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ABSTRACT
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection was declared a global pandemic by WHO on March 11, 
2020. Coronavirus disease (COVID-19) is the infectious disease 
caused by SARS-CoV-2. It is transmitted from person to person 
through droplets, progresses asymptomatically in 70% of the suf-
ferers, while it may manifest itself in severe clinical conditions, rang-
ing from viral upper respiratory tract infection to pneumonia, sepsis, 
septic shock, and even acute respiratory distress syndrome (ARDS), 
in symptomatic patients. Studies on the epidemiological and clinical 
features of COVID-19 have shown that these patients can develop 
symptoms of mild or severe acute respiratory infection. In cases 
with mild symptoms, upper respiratory tract symptoms such as fe-
ver, dry cough, and fatigue may develop, and abnormal chest CT 
findings may also be present. In cases with severe symptoms, dys-
pnea, diarrhea, severe pneumonia, ARDS or multiple organ failure 
develop, and mortality rates vary between 4.3% and 15% according 
to different study reports.

Key words: COVID-19; hemorheology; respiratory system; body fluids; 
oxidative stress; sedantary life

ÖZET
Şiddetli akut solunum sendromu koronavirüs 2 (SARS-CoV-2) enfek-
siyonu, 11 Mart 2020 tarihinde DSÖ tarafından küresel bir pandemi 
ilan edilmiştir. Koronavirüs hastalığı (COVID-19), SARS-CoV-2’nin 
neden olduğu bulaşıcı hastalıktır. Damlacık yoluyla kişiden kişiye bu-
laşan SARS-CoV-2 enfeksiyonu, hastaların %70’inde asemptomatik 
olarak görülmektedir. Semptomatik hastalarda ise viral üst solunum 
yolu enfeksiyonundan pnömoni, sepsis, septik şok ve hatta akut so-
lunum sıkıntısı sendromuna (ARDS) kadar değişen ciddi klinik du-
rumlarla seyredebilmektedir. COVID-19’un epidemiyolojik ve klinik 
özellikleri üzerine yapılan çalışmalarda, bu hastalarının hafif veya şid-
detli akut solunum yolu enfeksiyonu semptomları geliştirebileceğini 
gösterilmiştir. Hafif semptomları olan olgularda ateş, kuru öksürük, 
yorgunluk gibi üst solunum yolu semptomları gelişebilir ve anormal 
göğüs BT bulguları da olabilir. Farklı çalışma raporlarına göre, şid-
detli semptomları olan vakalarda nefes darlığı, ishal, şiddetli pnömo-
ni, ARDS veya çoklu organ yetmezliği gelişmekte ve ölüm oranları 
%4,3 ile %15 arasında değişmektedir. 

Anahtar kelimeler: COVID-19; hemreoloji; solunum sistemi; vücut sıvıları; 
oksidatif stres; sedanter yaşam

Introduction
Coronavirus Disease 2019 (COVID-19) is a very 
contagious viral disease that has spread globally re-
sulting in high morbidity and mortality rates. Co-
morbidities like pulmonary or cardio-vascular dis-
eases (CVD), diabetes, immune system disorders and 
older age deteriorate the clinical onset. After being 
activated by spike protein, the virus binds to human 
angiotensin-converting enzyme 2 (ACE2) receptor. 
ACE2, expressed mainly in lungs, also in heart, kid-
neys, and vascular endothelial tissue, is excessively ac-
tivated in CVD and has been reported to be one of 
the responsible causes for the multiple organ failure 
in COVID-191.

Biophysical Effects of COVID-19 on 
Hemoreologic Parameters
Inflammation status in COVID-19 triggers myocar-
dial injury via increases in serum levels of troponin 
and also in inflammatory bio-markers like CRP, fer-
ritin, fibrinogen, D-dimer, IL-6, and LDH, all acting 
preliminarily for the cytokine storm. Fibrinogen, one 
of the most important determinants of plasma viscos-
ity (PV) with its big molecular structure and asym-
metry, increases extensively in plasma of COVID-19 
patients. Fibrinogen’s pivotal function in coagulation 
is even to constitute a clot in vessel injuries for stop-
ping the bleeding or to aggrevate thrombosis during 
inflammatory process. Clinical onset of thrombosis 
seen in COVID-19 can be followed up via plasma fi-
brinogen and D-dimer levels, which is a degradated 
product of cross-linked fibrin2. Consequently, blood 
viscosity (BV) also increases due to elevated levels of 
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acute phase reactants and immunoglobulins via inflam-
matory process. Elevated fibrinogen, PV and BV foster 
erythrocyte aggregation that ends up in higher eryth-
rocyte sedimentation rate3.

Another target of COVID-19 is the endothelial tis-
sue, that consitutes the largest tissue in human body. 
Endothelial dysfuction accompanied with generalized 
inflammation may lead to pro-coagulative state result-
ing in micro-vascular and macro-vascular thrombosis 
in arterial and venous circulation2,4. COVID-19 clini-
cal onset have to be evaluated with a multi-disciplinary 
approach, especially in CVD by means of cardiovascu-
lar co-morbidities and hemorheological parameters. 
More scientific data should be elucidated to determine 
the mechanisms of cardio-vascular system and its com-
plications in order to minimize morbidity and mortal-
ity rates.

Biophysical Effects of COVID-19 on 
Respiratory System
COVID-19 effects generally respiratory system be-
sides with cardiovascular and immune systems. As 
the virus enters mostly via nose and conducting air-
ways, respiratory droplets reach to alveoli5. Alveolar 
wall (AW) thickens due to oxidative stress, inflam-
mation, secreted cytokines, endothelial dysfunction 
and increased permeability resulting in fibrosis of al-
veolocapillary membrane (ACM). Leakage of serum 
proteins and formation of fibrin exudates into alveo-
lar space induces alveolar flooding and deteriorates 
surfactant production from alveolar type II cells6. 
Phospholipid content of pulmonary surfactant is re-
sponsible for lowering the surface tension of alveoli 
during inspiration and for inhibiting alveolar collapse 
(AC) after expiration6,7. Surfactant dysfunction of 
injured alveoli terminates in increased intraalveolar 
pressure (AP) and transmural tension according to 
LaPlace Law. Besides, gas diffusion rate across ACM 
slows down due to diminished partial pressure of oxy-
gen (PaO2) and thickened AW as described by Fick’s 
Law7,8. Ventilation in lungs occurs because of a pres-
sure gradient between atmospheric pressure and in-
traalveolar pressure (AP) 9. Fluid adhesion and nega-
tive pressure hold visceral and parietal pleura attached 
to each other. When parietal movement of thorax cav-
ity pulls the lungs encovered with pleural layers (PL), 
diaphragm muscle contracts, the lungs expand, thorax 
volume increases and intrathoracic pressure decreases 
during inhalation due to Boyle’s Law8,9. Pleural fluid 

is a viscous fluid that fills pleural cavity allowing PL 
to glide over each other. Negative intrapleural pres-
sure is controlled by hydrostatic and oncotic pres-
sures. Pleural layers are thickened probably followed 
by pleural effusion in severe COVID-199,10. Gas ex-
change (GE) in central and peripheral body sites gets 
disturbed resulting in decreased PaO2 described with 
Dalton’s Law4,5. These mentioned pathologic altera-
tions induce AC and impaired GE in a vicious cycle 
of hypoxia and acute respiratory distress syndrome. 
Evaluation of respiratory and cardiovascular systems 
within the basis of gas laws and body fluids should be 
considered for diagnosis, treatment and follow-up of 
COVID-19 patients.

Biophysical Effects of COVID-19 on Body Fluids
Transmission of COVID-19 mainly occurs via respi-
ratory droplets firstly targeting both upper and lower 
respiratory tracts. As COVID-19 virus reaches to 
terminal bronchi and alveoli, its spike protein binds 
to alveolar type-2 cells (AT2) by angiotensin con-
verting enzyme-2 receptors. Encountering of viral 
burden with host cells and cell membranes induces 
inflammatory signals that are secreted from AT2 
recruiting neutrophils and macrophages to infec-
tion site1. Neutrophil infiltration acts as the first de-
fense mechanism and secrete reactive oxygen species 
(ROS) to destroy infected cells. Macrophages secrete 
many cytokines that recruit immune cells to infection 
site. Activated neutrophils and macrophages, and re-
leased cytokines are the chief factors that trigger the 
inflammatory response in COVID-19 infection via 
vasodilation, leakage in capillaries and thickening of 
alveolar membrane11,12. Endothelial cells are the other 
target for COVID-19 virus effected from increased 
local blood pressure and weakening of cell junctions, 
resulting in injured basal membrane. Intravascular 
fluid transfers through these leakage areas leading 
to interstitial oedema encircling both capillaries and 
alveoli. Inflammation originated from activated im-
mune system and ROS-induced mechanisms trans-
form the alveolar membrane into a thickened surface. 
Surfactant secreted from AT2 is diluted because of 
intra-alveolar fluid and surfactant synthesis is de-
teriorated due to inflammation and oedema condi-
tions4,13. As infection gets more severe, intra-alveolar 
fluid becomes more infectious rich in protein, which 
also retracts fluid from intravascular compartment 
into interstitial space. Vasodilatation, injured basal 
membrane and cytokine storm trigger endothelial 
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dysfunction in respiratory capillaries leading to un-
controlled clotting and thrombosis. Thrombosis is 
not just limited in respiratory system, the whole cir-
culatory system becomes under threat for thrombosis 
including additional clotting factors and platelets4,14. 
This mentioned issues induce alveolar collapse, in-
creased permeability in capillaries, pulmonary oede-
ma and impaired gas exchange resulting in a vicious 
cycle of hypo-oxygenation and respiratory distress 
syndrome15. Body fluids, endothelial dysfunction and 
gas exchange within an aspect of biophysical evalu-
ation should be considered thoroughly in diagnosis, 
treatment and follow-up of COVID-19 infection.

Biophysical Effects of COVID-19 on Oxidative 
Stress
COVID-19 is a viral infection caused by a RNA vi-
rus disturbing many human body systems, especially 
the respiratory system16. Respiratory viral infections 
induce lipid and protein peroxidation, cytokine and 
chemokine production, inflammation and cell death. 
High burden of reactive oxygen species (ROS) and 
free radicals (FR) are produced from pathologic 
processes metabolic reactions in COVID-19 infec-
tion17,18. Oxidative stress (OS) is described as the im-
balance of pro-oxidant and anti-oxidant systems due 
to increase in pro-oxidants, resulting in ROS pro-
duction and cell damage19. OS status can be tolerated 
by anti-oxidant defense mechanisms including many 
enzymes, co-factors, vitamins, minerals and trace el-
ements. These anti-oxidant substances scavange the 
harmful effects ROS and FR in order to maintain 
the physiological metabolism of biomolecules like 
DNA, RNA, proteins, carbohydrates and lipids20. 
If the optimum physiological metabolism cannot 
be achieved, pro-oxidants would promote a pro-
inflammatory environment including biochemical, 
biophysical, biomolecular and nuclear pathways18. 
This physiopathological scenario is similar by means 
of COVID-19 infection. The vulnerable point of 
COVID-19 infection is that little data have been 
elucidated yet related with this disease. A destructive 
over-reaction in immune system called as “cytokine 
storm” stimulates the over-production of inflamma-
tion markers closely in relation with ROS and FR. 
An uncontrolled generalized immune response plays 
the leading role for COVID-19 infection in many 
systems of the body, primarily in respiratory sys-
tem21. COVID-19 infected individuals who have co-
morbidities such as hypertension, diabetes, obesity 

and cardiocerebrovascular diseases are at more risk 
for OS18. Oxidative stress is accepted as a probable 
cause associated with clinical onset of COVID-19. 
Oxidative stress can be reduced by endogenous anti-
oxidant enzymes and molecules like glutathione, and 
exogenous supplementation of zinc, selenium, and 
vitamin C, vitamin D, vitamin E.

Effects of COVID-19 on Sedantary Life, 
Circulatory and Pulmonary Dynamics

COVID-19 presents a life-altering challenge for all 
population that forces all the individuals to live self-
isolated in home-confinement. Biological systems 
such as cardiovascular, pulmonary and muscular 
systems are effected from this sedentary life style5,22. 
Muscle contractions in lower extremities during phys-
ical exercise pumps the burden of blood in venous 
system back to the right auricula in the heart. On the 
other hand, diminished physical activity and physi-
cal inactivity may promote the stasis of blood in low-
er extremities resulting in thrombosis23. Muscle loss 
as a result of physical inactivity has a close relation-
ship with microvascular alterations, lowered aerobic 
capacity, fat deposits in the body, insulin resistance 
and inflammation5,22. A combination of a diet rich in 
fatty acids and physical inactivity induces insulin re-
sistance observed in dysfunctions of skeletal muscle 
tissue24. Moreover, apetite changes prone to eating 
more creates a psychological pathology that would 
induce over-weight individuals having increased 
rates of metabolic and cardiovascular risk. Increased 
habit of smoking and/or alcohol abuse in home-con-
finement interval may change the individual’s and 
the family’s life style and may have effects over entire 
public25. A regularly planned physical exercise was 
accepted to lower the risk factors such as high body 
fat, dyslipidemia, atherosclerosis, thromboembolism 
and stroke22,23. All issues mentioned above cause bur-
den of oxidative stress and pro-inflammatory process 
probably resulting in cardiocerebrovascular diseases. 
Home-based exercises including streching-relaxation 
exercises, stepping, self exercises utilizing virtual 
programs and breathing exercises possibly assisted 
with wearable technologies would be life-saving for 
conserving cardiovascular, pulmonary and muscular 
health during isolation period due to social distanc-
ing. Another crucial issue is that individuals should 
organize their daily lives within a plan covering the 
regulation of diet and calorie restriction.
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Conclusion
The present study is a brief and simple summary for 
the biophysical effects of COVID-19 on various bio-
logical systems. These effects possess a clinical mani-
festation of the infection and its complications in the 
metabolism. However, there is an urgent need for the 
introduction of the whole molecular, cellular dynam-
ics of this trial with its clinical effects on the systems. 
We consider that in the future, with the availabil-
ity of such quantitative data, functional the effect of 
COVID-19 infection on biological systems will be 
elucidated.
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