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Utility of severity assessment tools in COVID-19
pneumonia: a multicentre observational study
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Background
Severity scores in pneumonia and sepsis are being applied
to SARS-CoV-2 infection. We aimed to assess whether these
severity scores are accurate predictors of early adverse
outcomes in COVID-19.
Methods
We conducted a multicentre observational study of
hospitalised SARS-CoV-2 infection. We assessed risk scores
(CURB65, qSOFA, Lac-CURB65, MuLBSTA and NEWS2)
in relation to admission to intensive care or death within
7 days of admission, defined as early severe adverse events
(ESAE). The 4C Mortality Score was also assessed in a
sub-cohort of patients.

Findings
In 2,387 participants, the overall mortality was 18%. In
all scores examined, increasing score was associated with
increased risk of ESAE. Area under the curve (AUC) to predict
ESAE for CURB65, qSOFA, Lac-CURB65, MuLBSTA and NEWS2
were 0.61, 0.62, 0.59, 0.59 and 0.68, respectively. AUC to
predict ESAE was 0.60 with ISARIC 4C Mortality Score.
Conclusion
None of the scores examined accurately predicted ESAE in
SARS-CoV-2 infection. Non-validated scores should not be
used to inform clinical decision making in COVID-19.
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Introduction

Methods

The COVID-19 pandemic is a global health emergency that has
resulted in over 172 million infections and more than 3.7 million
deaths.1 In a proportion of cases, SARS-CoV-2 infection causes
pneumonia (C-CAP).2 This can progress to development of the
acute respiratory distress syndrome (ARDS) precipitating the need
for invasive mechanical ventilation. Mortality of patients with
COVID-19-related ARDS is similar to usual ARDS.3
Repurposed treatments (such as steroids and anti-interleukin-6)
have been shown to reduce mortality; but are only effective
in a subset of hospitalised patients (such as those requiring
oxygen therapy or those with elevated inflammatory markers).4,5
This highlights the heterogeneity of SARS-CoV-2 infection and
demonstrates the need for tools that accurately stratify risk of
adverse outcomes.
Early targeted treatment for those most at risk may attenuate
progression to more severe disease.6 It is, therefore, vital that we
identify COVID-19 patients at high risk of progression to severe
disease as soon as possible after hospital admission. Ideally
this would be done with easily measurable markers already in
routine clinical practice. This could enable early triage of patients
to appropriate supportive care and guide risk stratification into
ongoing clinical trials.
Studies have developed their own risk stratification tools to enable
identification of high-risk patients who may benefit from therapies
such as immunosuppression.7 However, this tool requires external
validation and additional training for clinicians prior to use.8 The
rush to understand and be better prepared to treat COVID-19 has
resulted in a number of novel prognostic tools, which may have a
high risk of bias and inaccurate reporting.9 More recently, the ISARIC
4C (Coronavirus Clinical Characteristic Consortium) Mortality Score
has been developed for patients hospitalised with COVID-19 to aid
categorisation of those at highest risk of death.10
In practice, prognostic tools developed for community-acquired
pneumonia (CAP) and other diseases have continued to be
used for SARS-CoV-2 infection. CAP is a leading cause of sepsis
worldwide. Prompt identification of those at high risk of adverse
outcomes improves survival by enabling early escalation of care.11
There are multiple severity assessment tools recommended for risk
stratification in CAP and sepsis. Typically, these scores combine
early admission physiology with initial investigations to derive a
score.12,13 However, there is little quantitative information about
how these scores perform in patients hospitalised with COVID-19,
despite their continued clinical use.13 Anecdotal reports suggested
that established scoring systems were not providing additional
benefit to patient management. However, the ability to use a
familiar tool to stratify risk is appealing to clinicians.
The aim of this study, therefore, was to determine how currently
used scores for CAP and sepsis (confusion, urea nitrogen,
respiratory rate, blood pressure and age of 65 years or older score
(CURB65); lactate, confusion, urea nitrogen, respiratory rate, blood
pressure and age of 65 years or older score (Lac-CURB65); quick
Sequential (Sepsis-related) Organ Failure Assessment (q-SOFA);
multilobular infiltration, hypo-lymphocytosis, bacterial coinfection,
smoking history, hyper-tension and age score (MuLBSTA);
and National Early Warning Score 2 (NEWS2)) perform as risk
stratification tools for early severe outcomes in SARS-CoV-2
infection. Following the development of the 4C Mortality Score, we
also assessed it as a risk stratification for early severe outcomes in
patients with COVID-19.

Study institution and subjects
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The study included all adults admitted to eight NHS hospitals
within the West Midlands, UK, with confirmed SARS-CoV-2
infection between March 2020 and July 2020, during the first
wave of the pandemic. Each institution developed a method of
identifying cases: cases were collected in a consecutive manner
or by random selection of one-third of cases for institutions with
>1,000 admissions during the study period. Infection diagnosis
was based upon polymerase chain reaction (PCR) analysis of
a combined nose and throat swab as recommended by Public
Health England. PCR negative patients were excluded from the
analysis.
C-CAP was defined as those with confirmed SARS-CoV-2 infection
who also met the criteria for CAP using British Thoracic Society
guidelines.14
Ethical approval was deemed not to be required based on the
UK Health Research Authority decision tool, local approval were
granted at each site by research governance teams.15 Patient
identifiable data were accessed by direct care teams only.
Study data were collected and managed using the Research
Electronic Data Capture (REDCap) tool hosted by the University
of Birmingham.16,17 REDCap is a secure, web-based software
platform designed to support data capture for research studies,
providing an intuitive interface for validated data capture; audit
trails for tracking data manipulation and export procedures;
automated export procedures for seamless data downloads to
common statistical packages; and procedures for data integration
and interoperability with external source.

Patient management
Patients were admitted and treated initially according to BTS
guidelines for CAP with antibiotics, fluids and controlled oxygen.14
In general, presence of radiographic pneumonia and/or a raised
procalcitonin were indicators for antibiotic therapy. CURB65 was
used to guide antibiotic therapy.
Across the study sites, the following interventional trials were
recruiting during the period of data collection: RECOVERY
(NCT04381936), RECOVERY RS (ISRCTN16912075), REMAP-CAP
(NCT02735707) and inhaled interferon-beta-1a in COVID-19
(NCT04385095).
All patients received venous thromboembolic disease prophylaxis
unless it was contraindicated. Target oxygen saturations were
≥92%, unless at risk of hypercapnic respiratory failure.
Provision of ward-based continuous positive airway pressure
(CPAP) non-invasive ventilation varied between sites, some only
offered CPAP as part of the RECOVERY RS trial, others used CPAP
for patients who were not for escalation to the intensive care
unit (ICU). Bi-level ward-based non-invasive ventilation was not
widely used. Use of awake or conscious proning was common
across all sites. At the time of data collection, dexamethasone
and anti-interleukin-6 were not recognised as standard care and,
therefore, were not used outside the auspices of the recruiting
trials.

Data collection and scoring analysis
In addition to the first set of physiological observations recorded
on admission to hospital (level of alertness, respiratory rate,
© Royal College of Physicians 2022. All rights reserved.
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Patient and public involvement
Total
parcipants,
n=2,430

Excluded cases:
No informaon on
diagnosis of
pneumonia,
n=41
COVID-19 not
confirmed by
RT-PCR,
n=2

CURB65,
n=2,326

There was no patient or public involvement in the development
of this study. This study was undertaken in accordance with the
STROBE guidelines for cohort studies.

Statistical analysis
Sub-cohort for
post hoc
assessment
of 4C Mortality
Score,
n=560

Full cohort
eligible for
inclusion,
n=2,387

Lac-CURB,
n=1,505

NEWS2,
n=2,329

qSOFA,
n=2,345

MuLBSTA,
n=1,383

Fig 1. Modified consort diagram demonstrating inclusion of cases. For a
detailed overview of missing data, see supplementary material S1, Table S1.
CURB65 = confusion, urea nitrogen, respiratory rate, blood pressure and age
of 65 years or older score; Lac-CURB65 = lactate, confusion, urea nitrogen,
respiratory rate, blood pressure and age of 65 years or older score; MuLBSTA
= multilobular infiltration, hypo-lymphocytosis, bacterial coinfection, smoking history, hyper-tension and age score; NEWS2 = National Early Warning
Score 2; qSOFA = quick Sequential (Sepsis-related) Organ Failure Assessment; RT-PCR = reverse transcription – polymerase chain reaction.

temperature, oxygen saturations, blood pressure and heart
rate), the first set of venous or arterial blood gas, biochemical
and haematological laboratory results were also collected from
electronic patient records.
CURB65, Lac-CURB65, NEWS2, MuLBSTA and qSOFA scores were
calculated as per their validation studies.18–22 4C Mortality Scores
were subsequently calculated in patients recruited from a single
centre (termed sub-cohort), as per availability of variable data.10
To assess for confusion in qSOFA, CURB65 and Lac-CURB65, we
reviewed the admission documents and scored for confusion if any
of the following were documented: abnormal AVPU score (alert,
response to voice, pain or unresponsive), Glasgow coma scale score
≤14, abnormal mental state examination, or documentation of
confusion or delirium. See Fig 1 for modified consort diagram for
completeness of score data.
Lac-CURB65 score and NEWS2 were grouped into ‘low’,
‘moderate’ and ‘high’ risk categories, as previously described.19,20
In the sub-cohort, 4C Mortality Scores were grouped into low
(0–3), intermediate (4–8), high (9–14) and very high (≥15) risk, as
previously described.10
The primary composite outcome measures assessed were death
within 7 days of admission or admission to ICU. A composite
endpoint of these two outcomes was used, termed early severe
adverse event (ESAE). We adopted a composite outcome because
it was clear that, for many patients, it was not deemed appropriate
to be admitted to the ICU, but they still had severe and often fatal
infection. Seven-day fixed period mortality was chosen for multicentre data collection as this would not be influenced by delays in
hospital discharge and could easily be captured within the short
period of data collection compared with in-hospital mortality.
Additional in-hospital mortality data were captured for the subcohort analysis.
© Royal College of Physicians 2022. All rights reserved.

Differences in parameters between groups were assessed
using the Mann–Whitney U test. The performance of severity
assessment scores was assessed in all COVID-19 patients, as well
as in the sub-group who had evidence of C-CAP. Comparison of
proportions was performed using the chi-squared test for trend.
Sensitivity, specificity, receiver operating characteristic (ROC)
curve analysis, and positive and negative predictive values (PPV;
NPV) were calculated for each scoring system. For missing data,
we undertook multiple imputation. DeLong’s test was used to
compare areas under the curves (AUCs). Statistical analysis was
carried out using Stata SE version 16.1 and SPSS version 27. Data
are presented as mean for normally distributed data and median
(interquartile range (IQR)) for non-parametric data.

Results
Demographics and outcomes
Two-thousand, four-hundred and thirty patients were screened
for inclusion. Forty-one were excluded as there were no data
regarding presence of CAP, two were excluded as COVID-19
was not confirmed by reverse transcription – PCR testing. Twothousand, three-hundred and eighty-seven cases were included in
the final analysis (Fig 1). Missing data and frequency of imputed
data are described in supplementary material S1, Table S1.
The median age of patients included was 73 years (IQR 58–82).
Fifty-four per cent (1,293) of cases were men. Seventy-three per
cent (1,750) of cases fulfilled the criteria for C-CAP. Comorbidities
were similar between C-CAP and non-C-CAP cases. Overall,
7-day mortality was 18%; with an ICU admission rate of 12%.
The composite outcome of ESAE occurred in 28% of cases. ICU
admission, 7-day mortality and the composite outcome occurred
more commonly in the C-CAP group. Full demographic and
outcome information is available in supplementary material S1,
Table S2.

Ability of the severity scoring systems to stratify risk
In the overall SARS-CoV-2 infection group, increasing score
value was associated with increased risk of 7-day mortality
and increased likelihood of ESAE for all five scores examined
(supplementary material S1, Table S3). In the C-CAP alone group,
again increasing score value was associated with increased risk of
adverse outcome for all five scores tested (Table 1).

Overall accuracy of the different scoring systems to
predict ESAE
Receiver operator curve analysis was performed to assess overall
accuracy of the scores to predict 7-day mortality and ESAE in both
SARS-CoV-2 infection and C-CAP. For all SARS-CoV-2 infection,
AUC to predict the combined ESAE for CURB65, qSOFA, LacCURB65, MuLBSTA and NEWS2 were 0.61, 0.62, 0.59, 0.59 and
0.68, respectively (Fig 2).
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Table 1. Ability of severity scoring systems to stratify risk for 7-day mortality or early severe adverse event for
COVID-19 pneumonia only
CURB65, n=1,708
Number of cases, n
ESAE, n (%)

0
331
67 (20)

1
431
133 (31)

2
470
158 (34)

3
366
154 (42)

4
99
52 (53)

5
11
7 (64)

p value

Lac-CURB65, n=1,155
Number of cases, n
ESAE, n (%)

Low
372
95 (26)

Moderate
407
130 (32)

High
376
163 (43)

<0.001

NEWS2, n=1,708
Number of cases, n
ESAE, n (%)

Low
637
106 (17)

Moderate
385
131 (34)

High
686
337 (49)

<0.001

MuLBSTA score, n=1,042
Number of cases, n
ESAE, n (%)

Low
446
112 (25)

High
596
210 (35)

qSOFA score, n=1,718
Number of cases, n
ESAE, n (%)

0
554
111 (20)

1
883
336 (35)

<0.001

<0.001
2
258
115 (45)

3
23
13 (57)

<0.001

Comparison of proportions were done using chi-squared test for trend. Lac-CURB65 cut-offs: low = CURB65 ≤1 and/or lactate <2.0 mmol/L; moderate = CURB65
2 and/or lactate 2.0–4.0 mmol/L; high = CURB65 ≥3 and/or lactate >4.0 mmol/L. NEWS2 score cut-offs: low = score 0–4; medium = score 5–6; high = aggregate
score ≥7. CURB65 = confusion, urea nitrogen, respiratory rate, blood pressure and age of 65 years or older score; ESAE = early severe adverse event; Lac-CURB65
= lactate, confusion, urea nitrogen, respiratory rate, blood pressure and age of 65 years or older score; MuLBSTA = multilobular infiltration, hypo-lymphocytosis,
bacterial coinfection, smoking history, hyper-tension and age score; NEWS2 = National Early Warning Score 2; qSOFA = quick Sequential (Sepsis-related) Organ
Failure Assessment.

For C-CAP, AUC to predict ESAE for CURB65, qSOFA, LacCURB65, MuLBSTA and NEWS2 were 0.61, 0.61, 0.59, 0.56 and
0.67, respectively (Fig 3). NEWS2 was significantly better at
predicting ESAE than CURB65, LacCURB65, qSOFA and MuLBSTA
(supplementary material S1, Table S4).

Performance characteristics of severity assessment
tools to predict ESAE
Using ESAE as the outcome of interest, we calculated performance
characteristics using pre-defined cut-offs. NEWS2 ≥medium had

100

100

75
Sensi vity, %

Sensivity, %

75

50

25

25

0

0

0
0

25

50
Specificity, %
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qSOFA (ROC = 0.62)
MuLBSTA (ROC = 0.59)
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Lac-CURB65 (ROC = 0.59)
NEWS2 (ROC = 0.68)
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Fig 2. Receiver operator curve for early severe adverse event in all
SARS-CoV-2 infection. CURB65 = confusion, urea nitrogen, respiratory rate,
blood pressure and age of 65 years or older score; Lac-CURB65 = lactate,
confusion, urea nitrogen, respiratory rate, blood pressure and age of 65 years
or older score; MuLBSTA = multilobular infiltration, hypo-lymphocytosis,
bacterial coinfection, smoking history, hyper-tension and age score; NEWS2
= National Early Warning Score 2; qSOFA = quick Sequential (Sepsis-related)
Organ Failure Assessment; ROC = area under the receiver operator curve.
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Specificity, %

CURB65 (ROC = 0.61)
qSOFA (ROC = 0.61)
MuLBSTA (ROC = 0.56)

75
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Lac-CURB65 (ROC = 0.59)
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Fig 3. Receiver operator curve for early severe adverse event in COVID19-associated community-acquired pneumonia only. CURB65 = confusion, urea nitrogen, respiratory rate, blood pressure and age of 65 years or
older score; Lac-CURB65 = lactate, confusion, urea nitrogen, respiratory rate,
blood pressure and age of 65 years or older score; MuLBSTA = multilobular
infiltration, hypo-lymphocytosis, bacterial coinfection, smoking history, hypertension and age score; NEWS2 = National Early Warning Score 2; qSOFA
= quick Sequential (Sepsis-related) Organ Failure Assessment; ROC = area
under the receiver operator curve.
© Royal College of Physicians 2022. All rights reserved.
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Table 2. Performance characteristics of severity assessment tools to predict early severe adverse outcome in
SARS-CoV-2 infection
Sensitivity, %

Specificity, %

PPV, %

NPV, %

CURB65 ≥2, n=1,353

66.00

48.51

33.20

78.63

CURB65 ≥3, n=700

38.00

76.61

38.65

76.11

Lac-CURB-65 ≥moderate, n=1,035

76.22

34.20

31.59

78.30

Lac-CURB-65 high, n=489

43.36

71.84

38.04

76.08

qSOFA ≥2, n=431

23.82

86.21

40.10

74.49

NEWS2 ≥medium, n=1,349

80.12

50.75

38.84

86.73

NEWS2 high, n=850

57.80

71.82

44.47

81.34

MuLBSTA high, n=666

62.01

56.68

33.33

81.03

CURB65 = confusion, urea nitrogen, respiratory rate, blood pressure and age of 65 years or older score; Lac-CURB65 = lactate, confusion, urea nitrogen, respiratory
rate, blood pressure and age of 65 years or older score; MuLBSTA = multilobular infiltration, hypo-lymphocytosis, bacterial coinfection, smoking history, hyper-tension
and age score; NEWS2 = National Early Warning Score 2; NPV = negative predictive value; PPV = positive predictive value; qSOFA = quick Sequential (Sepsisrelated) Organ Failure Assessment.

the best overall performance with sensitivity of 80.12% and a
negative predictive value of 86.73%, overall qSOFA ≥2 had the
poorest sensitivity and negative predictive value (23.82% and
74.49%, respectively; Table 2).

Assessment of the impact of missing values on the
analysis
For most variables, data was missing in <1% (supplementary
material S1, Table S1). For variables with significant missing
data (lactate, smoking status, evidence of multi-lobar
consolidation and bacterial co-infection), multiple imputation
was undertaken. Complete data could not be imputed, however,
with multiple imputation, data were complete in >95% of
cases. The full analysis was repeated using multiple imputation
and there were no significant differences from the data
presented.

Assessment of the of 4C Mortality Score
A total of 560 eligible patients with SARS-CoV-2 infection
from the largest single centre were subsequently assessed for
assessment of 4C Mortality Scores, of those, 462 patients had
C-CAP (supplementary material S1, Table S5). In both C-CAP
(n=407) and SARS-CoV-2 infection (n=493), increasing 4C
Mortality Scores were associated with increased risk of ESAE, 7-day
mortality and in-hospital mortality (supplementary material S1,
Table S6 and Table S7). The overall accuracy of the 4C Mortality
Score for ESAE in SARS-CoV-2 infection was 0.60, compared with
CURB65 (0.58), qSOFA (0.60) and NEWS2 (0.66; supplementary
material S1, Fig S1 and Fig S2). Using ESAE, the 4C Mortality
Score of ≥intermediate had a sensitivity of 96.96%, specificity
of 10.53%, PPV of 32.30% and NPV of 87.8%, comparing with
sensitivity of 85.53% and NPV of 88.02% in NEWS2 ≥medium
(supplementary material S1, Table S8). The overall accuracy of 4C
Mortality Score in SARS-CoV-2 infection for 7-day mortality and
in-hospital mortality was 0.78 and 0.76, respectively, comparing
with CURB65 (0.78 and 0.75) qSOFA (0.68 and 0.67) and NEWS2
(0.68 and 0.68; supplementary material S1, Fig S3, Fig S4, Fig S5,
Fig S6).
© Royal College of Physicians 2022. All rights reserved.

Discussion
This study describes a large cohort of hospitalised patients with
SARS-CoV-2 infection, in a diverse, multi-centre setting, in an
area of the UK heavily impacted during the first wave of the
pandemic in Spring 2020. This work confirms that commonly used
severity assessment tools can stratify risk according to increasing
risk of adverse outcomes, however, none of the examined tools
demonstrated clinically useful discrimination in ESAE.
A key strength of this study is use of established severity
assessment tools, which have been adapted into clinical practice
during the COVID-19 pandemic. We also included MuLBSTA,
an established score validated for viral pneumonia, but not
specifically COVID-19.21 In addition, we were able to compare the
performance of these generic assessment scores with the new
validated COVID-19-specific ISARIC 4C Mortality Score in a subset
of the cohort.
CURB65 is a well-established score for prediction of mortality
in CAP, the benefit of CURB65 is easy bedside scoring and most
clinicians have a good understanding of its limitations.18 CURB65
is validated to predict 30-day mortality, and the disease course in
COVID-19 is different to conventional CAP. Even in CAP, CURB65
is not a perfect score with AUC varying from 0.65–0.83 to predict
30-day mortality.23,24
In this study, CURB65 was not an accurate predictor of ESAE
in either SARS-CoV-2 infection or C-CAP with AUC 0.61 for both.
Adjusting the cut-off used to ≥2 rather than ≥3 improved
sensitivity but not specificity although NPV was higher at 81%.
The limitation of CURB65 in COVID-19 may reflect the absence
of oxygenation parameters, in contrast to CAP, haemodynamic
instability is less common in COVID-19 while hypoxia is more
common. Additionally, mortality and ESAE in each of the CURB65
groups was higher than seen in previously stated CAP cohorts;
typically in CAP, a CURB65 score of 0–1 would indicate that a
patient could be considered for ambulatory management, but in
this study, a CURB65 of 0–1 had between 2%–11% mortality, and
16%–31% ESAE, demonstrating that these scores should not be
used in isolation.18
Lac-CURB65 was developed to refine CURB65 and including
lactate does improve the prognostic ability in CAP.19,25,26 In this
67
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study, addition of lactate does not seem to improve the prognostic
ability of CURB65, either in the overall infection group or in the
C-CAP group.
MuLBSTA has been validated in a cohort of viral pneumonia,
with an AUC of 0.811 (superior to CURB65) in the validation
study, however, in this cohort, MuLBSTA was inferior to CURB65
in the overall prognostic ability but also demonstrated a low
sensitivity and NPV.21 The MuLBSTA derivation study defines
bacterial infection as bacterial growth in either sputum or
blood, however, this definition was not suitable to apply at the
point of admission, so we adapted the score to focus less on
microbiological sampling and took the view of the treating
clinician at the point of admission.21 This change in definition
may have impacted the accuracy of MuLBSTA in this cohort,
but clearly waiting for culture results is not feasible when rapid
decision making about severity assessment is warranted. The
use of MuLBSTA in clinical practice is also limited by the need for
smoking history for score calculation, which was missing in >40%
of the patients in our study.
We also opted to include severity assessment tools validated
for use in sepsis, and all acute adult hospital admissions (qSOFA
and NEWS2). qSOFA has been shown to predict increasing risk of
mortality in sepsis.27 In this work, qSOFA had a very low sensitivity
to predict ESAE that includes mortality when calculated at the
point of admission. It may be that qSOFA is more representative
when scored serially rather than in isolation, as demonstrated in
other CAP studies of qSOFA.28
NEWS2 is the recommended screening tool in use in UK hospitals
to detect deterioration of any aetiology.20 In this study, NEWS2
had the best overall performance in both the overall COVID-19
infection group, and C-CAP group with AUC 0.68 and 0.67. NEWS2
with a cut-off of ≥medium also had high sensitivity and NPV to
predict ESAE. NEWS2 is routinely recorded, and the composite
score used as an indicator for senior medical review. It has the
advantage of including a wide range of physiological observations
but does not need any investigation results, making it easily
applicable at the point of admission. Though it performed the best
of the scores assessed, we would caution against its sole use, and
clinical assessment and acumen remain essential.
The 4C Mortality Score was developed using UK data from
greater than 35,000 cases. As described by this study, they found
that established scores (such as qSOFA, CURB65 and NEWS)
did not have good discrimination, and that their novel tool (4C
Mortality Score) outperformed other COVID-19-specific tools
in addition to more established tools.10 When using 7-day or
in-hospital mortality, the AUC for 4C Mortality Score performed
similarly in our sub-cohort for all SARS-CoV-2 infection (0.78 and
0.76, respectively) to that seen in the original validation cohort for
inpatient mortality (0.77). However, our data suggest that the use
of this score for prediction of ESAE is poor.
It is not clear why these severity scoring systems have performed
poorly in this patient cohort. Many of the established severity
scoring systems are likely ineffective as they were derived and
validated in very different patient cohorts (ie deterioration or
death in sepsis and/or bacterial pneumonia). In addition, most of
the scores assessed were derived to assess mortality at different
time points (CURB65 at 30-days, MuLBSTA at 90-days, and qSOFA
and 4C Mortality Score in hospital), while we were investigating
their utility in predicting early adverse outcomes (a composite
outcome measure including death and admission to ICU within 7
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days).10,21,23,27 The subsequent ISARIC 4C Mortality Deterioration
Score goes some way to address this gap and aid clinical decision
making.29
Despite the formulation and validation of COVID-19-specific
severity assessment tools, clinicians and organisations continue to
use/recommend the use of pre-existing severity assessment tools.
Our study highlights the risks of relying on such tools, but also
suggests that even the COVID-19-specific tools may not perform
particularly well. Overall, clinical judgment remains essential
and the development of tools that include other factors (such as
deprivation indices) may prove to be more useful.30
This study uses a widely representative sample of participants
from across the West Midlands, UK, where COVID-19 had
significant impact during spring 2020. This multi-centre
approach included data from small district general hospitals
through to a large tertiary unit with Europe’s largest ICU. This
is a diverse area of the UK and the inclusion of a significant
Black, Asian and minority ethnic population (20%) is crucial
to validating these scores in populations who are often not
involved in research yet have disproportionately high mortality
from COVID-19.
Across the recruiting units, the standard of care varied, the main
variance was in the provision of CPAP at ward level. Most centres
were actively recruiting to RECOVERY and REMAP-CAP, two of the
major interventional platform studies open during the period of
study. This variation in standard of care increases our confidence in
the findings. In addition, mortality and rates of ICU admission are
in keeping with the ISARIC observational study further supporting
this being a representative sample of patients.31
Additionally, this study was delivered by a respiratory specialist
trainee collaborative during a period of unprecedented demand
on respiratory trainees, where many other research and
training opportunities were put on hold. We believe that trainee
collaboratives are a sustainable way to deliver patient-focused
research that is relevant to our clinical practice and aims to meet
the challenge of the Royal College of Physicians’ ‘Delivering
research for all’ project.
Each of the tools examined here is in use clinically, although some
are more widespread than others. All are easily computed within 4
hours of admission to hospital and will provide a basis for clinicians
to make treatment escalation plans at the point of admission.

Limitations
The limitations of this study are the retrospective nature of data
collection and missing data. However, missing data was only a
significant issue for MuLBSTA and Lac-CURB65. This limits the
usage of these scoring systems in clinical practice and potentially
demonstrating the benefit of using established scores (such as
CURB65) where clinicians routinely record these data as part of their
assessments. We used multiple imputation and found that this did
not alter outcomes significantly. We also only have very short-term
data at 7 days. It would be beneficial to have longer-term outcomes
(such as 30-day mortality) when assessing scores designed for use
of this timepoint. However, severity scores (such as CURB65 and 4C
Mortality Score) demonstrated predictive value in mortality alone
at 7-day and in-hospital mortality outcomes. Finally, our cohort was
from the first wave of the pandemic and, therefore, we have not
assessed the accuracy of these severity scoring systems in patients
from the second or third waves in the UK.
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In future, more nuanced scores that also predict risk of
complications and longer-term outcomes would be beneficial to
inpatient care, but also predicting who may benefit from intensive
follow-up.

Conclusion
We have demonstrated that, in a large and diverse cohort of
hospitalised adults with SARS-CoV-2 infection, established
severity scores are able to predict increasing risk of adverse
outcomes, but their overall accuracy is low. Clinicians should
be wary of applying established tools to a new disease and
should understand the limitations of each. Validation of severity
assessment tools in COVID-19 is crucial to improve clinical care
but will also support development of research, where accurate
stratification of severity will influence study protocols and
development of new treatments.

Summary
What is known?
COVID-19 often causes severe disease with high mortality, yet
there are limited treatment options. SARS-CoV-2 infection can be
heterogenous, the ability to stratify risk will inform patient care
and clinical trial stratification.
What is the question?
Do commonly used risk stratification tools aid in predicting early
adverse outcomes in SARS-CoV-2 infection?
What was found?
Established severity scores for pneumonia and sepsis do not
accurately predict risk of early death or admission to the
intensive care unit in SARS-CoV-2 infection.
What is the implication for practice?
Clinicians should be wary of using non-validated tools to inform
clinical decisions in COVID-19. Further validation of COVID-19specific risk stratification tools is urgently warranted.

Supplementary material
Additional supplementary material may be found in the online
version of this article at www.rcpjournals.org/clinmedicine:
S1 – Fuller data tables and figures.
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