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The aim of this research was to develop a quantitative method for clinicians to predict the probability of
improved prognosis in patients with coronavirus disease 2019 (COVID-19). Data on 104 patients admit-
ted to hospital with laboratory-confirmed COVID-19 infection from 10 January 2020 to 26 February 2020
were collected. Clinical information and laboratory findings were collected and compared between the
outcomes of improved patients and non-improved patients. The least absolute shrinkage and selection
operator (LASSO) logistics regression model and two-way stepwise strategy in the multivariate logistics
regression model were used to select prognostic factors for predicting clinical outcomes in COVID-19
patients. The concordance index (C-index) was used to assess the discrimination of the model, and inter-
nal validation was performed through bootstrap resampling. A novel predictive nomogram was con-
structed by incorporating these features. Of the 104 patients included in the study (median age
55 years), 75 (72.1%) had improved short-term outcomes, while 29 (27.9%) showed no signs of improve-
ment. There were numerous differences in clinical characteristics and laboratory findings between
patients with improved outcomes and patients without improved outcomes. After a multi-step screening
process, prognostic factors were selected and incorporated into the nomogram construction, including
immunoglobulin A (IgA), C-reactive protein (CRP), creatine kinase (CK), acute physiology and chronic
health evaluation II (APACHE II), and interaction between CK and APACHE II. The C-index of our model
was 0.962 (95% confidence interval (CI), 0.931–0.993) and still reached a high value of 0.948 through
bootstrapping validation. A predictive nomogram we further established showed close performance com-
pared with the ideal model on the calibration plot and was clinically practical according to the decision
curve and clinical impact curve. The nomogram we constructed is useful for clinicians to predict
improved clinical outcome probability for each COVID-19 patient, which may facilitate personalized
counselling and treatment.

� 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction regarded as a pandemic disaster, while cases continue to rise
Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has been
globally [1–5]. SARS-CoV-2, which has been identified as a
b-coronavirus, a clade in the rotavirus subgenus belonging to
subfamily of the orthodox coronavirus, has a similar phylogeny
to two other b-coronavirus: severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV). b-coronaviruses that are zoonotic in
origin have been linked to potentially fatal illness during outbreaks
in 2003 and 2012, respectively [6,7].
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By 3 March 2020, the total number of infections and deaths
caused by COVID-19 had risen sharply to over 83 000 worldwide.
The incubation period is 2–14 d from COVID-19 infection to the
onset of symptoms. Clinical manifestations are very similar to
those of SARS, including fever, cough, nausea, and vomiting. How-
ever, some COVID-19 patients have no fever or radiological abnor-
malities at the beginning, which complicates the diagnosis.
Laboratory findings indicate that lymphocytopenia (83.2%), throm-
bocytopenia (36.2%), leukopenia (33.7%), and elevated levels of C-
reactive protein (CRP) are the most common characteristics among
patients with COVID-19 [8]. According to current evidence, the
mortality rate of COVID-19 is about 3%, and deaths mainly occur
in older patients or those with coexisting diseases [9,10]. There is
no doubt that early management may make a significant contribu-
tion to reducing mortality. Previous studies have demonstrated the
general epidemiological and clinical characteristics as well as
potential rapid diagnostics, vaccine, and therapeutics of COVID-
19 pneumonia [11,12]. However, the association of demographic
traits, laboratory indicator levels, and examination results with
outcome improvement remains unclear. Furthermore, current
exploration of the underlying factors for early intervention and
prognosis of COVID-19 is still insufficient.

In our study, we aimed to develop a quantitative method for
clinicians to predict the probability of improved prognosis in each
COVID-19 patient. A total of 104 patients with laboratory-
confirmed COVID-19 infection in Zhejiang Province were divided
into two groups based on whether the outcome improved. A least
absolute shrinkage and selection operator (LASSO) logistics regres-
sion model was used to select the optimal prognostic indicators
from the clinical characteristics and laboratory findings of
COVID-19 cases. A further filter was conducted by a two-way step-
wise strategy in the multivariate logistics regression model. The
final COVID-19-related predictive model consists of five prognostic
factors. A nomogram was eventually constructed to predict the
probability of outcome improvement by incorporating these vari-
ables. This work has created an effective nomogram for improved
prediction of COVID-19 patients, which can be used to optimize
treatment strategy.
2. Methods

2.1. Data sources

We obtained the medical records and compiled data for patients
with laboratory-confirmed COVID-19 according to World Health
Organization (WHO) interim guidance [13] from 10 January 2020
to 26 February 2020. All of the cases enrolled in this study were
confirmed by the laboratory to be COVID-19 infection based on
real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) assay of nasal and pharyngeal swab specimens. We collected
data on 104 patients admitted to hospital with laboratory-
confirmed COVID-19 infection at the First Affiliated Hospital,
Zhejiang University, Zhejiang Province, China. Information was
collected on electronic medical records, interviews of investigators,
and hospital admissions. The data were reviewed by a trained team
of physicians. The days of onset of symptom to diagnosis were
counted from the illness onset to the laboratory confirmation of
COVID-19 infection. We defined the degree of severity of COVID-
19 at the time of admission using the acute physiology and chronic
health evaluation II (APACHE II) [14]. Exposure history means hav-
ing close contact (gathering, living, or working together) with indi-
viduals with confirmed or suspected COVID-19 infection during
the two weeks before illness onset. Familial clusters were defined
as patients who infected others in their families. All patients were
classified into three grades (moderate/severe/critical) based on the
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Guidelines for diagnosis and treatment of novel coronavirus pneumo-
nia (trail version 7) [15]. Fever was defined as an axillary tempera-
ture of 37.3 �C or higher. Chest radiography or computed
tomography (CT) and all laboratory testing were performed
according to the clinical care needs for the patient. We determined
the presence of a radiologic abnormality on the findings of bilateral
or multiple lobular or subsegmental areas of consolidation or bilat-
eral ground glass, and ranked the scores based on the numbers of
involved pulmonary segments: 1 (normal); 2 (1–2); 3 (3–5); 4
(> 5). All measures of arterial pressure and partial pressure of car-
bon dioxide were recorded by professional physicians.

2.2. Laboratory confirmation

Sputum and throat swab specimens were collected from all
patients at admission. Laboratory confirmation of the virus was
performed by RT-PCR assay for COVID-19 ribonucleic acid (RNA)
within 3 h. Virus detection was repeated twice every 24 h. All
laboratory tests were performed according to the clinical care
needs of the patient. Laboratory assessments consisted of a com-
plete blood count; blood chemical analysis; coagulation testing;
assessment of liver and renal function; and measures of CRP, pro-
calcitonin (PCT), lactate dehydrogenase, creatine kinase (CK),
inflammatory cytokines, complement, and immunoglobulin.

2.3. Statistical analysis

Patients were divided into two groups based on whether the
outcomes improved. The following two conditions were defined
as outcome improvement: ① Severe patients who were admitted
to the intensive care unit (ICU) at the beginning of hospital admis-
sion alleviated after treatment and were transferred out of the ICU
to general isolated wards; and ② those with mild illness at the
time of hospital admission were discharged or were going to be
discharged at the end of the follow-up. Conversely, patients who
received continuous treatment in the ICU or subsequent transition
to the ICU due to exacerbation were considered to have non-
improved outcomes.

Normally distributed continuous variables were described as
means with standard deviations (SD), and parametric t-tests were
used to test for statistical significance between the two groups;
otherwise, medians with interquartile range (IQR) and non-
parametric Mann–Whitney U tests were applied for variable
description and two comparisons, respectively. For categorical
variables, we expressed the numbers and percentages of patients
in each category. Proportions were compared using the v2 test,
with Yates’ correction or Fisher’s exact test.

LASSO logistics regression analysis was performed to select the
optimal prognostic indicators from demographic characteristics,
examinations, coexisting conditions, symptoms, and laboratory
findings for COVID-19 patients. The logistics regression model with
the LASSO penalty successfully achieved dimensionality reduction.
The optimal value of the penalty parameter k was adopted and
variables with nonzero coefficients in the model were selected. A
further filter was conducted by a two-way stepwise strategy in
the multivariate logistics regression model. Interaction between
every two pair of variables was taken into account. Moreover,
the concordance index (C-index) was computed to evaluate the
discrimination performance of our model. A relatively corrected
C-index was calculated by 1000 bootstrap resampling for valida-
tion. Given the wide range of laboratory indicators, we further
divided them into quartiles as categorical variables in order to
assess their association with the probability of improvement. In
addition, patients were classified into four age groups: < 40,
40–54, 55–69, and � 70 years, in order to investigate the effects
of age on the outcome.
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After a multi-step screening process, the final prognostic factors
were used to construct a nomogram for predicting the probability
of outcome improvement. According to the regression coefficient,
each variable that was included corresponded to a point at each
value. A total point was equal to the sum of the points of all vari-
ables for each patient. The relationship between the total points
and the probability of outcome improvement was visualized on
the bottom of the nomogram. Calibration curves were subse-
quently drawn to assess the agreement between the nomogram-
predicted probability and the actual proportion. As a reference line,
the diagonal represents the best prediction. Moreover, we per-
formed a decision curve analysis to determine whether our estab-
lished nomogram was suitable for clinical utility by estimating the
net benefits at different threshold probabilities. The clinical impact
curve was drawn to predict improved probability stratification for
a population size as 1000.

A two-sided P value < 0.05 was considered to be statistically sig-
nificant. All statistical analyses were performed using R 3.6.1
software.
Table 1
Demographic and clinical characteristics of 104 patients with laboratory-confirmed COVID

Characteristic Outcome

All patients (n = 104) Imp

APACHE II, median (IQR) 6 (3–11) 5 (2
Onset to diagnosis (d), median (IQR) 5 (2–7) 5 (2
Age (years), median (IQR) 55 (43–64) 51 (
Gender
Female 41 (39.4%) 30 (
Male 63 (60.6%) 45 (

Body mass index
<18 3 (2.9%) 2 (2
18.0–23.9 38 (36.5%) 28 (
24.0–27.9 43 (41.3%) 35 (
�28 12 (11.5%) 8 (1

Exposure 80 (76.9%) 56 (
Familial cluster 52 (50.0%) 39 (
Grade
Moderate 37 (35.6%) 36 (
Severe 35 (33.7%) 32 (
Critical 32 (30.8%) 7 (9

Examinations
Intestinal flora disorders 9 (8.7%) 6 (8
Bacterial infection 13 (12.5%) 5 (6
Fecal RNA positive 29 (27.9%) 19 (
ARDS 16 (15.4%) 4 (5

Classification of chest CT scan
1 11 (10.6%) 11 (
2 20 (19.2%) 18 (
3 19 (18.3%) 13 (
4 54 (51.9%) 33 (

Coexisting conditions
Smoking 14 (13.5%) 9 (1
Alcohol 8 (7.7%) 7 (9
Hypertension 39 (37.5%) 21 (
Diabetes 17 (16.3%) 9 (1
Fatty liver 16 (15.4%) 9 (1
Other 31 (29.8%) 19 (

Symptoms
Fever 88 (84.6%) 65 (
Nausea 6 (5.8%) 5 (6
Emesis 3 (2.9%) 2 (2
Headache 8 (7.7%) 8 (1
Cough 84 (80.8%) 60 (
Expectoration 49 (47.1%) 31 (
Chest distress 47 (45.2%) 30 (
Abdominal pain 2 (1.9%) 2 (2
Diarrhea 13 (12.5%) 7 (9
Myalgia 22 (21.2%) 17 (
Pharyngalgia 5 (4.8%) 3 (4
Fatigue 29 (27.9%) 17 (

Note: The body mass index values were missing in eight patients.
ARDS: acute respiratory distress syndrome.
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3. Results

3.1. Patients’ characteristics

Clinical characteristics were collected from 104 patients with
laboratory-confirmed COVID-19 who were admitted to our hospi-
tal by 26 February 2020 (Table 1). The median age was 55 years
(IQR: 43–64) and 60.6% of patients were male (63). The median
duration from the onset of symptoms to diagnosis was 5 d (IQR:
2–7). Of the 104 patients, 80 (76.9%) had been exposed to individ-
uals with confirmed COVID-19 infection. Half of the cases showed
a familial cluster. After a preliminary medical examination, we
detected intestinal flora disorders, bacterial infection, fecal RNA
positive, and acute respiratory distress syndrome (ARDS) in 9
(8.7%), 13 (12.5%), 29 (27.9%), and 16 (15.4%) patients, respectively.
The median APACHE II score was 6 (IQR: 3–11) on the day of hos-
pital admission, and more than half of the patients were assessed
as grade 4 from the results of the chest CT scan. Moderate, severe,
and critical patients each accounted for approximately one third of
-19.

P value

rovement (n = 75) Without improvement (n = 29)

.5–7) 12 (11–15) < 0.001

.5–8) 5 (1–7) 0.512
38–59) 66 (59–80) < 0.001

> 0.999
40.0%) 11 (37.9%)
60.0%) 18 (62.1%)

0.580
.7%) 1 (3.4%)
37.3%) 10 (34.5%)
46.7%) 8 (27.6%)
0.7%) 4 (13.8%)
74.7%) 24 (82.8%) 0.536
52.0%) 13 (44.8%) 0.662

< 0.001
48.0%) 1 (3.4%)
42.7%) 3 (10.3%)
.3%) 25 (86.2%)

.0%) 3 (10.3%) 0.707

.7%) 8 (27.6%) 0.007
25.3%) 10 (34.5%) 0.491
.3%) 12 (41.4%) < 0.001

0.009
14.7%) 0 (0%)
24.0%) 2 (6.9%)
17.3%) 6 (20.7%)
44.0%) 21 (72.4%)

2.0%) 5 (17.2%) 0.527
.3%) 1 (3.4%) 0.438
28.0%) 18 (62.1%) 0.003
2.0%) 8 (27.6%) 0.075
2.0%) 7 (24.1%) 0.139
25.3%) 12 (41.4%) 0.172

86.7%) 23 (79.3%) 0.373
.7%) 1 (3.4%) > 0.999
.7%) 1 (3.4%) > 0.999
0.7%) 0 (0%) 0.102
80.0%) 24 (82.8%) > 0.999
41.3%) 18 (62.1%) 0.093
40.0%) 17 (58.6%) 0.136
.7%) 0 (0%) > 0.999
.3%) 6 (20.7%) 0.182
22.7%) 5 (17.2%) 0.605
.0%) 2 (6.9%) 0.617
22.7%) 12 (41.4%) 0.096
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the total, respectively. Furthermore, hypertension (39 (37.5%)) was
the most common coexisting medical condition, and 31 (29.8%)
patients suffered from other comorbidities, such as stroke, coro-
nary heart disease, and dyslipidemia. The most common symptom
at the onset of illness was fever (88 (84.6%)), followed by cough (84
(80.8%)), expectoration (49 (47.1%)), and chest distress (47
(45.2%)).

Of these patients, 75 (72.1%) had improved outcomes by 26
February 2020, while another 29 (27.9%) showed no signs of
improvement. Compared with the improved patients, those with
developing illness had significantly higher APACHE II scores (12
(IQR: 11–15) vs 5 (IQR: 2.5–7); P < 0.001) and were significantly
older (66 years (IQR: 59–80) vs 51 years (IQR: 38–59);
P < 0.001). The proportions of critical illness, bacterial infection,
ARDS, and high CT classification in cases without improvement
Table 2
Laboratory findings of 104 patients with confirmed COVID-19 infection.

Laboratory findings Normal range Outcomes

All patients (n =

Normally distributed variables, mean ± SD
Mean arterial pressure (mmHg) 70.0–105.0 96.0 ± 12.5
Partial pressure of carbon dioxide (mmHg) 35.0–48.0 36.3 ± 4.9
Red blood cell count (�1012 L�1) 3.7–5.1 4.4 ± 0.6
Hemoglobin (g�L�1) 113.0–151.0 133.7 ± 17.3
Albumin (g�L�1) 34.0–54.0 38.3 ± 5.8
IgA (mg�dL�1) 76.0–390.0 216.3 ± 83.1
High density lipoprotein (mmol�L�1) 0.9–2.4 1.0 ± 0.3
Low density lipoprotein (mmol�L�1) 1.3–3.3 2.0 ± 0.6

Non-normally distributed variables, median (IQR)
PaO2:FIO2 400.0–500.0 270.6 (180.8–37
White blood cell count (�109 L�1) 4.0–10.0 5.9 (4.1–9.3)
Platelet count (�109 L�1) 101.0–320.0 186.5 (147.8–23
Neutrophil count (�109 L�1) 2.0–7.0 4.4 (2.8–7.9)
Lymphocyte count (�109 L�1) 0.8–4.0 0.8 (0.5–1.2)
Lactic acid (mmol�L�1) 0.5–1.7 1.7 (1.3–2.2)
D-dimer (mg�L�1) 0–0.7 383.0 (220.5–76
International normalized ratio 0.80–1.30 0.98 (0.95–1.03)
Prothrombin time (s) 9.4–12.5 11.8 (11.4–12.3)
Activated partial thromboplastin time (s) 25.1–36.5 31.9 (29.1–35.4)
Fibrinogen level (g�L–1) 2.0–4.0 4.3 (3.9–5.4)
Globulin (g�L�1) 20.0–35.0 29.0 (26.1–33.4)
Alanine aminotransferase (U�L�1) 7.0–40.0 21.0 (15.0–31.0)
Aspartate aminotransferase (U�L�1) 13.0–35.0 22.0 (18.0–34.0)
Alkaline phosphatase (U�L�1) 35.0–100.0 62.0 (53.8–77.0)
Gamma-glutamyltransferase (U�L�1) 7.0–45.0 27.0 (18.0–52.0)
Total bilirubin (lmol�L�1) 0–21.0 11.2 (7.9–16.3)
Direct bilirubin (mmol�L�1) 0–8.0 4.9 (3.3–7.8)
Creatinine (lmol�L�1) 41.0–73.0 74.5 (62.8–89.3)
Uric acid (lmol�L�1) 155.0–357.0 245.0 (193.5–30
Triglyceride (mmol�L�1) 0.3–1.7 1.2 (0.9–1.7)
Total cholesterol (mmol�L�1) 3.1–5.9 3.7 (3.3–4.2)
Glomerular filtration rate (mL�min�1) NA 92.2 (73.6–103.0
Glucose (mmol�L�1) 3.9–6.1 7.5 (5.4–8.9)
Potassium (mmol�L�1) 3.5–5.3 3.8 (3.5–4.2)
Sodium (mmol�L�1) 137.0–147.0 139.0 (137.0–14
Lactate dehydrogenase (U�L�1) 120–250 253.5 (210.5–34
Hydroxybutyrate dehydrogenase (U�L�1) 72.0–182.0 221.0 (174.3–27
CK (U�L�1) 40.0–200.0 69.5 (48.8–120.5
CKMB (U�L�1) 0–24.0 20.0 (16.0–24.0)
CRP (mg�L�1) 5.0–10.0 24.1 (9.1–50.2)
Troponin I (ng�mL�1) 0–0.461 0.004 (0.002–0.0
PCT (ng�mL�1) 0–0.05 0.05 (0.03–0.09)
IL-2 (pg�mL�1) 0–4.13 0.95 (0.76–1.50)
IL-4 (pg�mL�1) 0–8.37 1.77 (1.40–1.77)
IL-6 (pg�mL�1) 0–6.6 21.9 (8.5–57.1)
IL-10 (pg�mL�1) 0–2.3 4.5 (2.9–7.8)
Tumor necrosis factor-a (pg�mL�1) 0–33.3 15.6 (7.4–54.3)
Interferon-c (pg�mL�1) 0–20.6 9.2 (5.2–28.6)
Complement 4 (mg�dL�1) 16.0–48.0 36.0 (29.0– 42.3
Complement 3 (mg�dL�1) 80.0–160.0 128.0 (113.8–14
IgM (mg�dL�1) 40.0–345.0 78.5 (53.8–123.3
IgG (mg�dL�1) 600–1600 1293 (1028–175

NA: not available; IgA: immunoglobulin A; PaO2:FIO2: the ratio of partial pressure of ox
band; IL: interleukin.
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were higher than those in cases with improvement. Patients with-
out improvement were more likely to have hypertension than
those with improvement (18 (62.1%) vs 21 (28.0%); P = 0.003).
However, no significant difference in symptoms between the two
groups of patients was observed (Table 1).

3.2. Laboratory findings

There were numerous differences in the laboratory findings
between the improved and non-improved patients (Table 2). The
median of the ratio of partial pressure of oxygen (PaO2) to fraction
of inspired oxygen (FIO2) was significantly higher in the improved
samples than in the non-improved samples (288.8 (IQR: 234.2–
390.7) vs 205.9 (IQR: 141.8–289.4); P = 0.005). In terms of routine
blood tests, there were significant differences in hemoglobin, red
P value

104) Improvement (n = 75) Without improvement (n = 29)

95.3 ± 13.4 97.8 ± 9.7 0.297
36.7 ± 4.2 35.3 ± 6.1 0.298
4.5 ± 0.6 4.2 ± 0.6 0.030
135.8 ± 16.6 128.2 ± 17.7 0.044
39.9 ± 5.4 34.3 ± 4.5 < 0.001
204.9 ± 79.3 245.4 ± 85.3 0.032
1.0 ± 0.3 1.0 ± 0.2 0.834
2.1 ± 0.5 1.9 ± 0.6 0.140

4.7) 288.8 (234.2–390.7) 205.9 (141.8–289.4) 0.005
5.2 (3.8–8.1) 7.9 (4.8–11.6) 0.009

7.8) 193.0 (160.5–252.0) 175.0 (136.0–191.0) 0.057
3.6 (2.5–6.7) 7.2 (4.4–11.0) < 0.001
0.9 (0.6–1.3) 0.5 (0.4–0.8) 0.002
1.6 (1.3–2.1) 1.7 (1.2–2.2) 0.856

1.0) 323.0 (196.0–621.5) 604.0 (388.0–1023.0) 0.005
0.97 (0.94–1.03) 1.00 (0.97–1.05) 0.039
11.6 (11.3–12.3) 12.0 (11.6–12.3) 0.053
31.3 (29.0–34.6) 33.3 (29.6–37.1) 0.057
4.2 (3.6–5.1) 4.7 (4.1–5.5) 0.041
27.8 (25.8–31.4) 31.5 (29.5–36.9) 0.002
21.0 (15.0–30.5) 21.0 (16.0–31.0) 0.584
20.0 (16.0–29.0) 29.0 (22.0–41.0) 0.003
62.0 (52.5–76.5) 60.0 (54.0–77.0) 0.643
26.0 (17.5–44.0) 35.0 (21.0–72.0) 0.074
11.1 (7.1–15.6) 12.1 (8.0–18.7) 0.411
4.7 (3.0–7.2) 5.1 (4.5–10.0) 0.033
73.0 (60.0–87.5) 84.0 (68.0–103.0) 0.022

3.5) 240.0 (192.0–290.5) 256.0 (214.0–345.0) 0.319
1.2 (0.9–1.7) 1.3 (0.9–1.7) 0.943
3.8 (3.3–4.2) 3.6 (3.1–4.1) 0.572

) 96.4 (82.3–108.4) 75.8 (55.9–92.0) < 0.001
6.8 (5.2–8.4) 8.8 (6.7–11.1) 0.003
3.8 (3.5–4.2) 3.8 (3.5–4.0) 0.589

1.0) 140.0 (137.0–141.0) 137.0 (134.0–139.0) 0.005
2.5) 229.0 (195.5–301.5) 344.0 (283.0–419.0) < 0.001
6.0) 200.0 (164.5–252.0) 276.0 (236.0–331.0) < 0.001
) 66.0 (48.0–99.5) 101.0 (56.0–244.0) 0.011

20.0 (15.0–23.0) 22.0 (17.0–27.0) 0.018
15.6 (6.9–33.2) 51.2 (29.4–93.8) < 0.001

08) 0.003 (0.001–0.005) 0.010 (0.004–0.021) < 0.001
0.05 (0.03–0.07) 0.11 (0.05–0.32) < 0.001
0.95 (0.77–1.61) 0.95 (0.76–1.40) 0.859
1.77 (1.40–1.77) 1.77 (1.40–1.77) 0.852
16.3 (7.6–37.3) 47.2 (23.3–80.3) 0.001
3.9 (2.9–7.2) 6.7 (4.8–10.1) 0.015
21.3 (6.9–61.9) 12.2 (9.2–26.8) 0.244
9.9 (5.8–32.3) 9.2 (3.4–27.4) 0.332

) 37.0 (29.0–44.0) 34.0 (30.5–41.0) 0.029
8.3) 131.0 (117.0–150.0) 118.0 (107.5–131.5) 0.619
) 86.0 (52.0–124.0) 72.0 (54.0–113.0) 0.257
8) 1243 (1000–1470) 1665 (1246–2189) < 0.001

ygen to fraction of inspired oxygen; CKMB: creatine kinase isoenzymes-myocardial
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blood cell count, and three types of white blood cell counts. Many
biochemical indicators also showed significant differences
between the two groups, such as aspartate aminotransferase, cre-
atine kinase isoenzymes-myocardial band (CKMB), glomerular fil-
tration rate, and CK. CRP, PCT, and two inflammatory cytokines,
increased significantly in cases without improvement, and were
much higher than the upper limit of the normal range. Regarding
immune-related proteins, more interleukin (IL)-6 and IL-10 were
secreted in cases without improvement. The levels of
immunoglobulin G (IgG) and immunoglobulin A (IgA) were lower
in improved patients than in non-improved patients (Table 2).
3.3. Selection of prognostic predictors

All of the demographic characteristics, examinations, coexisting
conditions, symptoms, and laboratory findings described above
were included in the LASSO logistics regression model to screen
the potential predictors. Changes in the LASSO partial likelihood
deviance and coefficients with lnk are shown in Fig. 1. As a result,
11 variables with nonzero coefficients were selected, including age,
grade, headache, APACHE II, activated partial thromboplastin time,
CK, CKMB, CRP, PCT, IgA, and IgG. These variables were subse-
quently filtered in the multivariate logistics regression model with
a two-way stepwise strategy. Finally, the model including IgA, CRP,
Fig. 1. LASSO logistics regression plot. (a) Plot of partial likelihood deviance;
(b) plot of LASSO coefficient profiles. Each colorful curve represents the LASSO
coefficient profile of a feature against the lnk sequence. The values above the figure
represent the numbers of variables included in the model, given the corresponding
k shown on the x-axis.

Table 4
Association of ascending quartiles of IgA, CRP, and CK levels with improved outcomes.

Variable Quartile of serum levels

1 2

IgA
Median (mg�dL�1) 140 192
Improved number 23 (88.5%) 20 (76.9%)
OR (95% CI) 1.00 (reference) 0.37 (0.07–1.54)

CRP
Median (mg�L�1) 3.4 15.4
Improved number 24 (92.3%) 23 (88.5%)
OR (95% CI) 1.00 (reference) 0.64 (0.08–4.19)

CK
Median (U�L�1) 40 60
Improved number 22 (84.6%) 20 (76.9%)
OR (95% CI) 1.00 (reference) 0.42 (0.07–2.35)

Note: Test for trend based on variable containing median value for each quartile.
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CK, and APACHE II reached the minimal Akaike information crite-
rion (AIC), which indicated the best goodness of fit. The result of
the interaction analysis revealed that there was an interaction
between CK and APACHE II. Serum CK was log-transformed due
to high skew to the right in this group of patients (Table 3). Fur-
thermore, the C-index of our logistics regression model was
0.962 (95% confidence interval (CI), 0.931–0.993) and was cor-
rected to 0.948 through bootstrapping validation, which showed
that the model had good predictive power.

3.4. Association of IgA, CRP, CK, and age with improved outcomes

Serum levels of IgA, CRP, and CK were divided into quartiles as
categorical variables. The median and proportion of improved
patients in each quartile are presented in Table 4. Compared with
the first quartile of IgA (reference), the probability of improvement
decreased by the quartile of IgA level: The odds ratios (ORs) were
0.37 (95% CI, 0.07–1.54) for the second quartile, 0.25 (95% CI,
0.05–0.97) for the third quartile, and 0.20 (95% CI, 0.04–0.76) for
the fourth quartile. Significant results from the trend test also
confirmed the relationship between IgA levels and improved
outcomes. Similar results were obtained from the performance of
the same analyses on CRP and CK levels, as shown in Table 4. In
addition, OR was 0.032 (95% CI, 0.001–0.564) for the � 70 years
of age group compared with the youngest group, suggesting that
the elderly had greater difficulty recovering from the illness. The
trend examination showed an association between increasing age
and a reduction in the likelihood of prognosis improvement,
although no significant effects on disease relief were observed in
the second and third age groups compared with the first age group
(Table 5).

3.5. Clinical utility of a nomogram

Based on the results of the multivariate logistics regression
analyses, we further constructed a nomogram by combining
P for trend

3 4

235 311
17 (65.4%) 15 (57.7%)
0.25 (0.05–0.97) 0.20 (0.04–0.76) 0.038

34.6 87.4
18 (69.2%) 10 (38.5%)
0.19 (0.03–0.86) 0.05 (0.01–0.23) < 0.001

92 199
19 (73.1%) 14 (53.8%)
0.26 (0.05–0.81) 0.19 (0.03–0.72) 0.036

Table 3
Predictive variables for the probability of improved outcomes.

Variable Prediction model

Regression coefficient OR (95% CI) P value

IgA �0.011 0.989 (0.979–0.998) 0.040
CRP �0.034 0.966 (0.942–0.986) 0.003
APACHE II �1.716 0.180 (0.045–0.575) 0.006
CK �2.807 0.006 (0.001–0.437) 0.008
APACHE II : CK 0.188 1.207 (1.021–1.439) 0.022

OR: odds ratio; CI: confidence interval; APACHE II : CK: the interaction between
APACHE II and CK.



Table 5
Correlation between increasing age and improved outcomes.

Age (years) Patients Improved number Unadjusted OR (95% CI) P value Adjusted OR (95% CI)a P value

< 40 25 23 (92.0%) 1.000 (reference) 1.000 (reference)
40–54 27 22 (81.5%) 0.383 (0.051–1.981) 0.279 0.301 (0.007–6.832) 0.471
55–69 35 27 (77.1%) 0.293 (0.041–1.315) 0.144 0.161 (0.005–2.875) 0.247
� 70 17 3 (17.6%) 0.019 (0.002–0.103) < 0.001 0.032 (0.001–0.564) 0.030

P for trend < 0.001 0.018

a Adjusted for the variables included in the final model, as shown in Table 3.
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prognostic factors including IgA, CRP, CK, APACHE II, and the inter-
action between CK and APACHE II. A quantitative method was
made accessible for clinicians to predict the probability of
improved prognosis in each COVID-19 patient (Fig. 2). Each patient
is given a point for each prognostic parameter, and the distribution
of the score is shown in a density plot. The higher the total number
of points, the more likely the patient is to improve. Moreover, cal-
ibration curves demonstrated that the nomogram had a similar
performance compared with the ideal model. The apparent curve
confirmed the good prediction capability of our nomogram
Fig. 2. Nomogram to predict probability of improved outcomes in COVID-19 patients.
parameters and total points. Yellow density plots describe the distribution of COVID-1
represent one patient’s points as an example. GLM: general multivariate regression. *: P

127
(Fig. 3). In addition, the decision curve showed that making use
of this nomogram for predicting the probability of improved prog-
nosis would gain more net benefits than an all-or-none patient
intervention scheme if the threshold probability was less than
88%, which suggests a high potential for clinical application
(Fig. 4). Stratification of the improvement probability for 1000
samples was predicted on the clinical impact curve (Fig. 5). The
predictive improved number was close to the actual number of
positive cases when the threshold probability was greater than
0.2. At this time, the cost-to-benefit ratio was 0.25.
Yellow density plots describe the distribution of COVID-19 patients in prognostic
9 patients in prognostic parameters and total points while the red dots and cross
� 0.05, **: P � 0.01.



Fig. 3. Calibration curve for the nomogram to predict probability of improved
outcomes. The x-axis represents the predicted improved probability and the y-axis
denotes the actual proportion of improvement. The diagonal dotted line indicates
the best prediction by an ideal model. The apparent line represents the uncorrected
performance of the nomogram while the solid line shows the bais-corrected
performance. 1000 bootstrap repetitions; mean absolute error = 0.029; n = 104.

Fig. 4. Decision curve for the improvement predictive nomogram. The net benefits
were measured at different threshold probabilities. The red line represents the
improvement predictive nomogram. The gray line represents the assumption that
all patients have improved outcomes. The black line represents the assumption that
no patients have improved outcomes.

Fig. 5. Clinical impact curve to predict the improved number for a population size
of 1000. The red curve shows the predicted improved number at different threshold
probabilities and the blue curve represents actual improved patients.
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4. Discussion

Despite worldwide efforts to contain the new coronavirus, hot-
spots continue to emerge, and the number of cases is on the rise. As
of 2 March 2020, the SARS-CoV-2 has infected over 90 900 people
and killed 3118 [10]. Although recently published articles have
reported the clinical, virological, and epidemiological characteris-
tics of patients with COVID-19 [5,11], few studies have focused
on prognostic indicators or risk factors. Thus, we constructed this
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predictive nomogram using individual factors to make accurate
prognostic assessments in order to quantitatively predict clinical
outcomes in a personalized way. This is an urgent, user-friendly,
and easy-to-use method.

We reported on 104 patients, of which 75 had improved out-
comes and 29 did not. The nomogram established in this study
suggested five prognostic factors for predicting the outcome:
APACHE II, CK, CRP, IgA, and the interaction between CK and
APACHE II. Similar to previous findings for 51 patients with
MERS-CoV infection [16], we found that the widely used disease
classification system APACHE II in the ICU [14] was associated with
the prognosis, with higher APACHE II scores leading to worse out-
come. The APACHE II score was calculated using the acute physiol-
ogy score (APS), chronic physiology score (CPS), and age. Several
factors included in the APS showed significant differences between
improved patients and those without improvement, according to
our results. Vital signs and laboratory parameters have also shown
significant differences between ICU and non-ICU patients with
COVID-19 [11]. Moreover, researchers have reported comorbidities
and age as risk factors of severity and mortality in patients with
SARS-CoV [17,23] and MERS-CoV infection [18–22].

In addition, CK was at a higher level for patients admitted to the
ICU [11], which was consistent with our model’s prediction. This
finding may be attributed to muscle damage caused by COVID-
19, similar to changes in SARS [23]. While muscle weakness and
elevated levels of serum CK occurred in more than 30% of the
SARS-infected patients, focal myofiber necrosis was observed in a
series of postmortem cases [23]. As for COVID-19, the first autopsy
revealed a gray-red fish-shaped myocardial section. However, it
remains uncertain whether this myocardial damage was due to
an original heart disease or a viral infection, and further research
is needed. We speculate that myopathy is also likely to play an
important role in COVID-19. In patients with MERS-CoV, CRP is a
common predictor of the development of pneumonia and respira-
tory failure associated with thrombocytopenia and lymphocytope-
nia [24]. Similarly, CRP may be related to enhanced inflammation
and cytokine storms caused by COVID-19 invasion.

Interestingly, although IgA has been acknowledged as the first
barrier against the virus in the respiratory tract due to the mucosal
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immune system, a higher IgA level led to worse outcomes based on
our findings [25]. This might result from the fact that the IgA we
measured was from blood, rather than secretory IgA (sIgA) from
the mucus. Unlike sIgA, serum IgA can cause antibody-dependent
cell-mediated cytotoxicity (ADCC), lead to degranulation of eosino-
phils and basophils, result in phagocytosis by monocytes, macro-
phages, and neutrophils, and trigger respiratory burst activity by
polymorphonuclear leukocytes [26], which may be related to sus-
tained inflammatory response and cytokine storm. The three
pathological mechanisms associated with the prognostic factors
selected in our study—namely, sustained inflammatory response,
cytokine storm, and direct effects of the virus—are likely to have
negative effects on outcome improvement.

Thus far, a specific treatment method for coronavirus infection
has not been found. It is important to identify risk factors that can
predict and improve patient prognosis through personalized treat-
ment methods. Therefore, we constructed this nomogram to quan-
titatively measure the severity of infected patients and predict the
subsequent outcomes of infected patients. For high-risk patients,
early use of high-flow oxygen therapy, non-invasive ventilation,
or even invasive ventilation is recommended.

5. Limitations of this study

First, the number of patients in this study limits further
enhancement of the predictive power of our nomogram. Second,
we could not determine the final outcome of some patients
because their condition was still changing as of the study submis-
sion. Third, all patients were admitted to our hospital in Zhejiang
Province, which likely resulted in regional limitations. This predic-
tive nomogram requires further validation at different centers in
the future.
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