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Abstract 

 

Background: The 2019 novel coronavirus (2019-nCoV) has caused the outbreak of the acute 

respiratory disease in Wuhan, Hubei Province of China since December 2019. This study is 

performed to analyze the clinical characteristics of patients who succumbed to and who 

recovered from 2019 novel coronavirus disease (COVID-19). 

Methods: Clinical data were collected from two tertiary hospitals in Wuhan. A retrospective 

investigation was conducted to analyze the clinical characteristics of fatal cases of COVID-19 

(death group) and compare them with recovered patients (recovered group). Continuous 

variables were analyzed using the Mann-Whitney U test. Categorical variables were analyzed by 

χ
2
 test or Fisher’s exact tests as appropriate. 

Results: Our study enrolled 109 COVID-19 patients who died during hospitalization and 116 

recovered patients. The median age of the death group was older than the recovered group (69 

[62, 74] years vs. 40 [33, 57] years, Z = 9.738, P < 0.001). More patients in the death group had 

underlying diseases (72.5% vs. 41.5%, 2
 = 22.105, P < 0.001). Patients in the death group had a 

significantly longer time of illness onset to hospitalization (10.0 [6.5, 12.0] days vs. 7.0 [5.0, 

10.0] days, Z = 3.216, P = 0.001). On admission, the proportion of patients with symptoms of 

dyspnea (70.6% vs. 24.7%, 2
 = 60.905, P < 0.001) and expectoration (32.1% vs.15.7%, 2

 = 

13.250, P < 0.001) was significantly higher. The blood oxygen saturation was significantly lower 

in the death group (85 [77, 91]% vs. 97 [95, 98]%, Z = 10.625, P < 0.001). The white blood cell 

(WBC) in death group was higher on admission (7.23 [4.87, 11.17] ×10
9
/L vs. 4.52 [3.62, 5.88] 

×10
9
/L, Z = 7.618, P < 0.001). Patients in the death group exhibited significantly lower 



lymphocyte count (0.63 [0.40, 0.79] ×10
9
/L vs. 1.00 [0.72, 1.27] ×10

9
/L, Z = 8.037, P < 0.001) 

and lymphocyte/WBC ratio (7.10 [4.45, 12.73]% vs. 23.5 [15.27, 31.25]%, Z = 10.315, P < 

0.001) on admission, and the lymphocyte/WBC ratio continue to decrease during hospitalization 

(7.10 [4.45, 12.73]% vs. 2.91 [1.79, 6.13]%, Z = 5.242, P < 0.001). Alanine transaminase (ALT) 

(22.00 [15.00, 34.00] U/L vs. 18.70 [13.00, 30.38] U/L, Z = 2.592, P = 0.010), aspartate 

transaminase (AST) (34.00 [27.00, 47.00] U/L vs. 22.00 [17.65, 31.75] U/L, Z  = 7.308, P < 

0.001), and creatinine levels (89.00 [72.00, 133.50] μmol/L vs.65.00 [54.60, 78.75] μmol/L, Z = 

6.478, P < 0.001) were significantly higher in the death group that those in the recovered group. 

C-reactive protein (CRP) levels were also significantly higher in the death group on admission 

(109.25 [35.00, 170.28] mg/L vs.3.22 [1.04, 21.80] mg/L, Z = 10.206, P < 0.001) showed no 

significant improvement after treatment (109.25 [35.0, 170.28] mg/L vs. 81.60 [27.23, 179.08] 

mg/L, Z = 1.219, P = 0.233). The patients in the death group had more complications such as 

acute respiratory distress syndrome (89.9% vs. 7.6%, 2
 = 148.105, P < 0.001), acute cardiac 

injury (59.6% vs. 0.8%, 2
 = 93.222, P < 0.001), acute kidney injury (18.3% vs. 0, 2

 = 23.257, P 

< 0.001), shock (11.9% vs. 0, 2
 = 14.618, P < 0.001), and disseminated intravascular 

coagulation (DIC) (6.4% vs. 0, 2
 = 7.655, P = 0.006).  

Conclusions: Compared to the recovered group, more patients in the death group exhibited 

characteristics of advanced age, pre-existing comorbidities, dyspnea, oxygen saturation decrease, 

increased WBC count, decreased lymphocytes, and elevated CRP levels. More patients in the 

death groups had complications such as ARDS, acute cardiac injury, acute kidney injury, shock, 

and DIC. 
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Introduction 

 

The 2019 novel coronavirus (2019-nCoV) is the pathogen responsible for the outbreak of the 

acute respiratory disease in Wuhan, Hubei Province of China in December 2019.
[1]

 Although a 

high proportion of infected individuals only develop mild symptoms, some cases can progress to 

pneumonia, multi-organ failure or even death in the most vulnerable. In this study, we performed 

a retrospective research focusing on clinical characteristics, laboratory findings, and the 

treatment regimens of the fatal and recovered Coronavirus disease 2019 (COVID-19) cases with 

an aim to investigate the characteristics of dead patients and thereby provide some insights into 

the treatment of this disease.  

 

Methods 

 

Ethical approval 

This study was conducted in accordance with the Declaration of Helsinki. Written informed 

consent was waived due to the rapid emergence of this infectious disease. 

 

Patients and study design 

A retrospective study focusing on patients who died due to confirmed COVID-19 during 

hospitalization (death group) was conducted in two tertiary hospitals in Wuhan (Hankou and Cai 

dian branch of Tongji Hospital, Tongji Medical College, Huazhong University of Science & 

Technology, and Hankou branch of Central Hospital of Wuhan) from January 1, 2020 to 

February 21, 2020. Recovered patients who were discharged from the same inpatient ward 

during the same period were enrolled. Patients were diagnosed according to the diagnosis and 

treatment protocol for novel coronavirus pneumonia (6
th

 edition), National Health Commission 

of the People’s Republic of China.
[2]

 The severe cases are defined as patients with one of the 

following symptoms: respiratory rate (RR) ≥30 breaths/min, finger oxygen saturation ≤93% at 



rest, and arterial partial pressure of oxygen (PaO2)/ fraction of inspired oxygen (FiO2) ≤300 mm 

Hg.
[2]

 The criteria for discharge are: 1) throat swab specimens collected 24 hours apart were 

negative for tests of 2019-nCoV; 2) body temperature was normal for 3 consecutive days; 3) 

symptoms of COVID-19 were resolved; 4) the chest computed tomography manifestations of 

COVID-19 significantly improved.
[2]

  

 

Laboratory confirmation 

Throat swab specimens were tested by real-time reverse transcription polymerase chain reactions 

for laboratory confirmation of 2019-nCoV infection as recently reported.
[3]

 The following 

primers and probe were used. The forward primer was 5′-TCAGAATGCCAATCTCCCCAAC-

3’, and the reverse primer was 5′-AAAGGTCCACCCGATACATTGA-3, while the probe was 

5′CY5-CTAGTTACACTAGCCATCCTTACTGC-3′ BHQ1. The amplification conditions were 

50°C for 15 min and 95°C for 3 min, followed by 45 cycles of 95°C for 15 s and 60°C for 30 s.  

 

Data collection 

Basic information such age, gender, underlying diseases, clinical presentations, and 

complications were collected from clinical charts and nursing records of each patient. Laboratory 

tests were conducted at admission and after treatment, including blood cell count, alanine 

transaminase, aspartate transaminase, creatinine, and C-reactive protein. The treatment regimens 

including intravenous corticosteroids, intravenous gammaglobulin (IVIG), antiviral drugs, 

antibiotics, antifungal drugs, and respiratory supports were also recorded from medical records. 

Statistical analysis 

The SPSS Statistics 23.0 software (SPSS Inc., Chicago, Illinois, USA) was used to perform 

statistical analysis of the data. Continuous variables were presented as median (IQR) 

(distribution of normality was checked by Kolmogorov-Smirnov test) and analyzed using the 

Mann-Whitney U test. Categorical variables were presented as counts and percentages, and 

analyzed by χ
2
 test or Fisher’s exact tests as appropriate. A value of P<0.05 was considered to be 

statistically significant. 



Results 

 

General characteristics 

One hundred and nine fatal and 116 recovered cases out of 964 COVID-19 patients admitted to 

two tertiary hospitals in Wuhan were enrolled in our study. The general information of the two 

groups was shown in the Table 1. The age ranges of the death and recovered group were 3394 

years and 2281 years, respectively. The median age of the death group was significantly older 

than the recovered group (69 [62, 74] years vs. 40 [33, 57] years, Z = 9.738, P＜0.001). There 

are more male patients in the death group (67.0% vs. 43.8%, 2 
= 12.024, P = 0.001) than the 

recovered group. The fatal cases had more underlying diseases (72.5% vs. 41.5%, 2 
= 22.105, P

＜0.001), mainly including hypertension (36.7% vs. 15.5%, 2 
= 14.184, P ＜ 0.001), lung 

disease (20.2% vs. 2.6%, 2 
= 17.619, P ＜ 0.001), and heart disease (11.9% vs. 3.4%, 2 

= 

5.783, P = 0.031) [Table 1]. Figure 1 showed the distribution of hypertension, lung disease, 

diabetes, heart disease and malignancy in the two groups of COVID-19 patients [Figure 1]. More 

patients in the death group had more than one comorbidity. 

 

Clinical manifestations 

The baseline signs and symptoms of COVID-19 patients in the death group and the recovered 

group were shown in Table 2. There was no significant difference in the proportion of patients 

with fever, myalgia or fatigue, headache, cough, hemoptysis, diarrhea, and heart palpitations at 

the time of admission between two groups (all P > 0.05). However, the proportions of patients 

with dyspnea (70.6% vs. 24.7%, 2 
= 60.905, P ＜ 0.001) and expectoration (32.1% vs. 15.7%, 

2 
= 13.250, P ＜ 0.001) were significantly higher in the death group as compared with the 

recovered group. The blood oxygen saturation when the patients were admitted to the hospital 

was significantly lower in the death group as compared with the recovered group (85 [77, 91] % 

vs. 97 [95, 98] %, Z = 10.625, P ＜ 0.001). At the time of admission, 95 patients in the death 

group and 9 patients in the recovered group were considered as severely ill patients. The 

proportion of severely ill patients was significantly higher in the death group than in the 

recovered group (87.1% vs. 7.8%, 2
=142.515, P＜0.001). The median day from illness onset to 



hospitalization was 10.0 (6.5, 12.0) days in the death group as compared with 7.0 (5.0, 10.0) days 

in the recovered groups, respectively (Z = 3.216, P = 0.001) [Table 2].  

 

Laboratory findings 

Patients in the death group exhibited significantly higher WBC count (7.23 [4.87, 11.17] ×10
9
/L 

vs. 4.52 [3.62, 5.88] ×10
9
/L, Z = −7.618, P ＜ 0.001), but lower lymphocyte count (0.63 [0.40, 

0.79] ×10
9
/L vs. 1.00 [0.72, 1.27] ×10

9
/L, Z = 8.037, P ＜ 0.001), and lower lymphocyte 

percentage (7.10 [4.45, 12.73]% vs. 23.50 [15.27, 31.25]%, Z = 10.315, P ＜ 0.001) at admission 

as compared with the recovered group. Notably, lymphocyte percentage (7.10 [4.45, 12.73]% vs. 

2.91 [1.79, 6.13]%, Z = −5.242, P ＜ 0.001) decreased after treatment during hospitalization in 

fatal cases. Lymphocyte count increased after treatment in the recovered group (1.00 [0.72, 1.27] 

×10
9
/L vs. 1.53 [1.14, 2.05] ×10

9
/L, Z = −5.427, P ＜ 0.001), which is not the case in the death 

group [Table 3]. 

 

Alanine transaminase (ALT) (22.00 [15.00, 34.00] U/L vs. 18.70 [13.00, 30.38] U/L, Z = 2.592, 

P=0.010), aspartate transaminase (AST) (34.00 [27.00, 47.00] U/L vs. 22.00 [17.65, 31.75] U/L, 

Z = 7.308, P ＜ 0.001), and creatinine levels (89.00 [72.00, 133.50] μmol/L vs.65.00 [54.60, 

78.75] μmol/L, Z = 6.478, P ＜ 0.001) differed between groups. Though statistically significant, 

most of these parameters were withing the normal range or slightly higher. At the time of 

admission, a significant difference of the CRP level was noted between the death and the 

recovered group (109.25 [35.00, 170.28] mg/L vs. 3.22 [1.04, 21.80] mg/L, Z = 10.206, P ＜ 

0.001). Moreover, CRP levels remained high after treatment in the death group (109.25 [35.0, 

170.28] mg/L vs. 81.6 [27.23, 179.08] mg/L, Z = 1.219, P = 0.233), whereas CRP levels 

significantly decreased in patients in the recovered group (3.22 [1.04, 21.80] mg/L vs. 0.50 [0.11, 

2.08] mg/L, Z = 4.980, P ＜ 0.001) [Table 3]. 

  



Treatment regimen  

All patients had pneumonia. The patients in the death group had more complications such as 

ARDS (89.9% vs. 7.6%, 2 
= 148.105, P ＜ 0.001), acute cardiac injury (59.6% vs. 0.8%, 2 

= 

93.222, P ＜ 0.001), acute kidney injury (18.3% vs. 0, 2
=23.257, P＜0.001), shock (11.9% vs. 

0, 2 
= 14.618, P ＜ 0.001), and disseminated intravascular coagulation (DIC) (6.4% vs. 0, 

2
=7.655, P = 0.006). More patients in the death group received high-grade antibiotics 

(carbapenem and/or linezolid) (35.8% vs. 18.1%, 2 
= 8.979, P = 0.003), antifungal drugs (11.0%  

vs. 2.6%, 2
=5.125, P = 0.015) and intravenous corticosteroids therapy (80.7% vs. 55.2%, 2 

= 

16.752, P ＜ 0.001). More patients in the death group were treated with higher grade of 

respiratory support (2 
= 132.240, P ＜ 0.001) such as non-invasive ventilation, invasive 

ventilation and extracorporeal membrane oxygenation (ECMO). The recovered patients have a 

longer length of hospital stay compared to death group (16 [12, 20] days vs. 8 [4, 13] days, Z = 

7.858, P ＜ 0.001) [Table 4]. 

Discussion 

Coronaviruses are enveloped RNA viruses that could affect birds, humans, and other mammals, 

leading to respiratory, digestive, hepatic, and nervous system disorders.
[4,5]

 Among the six 

coronaviruses known to infect humans, two of them can cause acute respiratory distress 

syndrome (ARDS), which are the severe acute respiratory syndrome coronavirus (SARS-CoV) 

that caused an outbreak in 2002 in China, and the Middle East respiratory syndrome coronavirus 

(MERS-CoV) that caused an outbreak in the Middle east in 2012.
[6]

 2019-nCoV is also a beta 

coronavirus that causes ARDS and can be transmitted between humans.
[7]

 Similar to SARS-CoV, 

the 2019-nCoV is speculated to use the angiotensin-converting enzyme (ACE) 2 as a receptor for 

cell invasion.
[8]

 Similar to the patients infected with SARS-CoV, some of the 2019-nCoV 

patients showed rapid progression of lung lesions, which might led to death. In this study, we 

analyzed the clinical characteristics of the fatal cases and recovered cases collected from two 

tertiary hospitals in Wuhan while most patients were still hospitalized. Therefore, it is possible 

that more patients in the death group and fewer patients in the recovered group were severely ill 

patients at admission. Differences may exist in the initial conditions of the two groups in our 

study.  



Recent studies showed that 2019-nCoV mainly infects middle-aged and elderly people.
[3]

 Similar 

to these studies, most of the patients in the current study were middle-aged and elderly people. 

The median age of the deceased patients was 69 (62, 74) years in our study. A previous study 

enrolled 199 patients reported the median age of SARS non-survivors was 52 (25, 78) years and 

age (per 1-year increase) is a risk factor for death.
[9] 

Another study showed that the median age 

of MERS non-survivors was 62 (53, 73) years, older than the survivors 46 (35, 57) years.
[10]

 One 

of the possible reasons for this phenomenon might be that the lung aging is associated with an 

inability of lung cells and multiple structural and functional changes in the respiratory tract, 

giving rise to decreased lung function, altered pulmonary remodeling, diminished regeneration, 

and enhanced susceptibility to pulmonary disease.
[11]

 It is also reported that the older patients 

have a higher risk of ARDS development.
[12]

  

 

The comorbidities, particularly the cardiovascular diseases and chronic pulmonary disease, were 

reported to be important to predict the in-hospital mortality in critically ill patients.
[13]

 In our 

study, more patients in the death group have underlying diseases, especially hypertension, lung 

disease, and heart disease. Besides, more patients in the death group had more than one 

comorbidity. It is thought that diabetes may increase the risk of infection and can delay the 

recovery of the infectious illnesses. In our study, we found was no significance between the 

death and recovered group in the percentage of patients complicated with diabetes. Recent 

studies also showed that diabetes has no significant correlation with the initiation, progression, 

and prognosis of ARDS.
[14,15]

 A hypothesis is that there are more hypertensive patients who 

developed the 2019-CoV infection, which is related to the ACE inhibitors used in these patients 

which could indirectly increase the cellular ACE2 receptors, which may be the receptors for 

2019-CoV. We found more patients in the death group had hypertension. However, the exact 

roles of age and underlying disease played in the development and progression of novel 

coronavirus pneumonia require further investigation. Furthermore, time from illness onset to 

hospitalization was longer in the death groups. The patients in the death group tend to have a 

delayed medical care compared with the recovered group. 

Our study found that the proportion of patients with dyspnea was significantly higher in the 

death group compared to the recovered group, and initial blood oxygen saturation was lower in 



the death group compared to the recovered group. It is easy to understand the progressive 

hypoxemia often suggests poor prognosis in pulmonary diseases and the indicators for 

hypoxemia are already used to evaluate the severity of the COVID-19.
[3] 

Our study found that the 

WBC count increased in the death group during hospitalization, suggesting that comorbid 

bacterial or fungal infection might have occurred in these deceased patients. However, most of 

the patients in this study received broad-spectrum antimicrobial drug treatment, and no 

etiological evidence of infection was obtained from them. Previous studies found that during the 

acute phase of SARS-CoV infection in humans, the blood lymphocyte counts, particularly CD4
+
 

and CD8
+
 T cell counts, were decreased.

[16-18]
 Another study suggested that lymphocyte cells，

especially CD4
+
 and CD8

+
 T cells may play protective roles in coronavirus infection.

[19]
 Similar 

to previous studies, our study found that patients in the death group had lower lymphocyte count 

and lymphocyte percentage. During hospitalization, the lymphocyte count and lymphocyte 

precentage decreased in the deceased patients. This may be because the viral infection causes 

persistent consumption and/or insufficient regeneration of lymphocytes. 

 

Alanine transaminase (ALT), aspartate transaminase (AST), and creatinine levels are higher in 

death group, compared to the recovered group. Previous studies also showed that the 

transaminases were elevated in the MERS and SARS patients.
[20-23]

 A recent study showed that 

elderly patients infected with 2019-nCoV have higher CRP levels.
[24]

 Moreover, CRP was 

considered to be a significant predictor for disease severity in SARS.
[22,25]

 Similar to previous 

studies, our study found that the CRP levels were higher in the death group compared to the 

recovered group at the time of admission, and the CRP levels remained high during the 

progression of the disease. 

 

Patients in the death groups had more complications such as ARDS, acute cardiac injury, acute 

kidney injury, shock, and DIC, which was consistent with the previous study of COVID-19.
[26]

 It 

is noteworthy that patients in the death group had a shorter length of hospital stay compared with 

the recovered group. This difference probably caused by the rapid progression of COVID-19 in 

severe cases of the death group. The patients in the death group were empirically given more 



corticosteroids, more fungal drugs, and better antibiotics without solid evidence. A limitation of 

our study is that the initial conditions of the two groups differed. Therefore, these results do not 

provide conclusive data on the effects of different treatments. More researches are required on 

the necessity of prophylactically using antibiotics and the time to use them in viral pneumonia 

patients. Previous studies in corticosteroid therapy suggest that high doses of corticosteroids do 

not diminish the mortality rate for SARS but tend to result in severe adverse reactions.
[27,28]

 

Further research is required to investigate the necessity, dose, and timing of corticosteroid 

therapy in 2019-nCoV infection. Furthermore, it is found that 45% of patients showed signs of 

pulmonary fibrosis within one month after being infected with SARS-CoV.
 [29]

 Another study 

found lung fibrosis in 33% of patients who have recovered from MERS-CoV.
[30]

 It is possible 

that pulmonary fibrosis will become one of the serious complications in patients with 2019-

nCoV infection.
[31]

 Drugs for the treatment of idiopathic pulmonary fibrosis such as pirfenidone 

and nintedanib might be useful in preventing and treating pulmonary fibrosis in patients with 

2019 -nCoV infection.  

 

In summary, we studied the clinical data of 109 patients who died from 2019-nCoV and 116 

patients who recovered. Patients in the death group exhibited characteristics of advanced age, 

more pre-existing comorbidities, dyspnea, oxygen saturation decrease, increased WBC count, 

decreased lymphocytes, and elevated CRP levels. We hope our study could offer some 

suggestions to the understanding of this disease. 

 

Conflicts of interest 

None. 

 

  



References 

1. World Health Organization. Novel Coronavirus (2019-nCoV). Available from: 

https://www.who.int/emergencies/diseases/novel-coronavirus -2019. [Accessed on January 26, 

2020]. 

2. National Health Commission of the People’s Republic of China. Diagnosis and treatment 

protocol for novel coronavirus pneumonia (6th edition). Available from 

http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2.shtml. 

[Accessed on February 19, 2020]. 

3. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 

2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497-506. doi: 10.1016/S0140-

6736(20)30183-5.  

4. Weiss SR, Leibowitz JL. Coronavirus pathogenesis. Adv Virus Res 2011;81:85-164. doi: 

10.1016/B978-0-12-385885-6.00009-2.  

5. Zhou P, Fan H, Lan T, Yang XL, Shi WF, Zhang W, et al. Fatal swine acute diarrhoea 

syndrome caused by an HKU2-related coronavirus of bat origin. Nature 2018;556:255-258. doi: 

10.1038/s41586-018-0010-9.  

6.Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients 

with pneumonia in China, 2019. N Engl J Med 2020;382:727-733. doi: 

10.1056/NEJMoa2001017. 

7. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al. A familial cluster of pneumonia 

associated with the 2019 novel coronavirus indicating person-to-person transmission: a study of 

a family cluster. Lancet 2020;395:514-523. doi: 10.1016/S0140-6736(20)30154-9.  

8. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by novel coronavirus from 

Wuhan: An analysis based on decade-long structural studies of SARS. J Virol 2020. pii: 

JVI.00127-20. doi: 10.1128/JVI.00127-20. 

https://www.who.int/emergencies/diseases/novel-coronavirus
http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2.shtml
http://www.ncbi.nlm.nih.gov/pubmed/31986264
http://www.ncbi.nlm.nih.gov/pubmed/22094080
http://www.ncbi.nlm.nih.gov/pubmed/29618817
http://www.ncbi.nlm.nih.gov/pubmed/31986261


9. Lew TW, Kwek TK, Tai D, Earnest A, Loo S, Singh K, et al. Acute respiratory distress 

syndrome in critically ill patients with severe acute respiratory syndrome. JAMA 2003;290:374-

380. doi: 10.1001/jama.290.3.374.  

10. Arabi YM, Al-Omari A, Mandourah Y, Al-Hameed F, Sindi AA, Alraddadi B, et al. 

Critically Ill Patients With the Middle East Respiratory Syndrome: A Multicenter Retrospective 

Cohort Study. Crit Care Med 2017;45:1683-1695. doi: 10.1097/CCM.0000000000002621.  

11. Cho SJ, Stout-Delgado HW. Aging and Lung Disease. Annu Rev Physiol 2020;82:433-459. 

doi: 10.1146/annurev-physiol-021119-034610. 

12. Ely EW, Wheeler AP, Thompson BT, Ancukiewicz M, Steinberg KP, Bernard GR. Recovery 

rate and prognosis in older persons who develop acute lung injury and the acute respiratory 

distress syndrome. Ann Intern Med 2002;136:25–36. doi:1 0.7326/0003-4819-136-1-200201010-

00004 

13. Ladha KS, Zhao K, Quraishi SA, Kurth T, Eikermann M, Kaafarani HM, et al. The Deyo-

Charlson and Elixhauser-van Walraven Comorbidity Indices as predictors of mortality in 

critically ill patients. BMJ Open 2015;5:e008990. doi: 10.1136/bmjopen-2015-008990.  

14. Boyle AJ, Madotto F, Laffey JG, Bellani G, Pham T, Pesenti A, et al. Identifying 

associations between diabetes and acute respiratory distress syndrome in patients with acute 

hypoxemic respiratory failure: an analysis of the LUNG SAFE database. Crit Care 2018;22:268. 

doi: 10.1186/s13054-018-2158-y.  

15. Ji M, Chen M, Hong X, Chen T, Zhang N. The effect of diabetes on the risk and mortality of 

acute lung injury/acute respiratory distress syndrome: A meta-analysis. Medicine (Baltimore) 

2019;98:e15095. doi: 10.1097/MD.0000000000015095.  

16. Wong RS, Wu A, To KF, Lee N, Lam CW, Wong CK, et al. Haematological manifestations 

in patients with severe acute respiratory syndrome: retrospective analysis. BMJ 2003;326:1358-

1362. doi: 10.1136/bmj.326.7403.1358.  

http://www.ncbi.nlm.nih.gov/pubmed/12865379
http://www.ncbi.nlm.nih.gov/pubmed/28787295
http://www.ncbi.nlm.nih.gov/pubmed/26351192
http://www.ncbi.nlm.nih.gov/pubmed/30367670
http://www.ncbi.nlm.nih.gov/pubmed/30921244
http://www.ncbi.nlm.nih.gov/pubmed/12816821


17. Cui W, Fan Y, Wu W, Zhang F, Wang JY, Ni AP. Expression of lymphocytes and 

lymphocyte subsets in patients with severe acute respiratory syndrome. Clin Infect Dis 

2003;37:857-859. doi: 10.1086/378587.  

18. Li T, Qiu Z, Zhang L, Han Y, He W, Liu Z, et al. Significant changes of peripheral T 

lymphocyte subsets in patients with severe acute respiratory syndrome. J Infect Dis 

2004;189:648-651. doi: 10.1086/381535.  

19. Channappanavar R, Zhao J, Perlman S. T cell-mediated immune response to respiratory 

coronaviruses. Immunol Res 2014;59:118-128. doi: 10.1007/s12026-014-8534-z.  

20. Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah FA, Al-Hajjar S, Al-Barrak A, et al. 

Epidemiological, demographic, and clinical characteristics of 47 cases of Middle East respiratory 

syndrome coronavirus disease from Saudi Arabia: a descriptive study. Lancet Infect Dis 

2013;13:752-761. doi: 10.1016/S1473-3099(13)70204-4.  

21. Cui HJ, Tong XL, Li P, Hao YX, Chen XG, Li AG, et al. Serum hepatic enzyme 

manifestations in patients with severe acute respiratory syndrome: retrospective analysis. World 

J Gastroenterol 2004;10:1652-1655. doi: 10.3748/wjg.v10.i11.1652.  

22. Jang TN, Yeh DY, Shen SH, Huang CH, Jiang JS, Kao SJ. Severe acute respiratory 

syndrome in Taiwan: analysis of epidemiological characteristics in 29 cases. J Infect 2004;48:23-

31. doi: 10.1016/j.jinf.2003.09.004.  

23. Wu KL, Lu SN, Changchien CS, Chiu KW, Kuo CH, Chuah SK, et al. Sequential changes of 

serum aminotransferase levels in patients with severe acute respiratory syndrome. Am J Trop 

Med Hyg 2004;71:125-128. doi.10.4269/ajtmh.2004.71.125 

24. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al. A familial cluster of pneumonia 

associated with the 2019 novel coronavirus indicating person-to-person transmission: a study of 

a family cluster. Lancet 2020;395:514-523. doi: 10.1016/S0140-6736(20)30154-9.  

25. Leong HN, Earnest A, Lim HH, Chin CF, Tan C, Puhaindran ME, et al. SARS in Singapore--

predictors of disease severity. Ann Acad Med Singapore 2006;35:326-331. 

doi:10.1097/00000441-200605000-00013 

http://www.ncbi.nlm.nih.gov/pubmed/12955652
http://www.ncbi.nlm.nih.gov/pubmed/14767818
http://www.ncbi.nlm.nih.gov/pubmed/24845462
http://www.ncbi.nlm.nih.gov/pubmed/23891402
http://www.ncbi.nlm.nih.gov/pubmed/15162543
http://www.ncbi.nlm.nih.gov/pubmed/14667789
http://www.ncbi.nlm.nih.gov/pubmed/31986261


26. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill 

patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, 

observational study. Lancet Respir Med. 2020. pii: S2213-2600(20)30079-5. doi: 

10.1016/S2213-2600(20)30079-5. 

27.Levy MM, Baylor MS, Bernard GR, Fowler R, Franks TJ, Hayden FG, et al. Clinical issues 

and research in respiratory failure from severe acute respiratory syndrome. Am J Respir Crit 

Care Med 2005;171:518-526. doi: 10.1164/rccm.200405-621WS.  

28. Griffith JF, Antonio GE, Kumta SM, Hui DS, Wong JK, Joynt GM, et al. Osteonecrosis of 

hip and knee in patients with severe acute respiratory syndrome treated with steroids. Radiology 

2005;235:168-175. doi: 10.1148/radiol.2351040100.  

29. Xie L, Liu Y, Xiao Y, Tian Q, Fan B, Zhao H, et al. Follow-up study on pulmonary function 

and lung radiographic changes in rehabilitating severe acute respiratory syndrome patients after 

discharge. Chest 2005;127:2119-2124. doi: 10.1378/chest.127.6.2119.  

30. Das KM, Lee EY, Singh R, Enani MA, Al Dossari K, Van Gorkom K, et al. Follow-up chest 

radiographic findings in patients with MERS-CoV after recovery. Indian J Radiol Imaging 

2017;27:342-349. doi: 10.4103/ijri.IJRI_469_16.  

31. Sun P, Qie S, Liu Z, Ren J, Li K, Xi J. Clinical characteristics of 50466 hospitalized patients 

with 2019-nCoV infection. J Med Virol 2020;doi: 10.1002/jmv.25735.  

 

  

http://www.ncbi.nlm.nih.gov/pubmed/15591472
http://www.ncbi.nlm.nih.gov/pubmed/15703312
http://www.ncbi.nlm.nih.gov/pubmed/15947329
http://www.ncbi.nlm.nih.gov/pubmed/29089687
http://www.ncbi.nlm.nih.gov/pubmed/32108351


 

A                                    B 

 

Figure 1: Venn diagrams showing the distribution of underlying diseases in the death group (A) 

and the recovered group (B) of COVID-19 patients. COVID-19: Coronavirus disease 2019.  

 

 

  



Table 1: General characteristics of the death and recovered groups with COVID-19. 

 

Characteristics 
Death group 

 (n=109) 

Recovered group 

 (n=116) 

Statistic

s 

P 

value 

Age, years 
69 (62, 74) 40 (33, 57) 

9.738
*
 ＜

0.001 

Male 
73 (67.0) 51 (44.0) 

12.024
†
 ＜

0.001 

Comorbidity 
79 (72.5) 48 (41.4) 

22.105
†
 ＜

0.001 

Hypertension 
40 (36.7) 18 (15.5) 

14.184
†
 ＜

0.001 

Lung disease 
22 (20.2) 3 (2.6) 

17.619
†
 ＜

0.001 

Diabetes 17 (15.6) 9 (7.8) 3.378
†
 0.066 

Heart disease 13 (11.9) 4 (3.4) 5.783
†
 0.031 

Malignancy 6 (5.5) 2 (1.7) 1.369
†
 0.242 

Others 31 (28.4) 15 (12.9) 8.311
†
 0.004 

Data were shown as median (Q1, Q3) or n (%). 
* 
Z value; 

†
 2

 value. COVID-19: Coronavirus 

disease 2019.  

 

 

  



Table 2: Clinical symptoms and signs of the death and recovered groups with COVID-19. 

Symptoms and signs  Death group 

(n=109) 

Recovered 

group (n=116) 

Statisti

cs 

P value 

Fever before 

admission 

95 (87.2) 94 (81.0) 1.567
*
 0.211 

Myalgia or fatigue 30 (27.5) 27 (23.3) 0.536
*
 0.464 

Headache 6 (5.5) 7 (6.0) 0.029
*
 0.865 

Cough 47 (43.1) 38 (32.8) 2.566
*
 0.109 

Expectoration 35 (32.1) 14 (12.1) 13.250
*
 ＜0.001 

Hemoptysis 5 (4.6) 2 (1.7) 1.528
*
 0.394 

Dyspnea 77 (70.6) 22 (19.0) 60.905
*
 ＜0.01 

Diarrhea 19 (17.4) 14 (12.1) 0.256
*
 0.252 

Palpitations 11 (10.1) 13 (11.2) 0.073
*
 0.787 

Oxygen saturation, % 85 (77, 91) 97 (95, 98) 10.625
†
 ＜0.001 

Severe illness 95 (87.2) 9 (7.8) 142.515
*
 ＜0.001 

Days from symptom 

onset to admission, 

days 

10.0 (6.5, 

12.0) 

7.0 (5.0, 10.0) 3.216
†
 0.001 

Data were shown as median (Q1, Q3) or n (%). 
* 2

 value; 
†
 Z value. COVID-19: Coronavirus 

disease 2019. 

 

 

  



Table 3: Laboratory findings of the death and recovered groups with COVID-19. 

Parameters Death group (n=109） Recovered group (n=116） 

Pre-treatment Post-treatment Pre-

treatment 

Post-

treatment 

WBC, ×10
9
/L  

7.23 

(4.87, 11.17)
*
 

12.26 

(7.92, 17.51)
†
 

4.52 

(3.62, 5.88) 

6.65 

(4.82, 9.52)
*
 

Lymphocyte, ×10
9
/L  

0.63 

(0.40, 0.79)
*
 

0.39 

(0.24, 0.79) 

1.00 

(0.72, 1.27) 

1.53 

(1.14, 2.05)
*
 

Lymphocyte 

percentage, % 

7.10 

(4.45, 12.73)
*
 

2.91 

(1.79, 6.13)  

23.5 

(15.27, 31.25) 

23.42 

(16.94, 31.35) 

ALT, U/L  
22.00 

(15.00, 34.00)
*
 

27.00 

(20.00, 47.00)
‡
 

18.70 

(13.00, 30.38) 

23.2 

(15.15, 38.93)
§
 

AST, U/L  
34.00 

(27.00, 47.00)
*
 

36.00 

(24.00, 47.50) 

22.00 

(17.65, 31.75) 

18.90 

(15.65, 26.50) 

Creatinine, μmol/L  
89.00 

(72.00, 133.50)
*
 

87.00 

(61.50, 181.50) 

65.00 

(54.60, 78.75 

60 

(52.4, 71.50) 

CRP, mg/L  
109.25 

(35.0, 170.28)
*
 

81.6 

(27.23, 179.08) 

3.22 

(1.04, 21.8) 

0.50 

(0.11, 2.08)
*
 

Data were shown as median (Q1, Q3). 
*
P < 0.001, compared with the recovered group before 

treatment. 
†
P < 0.001, compared with the death group before treatment;

‡
P < 0.05, 

,
compared with 

the death group before treatment; 
§
P < 0.05, compared with the recovered group before 

treatment. COVID-19: Coronavirus disease 2019; WBC: White blood cell; ALT: Alanine 

transaminase; AST: Aspartate transaminase; CRP: C-reactive protein. The pre-treatment 

parameters were tested on the day of admission, and the post-treatment parameters were tested 

within three days before discharge or death. 

 

  



Table 4: Complications and treatment of the death and recovered groups with COVID-19. 

Complications and treatment 
Death group

（n=109） 

Recovered group 

(n=116) 
Statistics P value 

Complications     

Acute respiratory distress 

syndrome  

98 (89.9) 10 (8.6) 148.105
*
 ＜0.001 

  Acute cardiac injury 65 (59.6) 1 (0.9) 93.222
*
 ＜0.001 

  Acute kidney injury 20 (18.3) 0 23.257
*
 ＜0.001 

Shock  13 (11.9) 0 14.618
*
 ＜0.001 

  Disseminated intravascular 

coagulation 

7 (6.4) 0 7.655
*
 0.006 

Antiviral therapy 90 (82.6) 95 (81.9) 0.017
*
 0.895 

Antibiotics 91 (83.5) 100 (86.2) 0.324
*
  0.569 

High-grade antibiotics 39 (35.8) 21 (18.1) 8.979
*
 0.003 

Antifungal therapy 12 (11.0) 3 (2.6) 5.125
*
 0.015 

Intravenous corticosteroids 88 (80.7) 64 (55.2) 45.820
*
 ＜0.001 

IVIG 44 (40.4) 44 (37.9) 0.140
*
 0.708 

Respiratory support   132.240
*
 ＜0.001 

Nasal cannula/mask only 12 (11.0) 103 (88.8)   

Non-invasive ventilation 58 (53.2) 10 (8.6)   

Trans nasal high-flow oxygen 16 (14.7) 3 (2.6)   

Invasive ventilation 21 (19.3) 0   

Extracorporeal membrane 

oxygenation 
2 (1.8) 0 

 
 

Length of hospital stay, days 8 (4, 13) 16 (12, 20) 7.858 
†
 ＜0.001 

Data were presented as n (%) or median (Q1, Q3). 
*2 value; † Z value. COVID-19: coronavirus disease 

2019; IVIG: Intravenous gammaglobulin. High-grade antibiotics refers to carbapenem and/or linezolid. 

Acute heart injury refers to blood levels of hypersensitive troponin I above the 99th percentile upper 

reference limit (>28 pg/mL) or new abnormalities shown on electrocardiography and echocardiography. 


