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ABSTRACT
Objective To identify ethnic differences in proportion
positive for SARS-CoV-2, and proportion hospitalised,
proportion admitted to intensive care and proportion died
in hospital with COVID-19 during the first epidemic wave
in Wales.
Design Descriptive analysis of 76 503 SARS-CoV-2 tests
carried out in Wales to 31 May 2020. Cohort study of 4046
individuals hospitalised with confirmed COVID-19 between
1 March and 31 May. In both analyses, ethnicity was
assigned using a name-based classifier.
Setting Wales (UK).
Primary and secondary outcomes Admission to an
intensive care unit following hospitalisation with a positive
SARS-CoV-2 PCR test. Death within 28 days of a positive
SARS-CoV-2 PCR test.
Results Using a name-based ethnicity classifier, we found
a higher proportion of black, Asian and ethnic minority
people tested for SARS-CoV-2 by PCR tested positive,
compared with those classified as white. Hospitalised
black, Asian and minority ethnic cases were younger
(median age 53 compared with 76 years; p<0.01) and
more likely to be admitted to intensive care. Bangladeshi
(adjusted OR (aOR): 9.80, 95% CI 1.21 to 79.40) and
‘white – other than British or Irish’ (aOR: 1.99, 95% CI 1.15
to 3.44) ethnic groups were most likely to be admitted
to intensive care unit. In Wales, older age (aOR for over
70 years: 10.29, 95% CI 6.78 to 15.64) and male gender
(aOR: 1.38, 95% CI 1.19 to 1.59), but not ethnicity, were
associated with death in hospitalised patients.
Conclusions This study adds to the growing evidence
that ethnic minorities are disproportionately affected by
COVID-19. During the first COVID-19 epidemic wave in
Wales, although ethnic minority populations were less
likely to be tested and less likely to be hospitalised, those
that did attend hospital were younger and more likely to
be admitted to intensive care. Primary, secondary and
tertiary COVID-19 prevention should target ethnic minority
communities in Wales.

Strengths and limitations of this study
►► Secondary analysis of data obtained through routine

national COVID-19 surveillance.
►► Studies relying on clinician reported ethnicity con-

tain high proportions of missing and poor quality
data.
►► Using a proven name-based classifier, we were able
to assign ethnicity to nearly all participants.
►► While sensitivity and specificity of the classifier
varies in specific ethnic groups and is poor in black
British and people of mixed ethnicity, its performance is quantifiable, and classification bias can be
taken into account when interpreting findings.
►► Age, gender and deprivation were taken into account in the analysis, but individual data on history
of chronic disease were poorly recorded, and treatment histories once hospitalised were not available.

INTRODUCTION
There is growing evidence that black, Asian
and other minority ethnic (BAME) people
living in Europe are at increased risk of
infection with SARS-CoV-2 and, if infected,
are more likely to have severe disease.1 In
the UK, the Intensive Care National Audit
and Research Centre first raised concerns
that BAME people were over-
represented
among patients with COVID-19 admitted to
intensive care.2 These findings were reported
widely in the media and discussed in opinion
pieces.3–7 In Wales, the First Minister established an advisory group to examine the issue
and provide recommendations to reduce
ethnic inequality in COVID-19 outcomes.8
While focusing on COVID-19, this group has
recognised the underlying inequalities BAME
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METHODS
Participants
We obtained routine surveillance data on 77 555
SARS-CoV-2 PCR tests carried out by Public Health Wales
and authorised as at 1300 hours, 31 May 2020 from Microbiology Datastore, a repository of test results recorded
Wales Laboratory Information Management
in the all-
System.
Data were also obtained on records of 4046 hospitalised
patients (people admitted to hospital within 14 days of a
positive SARS-CoV-2 test or individuals who tested positive for SARS-CoV-2 while in hospital) as at 1700 hours,
31 May 2020 available in IC-Net, an infection prevention
and control information management system. These data
contained information on whether an individual was
admitted to intensive care unit (ICU).
These individual person data on hospitalised cases were
linked to records of 1309 COVID-19 in-hospital deaths
(COVID-19 cases who died in hospital and had a positive
test result for SARS-CoV-2 28 days or less prior to the date
of death or 7 days after death) reported to Public Health
Wales’ COVID-19 mortality surveillance scheme to 1700
hours, 31 May, as at 28 June 2020.
Ethnicity
Ethnicity was categorised using the name-based ethnicity
classifier, Onomap, a software tool developed by geographers at University College London, and the 2001 Census
classification of ethnicity.10 We collapsed the Census categories further into: ‘white British or Irish’, ‘white other’,
‘Asian or British Asian’, ‘black or black British’, ‘other
ethnicity’ and ‘unclassified’, with a further aggregation
to create a ‘BAME’ field, containing all ethnicities other
than ‘white British’, ‘white Irish’ or ‘white other’. Unclassified observations were excluded.
Deprivation
Small (Lower Super Output) areas in Wales were assigned
a deprivation score using the Welsh Index of Multiple
Deprivation,11 and areas were ordered into quintiles
based on the distribution of these scores, ranging from
least to most deprived. Each individual was then assigned
2

to a deprivation quintile based on their Lower Super
Output Areas of residence.
Statistical analysis
Proportions of population tested, with 95% CIs, were
calculated for white and BAME groups using population
data from the most recent Office for National Statistics
Labour Force Survey.12 Proportion testing positive with
95% CIs were calculated by dividing number positive by
number tested for the same time period. Using logistic
regression, we calculated ORs for testing positive for
ethnic groups, after adjusting for age, sex and deprivation quintile.
Using the cohort of 4046 hospitalised patients, we
carried out a logistic regression to calculate ORs for
the outcomes: (A) admitted to intensive care and (B)
mortality, with 95% CIs, for ethnic groups, in each case
using ‘white British or Irish’ ethnicity as the baseline
comparator. Independent variables were gender and age
group. Multivariable analyses were then used to calculate ORs for ethnic groups while controlling for gender,
age group and local area deprivation. Differences in
the distributions of previously reported risk factors for
fatal outcomes (age, gender and deprivation medical
history)13 14 were investigated further in white and BME
groups. The Mann-Whitney two-sample test was used to
compare differences in the age distribution of BAME
and white deaths. ORs with 95% CIs were calculated to
compare proportion male and proportion with underlying health conditions among deceased BAME and white
individuals. All analysis was carried out using Stata V.14.15
Validation of Onomap’s performance
The performance of Onomap was assessed using three
data sets containing reliable self-reported or healthcare
professional-reported ethnicity. These data were: a list of
people attending a mosque in Wales who were offered
screening for hepatitis C (n=189), a list of tuberculosis
patients notified by doctors in Wales (n=3267) and a list
of patients attending an infectious disease clinic in Poland
(n=3184). Using these data as a ‘gold standard’, sensitivity
and specificity were calculated to measure Onomap’s
performance in correctly classifying specific ethnicities.
Ethical and privacy considerations
Ethical oversight of the project was provided by Public
Health Wales National Health Service (NHS) Trust
R&D Division. As this work was carried out as part of the
health protection response to a public health emergency
in Wales, using routinely collected surveillance data,
Public Health Wales R&D Division advised that NHS
research ethics approval was not required. The use of
named patient data in the investigation of communicable
disease outbreaks and surveillance of notifiable disease
is permitted under Public Health Wales’ Establishment
Order. Data were held and processed under Public Health
Wales’ information governance arrangements, in compliance with the Data Protection Act, Caldicott Principles
Thomas DR, et al. BMJ Open 2021;11:e048335. doi:10.1136/bmjopen-2020-048335
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people experience in their lives, which are likely to have
impacted in ethnic disparities in COVID-19.
Investigating ethnic health inequalities is hampered by
the poor recording of ethnicity in clinical data. This is the
case for COVID-19 notifications and laboratory reports
in Wales. In order to rapidly investigate ethnic variation in COVID-19 epidemiology, we applied Onomap, a
name-based ethnicity classification tool developed by the
Department of Geography at University College London
that has been found effective in 30 other published
studies in healthcare, epidemiology and public health.9
This was applied to routinely collected, named COVID-19
laboratory test data, held by Public Health Wales Communicable Disease Surveillance Centre.

Open access

Patient and public involvement statement
Patients or the public were involved in the design and
conduct of our research, and the work has been shared
with the Welsh Government BAME COVID-19 Advisory group, which contains community and stakeholder
groups on a number of occasions. This research has also
been presented to the Race Council Cymru.
Funding
No external funding was sought. The study was done with
existing Public Health Wales resources.

RESULTS
Ethnicity classification
Onomap estimated the ethnicity of 98.1% (13 789/14
054) of tested individuals, 99.2% (4013/4046) of those
hospitalised, 97.4% (305/313) of those admitted to
intensive care and 99.6% (1304/1309) of those who died
following admission to hospital.
Testing and hospitalisation
By classifying ethnicity using names, we estimate that
3.7% (n=2896) tests were of BAME individuals. Using
the most recent Statistics Wales population estimates for
ethnic groups in Wales,12 this represents 1580 tests per
100 000 population in BAME, compared with 2512 tests
per 100 000 population in white ethnic groups.
While white groups were more likely to be tested for
SARS-CoV-2, BAME groups were more likely to test positive. Of 14 054 people tested positive for SARS-CoV-2 in
Wales on 31 May 2020, Onomap classified 13 092 in white
ethnic groups and 697 in BAME groups. Ethnic groups
most likely to test positive were: Chinese, Indian, Pakistani, Asian – other and White – other (figure 1).
Of all those testing positive, a smaller proportion
(15.1%) of those tested in the BAME group attended
hospital compared with the white group (29.9%: see
table 1). However, the trend was reversed in people aged
50–59 years: 23.8% of positive BAME individuals aged
50–59 years attended hospital, compared with 16.3%
of white individuals testing positive. The median age of
hospitalised BAME individuals was 53 years compared
with 76 years for white individuals (p<0.01; Mann-Whitney
two-sample test).
Thomas DR, et al. BMJ Open 2021;11:e048335. doi:10.1136/bmjopen-2020-048335

Admission to intensive care
Of those attending hospital, a much higher proportion
(21.9%) of BAME individuals were admitted to intensive
care compared with white individuals (7.2%). Proportions of hospitalised patients admitted to ICU were
highest among the ‘Asian and British Asian – Indian,
Pakistani and Bangladeshi’ (29.0%) and ‘white – other’
(20.8%) groups. The median age of BAME patients
admitted to ICU was 51 years compared with 58 years
for white individuals (p<0.01; Mann-Whitney two-sample
test). Among hospitalised patients aged between 50 and
59 years, 27.6% of BAME patients were admitted to ICU
compared with 21% of white patients. More patients died
in hospital without being admitted to ICU. Of all those
attending hospital, 10.5% of patients identified as BAME
died compared with 33.1% of white patients (table 1).
We successfully linked all records of 4046 people hospitalised with COVID-19, those admitted to ICU and those
who died in hospital, all as at 31 May 2020, using NHS
numbers. Intensive care was more likely in hospitalised
males (aOR: 2.03, 95% CI 1.55 to 2.65) and in younger
patients (table 2, figure 2). When specific ethnicities were
examined, being admitted to ICU was more likely in ‘white
other’, ‘Asian and British Asian – Bangladeshi’, ‘Asian
and British Asian – Indian’ and ‘Asian and British Asian
– Pakistani’ ethnic groups. After adjusting for gender, age
and social deprivation, ‘white other’ (aOR: 1.99, 95% CI
1.15 to 3.44) and ‘Bangladeshi’ (aOR: 9.8, 95% CI 1.21 to
79.40), ethnic groups remained significantly more likely
to be admitted to ICU.
Hospitalised cases living in the most deprived areas
of Wales were significantly more likely to attend ICU
(OR: 1.70; 95% CI 1.17 to 2.45). However, this effect did
not remain significant after adjusting for age, sex and
ethnicity (aOR: 1.37, 95% CI 0.93 to 2.02).
Mortality
Likelihood of dying was significantly higher for hospitalised males. This effect remained after adjusting for age
and ethnicity (aOR: 1.38, 95% CI 1.19 to 1.59) (table 2,
figure 2). No increase was observed in risk of death with
increasing deprivation. There was a strong association
between increasing age and death from COVID-19, which
remained after adjusting for gender, ethnicity and social
deprivation (aOR for aged 70 years and over: 10.29 (95%
CI 6.78 to 15.64). However, there was no evidence from
this study that BAME groups were more likely to die from
COVID-19 than white British or Irish groups, even after
adjusting for gender, age and social deprivation (table 2).
To investigate further, we compared the differences
in the distribution of previously reported risk factors for
fatal outcome13 in white and BAME groups who had died.
BAME people who died in Wales with COVID-19 were
younger than white people who died (BAME median
age 71 years compared with 79 years for white people;
p=0.06, Mann-
Whitney two-
sample test). Underlying
chronic disease was recorded for 50% of deaths. There
was a higher proportion of BAME people (72.7 (95% CI
3
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and Public Health Wales guidance on the release of small
numbers. No data identifying protected characteristics of
an individual were released outside Public Health Wales.
Validation work was from a project that had previously
received permission from the Confidentiality Advisory
Group to process patient data on tests for viral hepatitis
carried out by laboratories in Wales, and research ethics
approval from West of Scotland REC4 (Application title:
Incidence of infectious disease in BAME groups using
Onomap; CAG reference: 16/CAG/0133; IRAS project
ID: 210327 REC reference: 16/WS/018).
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39.0 to 94.0)) that had a history of underlying chronic
disease compared with white people (49.6 (95% CI 46.8
to 52.3)).

most notably for those self-reporting as black or British
black. In other words, many people self-reporting as black
or black British will be misclassified, most likely as white.

Validation of Onomap
Onomap returned predicted ethnicity for 97% of the
6640 names in the four data sets. Sensitivity and specificity
were calculated for each ethnic group. Onomap generally
had a high specificity, that is: it was unlikely to return a
false ethnicity in people self-reporting a given ethnicity
(table 3). Specificity was 77% for white ethnicities, indicating that a proportion of people in BAME groups will
be misclassified as white. In terms of its sensitivity, that is
its likelihood of detecting all people self-reporting as an
ethnic group, Onomap was poor for some ethnic groups,

DISCUSSION
This was a rapid analysis of routinely available national
surveillance data using name-based ethnicity classification software, carried out in response to the emerging
epidemic in Wales. It adds to the evidence of increased
risk of severe COVID-19 outcomes in ethnic minorities in
Western Europe and the USA.
BAME people living in Wales were less likely to be tested
for SARS-CoV-2 in the first COVID-19 wave, but of those

4
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Figure 1 Determinants of having a positive SARS-CoV-2 PCR test. Adjusted ORs with 95% CIs are given for male gender,
compared with female, older age groups compared with those aged less than 50 years, small area deprivation quintile
comparing with least deprived, and Onomap estimated ethnicities, compared with ‘white British’. ORs greater than 1 represent
an increased risk; ORs less than 1 represent a decreased risk. Ninety-five per cent CIs not crossing 1 reflect that the OR is
statistically significant.
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*Onomap estimates of ethnicity.
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Positive
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Table 1
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2126

 Male

3716

 Black and Black British: African

939
867
682
658
732

 Most deprived

 Quintile 2

 Quintile 3

 Quintile 4

 Least deprived

Deprivation

33

41
<10

 Asian and British Asian: Pakistani
30

16

 Unknown ethnicity

<10

 Asian and British Asian: Chinese

 Asian and British Asian: Indian

 Any other ethnic group

<10

 Asian and British Asian:
Bangladeshi

96
96

 White: Irish

 White: other

Ethnicity

 White: British

569

 60–69
2583

466

 50–59

 70 and over

428

 0–49

Age (years)

1920

 Female

Gender

Hospitalised

(0.45 to 0.91)
(0.07 to 0.15)

0.64
0.11

–

1.09

1.08

1.25

(0.72 to 1.67)

(0.71 to 1.64)

(0.85 to 1.84)

(1.17 to 2.45)

4.27
1.70

(0.46 to 5.12)
(1.91 to 9.56)

1.54

–

1.00

1.05

1.03

1.37

2.99

0.59

0.93

1.91

(0.27 to 18.55)

(2.42 to 9.88)

2.22

4.89

1.78
2.49

(0.31 to 22.93)
(2.09 to 17.59)

9.8

1.99

0.25

–

0.11

0.64

2.67

(1.48 to 53.49)

8.89

–
1.27

6.07

(0.14 to 1.37)
(2.11 to 5.84)

0.43
3.51

–

(0.89 to 1.72)

1.24

–

2.03

1.90

OR
–

(1.49 to 2.43)

(95% CI)

(0.64 to 1.58)

(0.68 to 1.65)

(0.69 to 1.56)

(0.93 to 2.02)

(1.25 to 7.18)

(0.17 to 2.01)

(0.10 to 8.59)

(0.89 to 4.09)

(0.83 to 7.53)

(0.19 to 16.85)

(1.21 to 79.40)

(1.15 to 3.44)

(0.06 to 1.06)

(0.08 to 0.17)

(0.45 to 0.93)

(0.89 to 1.80)

(1.55 to 2.65)

(95% CI)

Multivariate analysis

–

OR

Univariate analysis

Received intensive care

5.93

2.43

1.28

–

–

(0.81 to 1.26)
(0.54 to 0.86)

0.68

(0.76 to 1.15)

(0.77 to 1.16)
1.01

0.93

0.95

(0.14 to 0.92)

(0.03 to 0.62)

0.15
0.35

(0.04 to 2.74)

(0.05 to 0.51)

(0.13 to 1.60)

(0.05 to 3.39)

(0.06 to 4.43)

(0.29 to 0.81)

(0.47 to 1.16)

(7.55 to 17.20)

(3.80 to 9.25)

(1.49 to 3.95)

(1.12 to 1.47)

(95% CI)

0.33

0.16

0.46

0.40

0.49

0.49

0.73

11.40

–

–

OR

Univariate analysis

Personal characteristics associated with severe outcomes for Welsh residents hospitalised with COVID-19 on 31 May 2020

5.11

2.29

1.38

–

–

–
0.68

0.69

1.03

1.06

1.10

0.59

0.25

0.44

1.06

0.97

0.61

0.82

(0.54 to 0.87)

(0.82 to 1.30)

(0.85 to 1.32)

(0.88 to 1.36)

(0.22 to 1.61)

(0.06 to 1.12)

to

(0.13 to 1.50)

(0.27 to 4.14)

(0.10 to 9.36)

(0.06 to 6.29)

(0.46 to 1.44)

(0.42 to 1.10)

(6.78 to 15.64)

(3.26 to 8.03)

(1.40 to 3.74)

(1.19 to 1.59)

(95% CI)

Multivariate analysis

10.29

–

–

OR

Died
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Table 2
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tested, people in Chinese, Indian, Pakistani and white –
other groups were more likely to test positive. It should be
noted that testing in the first wave was mainly of people
hospitalised and those working in health and social care,
so trends in testing and in proportion positive need to be
interpreted with caution.
We found risk of severe COVID-19, indicated by admission to ICU, to be higher in many ethnic minorities living
in Wales and significantly higher in those of Bangladeshi
ethnicity and in white ethnic groups, other than British
or Irish. Bangladeshi communities have been identified
in other studies as being at particular risk of the effects
of COVID-19.16 The second group we identified, ‘white –
other’, will contain a range of nationalities, but in Wales,
recent migrants from Eastern Europe will comprise
a significant proportion. The risk associated with the
latter group has not been previously reported and is an
important finding given recent outbreaks reported in
factory settings in Wales where many European migrants
are employed. That the white – other group is at increased
risk of severe COVID-19 gives weight to the hypothesis
that ethnic disparities are socioeconomic in basis.
The finding that certain minority ethnic groups are at
higher risk of being admitted to intensive care but are no
more likely to die than the white British and Irish group
was also found in the CO-
CIN cohort study involving
23 577 patients with COVID-19 attending hospitals in
Thomas DR, et al. BMJ Open 2021;11:e048335. doi:10.1136/bmjopen-2020-048335

the UK.16 This slightly counterintuitive finding may be a
genuine finding or may be the result of classification bias.
First, if genuine, differences in the age distribution of
cases in white and BAME groups are likely to be a factor.
During early 2020, COVID-19 mortality was observed
overwhelmingly in the elderly, with white men over 70
years disproportionally affected. These patients may
have been less likely to have been admitted to ICU for
treatment. BAME populations in Wales are generally
younger,16 and lower median ages were observed in hospitalised BAME individuals. The finding that despite being
generally younger, BAME individuals were more likely to
be admitted to ICU is an important finding.
The lack of increased risk of mortality is at odds with
some studies from England that have found that COVID-19
deaths have been disproportionally high in BAME groups.
Of course, it is always possible that Wales, with a more
deprived general population relative to England, a lower
density of BAME people and smaller urban conurbations,
presents a less unequal risk setting. However, there may be
methodological issues affecting this finding. It is likely that
Onomap underestimates the absolute number of BAME
individuals, particularly for black groups. The misclassification of black as white may have led to an under estimation of relative risk. It is also possible that date of onset to
death is longer in younger people and that our study did
not take sufficient account of this.
7
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Figure 2 Determinants of: (1) being admitted to intensive care unit (ICU); and (2) in-hospital mortality in 4046 individuals
hospitalised with COVID-19 in Wales on 31 May 2020, as at 28 June 2020. Adjusted ORs (aORs) with 95% CIs are given for
male gender, compared with female, older age groups compared with those aged less than 50 years, small area deprivation
quintile comparing with least deprived and Onomap estimated ethnicities, compared with ‘white British’. ORs greater than 1
represent an increased risk; ORs less than 1 represent a decreased risk. Ninety-five per cent CIs not crossing 1 reflect that the
OR is statistically significant.

Open access

Ethnicity

Ethnicity reported by Ethnicity predicted by Ethnicity correctly
participant
Onomap
predicted

White British or Irish

1681

1811

Other white

3235

3418

Total white

4916

5229

Indian

364

239

Pakistani

313

348

96

88

Bangladeshi
Chinese

55

18

Other Asian

<10

118

Total Asian or Asian
British

837

811

Black – African

344

142

10

<10

Black – Caribbean
Other black

Sensitivity

Specificity

4844

98.5%

77.7%

609

72.8%

96.5%

112

29.7%

99.5%

24

53.3%

96.1%

23

<10

377

143

39

279

<10

<10

45

283

Mixed

234

<10

Unclassified/unknown

231

174

<10

3.5%

97.4%

6640

6640

5589

87.4%

96.1%

Total black or black
British
Arabic
Other
Other ethnic group

Total

–

Estimated sensitivity and specificity of Onomap by ethnic group. Calculated by measuring the performance of Onomap to predict
ethnicity in three clinical data sets* already containing self-reported or healthcare professional-reported ethnicity.
*Three data sets that included self-reported or healthcare professional-reported ethnicity were used to validate Onomap: a list of
individuals attending a mosque in Wales who were offered screening for hepatitis C (n=189), a list of tuberculosis patients notified by
doctors in Wales (n=3267) and a list of patients attending an infectious disease clinic in Poland (n=3184).

The absence of individual-level data on comorbidities is
a limitation of this study. Further work is currently being
carried out using linkage of COVID-19 notification data
with other routine health records to further understand
risks associated with hospitalisation. Also, we only had
access to deaths that occurred in hospital. It is possible
that there may have been ethnic differences in the
proportion of people dying outside of hospital.
Onomap has been used widely as a tool in public
health, for example, in studies investigating variation in
influenza mortality,17 hepatitis B infection18 and human
papillomavirus (HPV) vaccination uptake.19 However,
Onomap has limitations, and all findings should be
interpreted in light of these. We previously validated
the tool using data containing self-reported or healthcare professional-reported ethnicity. Onomap performs
well for most ethnicities but has a low sensitivity for
black or black British individuals. Risks identified for
black and black British groups are therefore likely to be
underestimated. Kandt and Longley20 have published a
comparison of Onomap with self-reported ethnicity in
the 2011 Census. Notwithstanding apparent success in 30
reported studies in public health, healthcare and epidemiology (and wider application in equity audits in, inter
8

alia, housing allocation, management science and social
media), the reliability and limitations of such methods
should be acknowledged and understood. In the absence
of good ethnicity recording in routine health records,
it does facilitate scientific investigation with margins of
error that are understood. Moreover, many of the existing
studies where individual person ethnicity is available have
missing data and are not without their own classification
bias. Anecdotally, members of minority ethnic groups
are more likely to defer from reporting their ethnicities,
and clinician-
based classification is understood to be
unreliable.
One of the recommendations of the Welsh Government Advisory Group is to improve recording of ethnicity
in routine health data, and a data improvement plan is
urgently required so ethnicity can be included in routine
public health surveillance. There is an urgent need for all
European countries carrying out COVID-19 surveillance
to report trends by ethnicity, in order to inform local
infection prevention and control policy and practice.
Ethnic variation should also be considered in the design
of interventions and in crisis communication.
Wales is less ethnically diverse than many other areas
of the UK, but its BAME population has increased in
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