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ID Variable name Description Parent nodes Relationships with parent nodes 

1 
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 

2 

Upper respiratory 
tract (URT) 
epithelial 
infection 

Viral infection of upper respiratory 

tract epithelial cells +/- signaling an 

immune response and leading to local 

inflammation  

Virus enters upper respiratory 
tract 

SARS-CoV-2 infection begins in the upper respiratory tract [1] causing 

infection of the epithelial cells in the upper respiratory tract. 

3 
Infection of 
olfactory 
epithelium  

Viral infection of the olfactory 

epithelial cells +/- leading to impaired 

olfaction 

Upper respiratory tract epithelial 
infection 

SARS-CoV-2 infects the olfactory epithelium by contiguous spread, 

entering via the ACE2 receptors [2], [3]. 

4 
Ageusia and/or 
anosmia 

Loss of the ability to taste and/or 

smell 
Infection of supporting olfactory 
epithelium 

The sensation of loss of smell and/or taste occurs due damage caused by 

infection of the cells supporting the olfactory neurons, the olfactory 

epithelial cells [2]. 

5 
Alveolar epithelial 
infection 

Viral infection of the alveolar cells, 

+/- inducing an immune response 

which leads to local inflammation. 

Virus enters upper respiratory 
tract, Upper respiratory tract 
epithelial infection 

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

of the lower airways [4]. This may occur by contiguous spread, or by 

aspiration of virus from the upper airway into the lower airway. 

6 
Alveolar 
endothelial 
infection 

Viral infection of the endothelial cells 

of the capillaries of the terminal 

airways, +/- inducing an immune 

response which leads to local 

inflammation. 

Alveolar epithelial infection 
SARS-CoV-2 directly transverses the alveolar epithelium to infect the 

alveolar endothelium [5]. 

7 Viremia 

Presence of SARS-CoV-2 in blood 

allowing for systemic dissemination 

of the virus. 

Upper respiratory tract epithelial 
infection, Alveolar epithelial 
infection, Alveolar endothelial 
infection 

In COVID-19, the barrier between the respiratory tract (upper 

respiratory tract epithelium, alveolar epithelium) and circulatory system 

(alveolar endothelium) may be compromised causing entry of the virus 

into the bloodstream [6]. 

8 

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. 

Upper respiratory tract epithelial 
infection, Alveolar epithelial 
infection, Alveolar endothelial 
infection, Viremia 

Infection of the alveolar epithelial cells [7], alveolar endothelial cells 

[8], [9], and/or the presence of viral material in the bloodstream [10] 

stimulate a systemic inflammatory immune response including the 

migration of immune cells to the infected site and the release of pro-

inflmmatory cytokines and chemokines. 
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9 
Pulmonary 
capillary leakage 

Leakage of plasma from the 

pulmonary capillaries into the 

terminal airways. 

Alveolar epithelial infection, 
Alveolar endothelial infection, 
Systemic immune/ inflam. 
response 

Infection of the alveoli and/or the alveolar endothelial cells [5] and its 

associated immune response [11], [12] damage cells resulting in 

increased vascular permeability and leakage of plasma into the tissues. 

10 Dry cough 
Cough without the production of 

mucus or phlegm. 

Pulmonary capillary leakage, 
Upper respiratory tract epithelial 
infection 

Upper respiratory tract inflammation can trigger cough in the absence of 

mucus production. Inflammation and irritation of the lower respiratory 

tract can also trigger cough. [13] 

11 Productive cough 
Cough with the production of mucus 

or phlegm. 
Alveolar epithelial infection, 
Pulmonary capillary leakage 

Infection and inflammation of the lower airways causes mucus 

production. The presence of secretions in the lower respiratory tract 

triggers cough as a reflex to remove the secretions in order to maintain 

ventilation. [13], [14] 

12 
Alveolar 
consolidation 

Filling of alveolar airspaces with 

fluid, cells, or other susbstances. 
Alveolar epithelial infection, 
Pulmonary capillary leakage. 

In response to infection of the alveolar epithelial cells and increased 

permeability of the capillaries, plasma leaks from the capillaries and 

fills the terminal airspaces. Cell death further stimulates the infiltration 

of the terminal airspaces with immune cells and a protein-rich exudate 

[15], [16]. 

13 
Reduced lung 
compliance 

Reduced ability of the lungs to expand 

(increase in volume) per unit increase 

in inspiratory (transpulmonary) 

pressure. 

Alveolar consolidation, Alveolar 
epithelial infection 

Infection of type II pneumocytes of the alveolar epithelium reduces 

surfactant secretion causing atelectasis of the lungs which, along with 

alveolar consolidation, increases the inspiratory pressure required for 

inspiration [15] 

14 Muscle wasting 

Loss of respiratory skeletal muscle 

mass resulting in a functional 

respiratory impairment. 

Systemic immune/inflam. 
response 

Systemic inflammation and hypoxia (feedback loop not shown) drives 

catabolism of skeletal muscle and decreases muscle protein synthesis 

that eventually causes muscle wasting and reduced mechanical capacity 

for the work of breathing [17]. The loss of skeletal muscle mass can also 

be caused by immobility, aging, malnutrition, medications (not shown 

in this model). Note that this a slower process that occur over weeks 

rather than days (compared with some other events described in the 

model). 

15 
Ventilatory 
insufficiency 

The collective chemical and 

mechanical factors preventing the 

adequate oxygenation of blood and 

elimination of carbon dioxide. 

Reduced lung compliance, 
Muscle wasting 

When alveolar consolidation reaches a certain magnitude, there is a 

decrease in gas volume in the lungs (due to reduced maximum volume 

and reduced compliance), and tidal volumes produced for a given 

inspiratory pressure decline preventing the exchange of oxygen and 

carbon dioxide [18]. 
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16 
Pulmonary 
vasoconstriction 

Localised or widespread constriction 

of the pulmonary vasculature in 

response to low alveolar oxygen or 

molecular promotors resulting in 

increased vascular resistance. 

Alveolar epithelial infection, 
Alveolar endothelial infection 

Alveolar epithelial and endothelial infection lead to local hypoxia 

(feedback loop not shown) that can cause vasoconstriction. Disruption 

in the renin-angiotensin system associated with endothelial infection via 

ACE2 receptors reduces expression of ACE2, which results in an 

increase of a number of molecules that promote pulmonary 

vasoconstriction [19]. 

17 
Hypercoagulable 
state 

Increased propensity of the blood to 

coagulate. 

Systemic immune/inflam. 
response, Alveolar endothelial 
infection, Viremia 

Presence of viral material in the blood [10], infection of endothelial 

cells [20] and the systemic immune/inflammatory response [21] 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 [22]. 

18 
Pulmonary 
microthrombosis 

Small fragments of coagulated blood 

in the pulmonary vasculature. 
Hypercoagulable state 

Coagulation is initiated as a result of the hypercoagulable state and 

pulmonary endothelial injury resulting in disruption of the endothelial 

cell membrane manifesting a pulmonary microthrombi [23]. 

19 
Pulmonary 
circulatory 
blockage 

Obstruction of pulmonary circulation 

to blood flow. 

Alveolar endothelial infection, 
Pulmonary microthrombosis, 
Other thrombosis 

The formation of multiple microthrombi and/or larger thrombi cause 

emboli in the pulmonary arteries [24]. Alveolar inflammation and blood 

clots can lead to blockage of pulmonary circulation. 

20 
Pulmonary 
hypertension 

Elevation of the blood pressure of the 

pulmonary vasculature. 

Pulmonary circulatory blockage, 
Pulmonary vasoconstriction, 
Hypoxemia 

Vascular manifestations such as pulmonary and other thrombosis and 

sustained pulmonary vasoconstriction (which can be caused by 

hypoxemia) result in pulmonary hypertension due to persistently high 

blood pressure [21], [25]. 

21 V/Q mismatch 

A state whereby the ability of lungs to 

exchange gas in some parts of the 

lungs is poorly matched to the 

perfusion of those parts of the lung 

with blood. 

Pulmonary circulatory blockage, 
Pulmonary vasoconstriction, 
Pulmonary capillary leakage, 
Alveolar consolidation 

Ventilation/ perfusion (V/Q) mismatch can result from obstruction of 

circulation in the pulmonary arteries due to pulmonary thrombosis/ 

embolism, impeding blood flow and gas exchange [26], [27]. 

Consolidation of the terminal airspaces due to inflammation and 

alveolar capillary leak reduces surface area available for gas exchange 

[28]. Vasoconstriction helps to match regional perfusion to ventilation 

in the lungs. The failure of the hypoxic pulmonary vasoconstriction 

mechanism leads to persistent high pulmonary blood flow of poorly 

ventilated alveoli [29] which allows for carbon dioxide to be removed at 

a greater rate than the receipt of oxygen. 

22 Shunt 

An extreme state of V/Q mismatch 

where part of the pulmonary 

circulation bypasses ventilated lung. 

Pulmonary capillary leakage, 
Alveolar consolidation, V/Q 
mismatch 

Complete absence of ventilation due to a pulmonary capillary leakage 

and consolidation, and failure of local compensatory pulmonary 

vasoconstriction, allows for perfusion of blood to areas with no 

ventilation, resulting in extreme V/Q mismatch [30] 

23 Hypoxemia 
Reduced concentration of oxygen in 

the blood. 
V/Q mismatch, Shunt, 
Ventilatory insufficiency 

Oxygen levels in the blood are reduced due to inadequate gas exchange, 

V/Q mismatch or intrapulmonary shunting due to persistent pulmonary 

arterial blood flow to non-ventilated alveoli [28], [29] 
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24 Hypercapnia 
Increased concentration of carbon 

dioxide in the blood. 
V/Q mismatch, Ventilatory 
insufficiency 

Carbon dioxide may accumulate in the blood due to insufficient 

ventilation and inadequate gas exchange [28], [29]. 

25 
Perceived need 
for air 

Sensation of shortness of breath.  
Reduced lung compliance, 
Hypoxemia, Hypercapnia, 
Acidosis 

Sensation of insufficient respiration (oxygen) due to detection of low 

oxygen and/or high carbon dioxide concentrations and/or low pH by 

peripheral and central chemoreceptors. Mechanostretch receptors in the 

muscles and lungs also provide sensory feedback as a result of reduced 

compliance and respiratory muscle weakness due to altered lung 

mechanics [29]. 

26 Other thrombosis 

Large thromboses including 

pulmonary arterial thrombosis and 

thrombosis of the large veins. 

Hypercoagulable state 
Large thromboses arise as a complication of the hypercoagulable state 

[31]. 

27 
Abnormal 
contractility 

In this model, refers to abnormal 

cardiac electrophysiology, resulting in 

an alteration in the rate and/or 

coordination of contractility. 

Systemic immune/inflam. 
response, Hypoxemia 

Hypoxemia and pro-inflammatory cytokines can impair the function of 

myocardial cells [21], [32]. 

28 
Reduced cardiac 
output 

A reduction in the volume of blood 

the heart pumps per unit time. 

Abnormal contractility, Other 
thrombosis, Pulmonary 
hypertension 

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

Coronary thrombosis can reduce stroke volume by causing acute 

myocardial injury from ischemia, reducing contractility. Myocardial 

injury may also reduce the heart rate, including by disruption to 

electrical conduction (heart block)  [21], [28] Pulmonary hypertension 

can impair cardiac output because increased vascular resistance 

increases the myocardial contractility required for forward flow  [33]. 

29 Hypoxia 

Reduced concentration of oxygen in 

blood, either bound and/or unbound to 

hemoglobin 

Hypoxemia, Reduced cardiac 
output 

Low concentration of oxygen in the blood and reduced blood flow 

prevents adequate oxygen delivery to the tissues [28] 

30 Acidosis 

Increased acidity of the blood and 

body tissues, altering blood oxygen 

carrying capacity and muscle 

function, including cardiac 

contractility. 

Hypercapnia, Hypoxia 

Respiratory acidosis develops due to retention of carbon dioxide 

resulting in a decrease in pH [34]. Hypoxia causes cells to utilise 

anaerobic metabolism resulting in a decrease in pH. 

31 Multiorgan failure 

Altered function of two or more organ 

systems and failure to maintain 

homeostasis. 

Hypoxia, Acidosis, Other 
thrombosis, Viremia, Systemic 
immune/inflam. response, 
Reduced cardiac output 

Viral infection and systemic inflammatory responses can impair organ 

function via cellular damage. Sustained hypoxia and acidosis cause cell 

death and subsequent organ failure [28][35]. Hypoxia and acidosis can 

be caused by reduced blood flow to organs due to impaired cardiac 

output and reduced perfusion due to thrombosis. 
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32 
Low oxygen 
saturation (SaO2) 

Low proportion of hemoglobin bound 

to oxygen. 
Hypoxemia 

Reduced oxygen concentrations in blood causes a reduction in the 

proportion of hemoglobin with is bound to oxygen which can be 

measured by pulse oximetry [28].  

33 Dyspnea 

A subjective (reported) experience of 

breathing discomfort (shortness of 

breath). 

Perceived need for air 
Dyspnea occurs when an individual responds to the sensation of need 

for oxygen (e.g., hypoxemia) [29]. 

34 Death Mortality due to COVID-19 Multi-organ failure Sustained multi-organ failure causes respiratory and cardiac arrest [36]. 
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