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ABSTRACT

Objectives: Laboratory examinations with new parameters can help the clinician through the path of
care of COVID-19 patient. The aims of this study to evaluate the relationship between the severity of the
disease, the qualitative and hemocytometric data obtained within three days of hospital admission; and
between the latter and the stage of the disease described by the patient.

Materials and Methods: This retrospective, single-center cohort study included patients with COVID-19
diagnosis, from April 26, 2021, to October 24, 2021. 68 patients were enrolled, and they did a complete
blood count with positional parameters, immature granulocytes and their relationship to lymphocytes
and all these data were collected in three stages in the first three days of hospitalization.

Results: The relationship between neutrophils and lymphocytes (NRL) showed a progressive in-crease
over time and in particular statistically higher levels between moderate and mild case and between case
severe and moderate (p< 0.001). The Delta-He and Hypo-He showed statistically significant differences in
the three days of hospitalization (p< 0.001). The IL-6, a pivotal cytokine in self-sustaining inflammatory
storm, remains higher during the first three days of hospitalization in severe cases, resulting in a
statistically significant difference with the other groups during the observation period(p< 0.01). The CRP
have a significant difference only on the first day, between severe and mild cases and between severe and
moderate cases(p< 0.001). Finally, the ferritin is confirmed to be higher in severe patients. It remained
higher in the three days.

Conclusion: The dosing of factors such as NLR, IGLR, As-lymph/L, Delta-He, Hypo-He, IL-6, LDH, ferritin
could be useful for the early identification of patients at high risk of moderate/severe acute respiratory
failure. These hematochimical parameters, which are easy and quick to perform, and who may require
different and more specific treatment protocols. These hematochimical parameters, which are easy and
quick to perform, and who may determine the use of different and more specific treatment protocols in
patients with diagnosis of COVID-19.

Keywords: COVID-19; Neutrophils; Lymphocytes; Delta-He; Hypo-He; IL-6

Abbreviations: WHO: World Health Organization; NLR: Neutrophil Lymphocytes; CRP: C-reactive
Protein, PCT: Procalcitonin, LDH: Lactate Dehydrogenase; RET: Reticulocyte Count, PLT: Platelets; IG:
Immature Granulocytes; IPF: Fraction of Immature Platelets; VMNI: Non-Invasive Mechanical Ventilation;
HFNC: High Flow Nasal Cannula; NIV: Non Invasive Ventilation; NPPV: Non Invasive Positive Pressure
Ventilation; CPAP: Continuous Positive Airway Pressure; IGRL: Absolute Number Of Lymphocytes; NLR:
Neutrophils To Lymphocytes
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Introduction

COVID-19 can present with a wide range of clinical manifestations,
from asymptomatic pneumonia to a severe form with multiple organ
failure [1], threatening global health. Early identification of critically
ill patients can reduce mortality through timely interventions [2]. The
mitochondrial dysfunction in COVID-19 continues to be studied, the
use of mt-DNA as an indicator of prognosis and severity is a potential
area yet to be explored [3] and there are different studies the needs
and available tools for clinical-physiological monitor-ing that aims
at optimizing the ventilatory management of patients affected by
acute respiratory distress syndrome due to severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infection [4]. According to
Siddiqui and Mehra [5], SARS-coV-2 disease begins as a viral infection
and evolves into a self-sustained hyper inflammatory response. We
can therefore distinguish three phases. A first viremic phase (from 1%
to 6" day of symptoms), in which SARS-coV-2, after having penetrated
into the host’s cells, replicates and the patient begins to develop
symptoms. A second inflammatory phase (7-10 days), characterized
by morpho-functional alterations in the lungs caused both by the
cytopathic effects of the virus and by the host’s immune response.
A third phase of Cytokine Storm is lung damage (> 11 days), where
the hyperactive inflammatory state determines local and systemic
consequences that can lead to severe and sometimes permanent lung
injury [6].

Thelatestgeneration hemocytometers, thanks to the technological
evolution characterized by the introduction of new physical principles
for cellular analysis and a progressive development of management
«software», have made available new quantitative and qualitative
hematological parameters, useful for the characterization of
peripheral blood cells. The use of these parameters can be useful both
in the formulation of a diagnostic hypothesis and in the monitoring
of different pathological pictures [7,8]. In particular, leukocyte
parameters have been found to be useful in infectious diseases,
expression of the dimensional and morpho-functional variations that
leukocytes develop during infection [9-11]. In fact, clinicians need
to rely on valuable methods to identify critical cases of COVID-19.
Laboratory examinations with new parameters can help the clinician
through the path of care of COVID-19 patient. With these backgrounds,
we designed this study to evaluate the relationship between the
severity of the disease, the qualitative and hemocytometric data
obtained within three days of hospital admission; and between the
latter and the stage of the disease described by the patient. The
goal is to identify useful parameters in the stratification of the risk
of worsening, then recognize the clinical phenotype of patients who
should are expected to have moderate and severe disease, through
hematochimical parameters, which are easy and quick to per-form,
in order to allow early therapeutic choices that improve the patient’s
prognosis.

Materials and Methods
Study Design and Population

This retrospective, single-center cohort study included patients
with COVID-19 admitted to the Infectious Diseases Clinic of the
University Hospital of Chieti in Abruzzo, Central Italy, from April 26,
2021, to October 24, 2021. The study was conducted in compliance
with the principles embodied in the Declaration of Helsinki and all
participants provided written informed consent. This study was
approved by the internal hospital ethics committee and informed
consent was waived due to the observational nature of the study. All
patients were diagnosed with COVID-19 according to World Health
Organization (WHO) guidelines: presence of clinical symptoms
of COVID-19 and confirmation of SARS-CoV-2 infection through a
positive result on RT tests -PCR of nasopharyngeal and oropharyngeal
swab specimens.

The inclusion criteria were as follows:

e  Patients confirmed by positive detection of SARS-CoV-2 RNA
from nasopharyngeal/pharyngeal swabs by RT-PCR with
clinical symptoms suggestive of COVID-19;

o  Patients over 18 years of age;

¢ Need for hospitalization for respiratory failure.
e Exclusion criteria:

e Age<18years;

. Pregnant women;

e  Hospitalization for non-COVID-19 related problems in a
patient with a positive swab;

¢ Hematological diseases;
e  Recent blood transfusions.

Epidemiological, demographic, clinical, laboratory, treatment
and outcome data were extracted from medical records using a
standardized data collection form.

Data Collecting

They consisted in a complete blood count with positional
parameters, immature granulocytes and their relationship to
lymphocytes (IGLR), reticulocytes, activated lymphocytes (Re-lymph,
As-lymph), Delta-He, Hypo-He, ratio neutrophil lymphocytes (NLR),
coagulation test, liver function assessment, calcium, C-reactive
protein (CRP), procalcitonin (PCT), lactate dehydrogenase (LDH),
ferritin, and IL-6. All these data were collected in three stages in the
first three days of hospitalization. The haemocytometric examination
was performed with a Sysmex XN analyzer, which, by integrating
traditional optical and impedance measurement techniques with
fluorescence flow cytometry. It is able to provide, in addition to the
standard blood count parameters, additional reportable parameters
too, as : reticulocyte count (RET), platelets (PLT) with the optical
fluorescence method (PLT-F), count of erythroblasts (NRBC),
immature granulocytes (IG) and the fraction of immature platelets
(IPF), determination of the amplitude of the distribution curve of red
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blood cells (RDW-CV or RDW-SD) and platelets (PDW), plateletcrit
(PCT), mean reticulocyte volume (RET-He). Lymphocytopenia was
defined as a lymphocyte count of less than 1100 cells per cubic
millimeter, and thrombocytopenia as a platelet count of less than
150,000 per cubic millimeter [12].

Among the leukocyte positional parameters, mainly those of
lymphocyte activation were taken into consideration: Re-lymph,
As-lymph. Re-lymph stands for reactive lymphocytes and reflects
all lymphocytes that have a higher fluorescence signal than the
normal lymphocyte population. The As-lymph population is always
included in Re-lymph count. This parameter quantifies the activated
B-lymphocytes (plasma cells) that synthesize antibodies. The Delta-
He parameter reflects the difference between the hemoglobin
equivalent of reticulocytes (RET-He) and the hemoglobin content of
mature red blood cells (RBC-He). Under physiological conditions,
the Delta-He value is positive since the hemoglobin content in
reticulocytes is higher than that of mature red blood cells. The Delta-
He parameter can measure iron deficiency in a highly sensitive
and accurate way. Hypo-He is the percentage of RBCs with cellular
hemoglobin content less than 17 pg. The neutrophil to lymphocyte
ratio (NLR), easily calculated from a routine blood test by dividing
the absolute neutrophil count by the absolute lymphocyte count, is of
great value in indicating a patient’s overall inflammatory status.

We divided patients in three phases of diseases, in according
to WHO. A first viremic phase, a second inflammatory or transition
phase and a third phase of Cytokine Storm is lung damage [13].

The classification of the patient into severity classes was done by
assessing the need for oxygen therapy and the type of support used to
carry it out. So, we could divide our patients as follows:

e Mild CASE when there was a need for oxygen therapy in the
nose cannulae or Venturi mask (VMK) (p02 25-60%);

¢ MODERATE CASE need for Non Invasive Mechanical
Ventilation (VMNI) using High Flow Nasal Cannula (HFNC),
Non Invasive Ventilation (NIV) o Non Invasive Positive
Pressure Ventilation (NPPV), Continuous Positive Airway
Pressure (CPAP) (with need PEEP);

. SERIOUS CASE, need for transfer to the Intensive Care Unit
(ICU) (with P/F< 100).

Statistical Analysis

Descriptive analysiswas carried outusingmedianandinterquartile
range (IQR) for the quantitative variables and percentages values for
the qualitative ones. Normality distribution for quantitative variables
was assessed by the Shapiro-Wilk Test. Pearson’s chi-square test
or Fisher’s exact test was used to evaluate the association between
categorical variables while the non-parametric Kruskal-Wallis
test to evaluate the differences between continuous variables and
outcome considered. After the Kruskal Wallis test, for the statistically
significant results, the Dunn test was calculated for the comparison

between the pairs of medians for the identification of significant
differences. The Bonferroni’s correction for multiple comparisons
tests was applied. Statistical significance was set at the level of <0.05,
unless adjustment for multiple comparisons was needed (in this case
the significance threshold was 0.0167 (p/k, assuming k = 3 contrast)).
All analyses were performed using Stata software v15.1 (StataCorp,
College Station, USA).

Results

68 patients were enrolled within the cohort. One patient, who
entered due to metrorrhagiaand severe anemia with the need for blood
transfusions, was subsequently excluded, as the blood count was not
usable. The mean age was 59+16.7 years (range 29-90) and 62.7% of
patients were male. Upon admission to the emergency room, patients
reported fever (86.6%), as the predominant symptom, followed by
cough (74.6%), asthenia (55.2%), dyspnea (40.3%), myalgia (32.8%);
diarrhea/vomiting (17.9%), pharyngodynia (14.9%), ageusia (9.1%),
anosmia (4.5%). Hypertension was present in 39 patients (57.4%),
12 patients had diabetes (17.6%), 11 patients had ischemic heart
disease (16.2%), and 7 had heart failure (10.3%) in history. Chronic
obstructive pulmonary disease was present in 8 patients (11.8%),
while asthma in 3 patients (4.4%). 7 patients (10.3%) had atrial
fibrillation, 3 stroke outcomes (4.4%), 3 unspecified arrhythmias
(4.4%), 2 pulmonary embolism (2.9%). 5 patients had chronic renal
failure (7.4%), while 2 had non-hematological active neoplasm (3%).
Furthermore, 25 patients were obese (36.8%).

Regarding pre-infection vaccination coverage, only 12 patients
(17.95%) were vaccinated with a full course (88.3% with mRNA
vaccine). Additionally, 18 patients (27.3%) received corticosteroid
therapy at home after COVID-19 diagnosis. The CT findings were
classified as follows: 34.3% had bilateral pneumonia mainly with
ground glass, 29.9% had a GGO picture with thickening of the septa,
35.8% had consolidations. All patients underwent therapy according
to the guidelines in force during the hospitalization period: 59.7%
of patients received Remdesivir, 37.3% Dexamethasone, 2.9% Anti-
Spike monoclonal anti-bodies. From the medical records it emerged
that 50% of patients did not respond significantly to the first line of
therapy set (need for increased oxygen enrichment), so the clinicians
needed to set up a second line of therapy. This was made up of 30.9%
dexamethasone, while 8.8% of an anti-inflammatory anti-interleukin
drug. 86.8% of patients received prophylactic Low Molecular Weight
Heparin (EPBM), and 11.8% of patients were already on anticoagulant
therapy by TAO/NOAC (new oral anti-coagulants). The 92.5% (62) of
patients recovered with subsequent home discharge and 7.5% (5) of
patients died; during hospitalization 13 patients (19.1%) required
transfer to ICU. The patients of our co-hort are divided as follows: 28
patients (41.8%) presented to hospitalization in phase 1; 34 (50.7%)
in phase 2; 5 (7.46%) in phase 3. On the other hand, a classification
on the severity of respiratory failure, we had: 36 patients (53.73%)
presented as a mild case, requiring low-flow oxygen therapy; 25
patients (37.31%) required NMI; 8 patients (11.94%) returned to
severe cases, requiring transfer to ICU (Figure 1).
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Figure 1: Trend of the NLR and IGLR parameter in the disease phases and in the severity classification.

WBC Findings

WCBs remain within the normal range during the first three days
of hospitalization. As regards the comparison with the disease phase
(viral -1-, transition -2-, inflammatory or 3) the following results
emerged. There is a significant difference with the absolute number
of white blood cells on day 1, in fact it is found between patients in
the inflammatory phase 3 vs phase 1 (median phase 3: 9.1*10 * 3/
ul vs median phase 1: 5.1*¥1073/ul, p 0.010). There is no difference
between the white blood cell count on day 2 and 3. Moreover, there is
also a difference between the neutrophil value and the disease phase
on day 1, above all, this difference is present between the 3rd phase
and that of the first (median phase 3: 6.6*10 * 3 / ul; median phase
1:4*10 ~ 3 / ul, p=0.010). Mild lymphopenia was present during the
three days in the studies. There is a correlation with the lymphocyte
count and the disease phase on day 1. The lymphocytes values were
statistically lower in phase 2 than in phase 3 (median phase 2:
0.9*10 * 3/ul; median phase 3 1.5%10”3/ul, p=0.024). There is no
relationship of lymphocytes at day two, while there is a correlation on
day three: again, the difference is present between the inflammatory
and transitional phases (median phase 2: 0.9*10”3/ul; median phase
31.9%¥1073/ul, p=0.022).

On the other hand, from this type of comparison no association
emerge between the values of basophils, monocytes, eosinophils,
immature granulocytes, re-lymph and the phases of the disease
throughout the observation period. That are more links, maintained
over time, when we correlate the results of the white blood cell series
with the severity of the disease, calculated as the increased oxygen
demand: mild, moderate and serious cases. There is a difference
between neutrophils and disease severity. In particular, on 1% day, it
is present among mild cases patients, who have lower neutrophils
respect to moderate cases (p=0.006). While, on a 2nd and 3rd
days the difference was present between severe cases with higher
neutrophils versus mild cases (2nd day p=0.002, 3rd day p<0.001)
and be-tween moderate and mild cases (2nd and 3rd days p<0.001).
(Table 1). Lymphocytes were lower as gravity increases of disease and
maintain this difference during the first three days. The difference
was statistically significant especially between severe and mild cases
(p=0.011, p= 0.002, p=0.003; 1%, 2" and 3™ days respectively) and
between moderate and mild cases (p<0.001 for 1%, 2" and 3" days
respectively) (Table 1).
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Table 1: Neutrophils and lymphocytes on three days of the study.

Neutrophils(10/3/uL)
Mild Case Moderate Case Severe Case
14 day median=3.3* (IQR 2.0-4,8) median=5.1* (IQR 4.1-7.2) median=4.5 (IQR 4.0-6.6)
mean=3.7 (sd 2.2) mean=5.9 (sd 3.9) mean=5.6 (sd 2.5)
2 day median=3.1* (IQR 1.9-3.6) median=6.6* (IQR 3.8-8.6) median=6.5° (IQR 5.7-7.3)
mean=3.3 (sd 1.9) mean=6.8 (sd 3.6) mean=6.6 (sd 1.0)
3 day median=3.2* (IQR 2.0-4,8) median=6.4* (IQR 5.3-7.2) median=7.5° (IQR 6.6-8.0)
mean=3.6 (sd 2.3) mean=6.5 (sd 2.8) mean=7.2 (sd 1.6)
Lymphocytes(10”3/uL)
Mild case Moderate Case Severe Case
1 day median=1.4* (IQR 1.0-1.7) median=0.8* (IQR 0.6-1.0) median=0.8° (IQR 0.7-1.0)
mean=1.5 (sd 1.0) mean=0.9 (sd 0.4) mean=0.8 (sd 0.3)
2 day median=1.4* (IQR 1.1-1.8) median=0.8* (IQR 0.7-1.2) median=0.6° (IQR 0.5-1.0)
mean=1.5 (sd 0.9) mean=0.9 (sd 0.4) mean=0.8 (sd 0.5)
3 day median=1.4* (IQR 1.1-1.9) median=0.8* (IQR 0.5-1.2) median=0.08° 8(IQR 0.6-1.2)

mean=1.6 (sd 1.0)

mean=1.0 (sd 2.2)

mean=0.9 (sd 0.3)

Note: **p-value<a/3 for Bonferroni multiple testing correction.
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Figure 2: Trend of the AsLymph, Delta-He and Hypo-He in the disease phases and in the severity classification.
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The relationship between neutrophils and lymphocytes (NRL)
showed a progressive in-crease over time and in particular statistically
higher levels between moderate and mild case (p<0.001 for 1%, 2nd
and 3" day respectively) and between case severe and moderate
(p=0.002, p<0.001, p<0.001 on the 1%, 2" and 3™ days respectively)
(Figure 1). Immature granulocytes (GIs), normally absent in
peripheral blood and the ratio immature granulocytes and the
absolute number of lymphocytes (IGRL), increased in the three days
of observation, and they were higher in severe and moderate cases,
maintaining a significant difference with mild cases during the study
period (Figure 1). The As-lymph /L ratio, that is the ratio between
antibody-producing lymphocytes (As-lymph) and lymphocyte counts
maintains a statistically significant difference in the first three days of
hospitalization. In detalil, it is always present higher levels in serious
cases respect to mild case (p=0.002, p=0.001, p=0.002; 1°t, 2" and 3™
day respectively), and statistically lower values in mild cases (Figure
2).

RBC Findings

Reticulocyte value remained low during the study period. No
relationship was found between red blood cell values and disease
stage, while follow-ing results emerge when we compare the red blood
cell data with the severity of the disease. The Delta-He and Hypo-

Table 2: LDH, CRP and PCT parameters on three days of the study.

He showed statistically significant differences in the three days of
hospitalization. In detail between mild and moderate cases (for Hypo-
He p<0.001; for Del-ta-He, p<0.001 for 1%, 2" and 3™ respectively)
and between severe and moderate (for Hypo-He p=0.004, p =0.027,
p<0.001; for Delta-He, p<0.001 for 1%, 2" and 3" day respectively). In
fact, Delta-He is lower with the increasing the gravity of disease, while
Hy-po-He appears to increase (Figure 2).

Inflammatory Biomarkers Findings

No relationship was found between indexes of inflammations
and disease stage, while following results emerge when we compare
these data with the severity of the disease. The enzyme Lactate
Dehydrogenase (LDH), in all three days of study, shows an increase
over time, it was higher to mild cases respect to moderate cases
(p<0.001, p = 0.001, p = 0.004 for 1%, 2" and 3™ day respectively)
and between case severe and mild (p<0.001 for 1%, 2" and 3" day
respectively) (Table 2). The CRP have a significant difference only on
the first day, between severe and mild cases (p=0.001) and between
severe and moderate cases (p=0.042). On the contrary, PCT maintains
this difference for all three days in particular between severe and mild
cases (p=0.001; p=0.001; p=0.012 for 1%, 2" and 3" day respectively)
(Table 2).

LDH(U/1)
Mild Case Moderate Case Severe Case
1 day median=224.0* (IQR 194.5-278.5) median=344.0* (IQR 266.04-416.0) median=4.5 (IQR 353.5-788.0)
mean=234.2 (sd 53.3) mean=345.9 (sd 11.6.1) mean=595.9 (sd 344.6)
2 day median=214.5* (IQR 192.0-257.0) median=325.5* (IQR 234.0-4.414.0) median=444.0° (IQR 299.5-6.09.0)
mean=223.3 (sd 78.6) mean=341.0 (sd 131.0) mean=450.6 (sd 173.9)
5 day median=220.0* (IQR 194.0-0-262.0) | median=288.0* (IQR 241.0-368.0) median=551.0° (IQR 424.0-676.5)
mean=234.3 (sd 70.0) median=308.9 (sd 106.0) median=579.1 (sd 213.5)
CRP (mg/L)
Mild cases Moderate Cases Severe Cases
14 day median=40.2* (IQR 13.3-80.5) median=62.8° (IQR 27.4-111.7) median=111.2*" (IQR 91.2-194.8)
mean=181.4 (sd 733.7) mean=78.5 (sd 65.8) mean=134.4 (sd 53.6)
PCT(ng/ml)
14 day median=0.1* (IQR 0.0-0.1) median=0.1* (IQR 0.0-0.2) median=0.7° (IQR 0.1-1.2)
mean=0.1 (sd 0.1) mean=0.2 (sd 0.2) mean=0.8 (sd 0.7)
2 day median=0.1* (IQR 0.0-0.1) median=0.1* (IQR 0.0-0.1) median=0.6* (IQR 0.1-2.1)
mean=0.1 (sd 0.1) mean=0.4 (sd 1.1) mean=27.4 (sd 75.1)
3 day median=0.1* (IQR 0.0-0.1) median=0.1 (IQR 0.0-0.1) median=0.3* (IQR 0.1-1.1)
mean=0.1 (sd 0.2) mean=2.1 (sd 9.6) mean=0.6 (sd 0.6)

Note: **p-value<a/3 for Bonferroni multiple testing correction.
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IL-6, a pivotal cytokine in self-sustaining inflammatory storm,
remains higher during the first three days of hospitalization in severe
cases, resulting in a statistically significant difference with the other
groups during the observation period. Above all, this difference
is present in all three levels of severity of the disease, for severe
case vs mild case p=0.004, p<0.001, p<0.001, 1%, 2" and 3™ day
respectively; and between severe case vs moderate case (p=0.020,
p=0.016, p=0.002; 1st, 2nd and 3rd respectively) (Figure 3). Ferritin
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is confirmed to be higher in severe patients. It remained higher in
the three days observed, maintaining a difference between mild and
moderate cases (p=0.002, p=0.001, p=0.031 for 1st, 2nd and 3rd day
respectively) and between severe and mild case (p=0.002, p=0.002,
p=0.001 for 1%, 2" and 3™ day respectively) (Figure 3). D-Dimero
finds no differences when compared with the stage of disease nor
with the se-verity of the disease.
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Figure 3: Trend of the IL-6 and ferritin in the disease phases and in the severity classification.

Discussion

The study showed, in a cohort of Italian patients diagnosed
with COVID-19, that any WBC and RBC parameters can be useful to
stratify the risk of evolution of the SARS-coV-2 infection, in the first
days of hospidalitation. The aim of study was recognize the clinical
phenotype of patients who should are expected to have moderate
and severe disease, through hematochimical parameters, which are
easy and quick to perform, and who may require different and more
specific treatment protocols. In fact dosing of factors such as NLR,
IGLR, As-lymph/L, Delta-He, Hypo-He, parameters extrapolated by

haemocytometric examination, such as II-6 and LDH could be useful
for early identification of patients at high risk of severe/moderate
respiratory failure. In a systematic review by Fu L., involving 43
studies and 3600 patients, the most common abnormalities detected
in Covid-19 were decreased lymphocyte count (57.4%), an elevated
CRP (68.6%) and an increase in LDH (51.6%) [14]. In our previous
study we showed that a COVID-19 cohort admitted in emergency
room, had a lymphopenia in 58.9% of cases, elevated values of CRP,
a rise of D-dimer and of LDH. The neutrophil count was normal in
69.5% [15]. At the moment, there are no studies that analyze these
blood parameters in the first three days of hospitalization respect to
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the phases of disease and clinical score. We have shown that the count
of white blood cells, lymphocytes, neutrophils, basophils, immature
granulocytes, As-lymph, AST, platelets have a relationship with the
disease phase, this is not present in all three days under study.

When we compare the data with the severity of the disease,
based on different oxygen therapy supports, the relations appear
more evident [16-19]. In the present study, it appears that the
ratio of neutrophils to lymphocytes (NLR) is high in the most
serious patients and that this ratio remains consistently high in
the first three days of hospitalization. Consequently, we also find
that neutrophils in absolute numbers are higher in severe patients
and lymphocytes are lower. Hence, our findings are shown to be
consistent with others from previous studies on the relationship
between NLR and prognosis of many other infectious diseases [20-
23]. Also the neutrophil (NEU) is an important component of the
leukocyte population that activates and migrates where infection/
inflammation is pre-sent. It releases large amounts of reactive oxygen
species that damage cellular DNA and destroy viruses. Furthermore,
NEU can be activated by inflammatory factors linked to the presence
of viruses, such as interleukin-6 and interleukin-8, tumor necrosis
factor alpha, granulocyte colony stimulating factor and interferon-
gamma, produced by lymphocytes and endothelial cells [24-26]. On
the other hand, systemic inflammation, triggered by SARS-CoV-2,
significantly depresses cellular immunity, leading to a decrease in
CD3 + T cells, CD4 + T cells, and CD8 + T cells. SARS-CoV-2 infected T
cells can also cause cyto-pathic effects on T cells [27-29]. Therefore,
NLR is an inexpensive marker that derives from routine peripheral
blood tests and can be associated with the progression and prognosis
of COVID-19.

Immature granulocytes (and granulocytes to lymphocytes ratio),
represent metamyelocytes, myelocytes, promyelocytes. They are
commonly present in our study population, especially in critically
ill patients, unlike common population which does not have them
in circulation. On the other hand, in peripheral blood immature
granulocytes increase in response to infection, inflammation or other
causes of bone marrow stimulation [30]. Severe insults such as sepsis,
trauma and viral infections can induce emergency granulopoiesis, a
hematopoietic response that rapidly increases the de novo production
of neutrophils to meet the growing demands. This mechanism causes
the presence of both immature and mature neutrophils populations
in the peripheral blood, which can act as either immunosuppressive
or proinflammatory [31,32].

Despite limited knowledge about the contribution of mature and
immature neutrophils to the immune response and their distinct
characteristics, clinical interest in these cells is growing due to
their increasingly evident correlation with disease severity and/or
response to treatment in many diseases, such as sepsis, severe flu
and COVID-19 [6,33-36]. Furthermore, it has also been evaluated as
a marker of acute respiratory distress syndrome, allowing to stratify
the risk of evolution into ARDS [19, 37]. In fact, even in our study, the

patients have an increase of NLR IGRL and As Lymphocytes in severe
cases, with higher ratio than mild forms of disease, and this ratio
increases over time. Many papers document an increase in activated
lymphocytes in COVID-19 patients [38,39]. Our results agree with
previously published studies reporting As-lymph as a parameter
capable of predicting clinical severity in SARS-coV-2 patients [40,41].
During the course of the infection, moderate/severe cases probably
show a significant decrease in total lymphocytes with an increase in
those activated, capable of producing antibodies in response to the
viral insult.

Taliani, et al., showed a correlation between IL-6 overexpression
in patients with Covid-19 and the presence of hyperactivated
plasmacytoid lymphocytes in peripheral blood [42]. In another study
comparing patients with bacterial and viral infections, As-lymph
was higher in the latter and even provided the same discriminatory
power as procalcitonin between the two types of infections [43].
In the literature, erythropoietic changes have been reported
during infection; these mostly show low levels of HGB [44,45]. The
hemoglobinization of reticulocytes, as indicated by negative levels of
Delta-He, is however significantly impaired, particularly in the most
se-vere cases, probably due to ongoing inflammation, as showed in
our study [46]. Ferritin is a protein that stores iron; its serum level
reflects the normal level of iron and helps in the diagnosis of iron
deficiency anemia. The circulating ferritin level increases during viral
infections and may be a marker of viral replication [47,48]. Increased
ferritin levels due to cytokine storm and secondary haemophagocytic
lymphohistiocytosis (sHLH) have also been reported in severe
patients with COVID-19, as confirmed by our study [49,50].

In most diseases, the circulating CRP value reflects ongoing
inflammation and/or tissue damage much more accurately than other
laboratory parameters of acute phaseresponse. The CRP concentration
should therefore be a very useful non-specific biochemical marker of
inflammation, the measurement of which contributes significantly to
monitoring the response to treatment of inflammation and infection
[51].As canbe seen in our study, this probably also happens in patients
with COVID-19, where the response of the CRP is not maintained
for the entire time of observation. During the inflammatory storm
in COVID-19, many inflammatory cytokines are rapidly produced,
including IL-6, TNF-a, IL-1f, IL-12, and IFN-y, which stimulate
hepatocytes, Kupffer cells, and macrophages to secrete ferritin. In
particular, ferritin is not only the re-sult of excessive inflammation,
but also plays a pathogenic role in the inflammatory process through
its binding to T-cell immunoglobulin and mucin domain 2 (TIM-2)
by promoting expression of multiple inflammatory promoters [52].
Furthermore, some studies have shown that the ferritin H chain
activates macrophages to secrete inflammatory cytokines [53]. IL-6
is a multifunctional cytokine involved in the transmission of cellular
signals and in the regulation of immune cells. This factor has a strong
proinflammatory effect and it plays an important role in tumors and
hematological diseases. Meta-analyzes available in the literature
indicate that increased IL-6 levels are significantly associated with
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adverse clinical outcomes, including ICU admission, ARDS and death
[54]. Indeed, dysregulated immune response to infectious pathogens
represents an important contribution to morbidity and mortality.
Our data also show an increase in IL-6 and ferritin levels in critically
ill patients, noting that the cytokine storm is a crucial event for
COVID-19 progression.

LDH is an intracellular enzyme present in the cells of almost all
organ systems, which catalyzes the interconversion of pyruvate and
lactate, with concomitant interconversion of NADH and NAD + [55].
Although, traditionally LDH were used as a marker of heart damage,
abnormal values can result from injury to multiple organs and
decreased oxygenation with upregulation of the glycolytic pathway.
Because LDH is present in lung tissue (isozyme 3), it can be expected
that patients with severe. COVID-19 releases larger quantities of
LDH into circulation, as can be seen from our data. Therefore, in
the presence of a severe form of interstitial pneumonia, which often
progresses to acute respiratory distress syndrome, this value can be
used as a hallmark of worsening of the disease. The present study
has some limitations, such as the cross-sectional nature of the study
and the fact that it was monocentric, the low sample size and the
lack of evaluation of other markers with in vitro and in vivo effects
that may provide further insight into the mechanisms linking these
alterated haematochimical parameters with the disease evolutions.
Finally, additional mechanistic studies are needed to further elucidate
the roles of these markers and their signalling in populations with
COVID19.

Conclusion

Early identification and proper treatment of COVID-19 patients
at high risk for acute respiratory failure is critical to avoiding ARDS
and organ damage. Based on our results, we believe that classic
inflammation markers such as CRP are not sufficient. Instead, the
dos-ing of factors such as NLR, IGLR, As-lymph/L, Delta-He, Hypo-
He, IL-6, LDH, ferritin could be useful for the early identification of
patients at high risk of moderate/severe acute respiratory failure.
These patients, all having a profile of greater complexity related to
hyper inflammation, could benefit from more careful observation and
timely correct treatment. Timely and specific treatments such as the
use of antivirals or monoAb can improve prognosis and the risk of
disease progression.
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