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Abstract
Objective: Investigate the predictive value of NEWS2, NEWS-C, and COVID-19 Severity Index
for predicting intensive care unit (ICU) transfer in the next 24 h.
Design: Retrospective multicenter study.
Setting: Two third-level hospitals in Argentina.
Patients: All adult patients with confirmed COVID-19, admitted on general wards, excluding
patients with non-intubated orders.
Interventions: Patients were divided between those who were admitted to ICU and non-
admitted. We calculated the three scores for each day of hospitalization.
Variables: We evaluate the calibration and discrimination of the three scores for the outcome
ICU admission within 24, 48 h, and at hospital admission.
Results: We evaluate 13,768 days of hospitalizations on general medical wards of 1318 patients.
Among these, 126 (9.5%) were transferred to ICU. The AUROC of NEWS2 was 0.73 (95%CI
0.68---0.78) 24 h before ICU admission, and 0.52 (95%CI 0.47---0.57) at hospital admission. The
AUROC of NEWS-C was 0.73 (95%CI 0.68---0.78) and 0.52 (95%CI 0.47---0.57) respectively, and
the AUROC of COVID-19 Severity Index was 0.80 (95%CI 0.77---0.84) and 0.61 (95%CI 0.58---0.66)
respectively. COVID-19 Severity Index presented better calibration than NEWS2 and NEWS-C.
Conclusion: COVID-19 Severity index has better calibration and discrimination than NEWS2 and
NEWS-C to predict ICU transfer during hospitalization.
© 2021 Elsevier España, S.L.U. and SEMICYUC. All rights reserved.
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Validación multicéntrica de Sistemas de Alerta Temprana para la detección precoz de
deterioro clínico en pacientes hospitalizados por COVID-19

Resumen
Objetivo: Investigar el valor predictivo de los scores NEWS2, NEWS-C y COVID-19 Severity Index
para predecir la transferencia de urgencia a la unidad de cuidados intensivos (UCI) en las
próximas 24 horas.
Diseño: Estudio multicéntrico retrospectivo.
Ámbito: Dos hospitales de tercer nivel en Argentina.
Pacientes: Pacientes adultos con COVID-19, ingresados en salas generales, excluyendo
pacientes con órdenes de no intubar.
Intervenciones: Se dividió a los pacientes entre los que ingresaron en la UCI y los que no
ingresaron. Calculamos las tres puntuaciones para cada día de hospitalización.
Variables: Evaluamos la calibración y discriminación de las tres puntuaciones para predecir el
traslado de urgencia a UCI en las 24, 48 h previas al pase a UCI y al ingreso hospitalario.
Resultados: Evaluamos 13.768 días de hospitalización en internación general de 1.318
pacientes, de los cuales 126 (9,5%) fueron trasladados a UCI. El AUROC del NEWS2 fue de
0,73 (IC 95% 0,68-0,78) 24 h antes del ingreso en UCI y de 0,52 (IC 95% 0,47-0,57) al ingreso
hospitalario. El AUROC de NEWS-C fue de 0,73 (IC 95% 0,68-0,78) y 0,52 (IC 95% 0,47-0,57)
respectivamente, y el AUROC del COVID-19 Severity Index fue de 0,80 (IC 95% 0,77-0,84) y 0,61
(IC 95% 0,58-0,66) respectivamente. El COVID-19 Severity Index presentó una mejor calibración
que NEWS2 y NEWS-C.
Conclusión: El COVID-19 Severity Index presentó una mejor calibración y discriminación que
NEWS2 y NEWS-C para predecir la transferencia de la UCI durante la hospitalización.
© 2021 Elsevier España, S.L.U. y SEMICYUC. Todos los derechos reservados.

Introduction

Early Warning Scores (EWS) detect high-risk patients during
hospitalization and are vital for decision making, planning,
and proper use of available resources.1 The National Early
Warning Score 2 (NEWS2), the most commonly used EWS, was
initially recommended by the Royal College of Physicians
(RCP).2 However, during the early phase of the COVID-19
pandemic, Liao et al.3 proposed the Modified NEWS (NEWS-
C) adding age as a variable to reflect the emerging evidence
that this variable was an independent risk factor for sur-
vival in COVID-19 patients.3 In a cohort of 116 patients, the
NEWS-C at hospital admission proved to be the most accu-
rate scoring system to identify infected patients at risk of
early deterioration of the respiratory function and need for
intensive respiratory support.4

The increasing number of COVID-19 patients, its com-
plexity, and the multiple variables involved in its course
exposed the need for a more specific tool that could be used
exclusively in this single disease to better discern among
patients at risk of presenting severe infection. Therefore,
Huespe et al. developed an EWS called COVID-19 Sever-
ity Index to predict progression toward critical illness. This
score evaluates multiple characteristics of patients as age,
comorbidities, chest X-ray vital signs, and laboratory. The
design of this score included a narrative review and a Delphi
process.5

Even though the COVID-19 Severity Index has good
discrimination, it has a short-scale validation and was per-
formed during the first wave of the pandemic. Therefore,
we propose a large multicenter cohort validation of this

EWS and a comparison with the NEWS22 and NEWS-C3

scores.

Methods

We carried out a retrospective multi-center study at the Hos-
pital Italiano de Buenos Aires (HIBA) and the Hospital Italiano
Agustin Rocca of San Justo, from March 2020 to October
2020. Data was collected using the Electronic Health Record
(EHR) in both centers. The HIBA is a high-complexity third-
level university hospital located at the Ciudad Autónoma de
Buenos Aires, Argentina, with 750 beds and 38 critical care
beds for adult patients. The Hospital Italiano de San Justo
is a high-complexity hospital with 125 beds and 14 critical
care beds for adult patients.

We included all adult patients who were hospitalized on
general medical wards with Sars-Cov2 confirmed infection
by polymerase chain reaction (PCR) of a nasopharyngeal
swab. Exclusion criteria included patients with limitation
of care orders, such as non-ICU transfer or non-intubation
orders, and patients without information on demographic
data, comorbidities, and vital signs. We admitted patients
without laboratory samples and Chest X-ray assuming that
the lack of data was related to the lack of clinical sus-
picion. Therefore, we considered those missing values as
‘‘normal’’.

Data on demographics, comorbidities, and clinical condi-
tion was obtained for each patient. The NEWS2 score
includes the following parameters: respiratory rate, hyper-
capnic respiratory failure, supplemental oxygen, body
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Figure 1 Patient selection flow chart.

temperature, systolic blood pressure, heart rate, and level
of consciousness; the combination of the score obtained for
each variable provides a final score that ranges between
0 and 20.2 NEWS-C score includes the same parameters,
adding age as an extra dichotomous variable. The combina-
tion of these values provides a final score between 0 and
23.3 Finally, the COVID-19 Severity Index adds to NEWS2
the following variables: male gender, bilateral infiltrates
in chest X-ray, presence of dyspnea, comorbidities (heart
failure, chronic obstructive pulmonary disease, and dia-
betes with end-organ damage) and laboratory test results
(dimer-d, leucocytes, and platelets). The combination of
these variables provides a score between 0 and 33.5 Details
related to the EWS’s scoring system are presented in
Table S1 of the Supplementary material. For the COVID-19
Severity Index, we used the last chest x-ray and laboratory
results from the last two days. The chest X-ray was evaluated
by the medical team.

The main outcome was ICU admission for each patient’s
hospitalization, classifying each of them as ‘‘ICU admitted’’
or ‘‘non-ICU admitted’’ according to the EHR. The three
scores were measured between 8 a.m. and 10 a.m. each
day during hospitalization on general medical wards.

Data was summarized as mean with standard deviation
(SD) or median with interquartile range (IQR). Differences
between groups were determined using Mann---Whitney test
or t-test as appropriate, and differences between categor-
ical variables were evaluated with the chi-squared test or
Fisher test as appropriate.

Discrimination of NEWS2 score, NEWS-C, and COVID-19
Severity Index was evaluated by receiver-operating charac-
teristic (ROC) curve analysis, describing areas under curves
(AUROC) with a 95% confidence interval (CI) and compar-
ing them with Hanley---McNeil test, applying Bonferroni’s
correction6 for multiple comparisons. We compared data

24 h prior to ICU admission (for the group of patients who
required ICU transfer), with all the scores measured in the
group of non-ICU patients.

To value the calibration of the scores, we presented the
comparison of predicted and observed probabilities. We cal-
culated the predicted probability of ICU transfer for the
three scores, then we divided the cohort into octiles and
calculated the average probability of ICU transfer for each
octile. Finally, we calculated the average probability of ICU
transfer predicted by the scores and the observed probabil-
ity (proportion of patients transferred to ICU) within each
octile stratum. We evaluated the sensitivity, specificity, pos-
itive and negative likelihood ratios for all the values of
each score. The optimal threshold was chosen based on
the Youden index.7 Statistical analysis was performed using
STATA v.16 software. This was a retrospective observational
study, thus informed consent was waived. The institutional
ethics committee approved this study under protocol num-
ber 5562 in March 2020.

Results

During the study period, 1570 patients were hospitalized on
general medical wards with SARS-CoV-2 confirmed infection
in the Hospital Italiano de Buenos Aires and Hospital Ital-
iano de San Justo. 240 patients were excluded due to not
resuscitate order and 12 due to missing data. Therefore,
we finally included 1318 patients (Fig. 1). Among these, 126
(9.5%) were transferred to ICU and 43 (34%) patients died in
the ICU. These patients had a total of 13,768 days of hospi-
talizations. Patients admitted to the ICU were significantly
older, most of them male and had higher body max index.
Regarding comorbidities, no significant difference was found
in either group. The NEWS2 score was similar both in ICU

3



ARTICLE IN PRESS+Model
MEDINE-1718; No. of Pages 7

I.A. Huespe, I.C. Bisso, E.S. Roman et al.

Table 1 Baseline characteristics of patients at hospital admission.

All patients ICU Non-ICU p values
(n = 1318) (n = 126) (n = 1192)

Patients characteristics
Age --- median [IQR] 59 [34] 68 [17] 57 [35] <0.001
Female sex --- n (%) 646 (49.0) 46 (36.5) 600 (50.3) 0.004
Body mass index --- median [IQR] 27.5 [6.9] 27.9 [5.7] 27.4 [6.9] <0.001

Comorbidities
Obesity --- n (%) 333 (25.3) 46 (36.5) 287 (24.1) <0.003
Diabetes --- n (%) 155 (11.8) 19 (15.1) 136 (11.4) 0.284
COPD --- n (%) 63 (4.8) 10 (7.9) 53 (4.4) 0.127
Congestive heart failure --- n (%) 62 (4.7) 5 (4.0) 57 (4.8) 0.661

Vital signs on admission
Respiratory rate --- mean (SD) 18.6 (6.50) 18.6 (6.82) 18.5 (2.77) 0.762
Heart rate --- mean (SD) 83.6 (13.2) 83.5 (13.2) 84.8 (13.6) 0.386
SpO2 --- mean (SD) 96.6 (2.24) 95.9 (2.24) 96.7 (2.22) 0.003
Systolic blood pressure --- mean (SD) 124 (16.0) 122 (13.3) 124 (16.2) 0.21
Temperature --- mean (SD) 36.6 (1.73) 36.7 (0.87) 36.6 (1.80) 0.289
Supplementary oxygen therapy --- n (%) 230 (17.4) 63 (50) 167 (14) <0.001

Laboratory results and Chest X-ray
Lymphocytes (mm3)a --- mean (SD) 1090 (659) 1136 (671) 837 (535) 0.035
D- dimer (mg/ml)b --- mean (SD) 861 (905) 810 (807) 1259 (1424) 0.193
Platelets (mm3)c --- mean (SD) 191,789 (78,941) 191,917 (76086) 191183 (93206) 0.972
Bilateral Chest X-ray infiltrationd --- n (%) 94 (47.5) 39 (79.6) 55 (36.9) <0.001

EWS on admission --- median [IQR]
NEWS2 0 [1] 1 [2] 0 [1] 0.12
NEWS-C 1 [2] 1 [1] 1 [2] <0.001
COVID-19 Severity Index 3 [2] 4 [2] 3 [2] <0.001

Outcomes
Days until ICU transfer --- median [IQR] 3 [3] 3 [3]
Length of hospital stay --- median [IQR] 7 [8] 6.50 [6.2] 24.5 [24] <0.001
In-hospital mortality --- n (%) 43 (3.3) 43 (34.1) 0 (0)

a 130 patients had lymphocytes count at hospital admission.
b 165 patients had D-dimer dosage at hospital admission.
c 132 patients had platelets count at hospital admission.
d 198 patients had chest X-ray at hospital admission. IQR: interquartile range. SD: standard deviation.

and non-ICU admitted patients, but NEWS-C and COVID-19
Severity Index were significantly higher in the first group.
Patients’ characteristics are presented in Table 1.

Twenty-four hours before ICU admission we observed a
reduction in the oxygen saturation (Sp02) with a higher
proportion of patients requiring supplemental oxygen,
compared with non-ICU patients on the second day of hos-
pitalization. Characteristics of patients 24 h prior to ICU
transfer are presented in Table 2.

Twenty-four hours before ICU admission the AUROC
for NEWS2 score to predict ICU transfer was 0.73 (95%CI
0.68---0.78), the AUROC for NEWS-C was 0.74 (95%CI
0.70---0.79) and the AUROC for COVID-19 Severity Index
was 0.80 (95%CI 0.77---0.84) (Fig. 2). Values of AUROCs for
predicting ICU admission 48 h before ICU transfer and at hos-
pital admission had lower discrimination capacity (shown in
Table 3). Calibration for each of the three models is shown
in Fig. 3. The evolution of the scores before ICU transfer are
presented in the supplementary material (Fig. S1).

The Hanley---McNeil test with Bonferroni’s correction
showed that the AUROC for NEWS2 score had no signifi-
cant difference with the NEWS-C score’s AUROC (p = 0.08),
but it was significantly better for COVID-19 Severity
Index compared to NEWS2 score (p < 0.001) and NEWS-C
score (p = 0.007). Forty-eight hours before ICU trans-
fer, the COVID-19 severity index also had the best
AUROC (Table 3).

According to the Youden index, the optimal threshold for
NEWS2 and NEWS-C was 3 (sensitivity of 48% and specificity
of 83.39% for NEWS2 and sensitivity of 55% and specificity
of 75% for NEWS-C) and 5 for the COVID-19 Severity Index
(sensitivity of 69% and specificity of 67%). The sensitivity,
specificity, and likelihood ratios of each score are presented
in Table S2 of the Supplementary material. Additionally, for
each of the scores we present the probability of ICU transfer
(Fig. S2) depending on the scores and the Kernel density
population distribution in ICU and non ICU admitted patients
(Fig. S3).
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Table 2 Characteristics of patients 24 h before ICU admission. In non-ICU patient’s data was compared on the second day of
hospitalization.

All patients ICU Non-ICU p values
(n = 1318) (n = 126) (n = 1192)

Vital signs on admission
Respiratory rate --- mean (SD) 18.6 (6.39) 18.7 (2.78) 18.6 (6.82) 0.828
Heart rate --- mean (SD) 83.3 (13.2) 82.4 (13.2) 83.5 (13.2) 0.416
SpO2 --- mean (SD) 96.2 (2.55) 95.0 (2.3) 96.3 (2.54) <0.001
Systolic blood pressure --- mean (SD) 120 (12.2) 123 (13) 120 (12.1) 0.027
Temperature --- mean (SD) 36.4 (0.72) 36.7 (0.89) 36.4 (0.69) <0.001
Supplementary oxygen therapy --- n (%) 257 (19.5) 78 (61.9) 179 (15) <0.001

Laboratory results
Lymphocytes (mm3)a --- mean (SD) 1163 (844) 804 (389) 1228 (888) <0.001
D- dimer (mg/ml)b --- mean (SD) 1042 (1202) 1292 (1170) 968 (1206) 0.172
Platelets (mm3)c --- mean (SD) 193,812 (81,383) 190,627 (90,356) 194,399 (79,759) 0.765

a 60 patients had lymphocytes before ICU admission and 327 non-ICU patients.
b 33 patients had D-dimer before ICU admission and 112 non-ICU patients.
c 59 patients had platelets count before ICU admission and 320 non ICU patients. SD: standard deviation.

Figure 2 AUROC of the NEWS2, NEWS-C. and COVID-19 Severity Index for ICU transfer in the next 24 h.

Table 3 AUROCs and 95% Confidence intervals of the NEWS2, NEWS-C and COVID-19 Severity Index 24 and 48 h prior ICU transfer.

AUROC

24 h pre ICU transfer 48 h pre ICU transfer Hospital admission

NEWS2 0.73 (95%CI 0.68---0.78) 0.71 (95%CI 0.65---0.77) 0.52 (95%CI 0.47---0.57)
NEWS-C 0.74 (95%CI 0.70---0.79) 0.72 (95%CI 0.68---0.79) 0.56 (95%CI 0.52---0.61)
COVID-19 Severity Index 0.80 (95%CI 0.77---0.84) 0.79 (95%CI 0.75---0.84) 0.61 (95%CI 0.58---0.66)

AUROCs: area under the ROCs curves.

Discussion

In this study, we observed that the COVID-19 Severity index
has a better calibration and discrimination than NEWS2 and
NEWS-C to predict ICU transfer in the following 24 h. When

we evaluated these scores at hospital admission, we found
a poor discrimination capacity to identify those patients at
risk of clinical deterioration.

Previous studies that have evaluated EWS in COVID-
19 patients at hospital admission, observed moderate
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Figure 3 Observed and predicted probabilities for each decile of predicted values for the three scores.

discrimination in a short term8,9 but poor-to-moderate
discrimination capacity for predicting medium-term
outcome.8,10,11 Carr et al. observed that NEWS-C score had
moderate discrimination for short term outcome (3-day ICU
transfer/death), and poor-to-moderate discrimination for
the medium-term outcome (14-day ICU transfer/death).8

Martín-Rodriguez et al. observed that the NEWS2 at hospital
admission was the scale with the best capacity to predict
early mortality (less than 48 hrs after hospital admission).12

Su et al. found an AUROC of 0.89 (IC95% 0.82---0.96) for
NEWS-C score predicting deterioration of the respiratory
function and need of intensive respiratory support.4 Socio
et al. and Hai Hu et al. reported an AUROC of 0.87 and 0.81
respectively for NEWS2 score to predict death at hospital
admission.13,14 However, the patients in these studies had
a NEWS 2 score of 7,4 6,13 and 714 respectively, and were
transferred to ICU in the next 24 or 48 h. Therefore, NEWS2,
NEWS-C, and COVID-19 Severity Index appear to be good
models for predicting clinical deterioration only for the
next 24---48 h.

In the evaluation of the included variables in the COVID-
19 Severity Index we observed that age and gender improved
discrimination, however comorbidities did not improve the
prediction of the score. These observations are interesting
and have been reported by other authors.8,15 This may indi-
cate that the effect of pre-existing health conditions could
be manifest in other variables of the score such as labo-
ratory results or physiological markers. By analyzing vital
signs and laboratory tests results 24 h prior to ICU admis-
sion, we observed a significant reduction in Sp02 and need
of supplemental oxygen. Other vital signs did not present
relevant alterations and most of them did not show fail-
ure of other organs’ function other than the respiratory.17

Regarding laboratory results, we observed that lymphocyte

count showed a significant reduction prior to ICU admis-
sion, as observed in other studies in which lymphopenia
on admission was associated with poor outcome.16 Other
scores applied to COVID-19 patients add blood parameters
to improve discrimination.8,11

Our study provides a validation of COVID-19 Severity
Index, and a comparison between NEWS2 and NEWS-C scores
in a large multicenter cohort. This is one of the largest
cohorts of COVID-19 patients with the evaluation of EWS
at hospital admission and 24 h before ICU admission, with
a description of sensitivity, specificity and likelihood ratios
of all the possible scores for the three EWS.

This study has some limitations. First, although both hos-
pitals have different target populations and different health
care teams, both are private and belong to the same institu-
tion. Therefore, it is assumed that care characteristics could
be similar. This reduces the external validation of our study.
Second, not all patients had chest X-ray and laboratory tests.
We admitted patients without these studies assuming that
the lack of data was related to the lack of clinical suspicion.
We considered those missing values as ‘‘normal’’. Third, we
excluded patients with non-intubate orders, thus all critical
patients in this cohort were transferred to ICU, and we did
not have unexpected deaths in general medical wards hospi-
talized patients. Therefore we had 0% mortality in non-ICU
patients. The non-intubate order decision may change in dif-
ferent communities, thus reducing the external validity of
our work.

Conclusions

The NEWS2 has been universally used, but there is limited
data about its use in COVID-19 patients. The present work
is one of the largest studies of EWS in COVID-19 patients,
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making a comparison between different scores and show-
ing that NEWS2, NEWS-C and the COVID-19 Severity Index
at hospital admission have poor-to-moderate discrimination
capacity to determine ICU admission during hospitaliza-
tion. We proved that the COVID-19 Severity Index further
improves discrimination of NEWS2 and NEWS-C 24 and 48 h
before ICU admission. This novel tool could be useful for
hospital administration, and patient risk stratification, but
further validation is needed.
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