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Abstract

Despite the growing knowledge of the clinicopathological features of COVID-19, the correlation between early changes in the
laboratory parameters and the clinical outcomes of patients is not entirely understood. In this study, we aimed to assess the
prognostic value of early laboratory parameters in COVID-19. We conducted a systematic review and meta-analysis based on
the available literature in five databases. The last search was on July 26, 2020, with key terms related to COVID-19. Eligible
studies contained original data of at least ten infected patients and reported on baseline laboratory parameters of patients. We
calculated weighted mean differences (WMDs) for continuous outcomes and odds ratios (ORs) with 95% confidence intervals.
93 and 78 studies were included in quantitative and qualitative syntheses, respectively. Higher baseline total white blood cell
count (WBC), C-reactive protein (CRP), lactate-dehydrogenase (LDH), creatine kinase (CK), D-dimer and lower absolute
lymphocyte count (ALC) (WMD), -=—0.35x 10%/L [CI —0.43, —0.27], p<0.001, ?=94.2%; < 0.8 x 10°/L,, OR ; - =3.74
[CI 1.77,7.92], p=0.001, P= 65.5%) were all associated with higher mortality rate. On admission WBC, ALC, D-dimer,
CRP, LDH, and CK changes could serve as alarming prognostic factors. The correct interpretation of laboratory abnormali-
ties can guide therapeutic decisions, especially in early identification of potentially critical cases. This meta-analysis should
help to allocate resources and save lives by enabling timely intervention.
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Introduction

Coronavirus disease-19 (COVID-19) is a novel coronavi-
rus infection caused by the novel Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), which was first
detected in Wuhan, China, in December 2019 after a series
of pneumonia cases of unknown aetiology had emerged [1].
On 11 March 2020, WHO declared the rapid spread of this
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virus a pandemic [2]. Since the initial detection of the virus,
more than 25,000,000 cases of COVID-19 have been con-
firmed worldwide with over 850,000 fatal cases [3].

In some patients, symptoms of severe respiratory infec-
tion can occur with rapidly developing acute respiratory dis-
tress syndrome and other serious complications, which may
be followed eventually by multiple organ failure and death.
Therefore, early diagnosis and timely treatment of critical
cases are crucial.

Despite some knowledge of the clinicopathological fea-
tures of COVID-19, the correlation of changes in laboratory
parameters and the prognosis of patients with COVID-19
is still unclear. However, studies on COVID-19 cases have
shown that increased levels of white blood cells (WBC),
decreased numbers of lymphocytes, especially CD8 + cells,
increased levels of lactate-dehydrogenase (LDH), creatine
kinase (CK), C-reactive protein (CRP), D-dimer, and lev-
els of pro-inflammatory cytokines are associated with more
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severe inflammation and extensive lung damage with higher
rates of admission to intensive care unit (ICU) and mortal-
ity [4]. A better understanding of early prognostic clinical
laboratory parameters could save many lives by enabling
timely intervention and better resource allocation since ICU
capacity is limited in most countries. In this meta-analysis,
we aimed to explore the significance of changes in the labo-
ratory parameters and assessed the correlation between clini-
cal laboratory data and the clinical outcomes of patients with
COVID-19.

Methods

This systematic review with meta-analysis is reported in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Statement [S5]. The review
protocol was registered on PROSPERO (CRD42020176836).

Search strategy

The systematic literature search was conducted in MED-
LINE (via PubMed), Embase, Cochrane Library (CEN-
TRAL), Scopus, and Web of Science for studies published
from 1st January 2020 to 9th April 2020. The following
search terms were used: ("covid 19”) OR (“Wuhan virus”)
OR (“coronavirus”) OR (2019 nCoV”) OR (“SARS-
cov-2"). There was no restriction on the language of the
records.

Selection and eligibility criteria

We selected clinical studies reporting on at least ten con-
firmed SARS-CoV-2 infected patients (based on the WHO
case definition) and their laboratory findings. Studies were
included in the systematic review of data on at least one of
the following variables could be extracted: total white blood
cell count (WBC), absolute lymphocyte count (ALC), abso-
lute neutrophil count (ANC), platelet count, absolute baso-
phil count, absolute eosinophil count (AEC), absolute mono-
cyte count (AMC), C-reactive protein (CRP), haemoglobin,
ferritin, lactate dehydrogenase (LDH), creatine kinase (CK),
procalcitonin (PCT), fibrinogen, D-dimer, and any interleu-
kins or lymphocyte subsets (CD3 4, CD4 4, CD8+). The
titles, abstracts, and full texts of the studies were screened by
four independent review authors in pairs based on predefined
criteria. The decision to include a study in the meta-analysis
was based upon the assessment of the two reviewers and,
if necessary, by a third reviewer for the resolution of any
disagreements. Reference lists in the included studies and
reviews on this topic were searched for additional studies.
Publications citing the included studies were screened in the
Google Scholar academic search engine too. Those studies
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that had either proven or suspected overlapping populations
were included only in the systematic review part of this
paper. To clarify these overlaps, we tried to contact the cor-
responding authors. Studies with more than 10% unclosed
cases were excluded.

Data extraction

Four review authors independently extracted data into a
standardized data collection form. The following data were
extracted from each eligible article: first and second author,
publication year, study site, study design, gender, age, and
the means, standard deviations, medians, ranges, and inter-
quartile ranges (IQR) of the laboratory values and specific
thresholds with the corresponding intensive care require-
ment and mortality ratio. Data extraction was validated by a
fifth review author. Discrepancies were resolved by a third

party.

Risk of bias assessment

Based on the recommendation of the Cochrane Prognosis
Methods Group, the QUIPS tool was applied by two inde-
pendent authors for assessing the risk of bias in the studies
included. Any disagreement was resolved based on consen-
sus [6].

Statistical analysis

Pooled mean difference (weighted mean difference, WMD)
was calculated for continuous outcomes and pooled odds
ratios (ORs) were calculated for dichotomous outcomes.
Random effect model was applied to all of the analyses with
DerSimonien-Laird estimation. Statistical heterogeneity was
analysed using the /7 the y° tests to obtain probability values:
p<0.01 was defined as indicating significant heterogene-
ity. Where mean with standard deviation was not reported
for any of the outcomes, they were estimated from median,
interquartiles and range using the method of Wan (2014) [7].
We performed separate analyses for mortality based on the
clinical characteristics of the study population: one for all
hospitalized COVID-19 patients (the “mixed” population)
and the other for only critically ill COVID-19 patients. Small
study effect was evaluated by visual assessment of funnel
plot asymmetry and by Egger’s test were more than ten stud-
ies where available. Statistical analyses were performed with
Stata 15 SE (Stata Corp). In the case of potentially over-
lapping study populations, data from the study with higher
participant numbers were used for each outcome. ORs were
calculated where raw data were available, however, only
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those meta-analyses were interpreted where at least three
non-overlapping studies were available, as required.

Results

The results of our search and selection are detailed in
the PRISMA-Flowchart shown in Fig. 1. Our systematic
search yielded 93 eligible studies from 16 countries. We
summarize the characteristics of the included studies in
Supplementary Table 1. Out of these, fifty-six studies
reported on the association of laboratory parameters and
mortality. [8§—-63]. Of these, forty-eight studies reported
on 25,901 patients with all levels of disease severity (the
“mixed” population), and eleven other studies discussed
critically ill cases with an overall patient number of 2804.
Forty-one studies with 11,935 patients comparing those
with and without ICU requirement have also been included
in this review [8, 19, 26, 29, 43, 64—100].

The incidence of mortality ranged from 6.25 to 61.5%
in the mixed population and from 22.35 to 71.19% in the
critically ill population. While the prevalence of ICU
requirements ranged from 8.76 to 70.59%.

Results of the qualitative and quantitative synthesis are
summarized in Supplementary Tables 2, 3, 4.

Weighted mean differences

Pooled analyses showed that among all COVID-19
patients mortality was associated with increased base-
line WBC (WMD =2.35x 10%/L [CI 1.96, 2.83],
p<0.001, I*=64.5%), ANC (WMD =2.67 x 10°/L
[CI 2.12, 3.21], p<0.001, I>’=71.7%), CRP
(WMD =65.65 mg/L [CI 42.79, 87.50], p<0.001,
I’=99.4%), LDH (WMD =203.79 U/L [CI 151.86,
255.71], p<0.001, I*=95.2%), PCT (WMD = 0.38 ng/
mL [CI 0.30, 0.47], p<0.001, 12=91.8%), fibrinogen
(WMD=0.32 g/L [CI 0.13, 0.50], p=0.001, I*=52.4%),
D-dimer (WMD =1.31 mg/L [CI 1.05, 1.57], p<0.001,
I?=84.5%), ferritin (WMD =550.20 pg/L [CI 347.97,
752.43], p<0.001, I>=15.8%), CK (WMD =77.59
U/L [CI 55.31, 99.86], p <0.001, I>=81.4%) and IL-6
(WMD =84.26 pg/mL [CI 49.23, 119.30], p <0.001,
I’=97.5%). In the same population, decreased baseline
ALC (WMD = —0.35x10°/L [CI —0.43, —0.27], p < 0.001,
I?=94.2%), CD3 + lymphocyte count (WMD = —329.71
cell/pL [CI —370.82, —288.59], p <0.001, I*=60.1%),
CD4 + lymphocyte count (WMD = —164.24 cell/
pL [CI —190.51, —137.97], p<0.001, I°=67.0%),
CD8 + lymphocyte count (WMD =—115.45 cell/pL
[CI —130.61, —100.30], p <0.001, I*=55.7%), AEC
(WMD = —0.02 x 10°/L [CI —0.03, —0.01], p=0.003,

I’=74.6%), AMC (WMD = —0.05 x 10°/L [CI —0.08,
—0.03], p<0.001, 12=0.0%), and platelet count
(WMD = —25.66 x 10°/L [CI —35.56, — 15.76], p <0.001,
I’=81.8%) was associated with increased mortality.
(Fig. 2) We have not found significant association between
baseline IL-1 and mortality among all COVID-19 patient.

Pooled analyses found that among all critically ill
COVID-19 patients, mortality was associated with increased
baseline LDH (WMD =129.34 U/L [CI 67.73, 190.94],
p<0.001, >=34.1%), increased CRP (WMD =45.36 mg/L
[CI 23.50, 87.50], p<0.001, I*=35.3%), and decreased
platelet levels (WMD =—-30.19 x 10%/L [CI — 44.88,
—15.50], p<0.001, I’=0.0%). We have not identified
significant baseline difference between deceased and dis-
charged critically ill patients regarding WBC, ALC, PCT,
and D-dimer levels.

Pooled analyses revealed that the following base-
line laboratory parameters were higher in patients
who required intensive care compared those did not:
WBC (WMD =1.53 x 10°/L [CI 1.04, 2.02], p <0.001,
I’ =68.8%), ANC (WMD =2.47 x 10°/L [CI 1.71, 3.23],
p=0.037, *=75.2%), CRP (WMD =65.65 mg/L [CI
42.79, 87.50], p<0.001, >=99.4%), LDH (WMD = 190.91
U/L [CI 129.40, 252.42], p<0.001, I*=90.4%), PCT
(WMD=0.21 ng/mL [CI 0.05, 0.37], p=0.008, ’=95.6%),
CK (WMD =54.07 U/L [CI 28.37, 79.77], p<0.001,
12=35.2%), fibrinogen (WMD =1.04 g/L [CI 0.66, 1.43],
p<0.001, *=0.0%), D-dimer (WMD =0.77 mg/L [CI 0.50,
1.04], p=0.007, ’=81.1%), ferritin (WMD =328.28 pug/L
[CI 181.58, 474.99], p<0.001, I*=15.8%), and IL-6
(WMD =26.67 pg/mL [CI 15.98, 37.35], p<0.001,
I’=0.0%). Intensive care requirement was also associ-
ated with decreased baseline ALC (WMD =—0.30x 10°/L
[CI —0.37, —0.23], p<0.001, I°=87.0%), CD3 +lym-
phocyte count (WMD = —322.56 cell/pL [CI —589.00,
—55.54], p=0.018, I*=83.5%), CD4 + lymphocyte count
(WMD =—142.98 cell/uL [CI —242.12, —43.85], p=0.005,
I’ =82.2%), CD8 + lymphocyte count (WMD = — 186.52
cell/uL [CI —254.84, —118.21], p<0.001, I>=73.3%),
and haemoglobin (WMD =—-7.39 g/L [CI —11.65, —3.14],
p=0.001, P= 64.1%). No significant association was found
between intensive care requirement and baseline AMC,
platelet count.

Odds ratios

Among all COVID-19 patients, increased on admis-
sion total WBC was found to be a risk factor for mortal-
ity (>9.5%x10°/L, OR=3.7 [CI 1.72, 7.69], p=0.001,
’=0.0%;>10.0x 10°/L, OR=6.25 [CI 2.86, 14.29],
p<0.001, I>=85.2%) and intensive care requirement
(>9.5x10°/L, OR=4.52 [CI 1.95, 10.52], p<0.001,
I’=26.8%;>10.0x 10°/L, OR=2.64 [CI 1.22, 5.71],
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Identification

Screening

Eligibility

Included

PRISMA 2009 Flow Diagram

Records identified through database searching: MEDLINE
(n=27677), Embase (n = 31454), CENTRAL (n = 586), Web
of Science (n = 17241) Scopus (n = 26503)
(n=103461)

—

\ 4

Records after duplicates removed
(n=50248)
Records screened (title) Records excluded
(n =50248) (n=37631)
v
Records screened Records excluded

(abstract) > (n=5206)
(n=12617)

Full-text articles assessed Full-text articles excluded (n =7318)

for eligibility
(n=7411)

A 4
.

no original data or original data from less than 10
patients (n = 5329)

e no comparison (n =1979)

e >10% unclosed cases (n = 10)

\ 4

Studies included in
qualitative synthesis
(n=93)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=78)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ftems for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed 1000097

For more information, visit www.prisma-statement.org.

Fig. 1 PRISMA Flow Diagram showing the systematic search and selection process
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N, mean (SD) N, mean (SD) %

Studies WMD (95% CI) Deceased Discharged Weight
T

Chen R, Liang W —_—— : 0.74 (-0.86,-0.62) 87, .59 (:21) 426,1.33 (1.21) 6.82

LiQ,CaoY —— i 0.70 (-0.76,-0.64) 122, .57 (3) 1327, 1.27 (.59) 7.73

Javanian M, Bayani M + : 0.64(-0.97,-0.31) 19,17 (62) 81,2.34 (.8) 347

LiD, Chen Y —0—:— -0.46 (-0.67,-0.25)  27,.76 (.51) 136, 1.22 (.57) 5.16
1

Satici C, Demirkol MA —0:— -0.38(-052,-0.24)  55,.97 (.51) 626, 1.35 (.58) 6.48

Xu B, Fan CY _0:_' -0.37 (-0.57,-0.17) 28, .61 (.48) 117, .98 (.54) 5.37
1

LiK, Chen D —JI— -0.36 (-0.55,-0.17) 15, .57 (:33) 87,.93 (.38) 5.69

Borobia A, Carcas A :0 -0.33(-0.34,-0.32) 460, .69 (.07) 1766, 1.02 (.05) 8.09
1

Wang K, Zuo P (validation cohort) —:—0— 0.30(-049,-0.11) 14, .63 (.25) 30, .93 (.39) 558

Zhao X, Wang K —:—0— -0.30 (-0.45,-0.15) 29, .8 (4) 503, 1.1 (.5) 6.30
1

Bonetti G, Manelli F —:—0— -0.28 (-0.40,-0.16)  70,.77 (:34) 74,1.05 (.37) 6.94

Ciceri F, Castagna A : —_—— 0.24(-0.30,-0.18)  92,.73(.23) 288, .97 (.37) 7.71

Giacomelli A, Ridolfo AL E ——— -0.20(-0.33,-0.07) 48, .87 (.38) 185, 1.07 (.45) 6.78

Mikami T, Miyashita H : —— -0.17(-0.21,-0.13) 806, .8 (.45) 2014, .97 (.45) 7.96

Wang D, Yin Y -E—o—— -0.13(-0.36,0.10) 19, .8 (:48) 88, .93 (.38) 4.90

Shahriarirad R, Khodamoradi Z : * 0.07 (-051,037)  9,1.09 (.64) 104, 1.16 (.66) 241

De Biasi S, Meschiari M : 0.01(-0.40, 0.42) 5, 1.16 (.43) 23,1.15(41) 261

Overall (I-squared = 94.2%, p = 0.000) Q -0.35(-043,-0.27) 1905 7875 100.00
|

NOTE: Weights are from random effects analysis :

| I I

< -5 0 5

Fig. 2 Forest plot representing that decreased baseline absolute lymphocyte count was associated with increased mortality
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Fig.3 Odds ratios suggest a stepwise increase in risk for mortality parallel with the increase of the total white blood cell threshold
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p=0.014, I=61.3%). These results suggest a stepwise
increase in risk for mortality in parallel with the increase
of the total WBC threshold. This is depicted on Fig. 3.
Furthermore, low baseline WBC was associated with
decreased mortality (<4.0 X 10°/L, OR=0.38 [CI 0.20,
0.72], p=0.003, I =40.6%) and lower risk for intensive
care requirement (< 3.5 X 10°/L, OR=0.42 [CI0.18, 0.96],
p=0.039, >=0.0%).

Low ALC on clinical admission was a risk factor
for mortality (<0.8x 10°/L, OR=3.74 [CI 1.77, 7.92],
p=0.001, 12=65.5%) and intensive care requirement
(<1.0x10%L, OR=4.54 [CI 2.58, 7.95], p <0.001,
I’=26.8%;<1.1x10°/L, OR=2.64 [CI 1.49, 4.70],
p=0.001, I*>=36.4%) among all COVID-19 patients.
(Fig. 4).

Increased baseline ANC was found to be a risk factor
for intensive care requirement (> 6.3 X 10°/L, OR=2.32 [CI
1.23,4.37], p=0.009, I*=0.0%). We could not carry out a

meta-analysis for any threshold regarding mortality, however
individual studies support its role as a risk factor for mortal-
ity [23, 34, 49].

Assessment of low platelet on admission as a risk factor
for mortality provided inconsistent results. Although base-
line platelet level under 125 x 10°/L was associated with a
significantly higher risk for mortality among all COVID-
19 patients, on admission platelet level below 100 x 10°/L
and 150 x 10°/L did not show significant results. We did
not find any threshold that is associated with increased risk
for intensive care requirement.

Evaluation of increased CRP showed that base-
line level over 10 mg/L and 100 mg/L is associated
with increased mortality (OR =4.84 [CI 1.49, 15.69],
p=0.009, ’=45.8%; OR=2.49 [CI 1.42, 4.35], p=0.001,
I’ =14.7%, respectively), however, the analysis regard-
ing the threshold of 50 mg/L was not significant, which
makes these results inconsistent. In case of intensive care

Events, Events, %
Studies OR (95% CI) Deceased Discharged Weight
<0.5
De Biasi S, Meschiari M + 15.67 (0.55, 449.11) 1/5 0/23 100.00
Subtotal (I-squared = .%, p =.) 15.67 (0.55,449.11)  1/5 0/23 100.00
<0.8
De Biasi S, Meschiari M + 1.19 (0.10, 13.65) 1/5 4/23 7.36
Giacomelli A, Ridolfo AL T 1.83 (0.95, 3.53) 20/48 52/185 26.75
Yao Q, Wang P — 3.10 (0.88, 10.88) 5/12 18/96 17.30
LiD, ChenY —_—— 5.53 (2.30, 13.26) 17127 32/136 23.07
ZhouF,YuT —_—— 8.85 (4.26, 18.37) 41/54 36/137 25.51
Subtotal (I-squared = 65.5%, p = 0.021) <> 3.74(1.77,7.92) 84/146 142/577 100.00
<1
De Biasi S, Meschiari M L g 0.32(0.03, 3.38) 1/5 10/23 100.00
Subtotal (l-squared = %, p =) C> 0.32 (0.03, 3.38) 15 10/23 100.00
<11
De Biasi S, Meschiari M <+ 0.27 (0.03, 2.83) 1/5 11/23 17.42
Cao J, TuWJ —_—— 1.05 (0.35, 3.13) 117 54/85 26.38
YuC, LeiQ —— 1.13 (0.84, 1.51) 104/212 576/1252 30.38
Chen R, Liang W —_—— 18.78 (5.84, 60.36) 84/87 255/426 25.82
Subtotal (I-squared = 88.4%, p = 0.000) <:> 1.79 (0.41,7.88) 200/321 896/1786 100.00
<15
De Biasi S, Meschiari M L g 0.22(0.03, 1.95) 3/5 20/23 30.63
Shahriarirad R, Khodamoradi Z — 4.14 (0.90, 18.92) 3/9 11/102 37.05
Chen R, Liang W 8.94 (1.22, 65.36) 40/41 949/1161 32.32
Subtotal (I-squared = 71.8%, p = 0.029) <> 2.18 (0.28, 16.76) 46/55 980/1286 100.00
NOTE: Weights are from random effects analysis
I I
.005 1 500

Fig.4 Forest plot representing that low absolute lymphocyte count carries and increased risk for mortality
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requirement, baseline level over 10 mg/L was found to
be a risk factor (OR=3.85 [CI 1.21, 12.22], p=0.022,
I’ =55.4%).

On admission LDH over 250 U/L was found to be a
risk factor both mortality (OR=10.88 [CI 4.48, 26.39],
p<0.001, I*= 0.0%) and intensive care requirement
(OR=9.44 [C14.412, 24.02], p<0.001, ?=0.0%).

Baseline procalcitonin level over 0.05 ng/mL was not a
risk factor for mortality, however, we found increased risk
over the threshold of 0.50 ng/mL (OR=11.97 [CI 4.75,
30.16], p<0.001, =59.4%). The same thresholds provided
non-significant results regarding intensive care requirement.

Increased D-dimer level on admission was found to be a
risk factor for mortality (>0.50 mg/L, OR=4.30 [CI 1.55,
11.98], p=0.005, *=83,7;> 1.0 mg/L, OR=6.63 [CI 3.62,
12.14], p<0.001, I =45.1%) and intensive care require-
ment (>0.50 mg/L, OR=3.37 [CI 1.90, 5.95], p <0.001,
=0.0%).

On admission CK level over 185 U/L was associated with
increased mortality (OR=3.14 [CI 1.87, 5.27], p<0.001,
I’=0.0%). We could not carry out a meta-analysis for any
threshold regarding intensive care requirement, however,
individual studies support the role of increased CK as a risk
factor [79, 85, 98].

There was no common threshold for any laboratory
parameters with more than three non-overlapping studies,
therefore, we were unable to calculate ORs for mortality
among critically ill COVID-19 patients. ORs for mortality
and intensive care requirements are summarized in Supple-
mentary Table 3.

Risk of bias assessment and publication bias

Results of risk of bias assessments and evaluation of small-
study effect are summarized in Supplementary Figures and
among limitations of this study.

Discussion

In this meta-analysis, we have assessed the correlations
between changes in laboratory parameters and the outcomes
of patients with COVID-19. In doing so, we have identified
many laboratory parameters that could be crucial for the
timely identification of patients at higher risk of adverse
outcomes.

This is the most comprehensive meta-analysis that
assesses associations between on-admission laboratory
parameters and mortality, as well as intensive care require-
ment. Compared with previous meta-analyses, [101-129].
our work contains the widest coverage of laboratory param-
eters in this topic with the largest sample size, from 16 dif-
ferent countries. To the best of our knowledge, this study is

the only meta-analysis which assessed all potential thresh-
olds for the investigated parameters regarding mortality
and intensive care requirement. We also analysed the role
of early laboratory parameters in an important subgroup: in
patients who were critically ill on admission and had conse-
quently higher mortality. We strictly evaluated all studies to
avoid pooling studies with potentially overlapping popula-
tion and unclosed cases.

Our study provides further evidence for a remarkable
early prognostic value of ALC in COVID-19 since we
found that low absolute lymphocyte levels on admission
present a significant risk for critical illness and mortality,
but probably with different thresholds. In addition to these
early changes, it has been reported that absolute lymphocyte
counts remained low for an additional few days in survivors
and improved later, while in non-survivors, lymphopenia
did not improve and in the majority of cases this further pro-
gressed [33, 62]. Lymphocyte depletion might be explained
by direct viral damage or by the imbalance of inflammatory
mediators [130].

We also found that CD3 +, CD4 + and CD8 + cells were
greatly decreased in non-survivors [4, 85]. Importantly, these
lymphocyte subsets play a role in viral clearance, reducing
overreaction of the immune system [131],. and developing
long-term immunity including that achieved after vaccina-
tion [130, 132].

We have noted that patients with a higher total WBC on
admission had a poorer prognosis, while low total WBC
levels were found to be a protective factor. Higher total WBC
values are probably due mainly to increased levels of neutro-
phils [133]. In support of this idea, higher neutrophil counts
also “predisposed” patients to unfavourable disease out-
comes [134]. In light of our current knowledge, this might
not be surprising since neutrophils are responsible for the
production of pro-inflammatory mediators. Overproduction
of these mediators, the so-called cytokine storm, has been
suggested as a major cause of critical illness and mortality
in COVID-19 [135].

It is important to note that increased levels of proinflam-
matory mediators such as CRP, fibrinogen and IL-6 were
associated with worse outcomes. In agreement with previous
studies, we found higher ferritin levels in non-survivors and
critically ill patients. The laboratory profile in COVID-19
indicates hyperinflammation and may resemble secondary
haemophagocytic lymphohistiocytosis (sHLH). However,
other diagnostic criteria of sHLH have been rarely observed
in COVID-19 [136-138].

This knowledge may help to identify therapeutic targets to
minimize the cytokine storm. In addition, identifying those
at higher risk of a cytokine storm is essential for treating
them appropriately in advance [139].

Procalcitonin is not typically increased in viral infec-
tions; thus its elevated level at admission may not seem to
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be a significant finding in patients with COVID-19. Inter-
estingly, according to our results, increased PCT levels
have a predictive value for mortality, but not for intensive
care requirement. An increase in its level might be associ-
ated with worse prognosis, possibly because of a bacterial
superinfection, which could contribute to a rapid deterio-
ration in the clinical course of disease towards multiorgan
failure and death [140].

Compared to SARS-CoV, low platelet levels in
COVID-19 are less common findings on admission.
[141]. Although we found lower platelet levels in deceased
patients compared to discharged ones, our pooled analyses
did not indicate a clear prognostic role for platelet counts.
However, studies found decreasing levels of platelet in
patients are associated with adverse outcomes during the
hospital stay [142, 143]. Thus, continuous monitoring of
platelet counts may be required, even if its level initially
gives no cause for concern.

Elevated D-dimer level is a typical sign of coagulation
abnormalities in COVID-19 [144]. In our meta-analysis,
increased D-dimer level was associated with worse prog-
nosis in every comparison, except for the mean baseline
D-dimer level between deceased and discharged critically
ill patients (p =0.149). However, the interpretation of these
finding is uncertain since D-dimer levels can depend on
several factors, including the presence of comorbidities or
inflammatory processes [145].

The general indicators of tissue damage, elevated LDH
and CK, were also associated with unfavourable outcomes in
our meta-analysis, but none of these two laboratory param-
eters are specific for a special condition.

The underlying causes of the laboratory abnormalities
are not entirely understood. Thus, further studies, including
animal experiments, histological and pathological exami-
nations, and clinical trials might give insight and identify
potential therapeutic targets. More studies are required to
further specify the thresholds applicable in clinical practice
and resolve the contradiction in the role of certain biomark-
ers. Besides static values, the dynamics of laboratory param-
eters would worth further studying.

This meta-analysis has some limitations. Because of the
nature of studies included, selection bias can occur, particu-
larly in the case of parameters that are not routinely meas-
ured [62]. There was considerable heterogeneity in some
analyses. Additionally, because of some studies with a high
risk of bias, our results need to be interpreted cautiously.
High risk of bias among studies mainly resulted from the
significant differences in baseline characteristics of patients.
Patients with advanced age and comorbidities are at higher
risk both for more severe COVID-19 and for laboratory
abnormalities. Conversion of medians to means could also
distort our results. The visual assessment of funnel plots
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and Egger’s tests detected small-study effects in most of the
analyses concerning WMD analyses.

In conclusion, we have shown that laboratory parameters
on admission serve as important and early prognostic fac-
tors. These findings should help to allocate resources and
potentially to save lives by enabling timely intervention.
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