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ABSTRACT
Background: COVID-19 presents highly variable clinical outcomes, and growing evidence shows that host genetic factors significantly influence susceptibility to infection and disease severity. Understanding these contributions is essential for improving risk stratification and guiding targeted therapeutic approaches. Objective: To review current evidence on genetic determinants of COVID-19 susceptibility and severity, highlighting key pathways, population-specific findings, and implications for precision medicine. Methods: A narrative review was conducted using PubMed and major COVID-19 genetics consortia outputs (up to 2025), integrating genome-wide association studies, meta-analyses, exome and whole-genome sequencing data, and population-based studies investigating the impact of common and rare variants related to interferon signaling, antiviral responses, inflammatory pathways, and viral entry. Findings were synthesized with available evidence from clinical trials targeting genetically implicated pathways. Results: Genetic studies consistently identify variants affecting interferon pathways, antiviral effector mechanisms, and inflammatory regulators as major contributors to severe COVID-19. Common variants in genes such as IFNAR2, TYK2, OAS1–3, DPP9, CCR2, ACE2, and TMPRSS2 influence susceptibility or clinical progression. Rare, high-impact variants, especially in TLR7, significantly increase the risk of critical illness. Population-specific analyses reveal additional modifiers of severity. Therapeutic responses to interferon-based agents and JAK inhibitors align with the biological pathways highlighted by genetic findings. Conclusion: Host genetics substantially modulates COVID-19 outcomes, acting through both common and rare variants in innate immunity, antiviral defense, and inflammatory pathways. Integrating genomic insights into clinical practice may improve early risk identification and support more personalized therapeutic strategies for current and future infectious threats. However, most genetic associations have modest effect sizes and are ancestry-dependent, and translation into routine clinical practice remains limited.
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1- INTRODUCTION

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has triggered an unprecedented global effort to understand the biological factors that influence susceptibility to infection, disease severity, and therapeutic response. Beyond demographic and clinical risk factors such as age, sex, and comorbidities, accumulating evidence indicates that inter-individual genetic variability plays a substantial role in shaping COVID-19 outcomes [1-7]. This recognition has led to increasing interest in host genomics as a key component for predicting disease risk and guiding targeted therapeutic strategies.
Among the most extensively investigated determinants are genes involved in viral entry mechanisms. The expression and function of ACE2, the functional receptor for SARS-CoV-2, and TMPRSS2, the serine protease responsible for Spike protein priming, have been implicated as critical factors modulating cellular vulnerability to infection [4, 6]. Variants in ACE2, TMPRSS2 and related loci such as TYK2, SLC6A20 and IFNAR2 have been associated with susceptibility to SARS-CoV-2 and differential clinical outcomes, supporting a genetic contribution to host–virus interaction at the entry and early signaling stages [1-3, 5, 8]. The identification of a protective Neanderthal-derived OAS1 isoform has further underscored the importance of antiviral restriction pathways in modifying infection risk and severity [9].
Genetic factors influencing the innate immune response, particularly the type I interferon (IFN) pathway, have also emerged as critical determinants of life-threatening COVID-19. Inborn errors of type I IFN immunity and rare deleterious variants affecting key antiviral genes have been identified in patients with severe disease, highlighting the central role of intact IFN signaling in early viral control [4, 7, 10]. In parallel, multiple studies have reported rare and common variants in TLR7 associated with severe or critical COVID-19 in previously healthy men, pointing to defective viral RNA sensing as another important mechanism of vulnerability [11-14]. These findings provide a strong mechanistic rationale for therapeutic approaches based on exogenous interferons and agents that modulate upstream antiviral pathways.
At the level of inflammatory regulation and cytokine signaling, genome-wide association studies have identified loci near or within genes such as IL6R, TYK2, CCR2, OAS1 and DPP9, which are implicated in hyperinflammation, monocyte trafficking and antiviral responses [1, 2, 5, 6, 15]. These genetic signals are consistent with the clinical success of targeted immunomodulatory therapies, including JAK inhibitors and cytokine-directed agents. For example, randomized trials have shown that baricitinib, a JAK1/JAK2 inhibitor, in combination with antiviral therapy, improves clinical outcomes in hospitalized patients with COVID-19, supporting the therapeutic relevance of pathways highlighted by human genetics [16, 17].
Additional genetic and immunogenetic factors further contribute to the heterogeneity of COVID-19. Variants in genes involved in coagulation, endothelial function, and other immune pathways have been linked to severe or critical illness [4, 6, 7]. Blood group–related associations, particularly the impact of ABO blood types on infection risk and severity, illustrate how common polymorphisms may modulate disease risk at the population level [18]. Together, these findings underscore the complex and multifactorial nature of host genetic susceptibility to COVID-19.
Large-scale efforts, including the COVID-19 Host Genetics Initiative, have mapped the broader genetic architecture of COVID-19, identifying multiple loci associated with susceptibility, hospitalization, and respiratory failure across diverse ancestries [2-5]. These studies have revealed both shared and context-specific genetic effects, emphasizing the need to integrate genomic markers with clinical, epidemiological and environmental factors for robust risk stratification.
Collectively, these advances demonstrate that host genomic variation is a key determinant of COVID-19 pathophysiology, influencing viral entry, innate and adaptive immune responses, inflammatory cascades, and clinical outcomes [1, 4, 6]. Understanding these genetic influences is crucial not only for clarifying mechanisms of disease but also for guiding the development of precision therapeutics, from interferon-based regimens and JAK inhibitors to targeted immunomodulators and host-directed antivirals [16, 17, 19]. In this context, the present article synthesizes current evidence on host genetic factors associated with COVID-19 susceptibility and severity, with a particular focus on how these insights support the rational design and optimization of therapeutic strategies.
In this narrative review, we synthesize current evidence on host genetic determinants of COVID-19 susceptibility and severity and discuss how these insights may inform precision therapeutic strategies.

2- REVIEW OF LITERATURE

2.1- Genome-Wide Association Studies (GWAS) and Meta-Analyses

Early in the pandemic, it became clear that COVID-19 displays wide inter-individual variability, ranging from asymptomatic infection to life-threatening respiratory failure. This heterogeneity prompted numerous GWAS efforts aimed at identifying host genetic determinants of susceptibility and severity.
The landmark GWAS by Ellinghaus et al. [1] identified major risk loci associated with severe COVID-19, including IFNAR2, TYK2, OAS1–3, DPP9, and CCR2, implicating antiviral interferon pathways and inflammatory lung injury mechanisms. Subsequent studies in critically ill cohorts confirmed and refined these associations [2], demonstrating that genetic variation at these loci strongly influences the host response to SARS-CoV-2.
The COVID-19 Host Genetics Initiative expanded these findings through large-scale meta-analyses, identifying more than 20 genome-wide significant loci linked to susceptibility, hospitalization, or respiratory failure [5]. These include additional variants in FOXP4, MUC5B, SFTPD, HLA regions, and the ABO locus, providing insight into mucosal immunity, surfactant biology, and coagulation pathways [18].
More recent exome sequencing studies further strengthened evidence for the role of ACE2, TMPRSS2, TYK2, SLC6A20, and IFNAR2, highlighting genetic modulation of viral entry and interferon signaling as central features of COVID-19 pathophysiology [3, 4, 6, 8].

Sources and approach
This is a narrative review based on a non-systematic search of PubMed and EMBASE (up to November 2025) using terms such as ‘COVID-19’, ‘host genetics’, ‘GWAS’, ‘OAS1’, ‘TLR7’, and ‘interferon’. Additional references were identified from the bibliographies of key papers and major outputs of the COVID-19 Host Genetics Initiative. We prioritized large GWAS, exome/whole-genome sequencing studies, and clinical trials linking genetic pathways to therapy.

2.2- Rare Variants and Innate Immune Response Genes
Beyond common variants detected in GWAS, rare but highly penetrant mutations significantly contribute to severe disease in specific individuals. A prominent example is TLR7, a gene critical for sensing viral RNA and initiating type I interferon responses. Loss-of-function variants in TLR7 were first reported in young, previously healthy men with severe COVID-19 [12], and later confirmed across multiple cohorts [11, 13, 14].
An exome-wide burden study by the Host Genetics Initiative demonstrated that rare deleterious variants in TLR7 confer more than a fivefold increase in the risk of critical illness [3]. Additional sequencing efforts identified enrichment of pathogenic variants in genes associated with primary immunodeficiencies and interferon pathways, consistent with the omnigenic model of complex diseases [4, 5, 7].
Recent large-scale analyses further consolidated the role of rare defects in the type I interferon pathway as a major determinant of critical COVID-19 [20, 21]. These findings underscore that disruption of early antiviral immunity, particularly the type I IFN axis [10], is one of the most consistent genetic signatures associated with severe COVID-19. In line with these findings, a recent study in previously healthy admixed Latin American adults demonstrated that rare deleterious genetic variants affecting innate immune and interferon-related pathways were significantly associated with severe COVID-19, further supporting the global relevance of rare host genetic susceptibility factors [22].

2.3- Autoantibodies to Type I Interferons
	Non-genetic but biologically equivalent to monogenic defects, neutralizing autoantibodies against IFN-α/ω represent one of the strongest predictors of life-threatening COVID-19. These autoantibodies are detected in: ~10% of critically ill adults; up to 20% of patients over 80 years [10, 23, 24]. They phenocopy inborn errors of IFN signaling by blocking early antiviral defense, and should be acknowledged in discussions of genetic and immunologic susceptibility.

2.4- OAS1, Gene–Gene Interactions, and Population-Specific Variants
The OAS–RNase L pathway, activated by interferons, is essential for degrading viral RNA. Genetic variation in OAS1 has repeatedly been linked to protection against severe COVID-19. A key functional allele, OAS1 rs10774671-G, promotes the expression of the longer, more active p46 isoform and is associated with reduced disease severity [9].
Chávez-Vélez et al. [15], in a case-control study from Ecuador, demonstrated that this protective variant is negatively associated with clinical severity, whereas certain genotypes in CCL2 increased risk. These findings align with observations in European populations and provide important data for genetic risk modeling in Latin America.
Evolutionary analyses further showed that the protective OAS1 haplotype derives from Neanderthal ancestry, illustrating how ancient introgression shapes modern susceptibility to viral diseases [9].

2.5- Integration of Genetic Findings into Pathophysiology
Current evidence suggests four converging pathways: (1) innate antiviral signaling (e.g., IFNAR2, IRF7, TLR3, TLR7), (2) the OAS–RNase L RNA degradation pathway (OAS1–3), (3) hyperinflammatory and monocyte-driven lung injury (TYK2, CCR2, DPP9), and (4) viral entry (ACE2, TMPRSS2, SLC6A20). These genetic influences operate alongside, not instead of, established clinical risk factors such as age, comorbidities, and viral exposure dose. These pathways highlight actionable biologic targets that guide therapy and risk management.

2.6- Therapeutic implications of host-genetic findings in COVID-19

2.6.1- Interferon pathway: risk stratification and early treatment
Screening for IFN-I axis defects. Inborn errors (TLR3/IRF7, TLR7) and autoantibodies against type I interferons account for a fraction of critical cases. Identifying these patients has implications for monitoring, prophylaxis, and timely treatment.[10]
Pegylated interferon-lambda (peg-IFN-λ) in early disease. In the TOGETHER platform trial, a single dose of peg-IFN-λ in outpatients reduced the risk of progression to urgent care or hospitalization, supporting early use in individuals with higher genetic or biological risk.[19]
Biological rationale: Protective variants in OAS1 (including rs10774671-G) highlight that enhancing IFN-induced antiviral responses (via the OAS–RNase L pathway) can be beneficial; endogenous/exogenous IFNs upregulate OAS1 expression.[2]

2.6.2- JAK/STAT modulation guided by genetics
GWAS and critical illness studies highlight TYK2, IFNAR2, DPP9, and CCR2 as inflammatory and antiviral defense nodes, drug-gable targets already addressed by existing drugs.[2]
Baricitinib (JAK1/2 inhibitor): ACTT-2 (NEJM): baricitinib + remdesivir shortened recovery time compared to remdesivir alone;[16] COV-BARRIER (Lancet Respir Med): ~38% relative reduction in 28-day mortality with baricitinib vs. placebo, with benefits persisting at 60 days.[17]
Implication: The genetic links to TYK2/JAK support using JAK inhibitors in hyperinflammatory disease; genetic evidence helps prioritize targets and understand why the class is effective.

2.6.3- “Genotype-to-therapy”: current clinical applications
Risk and treatment prioritization: In young males with severe disease and/or family history, investigation for TLR7/IFN defects may guide earlier antiviral or IFN therapy and intensive monitoring.[11, 14]
Clinical trial enrichment: Consortia show that several pathways (IFN, OAS, JAK/TYK2, CCR2/DPP9) modulate outcomes, genotype-stratified enrollment may improve signal detection in antiviral or immunomodulator trials.[6]
At present, genotype-informed treatment decisions remain largely confined to research and selected high-risk cases; broader implementation will require prospective validation, cost-effectiveness analyses, and ethical frameworks.

2.6.4- Integrative summary of host-genetic pathways
To improve clarity and facilitate the integration of genetic findings with their biological and clinical relevance, a summary table has been added to the manuscript (Table 1). This table synthesizes the key genes discussed, their associated genetic variants or loci, the main biological pathways involved, and the corresponding therapeutic or clinical implications reported in the literature. The inclusion of this table allows a concise overview of host genetic factors related to disease susceptibility and severity, and highlights how these pathways may inform risk stratification and therapeutic decision-making.
Figure 1 schematically summarizes the translational pathway linking host genetic variation to biological mechanisms, clinical phenotypes, and therapeutic implications in COVID-19. Genetic variants, including common GWAS loci and rare high-impact mutations, affect key host pathways such as type I interferon signaling, antiviral RNA degradation, inflammatory and monocyte-driven lung injury, and viral entry processes. Disruption of these pathways contributes to heterogeneous clinical outcomes, ranging from mild infection to severe or critical disease. By integrating genetic findings with downstream biological effects and clinical manifestations, the figure highlights how host genomics provides a mechanistic rationale for targeted therapeutic strategies and genotype-informed risk stratification.
Type III interferons (interferon lambda) have been proposed as a particularly attractive antiviral strategy due to their localized activity at epithelial barriers and a lower risk of systemic inflammation compared with type I interferons. Prokunina-Olsson et al. [25] provided a comprehensive biological rationale for the use of interferon lambda in COVID-19 and emerging viral infections, highlighting its potential to enhance antiviral defense while minimizing immunopathology.

3- DISCUSSION

Accumulating genomic evidence has demonstrated that host genetic variation substantially influences both susceptibility to SARS-CoV-2 infection and the risk of developing severe or critical COVID-19. Early large-scale GWAS identified key loci involved in antiviral defense and inflammatory signaling, such as IFNAR2, TYK2, OAS genes, DPP9, and CCR2, all associated with respiratory failure and critical illness [1, 2]. These findings were reinforced by the COVID-19 Host Genetics Initiative, which detected more than 20 genetic associations related to severity or susceptibility, notably in OAS1–3, FOXP4, SFTPD, MUC5B, HLA regions, and the ABO locus [3, 5].
Recent exome and whole-genome studies further refined these associations. Variants affecting ACE2, TMPRSS2, TYK2, SLC6A20, and IFNAR2 were shown to modulate infection risk or disease severity, highlighting the interplay between viral entry mechanisms and early innate immune responses [4, 6, 8]. Importantly, rare, high-impact variants contribute disproportionately to severe disease. Loss-of-function mutations in TLR7 have been repeatedly identified in young, previously healthy males with life-threatening COVID-19, indicating impaired type I interferon signaling [11, 12, 14]. An exome-wide burden analysis confirmed that deleterious TLR7 variants increase severe COVID-19 risk more than fivefold [7].
Population-specific studies also support the role of innate immunity genes. In an Ecuadorian cohort, variants in OAS1, CCL2, and DPP9 were associated with differential severity, with the protective OAS1 rs10774671-G allele reducing risk [15]. These observations align with broader evidence that the Neanderthal-derived OAS1 isoform enhances antiviral activity and confers protection in individuals of European ancestry [9].
The coherence between genetic pathways and treatment responses provides compelling support for precision therapeutic approaches. Genetic links involving IFNAR2, TLR7, OAS1, and other interferon-related genes explain the benefits of early interferon-based therapy, such as the reduced progression observed with pegylated interferon-lambda in the TOGETHER trial [19]. At the same time, associations implicating TYK2, CCR2, and DPP9 in hyperinflammatory responses provide biological justification for JAK inhibition. The ACTT-2 trial showed that baricitinib plus remdesivir accelerated recovery [16], while the COV-BARRIER trial demonstrated a 38% reduction in mortality [17], consistent with genetic evidence positioning TYK2 as a key inflammatory node.
Collectively, these studies support a model in which COVID-19 outcomes arise from the interaction of common variants with subtle effects and rare variants with large effects, particularly within interferon signaling pathways, inflammatory cascades, and viral entry processes. Increasingly diverse genomic datasets, including Latin American cohorts, underscore the need for ancestry-specific interpretation, as genetic architectures differ across populations.
Overall, integrating host genetic findings into clinical practice may enhance risk stratification, guide early therapeutic decisions, and enable genotype-informed trial design, ultimately improving outcomes for patients at elevated risk of severe COVID-19.

4- CONCLUSION

Host genetic factors play a key role in determining susceptibility to SARS-CoV-2 infection and the likelihood of developing severe COVID-19. Variants affecting interferon signaling, antiviral defense, and inflammatory pathways help explain the wide clinical heterogeneity observed among patients. These insights highlight the value of integrating genomic information into risk assessment and therapeutic decision-making, supporting more precise and individualized approaches to prevention and treatment.
Limitations
This review is narrative and based on a non-systematic search of the literature, so relevant studies may have been missed and the selection may be influenced by publication bias. Most large genetic studies to date over-represent populations of European ancestry, limiting the generalisability of specific risk alleles to other ethnic groups. In addition, many common variants have modest effect sizes and their impact is strongly modified by age, comorbidities, viral variants and vaccination status. Finally, the clinical translation of host-genetic findings into routine risk stratification or genotype-guided therapy remains limited and will require further prospective validation and cost–effectiveness data.
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Figure 1. Conceptual framework mapping host genetic variation to biological mechanisms, clinical outcomes, and potential therapeutic strategies in COVID-19

Table 1. Summary of key host genes, associated variants, biological pathways, and therapeutic implications in COVID-19 .
	Key gene / locus
	Variant(s) cited in this manuscript
	Main biological pathway / mechanism
	Association (susceptibility/severity)
	Therapeutic implications (examples aligned with pathways discussed)

	IFNAR2
	GWAS locus (specific lead variant not specified)
	Type I IFN receptor signaling (antiviral defense) 
	Severity / critical illness
	Supports rationale for early interferon-based strategies and risk-stratification in IFN-axis dysfunction  

	TLR7
	Loss-of-function variants (rare, high-impact; rs not specified) 

	Viral ssRNA sensing → type I IFN induction 

	Severe/critical COVID-19 (notably in young males)
	Genetic screening in selected cases; may justify earlier antiviral/IFN strategies + closer monitoring 

	TLR3 / IRF7
	Inborn errors mentioned (variants not specified) 
	Type I IFN axis (upstream antiviral signaling) 
	Severe disease in a subset
	Supports IFN-axis defect screening and individualized monitoring/prophylaxis concepts 

	OAS1 (OAS1–3)
	OAS1 rs10774671-G (protective) 
	OAS–RNase L pathway (IFN-induced viral RNA degradation) 
	Protection / reduced severity (reported in manuscript)
	Reinforces benefit of enhancing IFN-induced antiviral programs; supports IFN biological rationale 

	TYK2
	GWAS locus (lead variant not specified) 
	JAK/STAT-linked inflammatory signaling; hyperinflammation node 
	Severity / hyperinflammatory progression
	Supports use of JAK inhibition in appropriate hospitalized patients (e.g., baricitinib trials cited) 

	DPP9
	GWAS locus (lead variant not specified) 
	Lung injury / inflammatory regulation; severe disease locus 
	Severity / respiratory failure
	Points to inflammatory-lung-injury biology; supports immunomodulation rationale (as discussed) 

	CCR2
	GWAS locus (lead variant not specified) 
	Monocyte trafficking / inflammatory lung injury 
	Severity
	Highlights monocyte-driven injury; supports rationale for targeting inflammatory cascades (conceptual) 

	ACE2
	Variants discussed (rs not specified) 
	Viral entry receptor biology 
	Susceptibility / clinical progression
	Supports host-directed prevention concepts and risk context 

	TMPRSS2
	Variants discussed (rs not specified) 
	Spike priming; viral entry facilitation 
	Susceptibility / progression
	Reinforces viral-entry pathway relevance (therapeutic implication described at pathway level) 

	SLC6A20
	Variants discussed (rs not specified) 
	Viral-entry–adjacent locus / host–virus interaction pathway 
	Susceptibility / progression
	Contextualizes entry-related genetic architecture; no direct genotype-guided treatment claimed 

	IL6R
	GWAS locus mentioned (variant not specified) 
	Cytokine signaling / hyperinflammation 
	Severity / inflammatory phenotype
	Supports cytokine-directed immunomodulation rationale (pathway-level) 

	ABO (blood group locus)
	Blood group association (no SNP specified) 
	Coagulation / endothelial and population-level risk marker 
Original Manuscript_JAMMR_14949…
	Susceptibility/severity association reported in literature cited
	Useful as population risk modifier; manuscript frames as common-polymorphism influence (no specific therapy) 
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