Supplementary Table 1: Key Proteins Involved in COVID-19 and Long COVID (LC).
	Protein
	Biological role
	Protein role (biomarker / therapeutic target)
	COVID-19 category (asymptomatic/mild/severe / Long COVID)
	Key clinical relevance (summary)
	References

	MMP-10 (Matrix Metalloproteinase 10)
	An enzyme that degrades extracellular matrix proteins.
	Biomarker
	Asymptomatic
	Higher in asymptomatic vs symptomatic; linked to tissue repair/symptom regulation.
	(1)

	IL-17C (Interleukin-17C)
	Pro-inflammatory cytokine.
	Biomarker
	Asymptomatic
	Elevated in asymptomatic vs symptomatic.
	(1)

	CXCL5 (C-X-C motif chemokine ligand 5)
	Neutrophil-recruiting chemokine.
	Biomarker
	Asymptomatic
	Higher in asymptomatic vs symptomatic; linked to tissue repair/symptom regulation.
	(1)

	CCL23 (C-C motif chemokine ligand 23)
	Recruits monocytes/macrophages.
	Biomarker
	Asymptomatic
	Higher in asymptomatic vs symptomatic; linked to tissue repair/symptom regulation.
	(1)

	FGF-19, 21, 23
	Hormones in bile acid synthesis/metabolism.
	Biomarker
	Asymptomatic
	Higher in asymptomatic vs symptomatic; linked to tissue repair/symptom regulation.
	(1)

	IL-2 (Interleukin-2)
	Stimulates T-cell proliferation/differentiation.
	Biomarker
	Mild
	Th1-derived IL-2 stimulates macrophages, CTLs, and NK cells in mild COVID-19.
	(2, 3)

	IFN-γ (Interferon-gamma)
	Activates macrophages/cytotoxic T cells.
	Biomarker
	Mild; Long COVID
	Mild: Th1 cells produce IFN-γ for antiviral defence. Long COVID: CD8+ T cells show higher spontaneous IFN-γ.
	(2, 4)

	IL-6 (Interleukin-6)
	Pro-inflammatory cytokine; acute phase regulation.
	Biomarker
	Severe, Long COVID
	Higher in severe vs mild; linked to ARDS/ventilation. Long COVID may contribute to neuropsychiatric symptoms.
	(5, 6)

	C5a
	Complement inflammatory peptide; chemotaxis/permeability.
	Biomarker
	Severe
	Elevated in severe cases; correlates with severity and mortality.
	(7)

	TNF-α
	Systemic inflammation mediator: apoptosis/cytokines.
	Biomarker
	Severe, Long COVID
	Severe/critical: elevated and linked to mortality; admission TNF-α predicts risk. Long COVID: persistently elevated in PASC.
	(8, 9)

	IGF-1
	Neurotrophic/metabolic/regenerative hormone.
	Biomarker; Therapeutic target
	Severe
	Lower IGF-1 associated with severe disease; supplementation/anti-inflammatory treatments reported beneficial.
	(10)

	Granzyme B (GZMB)
	Cytotoxic serine protease; induces apoptosis.
	Biomarker
	Severe
	Elevated granzyme B indicates a higher cytotoxic potential/activated phenotype in severe cases.
	(11) 

	CKAP4
	ER membrane protein; signaling/lung epithelium.
	Biomarker
	Severe
	CKAP4 is a shared inflammatory/ER membrane marker implicated in both COVID-19 and Alzheimer’s disease (AD) via common pro-inflammatory pathways (IL-6, Gal-9, APOE4). It is involved in AD-COVID crosstalks.
	(12)

	PD-L1
	Immune checkpoint: downregulates T-cell activity.
	Biomarker; Therapeutic target
	Severe
	Higher PD-L1 correlates with cytokine storm and CD8+ exhaustion in severe cases.
	(13)

	Galectin-9 (Gal-9)
	Immunomodulatory lectin; apoptosis/adhesion/tolerance.
	Biomarker; Therapeutic target
	Severe
	Facilitates SARS-CoV-2 infection and pro-inflammatory response.
	(14)

	IL-1β
	Potent pro-inflammatory cytokine; fever/leukocyte recruitment.
	Biomarker
	Severe
	Elevated levels correlate with increased disease severity and adverse outcomes; levels are further increased in hospitalized patients.
	(15)

	sCD14
	Monocyte/macrophage activation marker.
	Biomarker
	Severe; Long COVID
	Elevated indicates innate activation and systemic inflammation.
	(16)

	TGF-β
	Immune suppression/proliferation control; fibrosis.
	Biomarker; Therapeutic target
	Severe, Long COVID
	Severe survivors: TGF-β1 overexpression linked to fibrosis. Long COVID: overproduction drives immunosuppression/fibrosis.
	(17, 18)

	SAA
	Acute-phase protein; immune recruitment/inflammation.
	Biomarker
	Severe
	High SAA is associated with severe disease, ARDS, and mortality risk.
	(19)

	D-dimer
	Coagulation/fibrinolysis marker.
	Biomarker
	Severe, Long COVID
	Elevated indicates thromboembolic risk/severity/mortality. Long COVID: often elevated, especially vascular symptoms.
	(20, 21)

	ACE2
	RAS enzyme; SARS-CoV-2 entry receptor.
	Therapeutic target
	Severe
	Protective in inflammatory pathologies; spike-driven ACE2 downregulation increases Ang II/AT1R activity, contributing to multiorgan dysfunction.
	(22)

	HMGB1
	DAMP nuclear protein is released during stress/necrosis.
	Biomarker; Therapeutic target
	Severe, Long COVID
	Elevated correlates with proinflammatory cytokines → cytokine storm loop. Long COVID: pathway signaling linked to PASC risk (predictor/mitigation candidate).
	(23, 24)

	NETs
	Neutrophil DNA-protein traps; immunothrombosis.
	Biomarker; Therapeutic target
	Severe, Long COVID
	COVID-19: pro-inflammatory/autoimmune; thrombosis/organ damage. Long COVID: linked to CV complications; neuroinflammation/BBB disruption.
	(25, 26)

	NLRP3
	Inflammasome component; caspase-1/IL-1β activation.
	Therapeutic target
	Severe
	Major role in respiratory/CV/neurologic pathogenesis; direct inhibition proposed as treatment option.
	(27)

	IL-18
	Inflammasome-induced pro-inflammatory cytokine.
	Biomarker
	Severe
	Increased IL-18 is associated with a persistent pro-inflammatory state.
	(28)

	Furin
	The host protease cleaves spike S1/S2 for entry.
	Therapeutic target
	Severe
	Critical for entry and transmission; targeting furin has prevention/treatment significance.
	(29)

	TMPRSS2
	Host serine protease enabling spike activation/entry.
	Biomarker; Therapeutic target
	Mild; Severe
	ACE2/TMPRSS2 expression levels are risk factors for symptomatic COVID-19.
	(30)

	sC5b-9 (sMAC/TCC)
	Soluble terminal complement complex.
	Biomarker
	Severe, Long COVID
	Increases with acute severity; unchanged at 6-month follow-up, suggesting involvement in LC.
	(31)

	APOA4; LRP1
	Lipid transport/metabolism; neuronal receptor functions.
	Biomarker
	Long COVID
	Linked to neuronal function/cholesterol metabolism; may relate to olfactory disorders in COVID-19/LC.
	(32)

	VEGF (VEGF-A)
	Angiogenesis and vascular permeability.
	Biomarker
	Severe, Long COVID
	Elevated VEGF-A is linked to worse outcomes (prognostic biomarker). Long COVID: higher serum VEGF vs non-LC.
	(33, 34)

	CXCL8 (IL-8)
	Neutrophil chemokine.
	Biomarker
	Severe
	Elevated in non-survivors; correlates with severity.
	(35)

	CRP
	Acute-phase reactant; systemic inflammation marker.
	Biomarker
	Severe, Long COVID
	Surrogate biomarker for cytokine storm; rises via IL-6. Long COVID: low-grade inflammation; correlates with platelet activation.
	(36, 37)

	MCP-3
	Monocyte/macrophage chemokine.
	Biomarker
	Severe
	MCP-3 + IL-8 predicts ICU admission (algorithm).
	(38)

	TNFR1
	TNF receptor mediating TNF signaling.
	Biomarker
	Severe
	Soluble TNFR1 and ADAM17 are elevated in severe; associated with mortality.
	(39)

	CLM-1
	Immune regulatory surface receptor.
	Biomarker
	Severe
	A marker predicting disease progression and mortality.
	(40)

	IL1RA
	IL-1 receptor antagonist; modulates IL-1 signaling.
	Biomarker; Therapeutic target
	Severe
	IL-1RA was significantly elevated early in severe cases (inhibitory cytokine).
	(41)

	RAGE
	Inflammatory multiligand receptor.
	Therapeutic target
	Severe
	HMGB1-RAGE/TLR4 signaling linked to endothelial dysfunction in COVID-19.
	(42)

	ANG-2
	Regulates vascular integrity/angiogenesis.
	Biomarker
	Severe
	Ang-2 levels linked to endothelial barrier disruption and severity/acute lung injury.
	(43)

	MCP-1
	Monocyte/macrophage chemokine.
	Biomarker
	Severe
	Higher in critically ill vs severe; biomarker of severity.
	(44)

	HSP70
	Stress chaperone; can act as DAMP.
	Biomarker
	Severe
	Elevated levels in ICU patients are linked to mortality.
	(45)

	IP-10 (CXCL10)
	Chemokine for CXCR3+ cells.
	Biomarker
	Severe
	Higher in critically ill vs severe; biomarker of severity.
	(44)

	Protease 3 (PR3)
	Neutrophil serine protease.
	Biomarker
	Mild; Severe
	Released by activated neutrophils at infection sites to trigger an immune response.
	(46)

	KRT19
	Intermediate filament; epithelial injury marker.
	Biomarker
	Severe
	Critical pathogenesis involvement (cell adhesion-related).
	(47)

	LRRC15
	Transmembrane protein; adhesion/immune regulation.
	Therapeutic target
	Mild; Severe
	Binds spike RBD and inhibits spike-mediated entry.
	(48)

	LAMP3
	Transmembrane protein; antigen presentation/trafficking.
	Biomarker
	Severe
	Predictor of hospitalization risk.
	(49)

	LAG3
	Immune checkpoint receptor.
	Biomarker; Therapeutic target
	Mild; Severe
	Transient rise in inhibitory receptor expression during COVID-19.
	(50)

	IL-15
	Stimulates NK and T cell proliferation.
	Biomarker
	Severe
	Predictor of invasive mechanical ventilation in COVID-19 pneumonia.
	(51)

	CD28
	T-cell costimulatory receptor.
	Biomarker
	Severe
	Predictor of acute kidney failure during hospitalization.
	(52)

	INSR
	Insulin receptor tyrosine kinase.
	Biomarker; Therapeutic target
	Severe
	Infection disrupts insulin/IGF signaling → may worsen severity esp. older/obese/male/diabetic.
	(53)

	EGFR
	Receptor tyrosine kinase; growth/differentiation.
	Therapeutic target
	Mild; Severe
	Activated via interaction with spike S1/RBD; high binding affinity.
	(54)

	FOS
	Transcription factor.
	Therapeutic target
	Mild; Severe
	FOS is significantly upregulated in transcription factor analyses of ACE2 in COVID-19; implicated in ACE2 expression and spike protein entry.
	(55)

	NFKB1
	NF-κB subunit; inflammatory transcription.
	Biomarker; Therapeutic target
	Mild; Severe
	Increased NF-κB activation; viral proteins correlate with NF-κB upregulation.
	(56)

	GM-CSF
	Cytokine driving granulocyte/macrophage responses.
	Biomarker; Therapeutic target
	Severe
	Key hyperinflammation component; excessive levels may lead to injury.
	(57)

	MMP (family)
	ECM-degrading enzyme family.
	Biomarker; Therapeutic target
	Severe
	Excess MMPs worsen tissue damage/complications; linked to chronic inflammation/comorbid severe risk.
	(58)

	Caspase-1
	Inflammasome protease; pyroptosis mediator.
	Therapeutic target
	Severe
	Processes IL-1β/IL-18; cleaves GSDMD, causing pyroptosis and cytokine release.
	(59)

	Spike protein
	Viral entry glycoprotein; endothelial effects.
	Therapeutic target
	Mild; Severe
	Facilitates entry; affects endothelial function, causing microvascular dysfunction.
	(60)

	IL-6 receptor (IL-6R)
	IL-6 receptor.
	Therapeutic target
	Mild; Severe
	Tocilizumab blocks IL-6R signaling and is used to treat severe COVID-19.
	(61, 62)

	TF (Tissue factor)
	Initiates the extrinsic coagulation pathway.
	Therapeutic target
	Severe
	TF may serve as a therapeutic target due to coagulation/inflammation.
	(63)

	PAI-1
	Inhibits fibrinolysis.
	Biomarker
	Severe
	Higher PAI-1 (and vitronectin) in COVID-19 vs controls/non-COVID respiratory infection.
	(64)

	SARS-CoV-2 PLpro
	Viral protease; replication/immune evasion.
	Therapeutic target
	Mild; Severe
	Essential for replication; target for antiviral development.
	(65)

	COLEC12
	Scavenger receptor; innate immunity/inflammation.
	Biomarker
	Long COVID
	Increased levels associated with cardiorespiratory symptoms, fatigue, anxiety/depression.
	(66)

	PD-1
	Immune checkpoint receptor.
	Biomarker; Therapeutic target
	Asymptomatic; Long COVID
	Asymptomatic: decreased PD-1 may reduce exhaustion/protective immunity. Long COVID: IFN-γ-related pathway downregulates PD-1 on CD8+ T cells.
	(67, 68)

	TIM-3
	Immune checkpoint receptor; T-cell exhaustion.
	Biomarker
	Long COVID
	Marker on CD4+ T cells in the exhaustion process.
	(69, 70)

	P-SEL (P-selectin)
	Endothelial/platelet adhesion molecule.
	Biomarker; Therapeutic target
	Long COVID
	Vascular transformation biomarkers are elevated; angiogenesis markers (ANG-1/P-SEL) classify LC.
	(71)

	HIF-1 (HIF-1α)
	Hypoxia response transcription factor.
	Biomarker; Therapeutic target
	Long COVID
	Drives angiogenesis/metabolism/survival pathways contributing to PACS manifestations.
	(72)

	SRPK2
	Kinase regulating mRNA splicing.
	Biomarker
	Long COVID
	Strongly associated with fatigue severity in post-SARS-CoV-2 patients.
	(73)

	IL-1R2
	IL-1 decoy receptor.
	Biomarker
	Long COVID
	Linked to cardiorespiratory issues, fatigue, anxiety/depression.
	(66)

	MATN2
	Extracellular matrix protein.
	Biomarker
	Long COVID
	Associated with cardiorespiratory symptoms, fatigue, anxiety/depression.
	(66)

	C1QA
	Classical complement component.
	Biomarker
	Long COVID
	Cognitive impairment marked by elevated C1QA.
	(66)

	CSF3
	Growth factor for neutrophil production/function.
	Biomarker
	Long COVID
	Associated with GI symptoms.
	(66)

	SPON-1
	ECM protein; nerve tissue repair.
	Biomarker
	Long COVID
	A marker indicating altered neural repair; elevated with cognitive impairment.
	(74)

	NFASC
	Neural cell adhesion molecule.
	Biomarker
	Long COVID
	Elevated in digestive/respiratory LC sub-phenotypes; linked to cognitive impairment.
	(74)

	SCG3
	Neuroendocrine protein; brain–gut axis.
	Biomarker
	Long COVID
	Higher expression in the GI PASC group vs recovered.
	(66)

	APP
	Transmembrane neuronal protein; amyloid processing.
	Biomarker
	Long COVID
	Highly expressed LC marker; linked to brain inflammation/Alzheimer’s.
	(75, 76)
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