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Abstract
Background: The coronavirus disease 2019 (COVID-19) has become a global pan-
demic, with 10%-20% of severe cases and over 508 000 deaths worldwide.
Objective: This study aims to address the risk factors associated with the severity of 
COVID-19 patients and the mortality of severe patients.
Methods: 289 hospitalized laboratory-confirmed COVID-19 patients were included 
in this study. Electronic medical records, including patient demographics, clinical 
manifestation, comorbidities, laboratory tests results, and radiological materials, 
were collected and analyzed. According to the severity and outcomes of the pa-
tients, they were divided into three groups: nonsurvived (n = 49), survived severe 
(n = 78), and nonsevere (n = 162) groups. Clinical, laboratory, and radiological data 
were compared among these groups. Principal component analysis (PCA) was ap-
plied to reduce the dimensionality and visualize the patients on a low-dimensional 
space. Correlations between clinical, radiological, and laboratory parameters were 
investigated. Univariate and multivariate logistic regression methods were used to 
determine the risk factors associated with mortality in severe patients. Longitudinal 
changes of laboratory findings of survived severe cases and nonsurvived cases dur-
ing hospital stay were also collected.
Results: Of the 289 patients, the median age was 57 years (range, 22-88) and 155 
(53.4%) patients were male. As of the final follow-up date of this study, 240 (83.0%) 
patients were discharged from the hospital and 49 (17.0%) patients died. Elder age, 
underlying comorbidities, and increased laboratory variables, such as leukocyte 
count, neutrophil count, neutrophil-to-lymphocyte ratio (NLR), C-reactive protein 
(CRP), procalcitonin (PCT), D-dimer, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and blood urea nitrogen (BUN) on admission, were found in 
survived severe cases compared to nonsevere cases. According to the multivariate 
logistic regression analysis, elder age, a higher number of affected lobes, elevated 
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1  | INTRODUC TION

The coronavirus disease 2019 (COVID-19) pandemic, an infectious 
disease caused by a novel strain of human coronavirus, the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),1 has be-
come the focus of attention worldwide. Since its first report in late 
December 2019 in Wuhan, China,2 COVID-19 has aggressively 
spread across the world and dramatically impacted people's health 
and daily life. As of July 1, 2020, according to the Situation Report 
issued by the World Health Organization (WHO), the number of 
confirmed COVID-19 cases reported in over two hundred regions 
exceeded 10.3 million with around 508  000 deaths.3 The clinical 
patterns of COVID-19 ranged from asymptomatic cases to critically 
ill patients.4 Fever, dry cough, and radiological changes in lungs 
tend to be common clinical manifestations in COVID-19 patients. 
Severe viral pneumonia with respiratory failure and the deteriora-
tion of underlying diseases are the main cause of death in severe 
patients. According to data provided by the China National Health 
Commission, the mortality rate of COVID-19 patients was 7.7% in 
Wuhan,5 which was higher than the world average (4.9%).3

As the number of infected and fatal cases is rising across the 
globe, there is a pressing need to investigate the clinical, radiolog-
ical, and laboratory characteristics, and more importantly, the mor-
tality risk factors in severe COVID-19 patients. Our previous study 
found that higher levels of C-reactive proteins (CRP), D-dimer, and 
procalcitonin (PCT) were associated with severe patients when com-
pared to nonsevere patients.6 However, the mortality risk factors of 
COVID-19 patients have not yet been previously reported in detail. 
Elder age, comorbidities, leukocytosis, high levels of D-dimer, lactate 

dehydratase (LDH), and low platelet counts were reported to be risk 
factors associated with in-hospital death of severe patients.7-11 Due 
to the distinct criteria used for severe and/or critically ill patients, 
the predictive value of these risk factors for death in severe patients 
may vary.

The aim of this study is to compare the clinical, radiological, and 
laboratory characteristics, and longitudinal variations in laboratory 
parameters of 289 hospitalized patients with COVID-19 with differ-
ent severities and clinical outcomes. Potential risk factors and clini-
cal findings associated with death in severe COVID-19 patients were 
analyzed.

2  | METHODS

2.1 | Study design and patients’ enrollment

Adult hospitalized patients admitted to Zhongnan hospital of Wuhan 
University (n = 178) and No.7 hospital of Wuhan (n = 241) (admis-
sion date between December 29, 2019 and February 16, 2020) diag-
nosed as “viral pneumonia” according to clinical symptoms and chest 
CT images were primarily enrolled in this study. 289 patients with 
positive real-time reverse transcription-polymerase chain reaction 
(rRT-PCR) results of SARS-CoV-2 nucleic acid test were diagnosed as 
COVID-19 and included in the analysis set. According to the disease 
severity and clinical outcome, these patients were divided into three 
groups: nonsurvived, survived severe, and nonsevere. All the patients 
were treated following the guidelines issued by the China National 
Health Commission (trial version 3-5).12 General treatments included 

CRP levels on admission, increased prevalence of chest tightness/dyspnea, and smok-
ing history were independent risk factors for death of severe patients. A trajectory 
in PCA was observed from "nonsevere" toward "nonsurvived" via "severe and sur-
vived" patients. Strong correlations between the age of patients, the affected lobe 
numbers, and laboratory variables were identified. Dynamic changes of laboratory 
findings of survived severe cases and nonsurvived cases during hospital stay showed 
that continuing increase of leukocytes and neutrophil count, sustained lymphopenia 
and eosinopenia, progressing decrease in platelet count, as well as high levels of NLR, 
CRP, PCT, AST, BUN, and serum creatinine were associated with in-hospital death.
Conclusions: Survived severe and nonsurvived COVID-19 patients had distinct clini-
cal and laboratory characteristics, which were separated by principle component 
analysis. Elder age, increased number of affected lobes, higher levels of serum CRP, 
chest tightness/dyspnea, and smoking history were risk factors for mortality of se-
vere COVID-19 patients. Longitudinal changes of laboratory findings may be helpful 
in predicting disease progression and clinical outcome of severe patients.

K E Y W O R D S
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supportive therapy, anti-viral agents (eg, Arbidol, Oseltamivir, and 
Lopinavir/Ritonavir) and oxygen supplementation. Critically ill pa-
tients were admitted to an intensive care unit (ICU) and supported 
by intubation and mechanical ventilation. In accordance with the 
criteria stated in the clinical guidelines for hospital discharge of a 
COVID-19 patient,13 all the following four conditions should be met: 
(a) normal temperature lasting longer than 3  days, (b) significantly 
improved respiratory symptoms, (c) substantially improved acute 
exudative lesions on chest CT images, and (d) two consecutive nega-
tive nucleic acid test results of respiratory tract samples (at least 
24 hours apart). It should be noted that part of the clinical data of 
these patients has been previously reported as a Letter to Editor in 
the journal Allergy, but it only focused on the differences in clini-
cal characteristics between patients with initially negative and then 
positive nucleic acid results for SARS-CoV-2.6,14 This study was ap-
proved by the Zhongnan Hospital of Wuhan University institutional 
ethics board (No. 2020015 and No. 2020028).

2.2 | Data collection

The electronic medical records of each patient were extracted and 
analyzed by four independent researchers with a standardized data 
collection form. Patients’ demographic and baseline characteristics 
(including age, sex, exposure history, comorbidities, surgery history, 
and smoking history), symptomatic and radiological characteristics 
[including signs and symptoms, and chest computed tomography 

(CT) results], as well as the laboratory findings on admission (includ-
ing complete blood cells counts and percentages, and biochemical 
parameters), and follow-up data of laboratory parameters in severe 
survived and nonsurvived patients were obtained and analyzed. The 
clinical outcome of each patient (ie, nonsurvived, discharged, or re-
mained in hospital) as of March 28, 2020 (final follow-up date) and 
the time intervals of initial onset of symptoms (ie, the day when the 
symptoms were noticed) to hospital admission for each patient were 
also recorded.

Information was collected regarding disease severity, occurrence 
of complications (shock, respiratory failure, or acute renal failure), 
and co-infection status with other pathogens during hospital stay. 
The available chest CT images of each patient were reviewed by a 
senior radiologist blinded to the clinical data, in order to confirm de-
tailed abnormality of radiological characteristics of these patients. 
The presence or absence of the three following features was re-
corded for each patient: (a) ground-glass opacity (GGO), (b) subpleu-
ral lesions and pleural effusion, (c) number of affected pulmonary 
lobes.

Exposure history was defined as any close contact with patients 
diagnosed with COVID-19 (eg, familial cluster occurrence or occupa-
tional exposure of healthcare professionals) or visited Huanan wet 
market since December 2019. COVID-19 was diagnosed as severe if 
the patients met one of the following criteria: (a) respiratory distress 
with respiratory frequency ≥30/min, (b) pulse oximeter oxygen sat-
uration ≤93% at rest, and (c) oxygenation index (artery partial pres-
sure of oxygen/inspired oxygen fraction, PaO2/FiO2) ≤300 mmHg.

G R A P H I C A L  A B S T R A C T
This study compares the clinical, radiological, and laboratory characteristicsand longitudinal variations in laboratory parameters of the 289 
hospitalized patients with COVID-19 with different severity and clinical outcomes. We propose that elder age, a greater number of affected 
lobe(s), elevated C-CRP level and increased prevalence of chest tightness/dyspnea and smoking history may be associated with the fatal 
outcome of patients with severe COVID-19. We identify strong correlations between age, affected lobe numbers, and laboratory variables.
Abbreviations: BUN, blood urea nitrogen; COVID-19, coronavirus infectious disease 2019; CRP, C-reactive protein; NLR, neutrophil-
toleucocyte ratio; PC1/2, principal component 1/2; PCT, procalcitonin
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2.3 | Laboratory tests

The SARS-CoV-2 viral nucleic acid test on the pharyngeal swab 
specimens of each patient from the two hospitals were processed by 
technicians from the Zhongnan Hospital of Wuhan University using 
a rRT-PCR assay.15 According to the recommendations issued by the 
National Institute for Viral Disease Control and Prevention (China),16 
a cycle threshold value (Ct-value) less than 37 was defined as a posi-
tive test result, whereas a Ct-value of 40 or more was defined as 
negative. All rRT-PCR assays were performed with the same kit.

Complete blood counts, biochemical parameters, and variables re-
flecting hepatic and renal functions on admission and data of follow-up 
laboratory tests during hospital stay were collected for each patient, 
including leukocytes, platelets, neutrophils, lymphocytes, monocytes, 
eosinophils, basophils, C-reactive protein (CRP), serum amyloid A (SAA), 
procalcitonin (PCT), D-dimer, serum creatinine kinase (CK), creatinine 
kinase-MB (CK-MB), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), blood urea nitrogen (BUN), and serum creatinine.

Serum and respiratory samples, such as pharyngeal swabs, 
were collected to detect co-infection with other pathogens, such as 

TA B L E  1   Demographics and baseline characteristics of patients with COVID-19

All patients 
(n = 289)

Disease severity and prognosis P values

A) Nonsurvived 
(n = 49)

B) Severe & 
Survived (n = 78)

C) Nonsevere 
(n = 162) A vs B B vs C A vs C

Age -median (range) 57 (22—88) 69 (36—88) 62 (30—87) 49 (22—84) 0.029 <0.001 <0.001

Age groups -No. (%) — <0.001 <0.001

<30 y 16 (5.5) 0 (0.0) 0 (0.0) 16 (9.9) — — —

30-49 y 90 (31.1) 4 (8.2) 19 (24.4) 67 (41.4) — — —

50-69 y 119 (41.2) 21 (42.9) 34 (43.6) 64 (39.5) — — —

≥70 y 64 (22.1) 24 (49) 25 (32.1) 15 (9.3) — — —

Sex -No. (%) 0.200 0.022 0.001

Female 135 (46.7) 14 (28.6) 31 (39.7) 90 (55.6) — — —

Male 154 (53.3) 35 (71.4) 47 (60.3) 72 (44.4) — — —

Exposure History -No. 
(%)

0.390 0.001 <0.001

Yes 83 (28.7) 6 (12.2) 14 (17.9) 63 (38.9) — — —

No 206 (71.3) 43 (87.8) 64 (82.1) 99 (61.1) — — —

Comorbidity -No. (%) 169 (58.5) 39 (79.6) 61 (78.2) 69 (42.6) 0.852 <0.001 <0.001

Hypertension 81 (28.0) 23 (46.9) 30 (38.5) 28 (17.3) 0.346 <0.001 <0.001

Diabetes mellitus 27 (9.3) 7 (14.3) 10 (12.8) 10 (6.2) 0.813 0.081 0.078

Coronary heart 
disease

18 (6.2) 8 (16.3) 6 (7.7) 4 (2.5) 0.130 0.082 0.001

Drug hypersensitivity 
(self-reported)

10 (3.5) 2 (4.1) 2 (2.6) 6 (3.7) 0.639 1.000 1.000

COPD 6 (2.1) 3 (6.1) 2 (2.6) 1 (0.6) 0.373 0.247 0.040

Urticaria 2 (0.7) 0 (0.0) 0 (0.0) 2 (1.2) — 1.000 1.000

Asthma 1 (0.3) 1 (2.0) 0 (0.0) 0 (0.0) 0.386 — 0.232

Others 63 (21.8) 11 (22.4) 23 (29.5) 29 (17.9) 0.383 0.041 0.477

Surgery history -No. (%) 88 (30.4) 19 (28.8) 32 (41.0) 37 (22.8) 0.801 0.004 0.027

Tumor surgery 15 (5.2) 2 (4.1) 8 (10.3) 5 (3.1) 0.315 0.031 0.665

Craniocerebral 
surgery

6 (2.1) 2 (4.1) 1 (1.3) 3 (1.9) 0.559 1.000 0.329

Cardiac intervention 10 (3.5) 6 (12.2) 4 (5.1) 0 (0.0) 0.183 0.011 <0.001

Others 61 (21.1) 11 (22.4) 20 (25.6) 30 (18.5) 0.684 0.203 0.542

Smokers -No. (%) 28 (9.7) 12 (24.5) 8 (10.3) 8 (4.9) 0.032 0.122 <0.001

Past Smokers 18 (6.2) 8 (16.3) 4 (5.1) 6 (3.7) 0.648 0.608 1.000

Current Smokers 10 (3.5) 4 (8.2) 4 (5.1) 2 (1.2) — — —

Note: Data are shown as median (range) or No. (%). COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndromes 
coronavirus 2; COPD, chronic obstructive pulmonary disease. P values denoted the comparison between subgroups; α' = 0.0167 (after adjustment) 
for partition of chi-squared test when compare differences between categorical variables among three groups.
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Mycoplasma pneumoniae, Chlamydia pneumoniae, Coxsackie virus 
group B, adenovirus, echovirus, respiratory syncytial virus, Epstein-
Barr virus, influenza A virus, influenza B virus, parainfluenza, cyto-
megalovirus, Gram-positive or Gram-negative bacteria, and fungi.

2.4 | Statistical analysis

Categorical variables were expressed as frequencies and percent-
ages (%), and the frequencies of nonsurvived, survived severe, and 
nonsevere patient groups (total patient number = 289) were com-
pared by partition of chi-square test. Continuous variables were 
described as median and interquartile range (IQR) values. One-way 
ANOVA test and Kruskal-Wallis test were used, as appropriate, to 
compare the data from the three groups. A two-sided α of 0.0167 
(after adjustment) was considered statistically significant for parti-
tion of chi-square test when comparing differences between cat-
egorical variables among the three groups. On the other hand, a 
two-sided α of 0.05 was considered statistically significant for one-
way ANOVA test and Kruskal-Wallis test when comparing differ-
ences between continuous variables among the three groups.

Principal component analysis (PCA) was used for dimensionality 
reduction and visualization of the patients after imputing missing 
values using the implementation "ppca" in pcaMethods package.17 
Euclidean distance and complete linkage were used for the heatmap 
between different laboratory parameters in three groups. Statistical 
analyses and figures were generated and plotted using GraphPad 
Prism version 7.00 software (GraphPad Software Inc), SPSS statisti-
cal software (version 26.0, IBM), and R software (version 3.4.3, sup-
ported by the R Foundation for Statistical Computing).

2.5 | Logistic regression analysis

Potential risk factors for nonsurvived COVID-19 patients (n  =  49) 
compared to survived severe patients (n = 78) were analyzed by a 
multivariate binary logistic model using Forward Stepwise (Wald) 
model method. Missing values of laboratory data for the logistic re-
gression analysis, including affected lobe numbers, CRP, PCT, and 
D-dimer, were replaced via multiple imputation. The cut-off value 
of neutrophil-to-lymphocyte ratio (NLR = 7.726) was calculated by 
receiver operating characteristics (ROC) analysis, with an area under 
the curve (AUC) of 0.6614, and NLR was analyzed as categorical vari-
ables for the logistic regression analysis. All variables were subject to 
univariate logistic regression, and odds ratios (ORs) were calculated 
between nonsurvived and survived severe groups, with a 95% confi-
dence interval. Variables were included in binary logistic regression 
if corresponding P value was less than .05. Binary logistic regression 
analysis was used to develop a multivariate model to determine the 
risk factors of death among critically ill patients.

Univariate analysis and multivariate regression analysis were 
performed by SPSS software (version 26.0, IBM) and R software 
(version 3.4.3, supported by R Foundation for Statistical Computing).
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3  | RESULTS

3.1 | Distinct characteristics of patients with 
different disease severity and clinical outcomes

A total of 289 patients with COVID-19 were included in this study. 
Until March 28, 2020, all 78 (27.0%) severe and 162 (56.0%) nonse-
vere patients were discharged from the two hospitals and 49 (17.0%) 
patients died. The demographics, clinical symptoms, and radiological 
characteristics of these patients on admission are shown in Tables 1-3.

Compared with survived severe patients (group B in Tables  1-
3), nonsurvived patients (group A in Tables 1-3) were older in age 
(P = .029) and had a higher prevalence of symptoms, including chest 
tightness/dyspnea (P = .002), gastrointestinal symptoms manifested 
as loss of appetite (P = .015), higher neutrophil counts (P = .004) and 
percentages (P =  .016), higher lymphocyte percentages (P =  .014), 
larger NLR (P  =  .045), higher monocyte percentages (P  =  .006), 
higher levels of C-reactive protein (P < .001), procalcitonin (P = .002), 
D-dimer (P = .005), ALT (P = .023), BUN (P = .003), and serum cre-
atinine (P  =  .028). Common clinical characteristics of nonsurvived 
patients included increased neutrophil percentages (P = .007), PCT 
(P =  .002), D-dimer (P =  .005), and BUN (P =  .001), and decreased 
eosinophil percentages (P = .003) (Tables 1-3).

In comparison with survived severe patients (group B), nonsevere 
patients (group C in Tables 1-3) were relatively younger (P <  .001) 
and had less exposure history (P <  .001), underlying comorbidities 
(P < .001), surgery history (P = .004), and gastrointestinal symptoms 
(P =  .011). Leukocyte and neutrophil counts, and NLR were lower 
in nonsevere patients than in survived severe patients. Nonsevere 
patients had lower serum levels of CRP, PCT, D-dimer, CK-MB, ALT, 
AST, and BUN (Figure 1, Tables 1-3). Lymphopenia, thrombocytope-
nia, and elevated biochemical parameters including liver and renal 
function-related markers (all P  <  .001) were found in significantly 
low or normal levels in nonsevere patients (Tables 1-3).

Radiologically, ground-glass opacity [99 (46.3%)] and subpleu-
ral lesions [103 (48.1%)] were common CT signs and distributed in 
different numbers of lobes (Fig. S1). In addition, nonsevere patients 
had a higher incidence of normal chest CT images or fewer infected 
pulmonary lobes compared to survived severe patients (P = .01). As 
expected, there were significant differences in the clinical character-
istics, laboratory findings, and CT images between nonsurvived and 
nonsevere patients (Tables 1-3).

3.2 | Predictions of disease severity

To assess the similarities and differences between patients with dif-
ferent severities, principal component analysis (PCA) was applied 
to reduce the dimensionality and visualize the patients on a low-
dimensional space. On the Figure 2 biplot, a trajectory from "nonse-
vere" toward "nonsurvived" via "severe and survived" patients was 
observed. These results are in agreement with the blood count and 
biochemical parameters as potential indicators of disease severity. La
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Interestingly, the heterogeneity within the "nonsurvived" group 
is much larger than in the "nonsevere" group, suggesting multiple 
reasons for disease severity. A heatmap of the overview of changes 
of laboratory results between the three groups is presented in 
Figure S2.

3.3 | Risk factors of death in severe 
COVID-19 patients

127 severe patients (49 nonsurvivors and 78 survivors) were 
included in the univariate and multivariate logistic regression 

analysis. In the univariate analysis, odds of in-hospital death were 
higher in patients with chest tightness/dyspnea and smoking his-
tory (Table 4). Additional findings associated with death included 
patients’ age, affected lobe numbers, leukocyte counts, CRP lev-
els, and elevated levels of NLR, PCT, BUN, and serum creatinine 
(Table  4). Multivariate analysis indicated that the age of patients 
(OR, 1.04; 95% CI, 1.00-1.08), smoking history (OR, 5.21; 95% 
CI, 1.39-19.52), chest tightness/dyspnea (OR, 3.03; 95% CI, 1.18-
7.79), number of affected lobes on admission (OR, 1.71; 95% CI, 
1.06-2.78), and CRP levels on admission (OR, 1.01; 95% CI, 1.00-
1.02) were risk factors associated with death in cases with severe 
COVID-19 (Table 4, Figure 1).

F I G U R E  1   Difference in risk factors of death among three groups of COVID-19 patients with different severity and outcomes. 
Demographic parameters and variables of laboratory tests (data on admission) with significant differences among the three groups of 
patients are illustrated, including continuous variables (A-E) and categorical variables (F-K). Elder age (A), increased number of affected 
lobes (B), increased leukocyte count (C), elevated levels of CRP (D) and BUN (E), higher prevalence of patients with smoking history 
(F), dyspnea (G), a larger proportion of patients with increased NLR (H), PCT (I), BUN (J), and serum creatinine (K) were identified in the 
nonsurvived group compared to the survived severe group. Percentages in the bars of F-K represent the percentages of patients with 
specific demographic/abnormal laboratory findings in each subgroup. Continuous variables of the three groups (A-E) were compared using 
one-way ANOVA test or Kruskal-Wallis test, as appropriate. Categorical variables of the nonsurvived and survived severe groups (F-K) were 
compared via chi-square test or Fisher's exact test, as appropriate. * denotes a P value of ≤.05, ** denotes P ≤ .01, *** denotes P ≤ .001. BUN, 
blood urea nitrogen; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin
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3.4 | Correlations between radiological and 
laboratory parameters

In these 289 patients, according to the heatmap of Spearman cor-
relation of laboratory results on admission, together with age and 
affected lobe numbers (as shown in Figure 3), three clusters of cor-
relation were found. The first cluster had moderate correlations 
among lymphocyte, eosinophils, platelet, monocytes, leukocytes, 
and neutrophils in all patients. The second cluster had correlations 
among biochemical parameters including PCT, BUN, NLR, CRP, 
serum creatinine, CK, CK-MB, D-dimer, SAA, ALT, and AST, as well 
as age and numbers of affected pulmonary lobes. Many of these 
markers showed weak and moderate correlations; however, some of 
them showed a strong correlation, such as NLR, neutrophils, ALT, 
and AST. The third cluster had negative correlations among blood 
cell components, biochemical parameters, age, and affected lobe 
numbers. Most of the variables showed weak correlations, except a 
strong correlation between NLR and lymphocyte counts. Increased 
inflammatory parameters suggesting a cytokine storm and multior-
gan injury showed a negative correlation, particularly with numbers 
of lymphocytes and eosinophils, but also platelets and basophils. 
Scatter plots of different correlations between age, affected lobe 
numbers, and other laboratory parameters are shown in Figure 4, as 
well as Figures S3-S5.

3.5 | Longitudinal variations of laboratory findings

Differences in longitudinal trends of the laboratory findings be-
tween nonsurvived and survived severe patients were observed as 
the disease progressed. As shown in Figure 5, leukocyte and neutro-
phil counts increased in the early stage of hospitalization (3-7 days) 
and gradually decreased during the late stage of hospitalization 
(8-14 days) in severe survived patients, but continuously increased 
in nonsurvived patients. Even though lymphopenia was observed in 

both groups during hospitalization, the lymphocyte count was sig-
nificantly lower in the nonsurvived group compared to the survived 
severe group. It should be noted that sustained eosinopenia and pro-
gressing thrombocytopenia were observed in nonsurvived patients, 
but both blood cell numbers were partially relieved in survived se-
vere patients. Sustained high levels of NLR, CRP, PCT, AST, BUN, 
and serum creatinine were associated with fatal clinical outcome of 
severe patients.

4  | DISCUSSION

Of the 289 laboratory-confirmed COVID-19 cases in this study, most 
of the patients were more than 50 years old, with an almost 1:1 fe-
male-male ratio. The prevalence of underlying comorbidities, includ-
ing hypertension, diabetes mellitus, and coronary heart disease, was 
similar to those demonstrated in previous studies.14,18-20

The mortality of the 289 hospitalized cases in the present study 
was 17.0% (49/289), which was lower than that reported by Zhou 
et al [54/191 (28.3%)],19 but much higher than that reported by Guan 
et al (1.4%)20 and in a large-scale analysis reported by the Chinese 
Center for Disease Control and Prevention [1023/44672 (2.3%)].21 
The difference may be due to the different sample sizes and case 
inclusion criteria used in these studies.

For the first time, we found that the number of affected lobes 
on CT scans was associated with disease severity. In accordance 
with previous reports,18,22 bilateral lung involvement was predomi-
nant in patients with abnormal chest CT images, mainly manifested 
as multiple ground-glass opacities and subpleural lesions. Five 
pulmonary lobes were affected in more than half of the patients 
with abnormal chest CT images. Affected lobe numbers correlated 
with age, CRP, D-dimer, and BUN, which also correlated with each 
other. Based on these observations, continuous monitoring of 
chest CT images is useful for the evaluation of the disease course. 
However, it is not easy to obtain a second chest CT scan in critically 

F I G U R E  2   Principal Component Analysis (PCA). Principal Component Analysis (PCA) was used for dimensionality reduction and 
visualization of the patients. All patients were included in the analysis; parameters including laboratory results on admission, age, and 
affected lobe numbers were used in the analysis; results are represented by colored dots separated by three groups of severity. Despite no 
clear separation between the three groups, there was a clear trajectory from "nonsevere" toward "nonsurvived" via " survived severe"
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TA B L E  4   Risk factors associated with death in critically illa COVID-19 patients

Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

Demographics and baseline characteristics

Age 1.04 (1.01, 1.08) .0049 1.04 (1.00-1.08) .0290

Female sex (vs male) 0.61 (0.28, 1.31) .2018 — —

Exposure history 0.33 (0.07, 1.61) .1700 — —

Comorbidities 1.09 (0.45, 2.62) .8525 — —

Surgery history 0.91 (0.44, 1.89) .8012 — —

Smokers (vs nonsmokers) 2.84 (1.07, 7.56) .0368 5.21 (1.39-19.52) .0143

Symptomatic and radiological characteristics

Fever 1.01 (0.31, 3.27) .9924 — —

Cough 0.56 (0.26, 1.24) .1560 — —

Chest tightness/Dyspnea 3.18 (1.51, 6.71) .0024 3.03 (1.18-7.79) .0214

Fatigue 1.34 (0.63, 2.87) .4496 — —

Myalgia 0.99 (0.31, 3.23) .9924 — —

GI tract symptom 1.39 (0.68, 2.84) .3692 — —

Loss of appetite 0.27 (0.07, 1.00) .0503 — —

Affected lobe numbersb  1.94 (1.07, 3.50) .0278 1.71 (1.06-2.78) .0293

Subpleural lesion 0.35 (0.12, 1.03) .0562 — —

Laboratory findings

Leukocyte count (×109/L) 1.10 (1.01, 1.20) .0245 — —

<3.5 0.64 (0.24, 1.72) .3740 — —

3.5-9.5 1 (ref) — — —

>9.5 1.98 (0.83, 4.70) .1221 — —

Neutrophil count (109/L) 1.03 (0.97, 1.08) .3476 — —

<1.8 0.58 (0.14, 2.29) .4324 — —

1.8-6.3 1 (ref) — —

>6.3 1.92 (0.89, 4.14) .0977 — —

Lymphocyte count (×109/L) 1.08 (0.78, 1.48) .6545 — —

<1.1 1.50 (0.57, 3.97) .4153 — —

1.1-3.2 1 (ref) — —

>3.2 4.57 (0.35, 59.11) .2445 — —

Eosinophil count (×109/L) 0.21 (0.00, 60.64) .5886 — —

<0.02 1.55 (0.71, 3.40) .2733 — —

0.02-0.52 1 (ref) — —

Platelet (×109/L) 1.00 (1.00, 1.00) .6498 — —

<125 0.74 (0.34, 1.60) .4395 — —

125-350 1 (ref) — — —

>350 0.46 (0.09, 2.42) .3581 — —

NLR 1.03 (1.00, 1.06) .0633 — —

≤7.726 1 (ref) — — —

>7.726 4.28 (1.99, 9.21) .0002 — —

CRP (mg/L) 1.02 (1.01, 1.02) <.0001 1.01 (1.00-1.02) .0094

≤3 1 (ref) — — —

>3 — .9907 — —

SAA (mg/L) 1.00 (1.00, 1.01) .2400 — —

≤10 1 (ref) — — —

(Continues)
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ill patients during hospitalization, especially in intubated and ven-
tilated patients. In this situation, bedside X-ray can be an alterna-
tive option. Most of the nonsurvived patients in this study lacked 
a second CT scan.

The mortality risk factors for severe patients identified in this 
study using a logistic regression model include elderly age, higher 
CRP levels, number of affected lobes, chest tightness/dyspnea, and 
smoking history. Although neutrophil counts and biochemical pa-
rameters were significantly different between survived severe and 
nonsurvived patients, these variables were not found to be an inde-
pendent risk factor for mortality of COVID-19 patients.

The present study supports the association of elderly age and 
increased mortality rate in COVID-19 patients, in accordance with a 
previous study.19 Elderly age is known to be associated with a damp-
ened immune function and more underlying comorbidities, which 
may lead to the poor outcome of these patients.23

Several studies have reported that hypertension, hypoxia, leuko-
cytosis, lymphopenia, and high serum LDH levels were independent 
predictors for in-hospital death.7-10 However, in the present study, 
only dyspnea and leukocytosis were found to be independent risk 
factors of death in critically ill COVID-19 patients. Previous reports 
identified that lower baseline levels and/or progressively decreasing 
platelet counts were associated with higher mortality of COVID-19 
patients.11 This is similar to our observations of nonsurvived patients 
in the current study.

CRP is a widely used inflammatory marker in clinical studies. 
Elevated CRP levels indicate inflammation caused by various con-
ditions, including infections. Elevated IL-6, which is the trigger of 
CRP synthesis in the liver, was also observed in COVID-19 pa-
tients.24 A cytokine storm has been suggested as a culprit for poor 
prognosis of critically ill COVID-19 patients. In the current study, 
higher CRP levels were found to be associated with poor clinical 

Univariable OR (95% CI) P value Multivariable OR (95% CI) P value

>10 0.93 (0.08, 10.86) .9518 — —

PCT (ng/mL) 1.22 (0.95, 1.55) .1204 — —

0-0.1 1 (ref) — — —

>0.1 3.55 (1.59, 7.95) .0020 2.15 (0.77-6.02) .1464

D-dimer (μg/mL) 1.06 (1.00, 1.12) .0624 — —

Within normal rangec  1 (ref) — — —

Increasedc  1.20 (0.54, 2.68) .6579 — —

CK (U/L) 1.00 (1.00, 1.00) .2859 — —

≤200 1 (ref) — — —

>200 1.33 (0.53, 3.33) .5384 — —

CK-MB (ng/mL) 1.07 (0.88, 1.31) .4985 — —

≤6.22 1 (ref) — — —

>6.22 0.60 (0.06, 5.80) .6613 — —

ALT (U/L) 1.01 (1.00, 1.02) .0755 — —

≤50 1 (ref) — — —

>50 1.77 (0.80, 3.93) .1593 — —

AST (U/L) 1.00 (0.99, 1.01) .3504 — —

≤40 1 (ref) — — —

>40 1.44 (0.67, 3.07) .3475 — —

BUN (mmol/L) 1.10 (1.02, 1.18) .0082 1.06 (0.99-1.14) .1004

≤7.6 1 (ref) — — —

>7.6 3.89 (1.66, 9.08) .0017 — —

Serum creatinine (μmol/L) 1.00 (1.00, 1.01) .2323 — —

≤104 1 (ref) — — —

>104 2.64 (1.03, 6.77) .0433 — —

Note: Chi-square test or Fisher's exact test was used, as appropriate, to evaluate the difference between nonsurvived and severe & survived patients.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CK, serum creatinine kinase; CK-
MB, creatinine kinase-MB; CRP, C-reactive protein; GI tract, gastrointestinal tract; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; PCT, 
procalcitonin; SAA, serum amyloid A.
aCritically ill patients include nonsurvived (n = 49) and severe & survived (n = 78) patients. 
bAffected lobe number(s) was analyzed as a continuous variable. 
cThe normal range of D-dimer was adjusted according to the age of each patient. 
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outcome of severe patients. Wang et al identified higher levels of 
CRP in nonsurvivors compared with survivors within 15  days of 
COVID-19 hospitalization.10 Additionally, Wu et al found that ele-
vated high-sensitivity CRP was significantly associated with higher 
risks of acute respiratory distress syndrome (ARDS) in COVID-19 
patients.7 The data suggested that CRP was a marker of a develop-
ing cytokine storm in COVID-19 patients and was associated with 
disease mortality.

In a recent study,25 higher NLR was suggested to be indepen-
dent risk factors of mortality in hospitalized COVID-19 patients. 
However, logistic regression analysis indicated that the odd ratio of 
in-hospital death was higher in patients with higher NLR but it was 
not an independent risk factor of death for severe patients in the 
current study.

Interestingly, the prevalence of patients with smoking history 
is 9.7%, which is close to that reported in the latest scientific brief 

F I G U R E  3   Heatmap of Spearman 
correlations among laboratory results, 
as well as with age and affected 
lobe numbers. Spearman correlation 
heatmap with correlation coefficient 
and significance levels based on the 
laboratory results on admission, as well as 
patients’ age and affected lobe number. 
Positive correlations are marked in red 
and negative ones in blue (color scale 
on the right side). * denotes P ≤ .05, ** 
denotes P ≤ .01, *** denotes P ≤ .001. 
ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BUN, blood 
urea nitrogen; CK, serum creatinine 
kinase; CK-MB, creatinine kinase-MB; 
CRP, C-reactive protein; D-D, D-dimer; 
NLR, neutrophil-to-lymphocyte ratio; PCT, 
procalcitonin; SAA, serum amyloid A
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F I G U R E  4   Selected Spearman correlations between the number of affected lobe number(s), age of patients and laboratory parameters 
in COVID-19 patients. Scatter plots showing the correlations between affected lobe numbers, age of patients, and laboratory variables (data 
on admission). Strong positive correlations were observed in all plots. Spearman's test was used to evaluate the correlations. BUN, blood 
urea nitrogen; CRP, C-reactive protein; D-D, D-dimer; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin
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published by the World Health Organization (WHO).26 The presence 
of smoking history was found to be a risk factor of death in criti-
cally ill patients. Similarly, Mehra et al27 demonstrated that current 
smokers had higher in-hospital death rate in COVID-19 patients. A 
systemic review also concluded that smoking is most likely associ-
ated with poor disease progression and adverse outcomes.28 In view 
of these results, smoking should not be considered a preventive 
measure for COVID-19 and as a public health issue should be dis-
couraged at all times. Although smoking is a major cause of chronic 
obstructive pulmonary disease (COPD), a recent study reported 
that COPD did not increase the risk of COVID-19 patients requir-
ing admission to the intensive care unit (ICU).29 This was in contrast 
to the recent findings in a meta-analysis which identified COPD as 
an independent risk factor of disease progression.30 Angiotensin-
converting enzyme 2 (ACE2) is highly expressed in airway epithelial 
cells and plays an important role in SARS-CoV-2 infection as it has 
been demonstrated to serve as a receptor for SARS-CoV-2.31 The 
higher levels of ACE2 expression in the lower respiratory tract of 
current smokers may contribute to the increased risk of develop-
ing severe COVID-19.32,33 The strong positive correlations identified 

between the affected lobe numbers, patients’ age, neutrophil, and 
lymphocyte counts indicate that more severe pneumonia was asso-
ciated with elderly age and higher degree of lymphopenia, indicating 
that the numbers of affected lobes could be a possible risk factor for 
severe cases and in-hospital mortality of severe COVID-19 patients. 
Leukocytosis, eosinopenia, and lymphopenia may be associated with 
the progression of inflammatory status. More severe illness was as-
sociated with older patients, given the increased levels of CRP, SAA, 
PCT, and D-dimer.

Comparison of the dynamic profile of laboratory findings 
in severe patients revealed a sustained increase in leukocyte 
count, neutrophil count, biological markers, as well as contin-
ued decrease in platelet count, lymphopenia and eosinopenia 
in these patients. As previously reported, eosinopenia may be 
an indicator for SARS-CoV-2 infection,14 and the degree of eo-
sinopenia was associated with the severity of COVID-19.34,35 
Persistent eosinopenia may be a predictor of disease severity and 
adverse clinical outcome during hospitalization, which is consis-
tent with the results reported by Xie et al.34 The anti-viral ef-
fect exhausts eosinophils and may be the cause of eosinopenia in 

F I G U R E  5   Differences in longitudinal course of laboratory findings between nonsurvived and survived severe cases. Severe COVID-19 
patients were divided into nonsurvived and survived severe groups according to the clinical outcomes as of March 28, 2020. Data from 
patients with available laboratory results on admission, 3-7 days after admission, and 8-14 days after admission are shown; “n” represents 
the number of patients with available follow-up data for each parameter. The red lines represent the values of nonsurvived patients of each 
parameter, and the blue lines show the values of survived severe patients; * denotes P ≤ .05, ** denotes P ≤ .01, *** denotes P ≤ .001. AST, 
aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin
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COVID-19 patients.36 Moreover, the recovery from eosinopenia 
was associated with favorable clinical outcome in severe patients. 
Lymphopenia is prominent in adult COVID-19 patients, but not in 
pediatric patients.37 In this study, the recovery from lymphope-
nia in survived severe patients was not as significant as that of 
eosinopenia (Figure 5C,F). Similarly, a recent study showed an in-
creasing trend of eosinophils, lymphocyte, and platelet in severe 
survivors but remained constant at lower levels in nonsurvivors, 
which is consistent with our results.38

Significant differences in levels of D-dimer on admission 
were identified between nonsurvived and survived severe pa-
tients. However, multivariate regression analysis did not identify 
D-dimer as an independent risk factor of the mortality in severe 
COVID-19 patients. This was consistent with a previous study 
conducted by Chen et al,38 but different from the result from 
Zhou et al, which showed that elevated D-dimer was associated 
with poor prognosis of hospitalized COVID-19 patients.19 High 
level of D-dimer is indicative of developing thrombosis. A recent 
study on COVID-19 patients in Wuhan revealed an extremely high 
incidence of thrombosis (41/48, 85.4%) in severe patients with a 
death rate of 31.7% (13/41).39 Endothelial damage is presumed to 
be an important mechanism of the development of thrombosis.40 
In addition, elevated D-dimer levels could occur in deep venous 
thrombosis (DVT) and in capillary microthrombi, secondary to 
pulmonary capillary endothelial injury, contributing to the death 
of severe COVID-19 patients.41 Venous thromboembolism (VTE) 
had a higher incidence in ICU COVID-19 patients than those on 
the wards, and the incidence increased along with the duration of 
hospitalization.42 A study of 184 ICU COVID-19 patients reported 
that computed tomography pulmonary angiography (CTPA) and/or 
ultrasonography confirmed VTE was 27% and arterial thrombotic 
events was 3.7%.43 The study also concluded that pulmonary em-
bolism (PE) was the most frequent thrombotic complication (81%) 
and that age and coagulopathy were independent predictors of 
thrombotic complications.43 Poissy et al found that PE occurred in 
22 (20.6%) of 107 patients. However, only 1 DVT was identified in 
these patients, indicating that pulmonary thrombosis but not em-
bolism is the cause for PE.44 The contribution of capillary micro-
thrombi to PE is unclear since it was difficult to identify capillary 
microthrombi in clinical practice.

This study was limited to the relatively small number of pa-
tients which may limit the statistical power and the inclusion of 
hospitalized patients exclusively (nonhospitalized patients were 
not included in the analysis). These limitations may cause statis-
tical bias and hence the significant difference identified in demo-
graphic and symptomatic characteristics, as well as the laboratory 
findings between the groups. Missing data on some variables, 
such as information of CT images and biochemical parameters, 
may cause bias in the identification of risk factors for mortality 
in severe patients.

In summary, this retrospective, bi-center study revealed 
that elder age, CRP levels, number of affected pulmonary lobes, 
clinical symptoms manifested as chest tightness/dyspnea, and 

smoking history were independent risk factors of mortality for 
nonsurvived patients compared with severe and survived pa-
tients. Assessment of these parameters may help to identify se-
vere COVID-19 patients at a high risk of death. Earlier medical 
intervention and support on these patients with high risk may 
reduce the fatality of this disease.
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