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to acquire guidance for further clinical decision mak-
ing [5]. However, the e�ectiveness of these three scor-
ing systems in assessing COVID-19 has not yet been 
reported.

Methods
Inclusion criteria
�is single-center, retrospective observational clini-
cal study was approved by the Ethics Committee of 
the General Hospital of central theater command of 
PLA (2020–008-1). A total of 53 cases of severe novel 
coronavirus pneumonia were con�rmed in the General 
Hospital of central theater command of People’s Liber-
ation Army between 1, January 2020 and 4, March 2020 
(Fig.�1).

�e inclusion criteria for the study were as follows: (1) 
All patients were con�rmed positively by SARS-CoV-2 
nucleic acid RT-PCR (Ct value ≤ 38.0, BGI, Shenzhen, 
China) using specimens derived from oropharyngeal 
swabs or sputum, prior to or during the hospitaliza-
tion; and (2) Patients with the severe form of the dis-
ease were categorized based on the 7th edition of the 
Chinese National Health Commission, which included 
meeting any of the following criteria: (1) shortness of 
breath, respiratory rate ≥ 30 beats/min; (2) oxygen 
saturation ≤ 93%� in� the� resting�state; (3) arterial blood 
oxygen partial pressure  (PaO2)/oxygen concentration 
 (FiO2) ≤ 300� mmHg (1� mmHg = 0.133� kPa); and (4) 
lung images showing obvious progress of lesions > 50% 
within 24–48�h.

�e exclusion criteria for the study were as follows: 
(1) Age < 18� years; (2) Patients with de�nite diagno-
sis of cancer; (3) Long-term hospitalization ≥ 3� m 
before death; (4) Presence of unconsciousness before 

admission; and (5) Patients receiving renal replacement 
therapy.

Data acquisition
Data related to demography, underlying comorbidities, 
symptoms, physical and radiological �ndings, laboratory 
values, and respiratory and physiologic parameters of the 
subjects while receiving mechanical ventilation were col-
lected from electronic and paper medical records. We 
used a positive bacterial culture of blood and sputum 
samples as the criteria for bacterial growth. �e APACHE 
II, MuLBSTA, and CURB-65 scores were calculated for 
di�erent treatment time points, and the predictive power 
of each score for treatment with clinical respiratory sup-
port and respective mortality risk was compared.

Observational indicators
High-�ow oxygen inhalation, noninvasive ventilator sup-
port, and invasive ventilator support were used as the 
three treatment methods. �e APACHE II, MuLBSTA, 
and CURB-65 scoring systems were used to calculate 
the patient scores at each time point. �e area under the 
receiver operating characteristic (ROC) curve was used 
to calculate the hierarchical boundary values of each 
scoring model for each treatment method [6]. �e sen-
sitivity and speci�city of all the values were calculated, 
and the di�erence in area under ROC curve (AUROC) 
of each scoring model for the same treatment was com-
pared. �e patients were divided into high-�ow oxygen 
inhalation group, noninvasive ventilator support group, 
and invasive ventilator support group. �ey were also 
categorized into death and non-death groups. �e cat-
egorization was based on the severity of the patient’s 
condition and the outcome. �e APACHE II, MuLBSTA, 
and CURB-65 scores for the high-�ow oxygen inhalation, 

Fig. 1 Research process
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noninvasive ventilator support, and invasive ventilation 
support groups prior to intubation were recorded. Fur-
ther, the APACHE II, MuLBSTA, and CURB-65 scores in 
the death group were recorded on the day of death.

�e MuLBSTA score was recorded based on the fol-
lowing [5]: multilobular in�ltration (5 points), lym-
phocytes ≤ 0.8*109/L (4 points), bacterial infection (4 
points), acute smokers (3 points) or quitters (2 points), 
hypertension (2 points), age ≥ 60�years (2 points), maxi-
mum 22 points.�e CURB-65 score was recorded based 
on the following[2]: consciousness disorder (1 point), 
blood urea nitrogen > 7� mmol/L (1 point), respiratory 
frequency ≥ 30 beats/min (1 point), systolic blood pres-
sure < 90�mmHg or diastolic blood pressure ≤ 60�mmHg 
(1 point), age ≥ 65� years (1 point), maximum 4 points. 
APACHE II score system is now widely used in the inten-
sive care unit (ICU). APACHE II score system includes a 
12-point acute physiology score (including Temperature, 
Heart rate, Breathing� rate, Blood pressure, Oxygen par-
tial pressure, PH,  K+,  Na+, Creatinine, HCT, WBC and 
Consciousness), Age point, and Chronic health evalua-
tion. �e higher the score, the more serious the condition 
[3, 4].

Statistical methods
Software Package for Social Sciences (IBM SPSS 25.0) 
was used for statistical analysis. Dates were described 
with median and range of continuous variables as well 
as frequency and percentage of categorical variables. �e 
performance of each scoring system was evaluated by 
measuring the AUROC. Further, the �2 test was used to 
calculate sensitivity and speci�city. �e di�erent scoring 
models used di�erent ROC curve areas for comparison.

Results
Basic information
Out of the 53 patients, 27 patients in the high-�ow 
nasal catheter oxygen therapy group were cured and 
discharged. �e remaining 26 patients underwent non-
invasive ventilator support. Out of these, 20 patients 
further underwent endotracheal intubation; however, 16 
patients could not be cured and eventually died. One of 
the patients who died had only received noninvasive ven-
tilator treatment but not endotracheal intubation. �e 
median time from onset to admission was 7�days, onset 
to noninvasive ventilator support was 12�days, onset to 
invasive ventilator support was 20� days, onset to death 
was 25� days, and onset to discharge was 35� days. �e 
other demographic characteristics are listed in Table�1.

The scores of�CURB-65, APACHE II, MuLBSTA, 
and�the�frequency of�each score in�each group
�e frequency (number of patients) of high-�ow oxygen 
inhalation group, noninvasive ventilation support group, 
and invasive ventilation support group in CURB score 0, 
1, 2, 3, 4, in APACHE II score 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 16, 17, 19, 20, 21 and in MuLBSTA score 2, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 are separately 
shown in Figs.�2, 3, and 4.

Cut-o� values of�CURB-65, APACHE II, and�MuLBSTA 
for�predicting the�risk of�noninvasive ventilator support, 
invasive ventilator support, and�mortality
In terms of the cut-o� values of CURB-65, 1.5 points 
was used for noninvasive ventilator support, 2.5 points 
for invasive ventilator support and mortality. In terms 
of the cut-o� values of APACHE II, 9.5 points was used 
for noninvasive ventilator support, 12.5 points for inva-
sive ventilator support and 11.5 points for mortality. In 
terms of the cut-o� values of MuLBSTA, 8.5 points was 
used for noninvasive ventilator support, 10.5 points for 
invasive ventilator support and 13.5 points for mortality. 
�ese have been listed in Table�2.

Table 1 Demographic characteristics

Patients

Age 61 (20–96)

Gender

 Male 36 (67.9%)

 Female 17 (33.1%)

 BMI 25.8 (19.6–30.5)

Chronic diseases 23 (43.4%)

 Hypertension 20 (37.7)

 Diabetes 9 (17)

 Heart disease 11 (20.8)

 Cerebrovascular disease 3 (5.7)

Treatment and outcome

 Noninvasive ventilator support 26 (49.1%)

 Invasive ventilator support 20 (37.7%)

 Cured 37 (69.8%)

 Death 16 (30.2%)

Course of disease

 Onset to admission 7 (1–31)

 Onset to noninvasive ventilator support 12 (6–32)

 Onset to invasive ventilator support 20 (9–38)

 Onset to death 25 (10–44)

 Onset to discharge 35 (7–53)
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Fig. 2 Distribution of di�erent treatment methods in CURB-65 scoring system. Quantity means “number of patients”

Fig. 3 Distribution of di�erent treatment methods in APACHE II scoring system. Quantity means “number of patients”

Fig. 4 Distribution of di�erent treatment methods in MuLBSTA scoring system. Quantity means “number of patients”
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Comparison of�area under�ROC curve of�three scoring 
models in�each group
On evaluating the three scoring models for noninvasive 
ventilator support, the area under the ROC curve of the 
APACHE II scoring model was identi�ed to be the largest 
and statistically di�erent from that of the MuLBSTA and 
CURB-65 models (P = 0.0046 and 0.0059, respectively). 
Further, no statistical di�erence was identi�ed between 
the MuLBSTA and CURB-65 models (P = 0.9369). �e 
assessment of the need for invasive ventilator support 
revealed that the AUROC of the APACHE II scoring 
model was the largest, statistically di�erent from the 
CURB-65 scoring model (P = 0.0372), and identical with 
the MuLBSTA scoring model (P = 0.2708). When assess-
ing mortality, the AUROC of the MuLBSTA scoring 
model was identi�ed to be the largest, which was statisti-
cally di�erent from CURB-65 (P = 0.0021). However, no 
di�erence was noted with APACHE II (P = 0.0549). �ese 

�ndings are listed in Table�3 and shown in Figs.�5, 6, and 
7.

Multivariate analysis of�individual risk factors in�each 
model for�DEATH and�INTUBATION in�patients 
with�COVID-19
On evaluating the individual risk factors in each model 
for death in patients with COVID-19, bacterial coinfec-
tion and age ≥ 60� years from MuLBSTA scoring model, 
breathing�rate ≥ 30/min and age ≥ 65�years from CURB-
65 scoring model were considered to be statistically 

Table 2 Cut-o� values of�CURB-65, APACHE II, and�MuLBSTA for�predicting the� risk of�noninvasive ventilator support, 
invasive ventilator support, and�mortality

Cut-o� value Youden index ROC Area Sensitivity Speci�city

Noninvasive ventilator support

 CURB-65 score 1.5 48.00 0.7493 0.6818 0.6452

 APACHE II score 9.5 76.92 0.9459 1.0000 0.7941

 MuLBSTA score 8.5 32.62 0.7560 0.6667 0.6923

Invasive ventilator support

 CURB-65 score 2.5 54.69 0.8561 0.5556 0.7143

 APACHE II score 12.5 83.93 0.9297 0.9286 0.9231

 MuLBSTA score 10.5 73.78 0.9235 0.6800 0.8929

Death

 CURB-65 score 2.5 46.11 0.7829 0.5833 0.7805

 APACHE II score 11.5 73.83 0.9046 0.6190 0.9063

 MuLBSTA score 13.5 94.59 0.9856 0.8462 0.8750

Table 3 Comparison of� the� area under� the� ROC curve 
between�the�three scoring models

Z value P value

Noninvasive ventilator support

 APACHE II vs. MuLBSTA 2.837 0.0046

 APACHE II vs. CURB-65 2.754 0.0059

 MuLBSTA vs. CURB-65 0.0791 0.9369

Invasive ventilator support

 APACHE II vs. MuLBSTA 1.101 0.2708

 APACHE II vs. CURB-65 2.084 0.0372

 MuLBSTA vs. CURB-65 1.054 0.2921

Death

 APACHE II vs. MuLBSTA 1.920 0.0549

 APACHE II vs. CURB-65 2.433 0.0150

 MuLBSTA vs. CURB-65 3.072 0.0021

Fig. 5 Comparison of noninvasive support ventilation with di�erent 
scoring methods. The AUROC of the APACHE II scoring model was 
identi�ed to be the largest and statistically di�erent from that of the 
MuLBSTA and CURB-65 models (P = 0.0046 and 0.0059, respectively)
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di�erent (P < 0.05); On evaluating the individual risk 
factors in each model for intubation in patients with 
COVID-19, breathing� rate ≥ 30/min from CURB-65 

scoring model were considered to be statistically di�erent 
(P < 0.05). All other individual risk factors from the three 
scoring models had no statistical di�erences. �ese have 
been listed in Tables�4 and 5.

Discussion
In this study, we analyzed 53 patients with a severe form 
of the disease in our hospital. �ese patients were tested 
positive for the nucleic acid test between January 2020 
and February 2020. In terms of demographic charac-
teristics, the patients were older, mostly male, and had 
underlying diseases similar to those described by other 
scholars [7]. However, Wang et�al. identi�ed that among 
the COVID patients, 54.3% were male and 45.7% were 
female, showing no gender di�erence [8]. Only severe 
cases were included in our study; the rate of patients 
on noninvasive ventilator support, patients on invasive 
ventilator support, and mortality was identi�ed to be 
49.1%, 37.7%, and 30%, respectively, which was similar 
to the results of other studies [9, 10]. �e median time 
from onset to admission was 7�days, onset to noninvasive 
ventilator treatment was 12� days, and onset to invasive 
ventilator treatment was 20�days. �e obtained data were 
found to be similar to that of previous studies [11, 12]. 
�e median time from onset to discharge was 35� days 
and from onset to death was 25�days.

According to current studies, early respiratory sup-
port treatment can improve the condition of patients 
with severe COVID-19 [1]. However, such treatments 
are normally administered based on a single test or sim-
ple clinical experience of doctors, which has signi�cant 
limitations. In our study, three scoring systems are used 
to calculate the approximate scores of each respiratory 
treatment method. �is can help clinicians judge and 
perform reasonable and timely respiratory management. 
Our research suggests that high-�ow oxygen inhala-
tion can be considered when the APACHE II score < 9.5, 
MuLBSTA score < 8.5, or CURB-65 score < 1.5. Further, 
noninvasive ventilator support can be considered when 
the APACHE II score ranges from 9.5 to 12.5, MuLBSTA 
score ranges from 8.5 to 10.5, or CURB-65 score ranges 
from 1.5 to 2.5, and invasive ventilator support can be 
considered when the APACHE II score > 12.5, MuLBSTA 
score ≥ 10.5, or CURB-65 score ≥ 2.5. Patients may be at 
risk of death when the APACHE II score > 11.5, MuLB-
STA score > 13.5, or CURB-65 score > 2.5.

�e APACHE II score is a classic tool for assessing 
the severity of the disease in patients in the ICU [4, 
13]. �e higher the score, the more critical the situa-
tion, worse the prognosis, and higher the mortality [13, 
14]. Wang et�al. determined that the median APACHE 
II score of patients with severe novel coronavirus pneu-
monia was 17 (10–22) [8], which is also consistent with 

Fig. 6 Comparison of invasive support ventilation with di�erent 
scoring methods. The AUROC of the APACHE II scoring model 
was the largest, statistically di�erent from the CURB-65 scoring 
model (P = 0.0372), and identical with the MuLBSTA scoring model 
(P = 0.2708)

Fig. 7 Comparison of mortality risk with di�erent scoring methods. 
The AUROC of the MuLBSTA scoring model was identi�ed to be the 
largest, which was statistically di�erent from CURB-65 (P = 0.0021), 
and no di�erence was noted with APACHE II (P = 0.0549)
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our research. �e APACHE II score is better than the 
scores of the other two methods when evaluating non-
invasive respiratory support treatment (P = 0.0046 and 
0.0059, respectively). In terms of invasive respiratory 
support therapy, the APACHE II score is better than 
the CURB-65 score (P = 0.0372). Further, the APACHE 
II score is also better than that of CURB-65 (P = 0.0150) 
in predicting mortality risk. �erefore, with compre -
hensive consideration, the APACHE II score is �rst 
recommended when assessing the overall condition of 
patients with COVID.

�e MuLBSTA score assesses the risk of death from 
viral pneumonia [5, 15]. Patients with MuLBSTA 
score > 12 are categorized as the high-risk group [7]. 
Further, in our study, the patients are at risk of death 
when MuLBSTA score > 13.5. �e MuLBSTA score has 
a sensitivity of 0.6364 and speci�city of 0.9355 when 
assessing the risk of death, as reported through stud-
ies [5]. We also identify the MuLBSTA score to be bet-
ter compared to the CURB-65 score in assessing death 

risk (P = 0.0021). �erefore, we recommend MuLBSTA 
score as the �rst choice when predicting only the risk 
of death.

�e CURB-65 score is often used to assess the sever-
ity of community-acquired pneumonia, which requires 
only few assessment tools [16]. Owing to its simplicity 
and low score, the CURB-65 score has high sensitivity 
and low speci�city when assessing a condition [17]. It 
is necessary to combine other parameters of the patient 
with the CURB-65 score to reach a �nal clinical judg-
ment. Similarly, in our study, we �nd that the CURB-65 
score is not as e�cient as the other two scoring systems 
in assessing the necessity of respiratory support and 
death risk. �erefore, based on our study results, the 
CURB-65 score is not recommended for assessment of 
patients with COVID.

Our study has few limitations. It is a single-center, 
retrospective study with a relatively small sample 
size. Further, there is a certain degree of clinical data 
de�ciency.

Table 4 Multivariate analysis of�individual risk factors in�each model for�DEATH in�patients with�COVID-19

Risk factors P value OR value

MuLBSTA Score (sensitivity 0.8462, speci�city 0.8750)

 Multilobular in�ltrates 1.000 –

 Lymphocyte ≤ 0.8 * 10 9/L 0.211 –

 Bacterial coinfection 0.010 12.457

 Quit-smoker or acute-smoker 0.276 –

 Hypertension 0.565 –

 Age ≥ 60 years 0.014 12.220

CURB-65 Score (sensitivity 0.5833, speci�city 0.7805)

 Disturbance of consciousness 0.522 –

 Blood urea nitrogen > 7 mmol/L 0.379 –

 Breathing rate ≥ 30/min 0.018 9.351

 Systolic pressure < 90 mmHg or diastolic pressure ≤ 60 mmHg 1.000 –

 Age ≥ 65 years 0.016 11.591

APACHEII Score (severity 0.9286, speci�city 0.9231)

 Temperature 0.942 –

 Heart rate 0.996 –

 Breathing rate 0.158 –

 Blood pressure 1.000 –

 Oxygen partial pressure 0.996 –

 PH 0.487 –

 K+ 0.273 –

 Na+ 0.174 –

 Creatinine 0.352 –

 HCT 0.641 –

 WBC 0.382 –

 Consciousness 0.596 –

 Age 0.995 –

 Chronic diseases 0.586 –
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Conclusion
�e current study �nd that for patients with COVID, the 
APACHE II score is an e�ective predictor of the disease 
severity and mortality risk, whereas, the MuLBSTA score 
is only a good predictor of mortality risk.
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