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Abstract

Background

A worldwide outbreak of coronavirus disease (COVID-19), since 2019, has brought a disas-

ter to people all over the world. Many researchers carried out clinical epidemiological studies

on patients with COVID-19 previously, but risk factors for patients with different levels of

severity are still unclear.

Methods

562 patients with laboratory-confirmed COVID-19 from 12 hospitals in China were included

in this retrospective study. Related clinical information, therapies, and imaging data were

extracted from electronic medical records and compared between patients with severe and

non-severe status. We explored the risk factors associated with different severity of COVID-

19 patients by logistic regression methods.

Results

Based on the guideline we cited, 509 patients were classified as non-severe and 53 were

severe. The age range of whom was 5–87 years, with a median age of 47 (IQR 35.0–57.0).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0244125 December 17, 2020 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Wang J, Guo S, Zhang Y, Gao K, Zuo J,

Tan N, et al. (2020) Clinical features and risk

factors for severe inpatients with COVID-19: A

retrospective study in China. PLoS ONE 15(12):

e0244125. https://doi.org/10.1371/journal.

pone.0244125

Editor: Raffaele Serra, University Magna Graecia of

Catanzaro, ITALY

Received: June 30, 2020

Accepted: December 4, 2020

Published: December 17, 2020

Copyright: © 2020 Wang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

information files.

Funding: The study was supported by National Key

R&D Program of China (No. 2017YFC1700100).

The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0002-0044-8759
https://doi.org/10.1371/journal.pone.0244125
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0244125&domain=pdf&date_stamp=2020-12-17
https://doi.org/10.1371/journal.pone.0244125
https://doi.org/10.1371/journal.pone.0244125
http://creativecommons.org/licenses/by/4.0/


And the elderly patients (older than 60 years old) in non-severe group were more likely to

suffer from fever and asthma, accompanied by higher level of D-dimer, red blood cell distri-

bution width and low-density lipoprotein. Furthermore, we found that the liver and kidney

function of male patients was worse than that of female patients in both severe and non-

severe groups with different age levels, while the severe females had faster ESR and lower

inflammatory markers. Of major laboratory markers in non-severe cases, baseline albumin

and the lymphocyte percentage were higher, while the white blood cell and the neutrophil

count were lower. In addition, severe patients were more likely to be accompanied by an

increase in cystatin C, mean hemoglobin level and a decrease in oxygen saturation. Besides

that, advanced age and indicators such as count of white blood cell, glucose were proved to

be the most common risk factors preventing COVID-19 patients from aggravating.

Conclusion

The potential risk factors found in our study have shown great significance to prevent

COVID-19 patients from aggravating and turning to critical cases during treatment. Mean-

while, focusing on gender and age factors in groups with different severity of COVID-19, and

paying more attention to specific clinical symptoms and characteristics, could improve effi-

cacy of personalized intervention to treat COVID-19 effectively.

Introduction

Since December 2019, the Corona Virus Disease 2019 (COVID-19) has become the latest

global health threat [1]. The pathogen has typical coronoviridae characteristics [2]. On January

30, 2020, WHO officially declared the COVID-19 epidemic as a Public Health Emergency of

International Concern [3]. Currently, the emerging virus rapidly became a challenge for global

public health due to spread by human-to-human transmission [4]. As of Oct 13, 2020, more

than 37,801,526 cumulative confirmed cases of COVID-19 have been reported in 189 coun-

tries or regions, with more than 1,080,680 death [5].

Judging from the existing evidence, most COVID-19 patients were classified as mild (81%),

ordinary (14%), severe and critical (5%) [6, 7]. The clinical characteristics of patients with

COVID-19 were described and the differences between mild and severe patients were com-

pared in Previous studies [8, 9]. However, some patients, especially with elderly and previous

co-existing diseases, may develop serious diseases and die of multiple organ failure in a short

period of time [10]. Thus, the effective indicators to evaluate the severity and clinical progress

of the disease still need to be further studied, which is undoubtedly helpful to reduce the mor-

tality of COVID-19. Although many risk factors such as advanced age, underlying chronic dis-

ease and low immune function have been shown to predict the prognosis of patients infected

with SARS-CoV-2, the risk factors for the severity of the disease are not clear [11, 12].

Previous study has showed that the incidence risk of COVID-19 might be as low as 0.1 for

children, while it could be over 0.9 for middle aged adults. The mortality risk might be above

0.2 for patients older than 80 years. Severe COVID-19 was also more common in males than

females [13]. However, information regarding the prevalence and recovery rate for clinical fea-

tures and epidemiology of COVID-19 for different population remains scarce.

In present study, therefore, we collected 562 COVID-19 cases from 12 hospitals in China

from January 28 to February 25, 2020. On the basis of a comprehensive description of the
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clinical characteristics of above cases, we focused on different genders and age factors in severe

and non-severe groups. In addition, we tried to explore potential risk factors of COVID-19

patients with different severity. Also, the goal of the current study was to provide references

for early detection and treatment timely to prevent non-severe COVID-19 patients from poor

prognosis.

Materials and methods

Study design and participants

This was a retrospective case study that included 562 patients with COVID -19 from 12 hospi-

tals in 7 provinces (Anhui, Chongqing, Heilongjiang, Shanxi, Sichuan, Fujian and Guangxi) of

China (S1 Table) under the direction of the National Health Commission, from January 28 to

February 25, 2020. All patients were diagnosed with COVID-19 according to the criteria: (1)

Epidemiology history, (2) Fever (defined as axillary temperature of at least 37.3˚C) or other

respiratory symptoms, (3) Typical CT image abnormities of viral pneumonia, and (4) Positive

result of RT-PCR for SARS-CoV-2 RNA. This study was approved by State Administration of

Traditional Chinese Medicine, Administration of Traditional Chinese Medicine of the above

provinces and the institutional board of 12 participating setting. Due to the emerging infec-

tious diseases, the written informed consent was waived.

Data collection

We extracted demographic data, medical history, exposure history, symptoms and signs, labo-

ratory findings and imaging data from electronic medical records. The date of onset was

defined as the date on which symptoms occur for the first time. All data were analyzed by the

research team and double checked by two physicians and a third researcher adjudicated any

difference in interpretation between the two primary reviewers.

Laboratory procedures

Methods for laboratory confirmation of SARS-CoV-2 infection have been described in previ-

ous studies [14]. Briefly, twelve institutions were responsible for SARS-CoV-2 detection in

respiratory specimens by next-generation sequencing or real-time RT-PCR methods. Throat-

swab specimens were obtained for SARS-CoV-2 PCR re-examination every other day after

clinical remission of symptoms. The criteria for discharge were absence of fever for at least 3

days, substantial improvement of the chest CT report in both lungs, clinical remission of respi-

ratory symptoms, and two throat-swab samples negative for SARS-CoV-2 RNA obtained at

least 24h apart. Routine blood examinations included blood cell series, white blood cell series,

platelet series, biochemical tests, myocardial enzymes and procalcitonin. Furthermore, CT

imaging features were used to quantify the pathological changes of COVID-19 patients.

Definitions

The severity of COVID-19 was determined according to the Chinese COVID-19 Management

guidelines (version 6.0) [15]. Patients with mild clinical symptoms and no pneumonia mani-

festation found in imaging were defined as mild cases. Ordinary cases were diagnosed as

patients had symptoms such as fever and respiratory tract symptoms, etc. and pneumonia

manifestation could be seen in imaging. Severe cases were diagnosed as meeting any of the fol-

lowing: 1. Breathing difficulty, RR�30 breaths/min; 2. Pulse oxygen saturation (SpO2)� 93%

on room air at rest state; 3. Arterial partial pressure of oxygen (PaO2)/oxygen concentration

(FiO2)� 300 mmHg (1 mmHg = 0.133 kPa). For high altitude areas (above 1 kilometer),
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PaO2/FiO2 values should be adjusted based on equation of PaO2/FiO2×[Atmospheric Pres-

sure (mmHg)/760]. Patients with>50% lesions progression within 24 to 48 hours in pulmo-

nary imaging should be treated as severe cases. Critical case was diagnosed as meeting any of

the following: 1. Respiratory failure and mechanical ventilation needed; 2. Shock occurs; 3.

Multiple organ failure and monitoring and treatment in ICU required [16]. In our study, we

divided all patients into severe cases (including severe and critical cases) and non-severe cases

(including mild and ordinary cases) for further analysis. Hypertension, diabetes, coronary

heart disease and other comorbidity information were recorded according to their medical

history reported.

Statistical analysis

Categorical variables were represented by frequency and percentage (%). If the continuous var-

iable had a non-normal distribution, the median (IQR) would be used. The χ2 test or Fisher

exact test were used to compare categorical variables between groups, while Students t test or

Mann–Whitney U test were applied to continuous variables analysis as appropriate [17]. In

addition, we conducted an in-depth analysis of the data from the dimensions of age and gen-

der in both severe and non-severe groups. Univariate and multivariate logistic regression mod-

els were used to explore the risk factors related to the severity of COVID-19 patients.

Considering the total number of severe cases (n = 53) in our study and to avoid overfitting in

the model, five variables were chosen for multivariable analysis based on previous findings.

Previous studies have shown white blood cell to be higher in critically ill cases, whereas symp-

toms including fever and asthma have been less commonly observed in non-severe patients [8,

18, 19]. Similar risk factors, including older age, have been associated with adverse clinical out-

comes in adults with COVID-19 [20]. Besides that, glucose was chosen as the fifth variable for

our multivariable logistic regression model. We excluded variables from the univariable analy-

sis if their accuracy was unconfirmed (e.g. exposure, which was self-reported), or if missing

value was too limited to calculate odds ratios. We compared clinical data from multiple dimen-

sions, and a generalized linear model was used to adjust for possible differences in patients’

characteristics between two groups. SPSS software (version 21.0) and SAS software (version

9.4) were applied for all statistical analysis, while the p-value < 0.05 was considered significant

in our study.

Results

Of 562 hospitalized patients with COVID-19 from 12 hospitals in 7 provinces in China (S1

Table), the median age was 47 years (IQR 35.0–57.0), ranging from 5 years to 87 years, and

most patients were male (Table 1). We also found the median age of severe group was older

than non-severe group (Table 1).

Hypertension was reported as the most common comorbidity among these patients, fol-

lowed by diabetes and heart diseases (Table 1 and S2 Table). Fever and cough were the most

common symptoms on admission (Table 1 and S3 Table). Major laboratory markers were

tracked from illness onset (Table 1). Of major above laboratory markers, baseline albumin and

the lymphocyte percentage were higher, whereas, non-severe patients were accompanied by

lower white blood cell count and neutrophil count (Table 1). There were significant differences

in cystatin C, white blood cell count, neutrophil count, average hemoglobin and blood oxygen

saturation. Two-side ground-glass opacity was most commonly imaging features between two

groups (Table 1).

Furthermore, we made a detailed comparison of male and female patients in each group

(Table 2). In non-severe group, female patients were more prone to have fatigue and anorexia
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symptoms than male, and more use of antiviral drugs. Besides that, erythrocyte sedimentation

rate of female patients was faster than males’, and the inflammation index including white

blood cells, neutrophils decreased more significantly. However, male patients had worse liver

and kidney function than female cases in indirect bilirubin, creatinine, uric acid, cystatin and

glomerular filtration rate (Table 2). And in severe cases, females were more prone to have

cough and the recovery rate was lower. It seems that male patients have more obvious symp-

toms of infection, of which the level of high hypersensitivity C-reactive protein and creatinine

increased (Table 2). We also made a comparison of patients with different age in both non-

severe and severe cases. The results showed that the elderly non-severe patients were more

prone to have fever, cough, and asthma, and the cure rate of which was also the lowest. They

Table 1. Demographic, clinical, laboratory, and radiographic findings of patients on admission.

Total Non-severe Severe p value

(n = 562) (n = 509) (n = 53)

Demographics

Age, years 47.00((35.00–57.00) 46.00(33.00–56.00) 59.00(48.00–65.00) <0.0001

Epidemic area exposure history 171(30.42%) 164(32.22%) 7(13.20%) 0.004

Symptoms and signs

Fever 226(40.21%) 191(37.52%) 35(66.04%) <0.0001

Fatigue 107(19.04%) 87(17.09%) 20(37.74%) <0.0001

Cough 287(51.07%) 245(48.13%) 42(79.25%) <0.0001

Anorexia 82(14.59%) 69(13.56%) 13(24.53%) 0.031

Diarrhea 59(10.50%) 58(11.39%) 1(1.89%) 0.032

Asthma 68(12.10%) 46(9.04%) 22(41.51%) <0.0001

Laboratory findings

Albumin, g/L 39.70(35.88–43.93) 39.95(36.00–44.00) 37.97(33.93–42.56) 0.037

Cystatin C, mg/L

<0.54 2(0.36%) 2(0.39%) 0 0.017

0.54–1.5 182(32.38%) 165(32.42%) 17(32.08%) ..

>1.5 11(1.96%) 7(1.38%) 4(7.55%) ..

White blood cell count, 10^9/L 5.86(4.49–7.56) 5.80(4.46–7.47) 6.65(4.61–9.30) 0.043

<3.5 45(8.01%) 43(8.45%) 2(3.77%) 0.015

3.5–9.5 402(71.53%) 368(72.30%) 34(64.15%) ..

>9.5 50(8.90%) 40(7.86%) 10(18.87%) ..

Neutrophil count, 10^9/L 3.70(2.74–5.32) 3.62(2.70–5.20) 4.86(3.17–7.69) 0.013

<1.8 36(6.41%) 34(6.68%) 2(3.77%) 0.013

1.8–6.3 381(67.79%) 352(69.16%) 29(54.72%) ..

>6.3 79(14.06%) 65(12.77%) 14(26.42%) ..

Lymphocyte percentage, % 24.30(16.98–32.70) 24.65(17.88–33.00) 20.90(10.40–29.18) 0.010

Mean hemoglobin, pg

<27 47(8.36%) 45(8.84%) 2(3.77%) 0.051

27–34 441(78.47%) 399(78.39%) 42(79.25%) ..

>34 16(2.85%) 12(2.36%) 4(7.55%) ..

Oxygen saturation, %

<92.5 4(0.71%) 3(0.59%) 1(1.89%) 0.053

92.5~98.5 51(9.07%) 49(9.63%) 2(3.77%) ..

>98.5 24(4.27%) 24(4.72%) 0 ..

Data are median (IQR), n (%), or n/N (%). p values were calculated by Mann-Whitney U test, χ2 test, or Fisher’s exact test, as appropriate.

https://doi.org/10.1371/journal.pone.0244125.t001
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Table 2. Clinical characteristics and laboratory findings of male and female patients in different illness severity.

Non-severe

Total Male Female P value

(n = 509) (n = 265) (n = 244)

Symptoms and signs

Fatigue 87(17.09%) 35(13.21%) 52(21.31%) 0.015

Anorexia 69(13.56%) 28(10.57%) 41(16.80%) 0.04

Laboratory findings

γ-glutamyl transpeptidase, IU/L 30.27(19.00–57.09) 34.70(20.39–58.00) 26.00(17.00–51.00) 0.006

Indirect bilirubin, umol/L 7.50(4.80–11.23) 7.70(5.39–11.60) 6.90(3.93–10.00) 0.041

Uric acid, umol/L 278.97(218.00–348.11) 295.00(230.02–368.30) 269.70(206.00–336.00) 0.029

Creatinine, umol/L 61.66(51.63–75.00) 64.60(54.94–76.70) 59.80(49.00–70.60) <0.0001

Cystatin C, mg/L 0.935(0.8–1.1) 1.00(0.81–1.17) 0.90(0.78–1.04) 0.009

Glomerular filtration rate 110.82(102.37–122.09) 108.28(99.31–114.99) 115.70(103.74–127.98) 0.024

Haemoglobin, g/L 134.00(123.00–147.50) 137.00(124.00–148.00) 131.00(119.50–147.00) 0.026

Mean hemoglobin concentration, g/L 335.00(326.00–344.00) 336.50(327.00–345.00) 333.00(325.00–342.00) 0.016

Erythrocyte sedimentation rate, MM/h 24.00(10.00–38.00) 20.00(9.00–30.00) 30.00(10.75–49.25) 0.016

α-hydroxybutyrate dehydrogenase 72–182, IU/L 143.00(126.00–161.00) 153.00(133.00–169.00) 136.50(122.89–152.26) 0.039

Total bilirubin1.7–20, umol/L 10.33(6.77–13.82) 10.68(7.30–14.50) 10.10(6.10–13.30) 0.038

Direct bilirubin<15, umol/L 6.80(4.30–9.27) 7.40(4.90–10.20) 6.00(3.50–8.68) <0.0001

Cystatin C 0.54–1.5, mg/L 0.91(0.80–1.09) 0.98(0.81–1.13) 0.89(0.78–1.01) 0.008

Glomerular filtration rate>90 111.93(105.09–123.00) 109.16(103.69–116.76) 116.40(106.47–128.79) 0.038

White blood cell count<3.5, 10^9/L 3.08(2.51–3.24) 3.22(3.06–3.36) 2.73(2.38–3.16) 0.008

Neutrophil count<1.8, 10^9/L 1.47(1.18–1.70) 1.70(1.52–1.76) 1.29(1.09–1.46) <0.0001

Haemoglobin115-150, g/L 133.00(126.00–142.00) 135.00(127.00–143.00) 131.00(125.00–138.00) 0.025

Red blood cell distribution width SD<39, fL 37.30(36.00–38.03) 37.00(35.90–37.90) 37.50(36.40–38.20) 0.033

Erythrocyte sedimentation rate >20, MM/h 35.00(27.50–52.50) 30.00(24.75–45.50) 39.00(31.29–59.00) 0.005

γ-glutamyl transpeptidase7-45, IU/L 22.00(16.00–30.00) 23.00(18.00–31.20) 20.96(15.00–27.00) 0.009

Severe

Total Male Female P value

(n = 49, deletion in 4 cases) (n = 21, deletion in 4 cases) (n = 28)

Demographics

Age 59(49–65) 54(44–62) 62(56–71.75) 0.009

Symptoms and signs

Cough 6(11.32%) 6(24%) 0 0.006

Comorbidity

Hypertension 42(79.25%) 16(64%) 26(92.86%) 0.01

Laboratory findings

Total bile acid,umol/L 3.30(2.10–4.20) 2.75(1.95–3.55) 3.70(2.90–4.70) 0.023

Amylase,U/L 58.00(38.00–78.83) 66.00(62.00–82.20) 49.00(36.00–78.33) 0.029

Creatinineu,mol/L 67.20(54.85–78.25) 72.20(58.75–87.92) 60.70(52.05–74.27) 0.037

Basophil count,10^9/L 0.01(0.01–0.03) 0.02(0.01–0.04) 0.01(0–0.02) 0.035

Hypersensitive C-reactive protein, mg/L 2.89(1.21–8.01) 8.01(2.48–19.35) 1.61(0.92–3.24) 0.028

total bile acid<20, umol/L 3.30(2.10–4.20) 2.75(1.95–3.55) 3.70(2.90–4.70) 0.023

Platelet count 125–350,10^9/L 207.00(156.00–27.00) 233.00(185.50–287.00) 171.00(134.00–258.00) 0.043

C-Reactive Protein<10, mg/L 4.72(1.58–6.28) 1.81(1.40–4.05) 6.10(3.30–8.03) 0.05

Hypersensitive C-Reactive Protein>0.5,mg/L 2.89(1.21–8.01) 8.01(2.48–19.35) 1.61(0.92–3.24) 0.028

Fibrinogen1.7~4, g/L 2.85(2.22–3.49) 3.31(2.82–3.69) 2.20(1.98–2.88) 0.009

https://doi.org/10.1371/journal.pone.0244125.t002
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tended to have the highest low-density lipoprotein, red blood cell volume distribution width

and D-dimer. Hypertension was more obvious in these patients. And in severe cases, the

median hemoglobin concentration of patients over 60 years was lowest (Table 3).

For the risk factor analysis, age, symptoms (fever, fatigue, asthma, cough, anorexia), physi-

cal and chemical indexes (cystatin C, HDL, count of WBC, neutrophil count, creatinine, total

bilirubin, lymphocyte percentage, monocyte count, albumin, total bile acid, hematocrit (35–

45), neutrophil percentage>75, prealbumin<150, Lymphocyte percentage<20, total bile

acid<20, Lymphocyte count<1.1 and glucose) were associated with severe cases in univariable

analysis (Table 4). Based on the odds ratio of above factors, we used multivariable logistic

regression methods for further analysis, and found age, count of WBC, glucose, fever and

asthma were associated with the severity of disease (Table 4). When adjusting for study center,

the generalized linear model also showed similar results (S4 Table). The clinical dynamic pro-

files of main symptoms of non-severe and severe patients were shown in Fig 1.

Discussion

Our retrospective study unraveled the clinic features and risk factors for laboratory-confirmed

COVID-19 patients with different severity in China. We found that age, laboratory indicators

(albumin, cystatin, white blood cell count, neutrophil count, lymphocyte percentage, mean

hemoglobin, oxygen saturation and glucose), and major symptoms (fever, fatigue, cough,

anorexia, diarrhea and asthma) were markedly correlated with the disease severity. Further

analysis from the perspective of gender to detect the clinical symptoms, liver and kidney func-

tion, inflammatory and immune system indicators imply that more intensive health surveil-

lance and preventions should be focused on male cases in severe group to avoid the

deterioration of liver and kidney function and the aggravation of infection more efficiently.

Table 3. Clinical characteristics and laboratory findings of three age groups in different illness severity.

Non-severe

Total Youth (<30 yr) Middle age (30–60 yr) Senior (> 60 yr) P value

(n = 509) (n = 101) (n = 327) (n = 81)

Comorbidity

Hypertension 78(15.32%) 22(21.78%) 51(15.60%) 5(6.17%) 0.014

Symptoms and signs

Fever 191(37.52%) 27(26.73%) 127(38.84%) 37(45.68%) 0.023

Asthma 46(9.04%) 2(1.98%) 33(10.09%) 11(13.58%) 0.014

Cough 245(48.13%) 35(34.65%) 167(51.07%) 43(53.09%) 0.01

Laboratory findings

Low-Density Lipoprotein, mmol/L 2.43(1.96–3.00) 2.16(1.91–2.56) 2.48(1.94–2.98) 2.74(2.22–3.30) 0.045

Red Blood Cell Distribution Width Cv,% 12.50(12.00–13.30) 12.70(12.00–13.75) 12.40(12.00–13.10) 12.85(12.00–13.70) 0.023

D-dimer, μg/Ml 0.38(0.21–0.70) 0.25(0.11–0.44) 0.40(0.22–0.75) 0.43(0.31–1.29) 0.002

Severe

Total Youth (<30 yr) Middle age (30–60 yr) Senior (> 60 yr) P value

(n = 53) (n = 2) (n = 29) (n = 22)

Symptoms and signs

Diarrhea 1(1.89%) 1(50.00%) 0 0 0

Chills 2(3.77%) 1(50.00%) 1(3.45%) 0 0.002

Laboratory findings

Mean Hemoglobin Concentration, G/L 336.00(324.00–340.00) 343.00(322.00-) 337.00(331.00–340.00) 328.00(321.00–336.00) 0.032

https://doi.org/10.1371/journal.pone.0244125.t003
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Meanwhile, female patients with persistent cough in severe group indicate the progress of

illness.

In view of the importance of the above factors, advanced age, count of WBC, glucose, fever

and asthma could be considered as risk factors for the severity of COVID-19 though multivari-

able logistic regression model, which showed great significance to prevent COVID-19 patients

from turning to critical cases during treatment.

Current mainstream data suggested that patients with severe or critically ill diseases who

require intensive care were usually older, with a median age of 60 [21]. Our study has also

shown that median age of patients (median age = 59.00) with severe illness were significantly

older than non-severe patients (median age = 46.00) [6, 22]. The age-dependent decreases in

cellular and humoral immune function in elderly patients have been reported before, especially

Table 4. Risk factors associated with disease severity.

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

Demographics

Age 1.06(1.04, 1.07) < .0001 1.12(1.00, 1.26) 0.0441

Gender 1.22(0.69, 2.14) 0.4981

Symptoms and signs

Fever 3.23(1.78, 5.87) 0.0001 27.46(1.21, 622.50) 0.0375

Fatigue 2.94(1.61, 5.36) 0.0004

Asthma 7.14(3.82, 13.34) < .0001 28.49(1.81, 448.81) 0.0172

Cough 4.11(2.07, 8.17) < .0001

Anorexia 2.07(1.05, 4.07) 0.0344

Laboratory findings

Cystatin C 4.28(1.27, 14.37) 0.0186

High density lipoprotein 2.31(0.99, 5.36) 0.0507

White blood cell count 1.08(1.00, 1.17) 0.0427 1.64(1.16, 2.32) 0.0051

Total bilirubin 1.01(1.00, 1.03) 0.0541

Creatinine 1.01(1.00, 1.02) 0.0236

Neutrophil percentage .. ..

<40 0.87(0.74, 1.03) 0.1135

40–75 1.00(0.95, 1.05) 0.9585

>75 1.13(1.03, 1.23) 0.0071

Lymphocyte count .. ..

<1.1 0.11(0.02, 0.88) 0.0377

1.1–3.2 0.98(0.41, 2.31) 0.9584

>3.2 1.14(0.81, 1.59) 0.4507

Lymphocyte percentage .. ..

<20 0.87(0.80, 0.95) 0.0016

20–50 0.99(0.93, 1.05) 0.7552

>50 .. ..

Monocyte percentage 0.87(0.78, 0.98) 0.0314

Albumin 0.94(0.89, 0.99) 0.0309

Total bile acid .. ..

< = 20 0.81(0.68, 0.95) 0.0140

>20 .. ..

Glucose 7.26(1.70, 30.95) 0.0073 14.89 (1.29, 171.13) 0.0301

OR = odds ratio.

https://doi.org/10.1371/journal.pone.0244125.t004
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with regard to adaptive immune function [23]. We also found that the elderly had higher levels

of low-density lipoprotein, red blood cell distribution width and D-dimer level than other age

groups, suggesting that these patients might have coagulation dysfunction. Moreover, the

worse condition of older COVID-19 patients could also be attributed to underlying

Fig 1. Clinical courses of different symptoms in severe and non-severe patients.

https://doi.org/10.1371/journal.pone.0244125.g001
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comorbidities. While the severity of the disease increases from the age of 40 years, population

above the age of 60 years and those with underlying comorbidity including cardiovascular dis-

eases, diabetes and other diseases are at the highest risk [20]. In addition, patients with under-

lying cardiovascular disease were more likely to have serious consequences of COVID-19 [24].

A recent study also illustrated cardiovascular comorbidities can increase the risk of COVID-19

infection, which lead to poorer prognosis [25]. Due to morphologic and hemodynamic dam-

age to heart tissues, cardiac insufficiency in COVID-19 patients with acute coronary syndrome

may occur rapidly, leading to a sudden deterioration and fatal complications [26]. Taken

together, the need for early monitoring and supportive care in immune function, coagulation

dysfunction and underlying comorbidity should be addressed in these older patients during

the hospitalization.

Inflammatory indicators such as count of WBC, neutrophil count and lymphocyte percent-

age were shown significant differences between the severe and non-severe groups. Addition-

ally, we found that female patients had faster ESR and lower inflammatory markers (WBC and

neutrophils). To our knowledge, when the virus invades the body, the immune system is acti-

vated [27]. Recently, Lymphocytopenia was observed in most severe COVID-19 patients [28].

It was also reported in patients with severe acute respiratory syndrome caused by SARS virus,

with a prevalence rate of 69.6% [29, 30]. SARS infection can directly inhibit bone marrow or

induce immune-mediated lymphocyte destruction, resulting in lymphocytopenia [31]. SARS-

CoV-2 may have an inherent mechanism similar to that of SARS virus, including direct infec-

tion, lymphocyte destruction [32], and cytokine-mediated lymphocyte destruction [33, 34].

The initial decrease of circulating lymphocytes at the beginning of SARS-CoV-2 infection may

be related to a separate process. Firstly, lymphocytes were recruited from the peripheral circu-

lation to infected and inflammatory areas. Autopsy reports of patients with COVID-19 showed

interstitial inflammatory exudation dominated by lymphocytes in both lungs [35]. Secondly,

SRAS-CoV-2 might induce some stimuli similar to SARS and MERS, triggering lymphocyte

apoptosis [31, 36]. As for the gender difference of patients, although the mechanisms is not

clear, however, it may help to provide a reference for doctors to make better decision in the

process of clinical management. Specific treatments should be selected according to gender

and age differences in advance, and possible targeted measures should be taken early according

to changes in laboratory indicators (especially inflammatory indicators) of COVID-19

patients.

In consistence with previous studies [37], our study indicated that glucose was an important

factor for the severity of COVID-19, which might also play a critical role in the pathogenesis of

infectious diseases. Similar with a study of SARS, the researchers found that even non-severe

patients had higher fasting blood glucose levels if they were not treated with glucocorticoids

[38]. The virus infection could cause the sharp fluctuation of the blood glucose level of the dia-

betic patients, which affected the recovery of the patients. Therefore, diabetes mellitus compli-

cated with SARS-CoV-2 pneumonia may form a vicious circle, which is not conducive to the

prognosis of COVID-19 [39]. Previous studies have reported some viruses can directly cause

pancreatic β-cell damage [40] and the expression of ACE2 as a SARS-CoV-2 receptor in pan-

creatic endocrine tissue is higher than that in exocrine tissue [41]. Previous studies also

reported that two individuals developed transient acute insulin-dependent diabetes mellitus

after being infected with chickenpox [42]. Thus, considering that SARS-CoV-2 binds to ACE2

and enters infected cells [43, 44], reducing the ACE2 expression [45], overactivation of the

renin-angiotensin system may also increase the risk of adverse events in patients with COVID-

19 and diabetes. Accordingly, the clinical use of renin-angiotensin system inhibitors may have

a therapeutic effect on patients with COVID-19 and previous diabetes.
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Other risk factors worth paying attention were specific clinical symptoms and signs. Fever

and asthma was found the most representative symptoms of severity for COVID-19 in our

study. When the patient’s immune response is low, it may manifest as normal body tempera-

ture. Shortness of breath or dyspnea suggests poor lung function and lacking of oxygen. In

fact, alveolar membrane rupture and leakage caused by direct or indirect lung attacks caused

by COVID-19 were the underlying mechanism of disease progression. Osmotic pulmonary

edema begins with a mild cough, then rapidly develops into obvious dyspnea, causing mild

cough, and then rapidly develops into obvious dyspnea, requiring early intubation [46]. Given

that the high proportion of fever and asthma in severe patients, it could help clinicians identify

which patients are at high risk, anticipate disease progression and take precautions during

treatment.

The results of our study should be interpreted within the constraints of its limitations.

Firstly, due to the retrospective study design, not all significant laboratory indicators were

tested in such an emergency, which might play important role in predicting clinical progres-

sion. Secondly, there was inevitable possibility of information bias in these retrospective stud-

ies. Thirdly, dynamic monitoring is more meaningful for disease assessment and prediction.

Here, we cannot fully describe the dynamic changes of some critical indicators of COVID-19

because of missing value in such urgent epidemic situation.

Collectively, the current study provides evidences that advanced age, count of WBC, glu-

cose, fever and asthma were the most common risk factors affecting the severity of COVID-19

infection. Moreover, focusing on different gender and age groups of COVID-19 patients,

some specific clinical features should be paid more attention, which would be of great signifi-

cance in control and targeted intervention of COVID-19 disease worldwide.
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43. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell

entry depends on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell.

2020; 181, 271–280.e8. https://doi.org/10.1016/j.cell.2020.02.052 PMID: 32142651

44. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation and epidemiology of 2019

novel coronavirus: implications for virus origins and receptor binding. Lancet. 2020; 395, 565–574.

https://doi.org/10.1016/S0140-6736(20)30251-8 PMID: 32007145

45. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role of angiotensin converting enzyme 2

(ACE2) in SARS coronavirus-induced lung injury. Nat. Med. 2005; 11, 875–879. https://doi.org/10.

1038/nm1267 PMID: 16007097

46. Thompson BT, Chambers RC, Liu KD. Acute Respiratory Distress Syndrome. N Engl J Med. 2017;

377(6): 562–572. https://doi.org/10.1056/NEJMra1608077 PMID: 28792873

PLOS ONE Clinical features and risk factors for severe inpatients with COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244125 December 17, 2020 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/32202240
https://doi.org/10.1016/S2213-2600%2820%2930076-X
https://doi.org/10.1016/S2213-2600%2820%2930076-X
http://www.ncbi.nlm.nih.gov/pubmed/32085846
https://doi.org/10.1093/infdis/jiv380
http://www.ncbi.nlm.nih.gov/pubmed/26203058
https://doi.org/10.1111/j.1749-6632.2002.tb02943.x
http://www.ncbi.nlm.nih.gov/pubmed/12021080
https://doi.org/10.1111/j.1464-5491.2006.01861.x
https://doi.org/10.1111/j.1464-5491.2006.01861.x
http://www.ncbi.nlm.nih.gov/pubmed/16759303
https://doi.org/10.1002/dmrr.3319
http://www.ncbi.nlm.nih.gov/pubmed/32233013
https://doi.org/10.1210/jcem.85.1.6306
https://doi.org/10.1210/jcem.85.1.6306
http://www.ncbi.nlm.nih.gov/pubmed/10634421
https://doi.org/10.1007/s00592-009-0109-4
https://doi.org/10.1007/s00592-009-0109-4
http://www.ncbi.nlm.nih.gov/pubmed/19333547
http://www.ncbi.nlm.nih.gov/pubmed/2266090
https://doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32142651
https://doi.org/10.1016/S0140-6736%2820%2930251-8
http://www.ncbi.nlm.nih.gov/pubmed/32007145
https://doi.org/10.1038/nm1267
https://doi.org/10.1038/nm1267
http://www.ncbi.nlm.nih.gov/pubmed/16007097
https://doi.org/10.1056/NEJMra1608077
http://www.ncbi.nlm.nih.gov/pubmed/28792873
https://doi.org/10.1371/journal.pone.0244125

