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A B S T R A C T

Objective: To evaluate the performance of the Quick COVID-19 Severity Index (qCSI) and the Brescia-
COVID Respiratory Severity Scale (BCRSS) in predicting intensive care unit (ICU) admissions and in-
hospital mortality in patients with coronavirus disease 2019 (COVID-19) pneumonia.
Methods: This was a retrospective cohort study of 313 consecutive hospitalized adult patients (18 years or
older) with confirmed COVID-19. The area under the receiver operating characteristic curve (AUC) was
used to assess the discriminatory power of the qCSI score and BCRSS prediction rule compared to the
CURB-65 score for predicting mortality and intensive care unit admission.
Results: The overall in-hospital fatality rate was 32.3%, and the ICU admission rate was 31.3%. The CURB-
65 score had the highest numerical AUC to predict in-hospital mortality (AUC 0.781) compared to the
qCSI score (AUC 0.711) and the BCRSS prediction rule (AUC 0.663). For ICU admission, the qCSI score had
the highest numerical AUC (AUC 0.761) compared to the BCRSS prediction rule (AUC 0.735) and the CURB-
65 score (AUC 0.629).
Conclusions: The CURB-65 and qCSI scoring systems showed a good performance for predicting in-
hospital mortality. The qCSI score and the BCRSS prediction rule showed a good performance for
predicting ICU admission.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Coronavirus disease 2019 (COVID-19), caused by a newly
emerged betacoronavirus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a rapidly spreading disease
currently responsible for the fifth documented pandemic since
the 1918 flu pandemic (Zhu et al., 2020; Coronaviridae Study Group
of the International Committee on Taxonomy of Viruses, 2020; Liu
et al., 2020). As of September 25, 2020, there had been 6 958 632

total cases reported in the United States, with 202 329 confirmed
deaths (Centers for Disease Control and Prevention, 2020).

Amid a rapidly growing pandemic, appropriate resource
allocation becomes essential as hospital systems are usually not
designed for epidemics (Paranthaman et al., 2008). During the
ongoing COVID-19 pandemic, we have seen advanced health
systems stretched beyond their capacities. When the volume of a
health system is exceeded, rationing decisions may not only affect
patients with COVID-19 but all patients requiring acute care
(Cavallo et al., 2020). After the initial peak, the United States will
likely experience waves of illness as seen with previous pandemics
or, at the very least, outbreaks of lingering disease for months and
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perhaps years to come. Hence healthcare systems and providers
must be prepared (Bauchner and Sharfstein, 2020; Taubenberger
and Morens, 2006).
ociety for Infectious Diseases. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2020.11.003&domain=pdf
mailto:Guillermo.RodriguezNava@amitahealth.org
https://doi.org/10.1016/j.ijid.2020.11.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijid.2020.11.003
http://www.sciencedirect.com/science/journal/12019712
www.elsevier.com/locate/ijid


o
a
g
b
a
t
(
l
p
s
e

C
S
(
n
e
s
r
a
r
c
w
t
c
r
d

d
p
B
m

M

A
h
2
o
g
i
w

S

p
s
A
r
a
c
a
P
t
m

S

b
T
p
r

G. Rodriguez-Nava, M.A. Yanez-Bello, D.P. Trelles-Garcia et al. International Journal of Infectious Diseases 102 (2021) 571–576
In patients with pneumonia, clinical judgment alone may under
r overestimate disease severity and lead to suboptimal decisions
bout whether to admit a patient to the intensive care unit (ICU) or a
eneral medicalward (Capelasteguietal.,2006).Severityscoreshave
een promoted as useful tools to help clinicians predict outcomes
nd guide decisions regarding disposition, diagnostic workup, and
herapy (Jeong et al., 2013). For instance, the CURB-65 score
confusion, blood urea nitrogen >19 mg/dl, respiratory rate �30,
ow blood pressure, and age �65 years) was developed as a clinical
rediction rule suitable for use in busy emergency departments and
ought to include clinical features of prognostic importance that are
asily measurable at the time of initial assessment (Lim et al., 2003).
Two prognostic clinical risk prediction scores specific for

OVID-19 are of particular interest: the Brescia-COVID Respiratory
everity Scale (BCRSS) and the Quick COVID-19 Severity Index
qCSI). The BCRSS was developed in Brescia, Italy, during that
ation’s COVID-19 crisis. This prediction rule uses patient
xamination features and the need for escalating respiratory
upport levels to suggest treatment recommendations. The scale
adically simplifies the clinical summary of a patient’s status. It
llows clinicians to compare patients, track the trend of a patient’s
espiratory severity level over time, and monitor patients nearing a
ritical action point (Duca et al., 2020). Meanwhile, the qCSI score
as derived from a dataset of hospitalized COVID-19 patients in
he Northwestern United States. Its primary purpose is to predict
ritical respiratory illness at 24 h, as defined by high oxygen
equirements, non-invasive ventilation, invasive ventilation, or
eath (Haimovich et al., 2020).
Validation of these prognostic clinical risk prediction scores in

ifferent patient populations is needed. Hence this study was
erformed to evaluate the performance of the qCSI score and the
CRSS prediction rule in predicting ICU admission and in-hospital
ortality in patients with COVID-19 pneumonia.

ethods

This retrospective validation cohort study was conducted at
MITA Health Saint Francis Hospital, a teaching community
ospital in Cook County, Illinois, United States, between March
020 and May 2020. Institutional review board approval was
btained from AMITA Health to review and publish information
athered from the medical records to present clinical character-
stics and outcomes of patients with COVID-19. Informed consent
as waived because of the retrospective nature of the study.

tudy population

Data were collected from all consecutive hospitalized adult
atients (18 years or older) with COVID-19 admitted during the
tudy period, including active cases at the date of data abstraction.

 confirmed case of COVID-19 was defined by a positive result on a
everse-transcriptase polymerase chain reaction (RT-PCR) assay of

 specimen collected on a nasopharyngeal swab. Only laboratory-
onfirmed cases were included. Patients without test results
vailable through the electronic medical records were excluded.
atients admitted for other chief concerns and incidentally found
o be COVID-19-positive were considered to have asymptomatic or
ild disease and were also excluded from the analysis.

everity scoring systems

interventions; nevertheless, to make the BCRSS prediction rule
adequateasascreeningtool forcliniciansduringtheinitialassessment,
the first step of the algorithm was analyzed, which includes the
following risk factors: patient wheezing or unable to speak in full
sentences while at rest/with minimal effort (replaced with patient
reporting shortness of breath, given the retrospective nature of this
study), respiratory rate >22, oxygen saturation (SpO2) <90%, and
repeat chest X-ray with significant worsening (defined as bilateral or
diffuse infiltrates). The patients were then classified into five risk strata
based on the four risk factors of the BCRSS (Duca et al., 2020). The qCSI
is a 12-point scale that uses only three variables available at the
bedside: nasal cannula flow rate, respiratory rate, and minimum
documented pulse oximetry. The patients were then assigned to four
risk strata (0–3) based on the following scores: 0–3 low risk, 4–6 low-
intermediate risk, 7–9 high-intermediate risk, and �10 high risk
(Haimovich et al., 2020).

Outcome variables

The primary outcome was in-hospital mortality and the
secondary outcome was ICU admission. For the primary outcome,
patients discharged were considered survivors, and active cases
were excluded from the analysis. Patients who were assigned to
hospice or full comfort care were considered non-survivors. For the
secondary outcome, all patients in the cohort at the cutoff date
were included in the analysis.

Statistical analysis

The data are presented as the number (percentage) for
categorical variables and median (interquartile range (IQR)) for
continuous variables. Categorical variables were compared with
the Pearson Chi-square test or Fisher’s exact test, and continuous
variables were compared using the Mann–Whitney U-test.

C statistics were used to assess the discriminatory power of the
CURB-65, BCRSS, and qCSI scores for predicting outcomes. The C
statistic is a summary measure of discrimination that quantifies
the ability of the model to assign a high probability. C statistics are
equivalent to the AUC, i.e., the area under the receiver operating
characteristic (ROC) curve. C statistics range from 0.5 to 1.0; a value
below 0.5 indicates a very poor model, a value of 0.5 means that the
model is no better at predicting an outcome than random chance,
values over 0.7 indicate a good model, values over 0.8 indicate a
robust model, and a value of 1 means that the model perfectly
predicts those group members who will experience the outcome
and those who will not. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
likelihood ratio (LR) were also calculated.

The Youden index, defined as (sensitivity + specificity) � 1, was
calculated at each cutoff. Only the cutoff point that showed the
highest Youden index was reported, as this is considered the optimal
cutoff value (Bewick et al., 2004). The discriminatory power of each
score was assessed by calculating the area undereach ROC curve. The
estimated AUC values were compared using the Hanley–McNeil test
(Hanley and McNeil,1982). All p-value analyses were two-sided, and
a p-value of less than 0.05 was considered to be significant. The data
were analyzed using IBM SPSS Statistics version 23.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc 19.2.0 statistical software (MedCalc
Software, Mariakerke, Belgium).
The CURB-65, BCRSS, and qCSI scores were calculated using
aseline clinical data collected retrospectively from the patient cohort.
he patients were assigned to six risk strata based on the five
rognostic factors of CURB-65 (Lim et al., 2003). The BCRSS prediction
ule is meant to be dynamic, reassessed frequently, and rescored after
57
Results

Patient baseline characteristics

A total of 313 patients were included in the study; all patients
had variables for all risk score calculations with no missing values.
2
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The baseline characteristics of the cohort are shown in Table 1. The
median age was 68 years (IQR 59–78.5 years), 59.8% were male,
and 61.8% were admitted from long-term care facilities (LTCF). The
most common comorbidity was hypertension (70.1%), followed by
diabetes (43.8%), and 41.4% were former or current smokers.

Comparison of in-hospital fatality rates and ICU admission rates by
risk class

The overall in-hospital fatality rate was 32.3% (101/313) at the
cutoff date, and the ICU admission rate was 31.3% (98/313). Table 2,
shows the fatality rate and ICU admission rate across different
CURB-65, BCRSS, and qCSI risk classes. The risk of in-hospital
mortality and ICU admission increased along with increasing risk
class in all the scoring systems. Non-survivors were more
commonly classified into higher risk classes as compared with
survivors (p < 0.001 for CURB-65; p < 0.001 for BCRSS; p < 0.001 for
qCSI). Similarly, patients who required ICU admission were more
commonly classified into higher risk classes than patients who did
not require ICU admission (p = 0.008 for CURB-65; p < 0.001 for
BCRSS; p < 0.001 for qCSI). Non-survivors had significantly higher
CURB-65 (median 3 (IQR 2–4) vs 2 (IQR 1–3), p < 0.001), BCRSS (3
(IQR 1.5–3) vs 2 (IQR 1–3), p < 0.001), and qCSI scores (5 (IQR 2–9)
vs 2 (IQR 0–5), p < 0.001) compared to survivors; this was also the
case for patients admitted to the ICU compared to patients not
admitted to the ICU (CURB-65: median 3 (IQR 2–3) vs 2 (IQR 1–3), p
< 0.001; BCRSS: 3 (IQR 2–4) vs 2 (IQR 1–3), p < 0.001; qCSI: 6.5 (IQR
2–11) vs 2 (IQR 0–3), p < 0.001).

Performance of CURB-65 and BCRSS prediction rules in COVID-19

The sensitivity, specificity, PPV, NPV, and LR for the in-hospital
fatality rate and ICU admission rate at different cutoff values for
each prediction rule are presented in Tables 3 and 4. Overall, the
CURB-65 score showed higher sensitivity and specificity and
higher PPV and NPV for in-hospital mortality than the BCRSS and

qCSI scores. For the CURB-65 prediction rule, the highest Youden
index was shown at a cutoff point of �3 (Youden index 0.450,
sensitivity 71.29%, specificity 73.74%). For the BCRSS and the qCSI
scoring systems, the highest Youden index was shown at a cutoff
point of �3 (Youden Index 0.272, sensitivity 54.46%, specificity
72.73%) and �1 (Youden index 0.327, sensitivity 58.42%, specificity
74.24%), respectively.

In the case of ICU admission, the BCRSS and qCSI scores showed
higher sensitivities at higher cutoff points than the CURB-65 score.
Specificity was high for the three scoring systems. PPV and NPV
were similar among the scoring systems. The highest Youden index
for the CURB-65 score was again shown at a cutoff point of �3
(Youden index 0.212, sensitivity 56.12%, specificity 65.12%). For the
BCRSS prediction rule, the highest Youden index was shown at a
cutoff of �3 (Youden index 0.382, sensitivity 64.29%, specificity
73.95%). Finally, the highest Youden index for the qCSI was found at
a cutoff of �1 (Youden index 0.452, sensitivity 69.39%, specificity
75.81%).

The ROC curves for in-hospital mortality and ICU admission for
each prognostic scoring system in COVID-19 are shown in Figures 1
and 2, respectively. The CURB-65 score had the highest numerical
AUC to predict in-hospital mortality (AUC 0.781) compared to the
qCSI score (AUC 0.711) and the BCRSS prediction rule (AUC 0.663).
When comparing the AUCs to predict in-hospital mortality with
the Hanley–McNeil test among these scoring systems, the CURB-65
showed a statistically higher discriminatory power compared with
the BCRSS prediction rule (p = 0.005). There was no statistical
difference between the CURB-65 and the qCSI score (p = 0.060) or
between the qCSI score and the BCRSS prediction rule (p = 0.051).
For ICU admission, the qCSI score had the highest numerical AUC
(AUC 0.761) compared to the BCRSS prediction rule (AUC 0.735)
and the CURB-65 score (AUC 0.629). Both the qCSI score and the
BCRSS prediction rule had a statistically higher discriminatory
power to predict ICU admission than the CURB-65 score (p = 0.001
and p = 0.017, respectively). However, the discriminatory power for
ICU admission was not statistically different between the qCSI
score and the BCRSS prediction rule (p = 0.267).

Discussion

This study evaluated the performance of the CURB-65 score, the
qCSI score, and the BCRSS prediction rule in predicting in-hospital
mortality and ICU admission in patients with COVID-19 illness. In
this patient population, the CURB-65 and qCSI scores were good
models for predicting in-hospital mortality, with the CURB-65
having the highest AUC. However, for ICU admission, the qCSI score
and the BCRSS prediction rule showed the best performance, with
the qCSI having the highest AUC. All of the prediction models had
similar trends of increasing in-hospital mortality and rate of ICU
admission with worsening risk class, except for the qCSI, which
showed a higher in-hospital mortality rate in patients with a score
of 1 compared to a score of 2.

Emerging viral pandemics place extraordinary demands on
health systems, creating the need to ration medical equipment and
interventions (Emanuel et al., 2020). The current COVID-19
epidemic has already overwhelmed health systems around the
globe. Although the pandemic appears to be slowing in some areas,
concerns exist for resurgence waves in the setting of relaxation of
mitigation measures and the upcoming influenza season. Resour-
ces, including ICU beds, ventilators, and personal protective

Table 1
Baseline characteristics of patients with COVID-19 (N = 313).

Characteristics Number (%)/Median (IQR)

Demographics
Age (years) 68 (59–78.5)
Male 182 (58.1%)
Caucasian 119 (38%)
Long-term care facility resident 194 (62%)
Comorbidities
Any comorbidity 295 (95.2%)
Two or more comorbidities 266 (85%)
Hypertension 222 (79.9%)
Diabetes 140 (44.7%)
Cardiovascular 105 (33.5%)
Neurocognitive 113 (36.1%)
Malignancy 33 (10.5%)
Smoking (former or current) 123 (39.3%)
Physical examination on presentation
Temperature (�C) 37.8 (37–38.7)
Systolic blood pressure (mmHg) 37.8 (37–38.7)
Oxygen saturation (%) 93 (88–95)
Pulse (bpm) 96 (80–110)
Respiratory rate (rpm) 22 (20–28)
Altered mental status 137 (43.8%)
Laboratory and imaging findings
White blood cell count (4.0–11.0 � 109/l) 8.1 (5.6–11.5)

Absolute lymphocytes (0.6–3.4 � 109/l) 0.9 (0.6–1.3)
Blood urea nitrogen (7–25 mg/dl) 27 (16–46)
Procalcitonin (0.20–0.49 ng/ml) 1.05 (0.33–3.53)
Ferritin (11–307 ng/ml) 479 (184–1021)
C-reactive protein (<1.0 mg/dl) 10.5 (4.8–16.9)
Bilateral or diffuse infiltrates 192 (61.4%)

bpm, beats per minute; IQR, interquartile range; rpm, respirations per minute.

573
equipment, may again become scarce, mandating for evidence-
based and ethical resource allocation strategies (Kirkpatrick et al.,
2020).

For community-acquired pneumonia (CAP), several prognostic
scoring systems have been developed and studied since 1982,
including the British Thoracic Society rule (Anon, 1987), the
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odified British Thoracic Society rule (Neill et al., 1996), the
neumonia Severity Index (Fine et al., 1997), and the CURB-65
core (Lim et al., 2003), among others. Recently, the performance of
hese existing CAP severity scores has been tested in patients with
OVID-19 (Nguyen et al., 2020; Satici et al., 2020; Fan et al., 2020).
evertheless, COVID-19 has proved to be more than just
neumonia, and its clinical spectrum varies from asymptomatic
orms to systemic manifestations in terms of sepsis, septic shock,
nd multiple organ dysfunction syndromes, and affecting coun-
ries, races, and ages in different, and sometimes unpredictable,
anners (Cascella et al., 2020; Wiersinga et al., 2020). Given the
ncertainty around the COVID-19 illness process and prognosis
nd its elevated morbidity and mortality, developing specific

showed lower AUCs as compared with previous reports. Satici et al.
(2020) reported an AUC of 0.88 (95% confidence interval (CI) 0.85–
0.90) in a Turkish population, while Fan et al. (2020) reported an
AUC of 0.85 (95% CI 0.81–0.89) in Wuhan, China. This difference in
performance may be related to the differences in clinical
characteristics and demographics across populations. The com-
munity in the present study was characterized by an elevated
baseline disease burden, mainly driven by old LTCF residents with
several comorbidities; up to 95% of the admitted patients had one
comorbidity, and 85% had at least two major underlying
conditions. Compared to the study by Satici et al. (2020), our
patients were 11 years older (68 vs 57 years), with a larger
proportion having at least one comorbidity (95% vs 54%). Fan et al.

able 2
-hospital fatality rates and ICU admission rates across risk groups.

In-hospital fatality rate (n = 299) ICU admission rate (n = 313)

Risk scores Number of patients Died, n (%) Risk scores Number of patients Admitted to ICU, n (%)
CURB-65 CURB-65
0 50 5 (10.0) 0 52 10 (19.2)
1 46 3 (6.5) 1 49 9 (18.4)
2 79 21 (26.6) 2 82 24 (29.3)
3 81 40 (49.4) 3 84 35 (41.7)
4 37 26 (70.3) 4 39 16 (41.0)
5 6 6 (100) 5 7 4 (57.1)
BCRSS BCRSS
0 36 5 (13.9) 0 37 3 (8.1)
1 82 20 (24.4) 1 84 15 (17.9)
2 72 21 (29.2) 2 73 17 (23.3)
3 67 33 (49.3) 3 73 32 (43.8)
4 42 22 (52.4) 4 46 31 (67.4)
qCSI qCSI
0 182 42 (22.2) 0 193 30 (15.5)
1 52 27 (51.9) 1 53 19 (35.8)
2 19 7 (36.8) 2 23 17 (72.7)
3 39 25 (64.1) 3 44 32 (72.7)

CRSS, Brescia-COVID Respiratory Severity Scale; CURB-65, confusion, blood urea nitrogen >19 mg/dl, respiratory rate �30, low blood pressure, and age �65 years; ICU,
tensive care unit; qCSI, Quick COVID-19 Severity Index.

able 3
ensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratio for different CURB-65, qCSI, and BCRSS scores for predicting death (outcome:
eath, N = 299).

Risk score Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI) LR (95% CI)

CURB-65
�0 100.00 (96.4–100.0) 0 (0.0–1.8) 33.8 (33.8–33.8) NA 1 (1.0–1.0)
�1 95.05 (88.8–98.4) 22.73 (17.1–29.2) 38.6 (36.5–40.7) 90 (78.7–95.6) 1.23 (1.1–1.3)
�2 92.08 (85.0–97.5) 44.44 (37.4–51.7) 45.8 (42.4–49.2) 91.7 (84.7–95.6) 1.66 (1.4–1.9)
�3 71.29 (61.4–79.9) 73.74 (67.0–79.7) 58.1 (51.5–64.3) 83.4 (78.5–87.4) 2.71 (2.1–3.5)
�4 31.68 (22.8–41.7) 94.44 (90.3–97.2) 74.4 (60.5–84.7) 73.0 (70.3–75.7) 5.70 (3.0–10.8)
�5 5.94 (2.2–12.5) 100 (98.2–100.0) 100 67.6 (66.5–68.8) NA
BCRSS
�0 100 (96.4–100.0) 0 (0.0–1.8) 33.8 (33.8–33.8) NA 1 (1.0–1.0)
�1 95.05 (88.8–98.4) 15.66 (10.9–21.5) 36.5 (34.8–38.3) 86.1 (71.3–93.9) 1.13 (1.0–1.2)
�2 75.25 (65.7–83.3) 46.97 (39.9–54.2) 42.0 (37.9–46.2) 78.8 (72.0–84.4) 1.42 (1.2–1.7)
�3 54.46 (44.2–64.4) 72.73 (66.0–78.8) 50.5 (43.3–57.6) 75.8 (71.3–79.8) 2.0 (1.5–2.7)
�4 21.78 (14.2–31.1) 89.90 (84.8–93.7) 52.4 (38.7–65.7) 69.3 (66.8–71.6) 2.16 (1.2–3.8)
qCSI
�0 100 (96.4–100.0) 0 (0.0–1.8) 33.8 (33.8–33.8) NA 1.0 (1.0–1.0)
�1 58.42 (48.2–68.1) 74.24 (67.6–80.2) 53.6 (46.4–60.7) 77.8 (73.3–81.7) 2.27 (1.7–3.0)
�2 31.68 (22.8–41.7) 86.87 (81.4–91.2) 55.2 (43.8–66.1) 71.4 (68.4–74.2) 2.41 (1.5–3.8)
�3 24.75 (16.7–34.3) 92.93 (88.4–96.1) 64.1 (49.3–76.6) 70.8 (68.3–73.2) 3.50 (1.9–6.4)

CRSS, Brescia-COVID Respiratory Severity Scale; CI, confidence interval; CURB-65, confusion, blood urea nitrogen >19 mg/dl, respiratory rate �30, low blood pressure, and
ge �65 years; LR, likelihood ratio; NA, not available; NPV, negative predictive value; PPV, positive predictive value; qCSI, Quick COVID-19 Severity Index.
linical risk stratification tools may be more appropriate for these
atients.
In the patient population in the present study, the CURB-65 and

he qCSI scores performed well in predicting inpatient mortality.
he qCSI score and the BCRSS prediction rule were superior to the
URB-65 score in predicting ICU admission. Of note, the CURB-65
57
(2020) did not present the clinical characteristics and demo-
graphics of their patients. However, in two previous retrospective
cohort studies from Wuhan, China, Zhou et al. (2020) and Guan
et al. (2020) reported a median age of 56 and 47 years, respectively,
with 47% and 24% of the patients having at least one comorbidity,
respectively.
4
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The AUCs for the qCSI score with regards to in-hospital
mortality and ICU admission in the present study (0.781 and respiratory illness (AUC 0.66). In the qCSI validation cohort, a

Table 4
Sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratio for different CURB-65, qCSI, and BCRSS scores for predicting ICU admission
(outcome: ICU admission, N = 313).

Risk score Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI) LR (95% CI)

CURB-65
�0 100 (96.3–100) 0.0 (0.0–1.7) 31.3 (31.3–31.3) NA 1.0 (1.0–1.0)
�1 89.80 (82.0–95.0) 19.53 (14.5–25.5) 33.7 (31.7–35.8) 80.8 (68.7–88.9) 1.12 (1.0–1.2)
�2 80.61 (71.4–87.9) 38.14 (31.6–45.0) 37.3 (34.0–40.7) 81.2 (73.6–87.0) 1.30 (1.1–1.5)
�3 56.12 (45.7–65.12) 65.12 (58.3–71.5) 42.3 (36.3–48.6) 76.5 (71.8–80.6) 161 (1.2–2.1)
�4 20.41 (12.9–29.7) 87.91 (82.8–91.9) 43.5 (31.1–56.7) 70.8 (68.4–73.0) 1.69 (1.0–2.9)
5 4.08 (1.1–10.1) 98.60 (96.0–99.7) 57.1 (23.3–85.4) 69.3 (68.3–70.2) 2.93 (0.7–12.8)
BCRSS
�0 100 (96.3–100.0) 0 (0.0–1.7) 31.3 (31.3–31.3) NA 1 (1.0–1.0)
�1 96.94 (91.3–99.4) 15.81 (11.2–21.4) 34.4 (32.9–36.0) 91.9 (78.1–97.3) 1.15 (1.1–1.2)
�2 81.63 (72.5–88.7) 47.91 (41.1–54.8) 41.7 (37.9–45.6) 85.1 (78.7–89.9) 1.57 (1.3–1.8)
�3 64.29 (54.0–73.7) 73.95 (67.5–79.7) 52.9 (46.2–59.6) 82.0 (77.5–85.7) 2.47 (1.9–3.2)
4 31.63 (22.6–41.8) 93.02 (88.8–96.0) 67.4 (53.9–78.5) 74.9 (72.2–77.4) 4.53 (2.6–8.0)
qCSI
�0 100 (96.3–100.0) 0 (0.0–1.7) 31.3 (31.3–31.3) NA 1.0 (1.0–1.0)
�1 69.39 (59.3–78.3) 75.81 (69.5–81.4) 56.7 (49.9–63.2) 84.5 (80.0–88.1) 2.87 (2.2–3.8)
�2 50.0 (39.7–60.3) 91.63 (87.1–95.0) 73.1 (62.6–81.5) 80.1 (76.7–83.1) 5.97 (3.7–9.7)
�3 32.65 (23.5–42.9) 94.42 (90.5–97.1) 72.1 (58.9–83.2) 75.5 (72.7–78.0) 5.85 (3.2–10.9)

BCRSS, Brescia-COVID Respiratory Severity Scale; CI, confidence interval; CURB-65, confusion, blood urea nitrogen >19 mg/dl, respiratory rate �30, low blood pressure, and
age �65 years; ICU, intensive care unit; LR, likelihood ratio; NA, not available; NPV, negative predictive value; PPV, positive predictive value; qCSI, Quick COVID-19 Severity
Index.

Figure 1. ROC curves for in-hospital mortality for the CURB-65, qCSI, and BCRSS
scores. The solid line shows the ROC curve of the CURB-65 score. The dashed line
shows the ROC curve of the qCSI score. The dotted line shows the ROC curve of the
BCRSS score.

Figure 2. ROC curves for ICU admission for the CURB-65, qCSI, and BCRSS scores.
The solid line shows the ROC curve of the CURB-65 score. The dashed line shows the
ROC curve of the qCSI score. The dotted line shows the ROC curve of the BCRSS score.
0.761, respectively) were similar to that described by Haimovich
et al. (2020) in the independent validation cohort for their outcome
of critical respiratory illness (AUC 0.81), defined as oxygenation
flow rate �10 L/min, high-flow oxygenation, non-invasive ventila-
tion, invasive ventilation, or death. Interestingly, they reported
poor performance of the CURB-65 score to predict critical
575
cutoff of �1 in the risk strata (or a score �4 on the 12-point scale)
was associated with a specificity of 78% (95% CI 72–83%) in
predicting progression to respiratory failure; in agreement, we
found the highest Youden index for the qCSI at a cutoff of �1, with a
specificity of 76%. A qCSI of 3 (or a score �10 on the 12-point scale)
had a specificity of 99% in predicting respiratory failure with a LR of
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.36 (95% CI 7.9–8.7) in the validation cohort, while we report a
pecificity of 93% for the same value, with a LR of 3.5 (95% CI 1.9–
.4) for death and a specificity of 94% with a LR of 5.85 (95% CI 3.2–
0.9) for ICU admission. For the BCRSS prediction rule, we found no
eports assessing its performance outside the Italian population.
ence, this work should be considered as a validation study.
This study has several limitations. First, given its retrospective

bservational nature, there is a lack of control of variables. Second,
he dataset was extracted from the electronic health records, and
ssumptions regarding subjective variables for score calculations
ad to be made when they were not explicitly specified in the
hart, which may have led to an under or overestimation of the
eported scores, i.e., confusion for the CURB-65 score and shortness
f breath for the BCRSS prediction rule. Third, this was a single-
enter study, and local admission and COVID-19 management
ractices at this center vary from those in other institutions in the
nited States and other countries, which may have impacted the
utcomes of mortality and ICU admission. This relates in particular
o patients from LTCF with advance directives before presentation
o the hospital.

In conclusion, the CURB-65 and qCSI scoring systems showed a
ood performance for predicting in-hospital mortality in the study
opulation of patients. In contrast, the qCSI score and the BCRSS
rediction rule showed a good performance for predicting ICU
dmission. Prospective research is needed to evaluate the
obustness and utility of newly developed COVID-19 risk
tratification models. However, given the high heterogeneity
cross populations affected by COVID-19, site-tailored prediction
odels, guided by local patient characteristics and hospital
olicies, may be more appropriate.
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