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Resumen:

Introducción: la evaluación del riesgo es necesaria para la correcta toma de decisiones en pacientes hospitalizados por 
COVID-19. Existen reglas de predicción para estimar el riesgo de muerte o ingreso a cuidados intensivos de estos pacientes. 
Objetivo: validar el puntaje CALL, COVID-GRAM y ISARIC 4C para la admisión a cuidados intensivos o el fallecimiento en 
pacientes hospitalizados por COVID-19 en una cohorte de tres hospitales de Bogotá durante 2020. Métodos: estudio 
observacional analítico prospectivo multicéntrico que incluyó adultos hospitalizados por COVID-19, entre abril y noviembre 
de 2020, en tres hospitales de cuarto nivel en Bogotá. Para cada participante se calcularon las tres escalas. Se estimaron 
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curvas ROC con sus áreas bajo la curva e IC 95 %, se evaluó la calibración mediante estadística de Brier y LOESS, y la utilidad 
clínica mediante curvas de decisión. Resultados: de 793 pacientes, 358 tenían datos para calcular las tres escalas; 186  
(26,2 %) fueron admitidos en cuidados intensivos y 120 (16,9 %) fallecieron. Las áreas bajo la curva para admisión a cuidados 
intensivos fueron: COVID-GRAM 0,67 (IC 95 %: 0,61-0,73), CALL 0,54 (IC 95 %: 0,48-0,60), ISARIC-4C 0,61 (IC 95 %: 0,55-0,67). 
Para la mortalidad fueron: COVID-GRAM 0,76 (IC 95 %: 0,70-0,81), puntaje CALL 0,65 (IC 95 %: 0,58-0,73), ISARIC-4C 0,75 (IC 
95 %: 0,6-0,8). Conclusiones: las reglas de predicción mostraron un rendimiento pobre a moderado para la admisión en 
unidad de cuidados intensivos y un buen rendimiento para la mortalidad. El ISARIC-4C y COVID-GRAM podrían considerarse 
para evaluar el riesgo de muerte.

Palabras claves: COVID-19; SARS-CoV-2; mortalidad; pronóstico; reglas de predicción clínica; cuidados críticos. 

Abstract:

Introduction: accurate risk assessment is essential for sound decision-making in patients hospitalized with COVID-19, and 
several prediction rules have been developed to estimate their risk of death or admission to intensive care. Objective: to 
validate the CALL, COVID-GRAM, and ISARIC-4C scores for predicting intensive care unit admission or death among patients 
hospitalized with COVID-19 in a cohort from three Bogotá hospitals during 2020. Methods: a prospective multicenter 
analytical observational study that included adults hospitalized for COVID-19 between April and November 2020 in three 
fourth-level hospitals in Bogotá. The scores from the three scales were calculated for each participant. Receiver-operating-
characteristic curves were plotted and areas under the curve with 95 % confidence intervals were estimated; calibration 
was assessed with the Brier statistic and LOESS smoothing, and clinical utility was examined using decision-curve analysis. 
Results: of 793 patients, 358 had data to calculate the three prediction rules. 186 (26.2 %) were admitted to intensive care 
and 120 (16,9 %) died. The areas under the curve for intensive care admission were: COVID-GRAM 0,67 (95 % CI: 0,61-0,73), 
CALL score 0,54 (95 % CI: 0,48-0,60), ISARIC-4C 0,61 (95 % CI: 0,55-0,67). For mortality they were: COVID-GRAM 0,76 (95 % 
CI: 0,70-0,81), CALL score 0,65 (95 % CI: 0,58-0,73), ISARIC-4C 0,75 (95 % CI: 0,6-0,8). Conclusions: the clinical prediction rules 
evaluated showed poor to moderate performance for intensive care admission and good performance for mortality. The 
ISARIC-4C and COVID-GRAM could be considered to evaluate the risk of death.

Keywords: COVID-19; SARS-CoV-2; mortality; prognosis; clinical prediction rule; critical care. 

Introduction

In December 2019, the Wuhan Municipal Health 
Commission (China) reported a cluster of pneumonia 
cases, later identified as being caused by a novel 
coronavirus initially named 2019 n-CoV and then 
SARS-CoV-21; progressively, it reached high levels of 
intercontinental propagation until March 11 of 2020, 
when the World Health Organization categorized it 
as a pandemic2. In 2020, Colombia experienced 12 
784 confirmed COVID-19 deaths, with a significant 
excess mortality of 66 % above historical averages 
and 72 % of these deaths occurring in hospitals3. As a 
reflection of the most critical phases of the pandemic, 
by October 2020, 57,7 % of the intensive care unit 
(ICU) beds in the country were occupied. By early 
2021, Colombia had doubled its capacity, increasing 
from 5539 ICU beds in 2019 to 11 9054. In Bogotá, the 
situation was even more critical: by January 2021, ICU 
bed occupancy for COVID-19 patients was around  
93 %5. The scientific community has focused its efforts 
on the knowledge of the natural evolution of the 
disease and the recognition of risk factors that can 
predict adverse clinical outcomes such as admission 
to the ICU and/or death.

The clinical manifestations and severity of the resulting 
disease, known as COVID-19 (Coronavirus disease), 
exhibit wide heterogeneity6, leading to challenges in 
forecasting its outcomes. These manifestations can 
range from mild symptoms to severe pneumonia, 
which can rapidly progress to acute respiratory 
failure, septic shock, and multiple organ dysfunctions 
that could result in death. This variability accentuates 
the complexity and unpredictability of the disease’s 
impact on individuals. It has been postulated that 
robust models capable of predicting the prognosis of 
COVID-19 are urgently needed to support decisions 
about protection, hospital admission, treatment, 
and population-level interventions7. A systematic 
review conducted shortly after the pandemic was 
declared identified 31 predictive models for diagnosis 
and prognosis8, an update in February 2021 already 
counted 232 models among which the Jehi group’s 
model for diagnosis and the 4C Mortality Score for 
prognosis are considered promising9.

Ji et al. developed the CALL score, a clinical prediction 
rule for the risk of progression in 208 patients from 
two hospitals in Beijing (China)10. The resulting 
nomogram included age, comorbidities, lymphocytes, 
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and lactate dehydrogenase, and has become one of 
the most widely utilized and validated to date. Liang 
et al. developed and validated the COVID-GRAM 
on 1590 patients from 575 hospitals in 31 provinces 
in China11, the model incorporates variables such 
as: X-ray abnormalities, age, hemoptysis, dyspnea, 
unconsciousness, number of comorbidities, cancer 
history, neutrophil to lymphocyte ratio, lactate 
dehydrogenase, and direct bilirubin, each weighted 
differently in the formula. Subsequently, two 
separate models were developed by the ISARIC-4C 
investigators group: the ISARIC-4C Deterioration 
model12 and the ISARIC-4C Mortality Score13 on 
73 948 and 35 463 patients respectively from 260 
hospitals in England, Scotland, and Wales. It predicts 
COVID-19 severity based on age, sex, comorbidities, 
respiratory rate, oxygen saturation, Glasgow Coma 
Scale, urea/BUN, and C-reactive protein levels. The 
supplementary material presents the nomograms 
and formulas of the different prediction rules.

SARS-CoV-2 virus infection has a natural evolution 
different from other previously known types of 
pneumonia, with a high capacity for contagion and 
high morbidity and mortality; it is for this reason 
that clinical prediction rules capable of predicting 
unfavorable outcomes are needed. Currently, there 
is limited information regarding the performance of 
these predictive tools in our context, which makes 
the validation of the CALL score, COVID-GRAM, and 
ISARIC-4C models a priority task, especially given 
the risk of resurgence of the disease. The aim of 
this study is to validate the clinical prediction rules 
specifically designed for COVID-19 prognosis: CALL 
score, COVID-GRAM, and ISARIC-4C for the prediction 
of clinical worsening given by admission to intensive 
care or death in hospitalized patients in a cohort of 3 
hospitals in Bogotá, Colombia, during 2020.

Materials and methods

Type of study: a prospective observational analytical 
multicenter study was carried out. 

Population: inclusion criteria were: 1) adult individuals 
hospitalized for COVID-19 confirmed by a Real-Time 
Polymerase Chain Reaction (RT-PCR) in nasal swab 
during the period between april 15 and november 30, 
2020, in three fourth-level care hospitals in Bogotá, 
Colombia: El Tunal Hospital, San José Hospital, and 
University Children’s Hospital San Jose. 2) Patients 
with direct admission to intensive care, those referred 

after 72 hours of stay in another institution, pregnant 
women, and those with any condition that seriously 
affected their short-term survival, such as advanced 
neoplasms, poorly controlled hepatopathies, renal 
disease, or patients who had declined advanced 
resuscitation measures, were excluded from the 
study.

Screening: after identifying COVID-19 compatible 
cases from the institutional censuses, the process 
involved weekly reviews of the hospitalization 
rosters from the internal medicine services within 
the designated COVID-19 areas. Potential study 
participants were identified during these reviews. 
Subsequently, the inclusion criteria for each identified 
case were meticulously verified to ensure eligibility.

Information collection: the information for each 
patient was recorded in the study format only 
after confirming discharge, transfer to the ICU, 
or death. Was completed a virtual data collection 
form, capturing variables recommended by the 
International Severe Acute Respiratory and Emerging 
Infections Consortium (ISARIC) of the World Health 
Organization, based on clinical observations and 
laboratory data from the patient’s admission13. 
Additionally, patients were followed up after their 
discharge to determine the outcome regarding 
transition to intensive care or death, ensuring a 
comprehensive understanding of the patient journey 
and the disease’s progression.

Variables: the study analyzed a comprehensive set 
of demographics, clinical, and laboratory variables 
to understand their impact on COVID-19 outcomes. 
The key demographic and clinical variables included 
the number and percentage of female patients, the 
average age in years with Standard Deviation (SD), 
and the number and percentage of patients with 
obesity. Additionally, the presence of comorbidities 
was documented, including hypertension, diabetes, 
chronic heart disease (excluding hypertension), 
chronic kidney disease, smoking, chronic lung 
disease, chronic neurological disease, and cirrhosis. 
The duration of illness before hospital admission was 
also recorded, with the mean number of days and SD.

Laboratory variables were meticulously documented 
to provide a detailed clinical picture. These included 
the mean white blood cell count in ×10³ cells per 
μL with SD, lymphocyte count in ×10³ cells per 
μL with SD, and the number and percentage of 
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patients with lymphocytes smaller than 1,2 ×10³ 
cells per μL. The mean platelet counts in ×10³ 
cells per μL with SD, lactate levels in mmol/L with 
SD, and creatinine levels in mg/dL with SD were 
also recorded. Furthermore, liver enzyme levels, 
such as aspartate aminotransferase and alanine 
aminotransferase, were measured, along with the 
number and percentage of patients with prolonged 
clotting time. Inflammatory markers such as high-
sensitivity C-reactive protein, ferritin, D-dimer, and 
lactate dehydrogenase were noted, along with the 
number and percentage of patients with positive 
high-sensitivity cardiac troponin I results. Clinical 
prediction scores, including the CALL score, COVID-
GRAM, and ISARIC-4C, were also included to assess 
their association with ICU admission and mortality.

Measures to control potential biases: to mitigate 
potential biases, several measures were implemented 
throughout the study. First, strict inclusion and 
exclusion criteria were applied to ensure the 
homogeneity of the patient population, focusing on 
adults hospitalized with confirmed COVID-19 via RT-
PCR tests. Weekly reviews of hospitalization rosters 
and meticulous verification of inclusion criteria helped 
identify eligible participants accurately. Additionally, 
was used a virtual data collection form to capture 
variables recommended by ISARIC of the World 
Health Organization, based on clinical observations 
and laboratory data from the patient’s admission. 
Follow-ups were conducted after patient discharge 
to determine outcomes regarding transition to 
intensive care or death, ensuring comprehensive 
data collection and minimizing information bias. 
Despite these efforts, some potential biases could 
not be completely avoided, such as the inherent 
severity of cases in fourth-level hospitals and the 
impact of other conditions on patient outcomes.

Statistical analysis: the description was made taking 
the qualitative variables reported with absolute 
frequencies, percentages and the quantitative 
variables with measures of central tendency and 
dispersion according to the distribution of the 
variables. The score for each patient was calculated 
for each of the study scales (CALL score, COVID-
GRAM, ISARIC-4C in its versions for deterioration 
and mortality). Based on this score, the respective 
receiver operating characteristic (ROC) curves 
were constructed for each prediction rule, taking 
into account the two outcomes evaluated: transfer 
to the ICU and in-hospital death. The area under 

the ROC curve (AUC) with its respective 95 % 
confidence interval (CI) was calculated. The AUC 
ranges classify as follows: AUC = 0,5 indicates no 
better discrimination than chance, 0,7 ≤ AUC < 0,8 
indicates acceptable discrimination, 0,8 ≤ AUC < 
0,9 indicates good discrimination, and AUC ≥0,9 
indicates excellent discrimination. The optimal cut-
off value was calculated using the Youden technique, 
assuming normal distribution of the variables, from 
which contingency tables were constructed and 
the operative characteristics (sensitivity, specificity, 
accuracy, positive and negative predictive values, 
and positive and negative likelihood ratios) were 
calculated for the outcomes described. 

Calibration of each of the prediction rules was 
performed by plotting the scores obtained (x-axis) 
against the proportion of observed events (y-axis); 
regarding the prediction of ICU admission or death 
using LOESS (locally estimated scatterplot smoothing) 
curves, then was calculated the Brier Score. In order 
to incorporate clinical decision reasoning into the 
model evaluation, was used the decision curve 
analysis framework, where predictive models are 
compared with common strategies to treat all or 
none of the patients; the net benefit  for each strategy 
was calculated by subtracting the proportion of false 
positives  from true positives  weighted by the relative 
harm of a false positive and false negative result. 
Analyses were performed in the statistical program 
R version 4.0.2 (R Foundation, Vienna, Austria) using 
the packages “pROC”, “ROCit”, and “rmda”. 

Sampling: a consecutive sampling (non-probabilistic) 
method was used, including patients in the order of 
their admission who met the inclusion criteria during 
the study period. Although no formal sample size 
calculation was performed prior to the start of the 
study, a post hoc estimation based on an expected 
AUC of 0,75, an event rate of 26 %, a significance level 
of 5 %, and a statistical power of 80 % suggests that 
approximately 514 patients were required. 

Measures to control potential biases: given the 
importance of maintaining the integrity and accuracy 
of the analysis, it was deemed inappropriate to 
perform data imputation for the missing values.

Ethical considerations: the study was approved by 
the ethics and research committees of each of the 
institutions (act number 138 of the Health Services 
Unit from El Tunal Hospital, 0498-2020 of the San 
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José Hospital and SDM-026-20 of the University 
Children’s Hospital San José) and informed consent 
was not required. Funding was obtained from the 
Health Sciences University Foundation from the call 
for research promotion number DI-I-0631-20.

Results

Between april 15 and november 30 a total of 1150 
patients were screened, of whom 793 met the 
inclusion criteria and were enrolled in the study. 
However, only 358 patients had complete data 
available to calculate all three clinical prediction 
scores evaluated. 98 patients came from El Tunal 
Hospital, 142 from San José Hospital, and 118 from 
University Children’s Hospital San José. Clinical 
worsening indicating transfer to the ICU primarily 
due to complications related to COVID-19 occurred 
in 186 (60 %) patients and 128 (35,7 %) patients died.

Table 1 describes the general characteristics of the 
population, 136 (38,0 %) were women, the average 
age was 58,9 years (SD 15,7) and the duration of 
symptoms before admission was 8 days (SD 6,3). 
The most frequent comorbidities were: arterial 
hypertension in 138 (38,5 %), obesity in 71 of the 213 
patients (33,3 %), and smoking in 83 patients (23,2 %); 
other comorbidities less frequently identified were 
diabetes in 67 (18,7 %), chronic lung disease in 49 (13,7 
%), chronic heart disease in 37 (10,3 %), chronic kidney 
disease in 18 (5 %), chronic neurological disease 
in 26 (7,3 %), and cirrhosis in 1 (0,3 %). The mean 
lymphocyte count was 1060 cells/µL (SD 800), with 
246 (68,7 %) cases below 1200; creatinine was 1.1 mg/
dL (SD 1,4), C Reactive Protein 68,7 mg/dL (SD 92,4), 
ferritin 1091 ng/mL (SD 1124), D-dimer 1252 m g/ml 
(SD 2515), lactate dehydrogenase 520 U/L (SD 316); 
troponin I was positive in 69 of 327 patients in whom 
it was measured (21,1 %).

Table 1. General characteristics of the population.

Characteristics
Total Study 
Population  

(n = 358)

Survivors 
(n = 230)

No Survivors 
(n = 128)

Female sex, n (%) 136 (38,0) 93 (40,4) 43 (33,6)

Age (years), 
average (SD) 58,9 (15,7) 57,4 (16,1) 61,5 (14,5)

Obesity, n/no. 
patients with data 

(%)
71/213 (33,3) 40/126 

(31,7) 31/87 (35,6)

Comorbidities, 
n (%)

Hypertension 138 (38,5) 90 (39,1) 48 (37,5)

Diabetes 67 (18,7) 42 (18,2) 25 (19,5)

Chronic Heart 
Disease (except 
Hypertension)

37 (10,3) 23 (10) 14 (10,9)

Chronic Kidney 
Disease 18 (5) 7 (3) 11 (8,6)

Smoking 83 (23,2) 51 (22,1) 32 (25)

Chronic Lung 
Disease 49 (13,7) 32 (13,9) 17 (13,2)

Chronic 
Neurological 

Disease
26 (7,3) 15 (6,5) 11 (8,6)

Cirrhosis 1 (0,3) 0 (0) 1 (0,8)

Duration of illness 
before admission 
to hospital (days), 

mean (SD)

8 (6,3) 7,6 (4,1) 8,8 (8,9)

Laboratories

White blood cell 
count (×10³ cell per 

μL), mean (SD)
9,5 (5,8) 8,8 (6,2) 10,7 (5,1)

Lymphocyte count 
(×10³ cells per μL), 

mean (SD)
1,1 (0,8) 1,2 (0,9) 0,9 (0,5)

Lymphocytes 
smaller than 1,2 
×10³ cells per μL, 

n (%)

246 (68,7) 147 (63,9) 99 (77,3)

Platelet count (×10³ 
cells per μL), 

mean (SD)
230 (87) 231 (91) 227 (78)

Lactate (mmol/L), 
mean (SD) 1,6 (0,8) 1,48 (0,7) 1,7 (0,8)

Creatinine (mg/dL), 
mean (SD) 1,1 (1,4) 0,95 (1,0) 1,4 (1,9)

Aspartate 
aminotransferase 

(U/L), average (SD)
66 (147,7) 53,3 (33,9) 87,7 (238,6)

Alanine 
aminotransferase 
(U/L), mean (SD)

58,7 (76,7) 51,2 (38,8) 72,1 (116,8)

Prolonged clotting 
time more than 

5 seconds, nr/no. 
patients with test 

(%)

69/233 
(29,6)

39/134 
(29,1) 30/127 (24,1)

High-sensitivity 
C-reactive protein 
(mg/L), mean (SD)

68,7 (92,4) 68,2 (89,5) 69,4 (97,5)
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Ferritin (ng/mL), 
mean (SD) 1091 (1123) 931 (891) 1388 (1417)

D-dimer (μg/mL), 
mean (SD) 1252 (2515) 983 (1454) 1732 (3683)

Lactate 
dehydrogenase 

(U/L), mean (SD)
520 (316) 460 (238) 627 (401)

Positive high-
sensitivity cardiac 
troponin I, n/no. 

patients with test 
(%)

69/327 
(21,1)

37/207 
(17,8) 32/120 (26,6)

*SD: Standard Deviation.
Source: the authors.

Figure 1 and Table 2 present the ROC curves of the 
different clinical prediction rules for the outcomes 
evaluated. For the prediction of admission to the 
ICU, the performance was moderate to poor, 
obtaining an AUC of 0,68 (95 % CI: 0,62–0,73) for the 
COVID-GRAM, 0,62 (95 % CI: 0,55-0,67) for the ISARIC-
4C and 0,55 (95 % CI: 0,48-0,60) for the CALL score. 
Regarding the prediction of death, an improvement 
is shown, obtaining an AUC of 0,76 (95 % CI: 0,71-0,82) 
for the COVID-GRAM, 0,76 (95 % CI: 0,70-0,82) for the 
ISARIC-4C and 0,66 (95 % CI: 0,59-0,73) for the CALL 
score.

Figure 1. ROC curves with the diagnostic performance of the different clinical prediction rules. a) Intensive care admission. b) Death.
*AUC: Area Under the ROC Curve. *FPR: False Positive Rate
Source: authors.

Table 2. Results of the areas under the ROC curve and Brier Score for the different clinical prediction rules in patients hospitalized by 
COVID-19.

DEATH ADMISSION TO THE ICU

Prediction Rule AUC CI 95 % Brier Score AUC CI 95 % Brier Score

COVID-GRAM 0,7637 0,7078-0,8195 0,175 0,6757 0,6175-0,7339 0,302

CALL Score 0,6596 0,5888-0,7304 0,483 0,5462 0,4843-0,6081 0,497

ISARIC-4C 0,7572 0,6977-0,8166 0,179 0,6152 0,5531-0,6772 0,352

*AUC: Area Under the ROC Curve. *CI: Confidence Interval.
Source: authors.

Figure 
1. 
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Table 3 shows the results of the operational 
characteristics of each of the clinical prediction 
rules evaluated according to the optimal cut-off 
values obtained by the Youden technique. In all 
cases, very poor results are shown for the prediction 

of ICU admission, while for death the COVID-
GRAM and ISARIC-4C obtain high specificities and 
negative predictive values (96,9 % and around 84 % 
respectively) at the expense of very low sensitivities 
(14,3 % and 12,7 %).

Table 3. Operational characteristics of the clinical prediction rules for each pre-specified cut-off point.

Prediction rule CALL Score COVID-GRAM ISARIC-4C

cut-off value 9 and 8 cut-off value 228 and 211 cut-off value 615 and 15

Admission to 
ICU Death Admission to 

ICU Death Admission to 
ICU Death

True positives 56 47 9 9 45 8

True negatives 136 138 238 286 187 286

False positives 106 157 4 9 55 9

False negatives 60 16 107 54 71 55

Accuracy (%) 53,6 51,7 69,0 82,4 64,8 82,1

Sensitivity (%) 48,3 74,6 7,8 14,3 38,8 12,7

Specificity (%) 56,2 46,8 98,3 96,9 77,3 96,9

Positive predictive value (%) 34,6 23,0 69,2 50,0 45,0 47,1

Negative predictive value (%) 69,4 89,6 69,0 84,1 72,5 83,9

LR+ 1,102 1,402 4,694 4,683 1,707 4,162

LR- 0,920 0,543 0,938 0,884 0,792 0,900

*ICU: Intensive Care Unit. *LR: Likelihood Ratio
Source: authors.

The calibration analysis of the different prediction 
rules shows how the CALL score obtained a poor 
result for mortality demonstrated by a high Brier 
Score (0,48) and the lack of linearity in the LOESS 
curve while it is adequate for the COVID-GRAM and 
ISARIC-4C rules (Figure 2 and Table 2). The three rules 
evaluated showed poor calibration for the prediction 
of ICU admission, with high Brier Score scores  

(Table 2). These results are in accordance with Table 
4, which shows the percentages of the outcomes 
found in each of the rules evaluated compared to the 
expected result, categorized according to the risk 
groups set out in the original documents; the result 
would only indicate a good calibration for ISARIC-4C 
in the assessment of mortality.



68

Sprockel-Díaz JJ, Tabares-Rodríguez S, Carrillo-Ayerbe MP, Acuña-Cortes IS, Montoya-Rumpf RP, 
Angarita-González E, Coral-Zúñiga VE, Cárdenas-Rodríguez H, Araque-Parra EC, Parra JE. Med. UIS. 2025;38(3):61-71

Figure 2. Calibration using LOESS curves of the various clinical prediction rules for predicting admission to intensive care or death.
*ICU: Intensive Care Unit.
Source: authors.

Table 4. Correlation between the outcomes obtained with the clinical prediction scales CALL score, COVID-GRAM, and ISARIC-4C, for 
intensive care admission and mortality in our population, compared to the original studies.

Clinical 
prediction 

scale
CALL score COVID-GRAM ISARIC-4C

Outcome ICU admission ICU admission Death

Risk 
Class Observed Expected Risk Group Observed Expected Risk Group Observed Expected

A 12/53 
(22,6 %) <10 % Low 0/0 

(0 %) 0,7 % Low 
(0-3)

0/10 
(0 %) 1,7 %

B 48/143 
(33,6 %) 10-40 % Mild 41/184 

(22,3 %) 7,3 % Mild 
(4-8)

7/134 
(5,2 %) 9,1 %

C 56/162 
(34,6 %) >50 % High 75/174 

(43,1 %) 59,3 % High 
(9-14)

40/173 (23,1 
%) 34,9 %

Very High 
(>14)

16/41 (39,0 
%) 66,2 %

The ISARIC-4C for clinical deterioration did not establish risk groups. *ICU: Intensive Care.
Source: authors.

Figure 2. 



69

September-december 
Evaluation of CALL, COVID-GRAM, and ISARIC scores for intensive care unit admission and mortality risk 

in hospitalized COVID-19 patients: multicenter observational study, Bogotá, Colombia, 2020

Figure 3 demonstrates in the decision curve analysis 
how for the outcome of death, the threshold range of 
1 % to 50 %, ISARIC-4C would avoid a greater number 
of unnecessary interventions; being highly likely that 
in all other situations other clinical prediction rules 
would offer no net benefit compared to the ‘treat all’ 
and ‘treat none’ risk strategies.

Figure 3. Decision curves for each of the clinical prediction rules 
evaluated.  a) Intensive care admission. b) Death.
Source: authors.

Discussion

In our study, the evaluated outcomes, including 
clinical worsening leading to ICU transfer due to 
COVID-19 complications in 186 (52,0 %) patients 
and death in 128 (35,8 %) patients, align with those 
reported in other databases14. These findings 
underscore the critical importance of predicting 
which patients are at risk of progression to severe 
disease states. However, our results do not provide 
definitive guidance supporting the routine use of 
any of the evaluated prediction rules in our clinical 
settings. Furthermore, we encountered a significant 
gap in the literature, as we were unable to locate 
studies from our region that validate these prediction 
models in our local context. 

The CALL score was probably one of the first rules 
developed specifically for the identification of clinical 
worsening in patients with COVID-19, reporting an 
AUC of 0,91 in the cohort in which it was developed10. 
It has been validated in several cohorts in which, 
despite an early report with an AUC of 0,85 among 
252 patients15. Other studies show rather poor 
results, such as one that included 210 Italian patients 
with an AUC of 0,6216, another with 411 English 
patients with 0,5617, and what is perhaps the largest 
validation cohort with 1363 patients from São Paulo 
and Barcelona with an AUC of 0,5218; while a Dutch 
cohort of 403 patients with an AUC of 0,7019. This 

poor performance is in line with that reported in this 
study with an AUC of 0,55.

Although it was not developed to predict mortality, 
three previously mentioned studies evaluated the 
CALL score in this sense, finding AUC of 0,77 in Italy16, 
0,77 among 1363 patients from Spain and Brasil18  

and 0,76 among 403 patients in The Netherlands19. 
This is in line with the moderate performance 
obtained in this study with AUC of 0,66.

The COVID-GRAM prediction rule obtained in 
the derivation cohort an AUC of 0,88 for clinical 
worsening11, the various validations performed have 
documented a wide variability with AUC of 0,5218 in 
patients from São Paulo and Barcelona, 0,88 among 
523 Spanish patients20, 0,72 in another Spanish cohort 
of 306 patients21, 0,68 among 481 Turkish patients22, 
and 0,70 among 14 343 French patients23. The result 
of the present cohort barely reached an AUC of 0,62.

As with the CALL score, the performance of the 
COVID-GRAM for in-hospital death was evaluated 
in three different studies documenting an AUC of 
0,78 among 210 elderlies in Italy24, 0,77 among 1363 
Brazilian and Spanish18, and 0,70 among 481 Turkish 
patients22 results quite close to the 0,76 achieved in 
the present cohort.

The ISARIC-4C scale for death in its derivation and 
initial validation study showed AUC of 0,75 and 0,77 
respectively13, it has validation studies with large 
cohorts of patients, achieving quite consistent results 
of AUC to the one reached in this study of 0,76 with 
reports of 0,79 among 6802 American patients25, 
0,78 among 14 343 French patients23 and 0,78 among 
76 588 patients in the United Kingdom26.

Ultimately, the ISARIC-4C rule for clinical deterioration 
obtained an AUC of 0,77 in the development cohort 
with the largest number of patients at 73 94813. It 
has undergone several validations in which an AUC 
of 0,80 was found among 481 Turkish patients21, 
0,76 among 76 588 UK patients26, 0,77 in the Dutch 
cohort of 403 patients18 and 0,76 in 410 Singaporean 
patients27. These good results contrast with the 
moderate 0,62 obtained in this analysis.

Thus, the results could be grouped as moderate to 
poor for the prediction of clinical worsening by the 
three rules evaluated, with poor calibration and poor 
net benefit; this situation improves substantially for 

FIGURA 3
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the prediction of death, except in the case of the CALL 
score. Among the limitations recognized in this study, 
the first is that the populations included are from 
fourth-level hospitals, which may induce a selection 
bias in patients with greater baseline severity and 
cannot be applied to second or first-level entities, nor 
to patients with COVID-19 in an outpatient setting. 
An additional limitation is that the estimated sample 
size was not reached, as more than half of the eligible 
cases lacked sufficient data to calculate all three risk 
scores, this may have reduced the statistical power of 
the comparisons and limited the generalizability of the 
findings. As a limitation or potential bias, the outcome 
of the patients (death or ICU admission) could be 
due to a reason other than COVID-19, even though 
exclusion criteria were applied for conditions that 
affect short-term survival. In this study, it is recognized 
as a strength the multicenter character, the large 
number of outcomes to make comparisons, and the 
calibration and net benefit analysis of the different 
scales. More external validation studies are needed to 
ensure the generalization of its use.

Conclusions

The clinical prediction rules evaluated showed poor to 
moderate performance for ICU admission and good 
performance for death in a Colombian population 
hospitalized by COVID-19. Specifically, the CALL 
score exhibited the weakest performance, while the 
ISARIC-4C and COVID-GRAM showed potential utility 
in assessing the risk of death. Despite these findings, 
the results do not unequivocally support the routine 
application of any evaluated prediction rules in our 
clinical settings, echoing the broader discussion 
which highlights the vital need for accurate risk 
stratification in managing COVID-19 progression.
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