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ID Variable name Description Parent nodes Relationships with parent nodes 

1 Vaccination Vaccinated against SARS-CoV-2. None NA 

2 
Chronic 
pulmonary 
disease 

Chronic pulmonary disease is recorded in 

medical history. 
None NA 

3 

Virus enters 
upper 
respiratory tract 
(URT) 

SARS-CoV-2 viral particles inhaled and 

attach to upper respiratory tract mucosal 

surface. The size of the viral inoculum is 

dependent on exposure related factors, not 

included in the current model.  

None NA 

4 
Respiratory 
infection 

Viral replication occurring at one or more 

sites of the respiratory tract, primarily 

initiating in the nasopharynx. 

Virus enters upper respiratory 
tract, Upregulation of ACE2 
receptors 

SARS-CoV-2 infects human cells by binding with angiotensin 

converting enzyme-2 (ACE-2), which is highly expressed on nasal 

epithelial cells [1].  

5 
Alveolar 
inflammation 

Virus infects the terminal airways 

inducing an immune response which 

causes local inflammation. 

Respiratory infection, Systemic 
immune/ inflam. response 

The upper airway acts as a portal for SARS-CoV-2 entry and 

infection of the terminal airway epithelium and endothelium [2], 

[3]. 

6 
Pulmonary 
dysfunction 

Impaired capacity of the lungs to 

oxygenate blood and/or eliminate carbon 

dioxide (gas exchange). 

Direct viral injury, Systemic 
immune/ inflam. response, 
Alveolar inflammation, 
Hypercoagulable state 

Gas exchange can be impaired by one or more of injury of alveolar 

cells, consolidation of the terminal airspaces due to pulmonary 

capillary leakage (caused by direct viral injury and/or immune-

mediated damage), reduced pulmonary perfusion caused by 

circulatory blockage (due to microthrombosis), and ventilatory 

insufficiency (due to reduced pulmonary compliance and/or 

respiratory effort). (See details in the respiratory model) 

7 
Pulmonary 
hypertension 

Elevated blood pressure of the pulmonary 

vasculature. 
Hypercoagulable state, 
Hypoxemia 

Pulmonary hypertension can result from obstruction of the 

pulmonary vasculature due to thrombosis (pulmonary 

microthrombosis and/or emboli), and/or pulmonary 

vasoconstriction (triggered by local hypoxemia) [4]–[6]. 

8 
Respiratory 
failure 

Inability of the lungs to meet the body’s 

basic requirements for gas-exchange. 

Pulmonary dysfunction, 
Pulmonary hypertension, 
brainstem dysfunction, Acidosis, 
Coma 

Pulmonary dysfunction and pulmonary hypertension impair gas 

exchange. Hypoventilation caused by brain dysfunction and coma 

can also reduce the concentration of oxygen and increases the 

concentration of carbon dioxide in the terminal airways, leading to 

reduced gas exchange. Acidosis increases the body’s need for gas 

exchange by increasing amount of carbon dioxide that needs to be 

exchanged in order to resolve the acidosis. [7] 
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9 
Respiration 
stops 

Respiratory arrest. 
Cardiac failure, Brainstem failure, 
Severely disrupted cellular 
function, Respiratory failure 

Progressive hypoxemia and hypercapnia severely disrupt cellular 

functions, brainstem function and eventual loss of respiratory 

drive. 

10 
Upregulation of 
ACE2 receptors 

Expression of angiotensin-converting 

enzyme 2 (ACE2) protein on the surface 

of cells, including in the nasal epithelium, 

lungs, arteries, heart, kidney, and 

intestines.  

None NA 

11 

Systemic 
immune/ 
inflammatory 
(inflam.) 
response 

Activation of innate and/or adaptive 

immune system by the presence of virus at 

one or more body site/s. Manifest by the 

release of pro- +/- anti-inflammatory 

markers in blood by immune-related cells.  

Respiratory infection 
Viral infection stimulates systemic immune and inflammatory 

response [2], [3], [8].  

12 
Direct viral 
injury 

Injury to cells caused by the direct effect 

of viral infection (i.e. independent of 

immune-mediated injury). 

Respiratory infection, 
Upregulation of ACE2 receptors 

Viral infection of cells may cause direct damage to cells. 

Upregulation of ACE2 receptors facilitates viral entry, contributing 

to further direct cellular damage [9], [10]. 

13 Hypoxemia 

Reduced concentration of oxygen in 

blood, either bound and/or unbound to 

hemoglobin 

Pulmonary dysfunction 
Insufficient gas exchange can reduce blood oxygen concentartion 

[11], [12].  

14 Hypercapnia 
Increased concentration of carbon dioxide 

in blood. 
Pulmonary dysfunction 

Insufficient gas exchange can lead to accumulation of carbon 

dioxide in blood [11], [12].  

15 
Hyperdynamic 
circulation 

Increased cardiac output above baseline to 

maintain tissue perfusion, for example in 

response to inappropriately low peripheral 

vascular resistance. 

Reduced vascular tone 
Inappropriately low peripheral vascular tone can clinically 

manifest as a hyperdynamic circulation [13]. 

16 
Fluid shift to 
interstitium 

Fluid moves from the intravascular space 

(blood vessels) into the interstitium or 

“third” space. 

Reduced vascular integrity 
Increased permeability of the vascular endothelial junction allows 

plasma to shift into the interstitial space [14]. 

17 Dehydration 
A pathological deficiency in total body 

water. 
Systemic immune/inflam. 
response 

The systemic inflammatory response gives rise to fever, increased 

catabolism, and anorexia which increase fluid losses and reduce 

fluid intake [15].  
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18 

Reduced 
functional 
intravascular 
volume 

A reduction in the effective volume of 

circulating blood, including states of 

absolute decreased intravascular volume 

due to losses, as well as states of relatively 

decreased intravascular volume when the 

capacity of the vascular basin is increased 

secondary to reduced vascular tone. 

Dehydration, Fluid shift to 
interstitium, Reduced systemic 
vascular tone 

Dehydration and fluid shift result in a reduction in the volume of 

blood. Reduced vascular tone increases the volume of the vascular 

basin, reducing the functional volume. [14] 

19 

Reduced organ 
perfusion 
(supply of 
blood) 

Reduction in blood flow to organs such as 

the kidneys and brain. 

Hypercoagulable state, Reduced 
cardiac output, Vascular 
resistance 

Insufficient organ perfusion can be caused insufficient cardiac 

output, and obstruction to flow from thrombosis (hypercoagulable 

state) [14]. Decreases in peripheral vascular resistance may reduce 

blood pressure resulting in reduced organ perfusion [16].  

20 
Reduced supply 
of oxygen and 
metabolites 

Reduction in supply of oxygen and 

metabolites for meeting organ needs. 
Reduced organ perfusion (supply 
of blood), Hypoxemia 

Decreased perfusion reduces the volume of blood flow and 

therefore oxygen and metabolites delivered to the organs. 

Hypoxemia causes insufficient oxygen to meet the organ needs 

regardless of blood supply. 

21 
Electrolyte and 
metabolites 
imbalance 

Abnormal blood concentrations of 

electrolytes, such as sodium, potassium, 

chloride, calcium, bicarbonate, phosphate, 

and magnesium 

Liver dysfunction, Kidney 
dysfunction, Gut dysfunction 

Abnormal renal function and gastrointestinal losses 

can adversely alter electrolyte balance through reduced or 

increased losses respectively. Kidney dysfunction may impair the 

kidneys electrolyte balancing role. The liver recycles and excretes 

by-products of metabolism produced by other organs and tissues. 

These metabolites may be retained when hepatic function is 

impaired. [17]–[19] 

22 

Severe 
electrolytes and 
metabolites 
imbalance 

Pathological abnormality of 

concentrations of electrolytes. 

Electrolytes and metabolites 
imbalance, Liver failure, Kidney 
failure, Gut failure 

The kidney plays a central role in balancing electrolytes. Kidney 

failure impairs this homeostatic function. Similar to gut failure, 

kidney failure may also increase inappropriate losses of 

electrolytes. [17]–[19] 

23 Acidosis 

Increased acidity of the blood and body 

tissues, altering blood oxygen carrying 

capacity and muscle function, including 

cardiac contractility. 

Hypercapnia, Reduced supply of 
oxygen and metabolites, Kidney 
dysfunction, Liver dysfunction, Gut 
dysfunction 

The kidneys, gut and respiratory system play critical roles in 

maintaining acid-base levels in the body. Dysfunction of these 

systems may result in increased loss of bicarbonate (kidneys and 

gut) or impaired compensatory mechanisms. Carbon dioxide 

complexes with bicarbonate in blood to form acid. Low supply of 

oxygen and metabolites creates a shift to anaerobic metabolism, 

giving rise to lactic acidosis. The liver helps to clear this lactic 

acid. [20] 

24 Severe acidosis 

Pathological acidosis of the blood and 

body tissues exceeding physiological 

compensatory mechanisms. 

Acidosis, Kidney failure, Gut 
failure, Respiratory failure 

The kidneys, gut and respiratory system play critical roles in 

maintaining acid-base equilibrium in the body. Dysfunction of 

these systems may result in increased loss of bicarbonate or 

impaired compensatory mechanisms for respiratory or metabolic 

acidosis. [21] 
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25 
Severely 
disrupted 
cellular function 

Cells unable to perform basic functions  
Severe electrolytes and 
metabolites imbalance, Severe 
acidosis 

Increased acid alters cell metabolism and disturb the cell structure 

and function. Severe electrolytes and metabolite imbalance impairs 

cellular metabolic pathways. [22] 

26 Death 
Complete loss of any basic biological 

functions  
Heart stops (asystole). 

Cessation of perfusion of organs contributing to cellular 

dysfunction and death.  

27 
Reduced 
vascular 
integrity 

Alterations in endothelial structure and 

function, increasing vascular permeability 

to plasma +/- blood cells. 

Systemic immune/inflam. 
response, Direct viral injury 

Endothelial cells may be damaged either by direct viral injury or 

indirectly by the systemic immune responses to infection [14].  

28 
Hypercoagulable 
state 

Increased propensity of the blood to 

coagulate. 

Systemic immune/inflam. 
response, Reduced vascular 
integrity, Alveolar inflammation 

Infection of endothelial cells and the systemic 

immune/inflammatory response activate the coagulation cascade 

(thrombin/ coagulation proteases, fibrinogen and platelets) 

inducing a hypercoagulable state as a physiological effort to repair 

damaged blood vessels and limit viral replication [4], [23]–[25]. 

29 
Reduced 
vascular tone 

Decrease in the ability of the peripheral 

vasculature to maintain peripheral 

resistance by vasoconstriction. 

Systemic immune response, 
Direct viral injury, Hypercapnia, 
Hypoxemia 

Endothelial cell death and dysfunction and chemical signals 

generated as part of the systemic response contribute to the 

dysregulation of vascular tone [2]. Blood vessels are sensitive to 

changes in pCO2, the low pH values (hypercapnia) lead to 

relaxation of vascular smooth muscle [26], [27]. Hypoxemia 

disrupts the control of vascular tone [28]. 

30 
Vascular 
resistance 

Increase or decrease of the resistance of 

vessel wall. 

Reduced vascular tone, Reduced 
functional intravascular volume, 
Hypercoagulable state 

Tone and vascular resistance can increase in response to reduced 

functional volume to maintain perfusion. Thrombosis can result in 

increased vascular resistance and obstruction to downstream blood 

flow. [14] 

31 Coagulopathy 

Derangement of the balance of the 

coagulation cascade resulting in increased 

bleeding with or without blood clotting. 

Liver dysfunction, Marrow 
dysfunction, Kidney dysfunction, 
Hypercoagulable state 

The liver and bone marrow produce components used in clotting 

and organ dysfunction impairs their production. Uremia (from 

kidney dysfunction) impairs platelet function and number.  

Dysfunctional systemic activation of the coagulation pathway can 

lead to fibrin clots, microvascular thrombosis and subsequent 

depletion of coagulation factors and platelets. [29]  

32 
Vascular 
dysfunction 

Refers to the ability of the vascular system 

to ensure sufficient end-organ perfusion.  
Coagulopathy, Electrolytes and 
metabolites imbalance, Acidosis 

This is a concept node that summarizes all possible causes of 

impaired vascular function (all vascular related nodes). 

33 
Ischemic cardiac 
injury 

Myocardial cell death due to insufficient 

cardiac perfusion to meet metabolic 

requirements. 

Hyperdynamic circulation, 
Hypercoagulable state, 
Hypoxemia 

The increased cardiac output observed in hyperdynamic circulation 

increases the metabolic requirements of myocardial cells. 

Thrombosis prevents blood from reaching the myocardial cells. 

Hypoxemia reduces the available oxygen in blood to meet 

metabolic requirements. [11], [30] 
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34 
Acute cardiac 
inflammation 

Altered status of myocardial cells 

stimulated by chemical factors released by 

injured cells and immune cells. 

Systemic immune/inflam. 
response, Direct viral injury 

Direct viral injury damages myocardial cells. Cell damage and 

death and immune responses to that damage give rise to local 

inflammation [31], [32].  

35 
Abnormal 
contractility 

Abnormal cardiac electrophysiology 

resulting in an alteration in the rate and/or 

coordination of contractility. 

Ischemic cardiac injury, Acute 
cardiac inflammation 

Inflammation and ischemia damage cells impeding normal 

electrical signaling and the coordination of cardiac contractility 

[32]. 

36 
Reduced stroke 
volume 

Reduced volume of blood ejected from the 

heart with each left ventricular 

contraction.  

Reduced functional intravascular 
volume, Ischemic cardiac injury, 
Acute cardiac inflammation, 
Pulmonary hypertension, 
Hyperdynamic circulation, 
Abnormal contractility, Vascular 
resistance 

The stroke volume is dependent on the volume of blood filling the 

left ventricle before contracting (systole). Reduced functional 

intravascular volume and pulmonary hypertension lower this 

volume. Hyperdynamic circulation reduces the time for filling to 

occur. Ischemic cardiac injury, acute cardiac inflammation and 

abnormal contractility reduce the volume ejected from the left 

ventricle with each contraction. Increased vascular resistance leads 

to reduced stroke volume via diminished ventricular compliance. 

[32] 

37 
Reduced cardiac 
output 

A reduction in the volume of blood the 

heart pumps per unit time. 
Abnormal contractility, Reduced 
stroke volume 

Cardiac output is a function of heart rate and stroke volume. 

Reducing stroke volume decreases output. Abnormal contractility 

alters the heart rate [11]. 

38 Cardiac failure 
Insufficient cardiac output to meet the 

body’s requirements. 

Reduced cardiac output, 
Electrolytes and metabolites 
imbalance, Acidosis 

Electrolytes and metabolites imbalance and acidosis impair the 

heart muscles contractility, reducing cardiac output. [33] 

39 Heart stops Complete arrest of cardiac contractility. Respiration stops 
Hypoxemia and poor perfusion cause cellular dysfunction. In the 

heart this leads to failure of electrical signaling and contractility.  

40 
Liver 
dysfunction 

Impaired ability of liver to perform one or 

more of protein synthesis, metabolism of 

substrates including drugs, and bilious 

excretion of waste products. 

Reduced supply of oxygen and 
metabolites, Systemic immune/ 
inflam. response, Direct viral injury 

Viral damage, inflammation and poor nutrient supply damage and 

impair cellular function in the liver [34], [35]. 

41 Liver failure 

Pathological inability of the liver to meet 

the needs of the body for protein 

synthesis, metabolism, and/or biliary 

excretion. 

Liver dysfunction, Acidosis 

Progression of liver dysfunction, which may both result from and 

contribute to acidosis, may lead to synthetic and metabolic 

function failure [36].  

42 
Kidney 
dysfunction 

Impaired ability of kidney to control one 

or more of the body's fluid balance, 

appropriate electrolyte concentration or 

eliminate substrates.  

Reduced supply of oxygen and 
metabolites, Systemic immune/ 
inflam. response, Direct viral injury 

Direct damage, inflammation and lack of nutrients impair cellular 

function in the kidney, altering water and electrolyte balance 

capacity [37], [38]. 
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43 Kidney failure 

Pathological inability of the kidney fails to 

meet the body’s needs for fluid balance, 

maintenance of appropriate electrolyte 

concentrations and/or eliminate substrates. 

Kidney dysfunction, Electrolytes 
and metabolites imbalance, 
Acidosis 

Significant damage to the cells in the kidney resulting in loss of 

function. Acid-base, electrolyte and metabolite imbalance place 

competing strains on limited homeostasis capacity. [18]  

44 
Hematologic 
dysfunction 

Impaired ability of bone marrow to 

produce blood cells.  

Reduced supply of oxygen and 
metabolites, Systemic immune/ 
inflam. response, Direct viral injury 

Viral damage, inflammation and poor nutrient supply damage and 

impair cellular function in the bone marrow [39].  

45 
Hematologic 
failure 

Pathological inability of the bone marrow 

to produce sufficient blood cells to meet 

the body’s needs. 

Marrow dysfunction, Electrolytes 
and metabolites imbalance, 
Acidosis 

Significant damage to the progenitor cells in the bone marrow 

through lack of nutrients and direct damage [39]. 

46 Gut dysfunction 

Impaired ability of the gastrointestinal 

tract to digest food, absorb nutrients 

and/or excrete waste. 

Reduced supply of oxygen and 
metabolites, Systemic immune 
response, Direct viral injury 

Direct viral injury of enterocytes, systemic inflammation and 

hypoperfusion may impair gastrointestinal tract function [40]. 

47 Gut failure 

Pathological inability of the 

gastrointestinal tract to meet the body’s 

needs to digest food, absorb nutrients 

and/or excrete waste. 

Gut dysfunction, Electrolytes and 
metabolites imbalance, Acidosis 

Severe gastrointestinal dysfunction may result in reduction of 

enteric functions below the minimum necessary for absorption of 

macronutrients, water and electrolytes. The metabolic and 

electrolyte disturbances associated with systemic sepsis and 

inflammation may contribute to gut failure [41]. 

48 
Brainstem 
dysfunction 

Impaired ability of the brainstem to 

perform basic functions including 

brainstem reflexes, maintain the sleep-

wake cycle and autonomic control of the 

cardiocirculatory and respiratory systems. 

Systemic immune/inflam. 
response, Reduced supply of 
oxygen and metabolites 

The brainstem is prone to vascular and inflammatory insults 

including compromised brainstem perfusion from impaired 

autoregulation of cerebral blood flow from sepsis; neuro-

inflammatory processes from excessive systemic inflammatory 

response; and metabolic disturbance including electrolyte 

disturbance and renal or liver failure [42]. 

49 
Brainstem 
failure 

The complete loss of brainstem function. 
Electrolytes and metabolites 
imbalance, Acidosis, Brainstem 
dysfunction 

Complete cessation of brainstem functions with irreversible loss of 

consciousness and the capacity to breath, leading to 

cardiocirculatory and respiratory failure and death [42]. 

50 
Cortical brain 
dysfunction 

Impaired ability of the central nervous 

system to perform higher level functions 

including maintenance of consciousness 

and cognitive processes. 

Systemic immune response, 
Reduced supply of oxygen and 
metabolites 

Cerebral dysfunction due to the systemic inflammatory response to 

infection without direct central nervous system infection, mediated 

via excessive microglial activation, impaired cerebral perfusion, 

blood-brain-barrier dysfunction and altered neurotransmission. 

Severe hypoxemia and glucose dysregulation can potentiate 

dysfunction. [43] 

51 Coma 

A state of prolonged unresponsiveness 

with inability to respond appropriately to 

stimuli. 

Liver dysfunction, Electrolytes and 
metabolites imbalance, Acidosis, 
Cortical brain dysfunction 

Significant cerebral dysfunction from sepsis, metabolic and 

electrolyte disturbance may result in loss of higher level functions 

including consciousness[43]. Severe liver dysfunction may result 

in hyperammonemia with neuronal dysfunction and cerebral 

edema, with progression to coma [44].  
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