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Abstract
The global pandemic of novel coronavirus disease 2019 (COVID-19) has become an emergency
of major international concern. We aim to assess the prevalence of clinical manifestations, pre-
existing comorbidities, complications and treatment modalities in COVID-19 patients and com-
pare incidence of these clinical data of severe patients with non-severe patients. An electronic
search was performed in four databases to identify studies reporting clinical data of severe and
non-severe COVID-19 patients. We calculated the odds ratio (OR) using fixed or random effect
model. The analysis included 41 studies with 16,495 patients. The most prevalent clinical manifes-
tations were fever 78.1%, cough 64.6%, fatigue 40.8%, and dyspnea 38.6%. Dyspnea (OR: 4.20,
95% CI: 3.09–5.72), cough (OR: 1.45, 95% CI: 1.18–1.78), and fatigue (OR: 1.40, 95% CI: 1.14–
1.72) were found to be statistically significant higher in severe COVID-19 patients. We found that
the most prevalent comorbidities were hypertension 32.2%, diabetes 17.1%, and cardiovascular
disease 15.3%. Compared with non-severe group, proportion of hypertension (OR: 1.98, 95% CI:
1.62–2.42), diabetes (OR: 2.04, 95% CI: 1.67–2.50), cardiovascular disease (OR: 2.78, 95% CI:
2.00–3.86), and cancer (OR: 1.75, 95% CI: 1.40–2.18) were statistically significant higher in severe
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group. 24.7% patients presented with ARDS. The pooled effect of ARDS in severe and non-severe
cases was 42.69 (OR: 42.69, 95% CI: 21.62–84.31). There was significant higher incidence of anti-
viral drugs, antibiotics, and glucocorticoids use in severe patients. Compared with non-severe
patients, symptoms such as fever, cough, dyspnea, existing comorbidities, and complications are
prevalent in severe COVID-19 patients.

Keywords
COVID-19, clinical features, comorbidities, complications, treatment

Introduction

Coronaviruses (CoVs) belonging to the family of Coronaviridae, were not consid-
ered as highly pathogenic for humans until the outbreak of severe acute respiratory
syndrome coronavirus (SARS-CoV) in 2002 and Middle East respiratory syndrome
coronavirus (MERS-CoV) in 2012.1–4 SARS-CoV with fatality rate of around 11%
appeared less lethal than MERS-CoV which has a fatality rate of 37%.1,3 Severe
acute respiratory syndrome coronavirus (SARS-CoV-2), which causes coronavirus
disease (COVID-19), has been believed to be originated in the Huanan animal mar-
ket in Wuhan, China at the end of 2019 has widely and rapidly spread across the
globe.5 On 30 January 2020, a novel coronavirus was officially declared a public
health emergency of international concern by the World Health Organization
(WHO), and was subsequently declared as pandemic on March 11.6 Despite con-
tinued international efforts to contain the spread, the number of COVID-19 cases
are growing exponentially, as of 15 November, 53.7million cases and 1.3million
deaths have been reported.7 There is wide variability in the clinical features of
COVID-19 ranging from mild to severe symptoms, in some cases patients may
require specialized management at intensive care unit with poor long term out-
comes.8–11 Alike in case of MERS-CoV,12 comorbidities such as hypertension, dia-
betes, cardiovascular disease, and cancers have been identified as predisposing
factors for adverse outcome in patients infected with SARS-CoV-2.8–11,13 To date,
only limited number of meta-analysis have been published that compared clinical
characteristics and complications of severe and non-severe patients with COVID-19.
However, there were limited number of studies included in meta-analysis and the
criteria used to categorize severe and non-severe cases were not uniform.13,14

Furthermore, previous meta-analyses included studies mainly from China only,
so the conclusions of these cannot be generalized. Hence, prompt identification
of clinical risk factors, comorbid conditions and complications which can predict
progression toward to the severe form of disease is paramount for timely inter-
vention to prevent fatal outcomes. This systemic review and meta-analysis of 41
studies from 11 countries aims to compare the clinical characteristics, comorbid-
ities, complications, and treatment modalities among severe and non-severe
COVID-19 patients, in order to obtain clear picture of risk factors of severe
cases.
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Methods

Ethical statement

Ethical approval and consent is not required as this is systematic review and meta-
analysis with only a secondary analysis of data.

Search strategy and selection criteria

This systemic review and meta-analysis was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline.
We performed a literature search using PubMed, Scopus, Embase, and Web of
Sciences databases from inception to 20 November 2020. Aiming to include all rel-
evant articles, we used following search terms: ‘‘COVID-19,’’ ‘‘COVID 19,’’
‘‘SARS-CoV-2,’’ ‘‘Novel coronavirus,’’ ‘‘Novel coronavirus 2019,’’ ‘‘Corona virus
disease 2019,’’ ‘‘Clinical features,’’ ‘‘Clinical character,’’ ‘‘Comorbidities,’’ and
‘‘Complications.’’ Moreover, we searched the references of published articles to
find additional studies. Our searches were restricted to English language.

The inclusion criteria of the meta-analysis were as follows: (a) Studies with patients
diagnosed with COVID-19, (b) Studies involving the severe cases or ICU cases and
non-severe or non-ICU cases, (c) at least one outcomes reported among clinical fea-
tures, comorbidities, complications, and treatment options in severe and non-severe
patients. Exclusion criteria were as follows: (a) studies with fewer than 20 cases, (b)
studies with pediatric COVID-19 cases only, and (c) review articles, letters, comments,
case reports, editorials, conference abstracts, viewpoints, and articles without abstracts.

Data extraction and quality assessment

The two researchers (MG and AP) independently extracted the following data
from the included studies: first author’s name, year of publication, country of pub-
lication, type of publication, age, gender, sample size, and number of patients in
severe and non-severe groups. Parameters regarding clinical features, comorbid-
ities, complications and treatment modalities of participants in both severe and
non-severe group were also recorded. Any discrepancy between the two researchers
was resolved by consensus with third reviewer (TW). The primary outcome was to
estimate the pooled prevalence of clinical feature, comorbidities, complications and
treatment modalities in severe cases (ICU cases, and patients with elevated TnT
level as the second choice if severe data was not given) and non-severe (non-ICU
cases, and patients with normal TnT level as the second choice if non-severe data
was not given). Study bias was assessed using the Methodological Index for Non-
Randomized Studies (MINIORS) criteria. It consists of 12 items and the each item
is scored as follows: 0 (content is not reported), 1 (reported but inadequate), and 2
(reported and adequate). The overall maximum ideal score is 24 for comparative
studies. For comparative studies, the corresponding scores 0–6 indicates very low
quality; 7–12 indicates low quality; 13–18 represents moderate quality; and 19–24
indicates high quality.15
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Statistical analysis

We used OpenMeta Analyst software with random-effects model to estimate the
pooled prevalence with the corresponding 95% confidence interval (CI) of clinical
data. We also used RevMan software version 5.3 to calculate pooled odds ratio
(OR) and 95% CI for clinical features, comorbidities, complications, and treatment
options in severe and non-severe COVID-19 patients. Heterogeneity among
included studies was assessed using the Cochran’s Q test and I2 statistic. When
I2\ 50%, a fixed effect model was used, otherwise a random effect model was
selected. A p-value less than 0.05 was considered to be statistically significant.

Results

We identified 5225 potential articles by database searches, of which 75 full text arti-
cles were selected for full text review. A flow chart of studies selection process is
presented in Figure 1. Of the 75 full text articles, 41 articles meet the inclusion cri-
teria and were included in our systemic review and meta-analysis.

Study characteristics

Most studies were from China5,9,11,16–38 (n=26), followed by United States39–43

(n=5), Switzerland44,45 (n=2), Japan8 (n=1), Korea46 (n=1), Oman47 (n=1),
Qatar48 (n=1), Iran49 (n=1), Denmark50 (n=1), Mexico51 (n=1), and
Bulgaria52 (n=1). The sample size of included studies ranged from 41 to 5000
patients. The detailed characteristics of included studies are presented in Table 1.
The MINORS scores were ˜18 for all the included studies (Table 2). The average
MINORS score of the included studies was 19.4 (range 18–21). All studies were
moderate to high methodological quality with a low risk of bias. The median or
mean age of severe and non-severe patients is presented in detail (Table 1). The
qualitative analysis showed that compared with non-severe group, the age of severe
group was higher. Our study demonstrated that among all the confirmed patients
with COVID-19 included in meta-analysis, 56% (CI: 49.4–62.7) were men. The
overall proportion of severe patients in our study was 24%. There was significant
difference between the severe and non-severe groups regarding the gender
(p\ 0.05).

Clinical manifestations

Results regarding the prevalence of clinical features of COVID-19 are summarized
in the Table 3. The most prevalent symptom were fever (78.1%, 95% CI: 73.3%–
82.9%), cough (64.6%, 95% CI: 60.0%–69.2%), fatigue (40.8%, 95% CI: 33.8%–
47.8%), dyspnea (38.6%, 95% CI: 31.5%–45.8%), headache (16.9%, 95% CI:
11.9%–21.8%), sore throat (15.3%, 95% CI: 11.8%–18.8%), nausea or vomiting
(13.8%, 95% CI: 10.4%–17.3%), and diarrhea (13.7%, 95% CI: 10.7%–16.7%)
(Table 3). A significant heterogeneity was detected for clinical symptoms among
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the examined studies (p\ 0.001) with an I2 index varying from 95% to 99%.
Furthermore, we investigated the relationship between clinical characteristics of
severe and non-severe cases with COVID-19. Among all clinical symptoms, dys-
pnea [OR=4.20, 95% CI (3.09–5.72), Z=9.13, p\ 0.00001], cough [OR=1.45,
95% CI (1.18–1.78), Z=3.55, p=0.0004], and fatigue [OR=1.40, 95% CI (1.14–
1.72), Z=3.21, p=0.001] were found to be statistically significant higher in severe
COVID-19 (Table 4 and Figure 2). However, no statistically significant differences
were found for the incidence of fever [OR=1.24, 95% CI (0.96–1.60), Z=1.67,
p=0.09], sore throat [OR=1.16, 95% CI (0.81–1.67), Z=0.81, p=0.42], head-
ache [OR=0.95, 95% CI (0.69–1.31), Z=0.31, p=0.76], diarrhea [OR=1.25,
95% CI (0.98–1.61), Z=1.80, p=0.07], and nausea or vomiting [OR=1.28, 95%
CI (0.85–1.92), Z=1.19, p=0.23] between severe and non-severe patients (Table
4 and Figure 2).

Figure 1. Flowchart of the search and selection process.
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Table 1. Characteristics of the included studies in systemic review and meta-analysis.

Study Country Total
patients

Severe patients Non-severe patients

Age, yearsa Male Age, yearsa Male

Argenziano MG United States 1000 62 (52–72) 158 64 (51–77) 353
Cao J China 244 62.20 6 13.43 63 59.79 6 13.49 44
Cao Z China 80 71 6 15 16 44 6 16 22
Du RH China 109 68.4 6 9.7 36 72.7 6 11.6 38
Ferguson J United States 72 NA NA NA NA
Giustino G United States 305 66 (56–74) 132 58 (47–70) 73
Gregoriano C Switzerland 99 69 (57–75) 28 63.5 (56–76) 34
Guan WJ China 1099 52 (40–65) 100 45 (34–57) 537
Guo T China 187 71.4 (9.43) 34 53.53 (13.22) 57
Hong KS Korea 98 63.2 6 10.1 6 54.2 6 17.7 32
Huang C China 41 49 (41–61) 11 49 (41–57.5) 19
Huang R China 202 49 (35–59) 17 44 (33–53) 99
Israelsen SB Denmark 175 68 (60–72) 16 73 (55–83) 69
Khamis F Oman 63 50 6 17 21 47 6 16 32
Li C China 2068 69 (60–78) 282 61 (49–68) 723
LI K China 83 53.7 6 12.3 15 41.9 6 10.6 29
Li X China 548 65 (54–72) 153 56 (44–66) 126
Lv Z China 354 62 (25–89) 77 61 (23–79) 58
Omrani AS Qatar 5000 49.5 (39.5–60) 100 38 (30–49) 1067
Ortiz-Brizuela E Mexico 309 53 (40–64) 20 48 (29–60.5) 65
Pellaud C Switzerland 196 65 (56–71) 30 74 (61–83) 89
Popov GT Bulgaria 138 63.0 6 12.8 33 48.3 6 15.7 54
Shahriarirad R Iran 113 NA 7 NA 64
Shi S China 416 74 (34–95) 44 60 (21–90) 161
Suleyman G United States 463 63.8 6 5.4 80 59.8 6 15.2 85
Tabata S Japan 104 73 (55–77) 17 60 (40–71) 22
Tian S China 262 61.4 (1–94) 26 44.5 (1–93) 101
Turcotte JJ United States 117 70.2 6 12.1 26 62.6 6 16.9 36
Wan S China 135 56 (52–73) 21 44 (33–49) 52
Wang D China 138 66 (57–78) 22 51 (37–62) 53
Wang W China 421 56 (45–63) 28 51 (38–60) 186
Wang Y China 222 70 (65.5–80) 12 60.5 (48–67) 96
Wang Z China 69 70.5 (62–77) 7 37 (32–51) 25
Wei Y China 276 65 (60–72.8) 10 50 (39–57) 145
Wu J China 280 63.04 6 10.20 45 37.55 6 17.10 106
Xiong F China 131 64.3 6 12.4) 17 63.1 6 13.4 58
Xiong S China 116 64 (53–76) 38 56 (37–64) 42
Yang L China 200 71 6 13.4 16 52 6 16.2 82
Zhang G China 221 62 (52–74) 35 51 (36–64.3) 73
Zhang JJ China 140 64 (25–87) 33 51.5 (26–78) 38
Zhou J China 201 57 (46–66) 27 40 (31–53) 75

aAge data presented as median (IQR) or mean 6 SD.
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Table 2. MINORS rating scale for quality assessment of included studies.

Study ffi ffl � Ð ð Þ þ ¼ ½ � Score

Argenziano MG 2 2 2 2 2 1 2 0 2 2 2 2 21
Cao J 2 2 2 2 2 1 0 0 2 2 2 2 19
Cao Z 2 2 2 2 2 0 1 0 2 2 2 2 19
Du RH 2 2 2 2 2 0 2 0 2 2 2 2 20
Ferguson J 2 2 2 2 2 1 1 0 2 2 2 2 20
Giustino G 2 2 2 2 2 1 1 0 2 2 2 2 20
Gregoriano C 2 2 2 2 2 1 0 0 2 2 2 2 19
Guan WJ 2 2 2 2 2 0 0 0 2 2 2 2 18
Guo T 2 2 2 2 2 0 0 0 2 2 2 2 18
Hong KS 2 2 2 2 2 0 1 0 2 2 2 2 19
Huang C 2 2 2 2 2 1 2 0 2 2 2 2 21
Huang R 2 2 2 2 2 1 1 0 2 2 2 2 20
Israelsen SB 2 2 2 2 2 0 0 0 2 2 2 2 18
Khamis F 2 2 2 2 2 0 2 0 2 2 2 2 20
Li C 2 2 2 2 2 1 1 0 2 2 2 2 20
LI K 2 2 2 2 2 1 0 0 2 2 2 2 19
Li X 2 2 2 2 2 0 1 0 2 2 2 2 19
Lv Z 2 2 2 2 2 0 2 0 2 2 2 2 20
Omrani AS 2 2 2 2 2 1 1 0 2 2 2 2 20
Ortiz-Brizuela E 2 2 2 2 2 0 0 0 2 2 2 2 18
Pellaud C 2 2 2 2 2 1 1 0 2 2 2 2 20
Popov GT 2 2 2 2 2 0 0 0 2 2 2 2 18
Shahriarirad R 2 2 2 2 2 0 1 0 2 2 2 2 19
Shi S 2 2 2 2 2 1 2 0 2 2 2 2 21
Suleyman G 2 2 2 2 2 0 1 0 2 2 2 2 19
Tabata S 2 2 2 2 2 0 0 0 2 2 2 2 18
Tian S 2 2 2 2 2 1 1 0 2 2 2 2 20
Turcotte JJ 2 2 2 2 2 0 1 0 2 2 2 2 19
Wan S 2 2 2 2 2 1 1 0 2 2 2 2 20
Wang D 2 2 2 2 2 1 2 0 2 2 2 2 21
Wang W 2 2 2 2 2 0 2 0 2 2 2 2 20
Wang Y 2 2 2 2 2 1 0 0 2 2 2 2 19
Wang Z 2 2 2 2 2 1 2 0 2 2 2 2 21
Wei Y 2 2 2 2 2 1 1 0 2 2 2 2 20
Wu J 2 2 2 2 2 1 1 0 2 2 2 2 20
Xiong F 2 2 2 2 2 0 0 0 2 2 2 2 18
Xiong S 2 2 2 2 2 1 1 0 2 2 2 2 20
Yang L 2 2 2 2 2 0 0 0 2 2 2 2 18
Zhang G 2 2 2 2 2 0 1 0 2 2 2 2 19
Zhang JJ 2 2 2 2 2 0 0 0 2 2 2 2 18
Zhou J 2 2 2 2 2 0 0 0 2 2 2 2 18

ffi A clearly stated aim; ffl inclusion of consecutive patients; � prospective collection of data; Ð endpoints

appropriate to the aim of the study; ð unbiased assessment of the study endpoint; Þ follow-up period

appropriate to the aim of the study; þ loss to follow up less than 5%; ¼ prospective calculation of the study

size; ½ appropriate selection of control group; � synchronization of control group; baseline comparable

between groups; and appropriately statistical analysis. The global ideal score being 24 for comparative

studies.

Giri et al. 7



T
a
b

le
3
.

M
et

a-
an

al
ys

is
o
u
tc

o
m

es
o
f
cl

in
ic

al
d
at

a
o
f
C

O
V

ID
-1

9
p
at

ie
n
ts

.

V
ar

ia
b
le

N
u
m

be
r

o
f

st
u
d
ie

s
P
re

va
le

n
ce

(%
)

9
5
%

C
I

N
Q

z
I2

§
T

2
y

p

M
al

e
4
0

5
6
.0

4
9
.4

–
6
2
.7

1
0
5
5
4

3
1
5
1
.9

5
9
9

0
.0

4
5

\
0
.0

0
1

Fe
m

al
e

4
0

4
4
.8

3
7
.9

–
5
1
.8

5
9
67

3
4
4
7
.6

7
9
9

0
.0

4
9

\
0
.0

0
1

Se
ve

re
4
1

2
4
.0

2
0
.8

–
2
7
.2

2
3
76

2
4
8
1
.1

9
9
8

0
.0

1
0

\
0
.0

0
1

C
lin

ic
al

fe
at

u
re

s
Fe

ve
r

3
3

7
8
.1

7
3
.3

–
8
2
.9

7
4
55

1
4
3
0
.1

9
9
8

0
.0

1
9

\
0
.0

0
1

C
o
u
gh

3
4

6
4
.6

6
0
.0

–
6
9
.2

6
3
72

8
1
7
.5

7
9
6

0
.0

1
8

\
0
.0

0
1

Fa
ti
gu

e
3
4

4
0
.8

3
3
.8

–
4
7
.8

3
4
30

2
2
2
6
.9

8
9
9

0
.0

4
2

\
0
.0

0
1

So
re

th
ro

at
2
3

1
5
.3

1
1
.8

–
1
8
.8

9
1
7

4
7
4
.3

0
9
5

0
.0

0
7

\
0
.0

0
1

D
ys

pn
ea

3
3

3
8
.6

3
1
.5

–
4
5
.8

3
7
25

2
2
9
7
.7

9
9
9

0
.0

4
3

\
0
.0

0
1

H
ea

d
ac

he
2
8

1
6
.9

1
1
.9

–
2
1
.8

1
1
51

1
4
3
0
.7

8
9
8

0
.0

1
7

\
0
.0

0
1

D
ia

rr
h
ea

3
2

1
3
.7

1
0
.7

–
1
6
.7

1
4
57

8
7
9
.1

3
9
6

0
.0

0
7

\
0
.0

0
1

N
au

se
a

o
r

vo
m

it
in

g
2
3

1
3
.8

1
0
.4

–
1
7
.3

8
0
0

6
6
2
.0

7
9
7

0
.0

0
7

\
0
.0

0
1

C
o
-m

o
rb

id
it
ie

s
H

yp
er

te
n
si

o
n

3
5

3
2
.2

2
6
.4

–
3
8
.0

3
5
37

1
6
5
5
.4

9
9
8

0
.0

3
0

\
0
.0

0
1

D
ia

b
et

es
3
7

1
7
.1

1
4
.0

–
2
0
.3

1
8
69

8
6
5
.7

1
9
6

0
.0

0
9

\
0
.0

0
1

C
an

ce
r

2
8

3
.5

2
.6

–
4
.4

3
5
7

1
8
2
.2

3
8
5

0
.0

0
0

\
0
.0

0
1

C
O

P
D

2
8

3
.4

2
.6

–
4
.2

3
2
8

1
5
9
.9

9
8
3

0
.0

0
0

\
0
.0

0
1

C
ar

d
io

va
sc

u
la

r
d
is

ea
se

3
1

1
5
.3

1
2
.5

–
1
8
.1

1
0
94

7
8
6
.1

0
9
6

0
.0

0
6

\
0
.0

0
1

C
h
ro

n
ic

ki
d
n
ey

d
is

ea
se

1
9

7
.6

5
.6

–
9
.7

4
2

5
5
5
.3

8
9
7

0
.0

0
2

\
0
.0

0
1

C
o
m

p
lic

at
io

n
s

A
R

D
S

1
7

2
4
.7

1
6
.0

–
3
3
.4

1
1
45

1
7
6
8
.7

8
9
9

0
.0

3
2

\
0
.0

0
1

Sh
o
ck

1
1

6
.8

4
.3

–
9
.4

2
0
1

1
8
5
.0

9
5

0
.0

0
1

\
0
.0

0
1

A
cu

te
ki

d
n
ey

in
ju

ry
1
5

1
0
.3

6
.0

–
1
4
.6

5
9
7

7
2
5
.9

0
9
8

0
.0

0
7

\
0
.0

0
1

A
rr

hy
th

m
ia

8
8
.4

4
.5

–
1
2
.3

1
5
0

4
6
.6

9
8
9

0
.0

0
2

\
0
.0

0
1

(c
on

tin
ue

d)

8 Science Progress



T
a
b

le
3
.
C

o
n
ti
n
u
ed

V
ar

ia
b
le

N
u
m

be
r

o
f

st
u
d
ie

s
P
re

va
le

n
ce

(%
)

9
5
%

C
I

N
Q

z
I2

§
T

2
y

p

Tr
ea

tm
en

ts
A

n
ti
vi

ra
l
th

er
ap

y
2
5

6
8
.7

5
3
.6

–
8
3
.8

3
9
00

4
3
,4

3
0
.1

3
1
0
0

0
.1

4
7

\
0
.0

0
1

A
n
ti
b
io

ti
c

th
er

ap
y

2
1

7
6
.8

7
0
.2

–
8
3
.5

3
6
15

2
0
6
5
.8

6
9
9

0
.0

2
3

\
0
.0

0
1

G
lu

co
co

rt
ic

o
id

s
2
8

3
5
.4

2
7
.4

–
4
3
.5

2
8
50

2
2
5
4
.0

3
9
9

0
.0

4
6

\
0
.0

0
1

O
xy

ge
n

su
p
p
o
rt

1
8

5
5
.5

4
1
.9

–
6
9
.1

3
7
40

2
4
7
8
.5

7
9
9

0
.0

8
5

\
0
.0

0
1

C
R

R
T

1
5

3
.3

2
.2

–
4
.5

1
9
0

1
4
3
.3

5
9
0

0
.0

0
0

\
0
.0

0
1

N
IV

1
6

2
3
.2

1
6
.1

–
3
0
.2

9
8
7

1
0
9
6
.6

9
9
9

0
.0

2
0

\
0
.0

0
1

9
5
%

C
I:

9
5
%

co
nf

id
en

ce
in

te
rv

al
;
A

R
D

S:
ac

u
te

re
sp

ir
at

o
ry

d
is

tr
es

s
sy

n
d
ro

m
e;

C
O

P
D

:c
h
ro

n
ic

o
b
st

ru
ct

iv
e

p
u
lm

o
na

ry
d
is

ea
se

;
C

R
R
T

:
co

n
ti
n
u
o
u
s

re
n
al

re
p
la

ce
m

en
t

th
er

ap
y;

N
IV

:n
o
n
in

va
si

ve
ve

nt
ila

ti
o
n.

z
C

o
ch

ra
n
’s

Q
st

at
is

ti
c

fo
r

h
et

er
o
ge

n
ei

ty
.

§I
2

in
d
ex

to
q
u
an

ti
fy

th
e

d
eg

re
e

o
f
h
et

er
o
ge

n
ei

ty
.

y
Ta

u
-s

qu
ar

ed
as

a
m

ea
su

re
o
f
h
et

er
o
ge

n
ei

ty
.

Giri et al. 9



F
ig

u
re

2
.

Fo
re

st
p
lo

t
fo

r
cl

in
ic

al
m

an
ife

st
at

io
n
s

o
f
se

ve
re

p
at

ie
n
ts

co
m

p
ar

ed
w

it
h

n
o
n
-s

ev
er

e
p
at

ie
n
ts

.

10 Science Progress



Pre-existing comorbidities

Meta-analysis showed that the most prevalent comorbidity was hypertension
(32.2%, 95% CI: 26.4%–38.0%) followed by diabetes (17.1%, 95% CI: 14.0%–
20.3%), cardiovascular disease (15.3%, 95% CI: 12.5%–18.1%), chronic kidney
disease (7.6%, 95% CI: 5.6%–9.7%), cancer (3.5%, 95% CI: 2.6%–4.4%), and
chronic obstructive pulmonary disease (COPD) (3.4%, 95% CI: 2.6%–4.2%).
Significant heterogeneity (Cochran’s Q) with an I2 index ranging from 83% to 98%
(p\ 0.01) was observed among the included studies in the estimate of pre-existing
comorbidities (Table 3). We also compared the difference in prevalence of comor-
bidities between severe and non-severe patients. The proportion of hypertension
(OR=1.98, 95% CI: 1.62–2.42, p\ 0.00001), diabetes (OR=2.04, 95% CI: 1.67–
2.50, p\ 0.00001), cancer (OR=1.75, 95% CI: 1.40–2.18, p\ 0.00001), COPD
(OR=1.90, 95% CI: 1.49–2.41, p\ 0.00001), cardiovascular disease (OR=2.78,
95% CI: 2.00–3.86, p\ 0.00001), and chronic kidney disease (OR=2.74, 95% CI:
1.68–4.48, p\ 0.00001) were statistically significant higher in severe group com-
pared to the non-severe group (Table 4 and Figure 3). For the pooled estimate of
comorbidities, I2 varied from 26% to 75%.

Complications

The most prevalent comorbidities in our study were ARDS (24.7%, 95% CI:
16.0%–33.4%), acute kidney injury (10.3%, 95% CI: 6.0%–14.6%), arrhythmia
(8.4%, 95% CI: 4.5%–12.3%), and shock (6.8%, 95% CI: 4.3%–9.4%) (Table 3).
Compared with non-severe patients, patients in severe group had higher risk on
the incidence of ARDS (OR=42.69, 95% CI: 21.62–84.31, p\ 0.00001), shock
(OR=23.95, 95% CI: 9.50–60.35, p\ 0.00001), acute kidney injury (OR=11.12,
95% CI: 6.07–20.38, p\ 0.00001), and arrhythmia (OR=21.23, 95% CI: 10.40–
43.30, p\ 0.00001) (Figure 4).

Treatment modalities

In terms of treatment, the majority of patients received antibiotic treatment
(76.8%, 95% CI: 70.2%–83.5%), antiviral therapy (68.7%, 95% CI: 53.6%–
83.8%), oxygen therapy (55.5%, 95% CI: 41.9%–69.1%), glucocorticoids (35.4%,
95% CI: 27.4%–43.5%), NIV (23.2%, 95% CI: 16.1%–30.2%), and CRRT (3.3%,
95% CI: 2.2%–4.5%) (Table 3). Compared to patients in the non-severe group, the
patients in severe group were more likely to be treated with antibiotics therapy
(OR=5.96, 95% CI: 3.32–10.69, p\ 0.00001), antiviral therapy (OR=2.18, 95%
CI: 1.43–3.34, p=0.0003), oxygen therapy (OR=1.22, 95% CI: 0.43–3.44,
p=0.71), glucocorticoids (OR=6.12, 95% CI: 4.01–9.34, p\ 0.00001), NIV
(OR=41.27, 95% CI: 15.24–111.77, p\ 0.00001), and CRRT (OR=18.92, 95%
CI: 8.20–43.66, p\ 0.00001) (Figure 5 and Table 4). However, no statistically sig-
nificant difference was found for use of oxygen therapy in severe and non-severe
cases (p=0.71).
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Discussion

Despite intense research and clinical investigations, much remains unknown about
SARS-CoV-2. Until now, public health measures and control interventions are the
only way to combat the COVID-19 pandemic. Proper and timely assessment of
severe and non-severe coronavirus cases in the resource limited settings by health-
care professionals can save more lives and boost overwhelming health care system
of low- and middle-income countries. This study systemically evaluated severe and
non-severe patients with COVID-19 in terms of various clinical data. Our meta-
analysis showed male predominance in the COVID-19 infections and incidence of
severe courses. Recent studies have revealed that gender and age are major risk fac-
tors for SARS-CoV-2 infection. Alike in case of SARS and MERS infections, out-
comes of COVID-19 were more severe in men compared to women.53,54 Possible
factors causing different outcome of patients with COVID-19 between men and
women can be related to differences in the immune system, sex hormones, physio-
logical factors, and lifestyle.53–55

We also found that fever 78.1%, cough 64.6%, fatigue 40.8%, dyspnea 38.6%,
headache 16.9%, sore throat 15.3%, nausea or vomiting 13.8%, and diarrhea
13.8% were common clinical manifestations of COVID-19. Our results are in line
with previous pooled analysis showing similar trends in clinical features.56

Mounting evidence suggests that clinical manifestations of COVID-19 are similar
to SARS-CoV and MERS-CoV coronaviruses.56,57 Compared with the non-severe
group, the severe group had higher pooled incidences of fever, cough, fatigue, dys-
pnea, headache, sore throat, nausea or vomiting, and diarrhea. These findings were
in line with previous studies comparing clinical features in severe and non-severe
COVID-19 cases.13,14

Studies have demonstrated that individuals with pre-existing comorbidities are
more susceptible to infection and more likely to progress to severe COVID-
19.31,45,58 Similar to the prior studies,58,59 the most prevalent comorbidities in our
meta-analysis were hypertension, and diabetes, followed by cardiovascular disease,
chronic kidney disease, cancer, and chronic obstructive pulmonary disease
(COPD). Badawi and Ryoo12 assessed the prevalence of comorbidities in the
MERS-coronavirus patients and found that underlying disease such hypertension,
diabetes, and cardiac disease were most prevalent comorbidities. The present meta-
analysis showed that the incidence of hypertension, diabetes, cardiovascular
disease, chronic kidney disease, cancer, and COPD is higher in severe than in non-
severe COVID-19 patients. The incidence of hypertension, diabetes, cardiovascular
disease, and chronic kidney disease was nearly two folds higher in severe cases than
in non-severe counterparts. These findings are in agreement with findings for other
respiratory diseases such as MERS, SARS, and influenza.60,61 Growing evidence
suggests that proinflammatory state, and the attenuation of the innate immune
response during comorbidities such as hypertension, diabetes, cardiovascular dis-
ease may be linked to the pathogenesis of COVID-19.62,63 In addition to this,
mechanisms associated with increased COVID-19 severity in individuals with dia-
betes may be due to altered ACE2 receptor expression, dysregulated immune
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response, alveolar, and endothelial dysfunction.64 Recent studies further confirmed
that severe patients of COVID-19 had 2 to 100 times higher concentrations of IL-
1, IL-10, and TNF-a than normal range, while IL-6 was markedly increased up to
1000 folds.5,65,66 This is in line with the concept of cytokine storm that may be
responsible for critical illness in many conditions including viral infections.

Though COVID-19 mainly affects the respiratory system, it can spread to affect
multiple organ systems with significant morbidity, mortality, and may lead to
severe systemic complications. The present study revealed that ARDS with pooled
prevalence of 24.7% was most prevalent complication, while acute kidney injury,
arrhythmia, and shock were less prevalent. Additionally, we found that severe
COVID-19 cases had almost 42 times the risk for ARDS than non-severe cases.
The exact mechanism by which SARS-CoV-2 causes ARDS and the critical host
immune factors that underlie the development of severe disease remains unclear.
Recent study by Ruan et al.67 demonstrated that severely ill patients tend to have a
high concentration of pro-inflammatory cytokines such as IL-2, IL-7, IL-10,
granulocyte-colony-stimulating factor, IP-10, monocyte chemoattractant protein-1
(MCP-1), macrophage inflammatory protein-1A (MIP-1A) and tumor necrosis fac-
tor-a (TNF-a), compared to those who are moderately ill. Furthermore, study by
Wu et al.68 found that patients with COVID-19 who had developed ARDS had
significantly higher neutrophil counts than non-ARDS patients which triggered a
violent inflammatory immune response contributing to cytokine storm.

COVID-19 is a new entity and emerging infectious disease, currently there are
no proven effective vaccines or therapeutic agents for this disease. In the absence of
any clinically proven treatment strategy, the mainstay of treatment are supportive
care, and prevention measures such as good hygiene, social distancing, and quaran-
tine practices aimed at reducing transmission of the virus. Although currently there
are no approved antiviral drugs for the treatment of COVID-19, however, broad
spectrum antivirals that has been used for several RNA viruses, including SARS–
CoV and MERS–CoV are widely used for the treatment of SARS–CoV-2.69,70 We
found in our pooled analysis that antiviral therapy was used in 68.7% of the
patients. Nevertheless, patients in severe group most commonly received antivirals
than non-severe group.

While a variety of antibiotics have been used in COVID-19 patients, their role
has yet to be established. Antibiotics such as cephalosporin, quinolones, carbape-
nems, tigecycline, and linezolid has been used as combination therapy in study by
Chen et al.71 (5) Similarly, in study by Wang et al.,9 severe patients received anti-
bacterial therapy, such as moxifloxacin, ceftriaxone, and azithromycin. Consistent
with results of previous studies,5,71 antibiotics therapy was most prevalent treat-
ment modality used in our study. Furthermore, compared with non-severe patients,
use of antibiotics was significantly higher in severe patients. Antibiotics such as azi-
thromycin, doxycycline, and rapamycin inhibit protein synthesis and functionally
reduce inflammation and viral replication.72 However, clinicians should avoid the
prolonged and inappropriate use of antimicrobials which may provoke the antimi-
crobial resistance and a decline in the effectiveness of these compounds.
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The findings from previous studies provide evidence that treatment with corti-
costeroids improve the clinical condition of patients, reduce inflammation and pre-
vent the development of ARDS in high risk patients.68,73 In contrast, other
researchers revealed that corticosteroids did not improve symptoms in COVID-19
patients.74,75 Our pooled analysis showed that glucocorticoid was used in 35% of
patients. Patients in the severe group had higher risk on the received glucocorticoid
therapy, as well as oxygen support, CRRT and non-invasive ventilation than non-
severe group. Debate regarding the use of corticosteroids in COVID-19 patients is
far from conclusive, hence further studies are needed to delineate the use of corti-
costeroids for COVID-19.

The present study has some limitations. First, most of the data in this study are
from retrospective studies. Second, high heterogeneity could be found in the analy-
sis of some clinical data. This may be due to the different settings for study designs
and large variation among studies in the sample size (9–5000 patients). Prospective
multi-center randomized controlled trials are warranted to further confirm the con-
clusions of our study.

Conclusion

The most prevalent clinical symptoms of COVID-19 patients were fever, cough,
fatigue, dyspnea, headache, sore throat, nausea or vomiting, and diarrhea. The inci-
dences of these symptoms in severe patients were higher than non-severe group.
Compared with non-severe patients, the comorbidities such hypertension, diabetes,
cardiovascular disease, cancer, COPD, and chronic kidney disease were more com-
mon in severe patients. Severe patients are more prone to complications such as
ARDS, shock, acute kidney injury, and arrhythmia. Although antiviral drugs, anti-
biotics, glucocorticoids are widely used in patients with COVID-19 but there is still
no vaccine or definitive treatment against it. The COVID-19 pandemic is a public
health emergency of international concern, there is a need for all countries to take
joint actions to fight COVID-19. Our study results will help clinician to identify
severe patients, which will contribute to early prediction, accurate diagnosis, and
treatment of COVID-19 patients.
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