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ABSTRACT

According to multiple findings, variations in inflammatory biomarkers
and white blood cell counts are associated with the course of coronavi-
rus disease 2019 (COVID-19) and can be used as predictive biomarkers.
A thorough study and meta-analysis of diagnostic test accuracy (DTA)
are advised before adding a component as a diagnostic/prognostic bio-
marker. We conducted a DTA meta-analysis in order to assess the ac-
curacy of white blood cell counts and inflammatory biomarkers for the
prognosis of COVID-19 patient outcomes for the first time.

We looked through the databases of Web of Sciences, Scopus, and
MEDLINE/PubMed until August 24, 2020, in an effort to find relevant
materials. Using 2x2 tables, bivariate/hierarchical models were used to
calculate the summary points and lines of the included research. Critical
state and death were taken into account as results.

This study included 13387 patients in total from 28 studies. The inclu-
sion criteria were met by six biomarkers that included leukocytosis,
neutrophilia, lymphopenia, elevated C-reactive protein, procalcitonin
(PCT), and ferritin. The PCT was the only useful prognostic biomarker
for both critical condition and mortality, according to an analysis of the
area under the curve (AUCHSROC) (AUCHSROC=0.80 for both condi-
tions). The prognosis of critical condition had a pooled-diagnostic odds
ratio of 6.78 (95% Cl, 3.65-12.61), and the mortality risk was 13.21 (95%
Cl, 3.95-44.19). For both circumstances, other biomarkers’ accuracies
were insufficient (AUCHSROC< 0.80).

Only PCT exhibits good accuracy for prognosticating both critical condi-
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tion and mortality among the evaluated biomarkers.

It can be regarded as a single prognostic biomarker for unfavourable
outcomes in COVID-19. Furthermore, when it comes to death progno-
sis, PCT is more accurate than critical conditions.

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

INTRODUCTION

In December 2019, Wuhan, the Chinese province of Hubei's
capital, reported a number of pneumonia cases with unclear
causes. Chinese researchers were able to identify a novel coro-
navirus from these patients in January 2020; this virus was ini-
tially identified as 2019 novel coronaviruses (2019-nCoV) and
later dubbed severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).

Ultimately, the World Health Organisation (WHO) dubbed this
infectious disease coronavirus disease 2019 (COVID-19) in Feb-
ruary 2020. Early in 2020, this virus breaks out as a pandemic,
with cases of infection being reported in nearly every nation on
earth.

Patients with COVID-19 can have a variety of clinical outcomes,
ranging from minimal symptoms to a critical phase that re-
quires hospitalisation in an intensive care unit (ICU), shock,
or organ failure and/or require mechanical ventilation, which
could ultimately be fatal. Because there aren’t enough medical
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resources to treat patients in a pandemic, prognostic markers
are crucial to these patients’ care.

Numerous nations were forced to deal with this predicament
due to the pandemic, especially developing nations where ac-
cess to sophisticated medical testing and equipment is restrict-
ed. However, even in cases where they are available, running
non-routine laboratory tests—which frequently need time and
skilled operators—is impractical due to the high number of in-
fected individuals. Therefore, it would appear necessary to iden-
tify common laboratory tests as prognostic biomarkers that can
be performed quickly and are accessible in all healthcare facil-
ities.There is a close relationship between viral infections and
the human immune system. The degree of the virus-induced
iliness is thought to be significantly influenced by immune sys-
tem dysregulation.

Accordingly, since the start of the infection, multiple publica-
tions have found variations in inflammatory and white blood
cell levels.Acute phase reactants are among the biomarkers
that are linked to the severity of the disease as it progresses.
Numerous investigations have demonstrated a strong relation-
ship between haematological changes, such as leukocytosis,
illness severity, lymphopenia, and neutrophilia. Procalcitonin
(PCT) and C-reactive protein (CRP) are the most commonly used
and significant inflammatory biomarkers for the diagnosis of
pneumonia. They positively correlate with the degree of inflam-
mation and are unaffected by age, sex, physical condition, or
co-morbidities of the patient that may cause clinical ambiguity,
such as acute heart failure and chronic obstructive pulmonary
disease. These tests offer a significant deal of potential as pre-
dictive indicators for critical condition and mortality in COVID-19
patients, according to the evidence listed above. But only tests
with a high accuracy rate of differentiating between a positive
and a negative trait can be used.

Diagnostic test accuracy (DTA) systematic review and meta-anal-
ysis are advised in order to determine the accuracy of a diagnos-
tic or prognostic laboratory test. Studies of this kind are used to
introduce biomarkers for prognostic and diagnostic purposes.
However, there hasn't been a DTA study to date that introduc-
es relevant laboratory tests for predicting mortality and critical
condition in COVID-19 patients. In order to ascertain the accu-
racy of white blood cell counts and inflammatory biomarkers,
such as leukocytosis, neutrophilia, eosinopenia, lymphopenia,
elevated levels of CRP, PCT, ferritin, and serum amyloid-A (SAA),
in a different outcome of COVID-19 patients, a DTA systematic
review and metaanalysis was carried out for the first time.
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MATERIALS AND METHODS

Search Strategy

The recommended reporting elements for systematic reviews
and meta-analyses (PRISMA) statement guided the search ap-
proach and article review. We conducted a thorough search on
large databases, including MEDLINE/PubMed, Scopus, and Web
of Sciences (WOS), until August 24, 2020, in order to locate rele-
vant papers without regard to language limitations. The search
terms “Novel coronavirus” or “Novel coronavirus 2019” or “2019
nCoV" or “COVID-19" or “SARSCoV-2" were utilised. Additionally,
“severity,” “critical,” “ICU," “death,” “Survivors,” “laboratory tests,”
“inflammation,” “
“procalcitonin,” “C-reactive protein,” “ferritin,
“serum amyloid-A.”

white blood cell,” “neutrophil,” “lymphocyte,”
" “eosinophil,” or
To find missing studies, the reference lists of each chosen pa-
per as well as pertinent narrative and systematic reviews on the
subject were manually examined. We imported records into
Thomson Reuters EndNote (Version X9) in order to remove the
duplicate papers.

Study Selection

One of the writers evaluated the titles and abstracts of all the
records that were obtained. Based on the “Diagnosis and Treat-
ment Protocol for Novel Coronavirus Pneumonia (Trial Version
7)," different severity levels of COVID-19 patients were divided
into 4 groups as follows:

1) Mild: the patient’s clinical symptoms were non-existent, and
there was no evidence of pneumonia on imaging;

2) Moderate: patients exhibit fever and respiratory symptoms
along with radiological findings of pneumonia;

3) Severe: patients who satisfied one of the following criteria:
respiratory distress (respiration rate > 30 times/min), oxygen
saturation (Sp0O2) < 93% in the resting state, arterial partial
pressure of 02, and the fraction of inspired oxygen (PaO2/Fi02)
ratio < 300 mmHg;

4) Critical: patients experience respiratory failure necessitating
mechanical ventilation, shock, organ failure, and ICU admission.
The results of “on admission” laboratory tests were the only
ones gathered for this study's meta-analysis. The inclusion crite-
ria for this study were as follows: 1) all patients had a diagnosis
of SARS-CoV-2 by real-time PCR; 2) clinical characteristics and
laboratory test results were categorised according to whether
patients were survivors or not; or 3) the type and quantity of ab-
normal laboratory test results (changes from the local reference
range) were evident for each group of studies; 4) at least four
studies were required to be found for each laboratory parame-
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ter; and 5) the biomarkers’ assay methods are quantitative.
Studies that satisfied the following requirements were not ac-
cepted: 1) Patients were diagnosed with SARS-CoV-2 infection
through non-real-time PCR technique; 2) duplicate publications;
3) reviews, meta-analyses, and case reports; 4) studies that
were unable to clearly distinguish between the various groups
mentioned; 5) studies that evaluated a single group, such as
children or non-survivor patients; 6) studies that were conduct-
ed on a specific patient group, such as pregnant women; and 7)
qualitative method for evaluating serum biomarkers.

Quality Assessment and Sensitivity Analysis

For the purpose of evaluating the calibre of included research in
a systematic review on prognostic test accuracy, no suggested
instrument exists.Thirteen As a result, we employed the New-
castle-Ottawa Scale (NOS) instrument, which is suitable for an-
alytical research, such as cohort studies. The methodological
quality of the included studies was evaluated using NOS, with
a maximum score of 9.15 Three main categories make up this
scale: “Selection,” “Comparability,” and “Outcome.” No valida-
tion research has provided a cut-off point for classifying studies
with “low” bias risk; yet, some studies classify low bias risk stud-
ies as having an overall point 26, in which case they are classi-
fied as “good quality.” Studies with an overall point count of 3-5
are classified as “moderate quality,” while those with a count of
<3 will be classified as “poor” quality.16 As a result, we classified
using the same system.Research of “moderate” or “poor” quali-
ty limited the scope of the analyses.

Data Extraction

To create 2x2 contingency tables, the data from the included
studies were retrieved and computed. Initially, the laboratory
tests in all included studies were evaluated, and the proportion
or number of results that were outside of the local reference
ranges was taken out. Next, for every test that was acquired,
the true positive (TP), false positive (FP), true negative (TN), and
false negative (FN) of each test were determined.

Data Synthesis and Statistical Analysis

We created separate 2x2 contingency tables for every test based
on the retrieved data. For every test, the following metrics were
determined: sensitivity, specificity, positive likelihood ratio (LR+),
negative likelihood ratio (LR-), and diagnostic odds ratio (DOR).
We took into consideration Pooled-Sensitivity, Pooled-Specifici-
ty, Pooled-LR+, Pooled-LR-, and Pooled-DOR for a meta-analysis
report of summary points. A threshold effect might influence
how these summary points are pooled separately. In order to
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get around this restriction, we employed a bivariate model that
uses a random effect approach to account for the threshold ef-
fect as well as the correlation between sensitivity and specificity
and between-study heterogeneity.

The area under the curve (AUCHSROC), which is a global mea-
sure of test performance, was computed by trapezoidal integra-
tion after the hierarchical summary receiver operating charac-
teristic (HSROC) was drawn.The diagnostic (prognostic) accuracy
of every laboratory test was indicated by the 11 AUCHSROC
value, which has a value range of 0.5 to 1. AUCHSROC is the
ideal biomarker for differentiating between positive and nega-
tive traits when its value is 1, whereas a value of 0.5 indicates a
non-discriminating biomarker. Diagnostic (prognostic) accuracy
and AUCHSROC value are correlated in the following ways: 0.90-
1 = excellent; 0.80-0.89 = good; 0.70-0.79 = fair; 0.60-0.69 = bad;
and 0.50-0.59 = fail.17 We only take into consideration “good” or
“excellent” values in the current investigation.(AUCHSROC=0.80)
as clinically useful biomarkers for COVID-19 patient mortality
and critical condition prognosis.18 Every biomarker was com-
pleted and compiled for reporting, taking into account the 95%
confidence interval (95% Cl). Stata (Stata Corporation, College
Station, TX, USA, version 12.0) and the web-based R software
programme, MetaDTA, were used for all statistical analysis.

We used the Moses-Shapiro-Littenberg metaregression method
with Meta-Disk 1.4 software to identify confounding variables,
such as age, gender, hypertension, cardiovascular disease, di-
abetes mellitus, and chorionic respiratory disease and other
factors. Every report in this meta-analysis was regarded as sta-
tistically significant when p<0.05.

RESULTS

Study Selection and Quality Assessment

Out of the 3079 initial records, 1367 research were eliminated
after the title and abstract were screened, and 1052 studies
were eliminated for duplication. At last, 660 studies underwent
a full-text evaluation. Three main factors led to the exclusion
of the majority of the studies: 1) The quantity or percentage of
laboratory test results that were outside of the reference rang-
es was not disclosed; 2) Critical patients were not segregated
from severe type patients; and 3) certain studies only provided
data on a subset of patients (for instance, some studies pub-
lished data on patients who died). In the end, 28 studies met
the requirements for qualifying (Table 1 and Figure 1). Of the
28 investigations, 14 evaluated the critical and non-critical out-
comes of the laboratory data.Twelve studies and 20-33 eval-
uated the mortality outcome from the lab.34-45 Two investi-
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gations revealed concurrently obtained laboratory results for
both outcomes.46, 47 In total, 10388 patients were divided into
the survivor/non-survivor group and 2999 patients into the crit-
ical/non-critical group. All included studies were rated as “high”
quality and obtained a NOS score of at least eight (Table 1).
Therefore, no research restriction based on bias risk was car-
ried out. Every study received the maximum number of points
in the “Selection” and “Outcome” categories, and variations in
point totals amongst studies were associated with the “Compa-
rability” category.

Prognostic Accuracy of Laboratory Tests

SAA and eosinopenia failed to meet the inclusion requirements.
Except for ferritin, all other biomarkers under consideration
satisfied inclusion criteria in both groups. Ferritin was eligible
for assessment in the survivor/non-survivor group even though
it did not match the inclusion criteria in the critical/non-critical
group. Table 2 and Figure 2 show that of the six evaluated bio-
markers, only PCT exhibited “good” accuracy for both critical
condition and death prognosis (AUCHSROC=0.80 for both sit-
uations). These findings indicate that PCT's prognostic accuracy
for both diseases is same. Nevertheless, according to another
accuracy summary point, pooled-DOR, PCT is more accurate
in predicting mortality than critical condition (pooled-DOR for
mortality is 13.21 (95% Cl, 3.95-44.19) and 6.78 (95% Cl, 3.65-
12.61) for critical condition (Table 2). For the prognosis of critical
condition, the pooled-sensitivity of PCT was 0.54 (95% Cl, 0.29-
0.77) and the pooled-specificity was 0.84 (95% Cl, 0.76-0.90).
Then, for the prognosis of mortality, the pooled-sensitivity and
pooled-specificity were, respectively, 0.89 (95% Cl, 0.24-0.99)
and 0.60 (95% Cl, 0.11-0.94) (Figure 2). Leukocytosis and elevat-
ed CRP levels had varying accuracy for each group, while neu-
trophilia and lymphopenia had “fair” accuracy for the prognosis
of both critical condition and mortality. For the prognosis of
critical condition and mortality, leukocytosis had “fair” and “fail”
accuracy, respectively. Additionally, the elevated CRP level had
accuracy ratings of “fair” and “fail” for those conditions.

Meta-regression Analysis

In relation to PCT, a meta-regression analysis was carried out
to identify potentially confounding variables, such as age, gen-
der, hypertension, cardiovascular disease, diabetes mellitus,
and chorionic respiratory disease (Table 3), since the forest
plot of sensitivity and specificity suggested heterogeneity. This
analysis did not show any source of heterogeneity across co-
variates in the critical/non-critical group (p>0.05). However, me-
ta-regression analysis revealed that chorionic respiratory illness
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(p=0.034) contributed to a source of heterogeneity in the survi-
vor/non-survivor group.

DISCUSSION

Numerous research conducted since this infection first sur-
faced have shown that immune cell numbers and alterations
in inflammatory biomarkers are closely correlated with the se-
verity of the illness.5,8 Nevertheless, there was no information
available regarding their accuracy for the prediction of various
outcomes prior to the current investigation. Therefore, we at-
tempted to ascertain the accuracy of white blood cell counts
and inflammatory biomarkers, which have predictive utility for
critical condition and mortality of COVID-19 patients, in this DTA
meta-analysis for the first time. According to our findings, PCT is
the only inflammatory biomarker and change in white blood cell
counts that has adequate accuracy for predicting unfavourable
outcomes, such as critical condition and death.

Using the NOS tool, we eventually located 28 papers with “high”
quality, all of which met our inclusion and search criteria. We did
not conduct the study restriction for our analyses since there
was little chance of bias for any of the included studies. 2999
individuals were assessed for critical and non-critical outcomes
and 10388 patients for death outcomes from these trials.

This is the first report that has assessed this many patients and
produced a different conclusion. Useful information on the to-
tal white blood cell count, neutrophil count, lymphocyte count,
serum CRP level, and PCT in both groups could be extracted.
However, the ferritin data was unable to meet the requirements
for inclusion in the crucial outcome group.

Moreover, neither SAA nor eosinopenia satisfied the require-
ments for inclusion in either group. Important positive acute
phase reactants in infectious diseases are ferritin, PCT, and
CRP.48 Certain pieces of evidence suggest that elevated serum
levels of ferritin and CRP are linked to the severity of the disease
progression in COVID-19 patients.49,50 Nevertheless, based on
our findings, these two biomarkers don't have enough precision
for the critical condition diagnosis and death. The levels of these
two biomarkers were revealed by the evaluated studies’ results
in our metaanalysis. elevated in the majority of patients with
SARS-CoV-2 infection Various results produce high TP and FP
values in Every study that exhibits low sensitivity and high pre-
cision. Consequently, the precision of elevated levels of Ferritin
and CRP both had inadequate results (AUCHSROC< 0.80).

On the other hand, our findings showed that a higher level of
PCT has “good” accuracy for predicting death and critical situ-
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ations (AUCHSROC=0.80 for both). In contrast to critical situa-
tions, PCT has a higher accuracy for the prognosis of mortality
based on its pooled-DOR (Table 2). PCT levels have been demon-
strated to rise in COVID-19 patients, and this is more common
in those with more severe illness. PCT level has a strong positive
link with severity progression in SARS-CoV-2 infected patients,
according to the results of two metaanalyses8,49 and has a
lot of potential as a predictive biomarker for illness outcome,
however its accuracy is unknown.PCT is recognised as a peptide
precursor of the hormone calcitonin, which is mostly generated
by thyroid cells. Pro-inflammatory cytokines such as TNF-a and
IL-6 cause an increase in the serum level of PCT when bacteri-
al infections occur. However, research has indicated that viral
or non-infectious inflammations do not cause a significant in-
crease in the serum level of PCT. As a result, patients with more
severe SARS-CoV-2 infections who either had bacterial comor-
bidities or greater levels of pro-inflammatory cytokines tend to
exhibit elevations in PCT levels. Prior research findings indicate
that alterations in the white blood cell population are a signifi-
cant factor influencing the severity and prognosis of individuals
infected with SARS-CoV-2.5, 8, 49 Increased neutrophil count
and total white blood cell counts have been shown to be signifi-
cantly correlated with the severity of the disease.

Bacterial or fungal comorbidity in a large proportion of SARS-
CoV-2 infected patients with poor outcomes is one of the hy-
pothesised explanations for this increase.23-36 Nevertheless,
our findings indicate that total white blood cells and neutrophil
count are not accurate enough to predict critical condition and
death (AUCHSROC<0.80). Lymphoma is another significant
biomarker in COVID-19 patients.5,8 In essence, lymphocytes
use a rise in viral infection as a marker for the removal of viral
pathogens. On the other hand, a drop in lymphocyte count in
SARS-CoV-2 infected patients is significant because our compre-
hension of its mechanism could help us develop a successful
treatment plan for COVID-19 patients. Previous research has
led to the development of certain theories to explain this oc-
currence. First, lymphocytes can become directly infected with
the virus and die as a result of the expression of SARS-CoV-2
receptors and angiotensin-converting enzyme-2 (ACE-2).51The
second theory postulates that COVID-19 patients have higher
levels of lymphocyte apoptosis, which is brought on by pro- and
inflammatory cytokines.52 Other theories suggest that the de-
struction of lymphatic organs or lactic acidosis that occurs after
COVID-19 could result in a decrease in the number of lympho-
cytes.36,53 It is still unknown how precisely COVID-19 patients'’
lymphopenia occurs and how it relates to the severity of the ill-
ness. Despite the fact that there is a strong correlation between
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alower count and a more severeillness,5,8, our findings showed
that lymphopenia has a “fair” accuracy rate for predicting death
and critical condition (AUCHSROC=0.75 and 0.71, respectively).
In each trial, ymphopenia—a frequent consequence in patients
infected with SARS-CoV-2—leads to high TP and FP levels, which
are indicative of high sensitivity, low specificity, and inadequate
accuracy. We conducted meta-regression analysis to identify
possibly confounding factors, such as age, gender, hyperten-
sion, cardiovascular disease, diabetes mellitus, and chorionic
respiratory disease, because the forest plots of sensitivity and
specificity indicated heterogeneity (Table 3). While chorioni re-
spiratory disease contributed to the variability in the survivor/
non-survivor group, meta-regression was unable to identify
any component that explained the heterogeneity in the critical/
non-critical groups. Other tests, such as the serum amyloid-A
level and eosinophil count, were unable to achieve the inclusion
requirements. It appears that additional research is required to
evaluate the predictive accuracy of these tests because of their
significant function in the outcomes that were demonstrated
to be prognostic in certain studies. Some limitations should be
noted in the interim, despite the fact that we conducted this
meta-analysis on a large sample size (2999 COVID-19 patients
in the critical outcome and 10388 patients in the mortality out-
come) and different countries with diverse patient racial back-
grounds, which were the most significant limitations of previous
meta-analyses. Initially, the majority of the research that were
included used retrospective cohorts, which limit their capacity
to demonstrate deduce definite causality. Secondly, every po-
tential Cohort studies from China have certain drawbacks. for
assessing different patient demographics in different nations.
Our findings concluded that PCT has “good” accuracy for pre-
dicting critical conditions and death result COVID-19 infected
individuals.
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