset (see online supplemental
box 4 for the included predictor variables).

Based on a priori assumptions, we modelled ethnicity as
a confounder of the effect of migration status on infection.
However, ethnicity is complex and can encompass country
of birth,* which creates overlap with our migrant exposure.
To explore this, we conducted a sensitivity analysis without
adjusting for ethnicity.

Tools and reporting

R V.4.1.2 was used for data cleaning and multiple imputation.
Mediation analysis was carried out using the ldecomp command
in Stata V.17.0. This analysis was written up in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology checklist (online supplemental table 1).

RESULTS
Of 58 628 individuals in the Virus Watch cohort on 28 July 2022,
23478 (40.0%) individuals met our inclusion criteria (figure 1).

Virus Watch main cohort as
of 28 July 2022 (n=58,628)

| :

Excluded (n=8,421)
< 18 years (n=8,393)
Died with unknown date of

death (n=28)
Adult participants (=18
years) (n= 50,207)
Excluded (n=379)
l * Positive SARS-CoV-2 test before

study start (n=379)
No evidence of SARS-CoV-2
infection prior to study
period (n=49,828)
Excluded (n= 26,350)
* Did not report the number of

rooms in household (n=26,350)
Responded to the February

2021 survey question
regarding number of rooms
in their household
(n=23,478)

Figure 1  Flow diagram of participant eligibility.

Demographic characteristics

Migrants were generally younger (median age: 53 vs 63 years
in migrants and non-migrants, respectively) with a higher
percentage identifying as female (59.1% female migrants vs
54.1% female non-migrants; table 1). Migrants identified
predominantly with a minority ethnic group (75.6%) vs white
British (23.5%) and were less likely to have missing ethnicity
data than UK-born individuals (table 1). Over 40% of migrants
were situated in London compared with only 9.5% of UK-born
individuals, while over 40% of the UK-born individuals were in

Table 1 Cohort demographic and household characteristics
Overall UK-born Migrant
Characteristic N=23478 N=21416 N=2062
Age
Mean (SD) 59 (15) 59 (15) 53 (16)
Median (IQR) 62 (19) 63 (19) 53 (26)
<30 1379 (5.9%) 1241 (5.8%) 138 (6.7%)
30-39 1718 (7.3%) 1341 (6.3%) 377 (18.3%)
40-49 2537 (10.8%) 2163 (10.1%) 374 (18.1%)
50-59 4397 (18.7%) 4022 (18.8%) 375 (18.2%)
60+ 13447 (57.3%) 12649 (59.1%) 798 (38.7%)
Sex
Female 12810 (54.6%) 11592 (54.1%) 1218 (59.1%)
Male 10276 (43.8%) Omitted to avoid  Omitted to avoid
disclosure disclosure
Other or unknown 392 (1.7%) Omitted to avoid ~ Omitted to avoid
disclosure disclosure
Ethnicity
White British 20456 (87.1%) 19972 (93.3%) 484 (23.5%)
Minority ethnic* 2544 (10.8%) 986 (4.6%) 1558 (75.6%)
Missing 478 (2.0%) 458 (2.1%) 20 (1.0%)

Household overcrowding status

Underoccupied

21134 (90.0%)

19662 (91.8%)

1472 (71.4%)

Balanced 1686 (7.2%) 1320 (6.2%) 366 (17.7%)
Overcrowded 658 (2.8%) 434 (2.0%) 224 (10.9%)
Persons per room

Mean (SD) 0.49 (0.33) 0.47 (0.29) 0.71 (0.53)
Median (IQR) 0.40 (0.31) 0.40 (0.29) 0.50 (0.67)

*All minority ethnic groups were combined to avoid statistical disclosure. For a full
description of demographic characteristics, please see online supplemental table 2.
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Table 2 Source of positive test results for all participants with first
evidence of SARS-CoV-2 infection within the analysis period
(1 September 2020-30 April 2021)

Source of positive Overall UK-born Migrant

test result N=1529 n=1342 (87.8%) n=187 (12.2%)
Antibody tests* 713 (46.6%) 629 (46.9%) 84 (44.9%)
Swab tests (PCR or 816 (53.4%) 713 (53.1%) 103 (55.1%)
lateral flow)

*Tests for SARS-CoV-2 anti-nucleocapsid antibodies and anti-spike antibodies.

the East or South East of England (online supplemental table
2). Migrants generally lived in more deprived areas compared
with the UK-born group, but more migrants lived in households
with higher total incomes (online supplemental table 2). Missing
income data were more common for UK-born individuals. The
percentages of clinically and extremely clinically vulnerable indi-
viduals in each group were similar, with more missing data in the
UK-born group. Higher percentages of migrants worked in all
occupations versus UK-born individuals, apart from in outdoor
trade-related and transport and machines-related occupations.
More UK-born individuals were not in employment versus
migrants and missing occupation data were more common in the
UK-born versus migrant group.

In the migrant group, the median number of rooms per house-
hold was 5 compared with 6 in the UK-born group (online
supplemental table 2). 10.9% of migrants lived in overcrowded
housing compared with 2.0% of the UK-born group. Migrants
were less likely to live in underoccupied housing than UK-born
individuals (71.4% vs 91.8%, respectively; table 1). Across the
full cohort, the majority of individuals lived in households where
the PPR was less than 1, with low numbers of participants living

in households where the PPR was 2 or more (online supple-
mental figure 2).

Evidence of SARS-CoV-2 infection

From 1 September 2020 to 30 April 2021, 1529/23 478 indi-
viduals had evidence of SARS-CoV-2 infection (table 2). In both
groups, evidence of infection was identified via a swab test in
>50% of positive cases, with a slightly higher percentage of
swab tests in migrants versus UK-born individuals (55.1% vs
53.1%, respectively).

In the migrant group, 9.07% (187/2062) of individuals had
evidence of infection compared with 6.27% (1342/21 416) of
UK-born individuals (table 3). Infection rates were highest at over
10% in London for both migrants and non-migrants compared
with most other geographical areas outside of London where
the infection rates were lower (generally less than 10%). In both
groups, the percentage of participants with evidence of infec-
tion was highest in individuals living in overcrowded housing
(migrant: 15.2% (34/224); UK-born: 9.9% (43/434)) compared
with individuals living in under-occupied housing (migrant:
6.9% (102/1472); UK-born: 6.0% (1185/19 662)). Please see
online supplemental table 3 for a full breakdown of infections
by different demographic characteristics.

Causal mediation analysis

Migrants had 22% higher odds of SARS-CoV-2 infection during
the second wave versus UK-born individuals (total effect), deter-
mined using logistic decomposition regression adjusted for age,
sex, ethnicity, clinical vulnerability, baseline total household
income, occupation and the presence of children in the house-
hold (OR 1.22, 95%CI 1.01 to 1.47, p=0.041; table 4). An
OR of 1.07 (95% CI 1.03 to 1.12, p=0.002) for the indirect

Table 3  Percentage of participants with evidence of SARS-CoV-2 infection in the second wave (1 September 2020 to 30 April 2021)

UK-born

Migrant

Evidence of SARS-CoV-2 infection

Evidence of SARS-CoV-2 infection

Characteristic Overall, N=21 416*

No n=20 074 (93.7%) Yes n=1342 (6.27%)

Overall, N=2062 No n=1875 (90.9%) Yes n=187 (9.07%)

Age
<30 1241 1125 (90.7%) 116 (9.3%) 138 123 (89.1%) 15 (10.9%)
30-39 1341 1235 (92.1%) 106 (7.9%) 377 332 (88.1%) 45 (11.9%)
40-49 2163 1969 (91.0%) 194 (9.0%) 374 322 (86.1%) 52 (13.9%)
50-59 4022 3691 (91.8%) 331 (8.2%) 375 343 (91.5%) 32 (8.5%)
60+ 12649 12054 (95.3%) 595 (4.7%) 798 755 (94.6%) 43 (5.4%)
Sex
Male 9435 8877 (94.1%) 558 (5.9%) 841 770 (91.6%) 71 (8.4%)
Female 11592 10823 (93.4%) 769 (6.6%) 1218 1102 (90.5%) 116 (9.5%)
Ethnicity
White British 19972 18723 (93.7%) 1249 (6.3%) 484 451 (93.2%) 33 (6.8%)
Minority ethnic 986 910 (92.3%) 76 (7.7%) 1558 1404 (90.1%) 154 (9.9%)
Missing 458 441 (96.3%) 17 (3.7%) 20 20 (100.0%) 0(0.0%)
Geographical region*®
East of England 4889 4611 (94.3%) 278 (5.7%) 319 297 (93.1%) 22 (6.9%)
London 2044 1830 (89.5%) 214 (10.5%) 889 769 (86.5%) 120 (13.5%)
South East 4147 3927 (94.7%) 220 (5.3%) 377 358 (95.0%) 19 (5.0%)
Household overcrowding status
Underoccupied 19662 18477 (94.0%) 1185 (6.0%) 1472 1370 (93.1%) 102 (6.9%)
Balanced 1320 1206 (91.4%) 114 (8.6%) 366 315 (86.1%) 51 (13.9%)
Overcrowded 434 391 (90.1%) 43 (9.9%) 224 190 (84.8%) 34 (15.2%)

*Only the geographical areas with the highest proportion of individuals are included to avoid statistical disclosure. For a full description of infections by each demographic characteristic,

please see online supplemental table 3.
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Table 4 ORs for total, indirect and direct effects of migration status
on SARS-CoV-2 infection

Effect OR 95%Cl P value
Total 1.22 1.01 to 1.47 0.041
Indirect 1.07 1.03t0 1.12 0.002
Direct 1.13 0.941t01.37 0.198

effect indicates that household overcrowding partially medi-
ated the relationship between migration status and SARS-CoV-2
infection, accounting for approximately 36% (95% CI—4% to
77%) of the total effect. A positive, but not statistically signifi-
cant direct effect of migration status on SARS-CoV-2 infection
remained after accounting for the indirect effect of household
overcrowding status (OR 1.13, 95% CI 0.94 to 1.37, p=0.198).

Sensitivity analyses

Consistent indirect effect sizes were observed in all the sensitivity
analyses, with varying statistical significance (table 5). Total effects
and direct effects were also generally consistent across sensitivity
analyses, with the exception of the complete case analysis and after
excluding individuals with missing country of birth, likely due to
power issues with the reduced sample size (table 5).

DISCUSSION

We present findings indicating that migrants had 22% higher
odds of being infected with SARS-CoV-2 during the second
wave of the pandemic compared with UK-born individuals after
controlling for baseline demographic, socioeconomic and clin-
ical confounders. This increased odds of infection aligns with

findings from other high-income countries showing migrants’
over-representation in SARS-CoV-2 infections® and is likely due
to amplified prepandemic inequalities. These findings, alongside
evidence showing migrants’ low COVID-19 vaccine uptake,” **
highlight the need to carefully consider delivery and prioritisa-
tion of booster COVID-19 vaccines.

We found a significant positive indirect effect, with household
overcrowding explaining approximately 36% of the increased odds
of SARS-CoV-2 infection in migrants compared with UK-born indi-
viduals, which is consistent with Norwegian and American studies
linking household overcrowding and SARS-CoV-2 infections.** A
direct effect was found after accounting for mediation by household
overcrowding, consistent with complementary mediation whereby
the investigated mediator has a significant causal role alongside other
unmeasured variables.*

A strength of this analysis is the focus on a causal mechanism
underlying migrants’ increased SARS-CoV-2 infection odds in a
substantial group of over 2000 migrants, allowing for specific
policy recommendations to help reduce health inequalities. The
use of a DAG-informed model facilitated comprehensive adjust-
ment for confounders and interpretation of the mediated effects.
Other strengths are the inclusion of self-reported and linked data
on SARS-CoV-2 infection, which reduced reliance on participant
recall, and the use of multiple sensitivity analyses.

A limitation is that migrants in Virus Watch are not represen-
tative of England’s migrant population. Lead householders who
spoke English and had internet access were eligible, whereas
evidence suggests that vulnerable, marginalised migrants have
limited access to technology and experience English difficul-
ties.” 7 Additionally, only households of <6 people were eligible,
which may induce selection bias given that migrants are more

Table 5 Total, indirect and direct effects from sensitivity analyses

Sensitivity analysis N Effect OR 95%Cl P value
Outcome related
Restricted denominator 22496 Total 1.17 0.97 to 1.41 0.098
Indirect 1.07 1.02t0 1.12 0.003
Direct 1.09 0.90 to0 1.32 0.368
Positive swab tests only 23479 Total 1.20 0.92 to 1.56 0.174
Indirect 1.12 1.07t01.18 <0.001
Direct 1.07 0.83 to 1.37 0.609
Exposure related
Excluding individuals with unknown country of birth 20748 Total 1.04 0.85t01.28 0.687
Indirect 1.06 1.0210 1.10 0.002
Direct 0.98 0.81t0 1.20 0.872
Mediator related
Use of PPR as mediator 23478 Total 1.23 1.03 to 1.46 0.023
Indirect 1.07 1.03to 1.11 <0.001
Direct 1.14 0.96 to 1.36 0.132
Confounder related
Multiple imputation of missing confounder data 23478 Total 1.21 0.99to 1.48 0.067
Indirect 1.07 1.03to 1.1 0.001
Direct 1.13 0.92 to 1.38 0.238
Complete-case analysis 18466 Total 1.07 0.86 t0 1.33 0.550
Indirect 1.07 1.01t0 1.12 0.011
Direct 1.00 0.80to 1.26 0.982
Without adjusting for ethnicity 23478 Total 1.24 1.05 to 1.47 0.011
Indirect 1.08 1.03t0 1.12 <0.001
Direct 1.16 0.97 to 1.37 0.095

PPR, persons per room.
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likely to live in larger, multigenerational households.® We also
focused on infections that occurred during the second wave
and excluded individuals who were infected in the first wave,
which could potentially induce bias given the risk factors for
higher exposure faced by migrants versus UK-born individuals
early in the pandemic.” Consequently, it is likely that with this in
mind, we underestimated the effect of migration status on infec-
tion and the household overcrowding-mediated indirect effect.
Despite PPR being an accepted measure of overcrowding, it is
also important to acknowledge that counting rooms, as opposed
to bedrooms, can potentially underestimate the extent of over-
crowding®’; however, this underestimation is likely to be similar
for both the migrant and UK-born group.

Individuals whose country of birth was unknown (n=2730)
were classified as UK-born. While this could introduce misclas-
sification bias whereby true migrants are classified as being
UK-born, the impact is likely small and would underestimate
the effect of migration status on infection. Additionally, results
from the sensitivity analysis excluding individuals with a missing
country of birth were generally consistent with the main analysis.

We did not adjust for vaccination status at baseline as no individ-
uals had been vaccinated at the start of the analysis period (roll-out
began in England on 8 December 2021). However, by 25 April 2021,
91.5% (22 644 679) of individuals aged =45 years had received at
least one dose.*® Evidence suggests that vaccination status is a sepa-
rate mediator of SARS-CoV-2 infection in migrants, with differential
uptake of COVID-19 vaccines across migrant and UK-born groups
and underimmunisation in migrants in Europe for both COVID-19
and routine vaccinations.”* Consequently, adjustment for vaccina-
tion status should not influence the indirect effect through house-
hold overcrowding.

Other limitations are the exclusion of children (<18 years), a
group which requires further research. Additionally, Virus Watch
enrolled more individuals aged over 60 years or of white British
ethnicity versus England’s and Wales’s general population, and
included more higher income households. These biases likely
contribute to an underestimation of the effect of migration status
on infection. Finally, a limitation of the methodology that we used
to estimate the indirect effect through household overcrowding is
that we have potentially adjusted for intermediate confounders (ie,
confounders of the mediator-and-outcome relationship that are also
caused by the exposure). This has the potential to remove some
of the true causal effect of the exposure (migration status) on the
outcome (SARS-CoV-2 infection).”” To assess this, we also estimated
a separate total causal effect (without using the Buis methodology)
and obtained a similar estimate, which increases confidence in the
estimates obtained from the Buis methodology. Nevertheless, we
acknowledge that the use of g-methods could be explored in future
work.

The disproportionate effect of household overcrowding
on individuals in the migrant group compared with UK-born
individuals builds on previous Virus Watch results showing
household overcrowding as a risk factor for SARS-CoV-2 infec-
tion.'* Household overcrowding has become more common
over recent years, particularly in the private and social rental
sectors.’® Migrants are more likely to privately rent their homes
and have lower rates of homeownership than non-migrants,*
which may explain the differential impact on this group. Find-
ings from the two analyses demonstrate the health implications
of existing housing inequalities. They highlight the importance
of addressing overcrowding as part of a public health strategy to
reduce health inequalities, and to ensuring the UK’s preparedness
for any subsequent waves or future pandemics. Future research is
required to examine other potential mediators of the total effect

of migration status on infection to better inform targeted policy
interventions across the wider determinants of health.

Efforts to address overcrowding are complex and require
engagement with multiple stakeholders, including both in
government and the private sector. Short-term efforts to prevent
spread include providing hotel accommodation for infected indi-
viduals and ensuring that existing advice on preventing spread
within the household (eg, masking, adequate ventilation)* is
accessible to migrant communities. In the medium term, the
statutory overcrowding standard that was introduced in 1935
should be revised as the threshold for breaching it is high, with
relatively few households found to be statutorily overcrowded,
which limits the ability of local authorities to act.** In recog-
nition that local authorities may not have access to affordable,
adequately sized houses, the revision of the standard should
be combined with policies that improve affordability, such as
through household income and employment support.*! In the
long term, the current housing stock should be reformed. A
policy focus in recent years has been on boosting the supply of
privately owned homes and increasing home ownership, with a
substantial drop in the availability of social housing.*® Increasing
the social housing supply could provide more regulated, secure
and affordable housing, while enabling swifter improvements in
response to policy interventions compared with private housing.

To conclude, we show that migrants were over-represented
in SARS-CoV-2 infections early in the pandemic, with house-
hold overcrowding playing a significant role in driving over-
representation. Our findings highlight the implications of
inadequate housing on health and underscore the importance of
policy interventions for tackling household overcrowding. As we
continue to live with COVID-19, it will be important to address
these inequalities in health outcomes and housing to ensure than
we build back fairer*? and that we are better prepared for future
waves and pandemics.
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