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Supplementary Table 1: Characteristics of candidate prognostic models for COVID-19 not included in current external validation study.
All candidate models included in a living systematic review were considered at high risk of bias[1]. ARDS = acute respiratory distress syndrome; ICU = intensive care unit; CT

= computed tomography.

Authors Pre-existing or COVID-specific? Model outcome Reason for exclusion

Bai et al[2] COVID-specific Deterioration CT imaging required

Barda et al[3] COVID-specific Mortality Multiple predictors not available in validation data
Chassagnon et al[4] COVID-specific Death or invasive mechanical ventilation CT imaging required

Das et al[5] COVID-specific Mortality Province required - not generalisable, and not reproducible
Gong et al[6] COVID-specific Risk of severe disease Model parameters not publicly available

Jiang et al[7] COVID-specific Development of ARDS by Berlin criteria Model parameters not publicly available

Levy et al[8] COVID-specific Mortality Emergency severity index not available in validation data
Liang et al[9] COVID-specific Deterioration Symptom data not available in validation data

Liu et al[10] COVID-specific Severity T lymphocyte subsets not available in validation data

McRae et al[11] COVID-specific Mortality Pro-calcitonin and myoglobin not available; exact model coefficients also not provided
Pourhomayoun et al[12] COVID-specific Mortality Model parameters not publicly available

Qi et al[13] COVID-specific Length of hospital stay CT imaging required

Sarkar et al[14] COVID-specific Mortality Not generalisable outside Wuhan and model not reproducible
Singh et al[15] Pre-existing (EPIC deterioration index) ICU admission, mechanical ventilation or death Model parameters not publicly available

Vaid et al[16] COVID-specific Mortality and 'critical events' Model parameters not publicly available

Vazquez et al[17] COVID-specific Mortality (in-hospital) Intended for ICU admissions only

Yuan et al[18] COVID-specific Mortality CT imaging required

Zeng et al[19] COVID-specific Progression to severe disease CT imaging required and no reproducible model




Supplementary Tables 2a-c: Validation metrics of prognostic scores for COVID-19, using (a) complete case
sensitivity analysis (n=411); (b) excluding patients without PCR-confirmed SARS-CoV-2 infection; and (c)
excluding patients who met the clinical deterioration outcome within 4 hours of arrival to hospital..

For each model, performance is evaluated for an approximation of its original intended outcome, shown in

‘Primary outcome’ column. AUROC = area under the receiver operating characteristic curve; Cl = confidence

interval.

(a) Complete case analysis

Score

Primary outcome

AUROC (95% Cl)

Calibration slope (95% Cl)

Calibration in the large (95% Cl)
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Guo
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Deterioration (10 days)

Deterioration (14 days)
Deterioration (14 days)

Deterioration (14 days)

Deterioration (in-hospital)

Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Mortality (12 days)
Mortality (30 days)
Mortality (30 days)
Mortality (in-hospital)
Mortality (in-hospital)

Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)

Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)

Deterioration (in-hospital)

404

183

381

153

400
182

351

182

366

411

405

403

374

385

183

404

153
408
400

405

182

411

403

0.78(0.73 - 0.83)

0.61(0.53-0.69)

0.75 (0.71- 0.8)
0.74 (0.69 - 0.79)

0.7 (0.62- 0.78)

0.74 (0.69 - 0.78)
0.72 (0.64 - 0.79)

0.7 (0.65 - 0.75)
0.7 (0.63-0.78)
0.68 (0.63 - 0.73)
0.61 (0.56 - 0.66)
0.59 (0.54 - 0.65)
0.71(0.67 - 0.76)
0.75 (0.7 - 0.8)
0.66 (0.6 - 0.72)
0.78 (0.7 - 0.86)
0.76 (0.71-0.81)

0.75 (0.66 - 0.84)
0.71(0.66 - 0.77)
0.7 (0.64 - 0.76)

0.6 (0.54 - 0.65)
0.6 (0.52-0.68)
0.76 (0.71-0.81)

0.76 (0.71-0.81)

0.93 (0.7 - 1.18)
0.78 (0.59 - 0.99)

0.31(0.21-0.42)
0.64 (0.38-0.93)

0.27 (0.16 - 0.38)

0.91(0.55-1.31)

0.38 (0.21-0.58)
0.53(0.36-0.7)
0.28 (0.18 - 0.39)

0.46 (0.23 - 0.69)
-0.29 (-0.52 - -0.05)

0.59(0.32-0.83)
0(-0.34-0.33)

-5.09 (-5.54 - -4.65)

0.03 (-0.37-0.41)

-1.61(-2.11--1.14)
0(-0.26 - 0.25)
0.92(0.63 - 1.21)




(b) Restriction to PCR-confirmed cases (n=370)

Score

Primary outcome

AUROC (95% ClI)

Calibration slope (95% Cl)

Calibration in the large (95% Cl)

NEWS2
Ji

Carr_final

Carr_threshold
Guo
Zhang_poor
Galloway
TACTIC

Colombi_clinical

Huang

Shi

MEWS

Lu

CURB65
BelloChavolla

REMS

Xie

Hu
Zhang_death

Caramelo

qSOFA
Yan
Sp02 on air

Age

Deterioration (1 day)
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Deterioration (in-hospital)

Deterioration (in-hospital)
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Deterioration (in-hospital)

Deterioration (in-hospital)
Deterioration (in-hospital)
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Mortality (30 days)
Mortality (30 days)
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Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)

Mortality (in-hospital)
Mortality (in-hospital)
Deterioration (in-hospital)

Mortality (in-hospital)

0.79 (0.74 - 0.84)

0.58 (0.52 - 0.64)

0.78 (0.73 - 0.83)
0.76 (0.71-0.81)

0.68 (0.62 - 0.74)
0.74 (0.69 - 0.79)

0.73 (0.68 - 0.78)

0.71(0.65 - 0.76)

0.68 (0.63 - 0.74)
0.67 (0.61 - 0.73)

0.61 (0.56 - 0.67)
0.6 (0.55 - 0.66)
0.73 (0.69-0.78)
0.74 (0.69 - 0.79)
0.66 (0.6-0.72)

0.76 (0.71-0.81)

0.75 (0.68 - 0.82)
0.73 (0.67 - 0.79)
0.71(0.65 - 0.76)
0.7 (0.65-0.76)

0.6 (0.55 - 0.66)
0.58 (0.49 - 0.67)
0.76 (0.71-0.81)

0.75 (0.7 - 0.81)

1.02 (0.77 - 1.27)
0.83(0.62 - 1.04)

0.3(0.19-0.41)

0.52(0.33-0.71)
0.18 (0.1-0.26)

0.78 (0.46 - 1.1)
0.33 (0.2 - 0.46)
0.3(0.19-0.41)
0.5(0.32- 0.67)

0.38(0.14 - 0.61)
-0.3 (-0.54 - -0.06)

0.64 (0.38-0.91)

0.02 (-0.23 - 0.26)
-4.2 (-4.58--3.81)

0.46 (0.2-0.71)
-0.99 (-1.3--0.67)
0.99 (0.69 - 1.29)
0.02 (-0.24 - 0.28)




(c) Excluding deterioration events <4 hours from admission (n=371)

Score

Primary outcome

AUROC (95% ClI)

Calibration slope (95% Cl)

Calibration in the large (95% Cl)

NEWS2
Ji

Carr_final

Carr_threshold
Guo
Zhang_poor
Galloway
Colombi_clinical
TACTIC

Huang
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Yan
Age
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Deterioration (1 day)

Deterioration (10 days)

Deterioration (14 days)
Deterioration (14 days)

Deterioration (14 days)

Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)
Deterioration (in-hospital)

Deterioration (in-hospital)
Deterioration (in-hospital)
Mortality (12 days)
Mortality (30 days)
Mortality (30 days)

Mortality (in-hospital)

Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)

Mortality (in-hospital)
Mortality (in-hospital)
Mortality (in-hospital)

Deterioration (in-hospital)

0.74 (0.67 - 0.81)

0.55 (0.49 - 0.62)

0.74 (0.69 - 0.79)
0.73 (0.67 - 0.78)

0.65 (0.58 - 0.71)
0.72 (0.67 - 0.78)
0.69 (0.64 - 0.75)
0.68 (0.62 - 0.74)
0.66 (0.6 - 0.71)

0.63 (0.56 - 0.71)

0.59 (0.54 - 0.65)
0.56 (0.5 - 0.62)
0.73 (0.69-0.78)
0.74(0.69 - 0.8)
0.65 (0.59-0.72)

0.76 (0.71-0.81)

0.75 (0.68 - 0.82)
0.73 (0.67-0.79)
0.71(0.65 - 0.77)
0.69 (0.63 - 0.75)

0.59 (0.53 - 0.66)
0.57 (0.48 - 0.66)
0.77 (0.71-0.82)

0.7 (0.64 - 0.76)

0.87(0.62 - 1.12)
0.73(0.52 - 0.94)

0.39(0.27 - 0.51)

0.48 (0.29 - 0.66)

0.14 (0.06 - 0.23)

0.83(0.52 - 1.13)
0.34 (0.21- 0.48)
0.51(0.33 - 0.69)
0.29 (0.17 - 0.4)

0.14(-0.1-0.37)
-0.54 (-0.78 - -0.29)

0.3(0.03-0.58)

-0.25 (-0.5 - -0.01)

-4.49 (-4.84 - -4.15)

0.32 (0.05 - 0.59)
-1.07 (-1.38 - -0.75)
-0.18 (-0.46 - 0.09)
0.88 (0.57 - 1.19)




Supplementary Table 3: Optimism estimates for most discriminating univariable predictors of clinical
deterioration and mortality

Optimism is calculated using bootstrapping with 1,000 iterations. AUROC = area under the receiver operating
characteristic curve; Cl = confidence interval. Dxy = Somers’ Delta, which is a measure of agreement between

pairs of ordinal variables, ranging from -1 (no agreement) to +1 (complete agreement).

Predictor Outcome AUROC (95% Cl) Optimism

Dxy Slope
Age Mortality (in-hospital) 0.76 (0.71-0.81) 0.000 -0.009
Oxygen saturation (room air) Deterioration (in-hospital) 0.76 (0.71-0.81) -0.001 -0.011




Supplementary Figure 1: Flowchart showing prognostic models included in systematic evaluation.

37 studies describing prognostic models identified
- 32 from systematic review
- 5 from expert consultation

Exclusions:
- Model parameters not publicly available (n=6)
Model not generalisable outside development setting (n=2)
- Predictors not available in validation dataset (n=4)
- Computed tomography imaging required (n=5)
Not intended for unselected medical admissions (n=1)

19 studies describing prognostic models; 22 unique
prognostic models included in final analysis




Supplementary Figure 2: Flowchart showing study participants included in analysis.

Adults admitted with COVID-19 (n=521)

Hospital

Exclusions:
Transferred in from other centres (n=53)
-acquired COVID-19 (first PCR swab >5 days after
admission; n=55)
Admission <4 hours (n=2)

411 participants included




Supplementary Figure 3: Timing of clinical deterioration and death following hospital admission among
patients with COVID-19

Shown as Kaplan-Meier plots and histograms. Days to deterioration histogram reflects the first time that the
endpoint was met, with the criteria for meeting the endpoint indicated by colour. CPAP = continuous positive

airway pressure; HFNO = high flow nasal cannula oxygen; IMV = invasive mechanical ventilation.
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Supplementary Figure 4: Missingness of candidate prognostic models.

Shown as column-wise percentage missing, stratified by (a) composite outcome of clinical deterioration; and (b) mortality during hospital admission.
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Supplementary Figure 5: Plots showing risk scores vs observed prevalence of outcomes for points-based
prognostic scores.

The primary outcome of interest for each model is shown in the plot sub-heading. Individual predictions for each
prognostic model were averaged across imputations for each participant in the dataset in order to generate

these pooled plots.
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Supplementary Figure 6: Heat map showing time-dependent receiver operating characteristic areas under the curve for each prognostic score to predict (a) deterioration
or (b) mortality,

For each model, discrimination is stratified by interval from hospital admission to the outcome event. The original intended primary outcome for the model is shown in

brackets in the y-axis labels. AUROC = area under the receiver operating characteristic curve.
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Supplementary Figure 7: Heat map showing time-dependent receiver operating characteristic areas under the curve for a priori clinical predictors of interest in univariable
analyses to predict (a) clinical deterioration or (b) mortality

For each predictor, discrimination is stratified by interval from hospital admission to the outcome event. AUROC = area under the receiver operating characteristic curve.
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Supplementary Figure 8: Decision curve analysis comparing net benefit of each candidate model for (A) clinical
deterioration; and (B) mortality.

For each analysis, the endpoint is the original intended endpoint for the index model (purple line; endpoint
shown in plot subheading). Comparisons are made to the strategies of treating all patients (red); treating no
patients (blue); and offering treatment based on the most discriminating univariable predictor (green; admission
oxygen saturation on room air for deterioration models (A); patient age for mortality models (B)). Each candidate
model and univariable predictor was recalibrated to the validation data during analysis to enable fair, head-to-

head comparisons. All curves are shown with Loess-smoothing.
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Supplementary Figure 9: Restricted cubic splines plots showing associations between most discriminating univariable predictors of clinical deterioration and mortality
and log odds of outcome, respectively.

Age was the most discriminating univariable predictor of in-hospital mortality, while oxygen saturation (Sp0O2) on air was the most discriminating predictor of in-hospital

clinical deterioration. For both univariable predictors, associations appear approximately linear on the log odds scale.
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