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1 | INTRODUCTION

| Hamid R. Niazkar?

| Fariba Rad®*

Abstract

In December 2019, a new type of coronavirus was detected for the first time in
Wuhan, Hubei Province, China. According to the reported data, the emerging cor-
onavirus has spread worldwide, infecting more than fifty-seven million individuals,
leading to more than one million deaths. The current study aimed to review and dis-
cuss the hematological findings of COVID-19. Laboratory changes and hematologic
abnormalities have been reported repeatedly in COVID-19 patients. WBC count and
peripheral blood lymphocytes are normal or slightly reduced while these indicators
may change with the progression of the disease. In addition, several studies dem-
onstrated that decreased hemoglobin levels in COVID-19 patients were associated
with the severity of the disease. Moreover, thrombocytopenia, which is reported in
5%-40% of patients, is known to be associated with poor prognosis of the disease.
COVID-19 can present with various hematologic manifestations. In this regard, ac-
curate evaluation of laboratory indicators at the beginning and during COVID-19 can
help physicians to adjust appropriate treatment and provide special and prompt care

for those in need.
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organ dysfunction, and death. Clinically diagnosis of COVID-19
may be difficult since the clinical manifestations of COVID-19 are

very similar to that of various viral infections.® In addition, studies

In late 2019, a new coronavirus was isolated from pneumonia pa-
tients with unknown etiology for the first time in Wuhan, China.%?
According to the latest reported data, the emerging coronavirus has
crossed international borders, infecting more than thirty-seven mil-
lion individuals, leading to more than million deaths.® The new coro-
navirus, known as Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2), belongs to the beta group of Coronaviridae fam-
ily and it is the third notorious zoonotic disease of coronaviruses
after Severe Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS). SARS-CoV-2 is responsible for a
multi-systemic disease, called COVID-19 with an incubation period
of one to 14 days.*® Moreover, COVID-19 presents with a wide
spectrum of clinical signs and symptoms, varying from asymptomatic

infection to acute respiratory distress syndrome, multifunctional

have reported laboratory features of COVID-19 patients.” However,
unfortunately, these studies are limited to one or few blood indi-
cators. As the COVID-19 pandemic grows, it is crucial to raise the
physicians’ awareness about COVID-19 hematologic features. In this
regard, the current study aimed to review and discuss the hemato-
logical findings of COVID-19 derived from automated hematology

and clinical immunology/ flow cytometry.

2 | MECHANISMS OF SARS-COV-2
INVASION TO HOST CELLS

Zhao et al observed that SARS-CoV-2, similar to SARS-CoV, enters

the host cells through angiotensin-converting enzyme 2 (ACE2)
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receptors.&9 Studies showed that ACE2 is expressed in the alveo-
lar epithelial cells type 2 and 1, myocytes, vascular endothelial cells,
and some other cells, including hematopoietic stem cells and pro-
genitors.'° The bind of SARS-CoV-2 to ACE2 receptors increases the
expression of this receptor, leading to further damage of alveolar
cells, which may in turn cause a series of systemic reactions leading
to death. After attaching to the ACE2 receptors, the spike proteins
of SARS-CoV-2 are broken down through acid-dependent proteoly-
sis by cathepsin, Transmembrane protease-serine 2 (TMPRSS2), or
furin protease, and consequently, the SARS-CoV-2 merges with the
cell membrane. Compared to the other coronavirus proteins, spike
protein has the most variable sequence of amino acids among all
coronavirus genes, which provides a strong option for coronavirus
to adapt to its hosts.'*? Recent studies suggested that SARS-CoV-2
may attack host cells via the CD147-spike protein (SP) pathway. In this
regard, SP facilitates the virus invasion by connecting to CD147. The
CD147, also known as BSG (Basigin) and extracellular matrix metal-
loproteinase inducer (EMMPRIN), is a plasma membrane protein from
the immunoglobulin family, and it is encoded by the BSG gene in
humans.*®® This protein is expressed to a varying extent in the he-
matopoietic cells, mesenchymal stem cells, leukocytes, epithelial and
endothelial cells, and has a wide range of physiological and patho-
logical activities. Studies showed that CD147 expression on the red
blood cells (as an adhesion molecule) plays a crucial role in the circula-
tion of mature red blood cells from the spleen to the bloodstream.*®

Figure 1 Possible invasion mechanism of SARS-CoV-2,CD147,and
ACE2 acts as receptors of host cells for the invasion of SARS-CoV-2.

Membrane protein (M)

Envelope protein (E)

Nucleocapsid (N)

NP13 (helicase)

NSP12 RdRP

NSP8
NSP7

NSP3 (papain-like protease)

NSP15 (NendoU)

Spike glycoprotein (S)

NSP5 i t , Mp'°
Single strand RNA (maln preteases Mp™)

NSP16 (2'.0.methyltransferase)

Laboratory Hematology

3 | HEMATOLOGY FINDINGS OF COVID-19
AND ITS RELATIONSHIP WITH DISEASE
SEVERITY

Laboratory changes and hematologic abnormalities have been re-
ported repeatedly in COVID-19 patients, which will be discussed in
the following (Table 1).

4 | WHITE BLOOD CELLS

Studies showed that in the early stages of COVID-19 disease when
patients have no exclusive symptoms, White blood cells (WBC)
count and peripheral blood lymphocytes are normal or slightly re-
duced while these indicators may change with the progression of the
disease.’ Zhang et al,* in a study on 140 hospitalized patients, who
were diagnosed with COVID-19 based on the computed tomography
(CT) scan findings, showed that the leukocyte count was within nor-
mal ranges in 68.1% of patients, increased in 12.3% of patients, and
decreased in 19.6% of patients. Also, leukopenia has been reported
in other studies to be between 28.1% and 68.1% depending on the
severity of the disease and the underlying conditions, suggesting
a possible association between the severity of leukopenia and the
severity of the COVID-19.77%° |n a retrospective study in Wuhan,
China, it was reported that COVID-19 patients with a history of
myocardial infarction (M) had a higher leukocyte count than other

patients. In another study, it was found to be an association between
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FIGURE 1 Possible invasion mechanism of SARS-CoV-2, CD147, and ACE2 acts as receptors of host cells for the invasion of SARS-CoV-2
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TABLE 1 Laboratory finding studies in COVID-19 patients

Subject of study

Laboratory data analysis of novel
coronavirus (COVID-19) screening in
2510 patients

Viral load dynamics and disease severity
in patients infected with SARS-CoV-2
in Zhejiang province, China, January-
March 2020: retrospective cohort study

Pathogenic T cells and inflammatory
monocytes incite inflammatory storms
in severe COVID-19 patients

Abnormalities of peripheral blood system
in patients with COVID-19 in Wenzhou,
China

COVID-19 infection induces readily
detectable morphological and
inflammation-related phenotypic
changes in peripheral blood monocytes,
the severity of which correlate with
patient outcome

Morphological anomalies of circulating
blood cells in COVID-19

Hematological findings and complications
of COVID-19

Hematologic, biochemical and immune
biomarker abnormalities associated
with severe illness and mortality in
coronavirus disease 2019 (COVID-19): a
meta-analysis

Patients of COVID-19 may benefit from
sustained Lopinavir-combined regimen
and the increase of Eosinophil may
predict the outcome of COVID-19
progression

Evaluation of Hepatic Enzymes Changes
and Association with Prognosis in
COVID-19 Patients

Cardiovascular Implications of Fatal
Outcomes of Patients With Coronavirus
Disease 2019 (COVID-19)

Thrombocytopenia is associated with
severe coronavirus disease 2019
(COVID-19) infections: A meta-analysis

Association between platelet parameters
and mortality in coronavirus disease
2019: Retrospective cohort study

Region study

Clinic of Xiangya Second
Hospital of Central
South University

Designated hospital for
patients with COVID-19
in Zhejiang province,
China

Review

Wenzhou

Multicenter Study

Parallel COVID-19
hospital at Fondazione
Policlinico A. Gemelli of
Rome, a

Review Article

Meta-analysis

Xixi hospital in
Hangzhou, China

Mazandaran University
of Medical Sciences’
hospitals

Seventh Hospital of
Wuhan City, China

Meta-analysis

Central Hospital of
Wuhan

Sample
size

2510

96

116

28

40

10

93

187

383

Main findings

The count of monocyte increases in COVID-
19 patients compared to influenza patients.

Observed no significant quantitative
difference in monocyte level between the
COVID-19 patients and healthy individuals

observed that GM-CSF + Th1 cells and CD14*
CD16* monocytes accelerated the immune
response and exacerbated the COIVID-19
disease through over expression of IL-6.

Observed that there is significant difference
between COVID-19 patients and the control
group in terms of monocyte count, the severity
of the disease, and ICU admission requirement.

Stated that the sequential detection and
monitoring of this subset of inflammatory
monocytes using flow cytometry can help
determine the prognosis of COVID-19
patients

They observed that the absolute neutrophil
count mostly increased in the first few days
of hospitalization, while decreased slightly
before or immediately after the treatment

They found that neutrophilic leukocytosis was
associated with an increased risk of acute
respiratory syndrome, risk of death, and
elevated troponin level.

They confirmed that neutrophil count was
significantly higher in non-survivors COVID-
19 patients compared to survivors.

Increasing eosinophils may be an indicator of
COVID-19 improvement.

Hemoglobin levels were lower in COVID-
19 patients than in the control group,
although the difference was not statistically
significant

observed that hemoglobin levels were not
significantly different in COVID-19 patients
with a history of myocardial injury and
elevated TnT levels compared with those
with normal TnT levels

A relationship between platelet count at the
time of hospitalization and the severity of
the disease was observed

Baseline platelet levels and changes were
associated with subsequent mortality.
Monitoring platelets during hospitalization
may be important in the prognosis of
patients with coronavirus disease in 2019.
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troponin levels and leukocyte counts, and patients with higher tro-
ponin had higher leukocyte counts, indicating a link between under-
lying disease and the leukocyte count in COVID-19 patients.?* In a
study by Mardani et al,?? they observed that absolute WBC count
was lower in the COVID-19 patients with positive RT-PCR test than
in patients with negative RT-PCR test. Javanian et al, in a study indi-
cated that WBC count is higher in non-survivor patients than those
who survive. They concluded that lymphopenia and increased WBC
count may be associated with increased C-reactive protein (CRP) and
mortality.?® According to the results of a meta-analysis conducted
by Henry et al, the WBC count was significantly higher in non-sur-
vivors COVID-19 patients in comparison with survivors. Their meta-
analysis also showed that the WBC count increases mildly in people
with severe COVID-19, while a significant increase in WBC count
may predict a poor clinical prognosis.?42% All the current evidences
highly suggest that although WBC count can be used as a predictor
factor for severer COVID-19 condition, factors such as the onset of
the disease, underlying diseases, severity of the disease, and RT-PCR
results should be taken into account.

5 | LYMPHOCYTE

Similar to other coronaviruses and viral infections, a common fea-
ture of COVID-19 patients is lymphopenia. In these patients, the
total number of lymphocytes, TCD4*, TCD8", B cells, and Natural
killer cells (NK cells) decreases, which the reduction of CD8* T cells
is more significant.?” Several studies reported the prevalence of
lymphopenia to be between 40% and 91.6% in COVID-19 patients
and suggested that lymphopenia can be used as a prognostic pre-
diction factor for COVID-19.8 In a study conducted by BE FAN and
colleagues, in addition to observing lymphopenia in 69 patients
with COVID-19, they demonstrated that 69% of patients with lym-
phopenia had reactive lymphocytes (Lymphoplasmacytoid).!® The
study also found that intensive care unit (ICU) admitted patients
had lower levels of CD45", CD19"*, CD8", CD4", and CD16/56"
than non-ICU patients.'®> However, unlike other viral infections
such as human immunodeficiency virus (HIV) and cytomegalovi-
rus (CMV), the CD4'/8" ratio was not reversed in any patients.
Similarly, in a study by Chan et al,?® on 75 COVID-19 patients,
they observed that the level of total lymphocytes, T cells, B cells,
and NK cells were meaningfully decreased in COVID-19 patients
in comparison with healthy individuals, indicating a possible rela-
tion between lymphocyte subset alteration and the pathogenesis
of SARS-CoV-2. Moreover, the mentioned study demonstrated
that COVID-19 ICU patients had considerably lower level of total
lymphocytes, CD4* T cells, CD8" T cells, and B cells.?® Several
studies have investigated the association between lymphopenia
and the severity of the disease, acute respiratory distress syn-
drome, ICU admissions, and mortality. Their studies suggested
that there might be a significant relationship between the sever-
ity of lymphopenia and the severity of the COVID-19, the need

for ICU admissions.®27-33 Also, those with severe lymphopenia are

Laboratory Hematology

at a higher risk of death during hospitalization. It is also stated
that there might be a strong association between a decreased in
Lymphocyte/WBC ratio at the admission, or during hospitalization
with the severity of COVID-19. Also, Zhao et al® in a meta-analysis
study demonstrated that lymphopenia increases the risk of severe
COVID-19 by about threefold.

Moreover, a study by Qin et al showed that both T helper and
suppressor T cells were decreased in COVID-19 patients. They also
observed that the decreased levels of T helper are associated with
the severity of COVID-19.%4 They stated that the percentage of
naive T helper cells was increased in COVID-19 patients, and also
memory T helper cells were decreased in severe cases as well. In
addition, reduced levels of regulatory T cells were more significant
in COVID-19 patients.* Although the lymphopenia associated with
COVID-19 may be simply justified with the depletion of circulating
T cells during the inflammatory responses or administration of ste-
roids, other hypotheses have been suggested. Since lymphocytes
express ACE2 and CD147 on their membrane, it is hypothesized that
SARS-CoV-2 may directly invade lymphocytes, leading to lysis of
lymphocytes and lymphopenia.** Also, it is observed that 7-14 days
from the onset of the initial symptoms, new sets of clinical symptoms
appear along with elevated levels of inflammatory mediators.3>3¢
Therefore, another hypothesis that can be proposed is that the
significant activity of cytokines first leads to atrophy of secondary
lymphatic organs, including spleen and disrupt the turn-over of lym-
phocytes, and secondly increases the expression of death receptor
FAS and Apoptosis leading to lymphopenia. It should be noted that
there is a negative relationship between serum levels of interleukin 6
(IL-6), interleukin 10 (IL-10), and Tumor Necrosis Factor-Alpha (TNF-
o) with the number of Iymphocytes.27*37 In contrast to other studies,
Hong-Yi Zheng et al® reported that they did not observe any lymph-
openia in their studied population, and the absolute count of leuko-
cyte in both mild and severe COVID-19 patients has been remained
within the normal range. The study also suggested that SARS-CoV-2
and the resulting cytokine storm may disrupt the function of TCD4"
and T regulatory cells by exceeding activation of T cytotoxic, and ac-
tivation-induced cell death, leading to TCD4" and T regulatory cells
apoptosis and exacerbation of the disease. Another study suggested
that the coexisting lactic acid acidosis (especially in cancer patients)
may be responsible for COVID-19 associated lymphopenia. Current
evidences suggest that due to the high prevalence of lymphopeniain
patients with COVID-19 and its strong association with the severity
of the disease, lymphocytes count, especially levels of CD4", can be
used as a predictive biomarker for the severity of the disease.

6 | MONOCYTES AND MACROPHAGES

Monocytes trigger inflammation through the production of cy-
tokines and the activation of lymphocytes. Studies showed that
the acute pulmonary injury and Acute respiratory distress syn-
drome (ARDS) in COVID-19 patients are consistent with over ac-

tivation of monocytes/macrophages and cytokine storms.}>%7-37
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Yun et al demonstrated that the count of monocyte increases in
COVID-19 patients compared to influenza patients.” However, some
studies indicated a decreased count of monocytes, especially in ICU-

admitted patients. Interestingly, Zhang et al?’

in a quantitative and
qualitative study of monocytes in COVID-19 patients reported no
significant quantitative difference considering monocyte level be-
tween the COVID-19 patients and healthy individuals. However,
they observed significant differences in morphology and function
of monocyte between COVID-19 patients and healthy individuals.
They found that patients with COVID-19 have larger monocytes,
along with the CD11b*, CD14", CD16*, CD68*, CD80*, CD163",
CD206", and the ability to secrete IL-6, IL-10, and TNF-«, which
are compatible with an inflammatory phenotype.?” Individuals with
these kinds of monocytes required long-term hospitalization and
ICU admission. Also, in a study by Zeng et al,?® they observed that
monocyte distribution width (MDW) was significantly increased
in COVID-19 patients than the control group. In addition, Zhou
et al observed that Granulocyte-macrophage colony-stimulating
factor (GM-CSF) + Th1 cells and CD14* CD16* monocytes acceler-
ated the immune response and exacerbated the COVID-19 disease
through overexpression of IL-6.%C Moreover, a study by Sun et al**
showed that there is a significant difference between COVID-19
patients and the control group in terms of monocyte count, the se-
verity of the disease, and the requirement of ICU admission. Also,
they demonstrated that the monocyte-lymphocyte ratio (MLR) was
higher in COVID-19 patients than in the control group, especially
in those with severe COVID-19.** The study by Zhang et al?” sug-
gested that the sequential detection and monitoring of this subset of
inflammatory monocytes using flow cytometry can help determine
the prognosis of COVID-19 patients. However, due to the lack of
access to flow cytometry in most laboratories and the contradic-
tory evidence, further studies are required to consider monocytes
as prognostic biomarkers in COVID-19 patients.

7 | GRANULOCYTES

Blood neutrophil levels usually increase in the face of infectious
agents and tissue damage. In a study by Zini et al,*? on 40 COVID-19
patients, they observed that the absolute neutrophil count mostly
increased in the first few days of hospitalization, while decreased
slightly before or immediately after the treatment. Also, they in-
dicated that in the COVID-19 patients, the neutrophils were mor-
phologically abnormal with the cytoplasm containing dark-like toxic
granules with peripheral light blue agranular areas. In this regard,
hypogranular neutrophils were abundant in a small percentage
of patients. Besides granular changes, neutrophils were severely
impaired in nuclear lobulation, and Pseudo Pelger-Huet was ob-
served numerously in peripheral blood smears.*? Immature granu-
locytes, especially small myelocytes, and metamyelocytes were
demonstrated in COVID-19 patients at the time of hospitalization
and before treatment. Moreover, in two studied patients, neutro-

phil peroxidase activity was severely decreased. After 5-7 days of

treatment with antiviral and anti-inflammatory drugs and re-ex-
amination of a peripheral blood smear, all the above changes were
completely abolished. Also, high levels of apoptotic cells were ob-
served in peripheral blood smear of COVID-19 patients.* In a study
by Sadigh et al*® on 78 peripheral blood smears of COVID-19 pa-
tients, they observed that smudged neutrophils were significantly
increased in COVID-19 patients in comparison with the control
group. In summary, granulocytic reaction with immaturity, dysmor-
phism, and apoptotic-degenerative morphology was observed at the
time of hospitalization in patients with COVID-19. In a review study
by Terpos, it was found that neutrophilic leukocytosis was associ-
ated with an increased risk of acute respiratory syndrome, risk of
death, and elevated troponin levels.?? Another study indicated that
the neutrophil-to-lymphocyte ratio (NLR ratio) was higher in severe
COVID-19 patients.** NLR, which is easily calculated by dividing the
absolute number of neutrophils by the absolute number of lympho-
cytes, is of great importance in expressing the general inflammatory

condition of the patient.*

The aforementioned study suggested that
the calculation of NLR during and after hospitalization can be a pre-
dictor of mortality risk in hospitalized COVID-19 patients, although
further studies are suggested.®®*> A meta-analysis conducted by
Henry et al confirmed that neutrophil count was significantly higher
in non-survivors COVID-19 patients compared to survivors.*®
Similarly, another meta-analysis by Shi et al revealed that non-sur-
vival COVID-19 patients had higher neutrophil counts in compari-
son with the survival COVID-19 patients.*” Sun et al, also reported
that ICU admitted COVID-19 patients had a higher neutrophil count
and NLR compared to the control group.*! In addition, an autopsy
study of COVID-19 patients reported neutrophil infiltration into the
pulmonary capillaries, extravasation of neutrophils into the alveolar
space, and neutrophilic mucositis.*® According to the current evi-
dences, the neutrophil count not only determines the prognosis of
COVID-19 but also plays an important role in the immunopathology
of severe COVID-19. Moreover, increased neutrophil counts (by cy-
tokines such as Granulocyte colony-stimulating factor [G-CSF]), the
recall of neutrophils, and their inflammatory activities (production)
as well as (Neutrophil Extracellular Traps) NETs from overactive neu-
trophils, may be responsible for severe complications of COVID-19,
including ARDS. This raises the question of whether the neutrophil
microparticles are involved in COVID-19-associated complications.
Microparticles, also known as extracellular vesicles, are particles
with a 30-1000 nm diameter, which are released from a variety of
cells in physiological and pathological conditions. These particles
play animportant role in the development and progression of various
diseases. In addition to neutrophilia, in some studies, eosinopenia is
reported in COVID-19 patients. In a study, Zhang et al*® observed
an association between eosinopenia and lymphopenia in patients
with severe COVID-19. In addition, the study by Liu et al*” demon-
strated eosinophilia in COVID-19 patients at the time of hospitaliza-
tion. They reported that the use of sustained Lopinavir-combined
regimen could help increasing eosinophils, and eosinophil count
increased after 7-9 days of treatment. Finally, they suggested that

increased eosinophil count could be a sign of COVID-19 recovery.*
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In addition, Sun et al suggested that a sequential assessment of pe-
ripheral blood, especially eosinophil count, could help predict severe
cases of COVID-19. Similar to neutrophils and lymphocytes, eosino-
phil levels can be considered as a prognostic biomarker in predicting
severe cases of COVID-19. Basophils are another group of peripheral
blood granulocytes that can be involved in allergic diseases and play
arole in the release of histamine and many other biologically active
molecules. Studies have reported the reduced basophil count in pa-
tients with COVID-19.34

8 | RED BLOOD CELLS AND HEMOGLOBIN

ARDS is a common manifestation of various respiratory diseases
with no exclusive therapy. Until recently, research on the patho-
physiology of ARDS was focused on the interaction between white
blood cells, platelets, pulmonary endothelium and epithelium, and
red blood cells were considered as a neutral observer in the patho-
genesis of ARDS.”° Nevertheless, the role of Red blood cell (RBC)
as a pathological mediator in ARDS has gained attention with new
insights into RBC membrane changes during critical illness, and
the role of cell-free hemoglobin in oxidative stress and endothelial
damage.51 So far, studies of COVID-19 did not address the role of
RBCs in the pathogenesis of the diseases, and only a few limited
studies were conducted considering hemoglobin levels (the main
constituent of RBCs). Huang et al®! demonstrated that in COVID-
19 patients, the increased level of inhibitory cytokines such as in-
terleukin 4 (IL-4) and IL-10 was responsible for the inhibition of
erythropoiesis and lymphopenia. In another study by Omrani-Nava
etal,’? they reported that hemoglobin levels were lower in COVID-
19 patients than in the control group, although the difference was
not statistically significant. In addition, Guo et al observed that
hemoglobin levels were not significantly different in COVID-19
patients with a history of myocardial injury and elevated Cardiac
troponin T (TnT) levels compared with those with normal TnT lev-
els.>® Moreover, Yun et al observed that red cell distribution width
(RDW) increases in COVID-19 patients compared to patients with
influenza.? In contrast to the mentioned study, Pan and colleagues
observed a decrease in RDW and an increase in hemoglobin and
hematocrit levels in COVID-19 patients.>* These studies showed
that decreased hemoglobin levels in COVID-19 patients were as-
sociated with the severity of the disease. Therefore, in addition to
a broader quantitative and qualitative study of erythroid cells and
their role in the pathogenesis of COVID-19, further studies are sug-
gested to assess whether blood transfusions in these clinical con-

ditions can help prevent COVID-19 progression and complications.

9 | PLATELET

Platelets not only play a crucial role in homeostasis but
also are responsible for inflammatory and defense mecha-

nisms. Thrombocytopenia is one of the most common clinical

WILEY-%

manifestations of COVID-19, reported in 5%-40% of patients, and it
29,55-57
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is known to be associated with poor prognosis of the disease.

In a meta-analysis by Lippi et al,®

a relationship between plate-
let count at the time of hospitalization and the severity of the dis-
ease was observed, this was confirmed by several other studies.
Furthermore, Yang and his colleagues indicated that thrombocy-
topenia is a common finding in patients with COVID-19 and it is
associated with an increased risk of mortality.>” In a recent study
by Liu et al on 383 confirmed hospitalized COVID-19 patients,
they observed that patients with thrombocytopenia are older than
those without thrombocytopenia. These patients had higher lev-
els of Acute Physiology And Chronic Health Evaluation Il (APACHE
1), procalcitonin levels, CRP, total bilirubin, aspartate aminotrans-
ferase, blood urea nitrogen, creatinine, and D-dimer.”” While par-
tial pressure of oxygen (Pa02), fraction of inspired oxygen (FiO2),
WBC count, neutrophils, and lymphocytes were lower in these
patients. Evaluation of platelet parameters revealed that patients
with thrombocytopenia have higher levels of Mean platelet vol-
ume (MPV) and lower levels of Platelet-large cell ratio (P-LCR).
The study also found that platelet count and plateletcrit (PCT)
are independent risk factors of mortality in COVID-19 patients.®’
In addition, a study by Chen et al observed a delayed antibody
thrombocytopenia in COVID-19 patients.® Several mechanisms
have been proposed for the development of thrombocytopenia
in COVID-19 patients. One of these mechanisms is the direct and
indirect effect of SARS-CoV-2 on the hematopoietic cells and en-
dothelial cells, which can be associated with impaired megakaryo-
cyte maturation, increased platelet aggregation, platelet activation
and, consequently, platelet consumption in the microcirculation of
damaged lung tissue. Platelets can be linked directly to viruses via
toll-like receptors, P-selectin, and surface integrins. Therefore, it
is assumed that SARS-CoV-2 can bind to specific receptors, inhib-
its erythropoiesis in the bone marrow and result in thrombocyto-
penia by disrupting the platelet production. Recent studies have
shown that CD147, expressed at the level of hematopoietic cells
(mesenchymal stem cells, leukocytes, epithelial and endothelial
cells), can cause abnormal erythropoiesis.’>'* In addition, activa-
tion of platelets in pulmonary microcirculation not only contributes
to procoagulant activity but also exacerbates pulmonary damage
by triggering respiratory distress and the requirement of mechani-
cal ventilation. The combination of viral infection and mechanical
ventilation, in turn, causes endothelial cell damage, platelet activa-
tion, platelet aggregation, and thrombosis in the lungs, leading to
high platelet consumption. Furthermore, since the lung can release
mature platelets from megakaryocytes, a decrease or morphologi-
cal changes in the pulmonary capillary bed can lead to deranged
platelet defragmentation. Disseminated intravascular coagulation
(DIC) is known to lessen the thrombocytopenia of COVID-19 pa-
tients. Afterwards, the cytokine storms and inflammation, which
is the prominent feature of COVID-19, should not be neglected.
Inflammatory cytokines can cause thrombocytopenia by destroy-
ing progenitors in the bone marrow and reducing platelet produc-

tion. Finally, thrombocytopenia may be due to the presence of
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autoantibodies, and the destruction of platelets. Due to the rela-

tionship between platelet count and increased risk of COVID-19

mortality, the platelet count can be used as a prognostic marker

during hospitalization.?

10

6

| CONCLUSION

COVID-19 can present with various hematologic manifestations. In

this regard, accurate evaluation of laboratory indicators at the be-

ginning and during the course of COVID-19 can help physicians to

adjust appropriate treatment and provide special and prompt care

for those in need.
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