PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Borges do Nascimento IJ, von Groote TC,
0’Mathdna DP, Abdulazeem HM, Henderson C,
Jayarajah U, et al. (2020) Clinical, laboratory and
radiological characteristics and outcomes of novel
coronavirus (SARS-CoV-2) infection in humans: A
systematic review and series of meta-analyses.
PLoS ONE 15(9): €0239235. https:/doi.org/
10.1371/journal.pone.0239235

Editor: Ehab Farag, Cleveland Clinic, UNITED
STATES

Received: May 11, 2020
Accepted: September 1, 2020
Published: September 17, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0239235

Copyright: © 2020 Borges do Nascimento 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.

RESEARCH ARTICLE

Clinical, laboratory and radiological
characteristics and outcomes of novel
coronavirus (SARS-CoV-2) infection in
humans: A systematic review and series of
meta-analyses

Israel Junior Borges do Nascimento'2*#, Thilo Caspar von Groote®, Dénal

P. O’Mathina®*®°, Hebatullah Mohamed Abdulazeem®, Catherine Henderson?,

Umesh Jayarajah 8, Ishanka Weerasekara®»®'°, Tina Poklepovic Pericic'', Henning
Edgar Gerald Klapproth'?, Livia Puljak'3, Nensi Cacic'", Irena Zakarija-Grkovic'", Silvana
Mangeon Meirelles Guimaraes', Alvaro Nagib Atallah'®, Nicola Luigi Bragazzi'®, Milena
Soriano Marcolino®’, Ana Marusic'', Ana Jeroncic''*, On behalf of the International Task
Force Network of Coronavirus Disease 2019 (InterNetCOVID-19)T

1 University Hospital and School of Medicine, Universidade Federal de Minas Gerais, Belo Horizonte, Minas
Gerais, Brazil, 2 Medical College of Wisconsin, Milwaukee, Wisconsin, United States of America,

3 Department of Anaesthesiology, Intensive Care and Pain Medicine, University Hospital Miinster, Minster,
Germany, 4 Helene Fuld Health Trust National Institute for Evidence-based Practice in Nursing and
Healthcare, College of Nursing, The Ohio State University, Columbus, Ohio, United States of America,

5 School of Nursing, Psychotherapy and Community Health, Dublin City University, Dublin, Ireland,

6 Department of Sport and Health Sciences, Technische Universitat Miinchen, Munich, Germany,

7 Swanscoe Communications Ltd, Macclesfield, United Kingdom, 8 Department of Surgery, Faculty of
Medicine, University of Colombo, Colombo, Sri Lanka, 9 Department of Physiotherapy, Faculty of Allied
Health Sciences, University of Peradeniya, Peradeniya, Sri Lanka, 10 School of Health Sciences, Faculty of
Health and Medicine, The University of Newcastle, Callaghan, Australia, 11 Cochrane Croatia, University of
Split School of Medicine, Split, Croatia, 12 Department of Internal Medicine D, University Hospital Mlnster,
Munster, Germany, 13 Center for Evidence-Based Medicine, Catholic University of Croatia, Zagreb, Croatia,
14 Cochrane Brazil; Evidence-Based Health Program, Universidade Federal de Sao Paulo, Sdo Paulo,
Brazil, 15 Laboratory for Industrial and Applied Mathematics (LIAM), Department of Mathematics and
Statistics, York University, Toronto, Ontario, Canada

® These authors contributed equally to this work.
9 Membership of InterNetCOVID-19 is provided in the Supplementary Appendix (S1 File).
* israeljpn @ ufmg.br and israeljrbn @ gmail.com (IJBN); ajeronci @ mefst.hr (AJ)

Abstract

New evidence on the COVID-19 pandemic is being published daily. Ongoing high-quality
assessment of this literature is therefore needed to enable clinical practice to be evidence-
based. This review builds on a previous scoping review and aimed to identify associations
between disease severity and various clinical, laboratory and radiological characteristics.
We searched MEDLINE, CENTRAL, EMBASE, Scopus and LILACS for studies published
between January 1, 2019 and March 22, 2020. Clinical studies including >10 patients with
confirmed COVID-19 of any study design were eligible. Two investigators independently
extracted data and assessed risk of bias. A quality effects model was used for the meta-
analyses. Subgroup analysis and meta-regression identified sources of heterogeneity. For
hospitalized patients, studies were ordered by overall disease severity of each population
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and this order was used as the modifier variable in meta-regression. Overall, 86 studies (n =
91,621) contributed data to the meta-analyses. Severe disease was strongly associated
with fever, cough, dyspnea, pneumonia, any computed tomography findings, any ground
glass opacity, lymphocytopenia, elevated C-reactive protein, elevated alanine aminotrans-
ferase, elevated aspartate aminotransferase, older age and male sex. These variables typi-
cally increased in prevalence by 30—-73% from mild/early disease through to moderate/
severe disease. Among hospitalized patients, 30—78% of heterogeneity was explained by
severity of disease. Elevated white blood cell count was strongly associated with more
severe disease among moderate/severe hospitalized patients. Elevated lymphocytes, low
platelets, interleukin-6, erythrocyte sedimentation rate and D-dimers showed potential asso-
ciations, while fatigue, gastrointestinal symptoms, consolidation and septal thickening
showed non-linear association patterns. Headache and sore throat were associated with
the presence of disease, but not with more severe disease. In COVID-19, more severe dis-
ease is strongly associated with several clinical, laboratory and radiological characteristics.
Symptoms and other variables in early/mild disease appear non-specific and highly
heterogeneous.

Clinical Trial Registration: PROSPERO CRD42020170623.

Introduction

In December 2019, the appearance of a novel coronavirus caused an outbreak of respiratory
infections originating from the Huanan food market in Wuhan, China [1, 2], which has since
developed into a global pandemic. The novel coronavirus is referred to as “severe acute respi-
ratory syndrome coronavirus 2” (SARS-CoV-2) potentially resulting in “coronavirus disease”
(COVID-19) [3]. As of August 8, 2020, 19,497,292 patients have been infected globally, and
723,854 deaths have been recorded [4]. Clinical symptoms of infection with SARS-CoV-2 are
heterogeneous and vary in severity; some patients may even be asymptomatic [5, 6]. In some
patients, COVID-19 leads to serious outcomes, such as acute respiratory distress syndrome,
coagulation dysfunction and death [5, 7, 8]. However, many questions about the clinical syn-
drome of COVID-19 remain unanswered.

The evidence base on COVID-19 is rapidly expanding. The large volume of data and short
timeframe challenges clinicians, researchers and policy makers worldwide. Comprehensive,
systematic reviews of the available literature are needed in order to effectively summarize evi-
dence. In addition, as would be expected in the early stages of a pandemic involving a novel
virus, much of the data is derived from observational case series, providing only limited evi-
dence. Publication timescales are exceptionally short given the urgency of the situation and
balancing the need for rapid dissemination of information with established reporting stan-
dards is challenging. Rigorous assessment of study methodology and outcomes is therefore
especially important in order to facilitate evidence-based clinical practice and policy.

Our research group recently performed a scoping review and meta-analysis that analyzed
data published up until February 24, 2020 [5]. The work reported here substantially builds on
this using the same stringent protocol to encompass subsequent studies. The aim was to sys-
tematically analyze all clinical evidence on the COVID-19 pandemic published in the peer-
reviewed literature. We aimed to look at the impact of severity of disease on clinical, laboratory
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and radiological characteristics, and outcomes and specifically investigated differences
between the overall COVID-19 patient group and patients with severe disease.

Methods
Data sources and information searches

This review follows meta-analysis of observational studies in epidemiology (MOOSE) guide-
lines [9] and is reported in accordance with the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) [10]. The review was registered in PROSPERO
(CRD42020170623). We restricted the sample size in eligible studies to at least 10 patients, as
the minimum to calculate a valid percentage. There were two minor deviations from the origi-
nal protocol: in quantitative synthesis we excluded studies in which all patients or the majority
of patients were children, and we introduced subgroup analysis based on disease severity.

We searched the following five databases: MEDLINE, CENTRAL, EMBASE, Scopus, and
LILACS from January 1, 2019 to March 22, 2020. The searches had no restrictions on language
or publication format. The search strategy (Supplementary S1 Appendix in S1 File) was
designed and conducted in collaboration with an experienced information specialist. Refer-
ence lists of relevant studies were screened to identify additional publications.

Study selection

Studies eligible for inclusion reported confirmed cases of SARS-CoV-2 in humans, including
at least 10 patients in the study sample, and were published in a peer reviewed journal. In vitro
and mathematical modelling studies were excluded. Studies were included irrespective of the
clinical study design or publication language. COVID-19 was defined as a diagnosis by any
specific test such as positive SARS-CoV-2 PCR, genetic sequence analysis or IgM/IgA antibody
detected in a serological assay. Two independent investigators conducted the title/abstract
screening and full-text screening. The study selection was performed using the Covidence plat-
form. Articles deemed potentially eligible during title/abstract screening were retrieved as full
text for further screening. In both stages of screening (titles/abstracts and full texts), discrepan-
cies were resolved by a third review author. Articles published in languages other than English
were translated by a native/fluent speaker.

Data collecting process and quality assessment

Two investigators independently extracted data using customized tables and were blinded to
each other until data extraction was finished. Discrepancies were then resolved via consensus
between a group of senior researchers in the team. Data were carefully assessed for any overlap
of study populations. If any overlap was suspected, an assessment was made based on hospitals
involved and the time frame of the study. In cases of overlapping, the most recent study was
included.

The primary outcomes were all-cause mortality, and prevalence of clinical symptoms, labo-
ratory findings and chest imaging findings in COVID-19. Other data analyzed included demo-
graphic characteristics, comorbidities, incubation period, treatment provided,
pharmacotherapy, admission to the intensive care unit (ICU), length of stay in the ICU and in
hospital. Data were included from baseline to follow-up. If studies reported multiple follow-up
time points, most recent data was analyzed. Data from severely ill patients were comparable in
terms of participant characteristics and outcome measures, and therefore pooled together in a
meta-analysis.
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Two researchers independently assessed the risk of bias of case series and epidemiological
studies using the ‘Methodological Quality and Synthesis of Case Series and Case Reports Pro-
tocol’ [11], derived from the Newcastle-Ottawa Scale (NOS), and randomized clinical trials
were assessed using the Cochrane risk of bias tool for randomized trials (RoB) [12]. For the
first tool, two questions were not applicable to our systematic review, and therefore excluded:
"Was there a challenge/rechallenge phenomenon?" and "Was there a dose-response effect?”
[13]. Disagreements were resolved by consulting a third reviewer.

Data analysis

For dichotomous data, we extracted data for the number of events and total number of patients
in order to perform proportion meta-analysis. For continuous data we extracted means and
standard deviations. If data were presented as medians, and interquartile ranges or ranges, we
estimated means and standard deviations using the method described by Wan et al. [14].

Meta-analyses of clinical, radiological and laboratory data, as well as data on clinical man-
agement and epidemiological characteristics of included patients were conducted using
MetaXL v5.2 (EpiGear International, Sunrise Beach, Australia). To perform meta-analysis of
proportions, data were transformed by double arcsine transformation and normalized [15].
Pooled proportions or means and 95% confidence intervals (CI) were calculated using the
quality effects model (QE) [16]. The method was chosen over the random effects model
because of high heterogeneity of the data. QE stabilizes the variance and mitigates the issue of
a conventional random effects model underestimating standard errors in presence of high het-
erogeneity [17, 18]. The quality effects model also allows incorporation of information on
study quality into the analysis. Its bias adjustment was found to be easily implementable with
fewer limitations than the random effects model [19]. Heterogeneity was assessed by Cochra-
ne’s Q test considering a statistically significant value for p < 0.1, and Higgins I* [20].

Studies were assigned to subgroups based on the study sample. Studies enrolling initially
asymptomatic patients that were then followed over time were categorized as ‘initially asymp-
tomatic’. ‘Early’ subgroup studies monitored onset of early symptoms of the disease in patients
mainly identified through epidemiological tracking of close contacts. The study by Han et al.
was also assigned to this category since the study investigated early clinical symptoms in
patients who were admitted to hospital because of mild pneumonia [21]. The ‘all-comers’ sub-
group contained studies enrolling consecutive patients who had a positive PCR test, regardless
of symptom presentation. These studies would be expected to be the most representative of
COVID-19-positive individuals in the general population in our analysis because they
included asymptomatic patients and outpatients as well as hospitalized patients. We included
epidemiological reports that collected data from Centers for Disease Control, hospital labora-
tories nation/region-wide, and studies that collected data from multi/single-center hospital
laboratories that also collected data from outpatients and asymptomatic patients. Finally, stud-
ies assigned to an ‘admitted-to-hospital’ subgroup analyzed exclusively patients who were
admitted to a hospital. Data on severely ill patients (defined as patients requiring care in an
intensive care unit and/or requiring invasive or non-invasive ventilation) were extracted for
further analysis.

We assessed statistical heterogeneity by examining the I%, while also considering magnitude
and direction of effects and strength of evidence. Heterogeneity was defined according to the
Cochrane Handbook [22]; it might not be important heterogeneity (0-40%), moderate hetero-
geneity (30-60%), substantial heterogeneity (50-90%) and considerable heterogeneity (75-
100%) [22]. Pooled point estimates are reported where <90% and where we judged that esti-
mates were not methodologically or clinically too diverse to be pooled; otherwise prevalence
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ranges are reported. Methodological and clinical heterogeneity of studies, in particular sam-
pling bias, was a significant source of heterogeneity. Patients were sampled at different stages
of disease progression. In people identified through close contacts/epidemiological tracking
usually only initial symptoms were observed (‘early” studies). Some studies identified cases
through laboratory testing, therefore including a wide spectrum of disease severities (‘all-
comer’ studies). Other studies specifically included initially asymptomatic patients, pregnant
women, or patients admitted to hospital (representative of more severe cases).

In order to investigate the association of various clinical, laboratory and radiological char-
acteristics with severity of disease, we categorized hospital-based studies according to the over-
all disease severity of patients in each study and ordered studies by increasing severity within
each category in forest plots. The same order of studies was used for all analyses. This severity
index was determined according to the number of patients in each study meeting criteria from
the ‘Diagnosis and treatment protocol for novel coronavirus pneumonia’, published by the
China National Health Commission [23]. ‘Mild” was defined as mild clinical symptoms with
no sign of pneumonia on imaging; ‘moderate’ as fever and respiratory symptoms with radio-
logical findings of pneumonia; ‘severe’ as meeting any of the following criteria: 1) respiratory
distress (>30 breaths/min); 2) oxygen saturation <93% at rest; 3) arterial partial pressure of
oxygen/fraction of inspired oxygen <300mmHg (1mmHg = 0.133kPa); ‘critical’: cases meeting
any of the following criteria: a) respiratory failure and requiring mechanical ventilation; b)
shock; c) with other organ failure requiring ICU care. As the QE model utilizes information
on RoB and adjusts for bias, we did not perform sensitivity analysis for high- and low- quality
studies. However, we performed one-out sensitivity analyses, where we excluded one study at
a time and evaluated the impact of removing each of the studies on the summary results and
the between-study heterogeneity.

Results
Study characteristics and risk of bias

The flow of studies through the search and selection process is presented in Fig 1. Overall 90
studies met the inclusion criteria (n = 92,620). Our previously published review included 60
studies [5]. Of these studies, 43 studies were not included in this update because our revised
methodology included only studies with >10 patients. The main characteristics of the included
studies are summarized in S1 Table in S1 File. Studies excluded because of overlapping are
summarized in S2 Table in S1 File, and studies excluded for other reasons are shown in S3
Table in S1 File. A total of 86 studies were included in the meta-analyses (n = 91,621), and
these were 29 case series, 45 consecutive retrospective case series, 2 consecutive prospective
case series, a single RCT and 9 epidemiological reports. An additional 4 studies met the inclu-
sion criteria, but the study populations were neonates or children, and these studies were
excluded from the meta-analyses to reduce heterogeneity. Patients were from 13 countries
(China, 92.7%; United States, 2.1%; South Korea, 2.1%; Singapore, 2.1%; and 9 countries across
Europe, 1.0%). In most publications, COVID-19 was diagnosed according to the ‘Diagnosis
and treatment protocol for novel coronavirus pneumonia’, published by the China National
Health Commission [23]. Overall, included studies were judged as being of high risk of bias
(S§3-S5 Tables in S1 File; S1-S2 Figs in S1 File). The only included RCT had high risk of perfor-
mance and detection bias, as the trial was not blinded; the risk of bias in the remaining five
domains was low [24]. The majority of the studies were retrospective case series with risk of
selection bias and selective reporting.
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Overall associations

As summarized in Table 1, we identified five groups of variables: those associated with the
presence of disease or worsening clinical status (14 variables), those with borderline associa-
tions (4 variables), those showing non-linear association patterns (4 variables), those with no
apparent association (1 variable) and those with too few studies/too little data to indicate any
association (6 variables).

Patient age and sex

Findings from the quality effects models of mean age and prevalence of men among included
studies are summarized in Table 2 and forest plots are presented in the Supplementary Appen-
dix in S1 File. Severity of disease increased with age. Namely, patients admitted to hospital
from the moderate/severe group were significantly older than patients from the mild/moderate
group: 54 years [95% CI 51-57] vs. 42 [95% CI 38-46]. Moreover, within the moderate/severe
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Table 1. Summary of associations between variables and presence of disease or more severe disease states.

Variable® Impact Number of Number of
patients studies
Variables associated with presence of disease or more severe disease states
Age Strongly associated with more severe disease 82,444 59
Male sex Strongly associated with more severe disease 11,130 72
Fever Strongly associated with more severe disease 7,658 61
Cough Strongly associated with more severe disease 7,473 63
Dyspnea Strongly associated with more severe disease 4,620 42
Any CT finding Strongly associated with more severe disease 2,706 40
Any GGO Strongly associated with more severe disease 1,239 20
Lymphocytes-low Strongly associated with more severe disease 2,926 30
CRP-elevated Strongly associated with more severe disease 2,305 26
ALT-elevated Strongly associated with more severe disease 1,966 16
AST-elevated Strongly associated with more severe disease 2,026 17
WBC-low Moderate trend for decreasing prevalence with more severe disease 3,364 29
WBC-elevated Associated with presence of disease; strongly associated with more severe disease in moderate/severe 3,341 26
patients admitted to hospital
Pneumonia Associated with the presence of disease but no significant trend with more severe disease among 3,086 33
patients admitted to hospital
Sore throat Associated with the presence of disease, but not with more severe disease 4,563 29
Headache Associated with the presence of disease, but not with more severe disease 4,335 38
Variables with potential associations
Lymphocytes— Potential trend for decreasing prevalence with more severe disease 506 6
elevated
Platelets-low Potential trend for decreasing prevalence with more severe disease in moderate/severe patients admitted | 1,829" 12
to hospital
IL-6 —elevated Potential strong association with more severe disease 480
ESR-elevated Potential association with more severe disease 647
D-dimer-elevated Potential association with more severe disease 1,657 12
Variables showing non-linear association patterns
Consolidation Two clusters of studies in moderate/severe patients admitted to hospital 1,608 21
Septal thickening Two clusters of studies in moderate/severe patients admitted to hospital 739 8
GI symptoms Delayed increasing trend in mild/moderate patients; decreasing trend in moderate/severe patients 4,205 50
Fatigue Delayed increasing trend in mild/moderate patients; decreasing trend in moderate/severe patients 5,942 50
No apparent association with presence of disease or worsening clinical status
Platelets—elevated No association 498 6
Too few studies / too little data to indicate any association
Unilateral GGO N/A 160 2
Neutrophils- N/A 811 11
elevated
Neutrophils-low N/A 636 8
PCT-elevated N/A 947 13
Troponin-elevated | N/A 181 3

*Laboratory variables were defined as the prevalence of high or low levels above or below specified thresholds, rather than as continuous variables.

®Includes the all-comer study by Guan WJ et al., 2020 [25] (n = 869).

https://doi.org/10.1371/journal.pone.0239235.t001

group, the older age was associated with worse clinical status (Table 2, Source of heterogene-

ity). In severely ill patients, in 4 out of 5 studies the mean age was >54 years.
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Table 2. Age and sex findings from the quality effects models, across all studies and in subgroups.

Overall
Age 29.30-70.00
(mean | (n = 82,444;
years) | 59 studies)
Sex (% | 0.22-0.76
male) (n=11,130;
72 studies)

CI, confidence interval.

Initially Early Pregnant
asymptomatic
32.50-49.00 42.00-55.00 | 29.30-
(n=179;2 (n=1,0858 | 32.00
studies) studies) (n=103;4
Pooled studies)
47.81;95% | Pooled
CI 42.55- | 30.06; 95%
53.07 CI 28.83-
Q=21.52; |31.29
p<0.0L;1>= | Q=4.07;
72% p=025T1
=26%
0.33-0.40 0.22-0.76 -
(n=79;2 (n=629;8
studies) Pooled studies)
0.38; 95% CI Pooled 0.30;
0.28-0.49 95% CI
Q=0.28; 0.12-0.52
Pp=0.60;1>=0% | Q=62.60;
p<0.0L; %=
89%

All-comers Admitted to hospital
All Mild / Moderate /
moderate severe
42.60-52.60 35.00-70.00 | 35.00-52.80 | 41.60-70.00
(n=77,448;7 | (n=3,729; | (n=1,735; | (n=1,994;
studies) 38 studies) | 22 studies) 16 studies)
0.41-0.58 0.33-0.76 0.33-0.76 0.38-0.67
(n=5,372;9 | (n=5,050; | (n=2,515; | (n=2,535;
studies) 53 studies) | 29 studies) | 24 studies)
Pooled 0.53; Pooled 0.52; | Pooled 0.56;
95% CI 0.49- 95% CI 95% CI
0.56 0.49-0.56 0.53-0.60
Q=27.87; Q =42.94; Q =42.89;
p<0.0L; 1> = p=0041 | p=0.011
71% =35% =46%

Pooled prevalence estimates and 95% Cls are shown where statistical heterogeneity was below 90% (I*<90).

https://doi.org/10.1371/journal.pone.0239235.t1002

Severely ill
patients

45.50-
70.00
(n=192;5
studies)

Source of
heterogeneity
identified by meta-
regression or
subgroup analysis in
hospitalized
patients

All hospitalized
patients: Moderate/
severe patients are
older than mild/
moderate
54 years, 95% CI
51.1-57.2 vs. 42
years, 95% CI 38.0-
46.4
Moderate/severe
patients: Older age
with increasing
severity
R* = 29%; p = 0.032
Moderate/severe
patients:
More men among
patients with more
severe clinical signs:
0.61 of men in
studies with more
(95%CI 0.58-0.65)
vs. 0.53 in those with
less (95%CI 0.49-
0.56) severe clinical
signs
Mild/moderate
patients (only
studies with more
severe clinical
signs):
Increasing
prevalence of men
with increasing
severity
R? = 60%; p<0.001

Regarding the sex distribution, in patients admitted to hospital male sex was associated with
worse clinical status. In moderate/severe group there were significantly more men than women
(pooled prevalence, 56% of men; 95% CI 53-60%). In addition, when we compared studies
including more vs those including less severe patients within the moderate/severe group; we
found that men were more often severely ill: 61% of men [95% CI 58-65%] vs. 53% [49-56%]. In
mild/moderate hospitalized patents, the evidence on association of sex with clinical severity of
COVID19 stemmed from studies reporting on more severely ill cases in which the prevalence of
men increased with increasing COVID19 severity of included patients (Table 2, Source of hetero-
geneity). Contrary to hospitalized patients, ‘initially asymptomatic’ patients were more likely
women: pooled prevalence, 38% of men [95%CI 28-49%]. Similar was found for ‘early’ studies,
but due to considerable heterogeneity between studies, the evidence was uncertain.
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Symptoms

Table 3 shows the prevalence ranges of the most commonly reported symptoms, along with
pooled prevalence estimates where study heterogeneity was acceptable; forest plots for each
symptom are presented in the Supplementary Appendix in S1 File. Fever was extremely com-
mon among patients admitted to hospital (pooled prevalence 84%; 95% CI 80-87%). Regard-
less, it still showed strong association with patient’s clinical status and a good predictive power
for COVID19 outcomes. Specifically, moderate/severe patients presented with fever more
commonly than mild/moderate: 89% [95% CI 86-92%] vs. 77% [72-82%]. Also, in hospital-
ized as well as in severely ill patents, the prevalence of fever increased with worsening of
patients’ clinical status (Table 3, Source of heterogeneity). Among two studies of initially
asymptomatic patients, some of whom later became symptomatic, the pooled frequency of
fever at some point during the course of infection was 16% (95% CI 6-29%) [26, 27]. Among
‘early symptom’ studies, the prevalence of fever was very heterogeneous (p<0.01; I* = 99%).

Prevalence of cough appeared to increase from ~35% as estimated in ‘early’ and ‘pregnant’
studies to above 50% in patients admitted to hospital. However, due to high heterogeneity of
studies this increasing trend was not statistically significant. Even among patients admitted to
hospital, prevalence of cough varied considerably (2-92%). Most of this variability was
assigned to studies enrolling moderate/severe patients, which formed two distinct groups of
studies. One group included 10 studies tightly clustered together around the pooled prevalence
of 79% (95% CI 77-82%) and showing no heterogeneity, whereas the second group of 9 studies
was widely dispersed (2-63%). We found that cough was associated with the severity of disease
in hospitalized patients, as moderate/severe patients from homogeneous cluster of studies
reported cough more frequently than the mild/moderate group: 79%, 95% CI 77-82% vs. 54%,
47-61. In initially asymptomatic patients, 12% (95% CI 6-20%) developed cough during the
course of the infection.

The prevalence of dyspnea across all studies is shown in Fig 2. Dyspnea was uncommon in
all four studies of early disease (pooled prevalence 6%; 95% CI 2-11%). Among patients admit-
ted to hospital, there was a wide variation in prevalence (1-81%). Nevertheless, dyspnea at
admission was strongly associated with severity of disease in hospitalized patients, revealing its
good predictive power. Notably, prevalence of dyspnea increased with severity of patients’ clin-
ical status in: mild/moderate and moderate/severe groups of studies, as well as in severely ill
subgroup (Table 3, Source of heterogeneity). However, presence of dyspnea was not exclusive
hallmark of severity of disease as even among the 14 studies of moderate/severe patients, there
were six studies reporting a prevalence of 15% or less [31-35]. Among severely ill patients, the
pooled prevalence of dyspnea was 51% (95% 39-64%), but there was also a report on zero
occurrence of dyspnea among 13 severely ill patients as well [29].

Among hospitalized patients, similar patterns were found for both fatigue and gastrointesti-
nal symptoms, with a trend for increasing prevalence with severity among mild/moderate
patients and then decreasing prevalence with severity among moderate/severe, and severely ill
patients (Table 3 and forest plots in the Supplementary Appendix in S1 File). Sore throat was
not associated with the severity of disease. However, except for patients from ‘initially asymp-
tomatic’ studies who didn’t report any sore throat, this symptom was on average present in
8-12% of patients in various settings, from the ‘early’ studies to the severely ill subgroup. Simi-
lar was found for the headache. We found no association of headache with severity of disease,
the symptom was present on average in 10-14% of patients from all the analyzed groups. The
only exception were patients from ‘initially asymptomatic’ studies in whom the pooled preva-
lence of headache was significantly lower: 4%; 95 CI 1-7%.
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Fig 2.
https://doi.org/10.1371/journal.pone.0239235.9002

Prevalence of asymptomatic disease significantly differed between studies in the ‘early’
group (14%; 95% CI 12-17%) and those in the ‘all-comer’ (2%; 95% CI 2-2%) or ‘admitted to
hospital’ (4%; 95% CI 1-7%) groups (Table 3). In a study of 17 pregnant women with COVID-
19 admitted to hospital for a cesarean birth, 9 were asymptomatic or had mild symptoms that
did not include fever or cough [36]. In another study of 13 pregnant women admitted to hospi-
tal because of respiratory symptoms or exposure to an infected person, one patient was asymp-

tomatic [37].

Pneumonia was common, regardless of subgroup: prevalence of at least 50% was reported
in all studies except one (Table 3). This outlier, recording an 11% prevalence of pneumonia,
was a study of the first recorded patients in Europe [38]. Even in two studies of initially asymp-
tomatic patients, the pooled prevalence of pneumonia at some point during follow-up was
62% (95% 45-78%) [26, 27]. Among hospitalized patients, the pooled prevalence of pneumo-
nia was 87% (95% CI 82-92), increasing to >99% in 6 out of 7 studies reporting on the severely
ill subgroup. The study reporting only 78% of patients with pneumonia in critically ill patients
with COVID-19 was a study of the first patients in USA [36].

Mortality

Pooled mortality estimates were similar among studies in the ‘early symptoms’ (2.3%; 95% CI
0-6%), pregnant (2.6%; 95% CI 0-7%) and ‘all-comer’ (range 0.3% to 2.8%) subgroups

(Table 3). Among studies of hospitalized patients, a distinct pattern emerged. Most studies
enrolling patients with mild/moderate disease reported no deaths (7 out of 10 studies), and the
remaining 3 studies reported mortality of 1-14%. However, study sample sizes and follow-up
times were usually inadequate to observe those events, and the pooled estimate of 0.1% (95%
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CI 0.1-4.2%) is likely biased. Studies of patients with moderate/severe disease, including sub-
group of severely ill patients, reported a wide range of mortality rates, from 0-67%, with con-
siderable heterogeneity (12>>90%, p<0.01 for both) stemming from variability in severity of
patients’ statuses (Table 3, Source of heterogeneity). In other words, in both moderate/severe,
and severely ill patients; mortality was associated with severity of disease.

Chest imaging

Chest imaging findings are summarized in Table 4 and forest plots are shown in the Supple-
mentary Appendix in S1 File. The most common findings were ground glass opacity (GGO),
septal thickening and consolidation. The pooled prevalence of any computed tomography
(CT) finding across all studies was 89% (95% CI 83-93%), but heterogeneity was considerable.
However, no study reported a prevalence of less than 50%. Even in the two studies with ini-
tially asymptomatic patients (some of whom went on to become symptomatic) the proportions
of patients with any CT finding were 50% (95% CI 30-70%) and 78% (95% CI 65-89%) [26,
27]. Studies in the ‘early’ subgroup reported also a high prevalence of CT findings ranging
from 64-88%, with the pooled proportion of 74% (95% CI 43-97%). Among patients admitted
to hospital, probability of positive CT finding increased with disease severity (Table 4, Source
of heterogeneity), with all the patients in the severely ill subgroup presenting with CT changes.

GGO changes were commonly reported. Apart from one study of patients with ‘early’ dis-
ease, which reported 8% of patients with any GGO changes [39], other studies declared that at
least 40% of patients had GGO changes. In the study of 17 parturients (9 asymptomatic), all
had GGO [36]. Among studies of patients admitted to hospital we found that probability of
GGO was decreasing with increasing severity of illness in the mild/moderate (from ~90% to
40-47%), moderate/severe (from 98% to 67%), as well as in severely ill subgroup (from 100%
to 60%) (Fig 3). However, only the associations in severely ill subgroup, and mild/moderate
group reached the statistical significance (Table 3, Source of heterogeneity).

Parenchymal consolidation was less common than overall GGO changes (range 6-68%),
and was lowest in a study of 108 patients with early disease [21]. Studies on patients admitted
to hospital reported highly variable proportions of patients with parenchymal consolidation.
The source of this heterogeneity was not evident in studies on mild/moderate patients. How-
ever, in those reporting on patients hospitalized with moderate to severe disease we identified
two clusters of studies (subgroup analysis, Supplementary Appendix in S1 File). Four studies
reported prevalence of consolidation between 7-19% [34, 40-42], whereas other three
informed on 59-64%; with no association with the severity of disease in either cluster [29, 43,
44]. We found similar clustering pattern in the severely ill subgroup (Supplementary Appendix
in S1 File). Likewise, for septal thickening, two clusters were observed among studies of
patients admitted to hospital (25-37% and 63-92%), with no association with disease severity.

Laboratory findings

Laboratory findings are summarized in Table 5 and forest plots from the quality effects model
are shown in the Supplementary Appendix in S1 File. Low lymphocyte levels were reported in
20% (95% CI 11-29%) of patients in the ‘initially asymptomatic’ studies. In the ‘early’ and
pregnant subgroups, pooled percentages were around 50%, although the studies were substan-
tially heterogeneous, most likely due to differences in timing of assessment. Among studies of
patients admitted to hospital, presentation with low number of lymphocytes was strongly asso-
ciated with the severity of disease. Namely, in both the mild/moderate subgroup and the mod-
erate/severe subgroup, there was a trend for increasing prevalence of lymphocytopenia with
increasing severity of disease (Table 5, Source of heterogeneity). The pooled prevalence of
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lymphocytopenia among severely ill patients was high and reached 84% (95% CI 77-89%).
Among severely ill patients with lymphocytopenia, the pooled estimate of lymphocyte level
was 0.62 (95% CI 0.58-0.66) x10° cells/L (heterogeneity, Q = 1.8; p = 0.41; I? = 0), but among
severely ill patients overall there was considerable heterogeneity in lymphocyte count (0.67-
0.90; Q = 112.56; p = 0.00; I* = 96%).

Low white blood cell (WBC) count was described in approximately 20% of patients in the
‘initially asymptomatic’ studies and the ‘early’ studies. Among studies including hospitalized
patients, there was a trend for a decrease in prevalence of low WBC count along with increas-
ing severity of disease among all hospitalized (from ~30% to ~10%), as well as moderate/severe
hospitalized patients (from ~20% to ~10%) (Fig 4A and Table 5, Source of heterogeneity).
While the initial meta-regression analysis across all studies on hospitalized patients did not
reach significance, sensitivity analysis identified the study by Bai et al. as a source of heteroge-
neity [49]. After removal of this study, we found a significant trend across the remaining 20
studies. Complementary data were found for elevated WBC count for which we also found
association with the disease severity (Fig 4B and Table 5, Source of heterogeneity), Notably, we
observed an increase in prevalence with increasing severity of the disease among moderate/
severe hospitalized patients, and also found that probability of elevated WBC was more likely
in moderate/severe patients than in mild moderate: 0.17 (95% CI 0.12-0.23) vs. 0.03 (95% CI
0.02-0.05). Studies in the mild/moderate subgroup initially showed considerable heterogene-
ity. However, all of this heterogeneity was derived from the study by Bai et al., which reported
29% of patients with elevated WBC [49]. Exclusion of this study mitigated heterogeneity and a
pooled prevalence of 3% (95% CI 1.8-4.9) was estimated for this subgroup. The results from
low and elevated WBC analyses suggest that these proportions are interchanged in the Bai
et al. paper [42].

Elevated C-reactive protein (CRP) was one of the most common laboratory findings. The
proportion of patients with elevated CRP in the ‘initially asymptomatic’ studies (pooled preva-
lence 19%; 95% CI 10-28%) was significantly lower than studies in hospitalized patients (63%,
95% CI 0.48-0.77). Moreover, in patients admitted to hospital, elevated CRP was further asso-
ciated with severity of disease as severely ill patients presented with elevated CRP more often
than mild/moderate group: 0.88 (95% CI 0.76-0.98) vs. 0.63 (95% CI 0.48-0.77). Finally, in the
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Fig 4.
https://doi.org/10.1371/journal.pone.0239235.g004

moderate/severe group of studies we observed an increase in the prevalence of elevated CRP as
disease severity increased, from ~60% to 91% (Table 5, Source of heterogeneity). For interleu-
kin (IL)-6, among patients admitted to hospital, we were able to show that the proportion of
patients with interleukin (IL)-6 values above 7 pg/ml appears to increase with the severity of
illness, although this only included 5 studies (Fig 5 and Table 5, Source of heterogeneity). The
single ‘initially asymptomatic’ subgroup study that reported this variable did not find elevated
IL-6 values in any patients (n = 55) [27]. Among hospitalized patients, elevated D-dimer levels
were detected more frequently in the moderate/severe than the mild/moderate group: 0.29
(95% CI0.18-0.42) vs 0.09 (95% CI 0.03-0.18). In severely ill subgroup, this parameter reached
the pooled proportion of 0.60, 95% CI 0.52-0.68 after exclusion of severely ill patients from an
outlier ‘all-comers’ study. Low platelet levels were recorded in 12% of hospitalized patients
(95% CI 9-35%). Yet, in moderate/severe group we observed a decreasing prevalence of
patients with low platelet count, from ~20% to ~5%, with the increasing severity of COVID19.
Elevated troponin was recorded in 16% (95% CI 11-22) of patients in moderate/severe group,
but no data were published on other groups.
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Fig 5.
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Alanine aminotransferase (ALT) was rarely elevated among ‘initially asymptomatic’
patients (pooled prevalence of 2%; 95% CI 0-13%), and in a single ‘all-comer’ study the preva-
lence was 21% (95% CI 18-24%). Among studies of hospitalized patients, prevalence of
patients with elevated ALT increased with increasing severity of disease, from 4-41% (Table 5,
Source of heterogeneity). Moderate/severe group presented with more elevated ALT than
mild/moderate 0.31 (95% CI 0.25-0.38) vs. 0.11 (95% CI 0.02-0.22); while the pooled propor-
tion among severely ill patients without the all-comers study [47] was 40% (95% CI 34-46%).
Similarly, across all subgroups there was a clear increase in the occurrence of elevated aspartate
aminotransferase (AST) as disease severity increased (Fig 6), with a significant trend detected
across the studies of hospitalized patients, from 16-61% (R* = 59%; p<0.001).

Hospital admissions and supportive therapy

Duration of hospitalization was reported in 8 studies (n = 1,653) and ranged from 3.7 to 23.2
days. Use of supportive therapy is summarized in Table 6. Overall up to 30% of patients were
admitted to an ICU, and the pooled proportion of ICU admissions among the all-comer stud-
ies (n = 1439) was 6% (95% 3-10%). Invasive ventilation was used in 0-71% of patients overall.
In the subgroup of severely ill patients 3-71% had invasive ventilation and there was a strong
trend for increasing use with increased severity (Table 6, Source of heterogeneity). Non-
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Fig 6.
https://doi.org/10.1371/journal.pone.0239235.9006
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invasive ventilation was used in 0-56% of patients (5-71% in severely ill patients) and dialysis
in 0-9% (8%; 95% CI 5-12% in severely ill). Extracorporeal membrane oxygenation (ECMO)
was used in 1% (95% CI 0-2%) of patients overall and in 3% of severely ill patients (95% CI
1-6%).

Pharmacological treatment approaches

Most studies were descriptive, with no control group, and therefore did not assess the efficacy
and safety of interventions. Use of any antiviral was specifically mentioned in 27 studies

(n = 3,059), with most of the studies reporting at least 73% of patients receiving at least one
antiviral (oseltamivir, ritonavir, lopinavir, ribavirin, peramivir and umifenovir). Six studies
reported that 21-50% of patients received any antivirals [24, 25, 47, 50-52]. Only one RCT was
identified, an open-label trial in 199 Chinese COVID-19 patients in which 99 patients were
assigned to the lopinavir-ritonavir group (400 mg and 100 mg orally, for 14 days) plus stan-
dard care, and 100 patients to the standard care group [24]. Standard care comprised, as neces-
sary, supplemental oxygen, noninvasive and invasive ventilation, antibiotic agents, vasopressor
support, renal-replacement therapy, and ECMO. There were no differences between the two
groups in terms of time to clinical improvement (hazard ratio for clinical improvement, 1.31;
95% CI 0.95-1.80), mortality at 28 days (19.2% vs 25.0%; difference, —5.8 percentage points;
95% CI —17.3-5.7) or proportion of patients with detectable viral RNA. Gastro-intestinal
adverse events were more common in the intervention group, but serious adverse events were
more common in the control group (64.6% vs. 37.9%, mostly respiratory failure, acute kidney
damage, and secondary infection). Among 17 studies that reported antibiotic use (n = 2,471),
4-95% of patients received this treatment (including beta-lactams, fluoroquinolones, cephalo-
sporins, piperacillin-tazobactam and meropenem). The probability of treatment increased
with severity of illness and among hospitalized patients there was an increasing trend, from
23-100% (Table 6, Source of heterogeneity), with 90% (95% CI 80-97) of severely ill patients
receiving antibiotics. Taking steroids also depended on severity of illness (Table 6, Source of
heterogeneity) with 0-3% steroids received by least severe hospital patients, followed by 30%
that was reported in majority of moderately/severe studies, and finally 58-65% taken by most
severely ill patients (22 studies; n = 2917). Four studies reported steroid use that was much
higher than anticipated based on the severity of included patients [35, 51, 53, 54]. Immuno-
globulin usage (18 studies; n = 2,499) also depended on severity of patients with studies on
hospitalized patients reporting from 6-73% of patients taking it. In severely ill, 36% (95% CI,
22-51%) received immunoglobulin as a therapy.

Incubation time

Meta-analysis of 5,900 patients revealed the range of individual studies’ incubation times of
4-8 days (15 studies), and a considerable heterogeneity between, and among subgroups of
studies. The longest time was reported in a single ‘initially asymptomatic’ study (8 days; 95%
CI 7.6-8.4) and the shortest for the ‘all-comer’ studies (4-6 days; 4 studies). In severely ill
patients, the mean incubation time for one study was 4.0 days (95% CI 3.5-4.49), whereas the
other two on hospitalized patients reported longer means of 7.4 and 8 days.

Discussion

This systematic review and series of meta-analyses aims to inform COVID-19 evidence-based
clinical practice by identifying trends in clinical, laboratory and radiological characteristics, as
well as outcomes across the entire peer-reviewed clinical literature up until March 22, 2020.

Our risk of bias analysis indicated that by normal standards, the clinical evidence on COVID-

PLOS ONE | https://doi.org/10.1371/journal.pone.0239235 September 17, 2020 26/35


https://doi.org/10.1371/journal.pone.0239235

PLOS ONE

Novel coronavirus and evidence-based medicine

19 that emerges from these early studies is of limited quality. This means that clinicians,
researchers and policymakers must exercise caution in interpreting results from these studies.
However, considering the global emergency that the spread of COVID-19 presents, there is a
need to identify potential trends from the available data early in the course of the pandemic, as
long as these data are analyzed using appropriate methods and over-interpretation is avoided.
We considered a wide range of variables and identified a number of features associated with
different severities of disease that have relevance for clinical practice. Here we also discuss the
areas where evidence is lacking, to inform future research.

Features associated with more severe disease states

Our analysis identified several factors associated with worsening clinical status in adults with
COVID-19: fever, cough, dyspnea, pneumonia, any pathological CT findings, any GGO, lym-
phocytopenia, elevated CRP, elevated ALT and AST, increasing age and male sex. Elevated
WBC count showed a strong trend for increasing prevalence with more severe disease states in
moderate/severely ill patients. Elevated lymphocytes, low platelets, IL-6, erythrocyte sedimen-
tation rate (ESR) and D-dimers showed borderline associations with worsening clinical status,
but because of lack of studies, some analyses were underpowered. Fatigue, gastrointestinal
symptoms, consolidation and septal thickening in CT imaging showed non-linear association
patterns, suggesting that they do not have high value in clinical assessment of severity. Head-
ache and sore throat were associated with the presence of disease, but not with worsening clin-
ical status.

Lymphocytopenia may be indicative of stronger activation of the immune system even in
early stages of COVID, eventually leading to more severe disease and has been suggested as a
predictor of poor outcome in COVID-19 [55]. The virus may directly induce T-lymphocyte
apoptosis through activating intrinsic and extrinsic mechanisms, e.g. via the ACE2 receptor on
lymphocytes [56], or through pro-inflammatory cytokines that negatively influence lympho-
cyte function [57, 58]. Other factors, such as acidosis, might also contribute. However, a con-
clusive pathophysiological explanation regarding replication of the SARS-CoV-2 inside T-
lymphocytes or viral induced-apoptosis is not clear at this point [59]. Our results are also in
line with a recent meta-analysis showing raised WBC and lymphocytopenia in COVID-19
patients [60], and overproduction of cytokines, such as IL-6, correlating with disease severity
[61]. Our data on lymphocytopenia, WBC and IL-6 support the hypothesis that severe cyto-
kine release syndrome (‘cytokine storm’) causes more profound respiratory disease in
COVID-19, which is already established in ARDS generally [62-64]. Cytokine release syn-
drome may be linked to increased lung injury and T-cell dysfunction [61]. Besides a natural
inflammatory response to infection (typical of SARS-CoV-2), this elevated WBC count might
be associated with pharmacological interventions, such as corticoids, epinephrine and beta-
agonists. However, studies retrieved in this review did not specify medications used in patients
with severe disease. The clear trend for elevated AST associated with more severe disease
accords with other commentary on liver injury in COVID-19 [65]. Therefore, liver function
should be closely monitored in patients with COVID-19 and hepatotoxic drugs should be used
with caution.

The most common radiological and CT features found in patients with SARS-CoV-2 pneu-
monia were GGO, septal thickening and consolidation. This is similar to observations reported
in other types of viral pneumonia, including those associated with SARS and MERS [66, 67].
GGO was strongly associated with severe disease. In COVID-19 patients, middle, lower and
posterior lobes, peripherally and symmetrically, are most commonly affected [68]. In SARS,
GGO is also described predominantly in these regions [69], suggesting that this pattern of
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GGO might be a hallmark for coronavirus-related pathologies. Among studies of patients
admitted to hospital we found a pattern of decreasing probability of GGO with increasing
severity of illness which occurred separately in the mild/moderate (from ~90% to 40%), and
moderate/severe (from 98% to 67%) groups. This might be due to the natural evolution of the
disease, as consolidation represents a later stage of pulmonary injury. Therefore, the patients
included in our analysis may have already been in a late phase of the disease when radiological
imaging was performed, or this might reflect fast disease progression in these patients.

Fever, cough and dyspnea were the symptoms most strongly associated with more severe
disease states. This trend was clear for dyspnea and fever even across the studies included in
the subgroup analysis of severe patients, suggesting that these are rapidly evolving symptoms
with predictive potential in individual treatment plans. Among lab variables, white blood cell
count and IL-6 show particular promise as markers of severe disease. Elevated white blood cell
count showed a striking trend for increasing prevalence with more severe clinical status
among hospitalized patients with moderate/severe disease. Although IL-6 was only measured
in 6 studies, and therefore more data are needed to increase certainty, an association with
severity was clear. Most patients with severe disease had elevated CRP, but this was also com-
mon among patients with milder disease. Hence CRP appears to have utility as a marker of
clinically manifesting disease, but not related to severity. PCT did not show a clear association
with the dynamics of COVID-19. Slightly higher rates of patients with elevated PCT in the
severely ill subgroup are likely due to higher rates of bacterial superinfection. This disconnec-
tion between PCT and COVID-19 suggests that PCT may have value as a marker of bacterial
superinfection to guide rational use of antibiotics in patients with COVID-19.

Features associated with early and mild disease

In contrast to severe disease, mild disease appears to be more common in women than men.
There were more female than male patients in the two ‘initially asymptomatic’ studies (67%
and 60% female), and overall the 11 ‘early’ studies included higher percentages of women than
men, although high heterogeneity limits confidence in these findings. Potential protective fac-
tors for women include immune modulation by sex-specific steroids and the estrogen receptor
[70, 71]. The pediatric literature indicates that children are generally unlikely to develop severe
disease and suggests no significant differences based on sex [72-74].

We observed a tendency for increasing prevalence of fever and cough with worsening clini-
cal status, with frequencies as low as 13% and 8%, respectively, among studies in the ‘initially
asymptomatic’ and ‘early’ study subgroups. Dyspnea was similarly infrequent in these studies.
This supports the idea that these symptoms cannot be relied upon to identify early or mild dis-
ease. Headache, sore throat and GI symptoms were apparent in the ‘early’ subgroup in up to
20% of patients, showing association with disease presence but not with worsening clinical sta-
tus. However, these symptoms are common in other rhino-, echo- and coronaviruses [75], and
so do not appear to be helpful in differential diagnosis of COVID-19.

Lymphocytopenia and elevated CRP were the most common abnormalities in laboratory
markers in early and mild disease, both present in at least 17% of patients in studies of initially
asymptomatic individuals. Among ‘early stage’ studies, 20-60% of patients had lymphocytope-
nia, suggesting that this may be an early sign of SARS-CoV-2 infection. Pulmonary abnormali-
ties on CT imaging were common across all patient groups. CT changes were present in at
least 50% of patients in ‘initially asymptomatic’ studies and 64% of patients in ‘early” studies.
This indicates the potential of CT imaging as an early recognition tool of COVID-19. Overall,
our analysis indicates that symptoms in early and mild disease are non-specific and highly het-
erogeneous, underlining the need for diagnostic testing to confirm infection. Mild or atypical
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symptoms should not exclude suspicion of COVID-19. In such groups, CT imaging might be
helpful in assessing patients for signs of COVID-19 if PCR testing is not available or negative
despite high clinical suspicion.

Gaps identified in the evidence base

Evidence to support therapeutic approaches is clearly lacking. We found only one randomized
controlled study of a pharmacological treatment. As of May 3, 2020, there were 548 ongoing
studies registered in ClinicalTrials.gov. Of those, 303 were clinical trials and 6 have already
been withdrawn. Clinicians should be mindful of the risks of prescribing untested treatments.
Evidence from these ongoing clinical trials and patient registries are clearly of critical impor-
tance. More longitudinal studies are needed to help to assess risk factors for severe disease and
for poor outcomes. Specifically, the available clinical studies were of inappropriate design or of
insufficient quality to identify comorbidities associated with severe disease and explore
whether factors such as length of hospitalization are linked to laboratory measures or clinical
outcomes.

Four studies (n = 103) described pregnant patients. Compared with other subgroups, preg-
nant patients may be asymptomatic more often, with potentially lower prevalence of fever
compared to other subgroups. One possible explanation is that most studies evaluating preg-
nant women identified women who presented to hospital to give birth and were diagnosed
with SARS-CoV-2 infection upon routine testing. However, the temporary immune suppres-
sion seen in pregnancy may play a role in COVID-19 pathogenesis and there are other sparse
reports of potential issues in pregnancy. A recent systematic review of COVID-19 in preg-
nancy found that 15 of 32 women gave birth prematurely [76]. A study of 10 neonates born to
pregnant mothers with confirmed SARS-CoV-2 infection, revealed several adverse outcomes
such as premature labor, fetal distress, respiratory distress and even death, but there were no
cases of vertical transmission of the infection [77]. Overall there is a paucity of evidence on
COVID-19 in pregnant women and further research is warranted.

We identified a paucity of data on anosmia/hyposmia. Data were collected from only two
studies (n = 79), and the prevalence was 0% in both. With the media attention given to this
potential symptom, the lack of evidence is notable. Case reports should provide the widest pos-
sible range of symptoms since unique features of COVID-19 presentation may be poorly char-
acterized. For laboratory variables, there were too few studies or too little data to indicate any
association with COVID-19 or worsening clinical status for neutrophil levels, procalcitonin
(PCT) or troponin. The level of evidence is therefore low and further studies are needed. Mark-
ers of myocardial damage such as troponin appear to be of particular interest because of reports
of cardiac involvement in COVID-19, potentially related to the ACE2 receptor [78, 79].

We were unable to provide strong estimates of mortality or rate of asymptomatic disease
from the available clinical data analyzed due to inappropriate study design of included studies
to assess this outcome. Case fatality rates derived from 10 studies in the ‘early’, pregnant and
‘all-comer’ subgroups ranged from 2% to 2.6%. These are likely to represent the closest esti-
mates from our analysis of the true case fatality ratio in the general adult population or slightly
overestimate it, and are similar to some modelling estimates based on national statistics [80,
81] and data from the Diamond Princess cruise ship [82]. Since asymptomatic cases and
patients who do not seek medical care are often not tested, and many countries have limited
testing resources, the infection fatality rate is likely to be much lower. Furthermore, discharged
patients may later become positive for SARS-CoV-2 and remain asymptomatic [83], causing
challenges for infection control. Larger, population-based studies would provide stronger evi-
dence for case-fatality rates and are therefore urgently needed.
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Strengths and limitations

An important strength of our review lies in its rapid assimilation of available data, just weeks
after publication of some of the primary studies. We also adhered to established strict and sys-
tematic methodological criteria, including a clearly defined search strategy, public and trans-
parent protocol and rigorous analysis techniques such as determination of risk of bias.

The current analysis builds on previous work in an initial scoping review [5]. Updating sys-
tematic reviews is generally considered to be more efficient than addressing the same question
with a fresh protocol [84], and this approach is particularly appropriate in the context of new
data emerging on a daily basis. We identified 72 new studies for inclusion in this systematic
review published after our previous review, between February 24, 2020 and March 22, 2020.
Although our methodology is broadly in line with the previous work, this large number of new
studies allowed us to exclude the smallest studies (those with less than 10 patients) and there-
fore increase confidence in the results. In contrast to our first scoping review, this new system-
atic analysis used a quality effects model instead of a random effects model in order to better
understand certainty of the signals based on quality and risk of bias of these studies. The qual-
ity effects model outperforms random effects where there is considerable heterogeneity.

Our conclusions are constrained by the general low quality of the available studies at this
early stage of the pandemic. Studies tended to report the prevalence of symptoms at certain
time points in the disease course, for example, in individuals identified through contact trac-
ing, at hospital admission, at the onset of severe disease, or symptoms reported during hospi-
talization regardless of the time point. Very short follow-up periods, if any, were used.
Included studies covered a wide range of populations from many countries. There are general
concerns about the inclusion of COVID-19 patients in more than one publication [85]. We
addressed this and sought to mitigate it by close attention to overlapping time frames, study
settings and locations. Our screening process uncovered 19 overlapping studies, which were
excluded from the analysis. However, we may still have failed to identify some overlapping
patients, particularly from studies in the very early phase of reporting the pandemic. Although
some studies used consistent methodologies, there may have been constraints on certain
healthcare systems that would result in heterogeneous reporting (e.g. a shortage of tests). Our
subgroup analyses aimed to mitigate this limitation as much as possible. One potential limita-
tion of our analysis is that we did not consider a specific, well-defined question for analysis.
Rather we chose a broad approach because we judged that at this early stage in the pandemic a
search for signals across all the clinical data was necessary, in order to identify areas for future
targeted research.

Conclusions

In conclusion, we found worsening clinical status in COVID-19 to be associated with fever,
cough, dyspnea, pneumonia, any CT findings, any GGO, lymphocytopenia, elevated WBC,
elevated CRP, elevated ALT, elevated AST, increased age and male sex. Headache and sore
throat were associated with the presence of disease, but not with more severe disease. Symp-
toms in early and mild disease are non-specific and highly heterogeneous. Although pulmo-
nary abnormalities appear to be common even in mild disease, negative CT imaging cannot
exclude suspicion of infection. There are urgent evidence gaps in terms of efficacy of treat-
ments, characteristics of disease in severely ill patients, data from longitudinal studies, and evi-
dence is lacking on the prevalence of anosmia and laboratory markers such as troponin,
neutrophils and PCT. Caution must be exercised in interpreting the clinical data on COVID-
19 because most studies published in this early stage of the pandemic have a high risk of bias
and the overall quality of evidence is low. However, the emergency situation demands
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decision-making based on the available evidence, and hence we offer an analysis of the entirety
of the evidence base to date through our broad meta-analysis approach.
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