Supplementary table S1 Definition of predictors included in the updated and extended scores
	Model predictors
	Models
	Predictors collected and used in EICC cohort
	Method of measurement
	Moment of measurement
	Missings n (%)

	Age
	4C Mortality score, SEIMC
	Age
	Reported by individual hospitals. Calculated by admission date minus date of birth.
	Before ICU admission
	0

	Sex
	4C Mortality score, SEIMC
	Sex
	Reported by individual hospitals as biological sex.
	Before ICU admission
	0

	Neutrophil count
	SEIMC
	Neutrophils at admission
	First leukocyte differentiation at ICU admission.
	First 24 hours of ICU admission; if not available, then provided later
	100 (18.1%)

	Lymphocyte count
	SEIMC
	Total lymphocytes at admission
	First leukocyte differentiation at ICU admission.
	First 24 hours of ICU admission, if not available, then provided later
	99 (18.0%)

	CRP
	4C Mortality score
	CRP at admission
	First CRP at ICU admission.
	First 24 hours of ICU admission
	7 (1.3%)

	Creatinine
	Used for eGFR calculation SEIMC
	Creatinine at admission
	First creatinine at ICU admission.
	First 24 hours of ICU admission
	4 (0.7%)

	Dyspnea
	SEIMC
	-
	All patients were considered as being severely ill and having dyspnea.
	At ICU presentation
	-

	Number of comorbidities
	4C Mortality score
	Sum of chronic kidney disease, chronic lung disease, chronic liver disease, chronic cardiac disease, dementia, neurological conditions, connective tissue disease, HIV/Aids, diabetes mellitus, and malignancy
	Diagnosis of comorbidities defined according to the Charlson comorbidity index before ICU admission [33].
	Before ICU admission
	chronic kidney disease (0), chronic lung disease (0), chronic liver disease (0), chronic cardiac disease (0), dementia (0), neurological conditions (0), connective tissue disease (63 (11.4%)), HIV/Aids (0), diabetes mellitus (0), and malignancy (0)

	Respiratory rate
	4C Mortality score
	First respiratory rate at admission
	First respiratory rate measured at ICU admission.
	First value at ICU admission
	7 (1.3%)

	SpO2
	4C Mortality score
	First peripheral oxygen saturation at admission
	First peripheral oxygen saturation at ICU admission measured by pulse oximetry.
	First value at ICU admission
	6 (1.1%)

	GCS
	4C Mortality score
	Glasgow coma scale at admission
	First Glasgow coma scale at ICU admission.
	First value at ICU admission
	0

	Urea
	4C Mortality score
	Urea at admission
	First urea at ICU admission
	First 24 hours of ICU admission
	1 (0.2%)

	Low age-adjusted SaO2a
	SEIMC
	First peripheral oxygen saturation at admission
	First peripheral oxygen saturation at ICU admission measured by pulse oximetry.
	First value at ICU admission
	6 (1.1%)

	eGFR
	SEIMC
	eGFR at admission
	eGFR was calculated by the CKD-EPI equation, taking creatinine at admission, sex, and age into account [32].
	First value at ICU
admission
	5 (0.7%)

	APACHE II scoreb
	4C Mortality score and SEIMC score model extending
	APACHE II score at admission
	-
	First value at ICU admission
	0

	Dutch Euregio part
	4C Mortality score and SEIMC score model extending
	Country
	Admission hospital Maastricht University Medical Center +, Zuyderland Hospital, VieCuri Hospital, or Laurentius Hospital.
	At ICU admission
	0

	German Euregio part
	4C Mortality score and SEIMC score model extending
	Country
	Admission hospital University Hospital Rheinisch-Westfälische Technische Hochschule (RWTH) Aachen.
	At ICU admission
	0



Variables with ≥ 50% missings were not imputed. 
EICC, Euregio Intensive Care Covid; SEIMC, Spanish Society of Infectious Diseases and Clinical Microbiology; ICU, Intensive Care Unit; CRP, C-reactive protein; HIV, human immunodeficiency virus; SpO2, peripheral oxygen saturation; GCS, Glasgow Coma Scale; SaO2, Saturation of Oxygen (arterial blood); eGFR, estimated glomerular filtration rate; APACHE II, Acute Physiology And Chronic Health Evaluation II.
a. The score mentions SaO2; however, the article states that capillary oxygen saturation on room air was measured. We, therefore, assume that pulse oximetry was used.
b. APACHE II scores were collected by individual hospitals and, therefore, not calculated. If APACHE II scores were absent, scores were calculated by the individual variables. 




Supplementary table S2 Shrunken logistic regression coefficients of the updated and extended 4C Mortality score and SEIMC score
	Model
	Predictors
	Shrunken coefficienta

	4C Mortality score 
	Intercept
	-1.04

	
	Linear predictor
	1.20

	
	Linear predictor’
	-0.51

	
	APACHE II
	0.06

	
	Dutch category
	1.26

	
	German category
	0.99

	SEIMC score 
	Intercept
	-1.41

	
	Linear predictor
	0.79

	
	Linear predictor’
	-0.23

	
	APACHE II
	0.06

	
	Dutch category
	0.96

	
	German category
	1.12



Data are presented as shrunken coefficients. Adjusted intercepts were additionally calculated.
Acute Physiology And Chronic Health Evaluation II; SEIMC, Spanish Society of Infectious Diseases and Clinical Microbiology.
a Intercepts were not shrunk but re-estimated.








Supplementary table S3 Comparison of the discrimination of the updated and extended 4C Mortality score and SEIMC score with crude external validation results
	Model
	Area under ROC curve 

	4C Mortality score 
	

	Optimism-corrected performance after updating/extending
	0.74 

	External validation original score
	0.70 

	SEIMC score
	

	Optimism-corrected performance after updating/extending
	0.73

	External validation original score
	0.70



Data for the updated and extended 4C Mortality score and SEIMC score are presented as pooled optimism-corrected area under the ROC curve [9].
ROC, receiver operating characteristic; SEIMC, Spanish Society of Infectious Diseases and Clinical Microbiology.












 Supplementary file S4 TRIPOD checklist [8]
	Section/Topic
	Item
	
	Checklist Item
	Page

	Title and abstract

	Title
	1
	D;V
	Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
	1

	Abstract
	2
	D;V
	Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
	3

	Introduction

	Background and objectives
	3a
	D;V
	Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.
	    4-5

	
	3b
	D;V
	Specify the objectives, including whether the study describes the development or validation of the model or both.
	4-5

	Methods

	Source of data
	4a
	D;V
	Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
	13-15, S2

	
	4b
	D;V
	Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up. 
	13

	Participants
	5a
	D;V
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centres.
	13

	
	5b
	D;V
	Describe eligibility criteria for participants. 
	13

	
	5c
	D;V
	Give details of treatments received, if relevant. 
	-

	Outcome
	6a
	D;V
	Clearly define the outcome that is predicted by the prediction model, including how and when assessed. 
	15

	
	6b
	D;V
	Report any actions to blind assessment of the outcome to be predicted. 
	-

	Predictors
	7a
	D;V
	Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
	14-15, S2

	
	7b
	D;V
	Report any actions to blind assessment of predictors for the outcome and other predictors. 
	14-15, S2

	Sample size
	8
	D;V
	Explain how the study size was arrived at.
	13-14

	Missing data
	9
	D;V
	Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method. 
	15-16

	Statistical analysis methods
	10a
	D
	Describe how predictors were handled in the analyses. 
	15-17

	
	10b
	D
	Specify type of model, all model-building procedures (including any predictor selection), and method for internal validation.
	15-17

	
	10c
	V
	For validation, describe how the predictions were calculated. 
	15-17

	
	10d
	D;V
	Specify all measures used to assess model performance and, if relevant, to compare multiple models. 
	15-17

	
	10e
	V
	Describe any model updating (e.g., recalibration) arising from the validation, if done.
	15-17

	Risk groups
	11
	D;V
	Provide details on how risk groups were created, if done. 
	-

	Development vs. validation
	12
	V
	For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and predictors. 
	9-10, S2

	Results

	Participants
	13a
	D;V
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful. 
	6, Fig 1

	
	13b
	D;V
	Describe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for predictors and outcome. 
	6, Table 1, S3

	
	13c
	V
	For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome). 
	9-10

	Model development 
	14a
	D
	Specify the number of participants and outcome events in each analysis. 
	15-16

	
	14b
	D
	If done, report the unadjusted association between each candidate predictor and outcome.
	-

	Model specification
	15a
	D
	Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, and model intercept or baseline survival at a given time point).
	Table 2, S4

	
	15b
	D
	Explain how to the use the prediction model.
	9-12

	Model performance
	16
	D;V
	Report performance measures (with CIs) for the prediction model.
	7-8, Table 3, S5

	Model-updating
	17
	V
	If done, report the results from any model updating (i.e., model specification, model performance).
	7-8, Table 3, S5

	Discussion

	Limitations
	18
	D;V
	Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data). 
	   11

	Interpretation
	19a
	V
	For validation, discuss the results with reference to performance in the development data, and any other validation data. 
	9-10

	
	19b
	D;V
	Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and other relevant evidence. 
	9-12

	Implications
	20
	D;V
	Discuss the potential clinical use of the model and implications for future research. 
	12

	Other information

	Supplementary information
	21
	D;V
	Provide information about the availability of supplementary resources, such as study protocol, Web calculator, and data sets. 
	S1-5

	Funding
	22
	D;V
	Give the source of funding and the role of the funders for the present study. 
	23


















Supplementary file S5 Methods

4.3 Sample size calculation
The guideline of Riley et al. regarding sample size calculation for prediction model development studies with binary outcomes was used to calculate the sample size and consequently the number of estimated predictors [15].

Step 1: What sample size will precisely estimate the overall outcome risk or mean outcome value?
Using an anticipated outcome proportion of 0.36, which corresponds to the observed ICU mortality rate of 36% in the EICC cohort, and a recommended margin of error of 0.05 in the formula, the calculated sample size is 354 patients and 127 events.

Step 2: What sample size will produce predicted values with a small mean error across all individuals?
When setting the mean absolute prediction error on 0.05, as recommended, the anticipated outcome proportion on 0.36 (as elaborated above), and filling in 12 predictors in the formula, a sample size of 595 is calculated. Only changing the number of predictors to 11 decreases the sample size to 549, suggesting the already determined sample size of 551 allows the fitting of a model with 11 predictors.

Step 3: What sample size will produce a small shrinkage of predictor effects?
For this step, the R2 was calculated using R version 4.0.4 to fit a generalized linear model with the originally published linear predictor for the 4C Mortality score and SEIMC score as an estimate for the lower bound for of R2 for an updated model, in our population. The two values for the Cox-Snell’s R2 were filled in in the formula together with the recommended shrinkage factor of 0.9. When calculating the sample size with six predictors, the number of patients required was 594 and 582 for the 4C Mortality and SEIMC scores, respectively, exceeding the available cohort size. Five predictors, on the contrary, required 495 and 485 patients and were therefore chosen as the definite number of estimated predictors for this study.
Step 4: What sample size will produce a small optimism in apparent model fit?
First, the lnLnull needed to be calculated with an arbitrary sample size (in this study 551) and E corresponding to the total number of patients with the outcome event (in this study 198). Then, the maximum R2cs was calculated using the lnLnull and an arbitrary sample size of 551. Together with a set predictor number, the sample size could be calculated. Filling in 14 predictors resulted in a sample size of 551 for the 4C Mortality score and 13 predictors in 512. Five hundred forty patients were needed for the prediction of 14 predictors and 578 for 15 predictors when using the SEIMC score.

Using R 
This calculation was repeated using R package “pmsampsize”. When the model’s R2, shrinkage factor of 0.9, prevalence of 0.36 and a number of 5 predictors were filled in, the sample size for the 4C Mortality score and SEIMC score were 495 and 485, respectively. Six predictors required a sample size of 594 and 582 for the two models, respectively, which corresponds to step 3.

4.4 Model selection
4C Mortality score 
The 4C Mortality score [10] was developed in patients with a high likelihood of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection admitted to any of the 260 participating hospitals in England, Scotland, or Wales. Data from the derivation cohort were collected between February and the end of March 2020. In total, 35,463 patients were used for model development and 22,361 for temporal validation. Predictors include age, sex, number of comorbidities, respiratory rate, peripheral oxygen saturation, Glasgow coma scale (GCS), urea and C-reactive protein (CRP), and the score aims to predict in-hospital mortality. The score was rated as unclear risk of bias in the systematic review of Wynants et al. [3].


SEIMC 
The SEIMC [11] score was developed in patients with confirmed real-time reverse transcription polymerase chain reaction for SARS-CoV-2 admitted to any of the 127 participating hospitals in Spain and externally validated in patients admitted to another Spanish hospital. Data were collected from February until mid-March 2020. The score was developed in 3358 patients and externally validated in 1269 patients. Predictors include age, age-specific adjusted arterial oxygen saturation (SaO2), neutrophil-to-lymphocyte ratio, estimated glomerular filtration rate (eGFR, calculated by CKD-EPI), dyspnea and sex, and the score aims to predict 30-day mortality [32].

4.5 Predictors
This first data share resulted in an extensive dataset covering clinically relevant variables and included most of the predictor variables. At the time the included prognostic prediction model studies were specified, a second data share was organized to complete the original dataset. The following demographic data and comorbidities were collected as predictors for the 4C Mortality score and SEIMC score: age, sex, a history of chronic kidney disease, chronic lung disease, chronic liver disease, chronic cardiac disease, dementia, neurological conditions, connective tissue disease, human immunodeficiency virus (HIV)/Aids, diabetes mellitus, and malignancy. Furthermore, the subsequent clinical predictors were collected for the 4C Mortality and SEIMC scores: respiratory rate, peripheral oxygen saturation (SpO2), and GCS. Dyspnea was scored as present in each patient as this is one of the main symptoms of and reasons for ICU admission. Finally, the following laboratory predictors were collected to update the two scores: neutrophil-to-lymphocyte ratio, CRP, eGFR (using CKD-EPI formula [32]), and urea. In addition, the Acute Physiology and Chronic Health Evaluation (APACHE) II was provided as a measure of disease severity [25]. Most of the collected variables were routinely available data in regular Western European Intensive Care practice, such as in the Euregio Meuse-Rhine. The first, highest, and lowest values were collected during the first 24 hours of ICU admission when multiple measurements were available. As the models used clinical parameters on admission, the first variable during the first 24 hours of ICU admission was most often used unless the model reported otherwise. If follow-up ended within 24 hours of ICU admission, predictors were assessed until the outcome event occurred. Because data definitions were predefined in the shared protocol, predictors were collected and assessed similarly in each center. Investigators of the collecting centers were contacted when data were either missing or incorrect, resulting in re-collection, re-calculation, and re-sending of those variables. Missingness was differently coded, depending on if the data were unknown, invalid (e.g., outliers), or inapplicable (e.g., extubation data for patients who did not receive mechanical ventilation). These values were considered as missing and, if less than 50% of the variable was missing, handled by multiple imputation [9, 14, 19].

