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ABSTRACT

Several reports have determined that changes in white blood cell counts and
inflaimmatory biomatkers are related to disease outcome of coronavirus disease 2019
(COVID-19) and they can be utilized as prognostic biomarkers. For introducing a factor as a
diagnostic/prognostic biomarker, diagnostic test accuracy (DTA) systematic review and
meta-analysis are recommended. For the first time, we aimed to determine the accuracies of
white blood cell counts and inflammatory biomarkers for prognosis of COVID-19 patient’s
outcome by a DTA meta-analysis.

Until August 24, 2020, we searched Web of Sciences, Scopus, and MEDLINE /PubMed
databases to achieve related papers. Summary points and lines of included studies were
calculated from 2X2 tables by bivariate/hierarchical models. Critical condition and mortality
were considered as outcomes.

A total of 13387 patients from 28 studies were included in this study. Six biomarkers
containing leukocytosis, neutrophilia, lymphopenia, increased level of C-reactive protein,
procalcitonin (PCT), and ferritin met the inclusion criteria. Analysis of the area under the
curve (AUCHhsroc) indicated that the PCT was the only applicable prognostic biomarker for
critical condition and mortality (AUChsroc=0.80 for both conditions). Pooled-diagnostic
odds ratios were 6.78 (95% CI, 3.65-12.61) for prognosis of critical condition and 13.21
(95% Cl, 3.95-44.19) for mortality. Other biomatkers had insufficient accuracies for both
conditions (AUCusroc< 0.80).

Among evaluated biomarkers, only PCT has good accuracy for the prognosis of both
critical condition and mortality in COVID-19 and it can be considered as a single prognostic
biomarker for poor outcomes. Also, PCT has more accuracy for the prognosis of mortality
in comparison to critical conditions.

Keywords: COVID-19; Procalcitonin; Prognosis; Sensitivity and specificity

Corresponding Author: Jun Zhang, MD, PhD; Zhejiang University, School of Medicine, Hangzhou, China.
Department of Clinical Laboratory, Sir Run Run Shaw Hospital, Tel: (+86 571) 8600 2260, E-mail:jameszhang2000@zju.edu.cn
Copyright© December 2020, Iran J Allergy Asthma Immunol. All rights reserved. 557

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)



M. E. Zare, ct al.

INTRODUCTION

In December 2019, several cases of pneumonia with
unknown causes were reported in Wuhan city, the
capital of the Hubei province of China. In January
2020, Chinese scientists succeeded to isolate a novel
Coronaviruses from these patients which was first
named 2019 novel Coronaviruses (2019-nCoV) and
then, was named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)." Finally, in February
2020, this infection disecase was called coronavirus
disease 2019 (COVID-19) by World Health
Organization (WHO). This virus causes a pandemic in
the early months of 2020 and infected cases were
reported in almost all countries in the world."”

The clinical outcome of COVID-19 patients is
variable, from non-symptom to a critical phase lead
them to hospitalization in the intensive care unit (ICU),
shock, organ failure, and/or need to mechanical
ventilation and eventually may cause death."
Therefore, prognostic markers are very important for
the management of these patients due to the lack of
medical resources in pandemic conditions.’ Because of
the pandemic, many countries faced this situation,
including undeveloped countries which suffer from
limitation of accessibility to complicated medical
equipment and tests. On the other hand, due to a large
number of infected patients, performing non-routine
laboratory tests that often need time and expert
operators is not possible, even if exists. Thus, the
identification of routine laboratory tests as prognostic
biomarkers which are done rapidly and available in all
medical facilities seems necessary.>”

Viral infections have a close correlation with the
human immune system. Dysregulation of immune
system responses is assumed to play important roles in
the severity of the virus-induced disease. In this regard,
from the beginning of this infection, several reports
have determined changes in white blood cell counts and
inflammatory biomarkers like acute phase reactants are
related to the progression of disease severity.”* Several
studies have shown significant correlations between
hematological =~ change  including leukocytosis,
neutrophilia and lymphopenia, and disease severity.
The most routine and important inflammatory
biomarkers for diagnosis of pneumonia are C-reactive
protein (CRP) and procalcitonin (PCT) which have a
positive correlation with the level of inflammation and
are not affected by different factors such as age, sex,
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and physical condition as well as patients’ co-
morbidities that contribute to clinical ambiguity, such
as chronic obstructive pulmonary disease and acute
heart failure.™®

The above-mentioned pieces of evidence indicate
these tests have great potential as prognostic
biomarkers for critical condition and mortality in
COVID-19 patients. However, only those tests are
applicable which have high accuracy to discriminate a
favorable characteristic from an unfavorable.”'® To
ascertain the accuracy of a diagnostic or prognostic
laboratory test, diagnostic test accuracy (DTA)
systematic review and meta-analysis is
recommended.'"'? These types of studies are used for
biomarkers introducing with the diagnostic and
prognostic applications.'® Nonetheless, to date, there
isn’t any DTA study to introduce applicable laboratory
tests for the prognosis of critical condition and
mortality in COVID-19 patients. Therefore, for the
the first time, a DTA systematic review and meta-
analysis was conducted to determine the accuracies of
white blood cell counts and inflammatory biomarkers
including leukocytosis, neutrophilia, eosinopenia,
lymphopenia, increased level of CRP, PCT, ferritin,
and Serum Amyloid-A (SAA) in a different outcome
of COVID-19 patients.

MATERIALS AND METHODS

Search Strategy

The search strategy and article review were
conducted according to the preferred reporting items
for systematic reviews and meta-analyses (PRISMA)
statement. Until August 24, 2020, we did a systematic
search on comprehensive databases consist of Web
of Sciences (WOS), Scopus, and MEDLINE/PubMed
for finding relative studies without any language
restriction. The following search keywords were
used: (“Novel coronavirus” OR “Novel coronavirus
2019” OR “2019 nCoV” OR “COVID-19” OR “SARS-
CoV-2”) AND (“Severity” OR “Critical” OR “ICU”
OR “Death” OR “Survivors” OR “Laboratory tests”
OR “inflammation” OR “White Blood Cell” OR
“Neutrophil” OR “Lymphocyte” OR “Procalcitonin”
OR  “C-reactive protein” OR  “Ferritin” OR
“Eosinophil” OR “Serum Amyloid-A”). The reference
lists were checked manually for each selected paper
and relevant systematic and narrative reviews on
the topic to identify missing studies. To exclude
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the duplicated papers, we imported records into
the EndNote software (Version X9, Thomson
Reuters).

Study Selection

The title and abstract of all obtained records were
screened by one of the authors. Different severity of
COVID-19 patients was assessed into 4 groups based
on “Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 7)” as follows:
1) Mild: the clinical symptoms were mild and there was
no sign of pneumonia on imaging; 2) Moderate:
patients who are show fever and respiratory symptoms
with radiological findings of pneumonia; 3) Sever: in
patients who met one of the following criteria:
respiratory distress (respiration rate > 30 times/min),
oxygen saturation (SpO2) < 93% in the resting state,
and arterial partial pressure of O2 and the fraction of
inspired oxygen (PaO2/FiO2) ratio < 300 mmHg; 4)
Critical: respiratory failure requiring mechanical
ventilation, shock, organ failure, and ICU admission.'*

In this study, only “on admission” laboratory tests’
results were collected and used for meta-analysis. The
including criteria for this study were: 1) all patients
were diagnosed with SARS-CoV-2 by Real-time PCR
technique, 2) Clinical characteristics and the results of
laboratory tests were separated by the presence of
survivor vs. non-survivor patients or critical vs. non-
critical (including mild, moderate, and severe form of
the disease), 3) For each group of studies, the type and
number of abnormal laboratory test results were clear
(change out of local reference range), 4) For each
laboratory parameter, at least 4 studies should be found,
5) the methods of biomarkers’ assay are quantitative.
Studies were excluded if they met the following
criteria: 1) Patients were diagnosed with SARS-CoV-2
infection by non-real-time PCR technique, 2) duplicate
publications, 3) reviews, meta-analysis and case
reports, 4) studies which failed to clearly distinguish
different mentioned groups, 5) studies which assessed
single group, like non-survivor patients or all of the
COVID-19 patients were assessed as a group, 6)
studies which done on a special group of patients like
pregnant women, children and, 7) qualitative method
for evaluating of serum biomarkers.

Quality Assessment and Sensitivity Analysis

There isn’t any recommended tool for assessing the
quality of included studies in a prognostic test accuracy
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systematic review."> Hence, we used the Newcastle-
Ottawa Scale (NOS) tool which applicable to analytical
studies, including cohort studies. Included studies were
assessed for their methodological quality using NOS
with a maximum of 9 points."” This scale consists of
three major categories including “Selection”,
“Comparability” and “Outcome”. There isn’t any
validation study that suggests a cut-off point for rating
“low” bias risk studies, however, some studies use the
overall point >6 for low bias risk and these studies will
be categorized as “good quality”. Further, studies with
overall point 3-5 have a “moderate quality” and<3 will
be categorized as “poor” quality.'® Therefore, we used
the same categorization. Analyses were restricted by
“moderate” or “poor” quality studies.

Data Extraction

The data from the included studies were extracted
and calculated to achieve 2x2 contingency tables. First,
all included studies were assessed for the laboratory
tests, and the number or percentage of results that were
out of local reference ranges were extracted. Then true
positive (TP), false positive (FP), true negative (TN),
and false negative (FN) of each test were calculated for
all obtained tests.

Data Synthesis and Statistical Analysis

Based on extracted data, we constructed 2x2
contingency tables for each test, separately. Sensitivity,
specificity, positive likelihood ratio (LR+), negative
likelihood ratio (LR-), and diagnostic odds ratio (DOR)
were calculated for each test. For a meta-analysis report
of summary points, we considered Pooled-Sensitivity,
Pooled-Specificity, Pooled-LR+, Pooled-LR- and
Pooled-DOR. Separately pooling of these summary
points could be affected by a threshold effect. Thus, to
eliminate this limitation, we used a bivariate model,
which accounts for the correlation between sensitivity
and specificity and between-study heterogeneity as well
as the threshold effect by a random effect approach.!
For achieving a summary of line parameters, we were
drawn hierarchical summary receiver operating
characteristic (HSROC) and the area under the curve
(AUCysroc) was calculated by trapezoidal integration
to obtain a global measure of test performance.'
AUCysroc value reflected the diagnostic (prognostic)
accuracy of each laboratory test and it has a value range
between minimum 0.5 to maximum 1. If the value of
AUCygroc is 1, it’s the perfect biomarker to discriminate

Iran J Allergy Asthma Immunol, / 559

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)



M. E. Zare, ct al.

favorable characteristics from unfavorable ones whereas
0.5 reflects a non-discriminating biomarker. The
relationship between AUCygroc value and diagnostic
(prognostic) accuracy is defined as follow: 0.90-
I=excellent; 0.80-0.89=good; 0.70-0.79=fair; 0.60-
0.69=poor and 0.50-0.59=fail."” In the present study, we
consider only “good” or “excellent” values
(AUCysroc>0.80) as clinically applicable biomarkers for
prognosis of critical condition and mortality in COVID-
19 patients.'® All biomarkers were done and summarized
for reporting with considering 95% confidence interval
(95% CI). All statistical analysis were performed by
Stata (Stata Corporation, College Station, TX, USA,
version 12.0) and R software online based application,
MetaDTA."

To find potentially confounding covariates, including
age, gender, hypertension, cardiovascular disease,
diabetes mellitus, and chorionic respiratory disease we
performed  the  Moses-Shapiro-Littenberg ~ meta-
regression method by Meta-Disk 1.4 software.

In this meta-analysis, all reports were considered as
statistical significance when p<0.05.

RESULTS

Study Selection and Quality Assessment

From 3079 initial records, 1052 studies were
excluded due to duplication, and 1367 studies were
excluded after the screening of title and abstract. Finally,
660 studies were undergone a full-text assessment. Most
of the studies were excluded due to three major reasons:
1) Critical patients didn’t separate from severe type
patients; 2) the number or percentage of laboratory test
results that were out of the references ranges were not
mentioned, and 3) some studies reported just a group (for
example some studies reported the data of death
patients). Eventually, 28 studies were achieved to
eligibility criteria (Table 1 and Figure 1). From these 28
studies, 14 studies assessed laboratory results of
critical/non-critical outcome®* and 12 studies appraised
laboratory results of mortality outcome.**** Two studies
reported laboratory results of both outcomes at the same
time.**"" Totally, 2999 patients were classified in
critical/non-critical groups and 10388 patients in the
survivor/non-survivor group. All included studies
achieved aNOS score >8 and ranked as “high” quality
(Table 1). Thus, no study restriction was performed base
on the risk of bias. All studies achieved maximum points
in the “Selection” and “Outcome” categories and
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differences of studies in point achievement were related
to the “Comparability” category.

Prognostic Accuracy of Laboratory Tests

Eosinopenia and SAA didn’t meet inclusion criteria.
All other considered biomarkers met inclusion criteria in
both groups, except ferritin. Ferritin didn’t meet
inclusion criteria in critical/non-critical, but it was
eligible for assessment in the survivor/non-survivor
group. Among the 6 assessed biomarkers, only PCT had
“good” accuracy for the prognosis of both critical
condition and mortality (AUCysroc=0.80 for both
conditions) (Table 2 and Figure 2). Based on these
results, the accuracies of PCT for the prognosis of both
conditions are the same. However, based on another
accuracy summary point, pooled-DOR, PCT has more
accuracy for the prognosis of mortality in comparison to
critical condition (pooled-DOR for the critical condition
is 6.78 (95% CI, 3.65-12.61) and for mortality is 13.21
(95% CI, 3.95-44.19)) (Table 2). Pooled-sensitivity of
PCT was 0.54 (95% CI, 0.29-0.77) and pooled-
specificity was 0.84 (95% CI, 0.76-0.90) for prognosis of
critical condition. Following, pooled-sensitivity and
pooled-specificity for prognosis of mortality were 0.89
(95% CI, 0.24-0.99) and 0.60 (95% CI, 0.11-0.94),
respectively (Figure 2). Neutrophilia and lymphopenia
had “fair” accuracies for the prognosis of both critical
condition and mortality, whereas leukocytosis and
increased level of CRP had different accuracies for each
group. leukocytosis had “fail” and “fair” accuracies for
the prognosis of critical condition and mortality,
respectively. Also, the increased level of CRP had “fair”
and “fail” accuracies for those conditions.

Meta-regression Analysis

Regarding PCT, since the forest plot of sensitivity
and specificity suggested heterogeneity, meta-regression
analysis was conducted to find potentially confounding
covariates, including age, gender, hypertension,
cardiovascular disease, diabetes mellitus, and chorionic
respiratory disease (Table 3). In the critical/non-critical
group, this analysis did not indicate any source of
heterogeneity among covariates (p>0.05). Nonetheless,
in the survivor/non-survivor group, meta-regression
analysis indicated that chorionic respiratory disease
(»=0.034) contributed to a source of heterogeneity.
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Table 1. Characteristics of included studies in this meta-analysis

= ORS-S
5 z %” E . Lz a = a E E - £
£ E T 2 % 2 £ ¢ & 8 EEES ;
= g 2 & < S S e NS Q & 8 2K 4
S g SR ZEEE 2
wn )
Critical vs. non-Critical
Wang et al®®  China Cohort 65 571 57 NA* NA NA NA WBC (NA; *); N (NA; *); L 8
(NA; *); CRP (NA; *); PCT (NA;
*); Ferritin (NA; *)¥
Wang etal’’  China Retrospective 138 56 543 312 145 10.1 2.9 PCT (=0.05 ng/mL; ***) 9
Cohort
Fan et al* Singapore Retrospective 67 42 552 NA NA NA NA L (<Ix10°/L; **%) 8
Cohort
Huang etal”®  China Retrospective 41 49 73 15 15 20 2 WBC (>10x10°/L; NS); L 8
Cohort (<1x10%L; *); PCT (0.1
ng/mL;*)
Liu et al** China Retrospective 12 53.6 66.6 25 333 166 83 WBC (>9.5x10°/L; NA); N 9
Cohort (>6.3x10°/L; NA); L(<1.1x10%/L;
NA); CRP(>10 mg/mL; NA);
PCT (0.5 ng/mL; NA)
Lei et al® China Retrospective 34 55 412 382 206 235 2.9 L(<1.1x10°/L; NS); PCT (0.1 8
Cohort ng/mL; *)
Lietal® China  Retrospective 132 62.05 568 NA NA NA NA WBC (>9.5x10°/L; *); L 8
Cohort (<1.1x10°/L; ***¥); CRP (>3
mg/ml; ***); PCT (>0.5 pg/L; *)
Chenetal”’  China  Retrospective 54 589 66.6 296 11.1 463 0 WBC (NA; *) 8
Cohort
Goyal etal®  United  Retrospective 393 62.2 60.6 50.1 137 252 5.1 WBC (>10x10°*/mm*; NA); L 8
States Cohort (<1500/mm*; NA); CRP (>10
mg/dl; NA); PCT (>0.5 ng/mL;
NA); Ferritin (>300 pg/L; NA)
Chanetal®®  Singapore Retrospective 75 50 667 NA NA NA NA N (>6.6x10°/L; **¥); L
Cohort (<1x10°/L; **¥)
Fengetal®®  China Retrospective 476 53 569 237 8 103 4.6 WBC (>10x10°/L; ***); L
Cohort (<1x10°/L; **#¥); CRP (>10
mg/L; **¥)
Zheng et al’’  China Retrospective 34 66 67.6 647 118 235 59 WBC (>10x10°/L; NS); L
Cohort (<0.8x10°/L; NS)
Urra et al*? Spain Retrospective 172 61.7 60.4 505 162  22.6 9.8 L (<1000/pL; **)
Cohort
Hu et al* China Retrospective 95 57.6 41 284 84 137 1.1 WBC (>10x10°/L; NA); N
Cohort (>6.3x10°/L; NA); PCT (0.1
ng/mL; NA)
Survivors vs. non-Survivors
Chenetal®  China Retrospective 274 62 62 34 8 17 7 WBC (>10x10°/L; NA); N
Cohort (>6.3x10°/L; NA); L (<1x10°/L;
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Cao et al® China Cohort 102 54 52 275 49 108 9.8 L(<l.1x10°L;NA);CRP(>10 8
mg/L; NA); PCT (>0.1 ng/mL;
NA)
Zhouetal®®  China Retrospective 191 56 62 30 8 19 3 WBC (>10x10°/L; NS); L 8
Cohort (<0.8x10°/L; ***); PCT (>0.1
ng/mL; ***); Ferritin (>300 pg/L;
***)
Du et al’’ China Cohort 179 576 542 324 162 184 NA WBC (>10x10°/L; *); N 8

(>6.3x10%/L; **¥); L
(<1.1x10°/L; NS); CRP (>10

mg/L; NS)
Liaoetal®®  China Retrospective 231 64 54 30 6 16 NA WBC (>9.5x10%/L; ***); N 8
Cohort (>6.3x10%/L; **¥); L

(<1.1x10°/L; *); CRP (>4 mg/L;
NS); Ferritin (>500 pg/L; NS)
Mikami et al** United Retrospective 2820 59 545 252 NA 177 27  WBC(>12x10*/ul; NA); CRP 8

States Cohort (>150 mg/L; NA); PCT (=0.5
ng/mL; NA); Ferritin (>400
ng/mL; NA)
Berengur et al*® Spain Retrospective 4035 70 61 512 233 218 179 WBC (>12x10°/L;"™); L 8
Cohort (<1000/ul;”™"); CRP (>5

mg/L;""); PCT (20.5 pg/L;™");
Ferritin (>300 pg/L;")

Perez-Guzman UK Retrospective 614 69 62.2 46 7.8 35.1 4.8 WBC (>10.5x10%/L; *); L 8
et al*! Cohort (<1x10°/L; NS); CRP (>10 mg/L;
**); Ferritin (>300 ng/mL; NS)

Yang et al*? China  Retrospective 205 63 47 33 8 11 2 WBC (>10x10°/L; NS); L 8

Cohort (<1x10°/L; **#*); CRP (>10

mg/L; **¥)

Pan et al®® China  Retrospective 124 68 685 50 153 202 89 WBC (>7.52x10%/L; NS); N 8

Cohort (>6.46x10°/L; *); L

(<0.64x10°/L; **%); CRP (77
mg/L; ***); PCT (>0.2 pg/L;

***)
Shangetal®*  China  Retrospective 113 66 64.6 442 248 177 44 WBC (>9.5x10°/L; NS); N 8
Cohort (>6.3x10%/L; **); L (<0.5x10°/L;

**%). CRP (>55 mg/L; ***); PCT
(>0.15 ng/mL; **%*)
Xu et al® China Retrospective 239 62.5 59.8° 439 146 18.4 5 L (<1.1x10%/L; ¥) 8
Cohort
Critical/non-Critical & Survivors/non-Survivors
Chen et al*® China Retrospective 548 56  57.1 27 6.4 11.1 1.3 L (<1.1x10%/L; ***); CRP (>5 9
Cohort mg/L; ***); PCT (>0.5 ng/mL;
**%); Ferritin (>275 ng/mL; **%*)
Zhang etal*’  China Retrospective 663 55.6 484 NA 247 NA 7.7  WBC (NA; ***); N (NA; **%); 9
Cohort L (NA; *%); CRP (NA; %)

+ HTN: Hypertension; CVD: Cardiovascular Disease; DM: Diabetes Mellitus; CRD: Chorionic Respiratory Disease
1 WBC: Leukocytosis; N: Neutrophilia; L: Lymphopenia; CRP: increased level of C-reactive protein; PCT: increased level of procalcitonin; Ferritin:
increased level of ferritin. £ N/A: not available.§ NS: no-significant difference; *: p<0.05; **: p<0.01; ***: p<0.001.
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PRISMA 2009 Flow Diagram
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Figure 1. PRISMA flow diagram of Study selection
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Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
ChenRetal. 5 17 29 426 0.15[0.05,0.31] 0.96 [0.94, 0.98] —a— L
Govyal et al. 31 25 93 207 0.25(0.18, 0.34) 0.89[0.85, 0.93) - -
Hu etal. 10 17 2 66 0.83[0.52,0.98] 0.80[0.69, 0.88) — —&
Huang et al. 6 6 6 21 0.50[0.21,0.79] 0.78[0.58,0.91) — ——
Leietal. 12 7 3 12 0.80[0.52, 0.96) 0.63[0.38,0.84] — & ——
Lietal 713 9 103 0.44[0.20,0.70) 0.89[0.82,0.94] — =
Liuetal. 1 0 § 6 0.17[0.00, 0.64] 1.00[0.54,1.00] — —=
WangDetal. 27 22 9 80 0.75[0.58, 0.88] 0.78[0.69, 0.86) —— —&
Wang F etal. 15 19 0 3N 1.00[0.78,1.00] 0.62[0.47,0.75) ——t—t :_.! ——t _.P_: i
D0D20406081 0020406081
Study P FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl) Specificity (95% Cl)
Berengueretal. 118 105 320 1030 0.27[0.23,0.32) 0.91 [0.89, 0.92) = L]
Caoetal 13 22 4 43 0.76 [0.50, 0.93] 066 [0.53, 0.77) —— —=
ChenRetal. 14 8 70 385 0.17[0.09, 0.26) 0.98[0.96,099 = .
ChenTetal 95 70 1 70 0.99(0.94,1.00] 0.50[0.41,059] - -
Mikami et al. 581 1545 0 0 1.00[0.99,1.00] 0.00[0.00, 0.00) L
Panetal. 53 9 36 26 0.60[0.49,0.70] 0.74[0.57,0.88] - ——
Shang et al. 28 5 17 54 0.62[0.47,0.76] 0.92[0.81, 0.97) —— —=
Zhou et al. 32 18 18 95 0.63[0.48,0.76) 0.84[0.76, 0.90] —t—t —IF—: | ——t—t ‘:.' i
0020406081 0020406081
C.| I D_
CE &9
>0 O
2 2
7] jod
[ [0
o o
o o] b
i 8 8 4 2 0 1 .8 8 4 0
Specificity Specificity
°  Study estimate ®  Summary point °  Study estimate B Summary point
- HSROC curve ——— 95% confidence| HSROC cuve  ———— 95% confidence

Figure 2. Evaluation of PCT for the prognosis of different outcomes. A. Forest plot of sensitivity and specificity for the
prognosis of critical condition; B. Forest plot of sensitivity and specificity for the prognosis of mortality; C. HSROC for the
prognosis of critical condition and D. HSROC for the prognosis of mortality (PCT: procalcitonin; HSROC: hierarchical
summary receiver operating characteristic)
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Table 2. The meta-analysis of white blood cell counts and inflammatory tests accuracies for the prognosis of critical condition

and mortality in coronavirus disease 2019 (COVID-19) patients

Test

P-Se (95% CI)

P-Sp (95% CI)

P-LR+(95% CI)

Critical vs. non-Critical

Leukocytosis
Neutrophilia
Lymphopenia
Inc. PCT*
Inc. CRP
Inc. Ferritin

0.32 (0.26-0.40)
0.60 (0.52-0.68)
0.86 (0.80-0.91)
0.54 (0.29-0.77)
0.97 (0.86-0.99)

Survivors vs. non-Survivors

Leukocytosis
Neutrophilia
Lymphopenia
Inc. PCT
Inc. CRP

Inc. Ferritin

0.41 (0.26-0.57)
0.61 (0.56-0.66)
0.81 (0.72-0.87)
0.89 (0.24-0.99)
0.93 (0.83-0.97)
0.88 (0.79-0.94)

0.91 (0.85-0.95)
0.88 (0.72-0.95)
0.42 (0.32-0.53)
0.84 (0.76-0.90)
0.20 (0.07-0.45)

0.84 (0.76-0.90)
0.76 (0.69-0.82)
0.48 (0.37-0.60)
0.60 (0.11-0.94)
0.31 (0.17-0.49)
0.26 (0.22-0.31)

3.82 (2.53-5.77)
5.10 (2.01-13.34)
1.51(1.29-1.77)
3.62 (2.85-4.59)
1.22 (0.99-1.50)

2.71 (2.13-3.46)
2.58 (1.92-3.48)
1.58 (1.31-1.92)
2.28 (0.70-7.41)
1.36 (1.12-1.65)
1.21 (1.11-1.31)

P-LR-(95% CI) __ P-DOR (95% CI) _ AUC t
0.73 (0.67-0.79) 5.20 (3.39-7.99) 0.55
0.44 (0.35-0.56)  11.58 (3.81-35.20) 0.72
0.31 (0.23-0.42) 4.85 (3.31-7.08) 0.75
0.53 (0.32-0.88) 6.78 (3.65-12.61) 0.80
0.11 (0.03-0.36)  11.05 (3.68-33.15) 0.73
0.69 (0.56-0.84) 3.92(2.83-5.43) 0.72
0.50 (0.43-0.59) 5.09 (3.31-7.84) 0.70
0.38 (0.27-0.53) 4.15 (2.66-6.46) 0.71
0.17 (0.02-1.32)  13.21 (3.95-44.19) 0.80
0.20 (0.10-0.39) 6.50 (3.40-12.68) 0.68
0.42 (0.23-0.77) 2.82 (1.45-5.49) 0.62

1 P-Se: Pooled-sensitivity; P-Sp: Pooled-specificity; P-LR: Pooled-likelihood ratio; P-DOR: Pooled-diagnostic odds ratio; AUC: area under the curve.

1 Inc.: increase in level; PCT: procalcitonin; CRP: C-reactive protein.

Table 3. Meta-regression analyses of covariates for procalcitonin

Covariate Coefficient Standard Error Relative-DOR (95% CI) t p
Critical vs. non-Critical
Age -0.017 0.0522 0.98 (0.87-1.12) 0.761
%Male -0.032 0.0301 0.97 (0.90-1.04) 0.333
Hypertension -0.014 0.0118 0.99 (0.96-1.02) 0.286
Cardiovascular Disease -0.046 0.0328 0.96 (0.88-1.04) 0.214
Diabetes Mellitus -0.039 0.0221 0.96 (0.91-1.02) 0.130
Chorionic Respiratory Disease -0.150 0.1007 0.86 (0.67;1.10) 0.186
Survivors vs. non-Survivors
Age -0.056 0.0222 0.95(0.89;1.01) 0.065
%Male -0.011 0.0742 0.99 (0.80;1.22) 0.888
Hypertension -0.038 0.0137 0.96 (0.93;1.00) 0.051
Cardiovascular Disease -0.014 0.0455 0.99 (0.87;1.12) 0.774
Diabetes Mellitus -0.097 0.0364 0.91 (0.82;1.00) 0.056
Chorionic Respiratory Disease -0.063 0.0200 0.94 (0.89;0.99) 0.034
tRelative-DOR: relative-diagnostic odds ratio.

DISCUSSION the accuracies of white blood cell counts and

Many studies from the emerging of this infection
have reported changes in inflammatory biomarkers and
immune cell counts have a tight correlation with
disease severity.”® However, before the present study,
there wasn’t any data about their accuracies for the
prognosis of different outcomes. Hence, in this DTA
meta-analysis for the first time, we tried to determine
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inflammatory biomarkers which have prognostic utility
for critical condition and mortality of COVID-19
patients. Based on our results, among white blood cell
counts changes and inflammatory biomarkers, PCT is
the only biomarker that has sufficient accuracy for the
prognosis of poor outcomes including critical condition
and mortality.

Based on our search strategy and inclusion criteria,
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we finally found 28 studies in which all of them had
“high” quality; using the NOS tool. Due to the low risk
of bias for all included studies, we didn’t perform the
study restriction for our analyses. From these studies,
2999 patients were evaluated for critical/non-critical
outcomes and 10388 patients for mortality outcomes.
This is the first report that evaluated this number of
patients with a different outcome. We could extract
usable data for total white blood cell count, neutrophil
count, lymphocyte count, serum level of CRP, and PCT
in both groups. Nevertheless, the data of ferritin
couldn’t reach the inclusion criteria in the critical
outcome group. Also, eosinopenia and SAA didn’t
meet the inclusion criteria for both groups.

PCT, CRP, and ferritin are important positive acute
phase reactants in infectious diseases.”® Some pieces of
evidence increased serum levels of CRP and ferritin are
associated with progression of disease severity in
COVID-19 patients.*””* However, according to our
results, these two biomarkers have not sufficient
accuracy for the prognosis of critical condition and
mortality. The results of assessed studies in our meta-
analysis showed the levels of these two biomarkers
increased in most SARS-CoV-2 infected patients with
different outcomes lead to high TP and FP numbers in
each study that is indicated by high sensitivity and low
specificity. Thus, the accuracy of increased levels of
CRP and ferritin achieved insufficient (AUCysroc<
0.80). In contrast, our results revealed an increased
level of PCT has “good” accuracy for the prognosis of
both critical condition and mortality (AUCysroc=0.80
for both conditions). Meanwhile, according to its
pooled-DOR, PCT has more accuracy for the prognosis
of mortality in comparison to critical conditions (Table
2). It has been shown PCT level increases in COVID-
19 patients and it is more common in patients with
higher severity of the disease. The results of two meta-
analyses showed PCT level has a significant positive
correlation with severity progression in SARS-CoV-2
infected patients and has a great potential as a
prognostic biomarker for disease outcome,®*° although
its accuracy wasn’t determined.PCT is known as a
peptide precursor of calcitonin hormone which is
mainly produced by thyroidal cells. Serum level of
PCT rises in bacterial infections in response to
increases of pro-inflammatory cytokines like TNF-a
and IL-6. However, it was shown serum level of PCT
does not rise significantly in viral or non-infectious
inflammations. Therefore, increases in PCT level is
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observed mainly in a more severe form of SARS-CoV-
2 infected patients who had bacterial complications or
higher levels of pro-inflammatory cytokines.

The results of previous studies have shown a
change in the white blood cell population is one of the
most prominent factors related to the severity and
outcomes of SARS-CoV-2 infected patients.>®** It has
been revealed that increased levels of total white blood
cells and neutrophil count have a significant correlation
with disease severity.”® One of the suggested
mechanisms for this increase is bacterial or fungal co-
morbidity in a high number of SARS-CoV-2 infected
patients with poor outcome.”*® Anyway, based on our
results, total white blood cells, and neutrophil count
haven’t sufficient accuracy for the prognosis of critical
condition and mortality (AUCygroc<0.80).

Another important biomarker in COVID-19 patients
is lymphopenia.>® Basically, lymphocytes count an
increase in viral infection for the clearing of viral
pathogens. However, a decrease in lymphocyte count in
SARS-CoV-2 infected patients is important due to an
understanding of its mechanism that may lead us to
find an effective strategy for the treatment of COVID-
19 patients. According to previous studies, there are
some hypotheses for explaining this phenomenon.
First, due to the expression of SARS-CoV-2
receptors, angiotensin-converting enzyme- 2 (ACE-2),
lymphocytes can be directly infected by the virus and
lead them to death.’'The second hypothesis represents
lymphocyte apoptosis induced by inflammatory and
pro-inflammatory  cytokines which increased in
COVID-19 patients.”> Other hypotheses propose a
decrease of lymphocyte count may be caused by
destroying of lymphatic organs or suppress the
proliferation by lactic acidosis following COVID-
19.%% The exact mechanism of lymphopenia in
COVID-19 patients and its correlation with disease
severity is still unclear. Although a significant
correlation between the lower count and the more
disease severity has been revealed,™® our results
indicated lymphopenia has “fair” accuracy for the
prognosis of both critical condition and mortality
(AUCqsroc=0.75 and 0.71, respectively). Lymphopenia
is a common complication in SARS-CoV-2 infected
patients with different outcomes leads to high TP and
FP numbers in each study that is indicated by high
sensitivity, low specificity, and insufficient accuracy.

The forest plots of sensitivity and specificity
suggested heterogeneity, so we performed meta-
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regression analysis to find potentially confounding
covariates, including age, gender, hypertension,
cardiovascular disease, diabetes mellitus, and chorionic
respiratory disease (Table 3). Meta-regression did not
reveal any factor that accounted for this heterogeneity
in the critical/non-critical groups while chorionic
respiratory disease in the survivor/non-survivor group
contributed to heterogeneity.

There were other tests like eosinophil count and
Serum Amyloid-A which couldn’t meet the inclusion
criteria. Further studies for assessing the prognostic
accuracy of these tests seem necessary due to their
important role in the prognosis of outcomes which were
shown in some studies.”***

Although we conducted this meta-analysis on a
large number sample size (2999 COVID-19 patients in
the critical outcome and 10388 patients in mortality
outcome) and different countries with diverse patient
races which were the most important limitations of
previous meta-analyses, some limitations should be
noted meanwhile. First, the most included studies
were retrospective cohorts that have insufficient
demonstration ability and limiting their ability to
infer definitive causality. Second, all prospective
cohort studies were from China make limitations
for evaluating other patient populations in other
countries.

In conclusion, our results indicated PCT has “good”
accuracy for the prognosis of critical condition and
mortality outcome COVID-19 patients and it can use as
a single prognostic laboratory biomarker for poor
outcomes. Besides, according to its pooled-DOR, PCT
has more accuracy for the prognosis of mortality in
comparison to critical conditions. Other immunological
biomarkers containing leukocytosis, neutrophilia,
lymphopenia, increased level of CRP and ferritin
haven’t sufficient accuracy as prognostic markers for
those conditions.
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