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Abstract

Background: In late December 2019, a pneumonia caused by SARS-CoV-2 wasfirst reported in Wuhan and spread worldwide
rapidly. Currently, no specific medicine is available to treat infection with COVID-19.

Objective: The aims of this study were to summarize the epidemiological and clinical characteristics of 175 patients with
SARS-CoV-2 infection who were hospitalized in Renmin Hospital of Wuhan University from January 1 to January 31, 2020,
and to establish atool to identify potential critical patients with COVID-19 and help clinical physicians prevent progression of
this disease.

Methods: In this retrospective study, clinical characteristics of 175 confirmed COVID-19 cases were collected and analyzed.
Univariate analysis and least absolute shrinkage and selection operator (LASSO) regression were used to select variables.
Multivariate analysis was applied to identify independent risk factorsin COVID-19 progression. We established a nomogram to
evaluate the probability of progression of the condition of apatient with COVID-19 to severe within three weeks of disease onset.
The nomogram was verified using calibration curves and receiver operating characteristic curves.

Results: A total of 18 variables were considered to be risk factors after the univariate regression analysis of the laboratory
parameters (P<.05), and LASSO regression analysis screened out 10 risk factorsfor further study. The six independent risk factors
revealed by multivariate Cox regression were age (OR 1.035, 95% CI 1.017-1.054; P<.001), CK level (OR 1.002, 95% ClI
1.0003-1.0039; P=.02), CD4 count (OR 0.995, 95% CI 0.992-0.998; P=.002), CD8 % (OR 1.007, 95% CI 1.004-1.012, P<.001),
CD8 count (OR 0.881, 95% CI 0.835-0.931; P<.001), and C3 count (OR 6.93, 95% CIl 1.945-24.691; P=.003). The areas under
the curve of the prediction model for 0.5-week, 1-week, 2-week and 3-week nonsevere probability were 0.721, 0.742, 0.87, and
0.832, respectively. The calibration curves showed that the model had good prediction ability within three weeks of disease onset.

Conclusions: Thisstudy presentsa predictive nomogram of critical patientswith COV1D-19 based on LASSO and Cox regression
analysis. Clinical use of the nomogram may enable timely detection of potential critical patients with COVID-19 and instruct
clinicians to administer early intervention to these patients to prevent the disease from worsening.

(JMIR Med Inform 2020;8(9):€19588) doi: 10.2196/19588

KEYWORDS
coronavirus disease 2019; COVID-19; risk factors; nomogram

http://medinform.jmir.org/2020/9/€19588/ JMIR Med Inform 2020 | vol. 8 | iss. 9|€19588 | p. 1
(page number not for citation purposes)


mailto:gengqingwhu@whu.edu.cn
http://dx.doi.org/10.2196/19588
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Introduction

Background

COVID-19 is arespiratory illness that is caused by the novel
virus SARS-CoV-2; it was first reported in December 2019 in
Wuhan, Hubei Province, China [1-5]. Although governments
of countries worldwide have called for and taken relevant
measures to stop the spread of the disease, the epidemic has not
been effectively controlled [6-8]. Symptoms of COVID-19
range from mild cough to pneumonia; patients may even be
asymptomatic [3,9]. There is evidence that this disease can be
spread from person to person [10]. Whole genome segquencing
showed that SARS-CoV-2 is a beta coronavirus that is similar
to human severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavirus
(MERS-CoV). Thisnew coronavirus evolved from SARS-CoV
and MERS-CoV and requires enhanced surveillance and further
investigation [11]. Like several other coronaviruses,
SARS-CoV-2 initially causes mild or moderate symptoms in
most patients [12,13]. To date, only a small percentage of
patients with SARS-CoV-2 infection have developed severe
pneumonia. Although the average incubation period of
SARS-CoV-2 in the human body is 14 days, some patients
progressrapidly to respiratory failure oncethey becomeinfected.
Recognition of the risk factors that promote COVID-19
progression and early intervention of this disease may prevent
its exacerbation. Understanding these factors is also very
important to reduce the proportion of critically ill patients and
to improve the cure rate.

Study Goals

The aim of this study was to summarize the epidemiological
and clinical characteristics of 175 patients with SARS-CoV-2
infection who were hospitalized in Renmin Hospital of Wuhan
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University from January 1 to January 31, 2020. The study also
aimed to explore the independent risk factors in COVID-19
progression and accurately assess the incidence of severe
SARS-CoV-2infection. In addition, anew risk-predictive model
was established to screen out potential critical patientsfor early
intervention.

Methods

Patient Recruitment

For this retrospective single-center study, 175 patientswho were
hospitalized from January 1 to January 31, 2020, in Renmin
Hospital of Wuhan University were enrolled. Patientswho were
hospitalized for less than 24 hours or who lacked detailed
laboratory test results were excluded (Figure 1). All the patients
in this study were diagnosed according to the World Health
Organization (WHO) interim guidance [14]. All the patients
with COVID-19 were diagnosed using a reverse
transcriptase—polymerase chain reaction (RT-PCR) assay for
SARS-CoV-2 according to the Pneumonitis Diagnosis and
Treatment Plan for SARS-CoV-2 Infection (Trial Version 5)
issued by the National Health Commission of the People’s
Republic of China (NHCPRC). The test was performed using
specific steps described previously [9]. All theclinical features,
radiological characteristics, clinical laboratory results, and
outcome data of the 175 patients were obtained from electronic
medical records. Detailed patient information was collected,
including past medical history, current medical history,
laboratory findings, imaging data, treatment measures,
symptoms, signs, and immune function test results. Follow-up
wasinitiated from suspicion of infection or confirmed diagnosis
to the time when the patient’s condition became severe to the
time of discharge or to January 31, 2020. We recorded the
baselines of these tests, with the first value being within three
days of onset admission.
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Figure 1. Study flowchart. LASSO: least absolute shrinkage and selection operator.

317 patients with comfirmed SARS-CoV-2 pneumonia as of January 31, 2020

Hospital stay >24 hours
with detailed laboratory test results

142 excluded due to stays <24
hours (n=2) or incomplete
laboratory tests (n=140)

Inclusion: 175

|
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Univariate Cox regression
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Multivariate Cox regression

|

Nomogram

Statistical Analysis

Frequency rates were used to describe categorical variables,
and means were used to describe continuous variables.
Differences between groups were tested using the chi-square
test, t test, or Mann-Whitney U test. Univariate analysis, least
absol ute shrinkage and sel ection operator (LASSO) regression,
and multivariate Cox regression were used to screen for
independent risk factors. The statistical analyseswere performed
using GraphPad Prism 8 (GraphPad Software). Nomogram,
calibration, and receiver operating characteristic (ROC) curves
were established using R version 3.6.1 (R Project). The risk
score was calculated using multivariate Cox regression. The
cutoff values of independent risk factors were based on the
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maximum Youden index. A 2-sided a <.05 was considered to
indicate statistical significance.

Results

Patient Characteristics

All 175 patients in this study were confirmed to be infected
with SARS-CoV-2. The average age of the 175 patients was
46.9 years (SD 17.33). Severe or critica patients were
significantly older than mild or moderate patients (P<.001).
Critical patients had a wider range of lung lesions than milder
patients (P<.001). Chest tightness was more common in severe
or critical patients than in mild or moderate patients (P=.001).
Table 1 shows comparisons of the significant characteristics
between the two groups of patients enrolled in the study (P<.05).
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Table 1. Baseline characteristics of the patients infected with SARS-CoV-2 (N=175).
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Participant characteristics Values by disease severity P value
Mild Moderate Severe Critical
(n=27) (n=72) (n=18) (n=58)
Sex, N (%) 64
Female 13 (48.1) 41 (56.9) 11 (61.1) 28 (48.3)
Male 14 (51.9) 31 (43.1) 7(38.9) 30(51.7)
Age (years), median (IQR) 31 (29-42) 35 (30-50.75) 51 (37.75-61) 62 (47-71) <.001
Age (years), n (%) <.001
<30 11 (40.7) 21(29.2) 1(5.6) 3(5.2)
31-40 8(29.6) 25(34.7) 4(22.2) 7(12.1)
41-50 4(14.8) 8(11.1) 4(22.2) 6(10.3)
51-60 1(3.7) 13(18.1) 5(27.8) 10 (17.2)
>60 3(11.1) 5(6.9) 4(22.2) 32(55.2)
Computed tomography scan, n (%) <.001
Normal 27 (100) 0(0) 0(0) 0(0)
One lobe infected 0(0) 25(34.7) 6(33.3) 5(8.6)
More than one lobe infected 0(0) 47 (65.3) 12 (66.7) 53(91.4)
Fever, n (%) .01
Yes 17 (63) 43 (59.7) 14 (77.8) 49 (84.5)
No 10 (37) 29 (40.3) 4(22.2) 9(15.5)
Dry cough, n (%) .07
Yes 2(7.4) 11 (15.3) 3(16.7) 17 (29.3)
No 25 (92.6) 61 (84.7) 15 (83.3) 41 (70.7)
Expectoration, n (%) .007
Yes 5 (18.5) 28(38.9) 10 (55.6) 33(56.9)
No 22 (81.5) 44 (61.1) 8 (44.4) 25 (43.1)
Pharyngalgia, n (%) .25
Yes 4(14.8) 11 (15.3) 0(0) 5(8.6)
No 23(85.2) 61 (84.7) 18 (100) 53 (91.4)
Chest tightness, n (%) .001
Yes 6(22.2) 8(11.1) 7(38.9) 23(39.7)
No 21(77.8) 64 (88.9) 11 (61.1) 35 (60.4)
Myalgia, n (%) .80
Yes 4(14.8) 6(8.3) 2(11.2) 7(12.1)
No 23(85.2) 66 (91.7) 16 (88.9) 51(87.9)
Fatigue, n (%) .62
Yes 8(29.6) 18 (25) 3(16.7) 11 (19)
No 19 (70.4) 54 (75) 15 (83.3) 47 (81)
Diarrhea, n (%) .55
Yes 3(111) 5(6.9) 0(0) 4(6.9)
No 24(88.9) 67 (93.1) 18 (100) 54 (93.1)
Headache, n (%) .08
Yes 6(22.2) 11 (15.3) 1(5.6) 3(5.2)

http://medinform.jmir.org/2020/9/€19588/

RenderX

JMIR Med Inform 2020 | vol. 8 | iss. 9| €19588 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Fanet a
Participant characteristics Values by disease severity P value
Mild Moderate Severe Critica
(n=27) (n=72) (n=18) (n=58)
No 21 (77.8) 61 (84.7) 17 (94.4) 55 (94.8)

Laboratory Parameters

The baseline laboratory tests are shown in Table 2. As the
patients conditions worsened, their lymphocyte counts
significantly decreased, while their C-reactive protein, lactate
dehydrogenase, and creatine kinase (CK) levels increased
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significantly (Table 2). More importantly, the CD3 (count and
ratio), CD4 (count and ratio), CD8 (count and ratio), and CD19
(count and ratio) values of severe or critical patientswerelower
than those of the mild or moderate patients (Table 2). In
addition, severe or critical patients had higher 1gG levels than
mild or moderate patients (Table 2).
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Table 2. Laboratory findings of patientsinfected with SARS-CoV-2 on admission to hospital (N=175).
Variable Normal Values by disease severity, mean (95% Cl) P value
range

Mild Moderate Severe Critical
5.16 (4.47t05.86) 4.73(4.39t05.07) 5.37 (4.1t06.64)

White blood cell count, 3595
x10%L

5.22(469t05.75) .35

2.98(2.35103.61) 2.62(2.38t02.87) 3.95(26410526) 3.83(3.31t04.35) <.001

Neutrophil count, x10%L ~ 1.8-6.3

1.55(1.33t101.77) 158(141t01.74) 1.02(0.78t01.26) 096 (0.82t01.09) <.001

Lymphocyte count, x109L 1132

Platelet count, x10%/L 125-350 200.2(182.7to 2081 (1944to  211.9(169.9to 186.9 (171.0to 19
235.7) 221.7) 253.9) 202.7)

C-reactive protein, mg/lL ~ 0-5 4,99 (1.02t08.95) 9.21 (5.87to 31.1(13.98t048.22) 43.24(32.70t0 <.001

12.55) 53.77)

Alanineaminotransferase, 9-50 24.93 (15.78to 22.15(17.26to 29.67 (20.58to 28.64 (23.13to .28

uU/L 34.07) 27.05) 38.75) 34.15)

Aspartate aminotrans- 15-40 24.85 (20.06 to 22.85(20.40to 29.61 (22.93to 33.24 (28.66 to <.001

ferase, U/L 29.64) 25.30) 36.29) 37.82)

Urea, mmol/L 3.1-80 371(311t04.3) 4.05(3.79t04.3) 6.17(461t07.74)  574(436t07.12) .003

Creatinine, pmol/L 57-97 52.41 (46.13 to 54.44 (51.71to 68.06 (54.75to 94.14 (50.26 to 1
58.68) 57.18) 81.36) 138.0)

Lactate dehydrogenase, ~ 120-250 186.2 (165.1to 193.8 (182.4to 242.1 (201.1to 294.1 (262.7 to <.001

u/L 207.2) 205.2) 283.0) 325.5)

Creatine kinase, U/L 50-310 64.96 (24.26 to 71.03 (58.94 to 87.67 (45.81 to 123.4(83.10to .03
105.7) 83.11) 129.5) 163.7)

CD3 (%) 56-86 72.15 (68.45to 70.8 (68.62 to 67.68 (61.38to 58.19 (54.36 to <.001
75.84) 72.99) 73.99) 62.03)

CD3 count, /uL 723-2737 1124 (923.0to 1036 (933.0to 658.4 (465.9 to 577.1 (460.1to <.001
1326) 1140) 851.0) 694.1)

CD4 (%) 33-58 41.71(38.81to 41.19(39.18to 41.85(37.44 10 31.91 (29.23 to <.001
44.61) 43.20) 46.26) 34.60)

CD4 count, /uL 404-1612 669.9 (573.6 to 610.8 (544.8to 402.7 (288.5t0 315(247.2t10382.7) <.001
766.3) 676.7) 517.0)

CD8 (%) 13-39 27.06 (24.62 to 25.75 (24.41to 22.64 (18.63to 23.98 (20.97 to 21
29.51) 27.08) 26.64) 26.98)

CD8 count, /uL 220-1129 444.3 (355.1to 369.8 (328.7 to 227.6 (151.7to 237.9 (183.9to <.001
533.5) 410.8) 303.4) 291.9)

CD4/CD8 ratio 0.9-2.0 164 (143t01.85) 1.93(146t024) 255(1.28t03.81) 1.63(1.38t01.87) .17

CD19 (%) 5-22 14.04 (11.53 to 13.21 (12.00 to 21.82 (15.30to 15.46 (13.39 to <.001
16.55) 14.43) 28.34) 17.54)

CD19 count, /uL 80-616 210 (169.4 to 197.1 (163.0to 178.2 (120.0to 129(108.4t0 149.6) .004
250.5) 231.2) 236.4)

CD16+56 (%) 5-26 17.66 (3.458 to 13.09 (11.22 to 8.92(6.227t011.61) 23.85(20.21to <.001
31.86) 14.97) 27.49)

CD16+56 count, /uL 84-724 161.3(82.20 to 183.5(150.4 to 82.78 (55.13 to 190(154.7t0225.3) .04
240.3) 216.5) 110.4)

19G, g/lL 8-16 11.83(10.32to 11.81 (11.01to 18.08 (15.44 to 13.79 (12.64 to <.001
13.34) 12.62) 20.73) 14.93)

IgM, g/L 0.4-3.45 1.19(1.03t01.35) 12(1.07t0133) 1.08(0.74t01.41) 113(1.0to127) .79

IgA, g/L 0.76-3.9 1.9(155t02.25) 4.49 (-0.42to 1.83 2.23 71

9.39) (144 102.22) (19410 2.52)

IgE, IU/mL <100 71.7 (27.92 to 88.89 (41.23to 59.83 (8.444 to 84.1(54.48t0113.7) .89

115.5) 136.6) 111.2)
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Variable Normal Values by disease severity, mean (95% Cl) P value
range
Mild Moderate Severe Critical
Complement C3, g/L 0.81-1.6 0.78(0.72t00.84) 0.83(0.79t00.87) 0.89(0.81t00.98) 0.88(0.82t00.94) .09
Complement C4, g/L 0.1-0.4 0.2(0.17t00.23) 0.24(0.22t100.27) 0.22(0.19t00.25) 0.28(0.25t00.31) .003

Screening for Independent Risk Factors and
Constructing a Predictive Nomogram

The 175 patients were divided into a Mild group and a Severe
group according to disease severity. Patients with mild and
moderate illness were included in the Mild Group (nonsevere
illness), and patients with severe and critical illness were
included in the Severe Group. A total of 18 variables were
considered to be risk factors as revealed by the univariate
analysis (MultimediaAppendix 1). We performed LASSO Cox

regression to further select variables (Figure 2), followed by
multivariate Cox regression anaysis. Multimedia Appendix 2
shows the results of the multivariate analysis. With older age
(odds ratio [OR] 1.035, 95% CI 1.017-1.054); higher levels of
blood CK (OR 1.002, 95% CI 1.0003-1.0039), CD8 % (OR
1.007, 95% Cl 1.004-1.012), and C3 (OR 6.93, 95% CI
1.945-24.691); and lower levels of CD4 (OR 0.995, 95% ClI
0.992-0.998) and CD8 (OR 0.881, 95% Cl 0.835-0.931), a
patient would be morelikely to progressto severe disease within
three weeks of disease onset.

Figure2. (A) Thelog (A) values of the 18 parameters as shown using least absolute shrinkage and selection operator (LASSO) coefficient profiles.
(B) The most suitable log (M) values for variable selection based on the LASSO Cox regression.
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Figure 3 showsthe nomogram of the multivariate Cox regression
model. All independent risk factors have their own linesin the
nomogram, with each receiving a point according to value. The
total points are added and match the probability of COVID-19
progression. An example is shown in Multimedia Appendix 3,
and the calibration curves are shown in Multimedia Appendix
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4. The apparent valueis closeto theideal value, which indicates
good predictive performance of the model. Multimedia
Appendix 5 shows the areas under the ROC curves of the
nomogram. The curves proved that this model obtained in the
study had good predictive performance for COVID-19
progression within three weeks.
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Figure 3. Establishment of the nomogram based on the six independent risk factors resulting from multivariate Cox regression to predict the 0.5-, 1-,
2-, and 3-week nonsevere probabilities for patients with COVID-19 in the developing set. Each selected variable is represented by alinein the figure.
According to the value, each variable receives 1 point. The total points are added for each variable and matched with the probability of COVID-19

progression.
Points 0 10 20 30 40 50 60 70 80 90 100
Age T
9 20 30 40 50 GO 70 80 90 100
CK T T T T T T T T T 1
0 200 400 600 800
CD4 r T T T T T T T 1
1600 1400 1200 1000 800 600 400 200 0
CD8% ; ; ; ' ' - * ' ; ' ‘ . '
° 0 5 10 15 20 25 30 35 40 45 50 55 60 65
CD8 T T T T T T —I T -I T T T T 1
1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0
C3 T T T T T T T T T T T T T T 1
0103050709 1.1 1.3 15
Total Points . ; § i : : j ' ) ) N
0 20 40 60 80 100 120 140 160 180 200
0.5-week non-severe probability 09 0307
T 1 Trr1rr

1-week non-severe probability
2-week non-severe probability

3-week non-severe probability

Discussion

Principal Results

In this report, we found that age, CK level, CD4 count, CD8
count, CD8 %, and C3 count were the independent risk factors
for the progression of COVID-19. In addition, we established
anomogram based on the six independent risk factorsto predict
the probability of 0.5-, 1-, 2-, and 3-week nonsevere probability.

Since the first case of unexplained pneumonia was reported in
thecity of Wuhan[15], the disease has spread rapidly worldwide
[16,17]. COVID-19 was recognized by the WHO as an
international emergency public health event [18]. Current
epidemiological studies have shown that the most common
symptom of patients with COVID-19 before and after
consultationisfever [9,15,19]. Inthisstudy, fever wasidentified
in 123/175 patients (70.3%) when they were hospitalized. A
total of 76/175 participantsin this study (43.4%) were severely
or critically ill, which accounts for the much higher rate of
severity than that reported by Guan et al [19]. This may be due
to the insufficient number of hospital beds and the fact that
patients with severe conditions were preferentially admitted.
Although the fatality rate of SARS-CoV-2 appears to be lower
than that of SARS-CoV or MERS-CoV, the outcomes of
SARS-CoV-2 patients are worse once the disease enters the
severe stage. A retrospective study showed a 61.5% mortality
rate in patients with severe COVID-19 [20]. If patients with
high risk factors to progress to severe or critical illness can be
screened out in a timely fashion for early intervention, the
proportion of severe or critically ill patients and their mortality
may be reduced significantly.
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In this study, 175 patients were divided into a Mild group
(patients with mild and moderate illness) and a Severe group
(patientswith severeand critical illness). A total of 33 variables
wereincluded in this study, including age and clinical laboratory
parameters. Indicesincluding age, CD4 count, CD8 count, CD8
%, C3 count, and CK level were filtered out using LASSO and
multivariate Cox regression. Theindiceswere considered to be
independent risk factors that affect COVID-19 progression. It
was reported in astudy involving 1099 COVID-19 patients that
severe patients were typically seven years older than nonsevere
patients (median) and that older patients with COVID-19 were
more likely to progress to severe illness [19]. Research has
shownthat T cellsarereduced and eventualy fail in COVID-19
patients [21]. The results of this study are similar to the two
findings mentioned above.

Because no specific medicine or vaccine has been made
available for the treatment of SARS-CoV-2 infection to date
[22], it is necessary to predict independent risk factors for the
early detection of potentia patientswith severe COVID-19 and
provide early intervention. Based on this research, age,
myocardial function, and immune system and complement
system function are key factors that impact COVID-19
progression. This study presents a nomogram that may be
helpful to clinical physicians. Early intervention and supportive
treatment for patients whose age and CK, CD4, CD8 and C3
values arein high-risk ranges may have important significance
in reducing the severity and mortality of COVID-19.

Limitations

This study has some limitations. First, only 175 cases were
included in the construction of the model that was used to screen
for independent risk factors. Second, this is an observational
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study; therefore, it cannot directly lead to causal conclusions.
Third, some patients had severe underlying diseases before
becoming infected with the virus; therefore, there may be bias
in the calculation of the nonsevere patients’ survival times.

Conclusions

The COVID-19 outbreak quickly spread worldwide after it was
first discovered in Wuhan. Currently, no specific medicine is

Fanetd

available for the treatment of SARS-CoV-2 infection. It is
necessary to establish a new predictive model that can be used
to screen potentia critical patients and provide early
intervention. We presented a nomogram, compiled through the
use of LASSO regression and multivariate Cox regression,
which considers various clinical risk factors in evaluating the
probability of COVID-19 progression. This nomogram may
help clinical physicians prevent COVID-19 progression.
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