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s u m m a r y 

Background: The COVID-19 pandemic continues to escalate. There is urgent need to stratify patients. 

Understanding risk of deterioration will assist in admission and discharge decisions, and help selection 

for clinical studies to indicate where risk of therapy-related complications is justified. 

Methods: An observational cohort of patients acutely admitted to two London hospitals with COVID- 

19 and positive SARS-CoV-2 swab results was assessed. Demographic details, clinical data, comorbidities, 

blood parameters and chest radiograph severity scores were collected from electronic health records. End- 

points assessed were critical care admission and death. A risk score was developed to predict outcomes. 

Findings: Analyses included 1,157 patients. Older age, male sex, comorbidities, respiratory rate, oxygena- 

tion, radiographic severity, higher neutrophils, higher CRP and lower albumin at presentation predicted 

critical care admission and mortality. Non-white ethnicity predicted critical care admission but not death. 

Social deprivation was not predictive of outcome. A risk score was developed incorporating twelve charac- 

teristics: age > 40, male, non-white ethnicity, oxygen saturations < 93%, radiological severity score > 3, neu- 

trophil count > 8.0 x10 9 /L, CRP > 40 mg/L, albumin < 34 g/L, creatinine > 100 μmol/L, diabetes mellitus, hyper- 

tension and chronic lung disease. Risk scores of 4 or higher corresponded to a 28-day cumulative inci- 

dence of critical care admission or death of 40.7% (95% CI: 37.1 to 44.4), versus 12.4% (95% CI: 8.2 to 16.7) 

for scores less than 4. 

Interpretation: Our study identified predictors of critical care admission and death in people admitted 

to hospital with COVID-19. These predictors were incorporated into a risk score that will inform clinical 

care and stratify patients for clinical trials. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

SARS-CoV-2 is a large enveloped RNA virus that is responsible

for the pandemic disease COVID-19. The disease is mild or asymp-

tomatic in many patients, however a minority develop a severe

pneumonia and progress to respiratory failure. 1 The first large case

series from China, where the outbreak originated, reported that 6%

of people admitted to hospital required critical care support. 2 Data

from Europe and the United States indicate proportions needing
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ritical care are higher. 3 In the UK, large cities saw early, rapid es-

alation in numbers. London had a very sharp increase in cases of

OVID-19 in early March 2020. 4 

In patients who progress to respiratory failure, the disease fol-

ows a characteristic pattern. 5 The illness starts with fever, cough

nd myalgia, persisting for a week in a stable pattern. Around 7–

2 days after symptom onset there is a progressive escalation in

reathlessness, with persisting fevers and cough, and the devel-

pment of multi-system dysfunction. Laboratory evaluation reveals

vidence of a hyperinflammatory state with immunological mark-

rs suggestive of an exaggerated response to the virus. Understand-

ng which patients are most likely to develop severe disease will

nable informed decisions about admission and discharge. 
eserved. 
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Global effort s to find treatments for COVID-19 are exploring

nti-viral and immune modulatory strategies. Evaluating immune

odulators in the context of active infection carries the poten-

ial for both harm and benefit. Experience from the SARS out-

reak (20 03–20 04) indicated evidence of harm from using corti-

osteroids, with increased rates of secondary bacterial infection. 6 

n 2020, there are many targeted immune modulators available,

nhibiting cytokine pathways, complement activation and cellular

mmune components. The use of targeted immune modulation is

ppealing, but concerns remain that these strategies may cause

ore harm than benefit if used widely. In autoimmune diseases,

here is a wealth of data around the safety of immune modulators.

vidence suggests targeted therapies confer a small but significant

ncreased risk of infection, with some agents appearing more haz-

rdous than others (e.g. in the UK biologics cohort, anti-IL6 users

ad higher infection rates than other biologics). 7 The greatest risk

f infection with immune modulators is apparent early after start-

ng therapy, making concerns around use of these agents in COVID-

9 relevant. 

In design of clinical trials of immune modulators for COVID-

9, it is essential that equipoise exists when selecting therapeu-

ic strategies. Patients with COVID-19 must be selected based upon

isk of developing severe complications, to justify the potential

azards of immune modulation. Multiple studies have reported

n clinical characteristics that predict severe COVID-19, including

lder age, male sex and specific comorbidities (e.g. hypertension

nd diabetes mellitus). 8 It has been suggested both in the UK and

he US that a disproportionate number of Black, Asian and Ethnic

inority (BAME) patients are admitted with severe COVID-19, but

he relationship between ethnicity and disease severity remains

nclear. 9 

This study describes the demographic and clinical risk factors

or critical care admission or death in a sample of patients admit-

ed with COVID-19. The aim is to take initial steps in developing

 tool that identifies patients at risk of deterioration. This tool is

ntended for two purposes: 1) embedding in the electronic health

ecord (EHR) as a clinical decision support tool; 2) patient selec-

ion for immune modulator clinical trials in COVID-19. 

ethods 

tudy oversight 

The primary dataset was extracted as part of a service evalua-

ion to assist local care planning. A fully anonymised dataset, com-

liant with Information Commissioner’s Office requirements for

e-identification, was created. 10 The project operated under Lon-

on South East Research Ethics Committee (reference 18/LO/2048)

pproval granted to the King’s Electronic Records Research Inter-

ace (KERRI); specific work on COVID-19 research was reviewed

ith expert patient input on a virtual committee with Caldicott

uardian oversight. 

ata sources 

The study represents an observational cohort of two hospitals

King’s College Hospital and Princess Royal University Hospital), us-

ng data captured through routine care in a single EHR instance

Sunrise Clinical Manager, Allscripts). The admissions came, pre-

ominantly, from a South London catchment population of approx-

mately 1.2 million. EHR data were extracted for all patients with a

ositive reverse transcription polymerase chain reaction (RT-PCR)

ronasopharyngeal swab for SARS-CoV-2 between 1st March and

7th April 2020. Patients with clinically suspected COVID-19 but

ithout a positive swab were excluded. 
Self-identified ethnicity was coded as White, Black (includ-

ng Black African and Black Caribbean), Asian, or other (including

ixed). Patient postal code was linked to the 2019 Index of Mul-

iple Deprivation (IMD), an area level composite score of socioeco-

omic position. IMD is calculated from local data on income, em-

loyment, education, crime and living environment. 11 The follow-

ng comorbidities were manually validated through review of med-

cal records: active malignancy, chronic kidney disease, diabetes

ellitus, hypertension, ischaemic heart disease, chronic lung dis-

ase (predominantly asthma, COPD and interstitial lung disease). 

Chest radiographs were assessed using an adapted radiographic

ssessment of lung oedema (RALE) score for COVID-19, as intro-

uced by Wong et al. 12 The severity score attributes a number

etween 0–4 to each lung depending on extent of consolidation

r ground glass opacities (0 = no involvement, 1 = < 25%, 2 = 25–

9%, 3 = 50–75%, 4 = > 75% involvement). Values for each lung were

ummed to produce a final score ranging from 0–8. Correlation be-

ween lungs was high ( r = 0.65; κ= 0.44). The first 200 radiographs

ere assessed by two independent clinicians. Inter-rater concor-

ance demonstrated high agreement (90.5%). Single reading was

ndertaken for remaining radiographs. 

tudy endpoints 

The primary outcome for analyses was either transfer to a crit-

cal care unit bed or death, assessed in days from admission. In

he time frame of analysis, almost all patients admitted to critical

are were mechanically ventilated, as non-invasive ventilation was

eing infrequently used due to concerns around aerosol-generation

nd staff risk. 

tatistical methods 

Time-to-event data were analysed using competing risks re-

ression models, estimated using the approach of Fine and gray. 13 

here the event of interest was death during admission, the com-

eting risk was discharge, and where the event of interest was

ritical care admission, the competing risks were death or dis-

harge. Where no event was recorded, data were censored three

ays before the date data were extracted from the EHR (17th April

020). Associations between demographic and clinical variables as-

essed at admission were adjusted for age and gender. Potential

on-linear associations between continuous variables and events

ere explored using restricted cubic splines and accounted for in

odels using polynomial terms where indicated. 

The samples were randomly split into equally sized training

nd testing sets, stratified by hospital to ensure equal balance.

isk models were fitted in the training sample using standard

inary logistic regression and penalised models using ridge and

east absolute shrinkage and selection operator (LASSO) regulari-

ation techniques. Risk scores were estimated using these models

n the testing and training sample. Performance was assessed us-

ng the Brier score, the area under the receiver operator charac-

eristic curve (AUROC), and calibration plots. Variable selection for

 simple risk score was based on variables with non-zero coeffi-

ients in the LASSO model, where lambda was selected based on

he Bayesian Information Criterion. The predictive accuracy of this

isk score was compared to the best fitting LASSO model in the

raining and testing sample. 

All analyses were undertaken in Stata 15.1. 

ole of funding source 

There are no funding sources to be reported. JG had full access

o all the data in the study and had final responsibility for the deci-

ion to submit for publication. All authors agree to be accountable
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Table 1 

Demographic and clinical characteristics on admission to hospital 

Numbers are median (interquartile range) or n (%). Oxygen saturation based upon bedside pulse oximetry. . 

Characteristic n missing Hospital A ( N = 674) Hospital B ( N = 483) Total ( N = 1157) 

Age 0 67 (55,80) 74 (59,85) 71 (57,82) 

Male 0 384 (57.0%) 282 (58.4%) 666 (57.6%) 

Ethnicity 145 

White 186 (30.4%) 338 (84.5%) 524 (51.8%) 

Black or Black British 303 (49.5%) 27 (6.8%) 330 (32.6%) 

Asian or Asian British 37 (6.1%) 19 (4.8%) 56 (5.5%) 

Other or mixed 86 (14.1%) 16 (4.0%) 247 (10.1%) 

Socially deprived area 50 354 (56.0%) 85 (17.9%) 439 (39.7%) 

O 2 required 0 300 (44.5%) 222 (46.0%) 522 (45.1%) 

Respiratory rate 51 20 (18,23) 19 (18,20) 20 (18,22) 

Radiological score 16 3 (2,4) 2 (1,4) 2 (1,4) 

Lymphocytes cells x10 9 /L 0 1.0 (0.7,1.4) 0.9 (0.6,1.3) 1.0 (0.7,1.4) 

Neutrophils cells x10 9 /L 1 5.4 (3.9,7.8) 5.7 (3.8,8.1) 5.5 (3.9,7.9) 

CRP mg/L 19 88.7 (42.5,151.4) 70.5 (31.0,144.0) 80.0 (37.0,149.0) 

Albumin g/L 10 37 (34,40) 37 (34,40) 37 (34,40) 

Creatinine μmol/L 5 96 (73,142) 90 (70,124) 93 (72,133) 

Active malignancy 1 53 (7.9%) 65 (13.5%) 118 (10.2%) 

Chronic kidney disease 1 116 (17.2%) 73 (15.1%) 189 (16.3%) 

Diabetes mellitus 1 281 (41.7%) 127 (26.3%) 408 (35.3%) 

hypertension 1 390 (57.9%) 221 (45.9%) 611 (52.9%) 

ischaemic heart disease 2 86 (12.8%) 66 (13.7%) 152 (13.2%) 

Chronic lung disease 1 131 (19.4%) 103 (21.4%) 234 (20.2%) 

Table 2 

Cumulative incidence of death, critical care admission and discharge. 

Days since admission Death Critical care Discharge 

Estimate 95% CI Estimate 95% CI Estimate 95% CI 

2 3.3% (2.5%,4.1%) 5.9% (4.8%,11.0%) 7.7% (6.5%,8.8%) 

7 13.6% (11.7%,15.5%) 9.8% (8.1%,11.5%) 33.1% (30.5%,35.6%) 

14 20.3% (17.9%,22.6%) 11.5% (9.7%,13.3%) 51.3% (48.4%,54.2%) 

21 23.9% (21.3%,26.6%) 12.4% (10.4%,14.3%) 59.5% (56.4%,62.7%) 

28 26.1% (23.1%,29.1%) 12.8% (10.7%,14.8%) 63.9% (60.5%,67.3%) 
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for all aspects of the work in ensuring questions related to the ac-

curacy or integrity of the work are appropriately investigated and

resolved. 

Results 

In total, 1173 patients with positive SARS-CoV-2 results were

admitted during the time window, with data available for 1157 pa-

tients. Demographic and clinical information are described in Table

1 . Median age was 71 years, 57.6% were male. Overall, 51.8% of pa-

tients were white. Ethnicity varied across the two hospitals, reflec-

tive of local demographics. At admission, 45.1% required supple-

mental oxygen. The most prevalent comorbidities were hyperten-

sion (52.9%) and diabetes mellitus (35.3%). Radiographic severity

scores ranged from 0–8, with a median of 2 (interquartile range 1

to 4, with right skew). 

During 9955 person-days of follow up 244 people died, 157

were admitted to critical care, and 617 were discharged. At the

censoring date, 296 people remained in hospital. Table 2 displays

cumulative incidence of outcomes at specified days. Cumulative in-

cidence for critical care admission by 7 days was 9.8% (95%CI: 8.15,

11.5%). Cumulative incidence of death at 14 and 28 days was 20.3%

(95%CI: 17.9%, 22.6%) and 26.1% (95%CI: 23.1%, 29.1%), respectively.

Cumulative incidence of discharge at 14 and 28 days was 51.3%

(95%CI: 48.4%, 54.2%) and 63.9% (95%CI: 60.5%, 67.3%), respectively.

Rates of death and discharge were similar across the two hospitals

but were lower for critical care admission in Hospital B (Supple-

mentary Figures S1 and S2). 

Demographic and clinical predictors for critical care admission

and/or death are detailed in Table 3 . Demographic predictors in-

cluded older age and male sex, in addition to non-white ethnic-
ty for critical care admission only. Young non-white patients were

ore likely to be admitted to critical care. Risk of death increased

ith age and was higher in males compared to females. There was

 clear age effect with incidence of critical care admission peaking

etween 50 and 60 years of age and being highest for ethnic mi-

ority males ( Fig. 1 and Supplementary Figures S3–S5). Mortality

ifferences were not significant between ethnic groups. Depriva-

ion was not an independent predictor of either outcome. 

Clinical predictors for critical care admission and/or death in-

luded respiratory rate, pulse oximetry saturations and oxygen

equirement. Predictive laboratory markers included higher neu-

rophil counts, higher CRP, lower albumin and renal impairment.

ymphocyte counts showed a non-linear association, with both low

nd high lymphocytes associating with critical care admission and

eath (Supplementary Figure S6). Radiographic severity was pre-

ictive of outcomes. For each unit increase on the 8-point ordi-

al scale, the hazard increased by 1.35 (95% CI 1.29, 1.42). Back-

round comorbidities (diabetes mellitus, hypertension and chronic

ung disease) were all related to death or critical care admission,

ith effect sizes of similar magnitude across all comorbidities. 

Risk models were estimated using a training sample including

alf the patients from each hospital in a standard logistic regres-

ion model, a model with LASSO regularisation, and a model with

idge regularisation. Model performance in the test sample were

pproximately the same across each of the methods (Supplemen-

ary Figure S7). A risk score was formed as a count of variables

ith non-zero coefficients from the LASSO model; this performed

lmost as well and demonstrated acceptable discrimination of risk

or death and critical care admission (Supplementary Table S1). 

The risk score included the following twelve parameters: age

reater than 40, male gender, non-white ethnicity, oxygen satura-
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Table 3 

Predictors of death and critical care admission. Estimates are adjusted for age and sex. 

Characteristic Death Critical care Death or critical care 

HR p 95%CI HR p 95%CI HR p 95%CI 

Age ∗ 2.51 0.000 (1.62,3.91) 1.51 0.006 (1.12,2.01) 1.53 0.281 (0.70,3.30) 

Age 2 0.94 0.041 (0.88,1.00) 0.83 0.000 (0.78,0.88) 0.99 0.369 (0.95,1.02) 

Male 1.59 0.000 (1.23,2.06) 1.41 0.043 (1.01,1.96) 1.51 0.000 (1.22,1.86) 

BAME 1.19 0.241 (0.89,1.58) 1.53 0.007 (1.12,2.09) 1.20 0.093 (0.97,1.50) 

IMD 1.06 0.658 (0.81,1.39) 1.07 0.672 (0.78,1.46) 1.05 0.666 (0.85,1.30) 

O 2 required 2.03 0.000 (1.57,2.61) 1.20 0.246 (0.88,1.65) 1.78 0.000 (1.45,2.19) 

O 2 saturation 0.88 0.000 (0.84,0.92) 0.93 0.014 (0.88,0.99) 0.89 0.000 (0.87,0.92) 

Respiratory rate 1.02 0.039 (1.00,1.05) 1.06 0.000 (1.04,1.07) 1.03 0.004 (1.01,1.06) 

Radiological score 1.23 0.000 (1.16,1.31) 1.49 0.000 (1.39,1.59) 1.35 0.000 (1.29,1.42) 

Lymphocytes ∗ x10 9 /L 0.46 0.010 (0.26,0.84) 0.59 0.113 (0.30,1.13) 0.52 0.004 (0.33,0.82) 

Lymphocytes 2 1.28 0.001 (1.11,1.48) 1.17 0.072 (0.99,1.39) 1.23 0.000 (1.11,1.37) 

Neutrophils x10 9 /L 1.06 0.000 (1.02,1.09) 1.09 0.000 (1.05,1.13) 1.08 0.000 (1.06,1.11) 

CRP ∗ mg/L 1.06 0.000 (1.02,1.09) 1.05 0.000 (1.03,1.06) 1.05 0.000 (1.04,1.06) 

Albumin g/L 0.93 0.000 (0.91,0.96) 0.92 0.000 (0.89,0.96) 0.93 0.000 (0.91,0.95) 

Creatinine ∗ μmol/L 1.01 0.000 (1.00,1.02) 1.01 0.072 (1.00,1.01) 1.01 0.000 (1.01,1.01) 

Active Malignancy 1.15 0.444 (0.81,1.63) 0.81 0.532 (0.42,1.56) 1.05 0.772 (0.77,1.42) 

Chronic kidney disease 1.34 0.052 (1.00,1.79) 0.90 0.697 (0.54,1.51) 1.27 0.063 (0.99,1.63) 

Diabetes mellitus 1.24 0.109 (0.95,1.60) 1.42 0.029 (1.04,1.95) 1.20 0.092 (0.97,1.48) 

Hypertension 1.28 0.062 (0.99,1.67) 1.26 0.186 (0.90,1.76) 1.53 0.000 (1.24,1.90) 

Ischaemic heart disease 1.26 0.137 (0.93,1.72) 0.88 0.649 (0.51,1.52) 1.13 0.359 (0.87,1.49) 

Chronic lung disease 1.37 0.032 (1.03,1.84) 1.26 0.232 (0.86,1.85) 1.32 0.021 (1.04,1.67) 

∗Age, CRP and creatinine hazard ratios are for 10-point increases. ∗∗Age and lymphocyte count have a non-linear association with outcome and are also entered with 

polynomial terms (Age 2 , Lymphocytes 2 . Oxygen saturation based upon bedside pulse oximetry. BAME = Black, Asian and minority ethnic; IMD = index of multiple deprivation. 

Fig. 1. Association between age, gender, ethnicity and risk of critical care admission 

Pr(Critical care) = probability of admission to critical care. BAME = Black, Asian and minority ethnic. 
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ion less than 93%, radiological severity score greater than 3, neu-

rophil count greater than 8.0 x10 9 /L, CRP greater than 40 mg/L,

lbumin less than 34 g/L, creatinine greater than 100 μmol/L, dia-

etes mellitus, hypertension and chronic lung disease. The proba-

ility of death or critical care admission by increasing risk count

s shown in Fig. 2 . Risk scores of 4 or higher corresponded to a
8-day cumulative incidence of critical care admission or death of

0.7% (95% CI: 37.1 to 44.4), versus 12.4% (95% CI: 8.2 to 16.7) for

cores less than 4 ( Fig. 3 ). A weighted count using the LASSO co-

fficients performed marginally better at discriminating between

hose at very high risk (Supplementary Figure S8 and Supplemen-

ary Table S2). 
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Fig. 2. Estimated probabilities of death or critical care admission by increasing risk count 

ICU = critical care admission. 

Fig. 3. Cumulative incidence of critical care admission or death versus discharge from hospital in patients with unweighted risk scores of less than 4 (Left) and 4 or higher 

(Right) 

ICU = critical care admission. 



J.B. Galloway, S. Norton and R.D. Barker et al. / Journal of Infection 81 (2020) 282–288 287 

D

 

1  

s  

c  

t  

t

 

f  

d  

e  

p  

i  

s  

p  

m  

s  

n  

r

 

a  

a  

c  

(  

s  

l  

b

 

s  

r  

c  

(  

f  

p  

p  

s

 

t  

fi  

r  

a  

v

 

e  

a  

c  

c  

n  

t  

s  

l  

p  

e  

t  

e  

d  

t  

a

 

c  

e  

fi  

c  

t  

t  

g  

c  

p  

o

 

e  

e  

r  

h  

s  

e  

t  

s  

d  

t  

w

C

 

i  

t  

u  

p  

c  

y  

i

R

E

 

f  

O  

p  

a  

l  

s  

v  

o  

c  

d

A

 

t  

c  

a  

c  

v  

s  

d  

4

I

 

s  

m  

t  

r

F

iscussion 

This study utilises a large observational cohort of 1157 COVID-

9 patients, admitted to two London hospitals, to develop a risk

core that identifies patients most likely to die or require critical

are admission. This tool will assist clinicians in identifying pa-

ients at highest risk of severe disease and those most appropriate

o enrol into therapeutic studies. 

A systematic review identified ten models reporting predictors

or COVID-19 disease severity, all from Chinese populations and

eemed at high risk of bias. 8 Reported predictors of severe dis-

ase included older age, male sex, elevated CRP, abnormal lym-

hocyte count and radiographic (computed tomography) features,

n line with our study. Our study has several advantages: (1) large

ample size; (2) heterogenous population, including a significant

roportion of BAME patients, facilitating identification of novel de-

ographic predictors of severe disease; (3) utilisation of an ordinal

coring system for chest radiographs; (4) development of an inter-

ally validated risk score to stratify patients into higher and lower

isk prognostic groups. 

A useful cut-point on the risk score to inform clinical care

nd enable stratification of patients for clinical trials seems to be

round 4. Risk scores of 4 or higher corresponded to a 28-day

umulative incidence of critical care admission or death of 40.7%

95% CI: 37.1 to 44.4), versus 12.4% (95% CI: 8.2 to 16.7) in those

coring less than 4. It is important to note that this score is un-

ikely to generalise to the community population and should only

e used in the assessment of patients admitted to hospital. 

Our study characterised important predictors of critical admis-

ion and death. Several characteristics demonstrated non-linear

elationships with the outcomes, notably age and lymphocyte

ount. Age was included in the risk score as binary predictor

above/below 40 years), while lymphocyte count was excluded

rom the risk score. The observation that both high and low lym-

hocyte counts correlate with poorer outcomes may be in part ex-

lained by changes in lymphocyte count during disease progres-

ion, which is not accounted for in the analyses. 

Chest radiograph severity was one of the most striking addi-

ional predictors and a key finding. The extent of radiographic in-

ltrate was predictive of critical care admission and death. Chest

adiography was used over other imaging modalities because of

ccessibility and simplicity to interpret. This simple modality pro-

ides broad utility in a variety of healthcare settings. 

Non-white ethnicity was predictive of critical care admission,

specially amongst younger patients, but did not predict death. The

ssociation between ethnicity and disease severity is likely to be

omplex and could be affected by multiple factors including so-

ioeconomic and demographic factors, comorbidity profiles or ge-

etic traits. Our study was not designed to investigate this associa-

ion in detail. We found no obvious association between area level

ocial deprivation and disease severity. A key driver underlying the

ink between deprivation and health outcomes is thought to be

atient candidacy, which refers to patient and clinician-perceived

ligibility for healthcare services. Those with higher deprivation

ypically have lower candidacy, acting as a barrier to healthcare

ngagement. 14 However, we did not have individual patient-level

ata to explore this aspect. An increased prevalence of comorbidi-

ies such as diabetes mellitus and hypertension in BAME individu-

ls could also be a contributing factor. 15 

Our study has important limitations. We limited our cohort to

onfirmed SARS-CoV-2 patients who were not admitted, potentially

xcluding up to 20% of COVID-19 cases. 16 We did not directly con-

rm if critical care patients were mechanically ventilated or on

ontinuous positive airway pressure support, nor were we able

o provide information on other organ support (renal replacement

herapy or extracorporeal membrane oxygenation). UK data sug-
est two thirds of COVID-19 patients in critical care are mechani-

ally ventilated, with the rest on non-invasive ventilation. 17 Many

atients were still in hospital at the time of analysis and their final

utcomes are not yet known. 

Our non-white patient population was predominantly black

thnicity, limiting robust generalisations across other non-white

thnic groups. In addition, we have not linked to community

ecords. UK national policy is for all patients to be managed at

ome in self-isolation for the first seven days after symptom on-

et; 18 this likely reduced the number of patients presenting with

arly non-severe disease, and will have imposed a sampling bias

hat may limit generalisability to other countries. Finally, the risk

core needs to be externally validated in other datasets. As more

ata become available, it will be possible to refine and strengthen

he model. The mechanistic underpinnings of the associations that

e observed will require additional studies. 

onclusion 

Our study identifies demographic and clinical predictors of crit-

cal care admission or death in people with COVID-19 who present

o emergency departments and incorporates them into a clinically

sable risk score. Plain chest radiograph severity was also highly

redictive of poor outcomes. Non-white ethnicity predicted an in-

reased risk of critical admission, especially in males under 60

ears. The risk score will help inform clinical care and enable strat-

fication of patients for clinical trials. 

esearch in context 

vidence before the study 

Prior to our analyses, we searched PubMed and Google Scholar

or manuscripts describing risk prediction models for COVID-19.

n April 7th, 2020, the BMJ published a systematic review of

redictors of COVID-19 and prognostic models. Our own search

nd the BMJ publication confirmed significant limitations of pub-

ished literature in terms of bias, population heterogeneity, and

ample size. Reported demographic predictors for developing se-

ere COVID-19 included older age and male sex. Clinical predictors

f severe COVID-19 included abnormal neutrophil and lymphocyte

ounts, elevated CRP, and computed tomography findings. Ethnicity

ifferences in outcomes were widely reported in the media. 

dded value of this study 

We analysed patient characteristics for 1157 people admitted

o hospital with COVID-19 to identify predictors of outcome. Plain

hest radiography severity scores were highly predictive of death

nd critical care admission. Non-white ethnicity predicted critical

are admission. The large sample size permitted development and

alidation of a risk prediction score using survival modelling. Risk

cores of 4/12 or higher corresponded to a 28-day cumulative inci-

ence of critical care admission or death of 40.7% (95% CI: 37.1 to

4.4), versus 12.4% (95% CI: 8.2 to 16.7) for scores less than 4. 

mplications of all the available evidence 

The findings will help inform admission and discharge deci-

ions, providing frontline clinicians with a tool to identify patients

ost at risk of deterioration. Our findings have potential to iden-

ify patients for clinical trials of immune modulators, where the

isk-benefit in all COVID-19 patients is less clear. 

unding 

None 
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