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ABSTRACT
This systematic and meta- review aimed to 
compare clinical presentation, outcomes, and care 
management among patients with COVID-19 
during the early phase of the pandemic. A total 
of 77 peer- reviewed publications were identified 
between January 1, 2020 and April 9, 2020 from 
PubMed, Google Scholar, and Chinese Medical 
Journal databases. Subsequently, meta- analysis of 
40 non- overlapping studies, comprising of 4844 
patients from seven countries, was conducted to see 
differences in clinical characteristics and laboratory 
outcomes across patients from different geographical 
regions (Wuhan, other parts of China and outside 
China), severity (non- severe, severe and fatal) and 
age groups (adults and children). Patients from 
Wuhan had a higher mean age (54.3 years) and 
rates of dyspnea (39.5%) compared with patients 
from other parts of China and outside China. 
Myalgia, fatigue, acute respiratory distress syndrome 
(ARDS) and fatalities were also significantly more 
prevalent among Wuhan patients. A significant 
dose–response increase in prevalence of diabetes, 
D- dimer, white blood cells, neutrophil levels and 
ARDS was seen from non- severe to severe and fatal 
outcomes. A significant increase in mean duration of 
symptom onset to admission was seen between non- 
severe cases (4.2 days) and severe and fatal cases 
(6.3 days and 8.8 days, respectively). Proportion 
of asymptomatic cases was higher in children 
(20%) compared with adults (2.4%). In conclusion, 
patients with COVID-19 from Wuhan displayed more 
severe clinical disease during the early phase of the 
pandemic, while disease severity was significantly 
lesser among pediatric cases. This review suggests 
that biomarkers at admission may be useful for 
prognosis among patients with COVID-19.

INTRODUCTION
Since the first reported cluster in Wuhan, 
China, in December 2019, COVID-19 has 

spread worldwide, with varying intensity across 
countries. Within the USA, state- level differ-
ences in incidence and fatality rates have been 
attributed to public health management and 
demographic factors.1 COVID-19 manifests 
differently in diverse ethnic groups and coun-
tries, with answers beyond socioeconomic and 
cultural explanations.2 Reports on multisystem 
inflammatory syndrome in COVID-19 pedi-
atric patients only emerged in Europe and USA, 
whereas there were no prior reports among 
Chinese patients.3 Additionally, WHO guidance 
identified cardiovascular disease (CVD) and 
diabetes as risk factors for COVID-19,4 but this 
was based on data obtained from China. Obesity 
is now emerging as a significant risk factor in 
Western populations and has been linked to 
higher levels of inflammation.5 The interplay 
between virus and host immune factors at the 
molecular level has also shed light on why the 
disease affects people differently.6

There is currently a wealth of literature on 
heterogeneous COVID-19 patient populations 
including those of different country of origins 
and clinical types. However, there is limited 
synthesized evidence examining the differ-
ences in clinical presentation of patients with 
COVID-19 in these diverse populations. This 
review aims to identify key factors associated 
with COVID-19 clinical severity, presentation 
in different geographical areas and populations 
during the early phase of the pandemic.

MATERIAL AND METHODS
Search strategy
This systematic review and meta- analysis was 
conducted according to PRISMA (Preferred 
Reporting Items for Systematic Reviews and 
Meta- Analyses) guidelines (online supple-
mental table S1a). A systematic search for peer- 
reviewed articles using keywords: ‘COVID-19’, 
‘COVID-19’, ‘2019- nCoV’, ‘SARS- CoV2’, ‘新
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Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta- Analyses) flow diagram.

型冠状病毒’, ‘新型肺炎’, and ‘Wuhan pneumonia’ was 
conducted in three databases—PubMed, Google Scholar, 
and Chinese Medical Journal database (figure 1). Articles 
published from January 1, 2020 to April 9, 2020 in English 
or Chinese were imported and managed in Endnote V.X9. 
Primary screening of identified papers was carried out by 
three authors as per the PICOS tool, while discrepancies 
were resolved by a fourth author.

Studies selected after full- text screening were obser-
vational cohort studies or case series with clinical data 
(symptoms, laboratory, and chest imaging (CT/X- ray 
results at admission)) on patients consecutively admitted 
for laboratory- confirmed COVID-19. Studies focusing on 
specific groups of patients (with comorbidities, pregnant 
women) or only CT outcomes or scores were excluded. 
Included studies had follow- up information over a period 
or composite endpoint (discharged, death). Editorials, 
news articles, reviews of selected articles, and case reports 
(<4 patients) were excluded. Additionally, preprints were 
excluded due to lack of peer review process which would 

lower the methodological quality, affecting the findings 
(online supplemental figure S1).

Data extraction and quality control
Four reviewers (JK, SUS, PEYC, GH) independently 
extracted relevant data from eligible studies to an Excel 
sheet template. Each study was reviewed by two reviewers 
and any disagreement in extraction was resolved by a third 
reviewer. The National Heart, Lung, and Blood (NHLB) 
quality assessment tool7 was used for cohort studies and case 
series, focusing on the studies’ standardized data collection 
methodologies (either based on International Severe Acute 
Respiratory and Emerging Infection Consortium (ISARIC) 
forms or WHO COVID-19 data collection tools). Addition-
ally, the study population had to be well defined (with study 
period and data cut- off date specified) with consecutively 
admitted patients recruited and clear inclusion/exclusion 
criteria. Bias assessment considered whether sufficient time 
had elapsed between baseline characteristics and clinical 
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outcome in order to infer any association between exposure 
and outcome.

Meta-analysis
Frequencies and proportions of patient characteristics were 
reviewed. Studies with missing mean and SD were imputed 
from median, range, and IQR based on a method proposed 
by McGrath et al.8 Logit and double arcsine transforma-
tion methods were used in proportional meta- analysis. The 
pooled prevalence and means of patient characteristics were 
calculated with 95% CIs, and forest plots generated using 
R statistical software V.3.6.3. Statistical heterogeneity was 
assessed through the I2 statistic and Cochran Q test. Hetero-
geneity was classified as minimal (<25%), low (25%–50%), 
moderate (50%–75%), or high (>75%). Considering the 
variability of epidemiological and clinical characteristics, 
random- effects model, a more conservative approach, 
was used. Studies with fair/low risk of bias were consid-
ered as moderate/good quality studies and were included in 
meta- analysis.

Overlapping studies were identified based on study 
period and study site, while moderate/good quality studies 
with larger sample size were prioritized for inclusion in this 
review. Predetermined subgroup analyses with Z- test were 
conducted to study differences in patient characteristics 
across different (1) clinical severities (non- severe/severe/
fatal), (2) geographical areas (hospitals in Wuhan/other 
parts of China/outside of China) and (3) age groups (chil-
dren/adults). In this review, patients were classified based on 
criteria from the Chinese Diagnosis and Treatment Protocol 
for COVID-19 (sixth edition) issued by the National Health 
Commission9; severe COVID-19 cases were categorized 
based on admission into intensive care units (ICUs), while 
non- severe patients were those not admitted to the ICU 
or did not receive mechanical invasive/non- invasive venti-
lation. Fatal group consisted of patients with death as an 
outcome. For comparison between age groups, studies with 
non- segregated data based on severity were considered 
under general adult cohort and compared with children 
cohort studies. Associations were assessed at p<0.05 for 
test of subgroup differences and pairwise post hoc tests to 
clarify associations between subgroups with >1 study/data 
point. Effect sizes such as ORs or mean differences were not 
pooled as data were not adjusted for confounders; however, 
significant subgroup differences in pooled prevalence and 
mean values were described.

Meta- regression was used to examine heterogeneity 
in case- fatality rate (CFR) due to varying mean age and 
minimum follow- up duration across different studies and 
visualized with bubble plots. This was generated with 
STATA V.16. Publication bias was assessed via visual exam-
ination of funnel plot asymmetry, as well as with Egger’s 
test.

RESULTS
Literature search results and selected study 
characteristics
A total of 5827 studies were identified, and based on 
primary screening, 5590 studies, including 571 duplicates, 
were excluded and 237 studies were selected for full- text 

review. A total of 77 studies were shortlisted for qualitative 
synthesis (figure 1).

Of the 77 studies (N=8832), 66 studies consisted of 
predominantly adult patients with COVID-19 (n=8677), 
while remaining studies were on pediatric patients (n=155). 
Among studies focusing on adult patients from other parts 
of China (n=27), Zhejiang had most number of studies 
published (n=6)10–15 followed by Guangdong (n=4)16–19 
and Chongqing20–22 and Henan (three each).23–25 Ten 
studies were based outside of China: USA (Washington26 
and Seattle),27 Singapore,28 France (Lille,29 Paris and 
Bordeaux),30 Italy (Vitoria31 and Lombardy),32 Macau,33 
Hong Kong34 and Thailand35 (online supplemental table 
S1b).

All 11 studies on children were from China, with 3 from 
hospitals in Wuhan. Two studies recruited patients across 
various cities in China,36 37 while Guangdong province had 
the maximum number of pediatric patients (n=25)38 39 
(online supplemental table S1c).

Risk of bias assessment and stratification into meta-
analysis subgroups
Fourteen studies were assessed as having poor quality scores; 
reasons for high risk of bias included lack of study period 
and measurement thresholds for laboratory test abnormali-
ties. Of the remaining eligible studies with fair/good quality 
(n=63), 13 studies with a mixed cohort of children and 
adults were excluded from meta- analysis as age would intro-
duce substantial heterogeneity in results. Additionally, nine 
studies with timelines overlapping with other larger sample 
size studies were excluded (online supplemental table S1b 
and c). There was only one study on severe cases in chil-
dren,40 disallowing meta- analysis to be performed within the 
children subgroup. Forty studies (n=4884) were eventually 
used in separate subgroup analyses including studies with 
patients from hospitals within Wuhan (n=14),15 41–53 other 
parts of China (n=8)10 17 21 23 54–57 and outside of China 
(n=10).26–35 A comparison between patients with different 
clinical severities, which included non- severe (n=5), severe 
(n=16) and fatal (n=7) COVID-19 outcomes, as well as a 
stratified analysis by age group (children (n=8)36 37 39 58–62 
and adult (n=21)) were conducted (online supplemental 
table S1d).

Adult patient characteristics across different COVID-19 
clinical severities (non-severe/severe/fatal)
All seven studies from the fatal subgroup were from 
Wuhan,43 47–50 52 63 as well as majority of studies from the 
non- severe subgroups (five studies).42 49 53 Conversely, 
for severe subgroup, 11 out of 16 studies had patient 
data from hospitals outside of Wuhan including Hong 
Kong, Shenzhen, Xinyang, Chongqing, Macau, Singa-
pore, Washington, Seattle, Vitoria, Lille and Lombardy 
region17 21 23 26 27 29 31–34 36 (online supplemental table S1d).

Directly proportional association was seen between age 
and severity (p<0.01). Mean age of patients increased 
from 47.1 years (95% CI 42.4 to 51.9) for non- severe cases 
to 61.8 years (95% CI 60.6 to 63.0) in severe cases, and 
69.1 years (95% CI 67.0 to 71.3) for fatal cases (p<0.01) 
(figure 2, online supplemental table S2, figure S2).
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Figure 2 Patients’ characteristics with dose–response relationship across increasing clinical severity: (A) mean age; (B) diabetes; (C) 
mean white blood cells (WBC); (D) mean total lymphocytes; (E) mean neutrophil; (F) mean D- dimer; (G) acute respiratory distress syndrome 
(ARDS).

A significantly increased presence of any comorbidity 
was seen among severe/fatal outcomes compared with non- 
severe outcomes (p<0.01) (online supplemental table S2). 
While COPD, CVD, hypertension and diabetes were signifi-
cantly more prevalent in severe patients compared with 
non- severe patients (p<0.01), diabetes displayed a dose–
response increase in prevalence from non- severe, severe 
and fatal outcomes (5.9% vs 19.4% vs 27.8%, respectively) 
(online supplemental table S2, figure S2).

A significant increase in the mean duration of symptom 
onset to admission (p=0.03) was seen between non- severe 
cases (4.2 days) and severe and fatal cases (6.3 days and 8.8 
days, respectively). Among symptoms assessed at admission, 
dyspnea/shortness of breath (p<0.01), fatigue (p=0.02) and 
diarrhea (p=0.02) had subgroup differences, with increased 
prevalence accompanying more severe outcomes (online 
supplemental table S2, figure 2). Subsequent pairwise anal-
ysis indicated a dose–response increase from non- severe to 
severe or fatal subgroups, for dyspnea (12% vs 75.2% and 
73.2% respectively) and diarrhea (8.7% vs 23.9%), respec-
tively (online supplemental table S2, figure S3).

Among laboratory parameters assessed at admission, 
mean white blood cells (WBC), total lymphocytes, neutro-
phil, D- dimer, lactate dehydrogenase (LDH) levels, platelet, 
C- reactive protein (CRP), bilirubin and creatine kinase 
differed significantly across subgroups (all p<0.01). Pairwise 
comparison for mean WBC, neutrophil and D- dimer levels 
showed a dose–response increase from non- severe to severe 
to fatal subgroups (online supplemental table S2, figure 2). 
The proportion of patients admitted with abnormal CXR/
CT (p=0.63) and bilateral involvement (p=0.97) did not 
differ significantly across clinical severity subgroups (online 
supplemental table S2, figure S4). Mechanical ventilation 
was observed to be significantly higher in severe and fatal 
subgroups compared with non- severe subgroup (online 
supplemental table S2, figure S5). Acute respiratory distress 
syndrome (ARDS) showed increased prevalence in severe 
and fatal subgroups compared with non- severe subgroup 
(p<0.01) (online supplemental table S2, figure 2).

Adult patient characteristics across hospitals from 
different geographies
Geographical differences for COVID-19 manifes-
tations were analyzed among patients from Wuhan 
(n=12),41–44 47–49 51 53 63–65 other parts of China (n=8, 
including Shaanxi, Xinyang, Shenyang, Changzhou, 
Shanghai and Zhejiang)10 17 21 54–57 66 and outside of China 
(n=10, including Paris, Bordeaux, Singapore and Bangkok) 
(online supplemental table S1d).21 26 27 29 31–36 As of April 
9, 2020, published studies based outside of China focused 
mostly on severe patients or ICU cohorts (n=8, including 
Hong Kong, Singapore, Washington, Seattle, Vitoria, Lille, 
Macau and Lombardy) (online supplemental table S3).

Among the overall adult cohort, patients admitted to 
hospitals in Wuhan had a higher mean age compared with 
those admitted to hospitals in other parts of China (54.3 
years vs 43.6 years, respectively) as well as outside China 
(50.5 years) (online supplemental table S3, figure 3). A 
higher proportion of patients outside China showed epide-
miological links to Wuhan (98.1%; 95% CI 84.7% to 
100%) compared with patients from other parts of China 
(64.1%; 95% CI 40.6% to 84.6%). Conversely, among 
severe adult patients, a higher prevalence of epidemiolog-
ical links to Wuhan was seen in patients from other parts 
of China (66.0%–95% CI 45.6% to 84.0%) compared with 
patients outside China (9.5%, 95% CI 0.5% to 24.5%) 
(online supplemental table S3 figure S6).

Malignancy, hypertension and diabetes were significantly 
different among adult cohort from the three geograph-
ical subgroups (online supplemental table S3, figure 3). In 
hospitals from other parts of China, including Zhejiang, 
the presence of malignancy (0.6%, 95% CI 0.2% to 1.3%), 
hypertension (16.0%, 95% CI 13.7% to 18.6%) and 
diabetes (6.2%, 95% CI 4.5% to 8.1%) were less common 
compared with hospitals in Wuhan or outside China (online 
supplemental table S3, figure S6).

The mean duration of symptom onset to hospitalization 
was significantly different between geographical subgroups 
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Figure 3 Forest plots of patient characteristics that differed across all geographical subgroups. (A) Mean age in general adult patients. 
(B) Hypertension in severe patients. (C) Diabetes in severe patients. (D) Cough in severe patients. (E) Dyspnea in severe patients. (F) Mean 
neutrophils in general adult patients. (G) Abnormal CT/CXR in severe patients. (H) Acute respiratory distress syndrome (ARDS) in in general 
adult patients.

(p<0.01). Dyspnea, myalgia and fatigue were significantly 
more prevalent among patients from Wuhan compared with 
other parts of China while nausea/vomiting and headache 
was less common in Wuhan compared with other parts of 
China (p<0.01) (online supplemental table S3, figure 3).

Mean neutrophil levels were significantly higher in 
Wuhan patients compared with patients outside of China in 
general as well as severe cohort (online supplemental table 
S3, figure 3). Among severe patients, mean platelets were 
higher in Wuhan compared with patients from outside of 
China (p<0.01) (online supplemental table S3, figure S6).

Abnormal CT/CXR was more common in Wuhan patients 
compared with other geographical subgroups (p<0.01). In 
terms of treatment, glucocorticoid use was more prevalent 
in Wuhan compared with other geographical areas in the 
general as well as severe cohort (p<0.01). Conversely, the 
use of mechanical ventilation among severe patients was 
significantly higher in patients outside of China (70.8%, 
95% CI 58.9% to 81.6%) compared with patients in China 
(Wuhan and other parts of China; online supplemental 
table S3). The rate of ARDS and fatality was significantly 
higher among general adult cohort in Wuhan compared 
with patients outside of Wuhan (p<0.01) (online supple-
mental table S3).

Clinical characteristics among adult and pediatric 
cohorts
The number of studies with children (n=8)36 37 39 58–62 was 
lesser compared with adults (n=17) (online supplemental 
table S1c). Patient data for children cohort were only avail-
able from China and all cases were non- severe. Findings 
were compared with general adult cohort studies regardless 
of geographical origin.

The pooled mean age of children and adults was 7.8 
(95% CI 7.1 to 8.6) and 49.9 (95% CI 46.4 to 53.3) years. 
A significantly higher proportions of asymptomatic cases 
among children were admitted to hospitals (20.6%, 95% CI 
6.7% to 38.7%) compared with adults (2.4%, 95% CI 0% 
to 10%). Most children (83.7%, 95% CI 67.8% to 95.6%) 

were involved in family clusters, unlike the adult cohort 
(20.2%, 95% CI14.1% to 27.1%) (online supplemental 
table S4, figure 4).

There was no significant difference in duration from 
symptom onset to hospital admission between general 
adult and pediatric cohorts (4.9 days vs 3.2 days, p=0.51). 
Prevalence of fever was significantly lower among chil-
dren (55.5%) compared with adults (84.2%). Lower rates 
of cough, dyspnea and malaise/fatigue at admission were 
reported in children compared with the general adult 
cohort across all geographies (figure 4, online supplemental 
table S4, figure S7).

Among children, mean levels of WBC, lymphocyte and 
mean platelet levels were significantly higher compared 
with general adults (p value<0.0; Online supplemental 
table S4, figure S7), while similar proportions in both 
cohorts were discharged (67.6% vs 59.7%) at follow- up. 
Adults had significantly higher prevalence of abnormal CT/
CXR (92%) at admission compared with children (51%) 
as well as higher prevalence of bilateral involvement and 
pleural effusion (figure 4, online supplemental table S4, 
figure S7). All children were classified as non- severe and 
none underwent mechanical or non- invasive ventilation 
(online supplemental table S4, figure S7). Similarly, only 
adult cohorts reported ARDS, ICU admissions (11.7%) and 
death (CFR 7.8%).

Effect of age and follow-up time on CFR
A significant positive linear relationship (0.47, 95% CI 
0.05 to 0.89; figure 5) between mean age and CFR as well 
as minimum follow- up duration and CFR (0.58, 95% CI 
0.06 to 1.10; figure 5) was seen for 12 adult general cohort 
studies (p=0.03). Outliers to this trend consisted mostly of 
patients from Shenyang, Shanghai, Bangkok and Singapore.

Publication bias
Funnel plot for adult general cohort studies (n=13) shows 
balanced symmetry, with similar distribution of CFR in 
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Figure 4 Forest plots of patients’ characteristics of adult and children patient groups. (A) Mean age in years. (B) Asymptomatic cases. (C) 
Cases with family cluster exposure. (D) Fever. (E) Dyspnea. (F) Mean white blood cells (WBC). (G) Mean total lymphocytes. (H) Abnormal CT/
CXR.

smaller, less precise studies (online supplemental figure 
S8). Egger’s test (p=0.38) suggested the absence of publi-
cation bias supporting related conclusions for general adult 
population in our study. Funnel plot for studies reporting 
severe adult cases (n=11) show balanced symmetry (online 
supplemental figure S9). Egger’s test had a p value of 0.94, 
suggesting the absence of publication bias among studies 
exclusively with data on severe cases.

DISCUSSION
Demographic and clinical differences across case 
severities
Based on epidemiologic triad, a susceptible population 
(host), geographic- specific virus variant (agent) and the local 
healthcare system (environment) can influence the spread, 
overall clinical presentation and outcome of COVID-19.67 
Increased age has been recognized as a major risk factor, 
explainable by physiological changes associated with 
aging,68 supporting our analysis. Age profile of patients also 
correlated with prevalence of comorbidities in Shaanxi and 
Shanghai, where patients admitted between January and 
March 2020 had a lower mean age compared with patients 
in Wuhan. This occurred alongside significantly lower rates 
age- related diseases like malignancy, hypertension and 
diabetes.69

Our findings were consistent with general understanding 
that comorbidities including diabetes and hypertension are 
risk factors for worse outcomes.4 Although visual inspec-
tion of forest plots in this review showed increasing pooled 
prevalence of CVD with COVID-19 severity, CVD did 
not show significant differences with increasing clinical 
severity, contrary to many studies citing CVD as a prog-
nostic factor.70 Nevertheless, one of the largest studies 
investigating the effect of comorbidities on serious disease 
outcomes across China found that CVD was not a risk 
factor for poor prognosis,71 while COPD, diabetes, hyper-
tension and malignancy were risk factors after adjusting for 
age and smoking status. Myocardial injury rather than CVD 

was seen to be significantly associated with fatal outcome of 
COVID-19, although myocardial injury is associated with 
cardiac dysfunction and arrhythmias.51

Dyspnea, among various other symptoms at admis-
sion, was significantly less common among non- severe 
compared with severe/fatal cases. This is consistent with 
well- established prognostic factors for worse COVID-19 
outcome.72 An association between diarrhea and clinical 
severity observed in this review was scarcely reported in 
the literature. While one study found that diarrhea was not 
associated with severe COVID-19,73 another study showed 
diarrhea was more common and serious with longer dura-
tion and higher frequency in deceased patients than in survi-
vors.74 Patients with diarrhea were more likely to present 
with neutrophilia and lymphopenia and develop cytokine 
storm and multiorgan damage. Several biomarkers, mean 
WBC, neutrophils, D- dimer, CRP, LDH, bilirubin and 
platelet levels increased from non- severe to severe/fatal 
outcomes in this review, while an inverse trend was seen 
with total lymphocytes. Zhou et al reported that raised 
D- dimer levels were highly associated with COVID-19 
fatalities, while age, Sequential Organ Failure Assessment 
(SOFA) score, and CVD showed similar associations but 
with smaller risk effect sizes.75 While these biomarkers can 
be potential prognostic markers to aid triaging and clin-
ical management, a large independent study to validate the 
performance of these biomarkers is recommended.

Much research has elucidated how COVID-19 prompts 
immune cells to release a torrent of chemical signals, 
ramping up inflammation.76 In particular, coagulopathy 
appears to be a key manifestation of severe COVID-19. 
While most studies associated low platelet levels with 
worse outcomes,77 this review found conflicting results 
with higher platelet counts in fatal compared with non- 
severe cases. Conversely, Qu et al showed that those 
with worst outcomes presented a peak in the platelet 
count while the platelet to lymphocyte ratio at the time 
of platelet peak emerged as an independent prognostic 
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Figure 5 Bubble plot for meta- regression of (A) age and (B) follow- up duration with case- fatality rate.

factor for prolonged hospitalization.78 The International 
Society of Thrombosis and Haemostasis (ISTH) suggests 
that while there is evidence for thrombocytopenia in 
COVID-19, it may not be a consistent prognosticator of 
severe outcomes given variability of results.79

Clinical and severity difference across geographical 
locations
A significantly higher proportion of patients from Wuhan 
experienced dyspnea and ARDS in this review, reflecting 
the general condition of patients presenting to hospitals 
across different geographies during the study period which 
is consistent with the progression of the pandemic.80 While 

only 1 of 18 patients that were hospitalized in Singapore- 
based cohort from late January to early February 2020 
required mechanical ventilation,28 Wuhan’s hospitals were 
overwhelmed with patients, and only patients with aggra-
vated symptoms were hospitalized while mild cases were 
encouraged to self- isolate at home.81

ICU fatality rate of hospitalized patients in Hong Kong 
was much lower than Wuhan, inferring different case 
severity proportions and ICU resources in these regions.34 
A systematic review noted patients in Hubei Province were 
more likely to present abnormal liver functions compared 
with outside Hubei, and that hospitalized patients in Hubei 
had more severe disease.82
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This review highlights variation in clinical management 
and healthcare accessibility across hospitals. Many studies 
have highlighted disparity in use of mechanical ventilation 
due to overwhelmed medical system in Wuhan compared 
with other regions.49 83 84

Adult CFR (14.8%) in Wuhan was higher compared with 
other geographical areas reported in this review. Meta- 
regression against CFR showed that varying minimum 
follow- up duration may partially explain differences in 
CFR. Studies in the UK and USA reported >20% CFR with 
at least 2 weeks of follow- up85 or with definite outcomes,86 
suggesting that comparisons of clinical outcomes should 
take into account follow- up duration.

As more data become available to understand higher rates 
of disease severity87 and role of mutations on virulence,88 
more questions on virus–host interactions can be explained.

Clinical and epidemiological differences among adult 
and pediatric cases
Number of studies on children were fewer compared 
with adults. Additionally, this review found that severe 
COVID-19 clinical presentation and poor outcomes were 
rare in children and in agreement with health authorities’ 
understanding that children were less susceptible compared 
with adults.4 The first city- wide cohort of COVID-19 cases 
from Jiangsu, Guangzhou and Changsha reported that none 
required intensive care treatment/mechanical ventilation, 
and all had relatively normal blood biochemistry and chest 
imaging.39 61 Unlike adults, nearly all pediatric cases had 
normal lymphocyte and leukocyte levels.60 Chest imaging 
features in children showed predominantly subpleural 
changes or nodular ground glass shadows.38 This difference 
has been attributed to lower expression of angiotensin- 
converting enzyme 2 (ACE2) within children’s alveolar 
cells, leading to a reduced potential for SARS- CoV-2 to 
replicate and to their different immune composition.89

Study in Hangzhou hospital found many asymptomatic 
cases among children which were mostly linked to family 
cluster/detected through screening.62 A large- scale system-
atic review on pediatric cases found 19.3% asymptomatic 
rate in children, similar to our findings of 20%, highlighting 
the potential for children to be an undetected source of 
transmission.90 In this review, no asymptomatic cases were 
presented among adult cohort, suggesting the need to 
screen children with epidemiological linkage to confirmed 
cases which will help detect subclinical cases and contain 
the potential spread of COVID-19.

Limitations
There are some limitations in this review. With limited 
number of studies from hospitals outside of China as of 
early April 2020, there was an over- representation of studies 
from Wuhan wherein the outbreak was first presented. As 
this review was conducted during the early phase of the 
pandemic, the epidemic curve in countries outside of China 
had just begun to rise. Additionally, this review looked at 
data from patients that were hospitalized. Since the signs 
and symptoms of COVID-19 varies across severity, asymp-
tomatic patients or those with mild symptoms may not seek 
medical attention, thus leading to an under- representation 
of non- severe data. Furthermore, this review was not able to 

examine other possible risk variables including CD4+ and 
body mass index/obesity due to insufficient data points for 
pooling. Although the assessment of bias revealed minimum 
publication bias, there could be a potential publication bias 
wherein hospital centres with sensitive data including high 
CFR may refrain from publishing results. Although this 
review focused on patients with COVID-19 in the early 
phase of the pandemic, it provides an insight into the early 
variant of SARS- CoV-2, guiding future studies that review 
the differences in clinical severity between the earlier and 
recent variants of SARS- CoV-2. Nevertheless, strengths of 
this analysis include the use of ‘cleaner’ data from hospital 
centres rather than city- wide census of patient data. The 
review has also removed overlapping studies to reduce the 
possibility that the same patient was analyzed twice. With 
more patient data being published, findings from this review 
can be updated in the hopes of identifying new patterns of 
COVID-19 clinical manifestations and epidemiology across 
time and locations.

CONCLUSION
Between December 2019 and March 2020, COVID-19 cases 
presented with greater clinical severity in Wuhan compared 
with other parts of China and outside China. Differences in 
clinical management were also observed. Higher prevalence 
of asymptomatic cases was observed in children compared 
with adults. The clinical severity presented in hospitals 
across different geographies was likely attributed by the 
phase of epidemic spread and the mean age of patients. 
Potential biomarkers at admission for prognosis of severe 
disease and fatality among patients with COVID-19 across 
geographies deserve further validation.

Acknowledgements We would like to thank Professor Paul Tambyah, Wang 
Minxian and Sylvia Gwee for their advice for this manuscript. Additionally, 
we would like to thank Sylvia Gwee for helping with the final review of the 
manuscript.

Contributors JP: Conceptualization. PEYC, SS, JK, JS and JP: Validation and 
investigation. HG, SS, PEYC and JK: Formal analysis. PEYC, SS, GH and JK: Data 
curation. JP, JS, JK, PEYC, HG, and SS: Writing—original draft preparation. JP, 
JK, PEYC and SS: Writing—review and editing. HG and JK: Visualization. All 
authors contributed to the article and approved the submitted version.

Funding The source of fund comes from the Ministry of Defence (N-608-
000-065-001). The funders had no role in study design, data collection and 
analysis, decision to publish or preparation of the manuscript.

Competing interests None declared.

Patient and public involvement statement Patients or the public were 
not involved in the design, or conduct, or reporting, or dissemination plans of 
our research.

Patient consent for publication Not required.

Ethics approval As this was a systematic review, ethical approval was not 
required as participants were not recruited in the study.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising from translation 
and adaptation or otherwise.

 on A
pril 30, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-001858 on 16 June 2021. D
ow

nloaded from
 



9Chua PEY, et al. J Investig Med 2021;0:1–10. doi:10.1136/jim-2021-001858

Review

Open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided 
the original work is properly cited, an indication of whether changes were 
made, and the use is non- commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/.

ORCID iD
Junxiong Pang http:// orcid. org/ 0000- 0002- 9788- 701X

RefeRences
 1 COVID C, Stephanie B, Virginia B. Geographic differences in COVID-19 cases, 

deaths, and incidence—United states, February 12–April 7, 2020. Available: 
https://www cdc gov/mmwr/volumes/69/wr/pdfs/mm6915e4-H pdf. 2020

 2 Khunti K, Singh AK, Pareek M, et al. Is ethnicity linked to incidence or outcomes 
of covid-19? BMJ 2020:m1548.

 3 Hennon TR, Penque MD, Abdul- Aziz R, et al. COVID-19 associated multisystem 
inflammatory syndrome in children (MIS- C) guidelines; a Western New York 
approach. Prog Pediatr Cardiol 2020:101232.

 4 Organization WH. Report of the WHO- China joint mission on coronavirus 
disease 2019 (COVID-19). Geneva; 2020.

 5 Dietz W, Santos- Burgoa C. Obesity and its implications for COVID-19 mortality. 
Obesity 2020;28:1005.

 6 Zhang X, Tan Y, Ling Y, et al. Viral and host factors related to the clinical 
outcome of COVID-19. Nature 2020;583:437–40.

 7 LaBI NH. Study quality assessment tools. Available: https://www. nhlbi. nih. gov/ 
health- topics/ study- quality- assessment- tools. [Accessed 16 Jun 2020].

 8 McGrath S, Zhao X, Steele R, et al. Estimating the sample mean and standard 
deviation from commonly reported quantiles in meta- analysis. Stat Methods 
Med Res 2020;0962280219889080:2520–37.

 9 Commission NH. The novel coronavirus pneumonia diagnosis and treatment 
plan 2020.

 10 Lian J, Jin X, Hao S, et al. Analysis of epidemiological and clinical features in 
older patients with coronavirus disease 2019 (COVID-19) outside Wuhan. Clin 
Infect Dis 2020;71:740–7.

 11 Xiao- Wei X, Xiao- Xin W, Xian- Gao J. Clinical findings in a group of patients 
infected with the 2019 novel coronavirus (SARS- Cov-2) outside of Wuhan, 
China: retrospective case series. BMJ 2020;368.

 12 Sun Q, Xu X, Xie J, et al. Evolution of computed tomography manifestations 
in five patients who recovered from coronavirus disease 2019 (COVID-19) 
pneumonia. Korean J Radiol 2020;21:614.

 13 Zhang J, Wang S, Xue Y. Fecal specimen diagnosis 2019 novel coronavirus- 
infected pneumonia. J Med Virol 2020;92:680–2.

 14 刘赛朵 蒋贤高, 宁洪叶, 叶新春. 42例新型 状病毒肺炎的临床特征
分析. 临床指南汇编数据库. 2020;04:E090- E.

 15 Yang W, Cao Q, Qin L, et al. Clinical characteristics and imaging manifestations 
of the 2019 novel coronavirus disease (COVID-19):A multi- center study in 
Wenzhou city, Zhejiang, China. J Infect 2020;80:388–93.

 16 Yuan J, Zou R, Zeng L, et al. The correlation between viral clearance and 
biochemical outcomes of 94 COVID-19 infected discharged patients. Inflamm 
Res 2020;69:599–606.

 17 Cai Q, Huang D, Ou P, et al. COVID-19 in a designated infectious diseases 
Hospital outside Hubei Province, China. Allergy 2020;75:1742–52.

 18 Wang Y, Liu Y, Liu L. Clinical outcome of 55 asymptomatic cases at the time of 
hospital admission infected with SARS- Coronavirus-2 in Shenzhen, China. J 
Infect Dis 2020.

 19 Lin L, Jiang X, Zhang Z, et al. Gastrointestinal symptoms of 95 cases with 
SARS- CoV-2 infection. Gut 2020;69:997–1001.

 20 Wan S, Xiang Y, Fang W, et al. Clinical features and treatment of COVID-19 
patients in northeast Chongqing. J Med Virol 2020;92:797–806.

 21 刘雪艳 唐光孝, 李春华 鲁雁秋, 杨佳, 舒伟强. 杨佳, 舒伟强. 重症新
型 状病毒肺炎患者胸部计算机断层成像表现及动态变化分析. 中华 
染病杂志 2020;00:E014–E.

 22 万秋 石安琪, 何婷, 唐莉歆. 重庆地区新型 状病毒肺炎153例临床特
征分析. 中华临床感染病杂志 2020;00:E008–E.

 23 许明 李梦蝶, 詹维强 韩涛, 刘理涛 国胜. 河南省信阳市23例
2019新型 状病毒感染患者的临床分析. 中华危重病急救医学 
2020;02:E010–E.

 24 刘建中 陈 文, 夏赛, 夏赛. 新型 状病毒肺炎9例临床分析及讨论. 临
床指南汇编数据库 2020;00:56–7.

 25 Wang L, Gao Y- H, Lou L- L, et al. The clinical dynamics of 18 cases 
of COVID-19 outside of Wuhan, China. Eur Respir J 2020;55. 
doi:10.1183/13993003.00398-2020. [Epub ahead of print: 23 04 2020].

 26 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.

 27 Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in Critically 
Ill Patients in the Seattle Region - Case Series. N Engl J Med 
2020;382:2012–22.

 28 Young BE, Ong SWX, Kalimuddin S, et al. Epidemiologic features and 
clinical course of patients infected with SARS- CoV-2 in Singapore. JAMA 
2020;323:1488.

 29 Simonnet A, Chetboun M, Poissy J, et al. High prevalence of obesity in severe 
acute respiratory syndrome coronavirus-2 (SARS- CoV-2) requiring invasive 
mechanical ventilation. Obesity 2020;28:1195–9.

 30 Lescure F- X, Bouadma L, Nguyen D, et al. Clinical and virological data 
of the first cases of COVID-19 in Europe: a case series. Lancet Infect Dis 
2020;20:697–706.

 31 Barrasa H, Rello J, Tejada S, et al. SARS- CoV-2 in Spanish intensive care units: 
early experience with 15- day survival in Vitoria. Anaesth Crit Care Pain Med 
2020;39:553–61.

 32 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.

 33 Lo IL, Lio CF, Cheong HH, et al. Evaluation of SARS- CoV-2 RNA shedding in 
clinical specimens and clinical characteristics of 10 patients with COVID-19 in 
Macau. Int J Biol Sci 2020;16:1698–707.

 34 Ling L, So C, Shum HP, et al. Critically ill patients with COVID-19 in Hong 
Kong: a multicentre retrospective observational cohort study. Crit Care Resusc 
2020;22:119-125.

 35 Pongpirul WA, Mott JA, Woodring JV, et al. Clinical characteristics of 
patients hospitalized with coronavirus disease, Thailand. Emerg Infect Dis 
2020;26:1580–5.

 36 Jiehao C, Jin X, Daojiong L, et al. A case series of children with 2019 novel 
coronavirus infection: clinical and epidemiological features. Clin Infect Dis 
2020;71:1547–51.

 37 Wang D, XL J, Xie F. Clinical analysis of 31 cases of 2019 novel coronavirus 
infection in children from six provinces (autonomous region) of northern 
China]. Zhonghua Er Ke Za Zhi 2020;58:E011.

 38 冯凯 云永兴, 王险峰, 杨 东 郑跃杰. 儿童新型 状病毒感染15例CT影
像特征分析. 中华儿科杂志 2020;00:E007–E.

 39 Xu Y, Li X, Zhu B, et al. Characteristics of pediatric SARS- CoV-2 infection 
and potential evidence for persistent fecal viral shedding. Nat Med 
2020;26:502–5.

 40 Sun D, Li H, XX L. Clinical features of severe pediatric patients with coronavirus 
disease 2019 in Wuhan: a single center’s observational study. World J Pediatr 
2020.

 41 Mo P, Xing Y, Xiao Y, et al. Clinical characteristics of refractory COVID-19 
pneumonia in Wuhan, China. Clin Infect Dis 2020. doi:10.1093/cid/ciaa270. 
[Epub ahead of print: 16 Mar 2020].

 42 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients 
with 2019 novel coronavirus- infected pneumonia in Wuhan, China. JAMA 
2020;323:1061.

 43 Tu W- J, Cao J, Yu L, et al. Clinicolaboratory study of 25 fatal cases of COVID-19 
in Wuhan. Intensive Care Med 2020;46:1117-1120.

 44 白澎 何伟, 希春, 金建敏. 2019新型 状病毒肺炎重型和危重型患者58
例临床特征分析. 中华急诊医学杂志 2020;00:E022- E.

 45 Wang Z, Yang B, Li Q. Clinical features of 69 cases with coronavirus disease 
2019 in Wuhan, China. Clin Infect Dis 2020.

 46 Liu W, Zhang Q, Chen J, et al. Detection of Covid-19 in children in early January 
2020 in Wuhan, China. N Engl J Med 2020;382:1370–1.

 47 Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory 
distress syndrome and death in patients with coronavirus disease 2019 
pneumonia in Wuhan, China. JAMA Intern Med 2020;180:934.

 48 Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients 
with SARS- CoV-2 pneumonia in Wuhan, China: a single- centered, retrospective, 
observational study. Lancet Respir Med 2020;8:475–81.

 49 Yuan M, Yin W, Tao Z, et al. Association of radiologic findings with mortality 
of patients infected with 2019 novel coronavirus in Wuhan, China. PLoS One 
2020;15:e0230548.

 50 Du R- H, Liu L- M, Yin W, et al. Hospitalization and critical care of 109 
decedents with COVID-19 pneumonia in Wuhan, China. Ann Am Thorac Soc 
2020;17:839–46.

 51 Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal outcomes 
of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol 
2020;5:811.

 52 Li X, Wang L, Yan S. Clinical characteristics of 25 death cases with COVID-19: 
a retrospective review of medical records in a single medical center, Wuhan, 
China. Int J Infect Dis 2020.

 on A
pril 30, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-001858 on 16 June 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9788-701X
https://www%20cdc%20gov/mmwr/volumes/69/wr/pdfs/mm6915e4-H%20pdf.%202020
http://dx.doi.org/10.1136/bmj.m1548
http://dx.doi.org/10.1016/j.ppedcard.2020.101232
http://dx.doi.org/10.1002/oby.22818
http://dx.doi.org/10.1038/s41586-020-2355-0
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools.
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools.
http://dx.doi.org/10.1177/0962280219889080
http://dx.doi.org/10.1177/0962280219889080
http://dx.doi.org/10.1093/cid/ciaa242
http://dx.doi.org/10.1093/cid/ciaa242
http://dx.doi.org/10.3348/kjr.2020.0157
http://dx.doi.org/10.1002/jmv.25742
http://dx.doi.org/10.1016/j.jinf.2020.02.016
http://dx.doi.org/10.1007/s00011-020-01342-0
http://dx.doi.org/10.1007/s00011-020-01342-0
http://dx.doi.org/10.1111/all.14309
http://dx.doi.org/10.1093/infdis/jiaa119
http://dx.doi.org/10.1093/infdis/jiaa119
http://dx.doi.org/10.1136/gutjnl-2020-321013
http://dx.doi.org/10.1002/jmv.25783
http://dx.doi.org/10.1183/13993003.00398-2020
http://dx.doi.org/10.1001/jama.2020.4326
http://dx.doi.org/10.1056/NEJMoa2004500
http://dx.doi.org/10.1001/jama.2020.3204
http://dx.doi.org/10.1002/oby.22831
http://dx.doi.org/10.1016/S1473-3099(20)30200-0
http://dx.doi.org/10.1016/j.accpm.2020.04.001
http://dx.doi.org/10.1001/jama.2020.5394
http://dx.doi.org/10.7150/ijbs.45357
http://www.ncbi.nlm.nih.gov/pubmed/32248675
http://dx.doi.org/10.3201/eid2607.200598
http://dx.doi.org/10.1093/cid/ciaa198
http://dx.doi.org/10.3760/cma.j.cn112140-20200225-00138
http://dx.doi.org/10.1038/s41591-020-0817-4
http://dx.doi.org/10.1007/s12519-020-00354-4
http://dx.doi.org/10.1093/cid/ciaa270
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1007/s00134-020-06023-4
http://dx.doi.org/10.1093/cid/ciaa272
http://dx.doi.org/10.1056/NEJMc2003717
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://dx.doi.org/10.1371/journal.pone.0230548
http://dx.doi.org/10.1513/AnnalsATS.202003-225OC
http://dx.doi.org/10.1001/jamacardio.2020.1017
http://dx.doi.org/10.1016/j.ijid.2020.03.053


10 Chua PEY, et al. J Investig Med 2021;0:1–10. doi:10.1136/jim-2021-001858

Review

 53 Deng Q, Hu B, Zhang Y, et al. Suspected myocardial injury in patients with 
COVID-19: evidence from front- line clinical observation in Wuhan, China. Int J 
Cardiol 2020;311:116–21.

 54 高亭 何小鹏, 苏海生, 郑宏波 蒋引娣. 新型 状病毒肺炎11例临床特
征分. 中华临床感染病杂志 2020:E001–E.

 55 李丹 刘洪艳, 王妍 郭虹利, 王岩 王凯. 新型 状病毒肺炎30例临床特
征分析. 中华 染病杂志 2020;00:E018–E.

 56 Chen J, Qi T, Liu L, et al. Clinical progression of patients with COVID-19 in 
Shanghai, China. J Infect 2020;80:e1–6.

 57 Xu T, Chen C, Zhu Z, et al. Clinical features and dynamics of viral load 
in imported and non- imported patients with COVID-19. Int J Infect Dis 
2020;94:68–71.

 58 Xia W, Shao J, Guo Y, et al. Clinical and CT features in pediatric patients 
with COVID-19 infection: different points from adults. Pediatr Pulmonol 
2020;55:1169–74.

 59 Feng K, Yun YX, Wang XF, et al. [Analysis of CT features of 15 Children with 
2019 novel coronavirus infection]. Zhonghua Er Ke Za Zhi 2020;58:E007.

 60 Zhu L, Wang J, Huang R, et al. Clinical characteristics of a case series of 
children with coronavirus disease 2019. Pediatr Pulmonol 2020;55:1430–2.

 61 Shen Q, Guo W, Guo T, et al. Novel coronavirus infection in children outside of 
Wuhan, China. Pediatr Pulmonol 2020;55:1424–9.

 62 李运江 叶云峰, 宣伟玲 陈阳君, 吴宝亮 陈祖华. 新型 状病毒肺
炎未成年患者首次胸部高分辨率CT表现. 中华全科医师杂志 
2020;04:284–7.

 63 Wang Y, Lu X, Li Y, et al. Clinical course and outcomes of 344 intensive care 
patients with COVID-19. Am J Respir Crit Care Med 2020;201:1430–4.

 64 Wang Z, Chen X, Lu Y, et al. Clinical characteristics and therapeutic 
procedure for four cases with 2019 novel coronavirus pneumonia receiving 
combined Chinese and Western medicine treatment. Biosci Trends 
2020;14:64–8.

 65 Liu W, Tao Z- W, Wang L, et al. Analysis of factors associated with disease 
outcomes in hospitalized patients with 2019 novel coronavirus disease. Chin 
Med J 2020;133:1032–8.

 66 陈实 吴娟娟, 李志明 徐迪, 朱紫阳 王 海. 新型 状病毒肺炎109例临
床分析. 中华 染病杂志 2020;00:E015–E.

 67 Tsui BCH, Deng A, Pan S. COVID-19: epidemiological factors during Aerosol- 
Generating medical procedures. Anesth Analg 2020;131:e175–8.

 68 Nikolich- Zugich J, Knox KS, Rios CT. SARS- CoV-2 and COVID-19 in older 
adults: what we may expect regarding pathogenesis, immune responses, and 
outcomes. Geroscience 2020:1–10.

 69 Verbrugge LM. Longer life but worsening health? trends in health and 
mortality of middle- aged and older persons. Milbank Mem Fund Q Health Soc 
1984;62:475–519.

 70 Li B, Yang J, Zhao F, et al. Prevalence and impact of cardiovascular metabolic 
diseases on COVID-19 in China. Clin Res Cardiol 2020;109:531–8.

 71 W- j G, W- h L, Zhao Y. Comorbidity and its impact on 1590 patients with 
Covid-19 in China: a nationwide analysis. Eur Respir J 2020;55.

 72 Koh J, Shah SU, Chua PEY, et al. Epidemiological and clinical characteristics of 
cases during the early phase of COVID-19 pandemic: a systematic review and 
meta- analysis. Front Med 2020;7:295.

 73 Suresh Kumar VC, Mukherjee S, Harne PS, et al. Novelty in the gut: a systematic 
review and meta- analysis of the gastrointestinal manifestations of COVID-19. 
BMJ Open Gastroenterol 2020;7:e000417.

 74 Zhang L, Han C, Zhang S. Diarrhea and altered inflammatory cytokine pattern 
in severe COVID-19: impact on disease course and in-hospital mortality. J 
Gastroenterol Hepatol 2020.

 75 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;395:1054–62.

 76 Shi Y, Wang Y, Shao C. COVID-19 infection: the perspectives on immune 
responses. Cell Death Differ 2020.

 77 Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with severe 
coronavirus disease 2019 (COVID-19) infections: a meta- analysis. Clinica 
Chimica Acta 2020;506:145–8.

 78 Qu R, Ling Y, Yhz Z. Platelet-to-lymphocyte ratio is associated with prognosis in 
patients with coronavirus disease-19. J Med Virol 2020.

 79 Barrett CD, Moore HB, Yaffe MB, et al. ISTH interim guidance on recognition 
and management of coagulopathy in COVID-19: a comment. J Thromb 
Haemost 2020;18:2060–3.

 80 Lei Z, Cao H, Jie Y, et al. A cross- sectional comparison of epidemiological and 
clinical features of patients with coronavirus disease (COVID-19) in Wuhan and 
outside Wuhan, China. Travel Med Infect Dis 2020;35:101664.

 81 Gulfnews. Home isolation of mild COVID-19 cases is a mistake: China to Italy, 
2020. Available: https:// gulfnews. com/ world/ europe/ home- isolation- of- mild- 
covid- 19- cases- is- a- mistake- china- to- italy- 1. [Accessed 22 Jun 2020].

 82 Mao R, Qiu Y, He J- S, et al. Manifestations and prognosis of gastrointestinal 
and liver involvement in patients with COVID-19: a systematic review and 
meta- analysis. Lancet Gastroenterol Hepatol 2020;5:667–78.

 83 Mahbubani R2020A Wuhan doctor says Chinese officials silenced her 
coronavirus warnings in December, costing thousands their lives.Business 
Insider

 84 RH D, Liang LR, Yang CQ. Predictors of mortality for patients with COVID-19 
pneumonia caused by SARS- CoV-2: a prospective cohort study. Eur Respir J 
2020.

 85 Docherty AB, Harrison EM, Green CA, et al. Features of 20 133 UK patients 
in hospital with covid-19 using the ISARIC WHO Clinical Characterisation 
Protocol: prospective observational cohort study. BMJ 2020;369:m1985.

 86 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 
in the new York City area. JAMA 2020;323:2052.

 87 McCoy J, Wambier CG, Vano- Galvan S, et al. Racial variations in COVID-19 
deaths may be due to androgen receptor genetic variants associated with 
prostate cancer and androgenetic alopecia. are anti- androgens a potential 
treatment for COVID-19? J Cosmet Dermatol 2020;19:1542–3.

 88 Brufsky A. Distinct viral clades of SARS-CoV-2: implications for modeling of 
viral spread. J Med Virol 2020.

 89 Brodin P. Why is COVID-19 so mild in children? Acta Paediatr 
2020;109:1082–3.

 90 Hoang A, Chorath K, Moreira A, et al. COVID-19 in 7780 pediatric patients: a 
systematic review. EClinicalMedicine 2020;24:100433.

 on A
pril 30, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2021-001858 on 16 June 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.ijcard.2020.03.087
http://dx.doi.org/10.1016/j.ijcard.2020.03.087
http://dx.doi.org/10.1016/j.jinf.2020.03.004
http://dx.doi.org/10.1016/j.ijid.2020.03.022
http://dx.doi.org/10.1002/ppul.24718
http://dx.doi.org/10.3760/cma.j.issn.0578-1310.2020.0007
http://dx.doi.org/10.1002/ppul.24767
http://dx.doi.org/10.1002/ppul.24762
http://dx.doi.org/10.1164/rccm.202003-0736LE
http://dx.doi.org/10.5582/bst.2020.01030
http://dx.doi.org/10.1097/CM9.0000000000000775
http://dx.doi.org/10.1097/CM9.0000000000000775
http://dx.doi.org/10.1213/ANE.0000000000005063
http://dx.doi.org/10.1007/s11357-020-00186-0
http://dx.doi.org/10.2307/3349861
http://dx.doi.org/10.1007/s00392-020-01626-9
http://dx.doi.org/10.1183/13993003.00547-2020
http://dx.doi.org/10.3389/fmed.2020.00295
http://dx.doi.org/10.1136/bmjgast-2020-000417
http://dx.doi.org/10.1111/jgh.15166
http://dx.doi.org/10.1111/jgh.15166
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://dx.doi.org/10.1038/s41418-020-0530-3
http://dx.doi.org/10.1016/j.cca.2020.03.022
http://dx.doi.org/10.1016/j.cca.2020.03.022
http://dx.doi.org/10.1002/jmv.25767
http://dx.doi.org/10.1111/jth.14860
http://dx.doi.org/10.1111/jth.14860
http://dx.doi.org/10.1016/j.tmaid.2020.101664
https://gulfnews.com/world/europe/home-isolation-of-mild-covid-19-cases-is-a-mistake-china-to-italy-1.
https://gulfnews.com/world/europe/home-isolation-of-mild-covid-19-cases-is-a-mistake-china-to-italy-1.
http://dx.doi.org/10.1016/S2468-1253(20)30126-6
http://dx.doi.org/10.1183/13993003.00524-2020
http://dx.doi.org/10.1136/bmj.m1985
http://dx.doi.org/10.1001/jama.2020.6775
http://dx.doi.org/10.1111/jocd.13455
http://dx.doi.org/10.1002/jmv.25902
http://dx.doi.org/10.1111/apa.15271
http://dx.doi.org/10.1016/j.eclinm.2020.100433

	Epidemiological and clinical characteristics of non-severe and severe pediatric and adult COVID-19 patients across different geographical regions in the early phase of pandemic: a systematic review and meta-analysis of observational studies
	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	Search strategy
	Data extraction and quality control
	Meta-analysis

	RESULTS
	Literature search results and selected study characteristics
	Risk of bias assessment and stratification into meta-analysis subgroups
	Adult patient characteristics across different COVID-19 clinical severities (non-severe/severe/fatal)
	Adult patient characteristics across hospitals from different geographies
	Clinical characteristics among adult and pediatric cohorts
	Effect of age and follow-up time on CFR
	Publication bias

	DISCUSSION
	Demographic and clinical differences across case severities
	Clinical and severity difference across geographical locations
	Clinical and epidemiological differences among adult and pediatric cases
	Limitations

	CONCLUSION
	References


