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ARTICLE INFO ABSTRACT

Keywords: Background: Some COVID-19 patients deteriorate to severe cases with relatively higher case-fatality rates, which
COVID-19 increases the medical burden. This necessitates identification of patients at risk of severe disease. Early assessment
Earlysvzvarmng plays a crucial role in identifying patients at risk of severe disease. This study is to assess the effectiveness of
NEW.

SUPER score as a predictor of severe COVID-19 cases.

Methods: We consecutively enrolled COVID-19 patients admitted to a comprehensive medical center in Wuhan,
China, and recorded clinical characteristics and laboratory indexes. The SUPER score was calculated using pa-
rameters including oxygen saturation, urine volume, pulse, emotional state, and respiratory rate. In addition,
the area under the receiver operating characteristic curve (AUC), specificity, and sensitivity of the SUPER score
for the diagnosis of severe COVID-19 were calculated and compared with the National Early Warning Score 2
(NEWS2).

Results: The SUPER score at admission, with a threshold of 4, exhibited good predictive performance for early
identification of severe COVID-19 cases, yielding an AUC of 0.985 (95% confidence interval [CI] 0.897-1.000),
sensitivity of 1.00 (95% CI 0.715-1.000), and specificity of 0.92 (95% CI 0.775-0.982), similar to NEWS2 (AUC
0.984; 95% CI 0.895-1.000, sensitivity 0.91; 95% CI 0.587-0.998, specificity 0.97; 95% CI 0.858-0.999). Com-
pared with patients with a SUPER score<4, patients in the high-risk group exhibited lower lymphocyte counts,
interleukin-2, interleukin-4 and higher fibrinogen, C-reactive protein, aspartate aminotransferase, and lactate
dehydrogenase levels.

Conclusions: In conclusion, the SUPER score demonstrated equivalent accuracy to the NEWS2 score in predicting
severe COVID-19. Its application in prognostic assessment therefore offers an effective early warning system for
critical management and facilitating efficient allocation of health resources.

SUPER score

Abbreviations: ABG, arterial blood gas; AHF, acute heart failure; APTT, activated partial thromboplastin time; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; AUC, area under the receiver operating characteristic curve; BUN, blood urea nitrogen; COVID-19, Coronavirus disease 2019; CRP, C-reactive
protein; CHA2DS2-VASc Scores, tool based on congestive heart failure, hypertension, age above 75 years, diabetes and prior stroke, age above 65, female sex
and vascular disease.; CURB-65, tool based on confusion, urea level, respiratory rate, blood pressure, and age >or =65 years.; ECG, electrocardiogram; HEWS,
Hamilton Early Warning Score; HFNC, high-flow nasal cannula; hs-CRP, high-sensitivity C-reactive protein; hs-Tnl, hypersensitive troponin I; IL-4, interleukin-4;
IPPV, intermittent positive pressure ventilation; LDH, lactate dehydrogenase; +LR, positive likelihood ratio; —LR, negative likelihood ratio; NEWS, National Early
Warning Score; NEWS2, National Early Warning Score 2; NHS, National Health Service; NIPPV, non-invasive positive pressure ventilation; NPV, negative predictive
value; PPV, positive predictive value; gSOFA, quick Sequential Organ Failure Assessment; ROC, receiver operating characteristic; ROX index, the ratio of SpO,/FiO,
(%) to Respiratory Rate (breaths/min); SD, standard deviation; SEWS, Standardized Early Warning Score; SpO,, oxygen saturation; SMART-COP, tool based on systolic
blood pressure, multilobar chest radiography involvement, albumin level, respiratory rate, tachycardia, confusion, oxygenation, and arterial pH; WHO, World Health
Organization.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the
novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was declared a pandemic by the World
Health Organization (WHO) in March 2020. The number
of confirmed COVID-19 cases rapidly increased owing to
viral mutation and changes in pathogenicity, as well as
variable epidemic prevention policies in different coun-
tries. By the end of July 2023, there had been approxi-
mately 768 million confirmed COVID-19 cases and more
than 6.95 million deaths globally [1].

In May 2023, the WHO removed the Public Health
Emergency of International Concern status of COVID-19,
but COVID-19 still has a profound impact on public health
and the medical system. Although most COVID-19 pa-
tients are classified as mild cases, approximately 15% of
patients deteriorate to severe cases and have relatively
higher case-fatality rates [2-4]. There is, therefore, an ur-
gent need for innovative methods to predict COVID-19
deterioration.

Early assessment of disease severity is of vital im-
portance for efficient triage, successful treatment, and
optimal utilization of medical resources. The National
Early Warning Score 2 (NEWS2) improves the assess-
ment of acute-illness severity of patients in hospital and
pre-hospital settings and is widely recommended by the
WHO to assess the severity and predict prognosis of pa-
tients with COVID-19 [5]. However, the large increase in
COVID-19 case complicates the practical application of
the NEWS2 score. A simple scoring system that facilitates
the prediction of serious disease by medical staff and even
family members is required, especially when medical re-
sources are limited.

The SUPER score, an early warning scoring system first
developed in 2015 to identify patients at higher risk of
acute heart failure (AHF) [6], involves comprehensive
analysis of oxygen saturation (SpO,), urine volume, pulse,
emotional state, and respiratory rate (Table 1). Patients
are stratified into low-, intermediate-, high-, and very
high-risk groups, and patients with higher SUPER scores
are at higher risk of AHF and mortality. The SUPER score
has proven efficacy for AHF detection and can predict
AHF 2 to 6 hours prior to onset, thereby enabling early
risk stratification, prevention, and efficient intervention.
Due to its demonstrated efficacy and feasibility, the SU-
PER score was recommended by the Chinese Guidelines

Table 1
The SUPER scoring system.
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on Nursing Practice of Acute Heart Failure in Adults in
2016 and the Consensus on Acute Chest Pain Emergency
Management and Chinese Consensus on Construction and
Management of Acute Heart Failure Unit in 2019.

As the SUPER score has demonstrated satisfactory per-
formance in the assessment of AHF, which is closely re-
lated to pulmonary edema and effusion pathology, it is a
candidate for a novel scoring system for COVID-19 eval-
uation. We aimed to evaluate the performance of the SU-
PER score as a predictor of severe COVID-19 cases to pro-
vide a novel tool for early warning and management of
COVID-19.

2. Materials and methods
2.1. Patient selection and data collection

In this prospective study, we consecutively enrolled
COVID-19 patients admitted to a comprehensive medi-
cal center in Wuhan, China, from 30 January to 2 March
2020. All patients over 18 years of age with confirmed
COVID-19 were included. COVID-19 was confirmed by
polymerase chain reaction detection of SARS-CoV-2 in
throat or nasopharyngeal swabs.

Based on previous studies on prediction of COVID-19
severity [7,8], we set the estimated diagnostic test sensi-
tivity and specificity at 80%, allowing for an error of 0.1,
a = 0.05 for bilateral testing, and a loss to follow-up rate
of 0%. The estimated sample size was determined as 44
patients.

We recorded clinical characteristics and laboratory in-
dexes, including age, sex, time from onset to hospital-
ization, comorbidities, temperature at admission, inflam-
matory factors (interleukins, tumor necrosis factor al-
pha, and interferon alpha), white blood cell count and
differentials, platelet count, erythrocyte and hemoglobin
levels, activated partial thromboplastin time, fibrinogen,
transaminases, blood urea nitrogen, creatine, lactate de-
hydrogenase (LDH), myoglobin, and hypersensitive tro-
ponin I levels. Laboratory indexes were obtained from
the first examination after hospitalization. All data were
documented in electronic medical records. We recorded
SpO,, hourly urine volume, pulse, emotional state, and
respiratory rate at admission to calculate the SUPER
score. SpO2, respiratory rate, pulse, air or oxygen, systolic
blood pressure, consciousness, and temperature recorded
at admission were used to calculate the NEWS2 score. The

Points SpO, (%) Urine volume (mL/h) Pulse (bpm) Emotion Respiratory (times/min)
0 99-100 >50 <90 0 <20

1 95-98 30-50 90-140 -/= 20-30

2 <95 <30 >140 + >30

For patients without urethral catheterization, the urine volume was the mean value for normal urination over 24 hours. Emotion was indicated by restlessness,
excitement, agitation or overstimulation, delirium (+), normal or sedation state (0), depression, apathy, unresponsive, lethargy (-), drowsiness, coma (-).
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Table 2
Characteristics of patients hospitalized for COVID-19 and stratified by SUPER scores.

Variables SUPER score < 4 (N = 33) SUPER score > 4 (N = 14) P value
Age (years) 70 (58.5, 80) 66 (53.75, 69.25) 0.08
Male 19/33 10/14 0.37
Hypertension 13/33 4/14 0.48
Severe cases 0/33 11/14 <0.001
Temperature (°C) 37.56 + 0.98 38.43 +1.22 0.01
SpO, (%) 97.00 (94.00, 98.00) 94.50 (88.75, 96.75) 0.10
Leukocytes (x10°/L) 5.58 + 2.24 4.87 +2.13 0.32
Neutrophils (x10°/L) 3.34(1.91, 5.18) 3.30 (2.29, 4.49) 0.96
Lymphocytes (x10°/L) 1.00 (0.73, 1.51) 0.71 (0.55, 1.02) 0.02
Hemoglobin (g/L) 121.03 + 17.52 123.07 + 20.54 0.73
APTT (s) 27.82 + 3.24 29.22 + 3.64 0.20
Fibrinogen (g/L) 4.31 (2.63, 4.90) 5.24 (4.28, 5.98) 0.02
D-dimer (mg/L) 1.20 (0.60, 2.18) 1.51 (0.39, 7.17) 0.45
ALT (U/L) 30.00 (14.50, 39.00) 33.00 (17.75, 72.00) 0.27
AST (U/L) 27.00 (18.50, 33.50) 43.50 (36.00, 60.50) 0.004
BUN (mmol/L) 5.22 (4.11, 7.68) 4.97 (3.32, 7.06) 0.40
Creatine(umol/L) 65.00 (54.00, 76.00) 68.50 (57.25, 79.50) 0.58
LDH (U/L) 242 (214.00, 325.50) 407 (239.25, 540.50) 0.03
CK-MB (ng/mL) 0.99 (0.76, 1.65) 1.13 (0.72, 2.20) 0.79
Myoglobin (ug/L) 44.77 (35.42, 88.65) 47.72 (28.44, 96.11) 0.09
hs-cTnl (mg/mL) 0.00 (0.00, 0.02) 0.01 (0.00, 0.03) 0.60
IL-2 (pg/mL) 3.61 (3.40, 4.00) (N = 23) 3.17 (2.87, 3.81) (N = 13) 0.03
IL-4 (pg/mL) 3.44 (2.99, 3.85) (N = 23) 2.96 (2.71, 3.21) (N = 13) 0.004
TNF-a (pg/mL) 3.28 (2.61, 4.78) (N = 23) 3.47 (2.77,5.08) (N = 13) 0.43
IFN-a (pg/mL) 3.01 (2.86, 3.56) (N = 23) 3.14 (2.61, 3.51) (N =13) 0.70
CRP (mg/L) 25.30 (5.00, 51.85) 69.35 (26.00, 144.43) 0.01
hs-CRP (mg/L) 5.00 (1.59, 5.00) 5.00 (5.00, 5.00) 0.09

Data are represented as mean + SD. SD, standard deviation; N, number; SpO,, oxygen saturation; APTT, activated partial thromboplastin time; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; CK-MB, creatine kinase-MB; hs-cTnl, high-sensitivity
cardiac troponins I; IL-2, interleukin-2; IL-4: interleukin-4; TNF-«, tumor necrosis factor-alpha; IFN-a, type I interferon; CRP, C-reactive protein; hs-CRP, high-

sensitivity C-reactive protein

study was approved by the ethics committee with waived
informed consent (KYLL-2020-016).

Severe cases of COVID-19 were defined as patients who
met at least one of the following criteria: (1) manifest-
ing with dyspnea with respiratory rates > 30 times per
minute; (2) percutaneous SpO, < 93% on room air; (3)
oxygenation index (PaO,/FiO,) < 300 mm Hg.

2.2. Statistical analyses

Quantitative data with normal distribution were rep-
resented as means with standard deviation and analyzed
using the Student’s t test. Non normal distribution vari-
ables are represented by the median with an interquar-
tile range [Q1-Q3] using Mann Whitney U independent
sample rank test. Categorical data were represented as
frequencies (percentage) and compared using the y2 or
Fisher’s exact test. A 2-tailed p value < 0.05 was consid-
ered statistically significant. Receiver operating charac-
teristic (ROC) curves and the area under the ROC curve
(AUC) were used to access the prognostic performance
of the SUPER score in terms of sensitivity, specificity,
and positive (+LR) and negative (—LR) likelihood ratios.
The optimal threshold was determined using the Youden
index. The sensitivity and specificity of the SUPER and
NEWS2 scores were compared using the McNemar’s test.
AUC values were compared according to the method de-
scribed by DeLong et al. (1988) [9]. Statistical analyses
were performed with SPSS 25.0 and MedCalc 20.2.
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3. Results
3.1. Baseline patient characteristics

We consecutively enrolled 47 patients who were hos-
pitalized for COVID-19 during the study period. All the
included patients were diagnosed with COVID-19 for the
first time. At the time of admission, most of the cases
(44/47, 93.62%) were non-severe and the patients did not
require respiratory support. The baseline characteristics
of the patients are summarized in Table 2. Twenty-nine
(61.70%) patients were male. The median (interquartile
range) age was 69 (55-74) years. The median (interquar-
tile range) interval from symptom onset to hospital admis-
sion was 10 (8-15) days. The most common comorbidities
were hypertension (17 patients), diabetes mellitus (7 pa-
tients), and coronary artery disease (6 patients). Eleven
patients were diagnosed with severe COVID-19 during
hospitalization, and no death was reported.

3.2. AUC, sensitivity, and specificity for predicting severe
COVID-19 cases

The Youden index indicated a cut-off for optimal sen-
sitivity and specificity for the NEWS2 score of 6 with sen-
sitivity of 0.91 (95% CI 0.587-0.998) and specificity of
0.97 (95% CI 0.858-0.999). The positive predictive value
(PPV) and negative predictive value (NPV) of the NEWS2
score were 0.91 and 0.97, respectively. The SUPER scores
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Table 3
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Sensitivity, specificity, positive and negative predictive values, and Youden index for the NEWS2 and SUPER scores at different cut-offs for severe COVID-19 cases.

NEWS2 SUPER score
Cut point Sensitivity Specificity PPV NPV Youden index Cut point Sensitivity Specificity PPV NPV Youden index
>0 1.00 0.00 0.23 - 0.00 >0 1.00 0.00 0.23 - 0.00
>1 1.00 0.17 0.27 1.00 0.17 >1 1.00 0.03 0.24 1.00 0.03
>2 1.00 0.28 0.30 1.00 0.28 >2 1.00 0.25 0.29 1.00 0.25
>3 1.00 0.56 0.41 1.00 0.56 >3 1.00 0.56 0.41 1.00 0.56
>4 1.00 0.69 0.50 1.00 0.69 >4 1.00 0.92 0.79 1.00 0.92
>5 1.00 0.78 0.58 1.00 0.78 >5 0.64 1.00 1.00 0.90 0.64
>6 0.91 0.97 0.91 0.97 0.88 >6 0.45 1.00 1.00 0.86 0.45
>7 0.73 0.97 0.89 0.92 0.70 >7 0.09 1.00 1.00 0.78 0.09
>8 0.73 1.00 1.00 0.92 0.73 >8 0.00 1.00 - 0.77 0.00
>9 0.64 1.00 1.00 0.90 0.64
>10 0.55 1.00 1.00 0.88 0.55
>11 0.55 1.00 1.00 0.88 0.55
>12 0.55 1.00 1.00 0.88 0.55
>13 0.18 1.00 1.00 0.80 0.18
>14 0.09 1.00 1.00 0.78 0.09
>15 0.09 1.00 1.00 0.78 0.09
>16 0.00 1.00 - 0.77 0.00
PPV, positive predictive value; NPV, negative predictive value.
NEWS2 SUPER score
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Fig. 1. Receiver operating characteristic (ROC) curves for the NEWS2 and SUPER scores at admission for predicting severe cases of COVID-19. NEWS2, National
Early Warning Score 2; AUC, area under the receiver operating characteristic curve. The NEWS2 score at admission was capable of early detection of severe COVID-19
cases with an area under curve of 0.984 (95% CI 0.895-1.000). The SUPER score at admission was capable of early detection of severe COVID-19 cases with an area

under curve of 0.985 (95% CI 0.897-1.000).

calculated at admission ranged from O to 8. The threshold
for optimal sensitivity (1.00, 95% CI 0.715-1.000) and
specificity (0.92, 95% CI 0.775-0.982) for detecting se-
vere COVID-19 cases was 4, with a PPV of 0.79 and a NPV
of 1.00 (Table 3). There was no significant difference in
the sensitivity (difference of 9.09%, 95% CI 7.90-26.08)
or specificity (difference of 5.56%, 95% CI 5.18-16.29)
of the 2 scores. The ROC curve (Fig. 1.) indicated that the
SUPER score at admission allows early detection of se-
vere COVID-19 cases with AUC = 0.985, 95% CI 0.897-
1.000), which is equivalent to that of the NEWS2 score
(AUC = 0.984, 95% CI 0.895-1.000) (difference 0.00126,
standard error = 0.0155, 95% CI 0.0291-0.0316). The
+LR of the SUPER score was 12.00.

3.3. Risk characteristics of the SUPER score
The patients were divided into two groups accord-

ing to the SUPER score cut-off of 4, with 14 catego-
rized into the high-risk group (SUPER score > 4 on ad-
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mission). Of these 14 patients, 11 developed severe ill-
ness in hospital. Compared with patients with a SU-
PER score < 4, patients in the high-risk group exhib-
ited lower lymphocyte counts (0.71 [0.55, 1.02] vs. 1.00
[0.73, 1.51], p = 0.02), interleukin-2 (IL-2) (3.17 [2.87,
3.81] vs. 3.61 [3.40, 4.00], p = 0.03], interleukin-4 (IL-
4) (2.96 [2.71, 3.21] vs. 3.44 [2.99, 3.85], p = 0.004),
and high level of fibrinogen (5.24 [4.28, 5.98] vs. 4.31
[2.63, 4.90], p = 0.02), C-reactive protein (CRP) (69.35
[26.00, 144.43] vs. 25.30 [5.00, 51.85], p = 0.01), as-
partate aminotransferase (AST) (43.50 [36.00, 60.50] vs.
27.00 [18.50, 33.501, p = 0.004), and LDH (407 [239.25,
540.50] vs. 242 [214.00, 325.50], p = 0.03). No signifi-
cant differences were seen between the age, sex, hyper-
tension, and other laboratory indexes of the 2 groups.

4. Discussion

This study aimed to assess the performance of the SU-
PER score in predicting COVID-19 severity. The results in-
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dicated that the SUPER score has a good prognostic value
with a satisfactory AUC of 0.985 (95% CI 0.897-1.000),
comparable to that of the NEWS2 score (AUC, 0.984; 95%
CI 0.895-1.000). When the diagnostic threshold was set
as 4 points, the SUPER scoring system identified patients
at high risk of severe COVID-19 with a sensitivity of 1.00
(95% CI 0.715-1.000) and specificity of 0.92 (95% CI
0.775-0.982), and the +LR was 12.00, demonstrating va-
lidity as an early warning system for severe COVID-19.

A previous study conducted in China reported that 14%
of patients with COVID-19 exhibited severe manifesta-
tions, and 5% were critical cases experiencing respiratory
failure, septic shock, and/or multiple organ dysfunction
[2]. Sudden deterioration to severe and critical illness was
reported in 6.5% of patients with COVID-19 and rapid
progression can appear within 7-14 days of symptom on-
set [2,10]. As the case-fatality rate of patients admitted to
the intensive care center can reach 40% [3], rapid evalu-
ation of patients at high risk of severe illness is imperative
for effective COVID-19 management and reducing mortal-
ity. Furthermore, as severe patients require intensive care
and mechanical ventilation, early identification of high-
risk cases can facilitate appropriate allocation of medical
resources.

Although the SUPER score previously demonstrated ef-
ficiency in the prediction of AHF [6], this is the first
study evaluating its application for prognostic prediction
of COVID-19. In addition to the high efficacy of sever-
ity prediction, univariate analysis identified several risk
factors associated with an elevated SUPER score. In our
study, patients with a SUPER score > 4 exhibited reduced
lymphocyte, IL-2, IL-4 levels and increased levels of fib-
rinogen, CRP, AST, and LDH, indicating an inflammatory
environment in vivo and multiorgan dysfunction.

Numerous studies have reported that lymphopenia
in patients with COVID-19 is indicative of an unfavor-
able prognosis [11,12]. A decreased lymphocyte count
may be caused by virus attachment, inflammatory factor-
mediated immune damage, or infiltration of circulating
lymphocytes into inflamed lung tissue [13-16]. More-
over, patients with low lymphocyte counts often present
with anorexia and malnutrition, which may be linked to
disease exacerbation [17]. Changed CRP, IL-2, and IL-4
levels in high-risk COVID-19 patients are indicative of sys-
temic inflammatory disruption. Notably, elevated serum
CRP is a key marker of disease progression and a risk fac-
tor for death of patients with severe COVID-19, indicating
the occurrence of a cytokine storm [18,19]. IL-4 facilitates
B cell proliferation and differentiation into plasma cells
that produce neutralizing antibodies to clear SARS-CoV-
2. Despite variations in earlier studies, a meta-analysis re-
vealed significantly elevated IL-4 levels in patients with
severe COVID-19 compared with non-severe cases [20],
which may be attributed to a stronger immune response
in severe COVID-19 cases.
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A previous study reported abnormal liver function in
19% of patients upon COVID-19 diagnosis, and that pa-
tients with severe COVID-19 exhibit a more significant in-
crease in ALT than non-severe cases [21]. Liver injury in
COVID-19 cases may by a result of inflammation and cel-
lular reactions during viral infection [22] or direct viral
impact on hepatocytes [23], but the mechanisms remain
unclear. Liver biochemical parameters should be closely
monitored to evaluate disease progression. Fibrinogen
levels were significantly higher in severe patients than in
non-severe patients, that coagulation dysfunction is re-
lated to the severity of COVID-19 [20]. Therefore, pro-
phylactic and therapeutic anticoagulant therapy regimes
should be used in COVID-19 patients with a higher risk of
thromboembolism. Elevated serum LDH levels have been
widely reported in COVID-19 cases, mainly in severe cases
[24,25], which corresponds with our results. LDH is there-
fore considered a valuable biomarker for severe and criti-
cal COVID-19, particularly in patients with cardiac injury,
liver dysfunction, or severe inflammatory conditions [26-
28].

In addition to deterioration of the respiratory system,
the immune, urinary, and cardiovascular systems are re-
lated to COVID-19 progression and severity. Prower et al.
[29] found that the fraction of inspired oxygen (FiO,)
changed significantly 12 hours before COVID-19 deterio-
ration, while the respiratory rate did not increase until ap-
proximately 5 hours before progression. However, SpO,
is generally maintained and cardiovascular observations
remain relatively stable [29].

As COVID-19 progression is not only attributed to
respiratory system damage but also to multiple system
injury, it is necessary to monitor multiple systems in
patients with COVID-19 suspected of deteriorating to
severe disease. Numerous pre-existing scoring systems
have been applied in COVID-19 risk assessment, in-
cluding the NEWS, NEWS2, Standardized Early Warning
Score, Hamilton Early Warning Score, qSOFA, CURB-65,
SMART-COP, CHA2DS2-VASc Scores, and the ROX in-
dex [8,29-33]. The NEWS2 scoring system was developed
by the National Health Service in the United Kingdom
[34] and was recommended by WHO as an early warn-
ing and monitoring tool for patients with COVID-19 [5].
NEWS2 is based on a comprehensive score of the fol-
lowing parameters: respiratory rate, hypercapnic respira-
tory failure, supplemental oxygen, body temperature, sys-
tolic blood pressure, pulse rate, and consciousness level.
Recent research indicated that NEWS2 can predict the
deterioration of patients COVID-19 patients [30,35-37].
Myrstad et al. (2020) found that a NEWS2 score at admis-
sion of >6 exhibited 80.0% sensitivity and 84.3% speci-
ficity for predicting severe disease, with AUC = 0.822
(95% CI 0.690-0.953) [8]. In our study, the NEWS2 score
at admission also showed good performance in predicting
severe COVID-19. However, compared with the NEWS2
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SUPER score
SpO, Urine volume Pulse Emotion Respiratory
* Oxygen * Water * Temperature * Comfort * Airway
* Mask * Fluid * ECG * Anti-anxiety management
* HFNC * Diuretic * Fluid » Psychological * Atomization
* NIPPV * Catheterization ||e Arrhythmia intervention * ABG
* [PPV * Ultrafiltration » Ultrasound * Sedation * Ventilator

Fig. 2. Early management of patients with COVID-19 guided by the SUPER scoring system SpO2, oxygen saturation; HFNC, high-flow nasal cannula; NIPPV, non-
invasive positive pressure ventilation; IPPV, intermittent positive pressure ventilation; ECG, electrocardiogram; ABG, arterial blood gas.

score, the SUPER score allows easier assessment of pa-
tients with COVID-19 by medical staff and even by family
members. This flexibility will allow conservation of med-
ical resources during COVID-19 outbreaks.

The SUPER scoring system may assist comprehensive
COVID-19 management, thereby preventing deterioration
and alleviating the severity of illness (Fig. 2). For the
SpO, score, oxygen management should be taken seri-
ously to determine whether additional respiratory sup-
port is required. For the Urine volume score, liquid man-
agement should be monitored. For the Pulse score, the
cardiovascular system should be monitored to facilitate
timely echocardiography. The Emotional state of the pa-
tient should be considered, and sedation or psychological
intervention should be initiated when necessary. Airway
management is important for the Respiratory score.

The main limitation of this study is the small sample
size, which does not allow for the development of a more
detailed assessment system or large-scale validation. Fur-
thermore, this study did not dynamically evaluate the ef-
ficacy of the SUPER score for predicting the time-line of
disease progression.

5. Conclusion

In conclusion, the SUPER score of patients with COVID-
19 at admission can predict the risk of severe disease with
equivalent specificity and sensitivity to the NEWS2 score.
A SUPER score > 4 predicts severe cases with a sensitiv-
ity of 1.00 and specificity of 0.92. The application of the
SUPER score for prognostic assessment of patients with
COVID-19 is therefore valid and efficient, providing an
early warning for effective critical management and fa-
cilitating efficient allocation of health resources.

Funding

This study was supported by grants from Shandong
Provincial Key R&D Program (2020SFXGFYO03).

313

Author contributions

Contributions: Y.B.: Conceptualization, investigation,
data curation, resources, and writing-review & edit-
ing. Q.H.: Data curation, visualization, writing—original
draft. Y.Z.: Data curation, formal analysis, visualization,
writing-review & editing. Y.Y.: Data curation. X.F.: Data
curation. R.L.: Methodology, project administration, su-
pervision. J.P.: Methodology, writing-review & editing.
F.X.: Conceptualization, methodology, project adminis-
tration, supervision, writing-review & editing. Y.C.: Con-
ceptualization, methodology, project administration, su-
pervision, writing-review & editing, and funding acquisi-
tion. All authors have read and approved the final version
of the manuscript.

Acknowledgments

None.

Declaration of competing interest

The authors declare that they have no known compet-
ing financial interests or personal relationships that could
have appeared to influence the work reported in this pa-
per.

Data Available Statement
The data that support the findings of this study are

available from the corresponding author upon reasonable
request.

Ethics Statement

The study was approved by the Ethics Committee of
Qilu Hospital of Shandong University (KYLL-2020-016).



Y. Bian, Q. Han, Y. Zheng et al.

Informed Consent

This was an observational study, which did not involve
patient privacy information or affect patient diagnosis
and treatment. Informed consent was therefore waived
by the ethics committee.

References

[1] WHO, WHO Coronavirus (COVID-19) Dashboard 2020, 2022. Available from: https:
//covid19.who.int/ (accessed on 1 March 2023).

[2] Z. Wu, J.M. McGoogan, Characteristics of and important lessons from the coron-
avirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314
cases from the Chinese center for disease control and prevention, JAMA 323 (13)
(2020) 1239-1242, doi:10.1001/jama.2020.2648.

[3] W.J. Wiersinga, A. Rhodes, A.C. Cheng, et al., Pathophysiology, transmission, diag-
nosis, and treatment of coronavirus disease 2019 (COVID-19): a review, JAMA 324
(8) (2020) 782-793, doi:10.1001/jama.2020.12839.

[4] W.J. Guan, Z.Y. Ni, Y. Hu, et al., Clinical characteristics of coronavirus disease 2019
in China, N Engl J. Med. 382 (18) (2020) 1708-1720, doi:10.1056/nejmoa2002032.

[5] WHO, Clinical care for severe acute respiratory infection: toolkit, update 2022
and COVID-19 adaptation. 2022, 2022. Available from: https://www.who.int/
publications/i/item/clinical- care-of-severe-acute-respiratory- infections-tool-kit.
(accessed on 1 March 2023).

[6] Y. Bian, F. Xu, R.J. Lv, et al., An early warning scoring system for the prevention of
acute heart failure, Int. J. Cardiol. 183 (2015) 111-116, doi:10.1016/j.ijcard.2015.
01.076.

[7] Y. Su, M.J. Ju, R.C. Xie, et al., Prognostic accuracy of early warning scores for clinical
deterioration in patients with COVID-19, Front. Med. 7 (2020) 624255, doi:10.3389/
fmed.2020.624255.

[8] M. Myrstad, H. Ihle-Hansen, A.A. Tveita, et al., National Early Warning Score 2
(NEWS,) on admission predicts severe disease and in-hospital mortality from Covid-
19 - a prospective cohort study, Scand, J. Trauma Resusc. Emerg. Med. 28 (1) (2020)
66, doi:10.1186,/513049-020-00764-3.

[9] E.R DeLong, D.M DeLong, D.L Clarke-Pearson, Comparing the areas under two or
more correlated receiver operating characteristic curves: a nonparametric approach,
Biometrics 44 (3) (1988) 837-845.

[10] C. Huang, Y. Wang, X. Li, et al., Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China, Lancet 395 (10223) (2020) 497-506, doi:10.
1016/50140-6736(20)30183-5.

[11] R. Qin, L. He, Z. Yang, et al., Identification of parameters representative of im-
mune dysfunction in patients with severe and fatal COVID-19 infection: a system-
atic review and meta-analysis, Clin. Rev. Allergy Immunol. 64 (1) (2023) 33-65,
doi:10.1007/s12016-021-08908-8.

[12] R. Chen, L. Sang, M. Jiang, et al., Longitudinal hematologic and immunologic varia-
tions associated with the progression of COVID-19 patients in China, J. Allergy Clin.
Immunol. 146 (1) (2020) 89-100, doi:10.1016/j.jaci.2020.05.003.

[13] F. Wang, J. Nie, H. Wang, et al., Characteristics of peripheral lymphocyte sub-
set alteration in COVID-19 pneumonia, J. Infect. Dis. 221 (11) (2020) 1762-1769,
doi:10.1093/infdis/jiaal50.

[14] Z.Xu, L. Shi, Y. Wang, et al., Pathological findings of COVID-19 associated with acute
respiratory distress syndrome, Lancet Respir. Med. 8 (4) (2020) 420-422, doi:10.
1016/52213-2600(20)30076-X.

[15] Y. Zhao, Z. Zhao, Y. Wang, et al., Single-cell RNA expression profiling of ACE2, the
receptor of SARS-CoV-2, Am. J. Respir. Crit. Care Med. 202 (5) (2020) 756-759,
doi:10.1164/rccm.202001-0179le.

[16] L. Bao, W. Deng, B. Huang, et al., The pathogenicity of SARS-CoV-2 in hACE2 trans-
genic mice, Nature 583 (2020) 830-833, doi:10.1038/541586-020-2312-y.

[17] K. Zhang, W. Qin, Y. Zheng, et al., Malnutrition contributes to low lymphocyte count
in early-stage coronavirus disease-2019, Front. Nutr. 8 (2021) 739216, doi:10.3389/
fnut.2021.739216.

314

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Infectious Medicine 2 (2023) 308-314

P.L. Meroni, S. Croci, P.A. Lonati, et al., Complement activation predicts negative
outcomes in COVID-19: the experience from Northen Italian patients, Autoimmun.
Rev. 22 (1) (2023) 103232, doi:10.1016/j.autrev.2022.103232.

J.J. Zhang, Y.Y. Cao, G. Tan, et al., Clinical, radiological, and laboratory charac-
teristics and risk factors for severity and mortality of 289 hospitalized COVID-19
patients, Allergy 76 (2) (2021) 533-550, doi:10.1111/all.14496.

R. Qin, L. He, Z. Yang, et al., Identification of parameters representative of im-
mune dysfunction in patients with severe and fatal COVID-19 infection: a system-
atic review and meta-analysis, Clin. Rev. Allergy Immunol. 64 (1) (2023) 33-65,
doi:10.1007/s12016-021-08908-8.

R. Mao, Y. Qiu, J.S. He, et al., Manifestations and prognosis of gastrointestinal and
liver involvement in patients with COVID-19: a systematic review and meta-analysis,
Lancet Gastroenterol. Hepatol. 5 (7) (2020) 667-678, doi:10.1016/52468-1253(20)
30126-6.

Y. Li, S.Y. Xiao, Hepatic involvement in COVID-19 patients: Pathology, pathogenesis,
and clinical implications, J. Med. Virol. 92 (9) (2020) 1491-1494, d0i:10.1002/jmv.
25973.

D. Wichmann, Autopsy findings and venous thromboembolism in patients with
COVID-19, Ann. Intern. Med. 173 (12) (2020) 1030, doi:10.7326/1L.20-1206.

D. Wang, B. Hu, C. Hu, et al., Clinical characteristics of 138 hospitalized patients
with 2019 novel coronavirus-infected pneumonia in Wuhan, China, JAMA 323 (11)
(2020) 1061-1069, doi:10.1001/jama.2020.1585.

M. Arentz, E. Yim, L. Klaff, et al., Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington state, JAMA 323 (16) (2020) 1612-1614,
doi:10.1001/jama.2020.4326.

C. Wu, X. Chen, Y. Cai, et al., Risk factors associated with acute respiratory distress
syndrome and death in patients with coronavirus disease 2019 pneumonia in Wuhan,
China, JAMA Intern Med 180 (7) (2020) 934-943, doi:10.1001/jamainternmed.
2020.0994.

D. Wu, Q. Rao, W. Zhang, The natural course of COVID-19 patients without clinical
intervention, J. Med. Virol. 93 (9) (2021) 5527-5537, d0i:10.1002/jmv.27087.

J. Bao, C. Li, K. Zhang, et al., Comparative analysis of laboratory indexes of severe
and non-severe patients infected with COVID-19, Clin. Chim. Acta 509 (2020) 180-
194, doi:10.1016/j.cca.2020.06.009.

E. Prower, D. Grant, A. Bisquera, et al., The ROX index has greater predictive validity
than NEWS, for deterioration in Covid-19, EClinicalMedicine 35 (2021) 100828,
doi:10.1016/j.eclinm.2021.100828.

A. Gidari, G.V. De Socio, S. Sabbatini, et al., Predictive value of National Early
Warning Score 2 (NEWS,) for intensive care unit admission in patients with SARS-
CoV-2 infection, Infect. Dis. 52 (10) (2020) 698-704, doi:10.1080/23744235.2020.
1784457.

G. Ruocco, P.A. McCullough, K.M. Tecson, et al., Mortality risk assessment using
CHA(2)DS(2)-VASc scores in patients hospitalized with coronavirus disease 2019
infection, Am. J. Cardiol. 137 (2020) 111-117, doi:10.1016/j.amjcard.2020.09.029.
G. Fan, C. Tu, F. Zhou, et al., Comparison of severity scores for COVID-19 pa-
tients with pneumonia: a retrospective study, Eur. Respir. J. 56 (3) (2020) 2002113,
doi:10.1183/13993003.02113-2020.

H. Hu, N. Yao, Y. Qiu, Predictive value of 5 early warning scores for critical COVID-
19 patients, Disaster Med. Public Health Prep. 16 (1) (2022) 232-239, doi:10.1017/
dmp.2020.324.

NHS, Resources to support the safe adoption of the revised National Early
Warning Score (NEWS2), 2018. Available from: www.england.nhs.uk/wp-content/
uploads/2019/12/Patient_Safety_Alert -_adoption_of NEWS2.pdf. (accessed on 1
March 2023).

G.V. De Socio, A. Gidari, F. Sicari, et al., National Early Warning Score 2 (NEWS,)
better predicts critical Coronavirus Disease 2019 (COVID-19) illness than COVID-
GRAM, a multi-centre study, Infection 49 (5) (2021) 1033-1038, doi:10.1007/
$15010-021-01620-x.

M. Covino, C. Sandroni, M. Santoro, et al., Predicting intensive care unit admission
and death for COVID-19 patients in the emergency department using early warning
scores, Resuscitation 156 (2020) 84-91, doi:10.1016/j.resuscitation.2020.08.124.
X. Peng, C.P. Subbe, L. Zhang, et al., NEWS can predict deterioration of pa-
tients with COVID-19, Resuscitation 152 (2020) 26-27, doi:10.1016/j.resuscitation.
2020.05.011.


https://covid19.who.int/
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1056/nejmoa2002032
https://www.who.int/publications/i/item/clinical-care-of-severe-acute-respiratory-infections-tool-kit
https://doi.org/10.1016/j.ijcard.2015.01.076
https://doi.org/10.3389/fmed.2020.624255
https://doi.org/10.1186/s13049-020-00764-3
http://refhub.elsevier.com/S2772-431X(23)00054-0/sbref0009
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1007/s12016-021-08908-8
https://doi.org/10.1016/j.jaci.2020.05.003
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1164/rccm.202001-0179le
https://doi.org/10.1038/s41586-020-2312-y
https://doi.org/10.3389/fnut.2021.739216
https://doi.org/10.1016/j.autrev.2022.103232
https://doi.org/10.1111/all.14496
https://doi.org/10.1007/s12016-021-08908-8
https://doi.org/10.1016/S2468-1253(20)30126-6
https://doi.org/10.1002/jmv.25973
https://doi.org/10.7326/L20-1206
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.4326
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1002/jmv.27087
https://doi.org/10.1016/j.cca.2020.06.009
https://doi.org/10.1016/j.eclinm.2021.100828
https://doi.org/10.1080/23744235.2020.1784457
https://doi.org/10.1016/j.amjcard.2020.09.029
https://doi.org/10.1183/13993003.02113-2020
https://doi.org/10.1017/dmp.2020.324
https://www.england.nhs.uk/wp-content/uploads/2019/12/Patient_Safety_Alert_-_adoption_of_NEWS2.pdf
https://doi.org/10.1007/s15010-021-01620-x
https://doi.org/10.1016/j.resuscitation.2020.08.124
https://doi.org/10.1016/j.resuscitation.penalty -@M 2020.05.011

	SUPER Score Contributes to Warning and Management in Early-Stage COVID-19
	1 Introduction
	2 Materials and methods
	2.1 Patient selection and data collection
	2.2 Statistical analyses

	3 Results
	3.1 Baseline patient characteristics
	3.2 AUC, sensitivity, and specificity for predicting severe COVID-19 cases
	3.3 Risk characteristics of the SUPER score

	4 Discussion
	5 Conclusion
	Funding
	Author contributions
	Acknowledgments
	Declaration of competing interest
	Data Available Statement
	Ethics Statement
	Informed Consent
	References


