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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the coronavirus
disease in 2019 (COVID-19) which rapidly evolved from an outbreak in Wuhan, China into a pandemic that has
resulted in over millions of infections and over hundreds of thousands of mortalities worldwide. Various
coagulopathies have been reported in association with COVID-19, including disseminated intravascular
coagulation (DIC), sepsis-induced coagulopathy (SIC), local microthrombi, venous thromboembolism (VTE),
arterial thrombotic complications, and thrombo-inflammation. There is a plethora of publications and conflicting
data on hematological and hemostatic derangements in COVID-19 with some data suggesting the link to disease
progress, severity and/or mortality. There is also growing evidence of potentially useful clinical biomarkers to
predict COVID-19 progression and disease outcomes. Of those, a link between thrombocytopenia and COVID-19
severity or mortality was suggested. In this opinion report, we examine the published evidence of hematological
and hemostatic laboratory derangements in COVID-19 and the interrelated SARS-CoV-2 induced inflammation.
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1. INTRODUCTION

Along with the vital function for diagnosing excessive acute breathing syndrome coronavirus 2 (SARS-CoV-2)
contamination and for assessing the presence and volume of an immune reaction in opposition to the virus, laboratory
medication makes a vital contribution in the direction of chance stratification and tracking of inflamed patients. Whilst
“routine” hematology and biochemistry assessments aren't unique sufficient to diagnose SARS-CoV-2 contamination,
they play a function in several components of the coronavirus disorder 2019 (COVID-19) care pathway, along with
affected person control and prognosis. This report through the Pathology and Clinical Laboratory Medicine on COVID-19
presents steering on: (A) scientific indicators for testing, (B) suggestions for check choice and interpretation, (C) issues in
check interpretation, and (D) present day obstacles of biochemical/hematological tracking of COVID-19 patients.

2. MATERIAL AND METHOD
A. Role of the laboratory in the assessment of biochemical parameters in COVID-19 patients

Laboratory tests validated for SARS-CoV-2 are crucial for the timely management of COVID-19 because they support
the clinical decision-making process for controlling infections and detecting asymptomatic cases. This expedites speedy
isolation, adequate treatment and consequently reduces contagion rates.
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Many laboratory parameters make it possible to assess the severity of the disease and predict the risk of it evolving toward
more serious afflictions such as acute respiratory distress syndrome (ARDS), disseminated intravascular coagulation
(DIC) and multiple organ failure (MOF) . Some parameters for which an unfavorable course of the disease has been
described are absolute neutrophilia, thrombocytopenia, hypoalbuminemia, the elevation of liver enzymes, creatinine and
nonspecific inflammatory markers such as C-reactive protein (CRP) and Interleukin 6 (IL-6). Notwithstanding the above,
the main progression predictors described are lymphopenia, elevated D-dimer and hyperferritinemia, although it is also
necessary to consider LDH, CPK and troponin in the marker panel.

B. Recommendations for check choice and interpretation

Many assessment articles and meta-analyses had been posted at the medical software of a few traditional laboratory
assessments in SARS-CoV-2 contamination. These are summarized and mentioned below.

[B1] Key hematology assessments to screen COVID-19 sufferers
Leukocyte parameters

SARS-CoV-2 has been proven to have an instantaneous cytopathic harm on lymphocytes, with some of morphological
modifications visible at the peripheral blood smear of inflamed sufferers [1]. Lymphopenia has grown to be a trademark
of SARS-CoV-2 contamination and is gift to a variable quantity in nearly all symptomatic sufferers. There is likewise
proof that the significance of lymphocyte counts discount friends with disorder severity [2].

A low eosinophil depend is some other ordinary marker of COVID-19 contamination [3]. The aggregate of lymphopenia
and coffee eosinophil depend in a symptomatic affected person is a robust indicator of contamination [4].

An increased neutrophil depend has been discovered to usher in terrible diagnosis in COVID-19 contamination [3, 5].

Taken in aggregate with low lymphocyte depend, an increased neutrophil-to-lymphocyte ratio (NLR) may be used as a
marker of unfavorable outcomes [6]

Markers of coagulopathy

A marked coagulopathy is a key characteristic of SARS-CoV-2 contamination. Coagulopathy maximum usually manifests
as pro-thrombotic kingdom with expanded prevalence of each venous and arterial thrombosis [7, 8]. The mechanisms
underlying this worry aren't completely understood, however are probable to contain a complicated interaction among
inflammatory and pro-thrombotic factors, with endotheliitis and the formation of intravascular neutrophil extracellular
traps gambling a vital role [9-11]. In addition, a subset of sufferers with excessive disorder increase disseminated
intravascular coagulation (DIC), with activation of the fibrinolytic pathway and intake of platelets and clotting factors [12,
13].

An increased D-dimer in inflamed sufferers has always been related to negative disorder development [3, 5, 14]. In
addition, COVID-19-related coagulopathy may also gift with prolongation of prothrombin time (PT) and activated partial
thromboplastin time (APTT) [12], and with an expanded fibrinogen attention, due to the robust pro-inflammatory
kingdom [15]. Conversely, sufferers who increase DIC may also have a low fibrinogen attention and thrombocytopenia

[71.

Thrombocytopenia is some other element that characterizes negative disorder development [16]. The low platelet depend
is as a result of many convergent mechanisms, encompassing better platelet intake, lung harm with related megakaryocyte
damage, drug-precipitated and immune thrombocytopenia, better platelet clearance, and decreased thrombopoietin
manufacturing and bone marrow depression [17].

Table 1: Recommended hematological checks in sufferers with COVID-19 infection.

Test Findings Clinical utility
Complete blood count  |Lymphocytes — Lymphopenia is an indicator locating in
symptomatic infection.
lEosinophils — Elevated neutrophil-to-lymphocyte ratio
is related to bad medical outcomes.
TNeutrophils
D-dimer Increased To become aware of the ones vulnerable to

destructive outcome.
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Platelets Decreased Associated with bad medical outcomes.

PT/APTT Increased To become aware of and screen
coagulopathy

Fibrinogen Increased/decreased - Increased in COVID-related
coagulopathy.

-Decreased in DIC.

PT, prothrombin time; APTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation.
[B2] Key biochemical markers to reveal COVID-19 sufferers
Inflammatory markers

An exacerbated reaction of the immune system in COVID-19 patients provokes an inflammatory response called
»cytokine storm«, which cause damage to different tissues contributing to worsening the condition of the patient .
Lymphopenia and elevated proinflammatory cytokines have been reported to be frequent in severe cases of COVID-19 in
comparison with milder cases, with higher serum concentrations of IL6, IL10, IL2 and IFN-y present in severe cases [18,
19].

Therefore, the size of a few inflammatory biomarkers may be very essential for early and accurate identity of COVID-19
sufferers at better hazard of unfavorable development. C-reactive protein (CRP) is a typically measured nonspecific
biomarker of inflammation. Increased CRP awareness has continually been proven to be related to terrible final results in
SARS-CoV-2 contamination [3, 20, 21].

Erythrocyte sedimentation rate (ESR) is an inflammatory marker which can be taken into consideration as an opportunity
to CRP in resource-restrained environments, with a comparable dating visible among detrimental results in SARS-CoV-2
contamination and excessive biomarker values [22].

C-reactive protein is a plasma protein that is synthesized by the liver and induced by different inflammatory mediators
such as IL-6. Despite being nonspecific, it is used clinically as a biomarker for different inflammatory complaints, and an
increase in its levels is associated with greater severity of the disease [57]. In a study where the levels of C-reactive
protein in COVID-19 patients were evaluated and categorized in four stages according to the computed tomography (CT)
findings: initial (3 days), progression (7 days), peak (12 days) and recovery (16 days), the results of the seriously ill group
(n=6) presented higher levels of CRP in the progression stage than the milder group (n=21), but decreased without
statistically significant differences in the peak and recovery stages [58]. Moreover, Liu et al. [59] established that the C-
reactive protein was significantly higher in the progression group than in the recovery/stabilization group (38.9 vs. 10.6
mg/L). In contrast, albumin diminished significantly in the progression group (41.27 g/L) in comparison with the recovery
group (36.62 g/L) [60]. In the multivariate analysis both the albumin (Odds ratio, OR) 7.353, confidence interval (CI)
95%: 1.098-50.000; P level= 0.003) and CRP (OR, 10.530; CI95%: 1.224-34.701, P= 0.028) were risk factors for the
progression of the disease. The plasma concentrations of these proteins in the acute phase (albumin, CRP) become
modified by at least 25% in response to certain cytokines produced during different types of inflammatory processes
where some degree of tissue damage is involved [61] [62].

Ferritin is a advantageous acute section protein, that's effortlessly measured and can be a marker of detrimental results in
people inflamed with SARS-CoV-2 [23].

Procalcitonin can be useful in figuring out people with bacterial co-infections, who may also require precise antibiotic
remedy and who've a worse prognosis [24].

Many extra inflammatory biomarkers had been studied and related to terrible final results in SARS-CoV-2 contamination.
Examples encompass interleukin-6 (IL-6), interferon gamma-caused protein 10, monocyte chemotactic protein-three and
presepsin [25-27]. However, for the reason that such biomarkers can't be effortlessly assayed in all laboratories and that
proof is uncertain as to whether or not they upload any medical price past that already acquired thru size of greater
widespread inflammatory markers, we'd now no longer presently suggest their ordinary size with inside the absence of
similarly studies on medical utility.

Cardiovascular biomarkers in line with the proof that COVID-19 may also development to a systemic disease, cardiac
involvement may also often broaden in sufferers with SARS-CoV-2 contamination due to direct cytopathic damage,
cytokine-mediated damage, ischemia or maybe exacerbation of preexisting cardiac diseases [28, 29]. Several research has
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proven that cardiac troponins are better in sufferers with greater intense illness, in comparison to people with milder
disease [30-32]. The American College of Cardiology (ACC) factors out that accelerated cardiac troponins and NT-
proBNP do now no longer always recommend acute coronary syndrome or coronary heart failure and want to be
interpreted within side the proper medical context and with the important thing offering functions of the affected person in
mind [33]. An extended cardiac troponin in COVID-19 is probably to mirror an acute myocardial damage caused via way
of means of both the virus or host immune response, in place of myocardial infarction because of rupture of an
atherosclerotic plaque [28]. A meta-analysis of 4,189 patients in 28 studies established that seriously ill COVID-19
patients presented significantly higher levels of troponin, creatine kinase-MB (CK-MB), myoglobin and NT-proBNP.
Acute cardiac injury (troponin elevation), was more frequent in patients with serious conditions in comparison with their
milder counterparts. Predominantly, hsTnl and NT-proBNP levels increased during the course of the hospitalization
solely in non-survivors [34].

Table 2: Recommended biochemical tests in patients with COVID-19 infection.

Test | Finding Clinical utility
Acrterial blood Variable To identify and monitor hypoxemia and metabolic
gas acidosis associated with severe infection.
CRP Increased Associated with worse clinical outcome.
Ferritin Increased Associated with worse clinical outcome.
ESR Increased Alternative to CRP/ferritin in resourcelimited
settings.
Procalcitonin Increased Associated with secondary bacterial
infection.
Cardiac Increased Associated with COVID-19- induced cardiac disease
troponins and poor prognosis.
ALT, bilirubin Increased To be monitored in patients treated

with drugs known to affect liver
function (e.g., lopinavir/ritonavir).

Albumin Decreased Reflects an acute inflammatory state and/or synthetic
liver dysfunction.

Creatinine, urea Increased Associated with poor prognosis.

(BUN)

LDH Increased Associated with worse clinical
outcomes.

Interleukin-6, Increased For research use only.

interferon Associated with poor clinical outcomes (if validated

gamma-induced assay clinically

protein 10, available).

monocyte

chemotactic

protein-3,

presepsin

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ALT, alanine aminotransferase; BUN, blood urea nitrogen;
LDH, lactate dehydrogenase.

Biomarkers of multisystem organ failure/damage
COVID-19 may be related to liver harm at some stage in disease

development and remedy, in sufferers without or with preexisting liver disease. Elevated values of aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and bilirubin, and coffee albumin and prealbumin
concentrations have all been related to negative outcome [36—38] In addition, a few capsules used withinside the remedy
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of COVID-19 are related to the improvement of accelerated liver biomarkers [39-41]. For this reason, at a minimum, it's
miles endorsed to screen ALT, bilirubin and albumin at some stage in remedy of sufferers with hepatotoxic medications,
and in people with pre-current liver disease.

Kidney harm is an extraordinarily common hassle in sufferers with COVID-19, mainly in people with extreme illness.
Elevations of each serum creatinine and urea (blood urea nitrogen, BUN) were related to unfavorable medical outcome [3,
5].

Lactate dehydrogenase (LDH) is a non-particular marker of tissue damage. Probably due to the fact it's miles observed in
lots of one of a kind tissues, LDH emerges as one of the maximum continuously accelerated markers in sufferers inflamed
with COVID-19 at better hazard of growing destructive outcome [3, 5, 21].

[B3] Laboratory exams required in pediatric SARS-CoV-2 contamination

In comparison to adults, SARS-CoV-2 contamination in kids has a tendency to be relatively moderate. This statement is
pondered with the aid of using the reality that, while present, laboratory abnormalities in inflamed kids are probably to be
enormously much less excessive. Specifically, kids are much less probably to have atypical white blood mobileular
parameters, however moderate elevations of inflammatory biomarkers (CRP, procalcitonin, IL-6) and D-dimer had been
recognized in a few instances [45, 46]. There is a paucity of statistics concerning the correlation among biomarker
attention and ailment severity in kids, even though it has been cautioned that a CRP take a look at end result above the
cut-off can be related to radiological proof of pneumonia [46].

A small percentage of pediatric instances broaden a separate entity termed Multisystem Inflammatory Syndrome in
Children (MIS-C). MIS-C is characterized with the aid of using a hyper-inflammatory kingdom progressing to excessive
give up organ harm and more than one organ failure, that's subsequently now no longer so exclusive from the equal
unfavorable inflammatory response found in a few adults. Elevated inflammatory biomarkers are taken into consideration
to be a part of the diagnostic standards for MIS-C [47]. Laboratory abnormalities in kids with MIS-C greater intently
constitute the ones visible in adults, with lymphopenia, and elevations of inflammatory biomarkers, D-dimer, cardiac
troponin and natriuretic peptides being normally stated findings [45, 48, 49].

Recommendation [B3]: Laboratory exams required in pediatric SARS-CoV-2 contamination.
— Measurement of hematological and biochemical markers is not going to be indicated in asymptomatic kids.

— For people with scientific functions of contamination, size of a entire blood be counted number and inflammatory
markers (e.g. CRP and/or ferritin) and D-dimer can be indicated.

— Given the not unusual place incidence of co-contamination with other bacterial pathogens in kids [56], procalcitonin
size can also be warranted.

[B4] Role for scientific chance ratings withinside the prognosis or diagnosis of COVID-19

Given the affiliation among elevations in sure biomarkers and sickness severity, laboratory outcomes had been protected
in some of scientific chance algorithms, evolved for

eitherdiagnosingSARS-CoV-2infectionoridentifyingpatients
at better chance of negative sickness progression [50-52]

The Corona-Score is a scientific chance rating meant to expect the opportunity of SARS-CoV-2 contamination in
symptomatic sufferers imparting to emergency departments [52]. The rating encompasses eight parameters, 5 of which
might be laboratory take a look at outcomes (absolute neutrophil count, absolute lymphocyte count, CRP, ferritin, LDH).
A Corona-rating

C. Test interpretation and barriers
[C1] Considerations for check interpretation

No unmarried biochemical or hematological check can confer ok records concerning the probably prognosis or final
results of SARS-CoV-2 contamination. None of the assessments defined on this segment are unique for SARS-CoV-2
contamination or its ailment progression. Rather, the consequences of a collection of applicable assessments ought to be
reviewed withinside the context of the patient’s scientific presentation. Only on this manner can those biomarkers offer
beneficial records withinside the scientific control of COVID-19.
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It is critical to emphasise that a few variations among laboratory consequences in sufferers with intense and nonsevere
ailment may be modest. For example, in a single metaanalysis, the weighted imply distinction in ALT consequences
among non-intense and intense sufferers become handiest eight U/L [3].

This locating become despite the fact that statistically vast and has been replicated in different research. Based on those
observations we advise that check consequences are intently scrutinised in view of the general scientific presentation, in
order that the importance of small deviations from the reference ¢ programming language or patient’s baseline aren't
misinterpreted.

Nevertheless, at the same time as maximum modifications will be modest in absolute terms, they may turn out to be
greater significant for the duration of longitudinal tracking, for the reason that the intraindividual variability of scientific
laboratory parameters is decrease than the inter-person version.

Recommendation [C1]: issues for check interpretation.

— No one checks ought to be taken into consideration in isolation. Groups of applicable assessments ought to be reviewed
withinside the context of the patient’s scientific presentation.

— Biological version of the analyte, and analytical version affecting check overall performance ought to be taken into
consideration while deciphering intra-person modifications in consequences.

[C2] Current barriers of biochemical/ hematological tracking in COVID-19 sufferers

As COVID-19 is a brand new condition, there are ongoing demanding situations concerning the interpretation of literature
findings to modern scientific practice. When writing those period in-between guidelines, we've got tried to consist of
records replicated in more than one research to feature to the veracity of our recommendations. Nonetheless, maximum
research referenced

In addition, a great deal of the posted studies does now no longer consist of records at the analytical techniques used for
testing. For example, the extensive style of procedures used to degree and document D-dimer affords demanding
situations while thinking about the anticipated modifications in D-dimer awareness in COVID-19 sufferers [55].

Recommendation [C2]: Current barriers of biochemical/hematological tracking in COVID-19 sufferers.

— We could urge warning while translating look at findings to neighborhood laboratory practice, specially while
diagnostic cut-off are recommended

3. CONCLUSION

clinical laboratories play a pivotal role in the SARS-CoV-2 pandemic, not only from a diagnostic point of view but also in
terms of the prognosis of COVID-19 patients, determining the degree of metabolic disorder of the patients and favoring
the development of support tools for clinical decision making in order to adjust the therapy to the biological changes
experienced by the subjects. Likewise, the laboratory work allows optimizing the hospital environment resources of the
critical units of the health systems, resulting in the enhancement of the response time and efficiency of this response [63].
However, these approaches should be constantly reassessed based on new and reliable evidence published around the
world, besides the incorporation of new technologies into the clinical laboratory work to obtain greater precision in the
search for biochemical markers.
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