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Abstract

Background

To investigate the mortality and health care resource use among patients with severe or crit-

ical coronavirus disease of 2019 (COVID-19) in the first wave of pandemic in China.

Methods

We performed a systematic review and meta-analysis to investigate the mortality, discharge

rate, length of hospital stay, and use of invasive ventilation in severe or critical COVID-19

cases in China. We searched electronic databases for studies from China with no restric-

tions on language or interventions patients received. We screened records, extracted data

and assessed the quality of included studies in duplicate. We performed the meta-analysis

using random-effect models through a Bayesian framework. Subgroup analyses were con-

ducted to examine studies by disease severity, study location and patient enrolment start

date. We also performed sensitivity analysis using various priors, and assessed between-

study heterogeneity and publication bias for the primary outcomes.

Results

Out of 6,205 titles and abstracts screened, 500 were reviewed in full text. A total of 42 stud-

ies were included in the review, of which 95% were observational studies (n = 40). The

pooled 28-day and 14-day mortalities among severe or critical patients were 20.48% (7,136

patients, 95% credible interval (CrI), 13.11 to 30.70) and 10.83% (95% CrI, 6.78 to 16.75),

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Zhang M, Hu P, Xu X, Ai J, Li Y, Bao Y, et

al. (2022) A look back at the first wave of COVID-

19 in China: A systematic review and meta-analysis

of mortality and health care resource use among

severe or critical patients. PLoS ONE 17(3):

e0265117. https://doi.org/10.1371/journal.

pone.0265117

Editor: Gang Qin, Affiliated Hospital of Nantong

University, CHINA

Received: August 13, 2021

Accepted: February 23, 2022

Published: March 11, 2022

Copyright: © 2022 Zhang 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: This study was supported by an

unrestricted grant from Gilead Sciences. The

funder has 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/0000-0003-3454-6266
https://doi.org/10.1371/journal.pone.0265117
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265117&domain=pdf&date_stamp=2022-03-11
https://doi.org/10.1371/journal.pone.0265117
https://doi.org/10.1371/journal.pone.0265117
http://creativecommons.org/licenses/by/4.0/


respectively. The mortality declined over time and was higher in patients with critical disease

than severe cases (1,235 patients, 45.73%, 95% CrI, 22.79 to 73.52 vs. 3,969 patients,

14.90%, 95% CrI, 4.70 to 39.57) and patients in Hubei compared to those outside Hubei

(6,719 patients, 26.62%, 95% CrI, 13.11 to 30.70 vs. 244 patients, 5.88%, 95% CrI 2.03 to

14.11). The length of hospital stay was estimated at 18.48 days (6,847 patients, 95% CrI,

17.59 to 21.21), the 28-day discharge rate was 50.48% (3,645 patients, 95% CrI, 26.47 to

79.53), and the use of invasive ventilation rate was 13.46% (4,108 patients, 95% CrI, 7.61 to

22.31).

Conclusions

Our systematic review and meta-analysis found high mortality among severe and critical

COVID-19 cases. Severe or critical COVID-19 cases consumed a large amount of hospital

resources during the outbreak.

Background

Since the coronavirus disease 2019 (COVID-19) outbreak in December 2019 in Wuhan,

China, there have been almost 300 million confirmed cases, with nearly 5.5 million lives lost

worldwide [1]. It has been present in 192 countries or regions and crippled health care systems

in many places [2–4].

Previous studies have shown that the infection spectrum of COVID-19, caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), ranges from asymptomatic

to critical [5–7]. Among symptomatic patients, 80% developed mild or moderate disease,

while approximately 15% had severe disease and 5% critical disease [5, 7]. Compared to mild

or moderate cases, severe or critical ones tended to have much higher mortality. In February

2020, China Center for Disease Control and Prevention (CCDC) reported that the case fatality

rate (CFR) among critical cases was as high as 49.0%, while there was no death among mild or

moderate cases [8]. The mortality rate varied widely across studies and countries. Studies from

China reported that the mortality of critical COVID-19 cases ranged from 16% to 78% [9–11].

A study from Italy reported a mortality rate of 26% among those admitted to ICU, while a US

study reported 67% for critical cases [12, 13].

Patients with severe or critical illness may require advanced medical services such as oxy-

gen/ventilatory support, intensive care unit (ICU) admission, and the use of extracorporeal

membrane oxygenation (ECMO) [6, 7]. During the pandemic, health care resources needed

for caring severe or critical cases were high and imposed an enormous pressure on health care

systems worldwide [2, 14]. The use of intensive care resources also varied across studies [15–

19]. The percentage of severe cases on invasive ventilation ranged from 5.6% to 51.7% [15–18].

Large between-study variations increase the difficulty of understanding the true impact of

COVID-19 on mortality and resource use. Previously published reviews have been primarily

focused on all COVID-19 patients combined [20–24]. However, it is important and necessary

to understand the impact of COVID-19 among severely or critically ill patients. During the ini-

tial outbreak in China, many patients were infected with severe or critical diseases of COVID-

19 and a large amount of COVID-19 research was published with enormous heterogeneity in

methods and results. After the first wave, the spread of the virus had been well under control

in China. Therefore, a thorough review of the totality of the evidence collected during this
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period is needed to better assess the impact of COVID-19 on severe or critical patients and the

health care systems.

Methods

Search strategy and selection criteria

We performed a systematic literature search in multiple electronic databases for studies pub-

lished from January 1 to October 2, 2020. We searched OVID MEDLINE1 and Embase and a

few major Chinese databases: China National Knowledge Infrastructure (CNKI), Wanfang

Data, and Chinese Medical Association Publishing House (CMAPH). Since our objective was

to synthesize outcomes reported in studies among severely or critically ill adult COVID-19

patients in China, we set no limit on treatments patients received; and only used the disease

terms for COVID-19, including coronavirus, SARS-CoV-2 and COVID-19, and study geogra-

phy terms for China. Non-human studies and case reports were excluded from the search. The

search strategies are presented in S1 Appendix.

We included randomized controlled trials (RCTs), cohort studies, case-control studies and

case series studies that reported any of the four primary outcomes, including mortality, the dis-

charge rate, the length of hospital stay (LOS), and the use of invasive ventilation among

patients with confirmed severe or critical COVID-19. Studies focusing on coronavirus diseases

other than COVID-19, patients with suspected but unconfirmed COVID-19, and pregnant

women or children were excluded. Studies on mixed populations where outcomes of COVID-

19 for severe or critical patients were not reported separately were excluded. Studies that did

not report any information about the study duration or the follow-up time for mortality or dis-

charge were also excluded. When multiple papers were published based on the studies con-

ducted in the same hospitals during the outbreak, we excluded studies that did not report

sufficient study site details (e.g., province, city, and name of hospitals), the data collection

timeframe or the patient enrolment timeframe to avoid double counting. Studies with less

than 50 severe/critical patients were also excluded. There was no language limit in the search.

Review process and data extraction

The title and abstract screening, the full-text review, and the risk of bias assessment were all

conducted by two reviewers independently and in duplicate. Data were extracted by the first

reviewer using a pre-designed extraction form and examined by the second reviewer. We

assessed the risk of bias of included cohort studies, case-control studies, and randomized con-

trolled trials (RCTs) using the modified tools developed by Busse and Guyatt [25, 26]. Any dif-

ference was resolved through group discussions until a consensus was reached. The study

characteristics, demographic and clinical characteristics of patients, and the primary and sec-

ondary outcomes were extracted.

Outcomes

The primary outcomes of interest were mortality, LOS, the discharge rate, and the rate of

using invasive ventilation. In this review, the mortality was referred to as the case fatality ratio

(CFR), estimated as the proportion of confirmed cases who died from COVID-19 [27]. The

discharge rate was defined as the proportion of hospitalized patients discharged alive. LOS

referred to the number of days that patients stayed in the hospital, from their admissions to

death, discharge, or end of follow-up, whichever came first. Invasive ventilation rate was

defined as the proportion of enrolled patients who had used invasive ventilation during their
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hospitalization. The secondary outcomes included the use of non-invasive ventilation and

ECMO rates.

Data analysis

We conducted the meta-analysis using a Bayesian framework based on the technical guidance

from the National Institute for Health and Care Excellence Decision Support Unit (NICE

DSU) [28]. This modeling framework can account for possible between-study variation, which

is an essential consideration in our meta-analysis of studies covering various time frames, loca-

tions, and phases of the pandemic in China [29]. We used the cloglog link model to analyze

the mortality and the discharge rate, the identity link model for LOS, and the logit link model

for the invasive ventilation rate, the use of non-invasive ventilation rate and the use of ECMO

rate [30].

There were a few assumptions in our analysis. For the mortality and the discharge rate, the

follow-up timepoints might not be reported in all studies. Therefore, the median or mean LOS,

if available, was used as a proxy for the follow-up time. In the cloglog link model synthesizing

the 28-day and 14-day CFRs and discharge rates the median follow-up time was included as a

variable. A few published studies found that the longer the follow-up time, the larger the num-

ber of events, which supported the assumption in the cloglog link model [31, 32].

In the meta-analysis, we pooled the data by combining eligible patients from separate

groups in comparative studies or single-arm studies. When multiple studies reported the same

outcome from patients of the same disease severity from the same hospital, only the study with

the largest population size was included in the analysis. We assessed heterogeneity using the I2

statistic [29]. We performed subgroup analyses by disease severity (i.e., severe vs critical),

enrollment start date (Dec 2019, Jan 2020, and Feb 2020), and locations (i.e., Hubei, where

Wuhan is the capital city vs other provinces) in China. We conducted the Egger’s test to assess

the publication bias for meta-analyses of the primary outcomes [33]. We performed a sensitiv-

ity analysis to examine the impact of various uniform and inverse-gamma priors for the vari-

ance of the estimates for the primary outcomes.

We conducted all the Bayesian meta-analyses in R (version 4.0.5) using the R2jags package

and the Just Another Gibbs Sampler (JAGS) program. Three chains were run using the Mar-

kov chain Monte Carlo (MCMC) algorithm, each with 50,000 iterations and a burn-in of

25,000 iterations (and a thinning of 10). The convergence of the chains was determined by

examining the trace and density plots of the parameters. All results are presented using medi-

ans with 95% credibility interval (CrI).

Results

Fig 1 shows the details of the study selection process. A total of 7,978 records were identified

from the literature search. After removing the duplicates, 6,205 titles and abstracts were

screened. Of the 500 papers reviewed in full text, 42 were included for our systematic review

and meta-analysis, with 36 from English databases and six from Chinese databases [15–19, 31,

34–69]. Forty (95%) studies were observational studies, 25 (60%) single-center, and 35 (83%)

enrolled patients in Hubei Province. All included studies enrolled patients from January 2020

to April 2020 which was the first wave of the pandemic in China before Wuhan lifted the lock-

down [70]. Thirty-six studies (85%) started the patient enrolment between January and Febru-

ary 2020. Eighteen (43%) studies included both severe and critical cases, 16 (38%) severe cases

only, and eight (19%) critical cases only (Table 1). Among the 18 studies that included both

severe and critical cases, the proportion of severe cases ranged from 36% to 92.6%. The num-

ber of severe or critical cases ranged from 50 to 1,763. Thirty-three (79%) studies assessed
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disease severity following the Chinese guidelines for diagnosis and treatment of COVID-19

released by the National Health Commission. The mean age of patients ranged from 52.5 to

70.7 years. The proportion of males ranged from 44.9% to 68.5%. The numbers of studies

included in the meta-analysis were 20 for CFR, 19 for LOS, 12 for the discharge rate and 17 for

the rate of using invasive ventilation (Fig 1 & S2 Appendix). Thirty-seven studies reported the

comorbidities of patients (S3 Appendix). The risk of bias of included studies was low (S4

Appendix). The results for heterogeneity and the publication bias analyses are presented in S5

Appendix.

Fig 1. Flow diagram of literature screening and selection.

https://doi.org/10.1371/journal.pone.0265117.g001
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Table 1. Characteristics of studies included in the meta-analysis in patients with severe or critical COVID-19 (n = 42).

Study name Number of

patients

Design Location Enrolment

timeframe

Definitions for severe/critical

cases

Severity of

disease

Severe, n

(%)

Male, n

(%)

Age,

mean ± SD

�Guan et al.

2020 (#5611)

[18]

173 Retrospective

cohort study

China, 30

provinces

Dec 11, 2019 to

Jan 29, 2020

American Thoracic Society

guidelines for community-

acquired pneumonia

Severe 173

(100)

100

(57.8)

52.5 ± 18.7

Tang et al.

2020

(#10371) [34]

73 Case-control

study

Hubei, Wuhan Dec 24, 2019 to

Feb 7, 2020

NR Critical 0 45

(61.6)

63.6 ± 11.7

Xu et al. 2020

(#9329) [35]

107 Retrospective

cohort study

Hubei, Wuhan Dec 26, 2019 to

Mar 1, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 †

Mixed 45 (42.1) 73

(68.2)

62.7 ± 13.9

Liu et al. 2020

(#3961) [36]

349 Retrospective

cohort study

Hubei, Wuhan Dec 29, 2019 to

Feb 28, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Severe 349

(100)

206

(59)

61.1 ± 15

�Wu et al.

2020 (#2644)

[37]

1763 Retrospective

cohort study

Hubei, Wuhan Dec 26, 2019 to

Mar 15, 2020

Severe cases: use of oxygen

therapy during hospital stay

Mixed 1514

(85.9)

871

(49.4)

60.6 ± 14.7

�Xu et al.

2020 (#4838)

[38]

239 Retrospective

cohort study

Hubei, Wuhan Jan 12, 2020 to

Feb 3, 2020

Critical cases: admission to

ICU, use of mechanical

ventilation, or FiO2� 60%

Critical 0 143

(59.8)

62.5 ± 13.3

Zhang et al.

2020

(#10522) [39]

107 Retrospective

cohort study

Hubei, Wuhan Jan 1, 2020 to

Feb 1, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Mixed NR 62

(57.9)

59.8 ± 13

Liu et al. 2020

(#3799) [40]

79 Retrospective

cohort study

Hubei, Wuhan Jan 22, 2020 to

Mar 6, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 62 (78.5) 50

(63.3)

62.5 ± 12.6

Cai et al. 2020

(#4791) [15]

58 Retrospective

cohort study

Guangdong,

Shenzhen

Jan 11, 2020 to

Feb 6, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Severe 58 (100) 39

(67.2)

60.9 ± 7.8

�Ma et al.

2020 (#2629)

[43]

82 Retrospective

cohort study

Hunan, China Jan 23, 2020 to

Mar 8, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Severe 82 (100) 48

(58.5)

56.9 ± 15.5

�Zhang et al.

2020 (#4274)

[64]

539 Retrospective

cohort study

Hubei, Wuhan Jan 12, 2020, to

Feb 7, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Severe 539

(100)

NR NR

Wang et al.

2020

(#10019) [63]

239 Retrospective

cohort study

Hubei, Wuhan Jan 1, 2020 to

Feb 6, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Mixed 159

(66.5)

NR NR

Xu et al. 2020

(#3248) [47]

50 Retrospective

cohort study

Sichuan, Hubei Jan 17, 2020 to

Mar 2, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 18 (36) 31 (62) 59.7 ± 14.7

Liu et al. 2020

(#2726) [42]

957 Retrospective

cohort study

Hubei, Wuhan Jan 27, 2020 to

Mar 21, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 689 (72) 525

(54.9)

64.2 ± 12

�Chen et al.

2020 (#4319)

[53]

51 Retrospective

cohort study

Hebei, 13

hospitals

Jan 22, 2020 to

Mar 25, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 31 (60.8) 27

(52.9)

59 ± 13.7

Yu et al. 2020

(#10679) [65]

53 Retrospective

cohort study

Tianjin Jan 21, 2020 to

Mar 15, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed NR 32

(60.4)

57.1 ± 14.4

�Wang et al.

2020 (#3550)

[31]

236 RCT Hubei, Wuhan Feb 6, 2020 to

Mar 12, 2020

NR Severe 236

(100)

140

(59.3)

63.3 ± 12

�Zhu et al.

2020 (#8898)

[17]

102 Retrospective

cohort study

Hubei Feb to Mar 2020 Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Severe 102

(100)

59

(57.8)

69.6 ± 14

(Continued)
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Table 1. (Continued)

Study name Number of

patients

Design Location Enrolment

timeframe

Definitions for severe/critical

cases

Severity of

disease

Severe, n

(%)

Male, n

(%)

Age,

mean ± SD

Xia et al. 2020

(#8941) [62]

1568 Retrospective

cohort study

Hubei, Wuhan Feb 4, 2020 to

Mar 30, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Mixed 1420

(90.6)

797

(50.8)

60.9 ± 13.3

Liu et al. 2020

(#4147) [50]

311 Retrospective

cohort study

Hubei, Wuhan Feb 8, 2020 to

Apr 15, 2020

NR Mixed 288

(92.6)

NR NR

Zhang et al.

2020 (#3150)

[48]

75 Retrospective

cohort study

Hubei, Wuhan Jan 24, 2020 to

Mar 26, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Critical 0 59

(78.7)

64.6 ± 9.4

Pan et al.

2020 (#8173)

[59]

124 Case-control

study

Hubei, Wuhan Jan 27, 2020 to

Mar 19, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Severe 124

(100)

85

(68.5)

67.9 ± 10.9

Yu et al. 2020

(#2842) [44]

864 Retrospective

cohort study

Hubei, Wuhan Jan 14, 2020 to

Feb 28, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th - 6th edition)

Severe 864

(100)

454

(52.5)

64.1 ± 12

Xiong et al.

2020

(#11162) [66]

305 Retrospective

cohort study

Hubei, Wuhan Jan 2, 2020 to

Feb 15, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Mixed 166

(54.4)

171

(56.1)

61.9 ± 13.4

Yang et al.

2020 (#5850)

[57]

52 Retrospective

cohort study

Hubei, Wuhan Dec 24, 2019, to

Jan 26, 2020

WHO interim guideline Critical 0 35

(67.3)

59.7 ± 13.3

�Zhou et al.

2020 (#4245)

[55]

195 Case series Hubei Jan 5, 2020 to

Apr 3, 2020

WHO interim guideline Critical 0 130

(66.7)

65.1 ± 15.5

Cheng et al.

2020

(#11809) [67]

181 Retrospective

cohort study

Hubei, Wuhan Jan 1, 2020 to

Feb 6, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Severe 181

(100)

99

(54.7)

55.4 ± 14.3

Shao et al.

2020 (#6230)

[19]

136 Retrospective

cohort study

Hubei, Wuhan Jan 15, 2020 to

Feb 25, 2020

NR Severe 136

(100)

90

(66.2)

69 ± 11.9

�Xie et al.

2020 (#4193)

[52]

733 Retrospective

cohort study

Hubei,

Guangdong, and

Jiangsu

January 1, 2020

to February 29,

2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Critical 0 477

(65.1)

63.4 ± 13

�Ma et al.

2020 (#8986)

[60]

72 Retrospective

cohort study

Chongqing Jan 2020 to Mar

2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 46 (63.9) 40

(55.6)

60.7 ± 13.8

Wang et al.

2020 (#8872)

[61]

59 Retrospective

cohort study

Hubei, Wuhan Feb 9, 2020 to

Mar 5, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 †

Severe 59 (100) 28

(47.5)

53 ± 11.7

�Huang et al.

2020 (#2956)

[45]

60 Retrospective

cohort study

Jiangsu Jan 24, 2020 to

Apr 20, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Severe 60 (100) 35

(58.3)

57.1 ± 15.8

Zhong et al.

2020

(#10923) [68]

583 Retrospective

cohort study

Hubei, Wuhan Jan 1, 2020 to

Feb 20, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 445

(76.3)

293

(50.3)

61.8 ± 14.2

Yang et al.

2020

(#10707) [69]

301 Retrospective

cohort study

Hubei, Wuhan Jan 12, 2020 to

Mar 7, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Mixed 254

(84.4)

135

(44.9)

63.1 ± 13.6

Chen et al.

2020 (#3846)

[16]

681 Retrospective

cohort study

Hubei, Wuhan Jan 3, 2020 to

Apr 9, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19

Severe 681

(100)

362

(53.2)

62.6 ± 12.3

�Xu et al.

2020 (#3634)

[49]

198 Retrospective

cohort study

Shanghai,

Wuhan and

Anhui

January 1, 2020

to March 8, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Mixed 85 (42.9) 128

(64.6)

61.8 ± 11.9

(Continued)
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Primary outcomes

28-day and 14-day mortalities. There were 20 studies (n = 7,136 patients) included in the

meta-analysis of CFR. As shown in Fig 2, the pooled 28-day CFR was 20.48% (95% CrI 13.11

to 30.70) and 14-day CFR 10.83% (95% CrI 6.78 to 16.75). Nine studies (n = 3,969 patients)

and four studies (n = 1,235 patients) reported the CFR of severe and critical cases, respectively.

Five (n = 2,531 patients), 11 (n = 4,361 patients) and four studies (n = 244 patients) reported

the CFR for studies starting their patient enrolment in December 2019, January 2020, and Feb-

ruary 2020, respectively. As shown in Fig 2, for studies starting patient enrolment in Decem-

ber, the pooled 28-day CFR was 37.54% (95% CrI 11.39 to 83.09) and the 14-day CFR was

20.97% (95% CrI 5.87 to 58.87); for studies starting patient enrolment in January, the pooled

28-day CFR was 19.28% (95% CrI 9.44 to 34.24) and the 14-day CFR was 10.16% (95% CrI

4.84 to 18.91); and for studies starting the patient enrolment in February, the pooled 28-day

CFR was 10.64% (95% CrI 2.45 to 40.91) and the 14-day CFR 5.47% (95% CrI 1.24 to 23.13).

Figs A and B in S6 Appendix show the analysis results by severity and location. In Fig A in

S6 Appendix, the pooled 28-day CFR of severe cases was 14.90% (95% CrI, 4.70 to 39.57), and

the 14-day CFR was 7.75% (95% CrI, 2.38 to 22.26). For critical cases, the pooled 28-day CFR

was 45.73% (95% CrI, 22.79 to 73.52), and 14-day CFR was 26.33% (95%CrI 12.13 to 48.54).

Fifteen studies (n = 6,719 patients) and four studies (n = 244 patients) reported the CFR in

patients in and outside Hubei, respectively. As shown in Fig B in S6 Appendix, the pooled

28-day CFR in patients in Hubei was 26.62% (95%, 16.93 to 40.05), and the 14-day CFR

14.34% (95% CrI 8.86 to 22.57). In contrast, the pooled 28-day CFR in patients outside

Hubei was 5.88% (95% CrI, 2.03 to 14.11), and the 14-day CFR was 2.98% (95% CrI, 1.02 to

7.32).

Table 1. (Continued)

Study name Number of

patients

Design Location Enrolment

timeframe

Definitions for severe/critical

cases

Severity of

disease

Severe, n

(%)

Male, n

(%)

Age,

mean ± SD

�Zhang et al.

2020 (#4326)

[54]

78 Retrospective

cohort study

Zhejiang Jan 17, 2020 to

Feb 12, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Mixed 61 (78.2) 52

(66.7)

55.5 ± 12.5

Zhang et al.

2020 (#4544)

[56]

136 Retrospective

cohort study

Hubei, Wuhan Jan 28, 2020 to

Feb 21, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (6th edition)

Critical 0 86

(63.2)

67.4 ± 13.3

�Tian et al.

2020 (#3869)

[51]

148 Retrospective

cohort study

Hubei, Wuhan Jan 13, 2020 to

Mar 18, 2020

WHO interim guideline and

Chinese guideline for the

diagnosis and treatment of

COVID-19 (7th edition)

Severe 148

(100)

81

(54.7)

62.7 ± 8.8

Li et al. 2020

(#3139) [46]

173 Case series Hubei, Wuhan Jan 15, 2020 to

Mar 15, 2020

WHO interim guideline and

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Severe 173

(100)

97

(56.1)

69.5 ± 10.6

�Li et al. 2020

(#2564) [41]

103 RCT Hubei, Wuhan Feb 14, 2020 to

April 1, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19†

Mixed 45 (43.7) 60

(58.3)

70.7 ± 12.1

�Yu et al.

2020 (#6374)

[58]

226 Cross-sectional

study

Hubei, Wuhan Feb 26, 2020 to

Feb 27, 2020

Chinese guideline for the

diagnosis and treatment of

COVID-19 (5th edition)

Critical 0 139

(61.5)

62.6 ± 10.3

Abbreviations: COVID-19: coronavirus disease; SD: standard deviation; RCT: randomized controlled trial; NR: not reported.

� indicates the study involves patients from multiple centers; otherwise, the study involves a single center.

† indicates that the study did not specify the guidelines they used for the diagnosis of severe/critical cases, but the definitions they used were consistent with the

mentioned guideline.

https://doi.org/10.1371/journal.pone.0265117.t001
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Length of hospital stay (LOS). There were 19 studies (n = 6,807 patients) included in the

meta-analysis of LOS. As shown in Fig 3, the estimated LOS was 18.48 days (95% CrI 17.59 to

21.21). Among those reported LOS, four (n = 2,952 patients), 11 (n = 2,047 patients) and four

studies (n = 1,808 patients) started their patient enrolment in December 2019, January 2020,

and February 2020, respectively. As shown in Fig 3, the pooled LOS for studies starting patient

enrolment in December, January and February were 16.83 days (95% CrI 5.15 to 28.50), 19.27

days (95% CrI 14.77 to 23.86) and 17.82 days (95% CrI 3.57 to 32.07), respectively.

Fig 2. 28-day and 14-day CFRs for severe or critical COVID-19 patients in China.

https://doi.org/10.1371/journal.pone.0265117.g002

Fig 3. Length of hospital stay for severe or critical COVID-19 patients in China.

https://doi.org/10.1371/journal.pone.0265117.g003
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Ten studies (n = 3,518 patients) and four studies (n = 1,250 patients) reported the LOS of

severe and critical cases, respectively. As shown in Fig C in S6 Appendix, the pooled LOS of

severe and critical cases was 16.56 days (95% CrI 11.84 to 21.38) and 18.76 days (95% CrI 5.72

to 32.35), respectively.

Discharge rate. There were 12 studies (n = 3,645 patients) included in the meta-analysis

of discharge rate. As shown in Fig 4, the pooled 14-day discharge rate was 29.63% (95% CrI

14.25 to 54.76), and the 28-day discharge rate was 50.48% (95% CrI 26.47 to 79.53). Four

(n = 1,219 patients) and five studies (n = 453 patients) reported the discharge rate of severe

and critical cases, respectively. As shown in Fig D in S6 Appendix, the pooled 14-day and

28-day discharge rates were 16.12% (95% CrI 1.51 to 83.22) and 29.64% (95% CrI 3.01 to

97.18), respectively, for severe cases. The pooled 14-day and 28-day discharge rates for critical

cases were 16.65% (95% CrI 4.10 to 51.75) and 30.53% (95% CrI 8.04 to 76.72).

Invasive ventilation rate. Seventeen studies (n = 4,108 patients) were included in the

meta-analysis of the rate of using invasive ventilation. As shown in Fig 5, the pooled invasive

ventilation rate was 13.46% (95% CrI 7.61 to 22.31). Eight (n = 1,653 patients) and three stud-

ies (n = 1,154 patients) reported the invasive ventilation rate of severe and critical cases,

Fig 4. Discharge rate for severe or critical COVID-19 patients in China.

https://doi.org/10.1371/journal.pone.0265117.g004

Fig 5. The use of invasive ventilation rate by severe or critical COVID-19 patients in China.

https://doi.org/10.1371/journal.pone.0265117.g005

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 10 / 17

https://doi.org/10.1371/journal.pone.0265117.g004
https://doi.org/10.1371/journal.pone.0265117.g005
https://doi.org/10.1371/journal.pone.0265117


respectively. As shown in Fig E in S6 Appendix, the pooled use of invasive ventilation rate was

14.42% (95% CrI 6.27 to 29.65) for severe cases and 47.86% (95% CrI 20.33 to 77.56) for critical

cases.

Secondary outcomes. There were 15 studies (n = 3,894 patients) included in the meta-

analysis of the use of non-invasive ventilation rate, and the pooled rate was 25.38% (95% CrI

18.45 to 33.40). There were 12 studies (n = 2,430 patients) included in the meta-analysis of the

use of ECMO rate, and the pooled rate was 2.31% (95% CrI 1.06 to 4.25).

Sensitivity analysis

When using different priors for the population variance, the results of meta-analyses for pri-

mary outcomes were similar (S7 Appendix).

Discussions

Our systematic review and meta-analysis revealed high mortality rates among severely and

critically ill patients with COVID-19 in China, while the rate declined over time. Most studies

were conducted in Hubei, China, and the mortality in Hubei was significantly higher than that

in other provinces. The length of stay in hospital was estimated at 18 days, similar across the

subgroups. The discharge rate was similar in severe and critical cases. Patients with critical dis-

ease required more intensive care resources than those with severe disease.

The International Severe Acute Respiratory and emerging Infections Consortium (ISARIC)

COVID-19 report as of November 9, 2020, involved 95,966 confirmed cases with longer than

14 days of follow-up across 42 countries [71]. According to this report, most cases were from

the UK; 20% of all cases were admitted to ICU or high dependency unit (HDU). The mortality

rate among patients admitted to ICU/HCU was 35% [71]. On the other hand, the US Centers

for Disease Control and Prevention (CDC) revealed a mortality of 65.2% among hospitalized

patients as of April 14, 2021 [72]. In the report from China CDC involving 2,087 critical cases

across China until February 11, 2020, the mortality was 49.0%, slightly higher than our pooled

estimates of 45.73% among critical cases [8]. Consistent with the findings from a cohort study

in the UK, our estimated mortality rates in severe and critical cases fell over time [73]. This

improvement in survival over time could be attributed to a few different factors, including

temporal changes in COVID-19 disease severity at admission, improved treatment experience

of clinicians, and improved hospital capacity over time [73, 74].

A few studies have estimated the LOS of COVID-19 patients in China [75–77]. A systematic

review estimated the median LOS of patients, including mild and moderate cases, was 14 days

(IQR 10–19) in China [75]. It is lower than our estimated LOS in severe or critical patients,

consistent with previous review findings that severe cases tend to have longer LOS than mild

or moderate cases [75]. Our estimates of the 28-day discharge rate among severe and critical

cases were both around 30%, which was lower than the estimate for the whole group of

patients. One possible reason is that some studies included in the whole group meta-analysis

of discharge rate had a mixed population where the discharge rates for severe and critical cases

were not reported separately, and they had relatively large sample size and high discharge rate

[62, 66]. For example, the study by Xia et al. enrolled 1,568 patients with a discharge rate of

95% [62]. Another possible reason is the heterogeneity between studies due to the various dis-

charge criteria, availability of hospital beds and diverse patient characteristics in these studies

[20, 78].

Our systematic review has a few strengths. First, it captured a large number of published

studies with more complete data in China during the first wave of the pandemic. For the rest

of the year, the virus has been well under control. Previous reviews were limited in that most
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of them were performed during the outbreak in China, with limited published or mature data

included in their analyses [20–24]. With the outbreak ongoing, the number of discharged

cases, hospitalized cases, and deaths changed over time. These reviews’ mortality rates might

be biased because of the unknown and unpredictable prognosis among the large number of

hospitalized patients [79]. Also, the inclusion of unpublished non-peer-reviewed reports in

previous reviews could bias the estimates [22, 23]. Another strength is that we incorporated

the follow-up time into our estimate of mortality using the cloglog link model, which allows us

to include more studies with heterogeneous follow-up times in the analysis. Finally, our study’s

subgroup analysis provides evidence about the variation of health outcomes and medical

resource use across different phases of the pandemic and different locations in China.

A few limitations in our review are worth noting. A major limitation is that 95% of included

studies are observational and retrospective. Second, we have found substantial heterogeneity

between included studies with respect to their data collection timeframes, locations, and

patient characteristics. Third, we only included published reports and most studies included in

our studies were from Hubei. Patients outside Hubei might be underreported. Fourth,

although we have used median or mean LOS as a proxy for the follow-up time, there is a risk

of inaccuracy when estimating the follow-up time. Given only a small number of studies used

proxies, the impact of this process on the pooled results was minimal.

The findings from our study could be useful for decisionmakings concerning disease man-

agement and resource allocation to design an effective preparedness plan for the ongoing and

future pandemics [80]. Using the estimates of resource use among the severe and critical cases

and an infection rate among populations, the required medical resources for a particular

group of people could be estimated. We could have more effective preparedness and response

for the ongoing and potential future pandemics.

Conclusions

Our systematic review and meta-analysis found high mortality among severe or critical

COVID-19 patients, while it declined over time. These patients consumed a large amount of

hospital resources during the outbreak.

Supporting information

S1 Appendix. Search strategy and history.

(DOCX)

S2 Appendix. Number of studies and characteristics of patients included in the meta-anal-

ysis.

(DOCX)

S3 Appendix. Comorbidities of patients included in the meta-analysis.

(DOCX)

S4 Appendix. Quality assessment of included studies. Table A. Risk of bias of included

cohort studies. Table B. Risk of bias of included case-control studies. Table C. Risk of bias of

included randomized controlled trials.

(DOCX)

S5 Appendix. Heterogeneity and publication bias assessment results.

(DOCX)

S6 Appendix. Subgroup analysis results. Fig A 28-day and 14-day CFRs among patients with

severe vs critical COVID-19. Fig B 28-day and 14-day CFRs in Hubei vs other locations in

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 12 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s006
https://doi.org/10.1371/journal.pone.0265117


China. Fig C Length of hospital stay among patients with severe vs critical COVID-19. Fig D

Discharge rate among patients with severe vs critical COVID-19. Fig E The use of invasive ven-

tilation rate among patients with severe vs critical COVID-19.

(DOCX)

S7 Appendix. Sensitivity analyses with different priors.

(DOCX)

S8 Appendix. PRISMA checklist.

(DOCX)

Author Contributions

Conceptualization: Mengmeng Zhang, Peng Hu, Xiaowei Xu, Jingwen Ai, Yang Li, Wenhong

Zhang, Feng Xie.

Data curation: Mengmeng Zhang, Yun Bao, Wimonchat Tangamornsuksan.

Formal analysis: Mengmeng Zhang, Peng Hu, Xiaowei Xu, Jingwen Ai, Yang Li, Wenhong

Zhang, Feng Xie.

Methodology: Mengmeng Zhang, Peng Hu, Wenhong Zhang, Feng Xie.

Resources: Alain Chan, Shelley Xie, Hao Hu, Shuting Liang.

Supervision: Wenhong Zhang, Feng Xie.

Visualization: Mengmeng Zhang.

Writing – original draft: Mengmeng Zhang.

Writing – review & editing: Mengmeng Zhang, Peng Hu, Xiaowei Xu, Jingwen Ai, Yang Li,

Wenhong Zhang, Feng Xie.

References
1. Johns Hopkins Coronavirus Resource Center. COVID-19 Map [Internet]. Johns Hopkins Coronavirus

Resource Center. [cited 2022 Jan 6]. Available from: https://coronavirus.jhu.edu/map.html.

2. Emanuel EJ, Persad G, Upshur R, et al. Fair Allocation of Scarce Medical Resources in the Time of

Covid-19. N Engl J Med. 2020; 382:2049–2055. https://doi.org/10.1056/NEJMsb2005114 PMID:

32202722

3. Kuhn A. How A South Korean City Is Changing Tactics To Tamp Down Its COVID-19 Surge [Internet].

NPR.org. [cited 2021 Feb 23]. Available from: https://www.npr.org/sections/goatsandsoda/2020/03/10/

812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge.

4. Riccioni L, Bertolini G, Giannini A, et al. [Clinical ethics recommendations for the allocation of intensive

care treatments, in exceptional, resource-limited circumstances.]. Recenti Prog Med. 2020; 111:207–

211. https://doi.org/10.1701/3347.33183 PMID: 32319442

5. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019

(COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the Chinese Center for

Disease Control and Prevention. JAMA. 2020; 323:1239–1242. https://doi.org/10.1001/jama.2020.

2648 PMID: 32091533

6. National Health Commission of People’s Republic of China. Diagnosis and treatment guideline for Coro-

navirus disease 2019 (8th ed) [Internet]. 2020 [cited 2021 Feb 23]. Available from: http://www.nhc.gov.

cn/yzygj/s7653p/202008/0a7bdf12bd4b46e5bd28ca7f9a7f5e5a.shtml.

7. World Health Organization. Clinical management of severe acute respiratory infection (SARI) when

COVID-19 disease is suspected. Interim guidance. Pediatr Med Rodz. 2020; 16:9–26.

8. Epidemiology Working Group for NCIP Epidemic Response, Chinese Center for Disease Control and

Prevention. The Epidemiological Characteristics of an Outbreak of 2019 Novel Coronavirus diseases

(COVID-19) in China. Chinese Journal of Epidemiology. 2020; 41:145–151. https://doi.org/10.3760/

cma.j.issn.0254-6450.2020.02.003 PMID: 32064853

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265117.s008
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1056/NEJMsb2005114
http://www.ncbi.nlm.nih.gov/pubmed/32202722
http://NPR.org
https://www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge
https://www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge
https://doi.org/10.1701/3347.33183
http://www.ncbi.nlm.nih.gov/pubmed/32319442
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://www.nhc.gov.cn/yzygj/s7653p/202008/0a7bdf12bd4b46e5bd28ca7f9a7f5e5a.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202008/0a7bdf12bd4b46e5bd28ca7f9a7f5e5a.shtml
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32064853
https://doi.org/10.1371/journal.pone.0265117


9. Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coro-

navirus-Infected Pneumonia in Wuhan, China. JAMA. 2020; 323:1061–1069. https://doi.org/10.1001/

jama.2020.1585 PMID: 32031570

10. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneu-

monia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med.

2020; 8:475–481. https://doi.org/10.1016/S2213-2600(20)30079-5 PMID: 32105632

11. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19

in Wuhan, China: a retrospective cohort study. Lancet. 2020; 395:1054–1062. https://doi.org/10.1016/

S0140-6736(20)30566-3 PMID: 32171076

12. Grasselli G, Zangrillo A, Zanella A, et al. Baseline Characteristics and Outcomes of 1591 Patients

Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA. 2020; 323:1574–

1581. https://doi.org/10.1001/jama.2020.5394 PMID: 32250385

13. Arentz M, Yim E, Klaff L, et al. Characteristics and Outcomes of 21 Critically Ill Patients With COVID-19

in Washington State. JAMA. 2020; 323:1612–1614. https://doi.org/10.1001/jama.2020.4326 PMID:

32191259

14. Bartsch SM, Ferguson MC, McKinnell JA, et al. The Potential Health Care Costs And Resource Use

Associated With COVID-19 In The United States. Health Aff (Millwood). 2020; 39:927–935. https://doi.

org/10.1377/hlthaff.2020.00426 PMID: 32324428

15. Cai Q, Huang D, Ou P, et al. COVID-19 in a designated infectious diseases hospital outside Hubei Prov-

ince, China. Allergy. 2020; 75:1742–1752. https://doi.org/10.1111/all.14309 PMID: 32239761

16. Chen F.-F., Zhong M., Liu Y., et al. The characteristics and outcomes of 681 severe cases with COVID-

19 in China. Journal of Critical Care. 2020; 60:32–37. https://doi.org/10.1016/j.jcrc.2020.07.003 PMID:

32736197

17. Zhu Y, Du Z, Zhu Y, et al. Evaluation of organ function in patients with severe COVID-19 infections.

Medicina clinica. 2020; 155:191–196.

18. Guan W-J, Ni Z-Y, Hu Y, et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl J

Med. 2020; 382:1708–1720. https://doi.org/10.1056/NEJMoa2002032 PMID: 32109013

19. Shao F., Xu S., Ma X., et al. In-hospital cardiac arrest outcomes among patients with COVID-19 pneu-

monia in Wuhan, China. Resuscitation. 2020; 151:18–23. https://doi.org/10.1016/j.resuscitation.2020.

04.005 PMID: 32283117

20. Fu L, Wang B, Yuan T, et al. Clinical characteristics of coronavirus disease 2019 (COVID-19) in China:

A systematic review and meta-analysis. J Infect. 2020; 80:656–665. https://doi.org/10.1016/j.jinf.2020.

03.041 PMID: 32283155

21. Hu Y, Sun J, Dai Z, et al. Prevalence and severity of corona virus disease 2019 (COVID-19): A system-

atic review and meta-analysis. J Clin Virol. 2020; 127:104371. https://doi.org/10.1016/j.jcv.2020.

104371 PMID: 32315817

22. Li L-Q, Huang T, Wang Y-Q, et al. COVID-19 patients’ clinical characteristics, discharge rate, and fatal-

ity rate of meta-analysis. J Med Virol. 2020; 92:577–583. https://doi.org/10.1002/jmv.25757 PMID:

32162702

23. Sun P, Qie S, Liu Z, et al. Clinical characteristics of hospitalized patients with SARS-CoV-2 infection: A

single arm meta-analysis. J Med Virol. 2020; 92:612–617. https://doi.org/10.1002/jmv.25735 PMID:

32108351

24. Nasiri MJ, Haddadi S, Tahvildari A, et al. COVID-19 Clinical Characteristics, and Sex-Specific Risk of

Mortality: Systematic Review and Meta-Analysis. Front Med (Lausanne). 2020; 7:459. https://doi.org/

10.3389/fmed.2020.00459 PMID: 32793620

25. Busse J, Guyatt G. Tool to assess risk of bias in case-control studies. [Internet]. [cited 2020 Sep 17].

Available from: www.evidencepartners.com/resources/methodological-resources/.

26. Guyatt G, Busse J. Modification of Cochrane Tool to assess risk of bias in randomized trials [Internet].

[cited 2020 Sep 17]. Available from: www.evidencepartners.com/resources/methodological-resources/.

27. World Health Organization. Estimating mortality from COVID-19: Scientific brief, 4 August 2020 [Inter-

net]. [cited 2021 Feb 24]. Available from: https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci-

Brief-Mortality-2020.1.

28. National Institute for Health and Care Excellence Decision Support Unit. TSDs completed or currently in

progress–NICE Decision Support Unit [Internet]. [cited 2021 Jan 16]. Available from: http://nicedsu.org.

uk/technical-support-documents/technical-support-documents/.

29. Deeks JJ, Higgins JP, Altman DG. Chapter 10: Analysing data and undertaking meta-analyses. In: Hig-

gins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook

for Systematic Reviews of Interventions version 6.1 (updated September 2020) [Internet]. 2020 [cited

2021 Feb 24]. Available from: https://training.cochrane.org/handbook/current/chapter-10.

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 14 / 17

https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://doi.org/10.1016/S2213-2600%2820%2930079-5
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.1016/S0140-6736%2820%2930566-3
https://doi.org/10.1016/S0140-6736%2820%2930566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1001/jama.2020.5394
http://www.ncbi.nlm.nih.gov/pubmed/32250385
https://doi.org/10.1001/jama.2020.4326
http://www.ncbi.nlm.nih.gov/pubmed/32191259
https://doi.org/10.1377/hlthaff.2020.00426
https://doi.org/10.1377/hlthaff.2020.00426
http://www.ncbi.nlm.nih.gov/pubmed/32324428
https://doi.org/10.1111/all.14309
http://www.ncbi.nlm.nih.gov/pubmed/32239761
https://doi.org/10.1016/j.jcrc.2020.07.003
http://www.ncbi.nlm.nih.gov/pubmed/32736197
https://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1016/j.resuscitation.2020.04.005
https://doi.org/10.1016/j.resuscitation.2020.04.005
http://www.ncbi.nlm.nih.gov/pubmed/32283117
https://doi.org/10.1016/j.jinf.2020.03.041
https://doi.org/10.1016/j.jinf.2020.03.041
http://www.ncbi.nlm.nih.gov/pubmed/32283155
https://doi.org/10.1016/j.jcv.2020.104371
https://doi.org/10.1016/j.jcv.2020.104371
http://www.ncbi.nlm.nih.gov/pubmed/32315817
https://doi.org/10.1002/jmv.25757
http://www.ncbi.nlm.nih.gov/pubmed/32162702
https://doi.org/10.1002/jmv.25735
http://www.ncbi.nlm.nih.gov/pubmed/32108351
https://doi.org/10.3389/fmed.2020.00459
https://doi.org/10.3389/fmed.2020.00459
http://www.ncbi.nlm.nih.gov/pubmed/32793620
http://www.evidencepartners.com/resources/methodological-resources/
http://www.evidencepartners.com/resources/methodological-resources/
https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci-Brief-Mortality-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Sci-Brief-Mortality-2020.1
http://nicedsu.org.uk/technical-support-documents/technical-support-documents/
http://nicedsu.org.uk/technical-support-documents/technical-support-documents/
https://training.cochrane.org/handbook/current/chapter-10
https://doi.org/10.1371/journal.pone.0265117


30. Dias S, Welton NJ, Sutton AJ, et al. NICE DSU Technical Support Document 2: A Generalised Linear

Modelling Framework for Pairwise and Network Meta-Analysis of Randomised Controlled Trials. [Inter-

net]. 2011 [cited 2021 Jan 16]. Available from: http://nicedsu.org.uk/technical-support-documents/

technical-support-documents/.

31. Wang Y., Zhang D., Du G., et al. Remdesivir in adults with severe COVID-19: a randomised, double-

blind, placebo-controlled, multicentre trial. The Lancet. 2020; 395:1569–1578. https://doi.org/10.1016/

S0140-6736(20)31022-9 PMID: 32423584

32. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid-19—Final Report. N

Engl J Med. 2020; 383:1813–1826. https://doi.org/10.1056/NEJMoa2007764 PMID: 32445440

33. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a simple, graphical test.

BMJ. 1997; 315:629–634. https://doi.org/10.1136/bmj.315.7109.629 PMID: 9310563

34. Tang X, Du R-H, Wang R, et al. Comparison of Hospitalized Patients With ARDS Caused by COVID-19

and H1N1. Chest. 2020; 158:195–205. https://doi.org/10.1016/j.chest.2020.03.032 PMID: 32224074

35. Xu B, Fan C-Y, Wang A-L, et al. Suppressed T cell-mediated immunity in patients with COVID-19: A

clinical retrospective study in Wuhan, China. J Infect. 2020; 81:e51–e60.

36. Liu J, Zhang S, Wu Z, et al. Clinical outcomes of COVID-19 in Wuhan, China: a large cohort study. Ann

Intensive Care. 2020; 10:99. https://doi.org/10.1186/s13613-020-00706-3 PMID: 32737627

37. Wu J, Huang J, Zhu G, et al. Systemic Corticosteroids and Mortality in Severe and Critical COVID-19

Patients in Wuhan, China. J Clin Endocrinol Metab. 2020; 105:1–10. https://doi.org/10.1210/clinem/

dgaa627 PMID: 32880390

38. Xu J, Yang X, Yang L, et al. Clinical course and predictors of 60-day mortality in 239 critically ill patients

with COVID-19: a multicenter retrospective study from Wuhan, China. Crit Care. 2020; 24:394. https://

doi.org/10.1186/s13054-020-03098-9 PMID: 32631393

39. Zhang Y, Xiong Y, Li X, et al. Clinical chracteristics of 203 discharged patients with corona virus disease

2019. Chin J Infect Dis. 2020; 38:472–478.

40. Liu X, Zheng X, Liu B, et al. Serum IgM against SARS-CoV-2 correlates with in-hospital mortality in

severe/critical patients with COVID-19 in Wuhan, China. Aging (Albany NY). 2020; 12:12432–12440.

https://doi.org/10.18632/aging.103417 PMID: 32628642

41. Li L., Zhang W., Hu Y., et al. Effect of Convalescent Plasma Therapy on Time to Clinical Improvement

in Patients with Severe and Life-threatening COVID-19: A Randomized Clinical Trial. JAMA—Journal of

the American Medical Association. 2020; 324:460–470. https://doi.org/10.1001/jama.2020.10044

PMID: 32492084

42. Liu D., Cui P., Zeng S., et al. Risk factors for developing into critical COVID-19 patients in Wuhan,

China: A multicenter, retrospective, cohort study. EClinicalMedicine. 2020; 25:100471. https://doi.org/

10.1016/j.eclinm.2020.100471 PMID: 32840491

43. Ma Y., Zeng H., Zhan Z., et al. Corticosteroid Use in the Treatment of COVID-19: A Multicenter Retro-

spective Study in Hunan, China. Frontiers in Pharmacology. 2020; 11:1198. https://doi.org/10.3389/

fphar.2020.01198 PMID: 32903363

44. Yu C., Lei Q., Wang X., et al. Epidemiological and clinical characteristics of 1663 hospitalized patients

infected with COVID-19 in Wuhan, China: a single-center experience. Journal of Infection and Public

Health. 2020; 13:1202–1209. https://doi.org/10.1016/j.jiph.2020.07.002 PMID: 32718894

45. Huang M., Yang Y., Shang F., et al. Clinical Characteristics and Predictors of Disease Progression in

Severe Patients with COVID-19 Infection in Jiangsu Province, China: A Descriptive Study. American

Journal of the Medical Sciences. 2020; 360:120–128. https://doi.org/10.1016/j.amjms.2020.05.038

PMID: 32709280

46. Li J., Wang X., Chen J., et al. Association of Renin-Angiotensin System Inhibitors with Severity or Risk

of Death in Patients with Hypertension Hospitalized for Coronavirus Disease 2019 (COVID-19) Infection

in Wuhan, China. JAMA Cardiology. 2020; 5:825–830. https://doi.org/10.1001/jamacardio.2020.1624

PMID: 32324209

47. Xu J.-B., Xu C., Zhang R.-B., et al. Associations of procalcitonin, C-reaction protein and neutrophil-to-

lymphocyte ratio with mortality in hospitalized COVID-19 patients in China. Scientific reports. 2020;

10:15058. https://doi.org/10.1038/s41598-020-72164-7 PMID: 32929124

48. Zhang S., Xu Y., Wu K., et al. Improved night shift schedule related to the mortality of critically ill patients

with Corona Virus Disease 2019. Sleep Medicine. 2020; 75:354–360. https://doi.org/10.1016/j.sleep.

2020.08.010 PMID: 32950880

49. Xu K., Zhou M., Yang D., et al. Application of Ordinal Logistic Regression Analysis to Identify the Deter-

minants of Illness Severity of COVID-19 in China. Epidemiology and Infection. 2020; 148:e146, 1–11.

https://doi.org/10.1017/S0950268820001533 PMID: 32631458

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 15 / 17

http://nicedsu.org.uk/technical-support-documents/technical-support-documents/
http://nicedsu.org.uk/technical-support-documents/technical-support-documents/
https://doi.org/10.1016/S0140-6736%2820%2931022-9
https://doi.org/10.1016/S0140-6736%2820%2931022-9
http://www.ncbi.nlm.nih.gov/pubmed/32423584
https://doi.org/10.1056/NEJMoa2007764
http://www.ncbi.nlm.nih.gov/pubmed/32445440
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1016/j.chest.2020.03.032
http://www.ncbi.nlm.nih.gov/pubmed/32224074
https://doi.org/10.1186/s13613-020-00706-3
http://www.ncbi.nlm.nih.gov/pubmed/32737627
https://doi.org/10.1210/clinem/dgaa627
https://doi.org/10.1210/clinem/dgaa627
http://www.ncbi.nlm.nih.gov/pubmed/32880390
https://doi.org/10.1186/s13054-020-03098-9
https://doi.org/10.1186/s13054-020-03098-9
http://www.ncbi.nlm.nih.gov/pubmed/32631393
https://doi.org/10.18632/aging.103417
http://www.ncbi.nlm.nih.gov/pubmed/32628642
https://doi.org/10.1001/jama.2020.10044
http://www.ncbi.nlm.nih.gov/pubmed/32492084
https://doi.org/10.1016/j.eclinm.2020.100471
https://doi.org/10.1016/j.eclinm.2020.100471
http://www.ncbi.nlm.nih.gov/pubmed/32840491
https://doi.org/10.3389/fphar.2020.01198
https://doi.org/10.3389/fphar.2020.01198
http://www.ncbi.nlm.nih.gov/pubmed/32903363
https://doi.org/10.1016/j.jiph.2020.07.002
http://www.ncbi.nlm.nih.gov/pubmed/32718894
https://doi.org/10.1016/j.amjms.2020.05.038
http://www.ncbi.nlm.nih.gov/pubmed/32709280
https://doi.org/10.1001/jamacardio.2020.1624
http://www.ncbi.nlm.nih.gov/pubmed/32324209
https://doi.org/10.1038/s41598-020-72164-7
http://www.ncbi.nlm.nih.gov/pubmed/32929124
https://doi.org/10.1016/j.sleep.2020.08.010
https://doi.org/10.1016/j.sleep.2020.08.010
http://www.ncbi.nlm.nih.gov/pubmed/32950880
https://doi.org/10.1017/S0950268820001533
http://www.ncbi.nlm.nih.gov/pubmed/32631458
https://doi.org/10.1371/journal.pone.0265117


50. Liu Z., Li J., Huang J., et al. Association Between Diabetes and COVID-19: A Retrospective Observa-

tional Study With a Large Sample of 1,880 Cases in Leishenshan Hospital, Wuhan. Frontiers in Endocri-

nology. 2020; 11:478. https://doi.org/10.3389/fendo.2020.00478 PMID: 32760350

51. Tian J., Yuan X., Xiao J., et al. Clinical characteristics and risk factors associated with COVID-19 dis-

ease severity in patients with cancer in Wuhan, China: a multicentre, retrospective, cohort study. The

Lancet Oncology. 2020; 21:893–903. https://doi.org/10.1016/S1470-2045(20)30309-0 PMID:

32479790

52. Xie J., Wu W., Li S., et al. Clinical characteristics and outcomes of critically ill patients with novel corona-

virus infectious disease (COVID-19) in China: a retrospective multicenter study. Intensive Care Medi-

cine. 2020;1–10. https://doi.org/10.1007/s00134-020-06211-2 PMID: 32816098

53. Chen Y., Zhang K., Zhu G., et al. Clinical characteristics and treatment of critically ill patients with

COVID-19 in Hebei. Annals of palliative medicine. 2020; 9:2118–2130. https://doi.org/10.21037/apm-

20-1273 PMID: 32692230

54. Zhang S.-Y., Lian J.-S., Hu J.-H., et al. Clinical characteristics of different subtypes and risk factors for

the severity of illness in patients with COVID-19 in Zhejiang, China. Infectious Diseases of Poverty.

2020; 9:85. https://doi.org/10.1186/s40249-020-00710-6 PMID: 32641121

55. Zhou S., Yang Y., Zhang X., et al. Clinical Course of 195 Critically ILL COVID-19 Patients, A Retrospec-

tive Multi-Center Study. Shock. 2020; 54:644–651. https://doi.org/10.1097/SHK.0000000000001629

PMID: 32826818

56. Zhang P., He Z., Yu G., et al. The modified NUTRIC score can be used for nutritional risk assessment

as well as prognosis prediction in critically ill COVID-19 patients. Clinical Nutrition. 2021; 40:534–541.

https://doi.org/10.1016/j.clnu.2020.05.051 PMID: 32527576

57. Yang X., Yu Y., Xu J., et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneu-

monia in Wuhan, China: a single-centered, retrospective, observational study. The Lancet Respiratory

Medicine. 2020; 8:475–481. https://doi.org/10.1016/S2213-2600(20)30079-5 PMID: 32105632

58. Yu Y., Xu D., Fu S., et al. Patients with COVID-19 in 19 ICUs in Wuhan, China: A cross-sectional study.

Critical Care. 2020; 24:219. https://doi.org/10.1186/s13054-020-02939-x PMID: 32410714

59. Pan F, Yang L, Li Y, et al. Factors associated with death outcome in patients with severe coronavirus

disease-19 (COVID-19): a case-control study. International journal of medical sciences. 2020;

17:1281–1292. https://doi.org/10.7150/ijms.46614 PMID: 32547323

60. Ma Q, Qi D, Deng X-Y, et al. Corticosteroid therapy for patients with severe novel Coronavirus disease

2019. European review for medical and pharmacological sciences. 2020; 24:8194–8201. https://doi.

org/10.26355/eurrev_202008_22508 PMID: 32767349

61. Wang W, Xin C, Xiong Z, et al. Clinical Characteristics and Outcomes of 421 Patients With Coronavirus

Disease 2019 Treated in a Mobile Cabin Hospital. Chest. 2020; 158:939–946. https://doi.org/10.1016/j.

chest.2020.05.515 PMID: 32437696

62. Xia X, Li K, Wu L, et al. Improved clinical symptoms and mortality among patients with severe or critical

COVID-19 after convalescent plasma transfusion. Blood. 2020; 136:755–759. https://doi.org/10.1182/

blood.2020007079 PMID: 32573724

63. Wang L, He W, Yu X, et al. Coronavirus disease 2019 in elderly patients: Characteristics and prognostic

factors based on 4-week follow-up. The Journal of infection. 2020; 80:639–645. https://doi.org/10.1016/

j.jinf.2020.03.019 PMID: 32240670

64. Zhang S., Guo M., Duan L., et al. Development and validation of a risk factor-based system to predict

short-term survival in adult hospitalized patients with COVID-19: A multicenter, retrospective, cohort

study. Critical Care. 2020; 24:438. https://doi.org/10.1186/s13054-020-03123-x PMID: 32678040

65. Yu H, Xin S, Mei Z. An analysis of clinical features and influencing factors of patients with new coronav-

rus pneumonia. Jiangsu Med J. 2020; 46:904–907.

66. Xiong P, Sun W, Zhu M, et al. Clinical chracteristics of 660 patients with COVID-19. The Journal of Prac-

tical Medicine. 36:1710–1715.

67. Cheng K, Wei M, Shen H, et al. Clinical chracteristics of 463 patients with common and severe coronavi-

rus disease 2019. Shanghai Medicine Journal. 43:224–232.

68. Zhong J, Gao X, Chen S, et al. Clinical chracteristics of patients with COVID-19. The journal of Practical

Medicine. 36:2325–2328.

69. Yang X, Xiong R, Hu S, et al. Clinical characteristics, antibody and nucleic acid test results in COVID-19

patients with different clinical types. Journal of Practical Cardiocerebral Pulmonary Vasculopathy.

28:10–15.

70. Net Xinhua. WHO: “Unblocking” Wuhan is the most important turning point in China’s COVID-19 pre-

vention and control, bringing hope to global prevention and control [Internet]. 2020 [cited 2021 Dec 11].

Available from: http://www.xinhuanet.com/world/2021-04/08/c_1127306764.htm.

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 16 / 17

https://doi.org/10.3389/fendo.2020.00478
http://www.ncbi.nlm.nih.gov/pubmed/32760350
https://doi.org/10.1016/S1470-2045%2820%2930309-0
http://www.ncbi.nlm.nih.gov/pubmed/32479790
https://doi.org/10.1007/s00134-020-06211-2
http://www.ncbi.nlm.nih.gov/pubmed/32816098
https://doi.org/10.21037/apm-20-1273
https://doi.org/10.21037/apm-20-1273
http://www.ncbi.nlm.nih.gov/pubmed/32692230
https://doi.org/10.1186/s40249-020-00710-6
http://www.ncbi.nlm.nih.gov/pubmed/32641121
https://doi.org/10.1097/SHK.0000000000001629
http://www.ncbi.nlm.nih.gov/pubmed/32826818
https://doi.org/10.1016/j.clnu.2020.05.051
http://www.ncbi.nlm.nih.gov/pubmed/32527576
https://doi.org/10.1016/S2213-2600%2820%2930079-5
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.1186/s13054-020-02939-x
http://www.ncbi.nlm.nih.gov/pubmed/32410714
https://doi.org/10.7150/ijms.46614
http://www.ncbi.nlm.nih.gov/pubmed/32547323
https://doi.org/10.26355/eurrev%5F202008%5F22508
https://doi.org/10.26355/eurrev%5F202008%5F22508
http://www.ncbi.nlm.nih.gov/pubmed/32767349
https://doi.org/10.1016/j.chest.2020.05.515
https://doi.org/10.1016/j.chest.2020.05.515
http://www.ncbi.nlm.nih.gov/pubmed/32437696
https://doi.org/10.1182/blood.2020007079
https://doi.org/10.1182/blood.2020007079
http://www.ncbi.nlm.nih.gov/pubmed/32573724
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.1016/j.jinf.2020.03.019
http://www.ncbi.nlm.nih.gov/pubmed/32240670
https://doi.org/10.1186/s13054-020-03123-x
http://www.ncbi.nlm.nih.gov/pubmed/32678040
http://www.xinhuanet.com/world/2021-04/08/c_1127306764.htm
https://doi.org/10.1371/journal.pone.0265117


71. International Severe Acute Respiratory and emerging Infections Consortium (ISARIC). COVID-19 Evi-

dence & Reports [Internet]. ISARIC. [cited 2021 Mar 31]. Available from: https://isaric.org/research/

covid-19-clinical-research-resources/evidence-reports/.

72. Centers for Disease Control and Prevention (CDC). COVID-19 Mortality Overview- Provisional Death

Counts for COVID-19 [Internet]. 2021 [cited 2021 Apr 16]. Available from: https://www.cdc.gov/nchs/

covid19/mortality-overview.htm.

73. Dennis JM, McGovern AP, Vollmer SJ, et al. Improving Survival of Critical Care Patients With Coronavi-

rus Disease 2019 in England: A National Cohort Study, March to June 2020. Crit Care Med. 2021;

49:209–214. https://doi.org/10.1097/CCM.0000000000004747 PMID: 33105150

74. Ledford H. Why do COVID death rates seem to be falling? Nature. 2020; 587:190–192. https://doi.org/

10.1038/d41586-020-03132-4 PMID: 33177662

75. Rees EM, Nightingale ES, Jafari Y, et al. COVID-19 length of hospital stay: a systematic review and

data synthesis. BMC Medicine. 2020; 18:270. https://doi.org/10.1186/s12916-020-01726-3 PMID:

32878619

76. Guo A, Lu J, Tan H, et al. Risk factors on admission associated with hospital length of stay in patients

with COVID-19: a retrospective cohort study. Scientific Reports. 2021; 11:7310. https://doi.org/10.1038/

s41598-021-86853-4 PMID: 33790365

77. Liu X, Zhou H, Zhou Y, et al. Risk factors associated with disease severity and length of hospital stay in

COVID-19 patients. Journal of Infection. 2020; 81:e95–e97. https://doi.org/10.1016/j.jinf.2020.04.008

PMID: 32305490

78. Liu J, Zhang L, Yan Y, et al. Excess mortality in Wuhan city and other parts of China during the three

months of the covid-19 outbreak: findings from nationwide mortality registries. BMJ. 2021; 372:n415.

https://doi.org/10.1136/bmj.n415 PMID: 33627311

79. Mi Y-N, Huang T-T, Zhang J-X, et al. Estimating the instant case fatality rate of COVID-19 in China. Int

J Infect Dis. 2020; 97:1–6. https://doi.org/10.1016/j.ijid.2020.04.055 PMID: 32339723

80. Madhav N, Oppenheim B, Gallivan M, et al. Pandemics: Risks, Impacts, and Mitigation. In: Jamison

DT, Gelband H, Horton S, et al., editors. Disease Control Priorities: Improving Health and Reducing

Poverty [Internet]. 3rd ed. Washington (DC): The International Bank for Reconstruction and Develop-

ment / The World Bank; 2017 [cited 2021 Apr 1]. Available from: http://www.ncbi.nlm.nih.gov/books/

NBK525302/.

PLOS ONE First wave of COVID-19 in China

PLOS ONE | https://doi.org/10.1371/journal.pone.0265117 March 11, 2022 17 / 17

https://isaric.org/research/covid-19-clinical-research-resources/evidence-reports/
https://isaric.org/research/covid-19-clinical-research-resources/evidence-reports/
https://www.cdc.gov/nchs/covid19/mortality-overview.htm
https://www.cdc.gov/nchs/covid19/mortality-overview.htm
https://doi.org/10.1097/CCM.0000000000004747
http://www.ncbi.nlm.nih.gov/pubmed/33105150
https://doi.org/10.1038/d41586-020-03132-4
https://doi.org/10.1038/d41586-020-03132-4
http://www.ncbi.nlm.nih.gov/pubmed/33177662
https://doi.org/10.1186/s12916-020-01726-3
http://www.ncbi.nlm.nih.gov/pubmed/32878619
https://doi.org/10.1038/s41598-021-86853-4
https://doi.org/10.1038/s41598-021-86853-4
http://www.ncbi.nlm.nih.gov/pubmed/33790365
https://doi.org/10.1016/j.jinf.2020.04.008
http://www.ncbi.nlm.nih.gov/pubmed/32305490
https://doi.org/10.1136/bmj.n415
http://www.ncbi.nlm.nih.gov/pubmed/33627311
https://doi.org/10.1016/j.ijid.2020.04.055
http://www.ncbi.nlm.nih.gov/pubmed/32339723
http://www.ncbi.nlm.nih.gov/books/NBK525302/
http://www.ncbi.nlm.nih.gov/books/NBK525302/
https://doi.org/10.1371/journal.pone.0265117

