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Changes in the Human Blood System 
in Patients with COVID-19
Резюме
Как известно, вирус SARS-CoV-2 влияет практически на все системы, органы и ткани человека, вызывая их поражение в большей или меньшей 

степени. Наблюдение за пациентами, перенесшими COVID-19, во всем мире указывает на значительные изменения, происходящие в системе 

кроветворения и морфологии клеток крови. Настоящий обзор посвящен анализу литературных данных о влиянии вируса SARS-CoV-2 на 

изменения показателей системы крови человека, что имеет важное значение в практической работе всех специалистов здравоохранения.
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Abstract
As is known, the SARS-CoV-2 virus affects almost all human systems, organs and tissues, causing their damage to a greater or lesser extent. Follow-

up of COVID-19 patients worldwide.indicates significant changes occurring in the hematopoiesis system and morphology of blood cells. This review 

is devoted to the analysis of literature data on the effect of the SARS-CoV-2 virus on changes in the indicators of the human blood system, which is 

important in the practical work of all healthcare professionals.
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RT-DC  –  real-time deformability cytometry, PT  –  prothrombin time, APTT  –  activated partial thromboplastin time, WF  –  von Willebrand factor, 

CRP – C-reactive protein, IL-6 – interleukin6, ACE2 – angiotensin converting enzyme

In 2019, in Wuhan (China) the novel coronavirus 
infection broke out and spread globally as a pandemic. 
Currently, scientists all over the world continue to inten-
sively study this disease in order to optimise preventive 
measures, since they realise its damaging eff ect over the 
body and organs, in attempt to develop new diagnostic 
and therapeutic methods. Most common conditions in 
the coronavirus infection patients were bilateral pneu-
monia (viral diff use alveolar damage with microangi-
opathy); 3–4 % of patients had acute respiratory distress 
syndrome. Oft en patients had hypercoagulation syn-
drome with blood clots and thrombembolia, abnormal 
blood values, involvement of the central nervous system, 
myocardium, kidneys, liver, intestines, endocrine and 
immune systems, with possible sepsis and septic shock. 
In this review, we analysed literature sources on changes 
in blood values of patients who survived COVID-19. 
Th e discussed studies demonstrate that SARS-CoV-2 can 
be associated with signifi cant changes in blood values as 
well as morphological changes in hematocytes, and it 
is essential for understanding of the problem, practical 
application and further studies.

Anemia and COVID-19 
(Hemoglobinopathies and 
Iron Dysmetabolism)
According to literature sources, scientists found out 

the ability of the SARS-CoV-2 virus to express ORF1ab, 
ORF10 and ORF3a proteins which initiate erythrocyte 
hemolysis and alveolar damage. Viral protein ORF8 and 
surface virus glycoprotein bind with porphyrin in Hb 
molecule, then other virus proteins (ORF1ab, ORF10 and 
ORF3a) push out iron ions from β1 heme in Hb chain, 
thus causing iron defi ciency. A fee iron atom causes oxi-
dative damage to organic molecules of cells, thus boost-
ing infl ammation in pulmonary parenchyma, damage and 
general hypoxia [1]. Eventually, these processes result in 
changes in pulmonary parenchyma seen on computer 
tomography (CT) scans as a ground-glass pattern.

It was demonstrated that SARS-CoV-2 can impair 
iron metabolism. The nature of this condition is that 

the structure of SARS-CoV-2 spike protein, which 
identifies host cell receptors and causes its penetration 
to cytoplasm, is similar to hepcidin [2]. Hepcidin is the 
main iron exchange regulator. It reacts with epithelial 
cell ferroportin and promotes iron penetration into a 
cell. Under normal conditions, hepcidin is regulated 
by the iron quantity in blood serum. At  higher iron 
levels in the body, hepcidin destroys ferroportin and 
prevents excessive iron penetration into a cell and vice 
versa. Hepcidin-like impact of SARS-CoV-2 spike pro-
tein leads to pronounced impaired iron metabolism, 
higher ferritin and iron levels, its excessive accumu-
lation in tissues and, eventually, cell destruction and 
death [3].

Thus, a combination of hemoglobinopathy and 
iron dysmetabolism can significantly affect the ability 
of erythrocytes to transport O

2
 with hypoxia, initiat-

ing tissue modifications associated with hyperferriti-
naemia.

Hemolytic anemia in COVID-19 is also a result of oxi-
dative damage from a free iron ion, which causes eryth-
rocyte destruction. Figure 1 shows Hb being attacked by 
a non-structured viral protein described by Wenzhong L. 
et al (2020).

Th at is why, according to some authors, the most 
common erythroid abnormalities in COVID-19 were 
microcytosis (44 %), poikilocytosis (30 %) and reticulo-
cytosis (6.3 %). Together with Jolly bodies, megaloblasts, 
normoblasts and sideroblasts, as well as reduced total 
erythrocyte count and Hb value, these changes represent 
hemolytic anemia and activation of bone marrow regen-
eration with incomplete erythropoiesis. Th is is also con-
fi rmed by an increase in the mean corpuscular volume 
in combination with reduced mean count and mean cor-
puscular hemoglobin concentration [4].

Th ere are interesting information on increased risk 
of COVID-19 in subjects with blood type A as compared 
to blood groups without erythrocyte antigen. Th e lowest 
risk of the disease has been identifi ed in subjects with 
blood type  O(I). It  is possible that SARS-CoV-2 inter-
acts with erythrocytes in the presence of an additional 
CD147 receptor [5].
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Figure 1. Viral nonstructural protein attacks hemoglobin
Note: A — orf1ab attacks deoxyhemoglobin, B — ORF3a attacks deoxyhemoglobin, C — ORF10 attacks deoxyhemoglobin, D — orf1ab attacks oxidized hemoglobin, 

E — ORF10 attacks oxidized hemoglobin, F — ORF3a attacks oxidized hemoglobin
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White Cell Count and 
COVID-19
According to some authors, during the incubation 

period and at an early stage of the disease, when non-
specifi c symptoms appear, white blood cell and lympho-
cyte count is normal or is slightly lower than the normal 
value. Very oft en, the advanced disease is associated with 
lymphopenia and neutrophilia. Th e total WBC count 
can be normal, higher or lower than the normal value, 
since this is a non-specifi c parameter. However, more 
severe COVID-19 or death cases are associated with leu-
kocytosis and low lymphocyte count. Surviving patients 
have the lowest lymphocyte count approximately on 
day 7 aft er onset of symptoms of viral pneumonia, later 
patients recover in full. Impaired granulocytic myelopoi-
esis is manifested through absolute or relative neutro-
cytosis in combination with band cell count up to 20 % 
and myeloid-like leukemoid response when myelocytes 
and metamyelocytes appear in blood in 11  % of cases. 
Th ese changes evidence a systemic infl ammatory reac-
tion and correlate with a high level of pro-infl ammatory 
cytokines, which stimulate granulocytic myelopoiesis. 
Researchers point out that very oft en leukocytosis is a 
result of an increased neutrophil count with a slightly 
higher absolute monocytosis and normal basophil and 
neutrophil count. Lymphocite count was lower than 
normal in a majority of patients; mean lymphopenia 
(both absolute and relative) was moderate, but evidenced 
adaptive immunity suppression in COVID-19 [4, 6].

Thrombocytopenia and 
Functional Activity of Platelets 
in COVID-19
Th rombocytopenia in COVID-19 patients was 

observed in 5–42  % (depending on disease severity); 
usually, thrombocytopenia was mild, platelet count 
was 100–150×109/L [7-10]. Moderate thrombocytope-
nia 50–100×109/L was diagnosed in 58–95  % of severe 
COVID-19 cases [8, 11, 12]. In patients with severe dis-
ease, reduction in platelet count was just 23–31×109/L 

more than in patients with mild disease [13, 14]. Satis-
factory platelet count in patients with severe disease and 
systemic coagulation activation can be a result of the 
marked compensatory response of platelet production by 
bone marrow. Severe thrombocytopenia in COVID-19 
patients is rare, usually in case of immune thrombocyto-
penic purpura [15].

Th rombocytopenia in COVID-19 can be associated 
with various causes [16]. Hypoproliferative thrombocy-
topenia is observed in late viral infections; fast throm-
bocytopenia progression in response to viral infections 
is usually mediated by increased platelet destruction. 
Platelets can be activated by viral antigen-antibody 
complex or in systemic infl ammatory response. Acti-
vated platelets are more easily removed from blood fl ow 
by the reticulo-endothelial system, and their levels fall 
[17]. Viruses can also interact with megakaryocytes and 
inhibit platelet synthesis in bone marrow [18]. Table  1 
presents possible mechanisms of COVID-19-associated 
thrombocytopenia.

Th rombocytopenia can be associated with increased 
platelet consumption due to endothelial damage and for-
mation of platelet aggregates in lungs; also, it can result 
from bone marrow suppression and immune reactions 
[19]. It  is assumed that platelets are consumed for pul-
monary blood clots in order to prevent virus spread with 
blood [12].

COVID-19 patients with thrombocytopenia have 
higher mean platelet volume vs. COVID-19 patients with 
preserved platelet count [1]. In  addition to congenital 
platelet disorders, increased mean platelet volume is typi-
cal of increased number of new circulating platelets and is 
a compensatory reaction of the body to thrombocytopenia 
[20]. An  optimal range of mean platelet volume (MPV) 
in healthy adults with a normal platelet count is 9.0–12.4 
μL [21]. Th e size of platelets demonstrates direct correla-
tion with a number of surface receptors and ATP content 
in platelets. Th e number of ribosomes is higher in large 
platelets, showing a higher potential for protein synthesis. 
Larger platelets have higher haemostatic potential; they 
bind more fi brinogen and have a higher aggregation abil-
ity aft er thrombin stimulation than small platelets [22].

Table 1. Presumptive mechanisms of COVID-19-related thrombocytopenia

Causes of thrombocytopenia Mechanisms of thrombocytopenia 

Platelet activation and subsequent utilization by the 

reticular-endothelial system 

 – Activation due to increased thrombin production and consumption 

coagulopathy 

 – Direct activation during the interaction of the virus and platelets

 – Associated with the formation of platelet and leukocyte aggregates

 – FcR-mediated interaction of platelets with immune complexes

Platelet consumption due to increased endothelial damage  – In the endothelium of the pulmonary vessels 

 – Suppression of bone marrow/megakaryocytes

Sequestration in the spleen and liver  – Due to an infl ammatory reaction

 – Destruction due to the direct action of the virus

 – Due to a decrease in the level of thrombopoietin

 – Formation of platelet autoantibodies with subsequent destruction 

of platelets

Formation of platelet autoantibodies with subsequent destruction of platelets
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A majority of authors are of the opinion that COVID-
19 patients oft en present with an increase in produc-
tion of large immature platelets, since megakaryocytes 
respond to increased platelet consumption and boost 
their production. Of note, COVID-19 is associated with 
an increase in the amount of immature platelets, even 
where the platelet count is normal. Since immature plate-
lets are known to be more functional, it can be another 
mechanism of more intense blood clotting in COVID-
19 [19, 21, 22]. Recently, some information appeared on 
fi nding expression of ACE2 molecules by platelets and 
direct stimulating eff ect of SARS-CoV-2 spike protein 
on platelets. Development of recombinant human ACE2 
protein, which is an anti-spike monoclonal antibody, 
revealed its ability to inhibit platelet activation by this 
protein [23, 24]. Also, it was found out that platelets and 
monocytes demonstrated enhanced interaction and that 
patients with severe COVID-19 had associated expres-
sion of tissue factor by monocytes.

In addition to an increased number of immature 
platelets, COVID-19 patients can have an increased 
level of circulating activated platelets and a higher level 
of P-selectin observed on their surface membranes, in 
comparison to healthy subjects. Young platelets have 
a higher level of activation in response to antagonists 
(based on assessment of Р-selectin, a platelet protein, 
which promotes WBC adhesion to vascular endothe-
lium in infl ammation, and low-concentration (2.5  μm) 
thrombin receptor activating peptide (TRAP)), there-
fore, they enter into platelet aggregation reaction more 
easily. Young and older platelets of healthy subjects have 
a low P-selectin level [21, 25].

Blood-clotting Disorder in 
COVID-19
SARS-CoV-2 virus itself in unable to cause blood-

clotting disorder. More likely, blood-clotting disorder is 
a result of a marked infl ammatory reaction in COVID-
19 and endothelial damage [26]. In patients with pneu-
monia and COVID-19, blood-clotting disorders are 
usually associated with a higher level of fi brinogen and 
D-dimer, very oft en with mild thrombocytopenia [11, 
26]. Increased D-dimer levels are associated with higher 
mortality rates. Also, patients can present with abnor-
mally short prothrombin time (PT) and activated partial 
thromboplastin time (APTT) [27]. Shorter APTT values 
are oft en associated with a higher factor  VIII (FVIII) 
level [28], which is an acute phase protein, in response 
to a systemic infl ammation. Patients with more severe 
damages can have a condition which is similar to DIC 
syndrome, with a relatively insignifi cant increase in PT 
and APTT, whereas fi brinogen can remain normal or can 
increase [26].

Unlike classic DIC syndrome caused by bacterial 
sepsis or a trauma, in COVID-19, an increase in PT 
and/or APTT is minimal [29], thrombocytopenia is 
moderate (platelet count is 100–150×109/L), hypofibri-
nogenemia and lab results confirming hyperfibrinolysis 
are rare [30].

Th ere are three stages of COVID-19-associated 
blood-clotting disorder:

Stage 1 is characterised by a higher D-dimer level
Stage  2 is characterised by a higher D-dimer level 

together with moderately longer prothrombin time and 
APTT, as well as mild thrombocytopenia

Stage  3 is manifested by typical signs of DIC syn-
drome [31].

COVID-19 pneumonia is associated with endothelial 
cell destruction, tissue factor expression and activation 
of a blood-clotting cascade. Direct endothelial damage 
by the virus and endothelial activation by cytokines 
released during COVID-19 infection are possible blood-
clotting mechanisms [32]. Activated and damaged endo-
thelial cells release Weibel-Palade bodies containing von 
Willebrand factor with extremely high molecular weight 
(WF factor). Extremely large vWF molecules can bind 
platelets and result in microthrombosis. It was found out 
that WF factor contributes to the development of throm-
bocytopenia in viral infections. COVID-19 patients 
have signifi cantly higher WF factor levels, with the 
mean value being 455–529 % [16, 28]. Increased values 
and functions of vWF, as well as increased blood-clot-
ting ability of FVIII in COVID-19 patients is probably 
a result of a combined eff ect of release of a large amount 
of Weibel-Palade bodies from endothelial cells and acute 
phase reaction which boosts FVIII levels [32, 33]. Activ-
ity of protease, which cleaves von Willebrand factor in 
COVID-19 patients, is reduced and is mild or moderate 
[34-36]. Intravenous adenovirus injection (like in gene 
therapy studies) is associated with platelet activation and 
acute thrombocytopenia. However, such thrombocyto-
penia is not observed in mice who do not have WF factor 
and who have adenovirus injection [33].

It is known that some COVID-19 patients had a lower 
antitrombin level, whereas protein C level was normal in 
all examined patients. Antitrombin is known to be con-
sumed during clotting, and described mild antitrombin 
defi ciency correlated with it. Absence of signifi cant pro-
tein C defi ciency is unusual for standard DIC syndrome, 
and this is an additional evidence that COVID-19-asso-
ciated blood-clotting disorder can diff er from DIC syn-
drome [36].

Morphological Changes in 
Blood Cells in COVID-19
It was found out that COVID-19 changes morpho-

logical properties of blood cells. Th ey were identifi ed 
using the method of real-time deformability cytometry 
(RT-DC), which allows conducting an express cell analy-
sis based on images with the rate of up to 1000  cells/s 
[37]. COVID-19-associated changes in the morphol-
ogy of RBC, lymphocytes, monocytes and neutro-
phils of peripheral blood were studied. Th e following 
COVID-19-associated changes were identifi ed: signifi -
cant reduction in lymphocyte hardness, increased mono-
cyte size, smaller and less deformed RBCs and large, 
deformed, activated neutrophils. During a repeated 
analysis, a part of examined subjects did not have their 
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Figure 1. Morphological changes in blood cells (Romanowsky-Giemse staining, magnifi cation × 1000 oil immersion)
Note: 1. Neutrophilosis with left shift, neutrophils with clumped chromatin and toxic granularity (A), pseudo-Pelger anomaly of neutrophils (B and C), neutrophil with deformed 

nucleus (D, E, F and I, G, H); 2. lymphocytes with pale to dark blue cytoplasmic shade (A, B, and C) with lymphoplasmacytoid features (D and E); 3. abnormally shaped activated 

macrophages with cytoplasmic vacuolization; 4. Clusters of platelets; 5. erythrocyte with basophilic inclusion

1
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values returning to controls’ levels on the average aft er 
7 months of hospitalisation, it being an evidence of the 
long-lasting eff ect from COVID-19 on the hematopoi-
etic system [38]. Th erefore, the results demonstrate that 
RT-DC can be used to track the course of COVID-19 and 
immune response to the disease.

In another study, peripheral blood swabs from 
patients with a positive COVID-19 test result were stud-
ied. Th e typical quantitative deviations were: anemia, 
followed by neutrophilia, left  shift  in neutrophils and 
lymphopenia; signifi cant morphological changes: hyper-
granular neutrophil cytoplasm (dark, packed, rough, 
toxic) was observed in 10–89 % (in severe cases) of all 
blood draws. Th ere were neutrophils with agglutinate 
chromatin, multiple abnormal nucleus shapes, pseudo-
Pelger-Huet anomaly and indistinct neutrophils in up 
to 29 % of observations. Lymphoplasmacytoid cells with 
an eccentric nucleus, abundant dark blue cytoplasm and 
perinuclear type are mentioned by almost all authors; 
monocytes were activat ed with an abnormal shape and 
vacuolization. Figure 1 shows microimages of morpho-
logically modifi ed blood cells. Platelet count was ade-
quate in a majority of patients; platelet accumulation was 
observed, their anisocytosis and pleomorphism were 
recorded in 48  % of observations. RBCs were usually 
normocytic and normochromic, with rough basophil 
inclusions of up to 77 % [39].

Few publications in this section demonstrated that 
cell morphology in COVID-19 changes, however, typical 
or specifi c changes are not described.

Discussion
Despite the fact the topicality of the problem related 

to COVID-19 has dropped, the experience in diagnostics 
and management of this severe infection can be useful 
in the future, taking into account consequences faced by 
the global population during the pandemic. Specialists 
argue that the healthcare sector can run into an outbreak 
of a viral infection as new SARS-CoV-2 species appear 
[40]. Th erefore, it is essential that every practitioner is 
equipped with the tools helping in forecasting the out-
come of t he disease and selecting an optimal manage-
ment for the patient. Such tools include changes in blood 
values in COVID-19. Our purpose was to analyse such 
changes using literature and to identify key markers at 
the very early stages of complete blood count evalua-
tion. Despite the absence of any specifi c changes, there 
is a certain pattern — haematological predictors of unfa-
vourable course and outcome of the infection: increased 
neutrophil/lymphocyte ratio, increased RBC distribu-
tion width (RDW), reduced Hb value, thrombocytope-
nia, leukocytosis (oft en as a result of a concurrent bac-
terial infection), morphological changes in cells, higher 
ESR values [41, 42, 43]. A  review of numerous studies 
shows that certain changes in the hematopoietic system 
in COVID-19 have pathogenic features, which are related 
to SARS-CoV-2 virus, trigger a chain of a blood-clotting 
disorder that diff ers from typical DIC syndrome, and 
contribute to the understanding of this pathology. It was 

found out that SARS-CoV-2 virus itself cannot cause 
blood-clotting disorders. Progressively rising D-dimer 
levels (up to 1500 ng/mL and over) in COVID-19 refl ect 
disease severity and clotting activation because of vire-
mia and cytokine storm, endothelial damage, as well as 
organ superinfection and dysfunction [28, 34, 35, 36].

Of note, the combination of hemoglobinopathies and 
iron dysmetabolism can significantly affect the ability 
of erythrocytes to transport O

2
 with hypoxia, initiating 

tissue modifications associated with hyperferritinae-
mia (over 500–600 ng/mL) in COVID-19 [1]. Develop-
ment of hemolytic anemia because of oxidative damage 
by a free iron ion can affect functioning of many other 
organs, and hypoxemia, ischemia, multi-organ failure 
can develop and promote hypercoagulation progression 
[18]. Free iron has toxic effect over alveolar cells and an 
inflammation develops which looks like a ground-glass 
pattern on images, also because of chemically induced 
pneumonitis, and not only viral pneumonia. Therefore, 
up-to-date anaemic syndrome correction will make 
it possible to reduce the risk of thrombotic complica-
tions [16].

COVID-19-caused mechanisms of thrombocy-
topenia can diff er [18]. It  is also assumed that plate-
lets are consumed for production of respiratory clots 
in order to prevent the spread of the v irus with blood 
fl ow [14]. An increased number of new and large circu-
lating platelets is a compensatory reaction of the body 
to thrombocytopenia; they are more functional, and it 
can be another mechanism to boost blood clotting in 
COVID-19 [21-24].

According to clinical guidelines, there are 4  forms 
(degrees of severity) of COVID-19: mild, moderate, 
severe and extremely severe. If judging only by changes 
in blood values, then analysis of erythrocytes of patients 
with mild coronavirus infection did not reveal any sig-
nifi cant changes, while in severe cases a lower RBC count 
(with large RDW-SD) and Hb can be a sign of comor-
bidity or severity of the underlying disease. It was found 
out that leukocyte count does not refl ect severity of the 
disease; however, a reduction in lymphocyte count below 
1.0×109/L and a higher neutrophil count, as well as an 
increase in the ratio of these indicators is a predictor of 
a more severe infection. Also, these values can evidence 
an insuffi  cient resource of body’s adaptive mechanisms 
in acute infl ammation, pointing out to unfavourable 
changes in the overall reactivity of patients with corona-
virus infection, and this is a signifi cant prognostic factor. 
Changes in platelet count were observed in patients 
with a severe infection (≤  120–180×109/L). Severity of 
the disease will be also refl ected by an increased ferritin 
level of over 500 ng/mL, CRP of 10 and over 75 mg/L, 
D-dimmers of over 1000 ng/mL, procalcitonin and ESR 
as markers of an infl ammation process [41, 44].

Peripheral blood cell morphology in COVID-
19 changes, however, there are no typical or specifi c 
changes. Signifi cant reduction in lymphocyte hardness, 
increased monocyte size, identifi cation of smaller and 
less deformed RBCs and large, deformed, activated neu-
trophils can be taken into account. Th ese changes persist 
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even in 7  months, evidencing the long-lasting eff ect of 
COVID-19 on the hematopoietic system [37].

Conclusion
Th erefore, this review on changes in blood values in 

the novel coronavirus infection COVID-19 describes 
some new pathogenic mechanisms, mentions a com-
bined multiple eff ect of SARS-CoV-2 on all three com-
ponents of the hemapoiesis system: inhibition of eryth-
rocyte saturation with Hb; development of hemolytic 
anemia in some of them with bone marrow regeneration 
with incomplete erythropoiesis; thrombocytopenia asso-
ciated with pathological process progression and changes 
in platelet volume; absence of reactive leukocytosis in 
response to acute infl ammation; reduced lymphoid cell 
count. All these qualitative and quantitative changes in 
hematopoiesis are involved in COVID-19 pathogenesis, 
they stimulate hypercoagulation and, thus, can aff ect 
prognosis and severity of the disease.
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