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Abstract
Background: The unpredictability of the progression of coronavirus
disease 2019 (COVID-19) may be attributed to the low precision of the
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tools used to predict the prognosis of this disease.

Objective: To identify the predictors associated with poor clinical
outcomes in patients with COVID-19.

Methods: Relevant articles from PubMed, Embase, Cochrane, and
Web of Science were searched and extracted as of April 5, 2020. Data
of interest were collected and evaluated for their cormpatibility for the
meta-analysis. Cumulative calculations to determine the correlation
and effect estimates were performed using the Z test.

Results: In total, 19 papers recording 1,934 mild and 1,644 severe
cases of COVID-19 were included. Bazed on the initial evaluation, 62
potential risk factors were identified for the meta-analysis. Several
comaoarbidities, including chronic respiratory disease, cardiovascular
disease, diabetes mellitus, and hypertension were observed more
frequent among patients with severe COVID-12 than with the mild
ones, Compared to the mild form, severe COVID-19 was associated
with symptoms such as dyspnea, anorexia, fatigue, increased
respiratory rate, and high systolic blood pressure. Lower levels of
lymphocytes and hemoglobin; elevated levels of leukocytes, aspartate
aminotransferase, alanine aminotransferase, blood creatinine, bloed
urea nitrogen, high-sensitivity troponin, creatine kinase, high-
sensitivity C-reactive protein, interleukin 6, D-dimer, ferritin, lactate
dehydrogenase, and procalcitoning and a high erythrocyle
sedimentation rate were also associated with severe COVID-19.
Conclusion: Mare than 30 risk factors are associated with a higher
risk of severe COVID-19. These may serve as useful baseline
parameters in the development of prediction tools for COVID-19
prognosis.

Keywords
SARS-CoV-2, COVID-19, prognosis, severity, clinical outcome
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Introduction

The coronavims disease 20019 (COVID-19) pandemic, caused by
severe acute respirstory syndrome coronavirus 2 (SARS-CoV-2),
i a plobal crisis across health, economic. and educational
dimensions'. The disease has spread rapidly, can cause severe
iliness. and is characterized by a high mortality rale in cer-
tnin proups. Morality is particularly high in the absence of
proven effective standard managemen! measures’. One of the

problems with the management of this disease is the absence

of standardized methods for dinenosis and the inability (o esti-
mate prognosis based on clinical features. Ceriain reports have
shiown that poor prognostic prediction has correlated with high
martality among patients with COVID-19"". Among patients with
similar climical characteristics and with similar reatment regi-
ments, there may be a diversity in clinical outcomes®. Therefore,
the development and use of an accorale predictor for COVID-19
progniosis will be beneficial for the clinical manapement of palients
with COVID-19, and will help reduce the morality rate. Suc-
cessful implementdion of such a prediction mechanism  could
have o large public health impact. Better understanding of clinical
progression could also improve public health messaping,
particularly as many individuals may consider COVID-19 to ol
he savere.

Prognostic tools for the prediction of COVID-19 severity in
patients have been in development since January 2020 Al least
nine studies proposed the use of prognostic ools for the predic-
tion of COVID-19 severity™™. However, a recenl systematic
review and critical appraisal study evaluated the accuracy of
these tools using prediction model risk of biss assessment Lool
(PROBAST) snd reported a high risk of bias"™. The estab-
lishment of a prediction model for the estimation of disease
prognosiz may help health workers sepregate palients accord-

ing to prediction status. However, the high risk of bias in these

prediction tooks might lead to insccorate prediction of COVID-
19 severity. A comprehensive study of the idestification of risk
factors that might play a significanl role in determining the
severity of patients with COVID-19 iz necessary. We performed
1 syslemafic review and mels-analysis Lo assess the risk fac-
lors associated with poor clinical outcomes among  patients
wilth COVID-19. To the best of our knowledge, this is the first
melz-analysis 0 assess the comprehensive risk factors (hatl
might affect the severty of COVID-19 in patients. The results
of our study might serve as preliminary daota for the compila-
lion or improvement of the scoring system in the prediction of
COVID-19 severity.

Meathodz

Study design

We performed n systemafic review and meta-analysis o evalu-
ate potentinl risk factors that mipht influence the severity of
COVID-19. These risk factors include comorbidities, clini-

cal manifestations, and laboratory findinps. Accordingly, we.

searched the relevanl stodies from major scientific websites and
databases o collect the data of interest. and determined the asso-
ciation and effect estimates by calculating the combined odds ratio
{OR) and 95% confidence intervals (95% CI). The protocols for
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the systemalic review amd meta-analysis were similar o those
used in previous studies™ . as well as (o those recommended
by Preferred Reporting ltems for Syslematic Review  and
Meta-Analysis (PRISMAY™.

Eligibility criteria

Studies were included in this review il they met the followine
inclusion criteriac (1) assessed the clinical manifestations and
laboratory findings of patients with mild to severe COVID-19;
(2) provided adequate data for the caleulstion of OR and 95%
CL. Review articles. adicles with non-standard data presentation.
and duplicate publications were excluded.

Search strategy and data extraction

Major scienfific databases (PubMed, Embase, Cochrane, and
Web of Science) were searched for anlicles as of April 5, 2020,
A comprehensive initial search was performed 1o identify the
potential predictors. and a final search was performed 1o identify
the relevant papers that could be incloded in the meta-analysis.
We used the keywords adapted from medical subject headings:
[FCOVID-19" or “Coronavirus disease-19" or “SARS-CoVv-27]
ampd [“mild” or “severe”™ or “prognosis™ or “clinical outcome”]
and [“clinical manifestation™ or “morbidity™ or “laboratory find-
ings”]. Only studies written in English were included. If a dopli-
cate publication was found, the article wilth the lareer sample
size wis included. We also searched for relevant studies from the
reference lists in the arficles. During data extraction, the follow-
ing information of inlerest was extracted: (1) first author name;
(2) publication vear; (3) sample size of mild and severe cases,
(4) clinical manifestalions, (5} morbidities, and (6) lnboratory
findings. Dala extraction was peérformed by two independent
imvestiontors (JKF and MI) nsing a pilot form.

Assessment of the methodelogical quality

Before inclusion in the meta-analysis, the methodological qual-
ity of the anlicles was assessed using the New Castle-Ottawa scale
(NOS). NOS scores range [rom 0 to @ and consider three items:
selection of patients (4 points), comparability of the proups (2
points), and ascertainment of exposure (3 poinis). Each study
was interpreted (o be of low guality (for scores = 4), moder-
ate quality (for scores between 5-6). or high quality (for scores
= 7). Articles with moderate to high quality were included
in the analysis. The smwdy assessment was condocted by two
independent investigators (MI and YP) using a pilot form. The
discrepancies between the findings of the two investipators
were solved by consulting with another investigator (1KF).

Study measures

The omtcome measure of the stody was the severity of COVID-19
{mild vs. severe). The risk factors or predictors incloded three
major prowps: comorbidities, clinical manifeststions, and labo-
ratory parameters. Comorbid factors such as chromic. kKidney
disease, chronic liver disease, chromic respiralory disease, cer-
ebrovascular accidenl. cardiovascular disease. diabetes mel-
litus, hypertension. and maligrancy were compatible with the
analysis. Tor clinical manifestations, fever. coogh. dry couph.
expectoralion, sore throat. dyspoea, diarrhea, myalgia. nasal
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congestion, anorexia, abdominal pain, fatigue, dizziness. head-
ache, fever, heart rale, respiralory rate, systolic blood pressure,
amd diastolic blood pressure were included in this study. Among
lahoratory characteristics, the presence of leukocoyiosis, leuko-
cylopenia. anemia. lymphocylopenia: the levels or the counts of
white blood cell (WBEC). hemoglobin. nestrophil, lvmphocyte,
maonocyle, platelel, activated partial thromboplastin time (aPTT),
partial thromboplastin tme (FTT), aspariate aminotransfernse
{AST), alonine aminotransferase (ALT), otal biliubin, albomin,
sgrum creatinine, blood wrea nitropen (BUN). high-sensitivity
{Hsj-troponin 1. crealine Kinase. high-sensitivity C-reactive
protein (Hs-CRP), C-reactive protein (CRP) >8 mg/fl.. interleakin
6 (IL-6), plocose. D-dimer. serum fernitin, sodinm. polassium,
lactate dehydrogenase, and procalcilonin, CD4 and CDE; eryth-
rocyle sedimentation rate (ESR); elevated 1l-16; and elevoled
ESR were all included.

Statistical analysis

The significant risk factors thal might govern the severily of
COVID-19 were determined by the calculation of a pooled
OR and 5% CL The significance of the pooled ORs was deter-
mined using the ¥ test (p<0.05 was considered statistically sig-
nificant). Prior o identification of the significant risk factors, dota
were evaluated for heterogensity and potential publication bias.
The heterogeneity among included sindies was evaluated using
the } test. IT heterogeneily existed (p=0.10), a random effect
model wis adopted; if nol, 4 fixed effect model was adopled.
Egger's lest and a funnel plot were used (o assess the reporting
of publication bias (p<0.05 was considered statistically signifi-
cant). Ferthermore, we performed s moderator analysis to iden-
Lify the independent prediclors of poor clinical oulcomes among
patients with COVID-19. The data were analyred using Heview
Manager version 53 (Revman Cochrane, London. UK) To pre-
vernt analytical errors, statistical analysis was performead by two
authors (JKF and Ml The cumulative calculation was presented
in a forest plol

Rezults

Eligible studies

Our searches yielded 6,209 polentiolly relevanl studies, of
which 6,170 studies were excloded after assessment of the titles
and abstracts. Subsequently, forther review of the complete
lexts was performed for 39 potential stodies. In the foll fext
review, we excluded 20 smudies because they were reviews arli-
cles (nm = 9}, inadequacy of dats for the calculation of OR and
95% Cl {(n = 7), and poor quality (n = 4). Eventually, [9 papers
were included in owr mets-analysis®™ The paper selection
process adopled in our study is-summarized in Fieure |, and the
characteristics of stodies incloded in our analysis are ootlined
in Table 1.

Risk factors of severe COVID-13

We found thal eight comorbidities, [9 climical manifesta-
tions, and 35 laboraiory parameters were available for the meta-
analysis {Table 2 and Table 3), Among the comorbid factors,
chronic respiratory disease (OR: 2.48; 95% CIt 144, 427).
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cardiovascular disease (OR: 1.70; 953% CI: 1.05, 2.78), diabeles
mellitus (OR: 2.10; 95% CI 133, 3.34), and hyperension
(OR: 233; 95% CI: 142, 3.81) were associated with a greater
risk of severe COVID-19 (Figure 2A-13).

Among the clinical manifestations. dyspnea (OR: 3.28; 95% Cl:
209, 5.15), anorexia (OR: [.83; 95% Cl: 100, 334), falipue
(OR: 2.00; 95% CI; .25, 3.20), and dizziness (OBR: 2.67;
95% CI. L.18, 6.01) were associated with seviere COVID-19
(Figure 3A-1Y. In addition, increased respiratory raie (OR:
2.85:95% CI: 1.28, 6.33) and increased systolic blood pressure
(OR: LB4; 95% CI: 131, 2.60) were also associated with severe
COVID-19 (Tigure 44 ond B). Compared o productive coupf.
dry cough was associated with a lower risk of severe COVID-19
(OR: Do 95% CL: 044, 0.97).

Among laboratory charmcteristics. severe COVID-19 was asso-
ciated with elevaled WBC counl (OR: 4.92; 95% Cl: 2.12,
11.31), increased neutrophil count (OR: 5.45; 95% Cl: 2.4,
14.54), Iymphocytopenia (OR: 3,19 853% CIt 114, 7.07), and
decreased hemoglobin levels (OR: 0767 95%CL 058 1.00)
(Figure SA-I). Elevaled levels of AST, ALT, and serum creatinine
increased the risk for severe manifestations of COVID-19 (ORs
491, 323, and 214, respectively: Foore 6A-C). Elevaled lev-
els of BUN (OR: 6.15; 95% CI: 3.05. 12.37), Hs-troponin [ (OR:
9.25; 95% CI: 351, 24.37), crealine kinase (OR: 2.44; 95% Cl:
L6535, 3.62), Hs-CRP (OR: 1427, 95% CI: 3.13, 39.71), 16
(OR: 6.68, 95% CL 320, 13.94), D-dimer (OR: 6.19; 95% CI:
422 9.08), ferritin (OR: 1.96; 95% CI: 1.06, 3.62). laciale dehy-
drogenase (OR: 8.28: 95% CI: 4.75. 14.46), procalcitonin (OR:
6.62; 95% CI: 3.32. 13.21). ESR (OR: 443 95% CL: 2.56, 7.76).
and CRP =8 (OR: 834; 95% CI: 1.B5, 37.62) were ofs0 nssoci-
aled with severe COWVID-19 (Figure 7-Fipure %) A low risk
of severe COVID-19 was associaled with low leukocyie levels
(OR: 0.59; 95% CI: 041, 087) and elevated lymphocyte
levels (OR: 0.34; 95%: CI: 0.23, 0.50).

Source of heterogenerty

Heterogeneity was detected in the dala of chronic kidney
disease, cerebrovascular disease, cardiovascular disease, diabetes
mellitus, hyperiension, and malignancy among the comorbid
factors analyzed. Therefore, we used the random effect model
I analyze lhe data The fixed effect model was used (o analyze
(he data on chronic liver disease and chronic respiratory disease.
s there was no evidence of heterogeneity. For clinical manifes-
tations, the data on fever, cough, sore throat, dyspnea, diarhes,
anorexiz, fatipue, temperature >38°C, respiratory rote, and
diastolic blood pressure were analyzed using the random effect
model while the rest of clinical manifesiation data were analyzed
using the fixed effect model.

Among laboratory parameters; evidence of helerogeneily was
found in count of WBC. neutrophil, monocyte, lvmphocyie,
platelet. C4, and CDE; the presence of Iymphocylopenia and
anemin; the levels of AST, ALT, iotal bilirebin, albumin, aPTT,
PTT, serum creatinine, BUN, Hs-Troponin 1. creatine kinase,

Page Sof 24



F1000Research 2020, 9:1107 Last updated: 02 NOV 2020

T
=
-3 Records identificd through dutabhase Additional records identified
= searching through other sources
£ (n=6,177) (n=32)
g
=
) ¥ -
. Records afer duplicates removed
in=6208)
¥
Records screened Records excluded
(n=239) (n=6,170)
)
Full-text articles assessed Full-text artiches excluded
E for eligibality with reasons
{n=1%) {n= 20
§ 1. Papers were excluded
=1 because of review (n=
.
. Studies included in 2. m’m 1""‘;': exsluded
qualitative synthesis wor i
— (o= 19) providing sufficient
data for caleulation of
OR and 95% Cl in=
72
E o ] 3. Papers were excluded
B 5*“‘5{*’5 I"“l“'jﬁd H because of low quality
= quantitative synthesis in=4)
(mieta-analyis)
n=19)

Figure 1. A flowchart of paper selection in our study.

I1-6. Hs-CRF, pglucose, D-dimer. sodivm, polossivm, lactate
dehydrogenase, and procalcitonin; elevated CRP; and ESR.
Accordingly, the dala were analyzed using the mndom effect
maodel. The data for the remaining parmmelers were analyred using
the fixed effect model.

Potential publication bias

We used Epper's fest to assess the potentinl publication bias.
Cur cumulative calculation revealed thal reporting or publica-
tion bias (p<0.05) existed with respect o chronic liver disease,
expectoralion, myalgia, abdominal pain, heari rale, leukocylosis,
elevaled ESKE. and elevated 11-6 [evels.

Discussion
Our dota suppesl (hal comorbidities, such as chronic respine-
lory disease, cardiovascular disease, diabetes, and hypertension,

were associated with a higher rsk of severe COVID-19.
among which, hyvperension was the strongest nsk factor. These
results are consistent with those of previous meta-analyses®¥
that indicated thal chronic respiratory disease, cardiovasoular
disease, dinbetes, and hyperiension are significantly sssociated
with higher COVID-19 morality. Hyperiension and diabetes
are also associded with higher mortality among patients with
dengue fever, West Mile virus infection, Zika virus infection, and
vellow fever™. To date. no study has reported details of the
primary mechanmism underlying the association between severe
COVID-19 and comorbid factors. However, immune responses
might be the most crucial factor underlying this association.
Patients with comorbidities such as cardiovascular disease, chronic
respiratory disease, hyperension, and dinbetes were observed
i have a fower immunity status than healthy individuals®*.
Since COVID-19 primarily affects the respiraory  tract®.
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Table 1. Baseline characteristics of studies included in our analysis.
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Table 2. Clinical characteristics of Covid-19 patients and the risk of severity.
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Figure 4. A forest plot of the association between clinical manifestation and the risk of severe COVID-19. A) Aszpirstory rats;

Bl Systolic biood pressure.

patients with chronic respirstory diseases might be sf a higher
risk of coniracting severe COVII-1%. In addition, endothefial
dysfunclion might also play a pivolal role™.

COVID-19 is a nove] disease, and the immune response of this
diseaze is nol completely onderstood. Owur data sugpest that
elevated leukocyte and neutrophil levels and reduced lvmphocyte
levels are associated with severe COVID-19. In other viral
infections, such as influenz, elevated leokocyle and peutrophil
levels serve as imporiant predictors of disease severily™. The role
of leukocytes in lhe pathogenesis of COVID-19 is conflicting.
In most cases, viral infeclions have been observed o cause
leukopeniz™. Furthermore, a study also reported that leukopenin
was observed o a significantly higher freguency among
COVID-19 patients than among non-COVID- 19 patients™. However,
in our present study., we did nol compare COVID-19 and
non-COVID-19 patients. The major factor that seemed Lo affect
our fndings was the occumrence of cyvtoking storm in patients. Tn
COVID-19, there 15 an immune system overreaction, which
results in a cylokine siomm. In this condition, leekocytes might
be over-activated, which might lead 1o the release of high levels
of eytokines™. Consistenl with our data. a study has confirmed
that cylokine storm is significantly associated with severe
COVID-19". The theory underlying the mle of neatrophils
in COVID-19, as reported in our stedy, remains unclear. The
speculations might be attributed (o the involvement of neutrophil
extracellular traps (NETs). While no study has assessed the pre-
cise role of NETs in COVID-19 pathogenesis, cerlain research-
ers speculate that SARS-CoV-Z might stimulate neatrophils
lo produce NETs, similar o several other viral pathopens™.
Furthermore, this might lead to peutrophil infiltration in pulmo-
nary capillaries, orpan dumage, and the development of acule
respiratory distress syndrome®’.

Low lymphocyte levels were observed in patients with severe
COVID-19 compared with those with mild COVID-19. In the
context of the immunological mechanism, our resulis mighi
be contradictory. Lymphocyte subsets are known lo play an
imporiant role in the action apainst bacterial, viral., fongal,
and parasitic infections™; therefore, the levels of circulating
lymphocytes should increase. The immunological response in
COVID-19 s unique and remains unclear. However, certain
propositions might help describe our fndings: First, corona-
viroses infecl human cells through ACE2 receptors™. Since
ACEZ receptors are also expressed by Iymphocyles™, the coro-
naviruses may enter lymphocytes and induce apoptosis. Second,
the feedhack mechanism between pro-inflammatory cytokines
{such as 1l-6) and lymphocvtes might also explain our resulis,
A study revealed that elevation in the levels of pro-inflammatory
cylokines  correlated  with redoction in the  lewvels of
Iymphocyles™. Moreover. our findings also confirmed the
sipnificant elevation in the levels of IL-6. Third, ACEZ
receplors are expressed by cells from various oreans, includ-
ing the thymus and spleen™. As coronaviruses infect human cells
through the ACEZ receplors, the spleen and thymus might also
be damaped in patients with COVID-19. which would lead 1o
lower levels of lymphocyte production. Fourh, lyvmphocyle
profiferstion reguires a balanced metabolism. and metabolic
disorders such as hyperlactic acidemia have been reporied
v disturb lymphocyte  pmoliferation™. Hyperlactic  acidemia
hais been observed in patients with severe COVID-19%,

The stodies included in this systemalic review also  sup-
pest that the levels of D-dimer were significanlly higher in
patients with severe COVID-19. Coagulalion in patients wilh
COVID-19 has been a major concern, and the lack of reliable
dala and mets-analyses prevents a holistic comparison. Certain
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Figure 6. A forest plot of the as=ocistion betwesn the rizk of severe COVID-19 and the lel

infections dizeases thal cause abnormal cosgeiation have been
associated with poor clinical outcomes™. The theory behind this
mechanism 15 nol understood clearly. 11 is widely known thal
ACE2 recepiors are important for the infection of host cells by
SARS-CoV-2, and ACE2 receplors are expressed in van-
ous cells in the human body, including endothelial cells™.

Consequently, a massive inflammatory resclion may occur
in endothelial cells owing o SARS-CoV-2 infection™, which
may lead to increased coagulation, disseminaled intravascular
coagulation™, and incressed (ibrin degradation™. High fibrin degra-
dation leads (o elevated levels of fbrinogen and D-dimer™, which
might also explain the occurrence of venous thromboembolism
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Figure 7, & forest plot of the essodation between the risk of severe [OVID-19 and the levels of BUM (Al Hs-troponin (B), and crestine
Kinass [C)

in critical pafients of COVID-19". In addition, a study with
1 shorl follow-up period also reperted the existence of a
dymamic correlation between the D-dimer levels and the sever-
ity of COVID-197. PFurthermore, pulmonary embolism  and
deep vein thrombosis were also observed in patients with severe
COVID-19™"_ which sugpests that D-dimer might play a
prominent role in governing the severity of COVID-19 patients.

We also observed that inflammatory markers, including ele-
valed levels of CHP. ESR. and IL-b, were found bolh in
patients with severe and mild COVID-19, with a significant
increase detected in patients with severe COVID-19. Other vari-
ables associsted with adverse outcomes, such as ferritin, lactale

dehydrogenase, and procalcitonin levels. were found to be elevated
predominantly in patients with severe COVID-19. Our findings
were consistenl with those of a previous mels-analysis™, and
indicated thal high levels of CRP lsctale dehydrogensse  and
ESR were associsled with adverse outcomes in COVID-19.
Amother meta-analysis had also confirmed that elevated levels
of 1L.-6 were observed in patients with COVID-19 who exhib-
ited poor clinical outcomes™. Therefore., the levels of CRP, ESR,
L6, ferritin, procalcitonin, and lactate dehydrogenase can serve
5 potential markers for the evaluation of COVID-19 propnosis.

The high morality rale and treatment failure in patients with
COVID-19 can be attributed to the fact that COVID-19 affects
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Figure B. A forest piot of the associztion oetwesn the risk of severe COVID-18 and the levels of CRP (A, Hs-CRP (B) ESR (G} and IL-6(D].

multiple organs, including the lung, heart kidney, and liver™.
Ouwr data spgpest thal elevated levels of urea and creatimine,
and nol chromic Kidney disease. were associated with severe
COVID-19. which indicales that acote inflammation might be
caused by SARS-CoV-2 infection. Previous mela-analyses have
also reporied findings consistent with our resulis™". Moreover,

anmtomical studies have reported significant renal  inflamma-
lion in patienis with severe COVID-19™"1_ There mighl be
two mechanisms by which SARS-CoV-2 induces renal inflam-
mafion. First, SARS-CoV-2 might direcdy infect remal tobular
epithelial cells and podocytes through ACE2 receptors, which
facilitates the rpeted infection of ceriain cells by the vins.
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Consequently. acute twhular necrosis, podocytopathy, micro-
angiopathy, and collapsing glomerulopathy might occur owing
i the massive inflammation in rennl lwbolar epithelial celis
and podocytes™™. Second. the hinding between SARS-CoV-2

amd ACE2Z receplors might activate angiotensin 11 and induce

cylokine production, which may lead o hypercoapulopathy
amnd microangiopathy, and eventually couse renal hypoxia®-=.

Conversely, with respect to liver function. we observed Uhat
the levels of liver enxymes were hipher in patients with severe
COVID-19. Previous studies in this context have elucidated
thot ACE? receptors are highly expressed in bile duct cells;
therefore, infection of these cells by coromaviruses might lead 1o
abnormalities in the levels of liver enzymes™. However, a recent
anatomical study on liver biopsy specimens from patients with
severe COVID-19 revealed that modernie microvascular stea-
tosis and mild lobular and portal activities were observed™.
These data sngpest that il cannot be determined clearly whether
the elevated levels of liver enzymes in patients wilh sewvere
COVID-19 are caunsed by direct infection or by drug-induced
liver injury. Therefore, furber studies are required o elucidate
the precise mechanism underlying the elevation of liver
enzymes levels in patients with severe COVID-19.

Metu-analyses  on this  topic  have |heen  performed
previoushy =W ETE However, compared to previous studies,
our stdy has the following strengths. The previous studies only
reported limited factors. soch as clinical manifestations ™ "%
laboratory findings™", or a combination of only clinfcal mani-
festations and laboratory Andings™. In our study, we included
all  comorbidities, clinical manifestations, and  laboralory
characteristics. Additionally. compared to  previous  studies,
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this study has a lareer sample size; the data on 1,934 palients
with mild and [.644 patients with severe COVID-19 treated
scross 19 hospitals were retrieved. However, this study also has
cerlain limitations. Certain crucial factors that might play an
important role in the pathogenesis of COVID-19, including
secondory infection, treatment, and immunological stafns were
m controlled for. Our current findings should be interpreted
with caulion because the majority of sipdies included were
cross-sectional, and the samples coresponding (o the dain
analyzed originated only in China. Longitndinal studies may
reveal more long-term impacts of SARS-CoV-2 infection™.

Conclusion

COVID-19 is an emergent infections disease, and the major prob-
lem associated with il is the unknown pattern of disease devel-
opmenl. We idenlified 34 factors that are associated with severe
COVID-19. This might improve our understanding of COVID-
19 progression and provide baseline data o compile or improve.
the prediction models for the estimation of COVID-19 prognosis.
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