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Abstract

Background The Coronavirus Disease 2019 (COVID-19) had become a Public Health Emergency of International Concern
with more than 90 million confirmed cases worldwide. Therefore, this study aims to establish a predictive score model
of progression to severe type in patients with COVID-19. Methods This is a retrospective cohort study of 151 patients
with COVID-19 diagnosed by nucleic acid test or specific serum antibodies from February 13, 2020, to March 14, 2020,
hospitalized in a COVID-19-designed hospital in Wuhan, China. Results Of the 151 patients with average age of 63 years,
64 patients were male (42.4%), and 29 patients (19.2%) were classified as severe group. Multivariate analysis showed that
age > 65 years (odds ratio [OR]=9.72, 95%CI: 2.92-32.31, P <0.001), lymphocyte count < 1.1 x 10°/L (OR =3.42, 95%ClI:
1.24-9.41, P=0.017) and AST>35 U/L (OR=3.19, 95%CI: 1.11-9.19, P=0.032) were independent risk factors for the
disease severity. The area under curve (AUC) of receiver operating characteristic curve of the probabilities of the composite
continuous variable (age + lymphocyte + AST) is 0.796. Finally, a predictive score model called ALA was established, and
its AUC was 0.83 (95%CI: 0.75-0.92). Using a cutoff value of 9.5 points, the positive and negative predictive values were
54.1% (38-70.1%) and 92.1% (87.2-97.1%), respectively. Conclusion The ALA score model can quickly identify severe
patients with COVID-19, so as to help clinicians to better choose accurate management strategy.
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1 Introduction
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Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
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were 95,612,831 confirmed cases of COVID-19 reported
globally, and 2,066,176 patients died [2].

Some studies had shown that the common symptoms
of COVID-19 were fever, cough, myalgia, fatigue and so
on [3-5]. Severe respiratory infection symptoms could be
observed in some severe cases in the early stage of COVID-
19, then rapidly progressed to acute respiratory distress
syndrome (ARDS), acute respiratory failure, and other seri-
ous complications resulting in the more than 20% mortality
[4, 6]. However, it is difficult to identify the severe patients
accurately in the early stage of admission. Therefore, in
this study, we evaluated and compared the demographic
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characteristics and initial clinical laboratory data between
severe type and non-severe type in patients with COVID-
19 diagnosed by real-time reverse transcription-polymerase
chain reaction (RT-PCR) or serological assays on initial
admission in order to establish a predictive score model for
severe type, which could help medical staffs quickly identify
the severe patients at the early stage of admission, so as to
give accurate management for them.

2 Methods
2.1 Study Population

This is a retrospective cohort study of 151 patients with
COVID-19 pneumonia treated or managed by Harbin Medi-
cal Team to aid Hubei province from February 13, 2020
to March 14, 2020, hospitalized in Wuhan NO.1 hospital,
China. Of the 151 patients, 138 patients discharged from
this hospital. All patients lived in Wuhan and had a his-
tory of exposure to confirmed case of COVID-19. RT-PCR
was tested in all patients, and serological assays including
specific IgM antibody and IgG antibody of SARS-COV-2
were tested in 103 patients. All patients were diagnosed
with COVID-19 pneumonia according to National Health
Commission of the People’s Republic of China interim
guidance [7]. Patients with COVID-19 pneumonia were
divided into two subtypes according to the degree of dis-
ease severity. The severe type was defined according to any
of the following criteria: (1) respiratory distress, respiratory
rate (RR) >30 breaths/min; (2) percutaneous oxygen satu-
ration <93% at rest; (3) artery partial pressure of oxygen
(PaO2)/fraction of inspired oxygen (Fi02) <300 mmHg
(1 mmHg =0.133 kPa); (4) death. The non-severe type was
defined as those who met none of these criteria. This study
was reviewed and approved by the Medical Ethical Com-
mittee of the Second Affiliated Hospital of Harbin Medical
University (Ethical review approval number: KY2020-011).

2.2 Data Collection

The clinical symptoms, comorbidities and clinical laboratory
data from electronic medical records were extracted. Routine
blood tests (white blood cell count, lymphocyte count, plate-
lets count, neutrophils count) were performed on the blood
samples. Clinical chemical tests include AST (aspartate ami-
notransferase), ALT (alanine aminotransferase), albumin,
glucose, LDH (lactate dehydrogenase), creatine kinase, serum
creatinine, BUN (blood urea nitrogen). The initial laboratory
indices of some patients were not perfect because our team
went to support another hospital. Noneffective antibiotic treat-
ment was defined according to the following: no declining
temperature or no improvement of symptoms even worse after
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48 to 72 h antibiotic treatment. To identify SARS-CoV-2 infec-
tion, RT-PCR was used for the testing of nasopharyngeal swab
samples obtained from all patients at admission according to
the recommendation by the National Institute for Viral Disease
Control and Prevention (China) [8]. In addition, serum from
103 patients was collected to detect SARS-CoV-2 specific IgG
antibody and IgM antibody.

2.3 Statistical Analysis

SPSS Statistics 25 (IBM, SPSS) was used for statistical anal-
ysis. Normal distributed continuous data were described by
mean + standard deviation (SD) and compared using student’s
t-test. Abnormal distributed continuous data were described
by median (interquartile range, IQR) and compared using
Mann—Whitney test. For categoric data, Chi-square test or
the Fisher exact test was used for the comparison. Logistic
regression analysis was used to estimate the odds ratio (OR)
for statistically significant correlation between risk factors and
severity. Receiver operating characteristic (ROC) analysis was
used to estimate the diagnostic accuracy of risk factors for
disease severity. Bilateral test (the test level @=0.05) was used,
and P <0.05 was considered statistically significant.

The establishment of predictive score model was performed
using R software, version 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria). In order to establish the predic-
tive model better, the missing data are replaced by “unknown”.
All the variables at a statistically significant level (p <0.05)
after multivariate logistic regression analysis were candidates
for formulation of a nomogram based on proportionally con-
verting each multivariate regression coefficient to a 0- to 100-
point scale by using the “rms” package of R (https://CRAN.R-
project.org/package=rms). The predictive performance of the
nomogram was measured by concordance index (C-index) and
calibration with 1000 bootstrap samples to decrease the overfit
bias [9].

For convenience of clinical use, a novel scoring model
including age, lymphocyte and AST was established, and
their relevant points were determined by above multivariate
logistic regression to reflect their weights of impact on the
severe type. Lymphocyte count and AST were categorized
based on their normal ranges. The performance of the scoring
model was assessed by using ROC curves. The area under
curve (AUC) and optimal cutoff values were determined and
assessed according to the sensitivity, specificity, predictive
values and likelihood ratios.
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3 Results
3.1 Demographic Characteristics

The study was made up of 151 patients(64 men and 87
women) with an average age of 63 years (Table 1). Of
the 151 patients, 103 patients with COVID-19 were diag-
nosed by RT-PCR testing; 48 patients with COVID-19
were diagnosed by serological specific antibody testing.
A total of 122 patients (80.8%) were non-severe, defined as
the non-severe group, and 29 patients (19.2%) were severe,
defined as severe group. The common self-reported symp-
toms at onset of illness were fatigue (n=106 [70.2%]),
cough (n=103 [68.2%]), fever (n=101 [66.9%]), produc-
tive cough (n=42 [27.8%]), and dyspnea (n =29 [19.2%]).
Eighty-five patients (56.3%) have at least one underlying
disease. Common comorbidities include hypertension
(n=060 [39.7%]), diabetes (n =32 [21.2%]), cardiovascular
disease (n=18 [11.9%]), chronic obstructive pulmonary
disease (COPD, n=6 [4.0%]) and cancer (n=5 [3.3%]).
The average ages of severe group and non-severe group
were 72 and 61, respectively (P <0.001). Compared with
the non-severe group, more patients presented with dysp-
nea (9 [7.4%] vs. 20 [69.0%], P <0.001) in severe group.

Noneffective antibiotic treatment was more likely to be
observed in the severe patients compared with non-severe
patients (10 [34.5%] vs. 15 [12.3%], P=0.010). There
were no statistical significances for other clinical features
between the two groups.

3.2 Clinical Laboratory Data

Clinical laboratory data of patients with COVID-19
are summarized in Table 2. The levels of lymphocytes
(0.83 [0.62, 1.37]x 10° /L vs 1.55 [1.13, 1.95] x 10°/L;
P <0.001), eosinophils (0.01 [0.00, 0.07] x 10°/L vs 0.1
[0.06, 0.19]1x 10° /L; P=0.001), albumin/globulin ration
(0.96+6.84 vs 1.32+0.29; P<0.001), albumin (29.2
[26.48, 32.1] g/L vs 34 [30.5, 38.5] g/L; P<0.001),
serum potassium (3.7 [3.0, 4.2] mmol/L vs 4.2 [4.0, 4.3]
mmol/L; P=0.022), serum sodium (136.1 [133.8, 142.1]
mmol/L vs 140.7 [140.1, 141.25] mmol/L; P =0.044) and
serum calcium (2.03 [1.94, 2.09] mmol/L vs 2.16 [2.01,
2.22] mmol/L; P=0.005) were significantly lower in
severe patients compared with non-severe patients. Sig-
nificantly higher levels of white blood count (7.69 [6.07,
11.16] x 10°/L vs 5.87 [4.87, 7.29] X 10°/L; P=0.001),
neutrophils count (7.60 [4.13, 12.98] x 10°/L vs 3.4 [2.53,
4.32]x10°/L; P=0.001), AST (37 [25, 59] U/L vs 23 [18,

Table 1 Comparison of the
demographic characteristics
between severe and non-severe

Demographic characteristics

All patients (n=151)  Severe Group

(n=29, 19.2%)

Non-severe Group P-value
(n=122, 80.8%)

patients with COVID-19 Age (y), mean

<65

>65

Gender

Male

Female

Clinical symptoms
Cough

Productive cough
Fever

Dyspnea

Fatigue

Comorbidities

Any

COPD

Hypertension
Diabetes
Cardiovascular disease
Cancer

Other chronic history
Noneffective antibiotic treatment

63+14 72+14 6113 <0.001
80 (53.0) 5(17.2) 75 (61.5) <0.001
71 (47.0) 24 (82.8) 47 (38.5)

0.475
64 (42.4) 14 (48.3) 50 (41.0)
87 (57.6) 15 (51.7) 72 (59.0)
103 (68.2) 17 (58.6) 86 (70.5) 0.217
42 (27.8) 6 (20.7) 36 (29.5) 0.341
101 (66.9) 18 (62.1) 83 (68.0) 0.540
29 (19.2) 20 (69.0) 9(7.4) <0.001
106 (70.2) 24 (82.8) 82(67.2) 0.100
85 (56.3) 17 (58.6) 68 (55.7) 0.778
6 (4.0 1(3.4) 5(4.1) 1.000
60 (39.7) 13 (44.8) 47 (38.5) 0.533
32(21.2) 9 (31.0) 23 (18.9) 0.149
18 (11.9) 2(6.9) 16 (13.1) 0.528
5@3.3) 1(3.4) 4(3.3) 1.000
6 (4.0 5(17.2) 1(0.8) 0.001
25 (16.6) 10 (34.5) 15 (12.3) 0.010

Values are presented as mean + standard deviation or number (%). COVID-19, coronavirus disease 2019;
COPD chronic obstructive pulmonary disease
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Table 2 Comparison of clinical

Tests in study population Severe group n=29 Non-severe group n=122 P-value

laboratory data between severe

and non-severe patients with Hematologic

COVID-19 White blood cells, x 10%/L 28 (7.69; 6.07, 11.16) 107 (5.87; 4.87,7.29) 0.001
Lymphocytes, X 10°/L 28 (0.83; 0.62, 1.37) 107 (1.55; 1.13, 1.95) <0.001
<1.1x10°/L 17 (60.7) 26 (24.3) <0.001
Neutrophils, x 10%/L 16 (7.60; 4.13, 12.98) 23 (3.4;2.53,4.32) 0.001
Red blood cells, x 10'%/L 14 (3.89; 3.46, 5.03) 23 (4.02; 3.78, 4.47) 0914
Mononuclear cells, x 10° /L 14 (0.58; 0.40, 0.73) 23 (0.53;0.5,0.7) 0.817
Eosinophils, x 10° /L. 14 (0.01; 0.00, 0.07) 23 (0.1; 0.06, 0.19) 0.001
<0.02x10° /L 10 (71.4) 0(0.0) <0.001
Platelets, x 10° /L. 27 (235; 109, 301) 107 (239; 193, 287) 0.393
Haemoglobin, g/L. 14 (126.9 £25.56) 23 (123.35+13.46) 0.582
Basophil percentage, % 13(0.2;0.1,0.2) 23(0.3;0.2,0.4) 0.055
Biochemical
AST, U/L 27 (37, 25, 59) 107 (23; 18, 31) <0.001
>35U/L 14 (51.9) 19 (17.8) <0.001
ALT, U/L 26 (35.5; 15, 46.75) 107 (23; 16, 42) 0.145
Total protein, g/L 14 (60.21 +6.09) 22 (69.92+7.63) 0.272
Albumin, g/L 28(29.2;26.48, 32.1) 107 (34; 30.5, 38.5) <0.001
<40 g/L 26 (92.9) 92 (86.0) 0.524
Globulin, g/L 13 (31.20; 26.70, 33.70) 23 (28.1; 24.4, 30.6) 0.060
AIG 14 (0.96 +6.84) 23 (1.32+0.29) <0.001
Total bilirubin, umol/L 12 (16.82 £6.63) 23 (11.84+3.64) 0.029
Glucose, mmol/L 9 (5.7;4.65, 12.25) 48 (5.25;4.9,6.5) 0.443
LDH, U/L 19 (342; 195, 721) 83 (201; 174, 248) <0.001
>250U/L 7 (36.8) 20 (24.1) 0.001
Creatine kinase, U/L 18 (58; 39.75, 125) 82 (51.5; 42, 100.5) 0.680
Serum creatinine, umol/L 16 (88; 55.5, 140.25) 22 (61.5; 54, 73.5) 0.052
BUN, mmol/L 16 (8.85; 6.75, 12.85) 22 (4.25; 3.38,5.25) 0.001
Uric acid, umol/L 15 (335; 181, 475) 20 (303; 233.75, 372.75) 0.730
Total carbon dioxide, mmol/L 15 (25.29+5.62) 18 (27.71+3.27) 0.157
Ion
K*, mmol/L 15(3.7;3.0,4.2) 17 (4.2;4.0,4.3) 0.022
Na*, mmol/L 15 (136.1; 133.8, 142.1) 17 (140.7; 140.1, 141.25) 0.044
CI~, mmol/L 14 (103.26+10.80) 17 (105.94 +4.42) 0.397
Ca”*, mmol/L 14 (2.03; 1.94, 2.09) 18 (2.16; 2.01, 2.22) 0.005
<2 mmol/L 6 (42.9) 3(16.7) 0.132
Mg?*, mmol/L 13 (0.9; 0.83, 0.98) 18 (0.92; 0.86, 0.95) 0.540

Data are presented as n (mean+SD) or n (median; IQR) or number (%). COVID-19, coronavirus disease
2019; ALT alanine aminotransferase; AST aspartate aminotransferase; A/G albumin/globulin ration; LDH
lactate dehydrogenase; BUN blood urea nitrogen

31] U/L; P<0.001), total bilirubin (16.82 + 6.63 umol/L
vs 11.84 +3.64 umol/L; P=0.029), LDH (342 [195,
721] U/L vs 201 [174, 248] U/L; P<0.001) and BUN
(8.85 [6.75, 12.85] mmol/L vs 4.25 [3.38, 5.25] mmol/L;
P=0.001) were observed in patients with severe type
compared with those with non-severe type. There were no
significant differences for other laboratory indices between
the two groups.
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3.3 Risk factors of the Severe COVID-19

As shown in Table 3, univariate analysis found that
age > 65 years (OR=7.66, 95%CI: 2.73-21.46, P <0.001),
lymphocytes < 1.1 x 10°/L (OR =4.81, 95%CI: 2—11.58,
P <0.001) and AST >35 U/L (OR=4.99, 95%CI:
2.02-12.31, P<0.001) were significantly associated with the
severe type. Multivariate analysis showed that age > 65 years
(OR=9.72, 95%CI: 2.92-32.31, P <0.001), lymphocyte
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Table 3 Univariate and

A . . Clinical character-
multivariate analysis for risk

Univariate analysis

Multivariate analysis

istics

factors of severe type in patients OR (95%CI) P-value * OR (95%CI) P-value ?
with COVID-19

Age(years)

<65 Reference Reference

>65 7.66 (2.73,21.46) <0.001 9.72 (2.92,32.31) <0.001

Comorbidity

Without Reference

Any 1.13 (0.5,2.56) 0.779

Lymphocyte (x 10°/L)

>1.1 Reference Reference

<1.1 4.81(2,11.58) <0.001 3.42(1.24,9.41) 0.017

Unknown 0.49 (0.06,4.09) 0.511 0.28 (0.01,8.38) 0.465

Eosinophils, X 1 0°/L

>0.02 Reference

<0.02 244,632,670.97 (0, Inf) 0.988

Unknown 0.87 (0.26,2.87) 0.821

AST, U/L

<35 Reference Reference

>35 4.99 (2.02,12.31) <0.001 3.19(1.11,9.19) 0.032

Unknown 0.9 (0.18,4.41) 0.899 2.17 (0.14,34.37) 0.584

Albumin, g/L

>40 Reference

<40 2.12 (0.46,9.87) 0.339

Unknown 0.5 (0.04,6.12) 0.588

Total bilirubin, umol/L

<24 Reference

>24 13,242,969.58 (0, Inf) 0.987

Unknown 0.39 (0.16,0.97) 0.044

Ca**, mmol/L

>2 Reference

<2 3.75 (0.73,19.14) 0.112

Unknown 0.27 (0.1,0.75) 0.012

AST aspartate aminotransferase

*Logistic regression analysis

count< 1.1 x10°%L (OR =3.42, 95%CI: 1.24-9.41,
P=0.017) and AST>35 U/L (OR=3.19,95%CI: 1.11-9.19,
P=0.032) were independent factors for the severe type.

Based on the ROC curve analysis (Fig. la—c), the AUC of
age, lymphocyte, and AST were 0.742 (95%Cl: 0.639-0.844;
P<0.001), 0.749 (95%CI: 0.640-0.859; P <0.001), and
0.749 (95%CTI: 0.647-0.850; P <0.001), respectively. When
the three continuous variables were composited, the AUC of
the probabilities of the composite variable is 0.796 (95%CI:
0.690-0.903; P <0.001, Fig. 1d).

3.4 Formulation of Nomogram and Establishment
of a Prediction Scoring Model

A predictive nomogram was formulated based on above
independent risk factors associated with severe group and

validated using the bootstrap method internally (Fig. 2).
The nomogram demonstrated good accuracy in estimating
the risk of progression of illness, with a C-index of 0.83
(Fig. 3).

In order to identify severe patients quickly, a new scor-
ing model called ALA (age, lymphocyte and AST) was
established according to the results of nomogram, which
scores from 5 to 13 points. For age scores, there were two
levels: <65 years and > 65 years. For lymphocyte scores,
there were three levels: < 1.1 x 10°/L,> 1.1 x 10°/L, and
unknown. For AST scores, there were three levels: <35
U/L, > 35 U/L, and unknown (Table 4). ROC analysis was
used to assess the performance of the ALA model, the
AUC was 0.83 (95%CI: 0.75-0.92). Using a cutoff value
of 9.5 points, the sensitivity and specificity were 69.0%
(52.1-85.8%) and 86.1% (79.9-92.2%), the positive and
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Fig. 1 Receiver operator characteristic analysis of age a, lymphocyte b, AST ¢ and composite variable (age +lymphocyte + AST, d) for predict-
ing severe pneumonia. NOTE: AST, aspartate aminotransferase; AUC, area under curve

negative predictive values were 54.1% (38-70.1%) and
92.1% (87.2-97.1%), respectively (Table 5).

Furthermore, ALA scores are divided into two risk lev-
els based on the probability of severity. Low risk (Class
A) was defined as follow: patients with 5-9 points had
less than 22% probabilities to develop severe type; and
high risk (Class B) was defined as follow: patients with
10-13 points had 22-70% probabilities to develop severe
type (Fig. 4).
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4 Discussion

At present, COVID-19 has become a major threat to
global health [10]. Most patients with COVID-19 have
mild symptoms and good prognosis, whereas some cases
rapidly progressed to severe pneumonia even died. In this
study, of the 151 patients with COVID-19, 29 patients
(19.2%) were included in the severe group. Fever, cough,
and fatigue are the common symptoms in patients with
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Fig.2 Nomogram to estimate . 0 10 20 30 40 50 60 70 80 90 100
. ot I Points . . . \ . . \ . . .
the risk of severity in patients
with COVID-19
>65
Age (years) , '
=65
9 >1.1
Lymphocyte (x10°/L) - L )
Unknown <1.1
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AST (U/L) w L ‘
<35 >35
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Logistic calibration curve Table 5 Predictive accuracy of the ALA model for the severity of
© o " e COVID-19
o -
R = 0.964 ; i
2 © | Cindex=0.836 P Variable Enrolled patients (n=151)
§ AUROC 0.83 (0.75-0.92)
g 3+ Cutoff value (95% CI) 9.5
E N Sensitivity, % 69.0 (52.1-85.8)
- 2 - — Apparent Specificity, % 86.1 (79.9-92.2)
o | = T pas-comedted Accuracy, % 82.8 (82.6-83.0)
© 5 T T T T Positive predictive value, % 54.1 (38.0-70.1)
0.0 0.2 0.4 0.6 0.8

Predicted Probability
B= 1000 repetitions, boot Mean absolute error=0.026 n=151

Fig.3 The calibration curves for predictions in patients with COVID-
19

Table 4 The calculators of ALA

. Characteristics Points
points

Age (years)

<65 years

> 65 years 5
Lymphocyte (X 1 0°/L)
>1.1x10° /L 2
<1.1x10°/L 4
Unknown
AST (U/L)

<35U/L 2
>35U/L 4
Unknown 3

COVID-19. Our data differentiated from the recent report
showed SARS-CoV-2 was more likely to affect females,
and the average age of patients with COVID-19 appeared

92.1 (87.2-97.1)
4.95 (2.99-8.19)
0.36 (0.21-0.62)

Negative predictive value, %
Positive likelihood ratio

Negative likelihood ratio

Area under receiver operating characteristic, AUROC

older [6]. Whether the differences are due to regional dif-
ferences, which requires further multi-center research.

In this study, severe patients were older and less likely
to be treated with antibiotics than non-severe patients. And
severe patients had lower levels of albumin, lymphocytes,
eosinophils, and higher levels of neutrophils compared with
non-severe patients. These differences of demographic char-
acteristics were consistent with results noted in some studies
[4, 11], whereas this study suggested that antibiotic treat-
ment was more noneffective in severe patients. In addition,
this study also found that organ dysfunction (e.g. elevated
level of AST, LDH, BUN) was significantly associated with
severe type in patients infected by SARS-CoV-2, which is
consistent with results of some published studies [12—15].

Furthermore, multivariate analysis showed that
age > 65 years, lymphocyte counts < 1.1 x 10%/L and
AST > 35 U/L were independent risk factors for severe
type. Internationally, health authorities and governments
are warning older people that they are at higher risk

@ Springer
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Fig.4 Nomogram for ALA A B
estimation of severity risk ALA class
6 8 10 12
ALA points r L T L T ! T - )
5 i 9 11 13
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-4.5 -4 -3.5 -3 -25 -2 -1.5 -1 -0.5 0 0.5 1
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0.05 0.1 0.2 0.3 04 05 06 0.7

for more severe and potentially fatal diseases linked to
COVID-19. The mortality data from the Oxford COVID-
19 Evidence Service showed that the mortality was
3.6% for patients aged 60-69 years, 8.0% for those aged
70-79 years and 14.8% for those aged over 80 years [16].
In addition, many studies had verified that viral hyperin-
flammation and dysregulation of immune responses (e.g.
decreased level of lymphocytes) were highly involved in
the pathological process of COVID-19 [12-15, 17, 18].
Besides, SARS-CoV-2 might directly bind to ACE2 posi-
tive cholangiocytes and cause liver damage [19], and the
pathological results of autopsy revealed that degeneration
of hepatocytes, focal necrosis with neutrophil infiltra-
tion, lymphocytic and monocyte infiltration in the hepatic
manifold area, and micro-thrombosis were common in the
liver of dead patients with COVID-19 [7]. Therefore, the
three risk factors (age, lymphocyte and AST) will be good
predictors for severe type. In this study, the composite
variable (age + lymphocyte + AST) had a good diagnostic
value for severe patients according to ROC curve (area
under curve =0.796).

At present, more than 2 million patients died due to
COVID-19 [2]; thereby, it is important to early identify
patients with high risk for severity. Here, we constructed
a risk scoring system (ALA) according to age, lympho-
cyte counts and AST levels, which could rapidly identify
patients with high risk for severe type. Of the 151 patients,
116 (76.8%) patients had 5-9 points (class A), which was
less likely to develop the severe type. And 35 (23.2%)
patients had 10-13 points (class B), which indicated that
these patients were more likely to develop the severe type.
Therefore, patients with 10—13 points should be considered
to be early transferred to tertiary centers and be played more
attention. In addition, we should continuously monitor the
blood routine, coagulation and biochemical indicators of the
class B patients to prevent the possibility of disease progres-
sion. This score will be helpful for clinicians to make appro-
priate decisions and optimize the use of hospital resources.

@ Springer

This study has several limitations. First of all, the rela-
tively small sample size and the lack of laboratory data of
some patients may have a certain impact on the statistical
results. Second, it is a retrospective, single-center study;
therefore, a prospective study or a multi-center study is
needed to verify the reliability of the ALA score model in
future. Third, medical records collected from the first batch
of hospital tests are not representative of the entire hospi-
talization process. Fourth, the sensitivity and specificity of
the scoring model may be further improved by adding other
specific variables.

5 Conclusion

Our findings suggested that age, lymphocytes and AST were
independent risk factors for the severity of COVID-19. The
ALA scoring model could help medical staffs to identify
the severe COVID-19 patients quickly at the early stage
of admission, so as to give accurate management for these
patients.
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