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The single nucleotide polymorphism rs12979860 is associated with the production of IFNλ4, a type 
III interferon, which offers protection from viral infection via its proinflammatory properties. We 
investigated if a genetically determined increase in IFNλ4 affects disease progression in SARS-CoV-2. 
This prospective, single-center study involved critically ill SARS-CoV-2 patients admitted to the 
intensive care unit. We performed genotyping for rs12979860 and analyzed daily laboratory data. 
Genotype frequencies were compared with an external validation cohort. Critically ill individuals 
with COVID-19 (n = 184; 29.3% women) were included. Median age was 63 years. The TT genotype 
was present in 11%, CT in 48% and CC in 41%. At baseline, CRP, ferritin, transferrin and neopterin 
did not differ significantly between groups. Longitudinal analysis revealed significant genotype-
dependent differences in CRP, ferritin and neopterin with the highest peak in TT patients after 
10–15 days. A higher need for renal replacement therapy (31.6% vs. 11.7%, p = 0.044) and mechanical 
ventilation (22 days vs. 15 days, p = 0.018) was observed in the TT group. The SNP rs12979860 near 
IFNL4 is associated with distinct inflammatory trajectories in critically ill COVID-19 patients. Genetic 
determinants of the immune response influence the severity of inflammation and clinical outcomes in 
severe COVID-19.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections range from asymptomatic cases to 
severe illness requiring intensive care unit (ICU) admission1. Numerous therapeutic interventions have been 
investigated to reduce mortality and the burden on healthcare systems2–5. Among these, systemic glucocorticoids 
have shown a beneficial effect on mortality in patients requiring invasive mechanical ventilation (IMV) or 
supplemental oxygen, but not in those without respiratory support6. These findings highlight the significant 
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impact of immunologic interactions in SARS-CoV-2 infection on disease progression, especially in critically ill 
patients.

The host’s response to coronavirus disease 2019 (COVID-19) involves several phases, starting with an 
asymptomatic incubation period (I), followed by activation of innate immunity (II) acting as the host’s first line of 
defense7. This includes local recognition of the viral infection by pattern recognition receptors (PRR), leading to 
the release of interferons (IFNs) and interferon-stimulated genes. This is followed by the pro-inflammatory (III) 
phase, which includes the release of cytokines and chemokines, ultimately leading to a cytokine storm (IV)8. This 
cytokine storm is characterized by the overproduction of pro-inflammatory cytokines such as IL-6, IL-1β, and 
TNF-α. The dysregulated immune activation may ultimately lead to endothelial dysfunction, increased vascular 
permeability, coagulopathy, and multi-organ failure, significantly contributing to disease severity and mortality9.

Differences in the disease course have been linked to predisposing risk factors such as sex, age, or various 
comorbidities10. As this explains only part of the variation, efforts have been made to understand genetic 
factors potentially influencing the host response and susceptibility11–13. The strongest genome-wide predictor 
of outcome was identified on chromosome 314,which was later fine-mapped to the leucine zipper transcription 
factor like 1 gene (LZTFL1)15. The gain-of-function risk allele in position rs17713054G > A was associated with 
altered mesenchymal to epithelial transition during regeneration from lung injury during COVID-19. Other 
common polymorphisms that reached genome-wide significance include genetic determinants of the ABO 
blood group system16. These large genome-wide analyses of genetic risk factors for disease severity included 
infection, hospitalization and admission to ICU as clinical endpoints. Considering the complex interaction of 
viral infection and host immune response, we asked if a prominent genetic determinant of innate immune 
response, namely a common polymorphism that determines the production of human interferon lambda 4 
(IFNλ4) encoded by IFNL4 on chromosome 19 was associated with the clinical and immunological course of 
patients with severe COVID-19.

IFNλ4 has only been discovered in 2013, when Prokunina-Olsson et al. reported a new gene region 
(IFNL4) that was associated with hepatitis C virus (HCV) clearance17. Previous studies in HCV patients have 
shown that the single nucleotide polymorphisms (SNP) rs12979860 and rs809991 were genetic predictors of 
sustained virological response after treatment with interferon-alpha in patients with chronic HCV infection. 
These polymorphisms are located in the human interferon lambda gene cluster on chromosome 19. This cluster 
contains IFNL1 (formerly called IL29), IFNL2 (formerly called IL28A), IFNL3 (formerly called IL28B) and 
IFNL418. In the majority of the European population, IFNL4 is not expressed. However, a polymorphism in 
IFNL4, specifically rs368234815, which is in strong linkage disequilibrium with rs12979860 and rs809991 results 
in a frameshift due to a ΔG/TT substitution. This frameshift polymorphism is present in approximately 30% of 
the European population, as inferred from its linkage disequilibrium with rs1297986019.

IFNL4 has also been shown to play an important role in host response to various RNA viruses such as HIV, 
rhinovirus, coronavirus, influenza A and B virus20. Expression of IFNL4 It also appears to be involved in the host 
mucosal response to respiratory viral infections, positioning it as a potential target in COVID-1921. The same 
single SNP has been studied in the context of COVID-19 and results regarding the association with symptomatic 
disease and disease severity have been inconsistent22–25.

Due to the intricate role of IFNλ in the downstream regulation of the immune response, we hypothesized that 
this may result in differences in inflammatory parameters during the critical phase of SARS-CoV-2 infection. 
Therefore, we aimed to investigate the effect of IFNL4 rs12979860 genotypes on inflammatory parameters in 
critically ill COVID-19 patients during the ICU stay.

Results
Overall baseline characteristics and laboratory findings at ICU admission
A total of 184 critically ill COVID-19 patients treated at the intensive care unit in Innsbruck, Austria from March 
2020 to December 2021 were included. Baseline characteristics and laboratory parameters at ICU admission 
are shown in Table 1. In addition, 122 critically ill COVID-19 patients from Milan, Italy were analysed as an 
external validation cohort (Supplemental Table 1). The median age in the Innsbruck cohort was 63 years, and 
29.3% (n = 54) were female. The most common comorbidities were obesity (37.5%), hypertension (48.9%), 
cardiovascular disease (28.8%), diabetes mellitus type 2 (22.8%), and kidney disease (16.8%). The Sequential 
Organ Failure Assessment (SOFA) score and Simplified Acute Physiology Score (SAPS) III at ICU admission 
were 5 and 50, respectively. COVID-19-typical radiological findings were present in 96.7% of patients. The 
median c-reactive protein (CRP) at the time of ICU admission was 12.2 mg/dl. Laboratory parameters at the 
time of admission to ICU are shown in Table 1. Baseline characteristics and laboratory findings were similar in 
the Innsbruck cohort and the 122 patients in the Milan cohort (Supplemental Table 1).

The allele frequencies and genotype distributions of rs12979860 genotypes were also similar in both cohorts 
(Innsbruck and Milan, Table 2) and not different from the reported frequencies in the 1000 Genomes phase_3: 
central European population26.

Baseline characteristics and laboratory findings for different IFNL4 rs12979860 genotypes
When patients were grouped by IFNL4 genotype in high-risk (rs12979860:TT) or low-risk (rs12979860: CC/
CT, also named non-TT) demographic variables were not significantly different in either the Innsbruck or the 
Milan cohort. Patients with the TT genotype had a median age of 58 years compared to 63 years in patients 
with the CC/CT genotype. Diabetes mellitus type 2 was more prevalent among TT patients than in CC/CT 
patients (52.6% [n = 10] vs. 19.5% [n = 30], p = 0.003). When the patient cohort was stratified by the presence 
of diabetes, no significant differences in inflammatory parameters were present at baseline, day 10 and day 20 
(Supplemental Table 3). All other comorbidities were equally distributed between the genotype groups and no 
significant differences in baseline laboratory parameters were found (Supplemental Table 2).
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Dynamics of inflammatory parameters during the ICU stay
At baseline, CRP, serum iron parameters and neopterin did not differ between the groups (Supplemental Table 
2 and Fig. 1). Procalcitonin (PCT) and interleukin 6 (IL-6) levels were highly variable at baseline, as reflected by 
the wide confidence intervals (Fig. 1).

On longitudinal analysis, median CRP concentration decreased in all patients, regardless of their IFNL4 
genotype for the first 5 days after ICU admission. This initial decline was followed by an increase, which was 
highest in patients homozygous for the T allele and reached a peak between day 10 and 15 (Fig. 1A). Ferritin and 
neopterin showed even more pronounced differences on longitudinal analysis. Ferritin of TT patients showed 
a strong upward trend peaking around hospital day 15, followed by a decline. For neopterin, we also found a 
distinct pattern of development in TT patients, who had a peak around 10 days after ICU admission, which is in 
contrast to non-TT patients, who exhibited a steady decline during the first 5–7 days after admission (Fig. 1A–
C). PCT and IL-6 serum concentrations did not show the same temporal trends and varied widely over the 

rs12979860 genotype Innsbruck (n = 184) Milan (n = 122) Expected (1000 Genomes: phase_3 Central European)

CC, n (%) 71 (41) 44 (36) 54 (54)

CT, n (%) 83 (48) 61 (50) 36 (36)

TT, n (%) 19 (11) 17 (14) 9 (9)

Table 2.  Observed (Innsbruck and Milan) and expected IFNL4 rs12979860 genotype frequency (Chi-Square 
test p = 0. 08).

 

Parameter Innsbruck (n = 184)

Age, years 63 [53–72]

Female sex, n (%) 54 (29.3)

Body mass index, kg/m2 28.43 [26–32]

Comorbidities

 Cardiovascular, n (%) 53 (28.8)

 Hypertension, n (%) 90 (48.9)

 Obesity, n (%) 69 (37.5)

 Kidney disease, n (%) 31 (16.8)

 Liver, n (%) 16 (8.7)

 Diabetes Mellitus type 2, n (%) 42 (22.8)

 Asthma bronchiale, n (%) 13 (7.1)

COPD, n (%) 12 (6.5)

 SOFA-Score at admission 5 [4–7]

 SAPS III at admission 50 [46–58]

 COVID-19 typical findings

  Computed tomography, n (%) 134 (93.7)

  Chest X-ray, (%) 176 (96.7)

Laboratory parameters at ICU admission

 Creatinine, mg/dl 0.88 [0.72–1.13]

 Lactate dehydrogenase, U/l 438 [360–552]

 C-reactive protein, mg/dl 12.2 [6.1–19.32]

 Procalcitonin, µg/l 0.22 [0.12–0.66]

 Neopterin, nmol/l 50.1 [36–70]

 Interleukin-6, ng/l 67.3 [22–172]

 Iron, µmol/l 4.4 [3.1–6.3]

 Ferritin, µg/l 1308 [624–2051]

 Transferrin, mg/dl 131 [108–162]

 Transferrin saturation, % 13 [9–22]

 Platelets, G/l 210.5 [166–278]

 White blood cells, G/l 8 [5.7–10.7]

 Albumin, mg/dl 2578 [2234- 2837]

 Horovitz-index, mmHg 138.5 [94–292]

Table 1.  Baseline characteristics of critically COVID-19 patients in Innsbruck. DM diabetes mellitus, COPD 
chronic obstructive pulmonary disease, SOFA sequential organ failure assessment, SAPS simplified acute 
physiology score.
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course of the first 20 days with no significant differences present between IFNL4 genotype groups (Fig. 1D and 
E). The concentrations of transferrin were lower in the TT group compared to the CT and CC genotypes, yet 
failed to reach statistical significance during the first 20 days after ICU admission (Fig. 1F). In addition, a similar 
pattern was observed for D-Dimer with higher levels in the TT group,  as shown in Supplemental Fig. 1.

Treatment at the ICU
The duration of mechanical ventilation was significantly longer in patients with the TT genotype (22 vs. 15 days, 
p = 0.018) and they required significantly more often renal replacement therapy (RRT, 31.6% vs. 11.7%, p = 0.044, 
Table 3; OR [odds ratio] 3.49 [95% CI 1.11–10.07], 0.024). Multivariable adjustment for the presence of diabetes 
did not affect this outcome (Supplemental Table 4). The majority of patients (85.9%) received corticosteroid 
treatment, regardless of their IFNL4 genotype with no significant difference between groups. Antiviral treatment 
was used in 82–84% of patients and 10–13% of patients were treated with remdesivir with no significant 
differences between patient groups. Vasopressors (57.6%) and invasive mechanical ventilation (IMV, 60.9%) 
were also required in the majority of patients with no significant differences.

Survival probability, hospital length of stay (LOS) and mortality
Genotype-dependent differences in the course of inflammation and the duration of ventilation did not translate 
into significant differences in survival between IFNL4 genotypes (Fig. 2) and no difference in ICU mortality 
(Table 3). Hospital mortality was higher in TT patients, but not statistically significant (31.6% vs. 19.5%, p = 0.354, 
OR 1.91 [0.62–5.26], p = 0.226). ICU and hospital length of stay (LOS) were not statistically different between the 
two groups (ICU LOS; CC/CT: 16 days vs. TT: 23 days, p = 0.218, hospital LOS; CC/CT: 27 days vs. TT: 30 days, 
p = 0.169). There were no significant differences in treatment and outcome when applying a dominant model 
(CC vs. no CC, Supplemental Table 5).

Discussion
The natural disease course of severe COVID typically follows three sequential phases, in which an initial 
pulmonary phase is followed by a proinflammatory state before the risk for thrombotic complications increases 
in the third phase27. The present study identified a genetic determinant for very severe inflammation in the 
second phase of COVID-19: homozygosity for the T allele in rs12979860, which is associated with high IFNλ4 
production. In this group, severe inflammation was also linked with a higher need for RRT and longer duration 
of IMV. Both complications could result from a more severe immune response to SARS-CoV-2 infection7. Organ 
cross-talk between the lungs and kidneys plays an important role in critical illness, with severe inflammation 
serving as a key driver of this interaction28,29. The TT genotype and the enhanced pro-inflammatory responses 
potentially lead to more severe systemic inflammation, together with endothelial dysfunction, and immune 
dysregulation. These mechanisms could contribute to an increased risk of organ dysfunction, including 

Fig. 1.  (A)–(F) Dynamics of inflammatory parameters during first 20 days after ICU admission.
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Fig. 2.  Kaplan–Meier Survival Curves for the different IFNL4 genotypes.

 

Overall (n = 184) CC/CT (n = 154) TT (n = 19) p-value

Treatment

 Corticosteroids, n (%) 158 (85.9) 132 (85.7) 18 (94.7) 0.462

 Antiviral agent, n (%) 152 (82.6) 127 (82.5) 16 (84.2) 1.000

 Remdesivir, n (%) 24 (13.0) 20 (13.0) 2 (10.5) 0.999

 Vasopressor, n (%) 106 (57.6) 88 (57.1) 11 (57.9) 0.999

Acute kidney injury

 AKI KDIGO I, n (%) 13 (7.1) 12 (7.8) 1 (5.3)

 AKI KDIGO II, n (%) 10 (5.4) 9 (5.8) 0 (0.0)

 AKI KDIGO III, n (%) 27 (14.7) 19 (12.3) 5 (26.3)

Renal replacement therapy, n (%) 27 (14.7) 18 (11.7) 6 (31.6) 0.044

Invasive Mechanical Ventilation, n (%) 112 (60.9) 94 (61.0) 11 (57.9) 0.987

Duration of IMV, days 18 [11–30] 15 [10–26] 22 [20–37] 0.018

Outcome

 Death in the ICU, n (%) 35 (19.0) 26 (16.9) 4 (21.1) 0.895

 Death in the Hospital, n (%) 41 (22.3) 30 (19.5) 6 (31.6) 0.354

 ICU length of stay, days 16 [8–27] 16 [8–25] 23 [10–35] 0.218

 Hospital length of stay, days 28 [18–47] 27 [18–45] 30 [22–78] 0.169

Table 3.  Treatment and outcomes of critically ill COVID-19 patients stratified by IFNL4 rs12979860 genotype. 
AKI acute kidney injury, KDIGO kidney disease improving global outcomes, IMV invasive mechanical 
ventilation, ICU intensive care unit.

 

Scientific Reports |        (2025) 15:15802 5| https://doi.org/10.1038/s41598-025-91628-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


worsening kidney injury requiring RRT and more severe respiratory failure necessitating prolonged mechanical 
ventilation.

Mitigation of the immune response to SARS-CoV-2 infection is also the primary rationale for dexamethasone 
treatment, which was found to positively impact survival in patients with severe COVID-196. Studies in large 
European cohorts of patients with COVID-19 have identified several risk factors for viral susceptibility and 
survival, but have not shown any association with the IFNL4 locus14,30,31. This difference between the present 
study and previous large genome wide association studies can be explained by distinct endpoints. In our study 
no significant differences in markers of inflammation (C-reactive protein, ferritin or procalcitonin) were present 
on the day of admission to ICU. When grouped by genotype, differences especially in ferritin emerged over the 
first 5–10 days after admission, showing that rs12979860 determines the host immune response to infection in 
the second phase of the infection.

Patients homozygous for the T allele in rs12979860 also harbour a frameshift mutation in the IFNL4 gene, 
which re-activates expression of this cytokine that is genetically inactivated in the majority of individuals with 
European ancestry. This relationship is less pronounced in populations of non-European descent19. Unlike type 
I IFNs, which have systemic effects via IFN alpha receptors 1 and 2 that are ubiquitously expressed in all cells, 
IFNλ4 signals through the IFNλ receptor complex that consists of heterodimers of the IL-10 receptor and the 
IFNλ receptor 1 (IL10R2 and IFNLR1)32. The latter has a more restricted expression pattern limited to epithelial 
cells and only some immune cells including monocyte-lineage cells33. Individuals with the TT genotype produce 
more IFNλ4, which can act as a proinflammatory cytokine and potentially cause over-activation of the immune 
response, beyond its antiviral properties33. Macrophages, as key responders to IFNλs, play a crucial role in 
this process by promoting cytotoxicity, phagocytosis, and the secretion of pro-inflammatory cytokines and 
chemokines34. Activation of monocytes and macrophages, in turn, is associated with a large increase in ferritin 
gene expression35. This might explain the distinct ferritin peak seen in our study in the TT genotype in the 
proinflammatory phase. Such hyperferritinemic states are not unique in COVID-19 and can also be seen in other 
viral infections and conditions such as macrophage activation syndrome/ hemophagocytic lymphohistiocytosis 
(HLH), adult-onset Still’s disease, catastrophic antiphospholipid syndrome or septic shock36. HLH is a condition 
with excessive immune activation and hyperinflammation, that is often triggered by infectious agents such as 
Epstein-Barr virus, and has also been described in cases in COVID-19. Inflammasome activation in infected 
macrophages has been shown to be a key driver of pathology in COVID-1938. Stronger macrophage activation 
in patients with the TT genotype in rs12979860 is also highlighted by the finding that neopterin was significantly 
higher in this patient group. Macrophages also produce neopterin after being stimulated by interferon gamma 
(IFNγ), which has been shown to predict disease severity in COVID-1939. IFNγ is mainly produced by natural 
killer (NK) cells, which are key mediators in the pathogenesis of COVID-1940. NK cells have also been linked 
to IFNλ, though it is unclear whether IFNλ can activate them directly or indirectly via mucosal cells and 
macrophages33. This interaction might explain the higher neopterin concentration observed in the TT genotype 
in our cohort. Of note, patients with the TT genotype had a higher prevalence of diabetes mellitus. Similar 
findings have been reported in other cohorts, where the CC genotype was found to be protective against insulin 
resistance41 and the development of new-onset diabetes mellitus after liver transplantation42. However, it is 
unlikely that the higher rate of diabetes mellitus in the TT group significantly determined our results.

Interferons are paradigmatic host cytokines released in response to viral infections including COVID-19. 
This family of cytokines, mainly type I IFNs (alpha interferons) and type III IFNs (lambda interferons) have 
been investigated in clinical trials. Three major trials investigating type I IFNs (WHO-Solidarity/Discovery43; 
IFN-β1a, ACTT344; IFN-β1a and Sprinter45; Nebulised interferon-β1a) were all negative regarding their primary 
endpoint. The Together trial investigated IFNλ and was able to demonstrate a significant reduction in emergency 
department visits and hospitalization in primarily vaccinated COVID-19 patients46. IFNλ exerts antiviral 
effects by binding to a specific receptor complex IFNLR1 and IL10RB. This binding triggers the expression of 
interferon-stimulated genes (ISGs) that inhibit viral replication. This process is localized to epithelial cells and 
tries to limit systemic inflammation, which might explain the positive effects of IFNλ46. The interferon used in 
this trial is PEG-rIL-29, which is IFNλ1 (IFNL1), as opposed to IFNλ4 (IFNL4), whose genetics was investigated 
in this study. In SARS-CoV-2 infections genetic variants of IFNL4 (SNP rs12979860) have been investigated and 
were associated with the occurrence of COVID-1922. Sapono-Cortes et al. compared 177 COVID-19 with 445 
non-COVID-19 patients and found a higher frequency of the T allele in COVID-19 patients compared to the 
general population. Other studies have shown an association with disease severity47. However, a meta-analysis 
on genetic polymorphisms and their association with COVID-19 infection and outcomes included three studies 
on rs12979860 and found no significant connection between rs12979860 and the severity of the disease48. This 
is in line with our results. We included only critically ill COVID-19 patients in our analysis and the genotype 
frequency was comparable to that expected in the general population. This has been confirmed by the results of 
our validation cohort (Table 2).

An important limitation that must be considered when interpreting our results is the limited sample size, 
particularly in the TT genotype group, which does not allow for more complex statistical testing. Therefore, our 
findings require further validation in larger cohorts.In conclusion, the TT genotype in position rs12979860 SNP 
is linked to severe inflammation in COVID-19. This genotype is associated with higher levels of inflammatory 
markers such as ferritin and neopterin, suggesting an inflammatory subphenotype with a distinct immune 
response.

Methods
Study design and patients
This is a single-center prospective study including patients with a SARS-CoV-2 infection in Innsbruck from 
March 2020 until December 2021. Patients with a positive SARS-CoV-2 polymerase chain reaction (PCR) test 
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and admission to the medical intensive care unit were included in this analysis. A validation cohort from Milan 
was retrospectively assessed to compare genotype frequencies. The study was performed in accordance with the 
Declaration of Helsinki and the European Data Policy. The study protocol was approved by the ethics committee 
of the medical university Innsbruck (Nr. 1107/2020). Informed consent was obtained from all participants 
according to local regulations.

Definitions and data collection
Patient characteristics, clinical parameters and details about the ICU stay were extracted from the Tyrolean 
COVID-19 intensive care registry; a prospective registry study including all critically ill COVID-19 patient 
treated in Tyrol, Austria. The methods of this registry previously have been described in detail49,50.

Daily laboratory parameters during the ICU stay were extracted from the hospital’s electronic health records. 
Inflammation parameters (CRP, procalcitonin [PCT], ferritin, interleukin-6 [IL-6], transferrin and neopterin) 
were analyzed in daily clinical routine. For this study, time points were defined relative to ICU admission (day 0).

Acute kidney injury (AKI) was defined and staged according to Kidney Disease: Improving Global Outcome 
(KDIGO) using both creatinine and urine output criteria.

For the duration of IMV, a day was counted, if ventilation was performed for more than 2 h.

Genotyping
Genotyping for rs12979860 was performed as previously described51. Briefly, DNA was extracted from EDTA 
blood on a Diasorin Arrow Liason/IXT using the GXT blood extraction kit (Bruker).

Genotyping for the DNA polymorphism rs12979860 near the IFNL4 gene was carried out using an internally 
validated TaqMan allelic discrimination assay (TaqMan SNP Genotyping Assay, Assay ID C___7820464_10/
rs12979860, Thermo Fisher, Vienna, Austria).

Statistical analysis
Categorical variables are presented as numbers with corresponding percentages and continuous variables are 
presented as median with interquartile range (IQR). Normal distribution of continuous data was checked 
with the Shapiro–Wilk test. Normally distributed data was compared using a two-sample t-test. Not normally 
distributed data was compared using Mann–Whitney-U test or χ2-test. Odds ratios (OR) are presented with 95% 
confidence interval (95% CI).

We used a locally estimated scatterplot smoothing (LOESS) to smoothen time trends of inflammatory 
parameters for each IFNL4 rs12979860 genotype. LOESS is a non-parametric method to fit multiple regressions 
in local neighborhood. The span (parameter alpha), which controls the degree of smoothing was set at 0.75 and 
graphs are presented with 95% confidence intervals.

Kaplan–Meier survival analysis was used to calculate the probability of hospital survival for the different 
genotypes. Differences were assessed by the log-rank test.

A p-value < 0.05 was considered statistically significant and all statistical tests were 2-sided. Statistical analysis 
was performed using R Software 4.4.052.

Data availability
The data that support the findings of this study are available on reasonable request from the corresponding 
author.
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