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Abstract

Background/Aims: Data concerning differences in demographics/disease severity between
the first and second waves of COVID-19 are limited. We aimed to examine prognosis in
patients presenting to hospital with COVID-19 amongst different ethnic groups between the

first and second waves in the UK.
Methods:

n this retrospective cohort study, we included 1763 patients presenting to a regional

hospital centre in Leicester (UK) and compared those in the first (n=956) and second (n=807)
waves. Admission National Early Warning Scores, mechanical ventilation and mortality rate
were lower in the second wave compared with the first.

Results: Thirty-day mortality risk in second wave patients was approximately half that of first
wave patients [adjusted hazard ratio (aHR) 0.55, 95% confidence interval (Cl) 0.40-0.75]. In the
second wave, Black patients were at higher risk of 30-day mortality than White patients (4.73,

1.56-14.3).

Conclusion: We found that disporportionately higher risks of death in patients from ethnic
minority groups were not equivalent across consecutive waves of the pandemic. This suggests
that risk factors for death in those from ethnic minority groups are malleable and potentially
reversible. Our findings need urgent investigation in larger studies.
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Introduction

The COVID-19 pandemic has caused significant
global morbidity and mortality and has dispro-
portionately affected ethnic minority groups.! In
the absence of widespread immunity, many coun-
tries will continue to suffer surges and/or waves of
infection,? in association with the implementation
and release of lockdown measures. Ethnic minor-
ity groups have been disproportionately affected
by COVID-19 - suffering increased infection,
hospitalisation and death during the first wave of
the pandemic. Multiple reasons exist for this, but
it is thought that the disproportionate risk is
mainly attributable to a higher risk of infection,
from living in deprived areas, working in

high-exposure or frontline occupations and living
in larger, multigenerational households compared
with White groups.?> Limited evidence suggests
that mortality in the second wave may be lower
than that of the first, but it is not known whether
this is true for all ethnic groups.*

To address this, we compared the demographics and
clinical outcomes of patients with COVID-19 admit-
ted to a large UK centre serving a multiethnic popu-
lation during the first and second waves of the current
pandemic. We aimed to estimate the effect of ethnic-
ity as an important determinant of mortality in both
waves — and hypothesised that ethnicity was related
to mortality in at least one wave of the pandemic.
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Methods

This retrospective cohort study was undertaken
at University Hospitals of Leicester (UHL)
National Health Service (NHS) Trust. This con-
sists of three hospitals: Leicester General Hospital,
Glenfield Hospital and Leicester Royal Infirmary.
The trust provides all acute care to patients with
COVID-19 in the Leicestershire area [a popula-
tion of just more than 1million (2016 estimate)]
within the United Kingdom, and provides sec-
ondary, tertiary and intensive care. Care for acute
patients is provided by a government system
(NHS) and free for all patients irrespective of
socioeconomic status at the point of use. Private
care for those hospitalised with COVID-19 does
not exist in our region— therefore, our data pro-
vide complete coverage of the Leicestershire area.
Disease severity scoring for patients in the UK is
guided by the National Early Warning Score
(NEWS) 2 alert system. Outpatient care is also
provided by NHS hospitals.

We defined a case of COVID-19 as an adult
patient with a positive molecular test for SARS-
CoV-2 on nasopharyngeal swab. The first wave
cohort included all cases between 1 March 2020
and data extraction on 28 April 2020.5 The sec-
ond wave cohort included all cases between 1
September 2020 and data extraction on 15
November 2020.

Testing for SARS-CoV-2 was based on the pres-
ence of symptoms during the first wave; however,
a nationwide policy of universal testing for all
emergency admissions was adopted from 27 April
2020.% Molecular testing was made available for
hospitalised patients since the start of the first
cases of COVID-19 in the United Kingdom, on
27 January 2020.

We extracted data from the electronic hospital
record concerning age, sex, self-reported ethnic-
ity, postcode, comorbidities (see Supplemental
Table 1), NEWS 27 on admission, admission/dis-
charge date, highest supplementary oxygen flow
rate during admission, dexamethasone use,
requirement for mechanical ventilation and date
of death. Ethnicity was categorised as White,
South Asian, Black and Other (see Supplemental
Table 2). Postcode was used to derive Index of
Multiple Deprivation (IMD).

Continuous variables were summarised as median
[interquartile range (IQR)] and categorical

variables as count (%). Comparison was by
Wilcoxon rank-sum test for continuous variables
and chi-square test for categorical variables.

We established survival time in days by calculat-
ing the difference between date of positive swab
and date of data extraction or death and used uni-
variable and multivariable Cox regression to
establish factors associated with all-cause mortal-
ity within 30days of COVID-19 diagnosis.
Multiple imputation was used to replace missing
data in all models fitted, and the multiple imputa-
tion model included all variables for those being
imputed (for further details, see Supplementary
information). To investigate the effects of multi-
ple imputation on the results, we conducted a
sensitivity analysis using only complete cases. All
analyses were conducted using Stata (StataCorp.
2019). Values of p<0.05 were considered statis-
tically significant.

Results

Table 1 shows a description of the cohort strati-
fied by pandemic wave. A total of 1763 patients
were included in the final analysis, 956 (54.2%)
from the first wave and 807 (45.8%) from the sec-
ond wave. There were no significant demo-
graphic/comorbidity differences between the first
and second wave cohorts.

Markers of COVID-19 severity and duration of
hospital stay stratified by ethnicity are shown in
Table 2. Admission NEWS was significantly
higher in the first wave compared with the second
wave in those of White and South Asian ethnicity.
The proportion of deaths after diagnosis with
COVID-19 was higher in the first wave than in
the second wave. This was observed in White and
South Asian patients (26.1% wversus 10.8%,
$»<<0.001 and 22.1% wersus 10.9%, p=0.001,
respectively) but not in Black patients (16.3%
versus 15.4%, p=0.922). When those who died
and those who were not discharged at the point of
data extraction are excluded, median duration of
hospital stay was longer in the second wave com-
pared with the first (4days, IQR 1-10 wversus
5days IQR 1-9.5, p=0.016).

Supplemental Table 3 shows Cox regression for
survival to 30 days in the whole cohort. Follow-up
time (time in days between diagnosis and death
or data extraction) was significantly shorter in the
second wave compared with the first [14 (6-26)
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Table 1. Demographic and comorbidity characteristics of first and second wave patients.

Variable Total First Wave Second Wave
n=1763 (1 March-28 April) (1 September-15 November)
n=956 n =807
Age in years, med (IQR) 66 (52-79) 66 (52-78.5) 67 (51-79)
Sex, n (%)
Female 759 (43.0) 425 (44.5) 334 (41.4)
Male 1004 (57.0) 531 (55.5) 473 (58.6)

Ethnicity, n (%)

White 1096 (62.2) 605 (63.3] 491 (60.8)
South Asian 501 (28.4) 263 (27.5) 238 (29.5)
Black 69 (3.9) 43 (4.5) 26 (3.2)
Other 97 (5.5) 45 (4.7) 52 (6.5)

IMD Quintile, n (%)

1 (most deprived) 329 (18.6) 186 (19.5) 143 (17.7)
2 444 (25.2) 254 (26.6) 190 (23.5)
3 308 (17.5) 150 (15.7) 158 (19.6)
4 355 (20.1) 187 (19.6) 168 (20.8)
5 (least deprived) 314(17.8) 178 (18.5) 136 (16.9)
Missing 13(0.8) 1(0.1) 12(1.5)

Comorbidity type, n (%)

Hypertension 525 (29.8) 277 (29.0) 248 (30.7)
Other cardiovascular 194 (11.0) 94 (9.8) 100 (12.4)
Cerebrovascular 93(5.3) 52 (5.4) 41(5.1)

Respiratory 242 (13.7) 133 (13.9) 109 (13.5)
Diabetes 301 (17.0) 167 (17.5) 134 (16.6)

Comorbidity number, n (%)

0 881 (50.0) 466 (48.7) 415 (51.4)
1 325(18.4) 193 (20.2) 132 (16.4)
=7 557 (31.6) 297 (31.1) 260 (32.2)

IMD, Index of Multiple Deprivation; IQR, interquartile range; med, median

versus 19 (9-27), p<0.0001]. Factors associated first wave, those in the second wave had around
with increased risk of 30-day mortality were half the risk of 30-day mortality [adjusted hazard
increasing age, male sex, presence of diabetes and ratio (aHR) 0.55, 95% confidence interval (CI)
admission NEWS. Compared with those in the 0.40-0.75].
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Table 3. Multivariable Cox proportional hazards model for survival at 30days from COVID-19 diagnosis in the

first and second pandemic waves.

CA Martin, D Pan et al.

Variable First wave (n=956) Second wave (n=807)
aHR (95% Cl) p value aHR (95% Cl) p value

Age 1.05 (1.04-1.07) <0.001 1.07 (1.05-1.10) <0.001
Sex

Female Ref - Ref -

Male 1.50 (1.13-2.00) 0.005 2.22 (1.29-3.81) 0.004
Ethnicity

White Ref = Ref =

South Asian 1.04 (0.73-1.49) 0.81 0.90 (0.52-1.56) 0.71

Black 0.88 (0.38-2.04) 0.76 4.73 (1.56-14.34) 0.006

Other 0.71(0.28-1.78) 0.47 0.50 (0.06-3.87) 0.51
IMD quintile

1 (least deprived) Ref - Ref -

2 1.20 (0.79-1.83) 0.38 1.00 (0.49-2.05) 1.00

3 0.98 (0.60-1.59) 0.92 1.20 (0.58-2.49) 0.62

4 0.89 (0.56-1.41) 0.62 0.59 (0.27-1.29) 0.19

5 (most deprived) 0.91(0.58-1.43) 0.69 0.81(0.35-1.86) 0.62
Comorbidity type

Hypertension 0.84 (0.58-1.22) 0.36 1.96 (1.00-3.82) 0.05

Other cardiovascular 0.78 (0.51-1.21) 0.26 1.19 (0.68-2.09) 0.55

Stroke 1.25(0.76-2.06) 0.38 0.71(0.24-2.06) 0.53

Respiratory disease 1.00 (0.64-1.58) 0.99 1.49 (0.80-2.75) 0.21

Diabetes 1.43 (0.99-2.08) 0.06 2.03 (1.15-3.59) 0.02
Comorbidity number

0 Ref - Ref -

1 1.46 (0.95-2.24) 0.08 2.58 (1.07-6.23) 0.03

=2 1.24 (0.69-2.22) 0.48 1.23(0.41-3.68) 0.71
NEWS score on admission 1.28 (1.23-1.33) <0.001 1.34 (1.23-1.46) <0.001
Treatment

Did not receive dexamethasone Ref - Ref -

Received dexamethasone 0.14 (0.02-0.99) 0.049 1.55 (0.95-2.51) 0.08

aHR, adjusted hazard ratio; Cl, confidence interval; IMD, Index of Multiple Deprivation; NEWS, National Early Warning Score.
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Separate multivariable Cox regression models for
survival to 30days in the first and second waves
are shown in Table 3. In both pandemic waves,
age, male sex and admission NEWS score are sig-
nificantly associated with a higher risk of 30-day
mortality. In the first wave, ethnicity did not
impact upon 30-day mortality; however, in the
second wave, as compared with White patients,
those of Black ethnicity were almost 5 times as
likely to die within 30days (aHR 4.72, 95% CI
1.56-14.43). When the waves were analysed
together, the interaction between pandemic wave
and Black ethnicity was not significant (aHR
3.25,95% CI 0.87-12.07, p=0.079). When only
complete cases are analysed, significant findings
do not change.

Discussion

In this study within an ethnically diverse cohort,
we found a number of novel observations. First,
there were no significant differences in demo-
graphic characteristics between patients in the
first and second COVID-19 pandemic waves and
that markers of severe COVID-19 (NEWS,
requirement for mechanical ventilation and
COVID-19-associated mortality) were lower in
the second wave of the pandemic compared with
the first. We found those of Black ethnicity were
at higher risk of 30-day mortality than those of
White ethnicity in the second wave.

COVID-19 case fatality rates have fallen in the sec-
ond wave in 43 of the 53 countries with the highest
total COVID-19-related deaths.* Foremost among
the explanations for this observation is the
increased availability of testing in the second wave
which may increase the number of paucisympto-
matic/asymptomatic individuals who are tested. In
our study, the change in SARS-CoV-2 testing pol-
icy from symptom-driven testing to universal test-
ing would be expected to pick up bystander
infection in those attending hospital for reasons
unrelated to COVID-19 and could generate bias
towards a less symptomatic sample in the second
wave. Other suggested mechanisms include the
changing demographic profile of COVID-19 cases
over time, with a smaller proportion of elderly
patients (a group at high risk of adverse outcome
from COVID-19) in the second pandemic wave
with more people shielding,®° although we found
no such differences in our dataset. In addition, in
contrast to the early part of the first wave, there is
an effective pharmacological treatment for severe

COVID-19 (dexamethasone).l0 Clearly a reduc-
tion in COVID-19 mortality is desirable; however,
increased survival from COVID-19 in the second
wave may contribute to pressure on the healthcare
system through increased hospital bed occupancy.
Indeed our analysis shows that duration of hospital
stay was longer in the second wave than in the first.
Nonpharmaceutical interventions, such as man-
dating masks and lockdowns, may have also
affected the number of patients infected and thus
in turn, the number of deaths, but the city of
Leicester remained in full lockdown (stay-at-home
except for essential purchases, remote work, one
exercise per day, cancellation of public gatherings
and social events and no travel abroad) from 23
March 2020 to the end of the study.

We observed that mortality rates in the second
pandemic wave may not be equal across ethnic
groups. In our second wave cohort, those of Black
ethnicity were at higher risk of 30-day mortality
than White individuals (an effect not seen in the
first wave cohort). These findings are opposite to
a national UK study by Mathur ez al.,!! which
found that compared with the first wave, risks for
death were attenuated for those from Black ethnic
groups compared with White ethnic groups.
Ethnicity is a social determinant of health.
Therefore, it is likely that the differences in risks
seen in our study reflect the number of infections
that occurred in the local community and conse-
quently, the number of people who present to
hospital. A disproportionate number of infections
in those of Black ethnicity may reflect socioeco-
nomic factors, such as occupation, which prevent
them from being able to stay at home on a second
lockdown. Leicester is an especially ethnically
diverse part of the United Kingdom, where
approximately 30% of the population is born out-
side of Europe and North America, and individu-
als from the Indian subcontinent alone make up
15% of the population.'? However, we recom-
mend cautious interpretation of this finding, due
to the small number of Black patients in our sam-
ple and the nonsignificant interaction between
ethnicity and pandemic wave. Nonetheless, given
the higher risk of SARS-CoV-2 infection and
adverse outcome from COVID-19 in ethnic
minority groups compared with those of White
ethnicity,-%13:14 this observation requires urgent
follow-up by larger studies with a greater propor-
tion of Black participants and emphasises the
importance of targeted interventions such as tai-
lored public health messaging in these groups.
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This study has limitations. Data are from a single
centre and our data do not allow us to control for
the change in testing policy between waves. We
found a shorter median follow-up time in second
wave patients. This is likely due to the fact that
while the first wave data capture peak COVID-19
hospital admissions in early April with data
extraction a month later, COVID-19 admissions
continued to increase after data extraction for the
second wave, meaning that a greater proportion
of the second wave cohort were admitted close to
the point of data extraction when compared with
the first wave. However, we conducted an explor-
atory analysis excluding those admitted after the
first wave ‘peak’ and still demonstrated a signifi-
cant protective effect of being admitted during
the second wave compared with the first. Mortality
rates and severity of COVID-19 may change in
subsequent waves of the pandemic, particularly
with the emergence of the new variants of SARS-
CoV-2. We only collected routinely available var-
iables that were recorded within our clinical
systems and as such, we do not have granular
information — such as occupation — which may
have affected their risk of infection. No patients in
the United Kingdom were vaccinated at the time
of study as part of national policy — these findings
may be different now that a significant proportion
of the UK population has been vaccinated. The
emergence of novel variants, especially during the
period of the second wave, may have had an
impact on our study outcomes — however,
genomic sequencing is not routinely performed in
all our hospitals. Despite these limitations, our
findings, particularly those related to ethnicity,
must be investigated by larger studies to ensure
that the inequalities of the first wave are not
allowed to widen.
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