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ABSTRACT

Objectives: The aim of this meta-analysis was to assess association between a composite clinical outcome (severe
infection/ required ICU admission/ death) of COVID-19 pneumonia and demographic, clinical, laboratory and
radiological findings of these patients.

Methods: A literature search was conducted using the databases PubMed, Medline, Scopus and Web of Science till
July. Relative risk (RRs), standardized mean difference (SMDs) and 95% confidence intervals (Cls) were pooled
using random-effects models. We described overall estimates of relevant data of clinical importance from 116,260
COVID-19 pneumonia patients including 19,628 with composite end points from 40 observational studies of 5
countries.

Results: The result showed that male gender (RR=1.24, p <.001), older age (SMD= 3.19, P<.001) especially > 64
years (RR=2.52, P <.001) followed aggravated course. Delayed hospitalization (SMD=.75, p= 0.005), presence of co-
morbidity (RR= 1.76, p<.001) and multiple co-morbidities (RR=1.50, p<.001) were associated with higher risk of fatal
course. Pooled data reported significantly high neutrophil-lymphocyte ratio (SMD=10.79, p<.001), low lymphocyte-to-
C-reactive protein ratio (SMD=-3.89, p<.001), low platelet count (SMD=-1.622, p<.001), prolonged prothrombin time
(SMD=0.98, p<.001), high lactate dehydrogenase (SMD=6.260, p<.001), D-dimer (SMD=1.92, p<.001), creatine
kinase (SMD=1.68, p= 0.001) and interleukin-6 level (SMD=2.84, P=.001) in patients with fatal outcome. Funnel plots
and Egger’s tests did not reveal any significant publication bias.

Conclusions: Features like older age, male gender, presence of co-morbidities and delayed hospitalization along
with the laboratory findings consistent with infection, immune system activation, coagulation disorder and tissue
damage could help clinicians to identify COVID-19 patients with poor prognosis at an early stage. J Microbiol Infect
Dis 2019; 9(3):121-135.

Keywords: COVID-19, risk factors, predictors, statistical association, outcome, adversity, death/ fatality, laboratory
results

INTRODUCTION blood inflammatory indicators have been
reported from individual studies. COVID-19
mortality might be due to virus-activated
cytokine storm or fulminant myocarditis [1]. The
increased risk of death was also associated
median interval from the appearance of initial
symptoms to dyspnea in many of the studies [2].
Risk factors for the clinical outcomes of COVID-

Wuhan, China was the epicenter for outbreak of
the coronavirus disease 2019 (COVID-19) and
the epidemic then spread all over the world. The
predictors of adverse outcome in COVID-19
cases like age, the presence of underlying
diseases, secondary infection and elevated
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19 pneumonia have been reviewed as of now in
only few studies. Parohana et al (2020) [3]
published meta analysis on risk factors for
mortality in COVID-19 patients from 14 studies
with 29,909 COVID-19 infected patients and
1,445 cases of death. There are, until now, four
meta-analyses on co morbidities as risk factors
for poor outcome of COVID-19 pneumonia [4-7].
Sequential Organ Failure Assessment (SOFA)
score have been reported to be high in severe
COVID-19 patients [2,8-9]. Research from China
[8, 10] and US [11] reported low platelet count
and coagulation disorder in fatal patients of
COVID-19. Elevated serum procalcitonin [12-13]
and creatine kinase (CK) [14,2] have also been
noticed by some authors. Greater value in
neutrophil-lymphocyte ratio (NLR) indicates a
patient’'s overall inflammatory status. Meta
analysis on neutrophil-lymphocyte ratio (NLR)
and lymphocyte-to-C-reactive protein ratio (LCR)
as risk factors is available with pooled data from
five studies [15]. But there is no more meta
analysis is available on laboratory findings of
COVID-19 until now. Chest CT provides a fast,
convenient, and effective method to early
recognize suspicious cases and might contribute
to confine epidemic [16]. Literature is lacking in
how bilateral ground glass opacities (one of the
most common findings) in CT scan chest can
predict prognosis of COVID-19 pneumonia.
Thus the deficit in summary description in
current literature of risk factors for adverse
outcome of COVID-19 patients was motivational
for the index study.

Our research question was what demographic,
clinical and laboratory or radiological
characteristics are associated with the
development of severe coronavirus disease
2019 (COVID-19) pneumonia and then
progression to fatal morbidity or mortality among
these patients? The aim of this meta-analysis
was to review all available observational studies
on demographic profile, clinical characteristic
and laboratory findings of severe or non-severe
hospitalized or discharged COVID-19
pneumonia patients, and to assess overall
relative risks (RR)/ standardized mean
difference (SMD) of age, advanced age, gender,
co-morbidities, clinical, hematological and
radiological abnormalities in patients with
severe/ fatal outcome who required high level of
medical care compared to non-severe patients
requiring only basic level of medical care.

METHODS
Databases and Search Strategy

This study was conducted in accordance with
the Meta-analyses Of Observational Studies in
Epidemiology (MOOSE) [17] guidelines. We
performed a systematic review using the
following algorithm search strategy in PubMed,
Medline, Scopus and Web of Science:
(“coronavirus2019” OR “2019-nCoV” OR “SARS-
CoV-2” OR “COVID-19”) AND (“mortality” OR
“‘death” OR “survival” OR “prognosis” OR
“outcome”) AND (“co” AND “morbidity” OR “co
morbidity”) AND (“blood” AND investigation)
AND (“laboratory” AND results) AND (“chest’
AND “radiography”) until July 25, 2020.

Case definition and Outcome variable or end
point

COVID-19 infection was defined as a positive
diagnosis based on a real-time fluorescence
reverse transcription-polymerase chain reaction
(RT-PCR) from a nasopharyngeal swab or gene
sequencing of respiratory tract secretions and
other samples, or if patients exhibited typical
radiological and clinical characteristics of
COVID-19 infection despite a negative result
from swabbing.

We summarized a set of common events in
Figure 1 to determine composite outcome
variable. We used composite outcome variable
consisted of death, severe pneumonia, SpO2 <
90%, requiring ICU management or use of
mechanical ventilator (non-invasive and / or
invasive). The study group ‘adverse outcome
group’ (Patients with aggravated/ fatal course
requiring higher level of care) was consisted of
severely or critically ill patients [according to
available guideline in the concerned country,
e.g. Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia, Trial Version 6 [18] or
admission to intensive care unit [ICU] or
requiring  invasive/noninvasive  mechanical
ventilation (MV) support or in-hospital death.
The control group ‘stable outcome group’
(Patients with favorable/ stable course requiring
basic health care facilities) was consisted of mild
to moderately severe COVID-19 patients that
required either no admission in designated
hospital/ ICU/ special ward (i.e., stable course &
discharged without much intervention). This
group of patients was treated at home or
required only emergency or general hospital
admission (Table 1) (Table 1 may be supplied
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by corresponding author if any reader ask

for).

Preliminary title, abstract and their references through
database searching of PubMed, Medline, Scopus and Web of
Science (n=955)

Search through cross references
of suitable abstracts (n=34)

Excluded: non-clinical studies, review
articles, letters, commentaries,
guidelines, systematic reviews (n=285)

Excluded (n=451): duplicates and pre-
acceptance online publications

Full article extracted (n=253)

(With data of demography, co morbidities, laboratory

& radiological findings)

Chinese language

Included (n=4): correspondence
articles with supplementary
material, article in both English and

Finally selected for
Meta analysis
(n=40)

Excluded

(n=215)
1. No comparable data according to our
composite outcome variable (i.e., our
research question, n=151)
2. Cohort overlapped with a larger study
(n=8)
3. Cohort of a specific sub-group (e.g.
ethnicity, n=8), pregnancy, n=9)
4. Study carried out in <19 year (n=9) or
only >50 year population (n=15)
5. Not on COVID-19, but other
pneumonia (n=11)
6. Not English language (n=4)

Socio-demographic
data
Age (n=21)
Age> 64 years (n=15)
Gender (n=31)

Clinical variables
Delay from onset to
admission (n=14)

SOFA (n=3) articles (n=2)

Co-morbidities
Presence (n=20)
Presence of >1

Investigations
CT (n=13), NLR (n=14),
LCR (n=9), Eosinophil (n=2),
Platelet (n=12)
PT (n=11), LDH (n=9)

D-dimer (n=12), PCT (n=11),
CK (n=10), IL6 (N=8)

Abbreviation: SOFA, sequential organ failure assessment; CT, computed tomography; NLR, neutrophil-lymphocyte ratio; LCR,
lymphocyte-to-C-reactive protein ratio; CK, creatine kinese; PT, prothrobin time; PCT, procalcitonin; IL-6, interleukin 6.

Figure 1. Flow diagram of the number of the studies screened and included into the meta-analyses.

Eligibility Criteria and Study Selection

The inclusion criteria for study selection were- 1)
the article must be either accepted or published
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observational study in a peer reviewed journal 2)
provided data comparing severely ill in-patients
(> 18 yrs. of age) with mild to moderately ill
patients etc. 3) diagnosed the COVID-19
pneumonia according to World Health
Organization interim guidance or diagnosis and
treatment protocol for novel corona virus
pneumonia (NCP) (Trial Version 3/4/5) [18], 4)
patients having one of the etiological evidences
mentioned in case definition mentioned above.
The exclusion criteria were- 1) case reports,
case series of <10 patients, studies that did not
report co-morbidities, laboratory or radiological
investigations results according to outcome or
severity of COVID-19, 2) studies not published
in the English language, 3) studies where
cohorts were overlapped with each other.

Extraction of variables

We extracted the following variables: authors’
name, periods of data collection, place of data
collected, method of diagnosis and severity
classification, indications of hospitalization/ ICU
admission / putting on MV /discharge, mean
age, older patients (>64 years age), gender
distribution, blood parameters like absolute
count of neutrophil lymphocyte, etc., number of
patients in adverse and favorable outcome
group. The neutrophil to lymphocyte ratio (NLR)
was calculated by dividing absolute neutrophil
count by absolute lymphocyte count (taken in
each liter). LCR was calculated as follows:
lymphocyte count (number/uL)/C-reactive
protein (mg/dL). Additionally, all D-dimer values
were converted to mg/L and then entered into
dataset.

Statistical analysis

Means and standard deviations were
extrapolated from the median, range, and
sample size according to the formula suggested
by Hozo et al. [19]. Meta-analysis was
performed using STATA 13MP (Stata Corp,
College Station, Texas). All Cls were reported
with 95% interval. The variation in RR or SMD
was attributable to heterogeneity when |-
squared was more than 50%. The random
methods were used for those cases. The
estimates were considered significant
statistically when overall test statistic (z) was
accompanied with p< 0.05. Subgroups of studies
were made depending on country from which
the data was collected. Subgroup sensitivity

analyses were conducted to explore potential
sources of heterogeneity.

RESULTS

In this study, we have performed a
comprehensive exploration of the demographic,
clinical, laboratory, and radiological
characteristics in 116,260 COVID-19 pneumonia
patients from 40 observational studies [1,9,11-
14,20-53]. They were consisted of 20 single
center and 20 multicenter studies of 5 countries
[China (n=30), US (n=5), UK (n=2), Italy (n=2),
Iran (n=1)], including 19,628 patients with
composite end and 96,632 patients without
composite end point.

Characteristics of studies

Thirty-four studies were based on in-patients,
whilst six studies used data from infectious
diseases registries. Only the sub-sample with
information relevant to our outcome variables
was extracted from studies with special
population [35] or study based on registry data.
Sample size ranged from 41 participants up to
44,672. The proportion of males in studies
varied between 46.53 to 75%, with most studies
reporting more males than females. Age varied
from a median of 25 to 87 years of age, with the
oldest median age reported in a study carried
out in Iltaly. All studies were carried out from
December 2019 to May 8, 2020.

Risk of Bias and Study Quality

To assess risk of bias we used the Newcastle-
Ottawa Scale (NOS) [54] and scored in 3
categories  (selection, comparability and
outcome). A study can be awarded from 0 to 9
score. Any disagreement regarding score for risk
of bias was resolved through discussion (Dr.
PSB & Dr. DS). The minimum score was seven
in our studies (rated low risk of bias). The results
of Beggs’s test and Egger’s test (pr and p values
respectively: .592 & .527 for age >64, .708 &
.232 for gender.127 & .037 for presence of co
morbidity, and .428 & .232 for CT scan chest)
showed no evidence of publication bias.

Socio-demographic profile and course of
illness

Twenty-one studies, including 19 from China,
one each from US and lItaly, provided the data
for estimating overall effect of age on clinical
course of patients with COVID pneumonia.
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Table 1. Descriptions of 40 observational studies participated in the Meta-analysis.

First Author, Place of Study

Type of the study

Primary outcome variables

Xiaobo Yang (1), Wuhan
Dawei Wang (1), Wuhan
X. Wang (2), Fangcang
W. Guan (1), China
Jin-jin Zhang (1), Wuhan
Liu et al (3), Hubei
Chaolin Huang, Wuhan
Gugin Zhang, Wuhan
Fei Zhou, Wuhan
Chaomin Wu, Wuhan
Sijia Tian, Beijing

Dawei Wang (3), Hubei
Tao Chen (1), Wuhan
Qiurong Ruan, Wuhan
Yan Deng, Wuhan
Geehan Suleyman, US
Michael G Argenziano, US
Yichun Cheng, Wuhan
Christopher M Petrilli, US
Annemarie B Docherty, UK
Davide Colombi, Italy
Lang Wang (4), Wuhan
Li Long, Hubei, China
Peng Peng, China
Wei-jie Guan (2), China
M Nikpouraghdam, Iran
Shaobo Shi, Wuhan
Tricia Tan, London, UK
Kun Wang (6), Wuhan
Ai-Ping Yang, Zhejiang
Jingyuan Liu (2), Beijing
Safiya Richardson, US
Yong Gao, Anhui, China
Kunhua Li, Yuzhong
Chuan Qin, central China
Zhongliang Wang (5), China
Graziano Onde, ltaly
Joseph A Lewnard, US
Rong-Hui Du, Wuhan
Chanyuan Ye, Zhejiang

Single-centered, retrospective

Retrospective, single-center
Single-centered, prospective
Multicentre, retrospective
Retrospective, single-center
Retrospective, multi-center
Retrospective, multi-center
Single center, retrospective
Retrospective, multicentre
Retrospective cohort study
Retrospective cohort study
Retrospective case series
Retrospective case series
Retrospective multicenter
Retrospective cohort
Retrospective review
Retrospective manual review
Multicentre, retrospective
Prospective cohort study
Multicentre prospective
Retrospective cohort
Retrospective, single-center
Retrospective

Multicenter, retrospective
Retrospective case
Retrospective

Retrospective cohort
Prospective cohort
Multicentre retrospective
Retrospective

Study prospectively

Multi centre case series
Retrospective study
Retrospective cohort
Retrospective cohort study
Descriptive and comparative
Descriptive and comparative
Prospective multi-centre
Prospective single-centre
Retrospective multi-centre

Compared between survivor (n=20) and non-survivor (n=32)

Clinical Characteristics of ICU (n=36) and non-ICU (102) patients

Patients with (n=100) or without (n=912) aggravation

With (n=67) or without (1032) composite end, and between severe (n=173) & non-severe (n=926)
Characteristics of patients with severe (n=58) and non-severe (82) illness

Epidemiological Characteristics of mortality (n=1023) and survivor (n=43649)

Characteristics of ICU (n=13) and non-ICU (n=28) patients

Characteristics of severe (n=166) and non-severe (n=55) patients

Characteristics of survivor (n=137) and non-survivor (n=54) patients

Characteristics of patients with (N=84) and without (N=117) ARDS, and dead and alive

Clinical and epidemiological characteristics of severe (N=46) and common cases (N=216)
Clinical course of survivors (N=88) and non-survivors (N=19)

Clinical characteristics and laboratory finding of death (N=113) and recovered (N=161) patients
Clinical predictors of mild & severe patient outcomes, and those died (N=68) & discharged (N=82)
Clinical characteristics of fatal (109) and recovered cases (116)

Comparative analysis of hospitalized (355) and ambulatory patients (108)

Course of patients of emergency department (n=150), inpatient non-ICU (n=614) & ICU (n=236)
Incidence of kidney injury and death (n=89)

Clinical course of patients not admitted (2538) and admitted for critical illness (2741)

Comparison, between discharged (14968) and died (5165)

Discharged (128) and ICU admission or death (108), SARS-CoV-2

Characteristics of survival (274) and death (65)

Compared between critical or death (n=22) and discharged patients (n=156)

Characteristics of death, and composite clinical adverse outcomes (n=55) vs Stable course (n=648)
Presence (n=399) & absence (n=1191) of co-morbidity, and 1 (n=269) & >1 co-morbidities (n=130)
Characterization of survival (n=2964) and non-survival (n=239)

Outcomes of patients with (n=82) and without (n=334) cardiac injury were compared.

Comparison of characteristic of death (112) and discharged (n=271) patients

Comparison between discharged (307) and dead (n=33)

Comparison of NLR, LMR, PLR between severe (n=24) and non-severe (n=69) patients
Comparison between mild (n=44) and severe (moderate to critical) (n=17) patients

Clinical outcomes during hospitalization [discharge alive (n=2049) and dead (n=553)]
Comparison of the hematological parameters between the mild (n=28) and severe (15) groups
Compared of ordinary (n=58) COVID-19 cases and severe/critical cases (n=25)

Comparison of characteristic between severe (n=286) and non-severe (n=166) patients.
Difference of clinical features between the Sp 02 >=90% group (n=55) and < 90% group (n=14)
Comparison between fatalities (n=1625) and survivor (n=20887)

Comparison of characteristic between died (202) and discharged (n=893)

Compared deceased (21) and survived (n=158) patients

Presence (n=242) and absence (n=614) of co-morbidity, and 1 (n=90) and >1 co-morbidities (n=152)
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SMD between two limbs of composite outcome
variable was significant in all three countries
(overall SMD=3.19, CI=2.17 - 4.21, Z=6.12,
P<.001) (Figure 2). Nine studies of China, 4 of
US, 2 of UK and one each from Iran and ltaly
showed patients of older than 64 years had an
overall higher risk of exacerbation (RR=2.52,
Cl=1.94-3.27, Z=6.96, P<.001).

Twenty-four studies of China and three of US
found that males were at more risk for
aggravated course than their female
counterpart. Overall males had 1.24 time
(Cl=1.15-1.34) more risk of fatal outcome than
female patients (z= 5.51 p = 0.000).

Clinical profile and course of illness

Delay in admission after appearance of clinical
symptoms had significant effect on outcome
(SMD=.75, Cl=.23-1.28; z=2.81; p=0.005). An
effect of SOFA score on disease outcome was
not significant (SMD= 3.933, CI=-3.651 to
11.518, z=1.02 p = 0.309) when data were
pooled from three studies of China (Figure3).
Presence of co-morbidities was associated with
worse outcome in China (n=16), UK (n=1) and
Iran (n=1). The summary effect was significant
(RR=1.76, 95% CI=1.50-2.07, z= 6.97, p<.001).
After pooled data analysis from two studies of
China we found that presence of more than one
co-morbidity carried 1.5 times more risk of facing
fatal outcome (RR=1.50, CI=1.27- 1.77, z= 4.80
p <.001).

Laboratory findings and course of iliness

The summary results of 11 studies of China, and
one each from ltaly and US revealed that
bilateral chest opacity in CT scan had
insignificant effect on outcome (RR=1.04, Cl=
1.00-1.08, z= 2.01, p = 0.045) (Figure 4). Pooled
data from China (n=13) and UK (n=1) reported
significantly high values of NLR in patients with
fatal outcome (SMD=10.79, Cl=8.89-12.68, z=
11.14, p <.001). Similarly, overall lower values of
LCR from 9 studies of China were associated
with aggravated outcome of COVID-19 infection
(SMD=-3.89, Cl= -4.99 to -2.80, z= 6.96,
p<.001). Eosinophil count had no effect on
outcome in a pooled data from two Chinese
studies (SMD=-.53, CI= -1.34 to -.28, z=1.29, p
= 0.196). Low blood platelet count was reported
(11 studies from China and one from ltaly) to be
significantly associated with adverse clinical
course (SMD=-1.622, CI=-2.64 to -.61, z= 3.13 p

= 0.002). High PT found in patients (from 11
studies of China) with aggravated clinical course
(SMD=0.98, CI=.07- 1.90, z= 2.10, p = 0.036).
Unfavorable clinical course was also associated
significantly with  higher values of LDH
(SMD=6.260, I= 4.50- 8.02, z= 6.99 p<.001) in
COVID-19 patients of 9 countries. Higher D-
dimer value lead patients to follow adverse
outcome (SMD=1.92, CI=1.60- 2.24, z= 11.76
p<.001) when data were pooled from 11 studies
of China and one study from UK. Serum PCT
had no significant role on outcome (SMD=-.2,
Cl=-1.48 to - 1.08, z= .3, p = .76) as revealed
from 11 studies (9 from China and 2 from US).
High serum CK from pooled data of 10 studies
of China was significantly associated with
aggravation of clinical course (SMD=1.68,
Cl=.73- 2.64, z= 3.47, p = 0.001). Data of 8
Chinese studies showed significant association
of IL-6 with fatal outcome (SMD=2.84, CI=1.83-
451, 7=3.36, P=.001). Seven studies (5 from
China and 2 from US) revealed that serum
ferritin level was not associated with aggravated
clinical course (SDM=1.26, CI=.03-2.5, 7=2.01,
P=.045).

DISCUSSION

Findings from the current systematic review and
meta-analysis supported the hypothesis that
older age (> 64 years), male gender, presence
of co-morbidity, greater number of co-
morbidities, delayed hospitalization, and some
blood parameters (e.g. high NLR, low LCR, high
LDH, D-dimer and CK) were associated with
higher risk of mortality from COVID-19 infection.
Moreover, low platelet count and prolonged PT
suggested coagulation defects in COVID-19
patients. Although some observational studies
reported significant effect, our meta-analysis did
not find any significant association of adverse
outcome of COVID-19 pneumonia with high
SOFA score, bilateral ground glass opacity in
chest CT, low eosinophil count and serum
procalcitonin level.

To identify potential sources of heterogeneity,
we did subgroup analysis according to the
country of presented data. Owing to
heterogeneity between studies within a
subgroup and between subgroups, random-
effect models were used to estimate the
summary effect in our meta-analysis. So it gave
us a more conservative estimate of the 95% CI.
Co-morbidities were determined based on
patients’ self-report. Co-morbidities were initially
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treated in our analysis as a categorical variable
(yes versus no) and subsequently classified
based on the number (single versus multiple). It
has given an additional edge to our study
compared to two other meta-analysis of co
morbidities [3, 6]. Experimental studies were
excluded because they took either matched
sample or parents were randomized across all
severities of patients.

The presence of co-morbidities (both
cardiometabolic and other) was found to be

associated with a higher risk of severe COVID-
19 and mortality in previous meta analyses [4-5]
as well. Earlier meta-analysis by Parohan et al
[3] revealed the same result that we have, i.e.
older age (=65 years) and male gender were
associated with greater risk of death from
COVID-19 infection. Older age and chronic
diseases are reported to share several features
with infectious diseases like pro-inflammatory
state, and the attenuation of the innate immune
response.

Study % - Ve age e |
D Mean age SUD (95% C) Weght %, s
Chna i o T
Subtotal (-squared = 97.0%, p = 0.000) < 272 (200, 3.44) 0048 ,
us : L
Sublotal (squared = %, p= ) b 548 (537, 5.60) 484 :
ltaly '
Subtotal (-squared= % p= ) : <> 923(8.36. 10.10) 468 3
Overal (-squared = 99.3% p = 0.000) ; 310(217,421) 10000 o s (R
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Figure 2. Assosiation between socio-demographic profile and progression of iliness.
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Figure 3. Effect of clinical variables on outcome of COVID-19 infection.
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Figure 4. Laboratory investigations.

Older age has been also been reported as an
important risk factor for mortality in SARS and
Middle East respiratory syndrome (MERS) [57].
There is evidence of increasing defects in B-cell

and T-cell function and the excess production of
type 2 cytokines with advanced age. This leads
to prolonged pro-inflammatory responses and
deficiency in control of viral replication,
potentially leading to poor outcome [58]. Jaillon
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et (2019) [59] claimed the role of sex hormones
on the responses of adaptive and innate
immunity.

In most cohorts [9,20,29], fever was the most
common symptom in patients of COVID-19.
Thus, the delay of fever manifestation hindered
early identification and disease progression. Out
of 14 studies of china, 8 showed delay by
average 2-8 days led to unfavorable outcome
[9,20,29-31,37,47], 4 studies revealed no effect
on mortality and rest 2 studies showed favorable
outcome.

Cytokine storm is thought to play an important
role in pathogenesis of COVID-19. Neutrophilia
was found in both the lung and peripheral blood
of patients with SARS. Same type of lung
damage was found with higher numbers of
neutrophils and macrophages in the peripheral
blood as well as lung tissue in patients with
MERS. Neutrophils are the main source of
cytokines and chemokines. The generation of
cytokine storm can lead to acute respiratory
distress syndrome and then death in patients
with SARS and MERS [60]. This may explain the
positive association between high fever and
acute respiratory distress syndrome (ARDS)
found in COVID-19 infection [27]. The absolute
count of different T cells (CD3+T cells,
CD3+CD8+T cells and CD3+CD4+T) in patients
with viral pneumonia was found low in death
group than those in the survival group [61]. It
signifies that the levels of various inflammatory
factors in the non-survival group were higher
than those in the survival group (Yang J, 2020)
[6]. Although there is report of peripheral
lymphopenia [20,22-23], the absolute counts of
lymphocytes, were not lower in severe patients
compared to non-severe patients probably
because of high total numbers of leukocytes in
the former [23]. Moreover, increased level of
serum C-reactive protein (CRP) has been
reported in COVID patients [23]. These
observations can explain our findings of NLR
and LCR. Xu et al (2020) (1) [16] claimed that
higher CT severity score could help clinicians
identify patients with potential adverse events.
Bilateral chest findings (ground glass
appearance) in CT scan did not have overall
effect on outcome of COVID-19 pneumonia in
our analysis (RR= 1.45, Cl=1.19-1.77, z= 3.69,
p = 0.000) (graph 4). In the current literature
there is widespread use of CT for the diagnosis

of COVID-19 infection. CT scan findings are not
pathognomonic as it lacks specificity. Moreover,
in about 47% COVID patients reported to have
normal CT scans finding. Thus, some authors
like Sun z et al (2020) [62] recommended not
using chest CT as a first-line diagnostic or
screening tool in COVID-19.

Other abnormal laboratory findings that are
reported in literature after infection with SARS-
CoV-2 are increased level of serum CRP, serum
amyloid A (SAA), PCT, prolonged PT, high D-
dimer, and CK which shows sustained
inflammatory response and disturbed
coagulation mechanism [23]. D-dimer levels
greater than 1 ug/mL, and higher SOFA score
on admission were reported to be associated
with higher odds of in-hospital death in some
studies [2, 25]. Overall level of D-dimer, in our
meta-analysis, was significantly higher in
patients with adverse outcome. Infection related
marker like IL-6 and but, in addition, not serum
ferritin was found to be related with fatal clinical
course. SOFA score is a good diagnostic marker
for sepsis and septic shock [63]. But we did not
find any effect of SOFA score on clinical
outcome from our pooled data of three Chinese
studies. Higher leukocyte count and PCT may
also be due to secondary bacterial infection.

We found high heterogeneity statistics which
was a limitation of this meta-analysis. This may
relate to the study designs and large variation
among studies in the sample size (41 to 44,672
patients). Additionally, different lengths of follow-
up may be missed the events in some studies
leading to heterogeneity as some patients were
still in hospital. One of the strengths of this study
is that we did subgroup analysis. Secondly, data
from China was the sole source for most
published meta-analysis so far. But we included
studies from 5 countries which improved the
validity of our results. Given the limited level of
evidence, meta-analysis including more studies
from other countries should be conducted in
future to find the association between outcome
and SOFA score, PCT level, chest radiographic
findings with higher power.

Conclusion

Older age, male gender, presence of co-
morbidities and delayed hospitalization along
with high NLR, low LCR, low platelet count,
prolonged PT, and elevated D-dimer, LDH, CK
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levels and IL-6 (suggestive of prominent
inflammation infection, immune  system
activation, coagulation disorder and tissue
damage) could help clinicians to identify at an
early stage those patients with COVID-19 who
have poor prognosis. The older male people
with greater number of co morbidities should be
included in future SARS-CoV-2 vaccination
recommendations.
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