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Dear editor,
Coronavirus-associated disease (COVID-19) is a prob-

lem that has recently plagued human society worldwide
(1). Fever, dry cough, and shortness of breath are the most
important symptoms, and its complications range from
upper respiratory tract infection to pneumonia and death
(1). COVID-19 is a systemic infection that particularly affects
the process of hematopoiesis and homeostasis (2). Coro-
navirus attacks blood cells, and in addition to increasing
their apoptosis, during the autoimmune process by caus-
ing infection in the bone marrow, it also disrupts the pro-
duction and differentiation of these cells and gradually re-
duces their amount (2). As a result, it reduces their func-
tion. Also, no basic treatment for this disease has been
discovered, and the only way to avoid this problem is pre-
vention. Therefore, it is necessary to know the factors af-
fecting this disease and how to manage its complications.
For this purpose, we reviewed studies of hematologic dis-
orders in patients with COVID-19 and the same hemato-
logic disorders caused by high intensity exercise. Studies
have shown that the two proteins ORF3a and ORF10 in the
coronavirus attack the heme part of the hemoglobin beta
chain and are effective in increasing the lack of oxygen in
hemoglobin and thus reducing the oxygen saturation of
the blood (3). In this regard, Moradi et al. (4), in their
case study, have shown a decrease in blood oxygen satura-
tion to 63.4%, which was associated with a decrease in red
blood cells and hemoglobin in these patients. It has also
been shown that following the reduction of oxygen sat-
uration, deoxygenated hemoglobin will be more suscep-
tible to virus attack (3); and a higher initial hemoglobin
level is associated with a wider attack of coronavirus. This
is one of the possible reasons for the higher prevalence in
men compared to women due to their higher hemoglobin

(3). Simultaneously with this widespread attack and de-
crease in oxygenated hemoglobin, in addition to respira-
tory disorders, which is the most important complication
of COVID-19, other side effects appear in the body subse-
quently. For example, disorders of iron metabolism and
increased iron release from hemoglobin have been shown
to cause oxidative stress and inflammation in the body (5).
In addition, the coronavirus has been shown to cause sys-
temic inflammation in the body by entering the epithe-
lial cells and interacting with the receptor 2 of the an-
giotensin converting enzyme (ACE2), and many capillaries
become susceptible to inflammation (6). As mentioned,
cytokine storm and vascular injury or a combination of
these two factors are the source of acute respiratory dis-
order syndrome (ARDS) as the most important complica-
tion of COVID-19 (6). These extensive capillary endothelial
lesions are followed by increased coagulation reactions,
platelet activation, increased fibrinogen and thrombosis
in many body structures, especially in the lungs, and can
lead to complications such as deep vein thrombosis (DVT),
pulmonary embolism (PE), and disseminated intravascu-
lar coagulation (DIC) (7). It has been reported that more
than 70% of patients with COVID-19 develop intravascular
coagulation, and it has also been shown that there is a sig-
nificant relationship between inflammatory factors and
D-dimer peak values, which is an important coagulation
marker (8). Qu et al. have associated higher platelet counts
with more hospitalization days in these patients and re-
ported a higher platelet-to-lymphocyte ratio (PLR) as an im-
portant inflammatory index in these patients (9). Connors
and Levy also reported an increase in coagulation parame-
ters such as platelet count, fibrinogen levels, and D-dimer
in COVID-19 patients (10), while some studies have reported
platelet depletion and coagulation factors in COVID-19 pa-
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tients. For example, Xu et al. have shown a decrease in cir-
culating platelets (thrombocytopenia) and impaired coag-
ulation in these patients (11). In addition, it has been sug-
gested that the anemia and severe hemoglobin depletion
due to coronavirus attack may be associated with systemic
coagulation in patients with COVID-19 (3). Cases of hemoly-
sis have also been reported with confirmation of decreased
hemoglobin in the blood or increased hemoglobin in the
urine (hemoglobinuria) in some COVID-19 case studies (12,
13). It has been shown that some factors, such as erythro-
cyte infection or their immune hemolysis exacerbate coro-
navirus attacks on the hemoglobin beta chain (3). In this re-
gard, cases of autoimmune hemolytic anemia (AIHA) have
been reported in COVID-19 patients (14, 15). In fact, immune
hemolysis is a phenomenon in which the rupture of the
erythrocyte membrane and the dissolution of its matrix
occurs due to the reaction of antigen and antibody, dur-
ing which red blood cells containing hemoglobin are re-
moved from the cell and dissolve in plasma. Therefore,
hemoglobin will not be able to carry oxygen (3). It has
also been shown that high levels of blood lactate in COVID-
19 patients increase the risk of complications associated
with the disease. For example, Nardi et al. examined the
difference between arterial blood lactate and central ve-
nous blood levels in COVID-19 patients and reported an in-
crease in this difference as a sign of impaired mitochon-
drial metabolism in the lung cells of these patients (16).
Taneri et al. have also reported decreased hemoglobin and
erythrocytes and increased ferritin in COVID-19 patients
(17). Cavezzi et al. have also reported hemoglobinopa-
thy, hypoxia, and iron overload in cells and tissues and in-
creased toxic free iron in the blood circulation of these
patients (5). On the other hand, studies have shown that
various biological, chemical, and physical factors are effec-
tive in causing hematological disorders such as immune
process disorders and increased coagulation and hemol-
ysis. One of these influential factors is a high-intensity
exercise (18). In this regard, studies have shown that the
damage caused by frequent and severe muscle contraction
or vasoconstriction in internal organs and factors such as
hyperthermia, dehydration, hypoxia, shear stress due to
high blood pressure, lactic acid, oxidative stress, proteol-
ysis, and increasing concentration of catecholamines can
be effective in increasing hemolysis, leukocytosis and co-
agulation processes due to high-intensity exercise (19-21).
In addition, studies have shown that a high increase in lac-
tic acid during strenuous exercise is effective in increasing
glomerular permeability and thus renal excretion of red
blood cells (hematuria) (22). Also, Mairbäurl, in their re-
view article, have reported cases of hemolysis due to stren-
uous exercise (18). Whereas, Montero and Lundby, in their
review article, have mentioned the increase of red blood

cells and increase of plasma volume, and improvement of
blood circulation characteristics due to adaptation with
moderate-intensity training (23). Van der Vorm et al., in
their review article, reported hemostatic disorders and
platelet aggregation and vice versa, the effect of moderate-
intensity training sessions in reducing the factors affect-
ing clot formation and platelet aggregation (24). Jamur-
tas et al. also showed disorders in white blood cells and re-
dox status after high intensity training compared to mod-
erate aerobic training (20). Therefore, due to the impor-
tance of high-intensity exercise in causing temporary dis-
orders of blood components such as leukocytes, erythro-
cytes, hemoglobin, and platelets and on the other hand,
effects of COVID-19 on these disorders such as immuno-
suppression, an increase of hemolysis and coagulation. It
seems necessary to manage the current situation and pre-
vent the risk of infection with coronavirus and its symp-
toms. Therefore, it is recommended that ordinary peo-
ple refrain from high-intensity exercise until the disease
is uncontrolled and doing moderate-intensity exercise is
a safer approach for them during this period. Also, be-
cause high-intensity exercise is inevitable for professional
athletes, firstly, it is recommended to suspend professional
exercise or competitions until the disease is uncontrolled.
Secondly, it is recommended to consider enough time af-
ter high-intensity exercise for recovery. Since studies have
shown hematologic disorders sometimes remain up to
72 hours after high-intensity exercise (25), therefore it is
recommended to consider at least 72 hours after high-
intensity exercise to ensure the entire recovery. Also, an-
other recommendation for professional athletes is doing
interval exercise sessions with high intensity and moder-
ate intensity between them in the week to ensure proper
recovery and prevention of hematologic disorders in the
coronavirus prevalence period.
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