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Abstract:The recent pandemic was caused by the emergence of a new human pathogen, SARS-CoV-
2. While the rapid development of many vaccines provided an end to the immediate crisis, there
remains an urgent need to understand more about this new virus and what constitutes a beneficial
immune response in terms of successful resolution of infection. Indeed, this is key for development
of vaccines that provide long lasting protective immunity. The interferon lambda (IFNL) family of
cytokines are produced early in response to infection and are generally considered anti-viral and
beneficial. However, data regarding production of IFNL cytokines in COVID-19 patients is highly
variable, and generally from underpowered studies. In this study, we measured all three IFNL1,
IFNL2 and IFNL3 cytokines in plasma from a well characterised, large COVID-19 cohort (n=399) that
included good representation from patients with a more indolent disease progression, and hence a
beneficial immune response. While all three cytokines were produced, they differed in both the
frequency of expression in patients, and the levels produced. IFNL3 was produced in almost all
patients but neither protein level nor IFNL3/IFNL4 SNPs were associated with clinical outcome. In
contrast, both IFNL1 and IFNL2 levels were significantly lower, or absent, in plasma of patients that
had a more severe disease outcome. These data are consistent with the concept that early IFNL1

and IFNL2 cytokine production is protective against SARS-CoV-2 infection.
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Introduction:

The coronavirus disease (COVID-19) pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) caused global chaos and highlighted the importance of scientific
research in fundamental, applied and clinical Immunology. While vaccines were deployed for SARS-
CoV-2 within an unprecedented time scale, they only partially prevent viral transmission (1). Rather,
they are highly effective at preventing severe disease caused by a dysregulated immune response to
the virus in some individuals. In particular, inadequate early innate immune responses can lead to
later over-exuberant responses and severe immunopathology in non-vaccinated individuals (2, 3).
Furthermore, current vaccines provide protection for only a limited time period due to waning
immunity. Against a backdrop of emerging viral variants of this new virus, there is an urgent need
for improved vaccines with prolonged protective immunity. Understanding the innate and adaptive
immune responses that protect, or fail to protect from severe disease, will improve basic
understanding of disease pathology and further help tailor new vaccines in terms of a beneficial and

prolonged immune response.

The role of type 1 interferon (IFNa) in viral infections has long been appreciated. In contrast, much
remains to be learned about the role type 3 IFN, or interferon lambda (IFNL) as they are also known.
The first three family members, IFNL1 (IL29), IFNL2 (IL28A), IFNL3 (IL28B) were discovered in 2003
and their genes encode for soluble cytokines that play an important role in mucosal tissues, in
particular intestinal epithelia where they confer protection against viral pathogens such as rotavirus
(4-6). Less is known about IFNL4 which was only discovered in 2013 (7). IFNL4 is characterised by
allelic diversity, including a dimorphism that determines either a full length or a truncated non-
expressed variant. These genes first came to prominence in Hepatitis C virus (HCV) research where
single nucleotide polymorphisms (SNPs) associated with IFNL genes were strongly predictive of

spontaneous HCV resolution (8, 9).

However, the data emerging on type 3 family of IFNs in SARS-CoV-2 infection is confusing and much
of it is contradictory. There are many reasons for this, including the use of interferon stimulated
genes (ISG)s or transcription of IFNL cytokines as readouts of IFNL production (rather than protein
production) (10, 11), differential expression of cytokines in different tissues (2, 10, 12), variation in
cohorts and timings of samples, and indeed, the conflation of three cytokines (IFNL1, IFNL2 and

IFNL3) into generic IFNL in some studies which limits knowledge on potentially important differences
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in these cytokines and the role they may play in the immune response to SARS-CoV-2 (2, 3). In
general, there is convincing evidence that type 3 IFN are expressed in the airways in response to
SARS-CoV-2 infection but data on circulating levels of IFNL in patients with COVID-19 are more
variable with conflicting reports in terms of induction and their association with disease progression

(2, 3, 13-16).

In this study, we therefore conducted an extensive study of circulating levels of IFNL1, IFNL2 and
IFNL3, in addition to SNP typing two loci in the IFNL genomic region, in a large cohort of well
characterised, genetically homogenous Irish COVID patients. This cohort was particularly useful as it
had good representation from non-hospitalised COVID-19 patients thereby providing important
information on characteristics of a beneficial immune response that results in a milder disease
outcome. We were able to expand our genetic association results in a second cohort of more
ethnically diverse UK patients with more detrimental clinical outcomes. Finally, we were able to test
the hypothesis that IFNL cytokines are generally beneficial against SARS-CoV-2 in our cohort by

investigating associations between type 3 IFNL protein levels in blood with clinical outcomes.
Materials and methods
Study Cohorts

PCR-positive SARS-CoV-2 patients were recruited in two cohorts. The first, from St. James’s Hospital,
Dublin 8, Ireland comprised 399 patients from whom EDTA plasma was available, and 319 patients
(partially overlapping) from whom genomic DNA was available. The cohort was unvaccinated, with
the exception of n=3 participants who were recruited after vaccine roll out in Ireland. Patients with
Hepatitis C infection had previously been recruited in St. James’s Hospital and plasma stored at -80°C
(17) and healthy controls were recruited within Trinity College where blood was taken by a trained

phlebotomist.

Clinical severity was scored according to the World Health Organisation (WHO) Clinical Progression
score (see Figure S2). The Irish cohort included a significant proportion (46%) of individuals with mild
disease (WHO score 1-2) that did not require hospital admission. The cohort was predominantly
White (84%) and female (60%), and the majority (54%) were hospitalised with mild/moderate
disease (WHO score 23; Table 1 and Table S1). Samples from the Irish cohort were collected across
a range of sample time-points (d0-d255) after diagnosis and this information was available for 278
participants (Figure 3e for numbers in each group). Ethics for the Irish study were granted by

Tallaght and St. James’s Hospital JREC (Ref. JREC 2020-05 List 19 for COVID-19 STTAR samples and
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2013/05/03 List 43 for HCV samples). Ethics for healthy controls was from the STEM Ethics
committee in Trinity College Dublin (Ref:TCDFEMSREC_ 02032020_Gard_Slat).

The second cohort was recruited from patients at St George’s Hospital, London, UK as part of the
‘Development and Assessment of Rapid Testing for SARS-CoV02 Outbreak’ (DARTS) study
(NCT04351646). It comprised 242 patients from whom gDNA was analysed and 56 from whom
plasma was analysed. This cohort included more patients with severe disease and was more
ethnically diverse (see Table 1). Samples for IFNL analysis were taken early in disease, median 4 days
from symptom onset (see Table 1). The DARTS study (NCT04351646) was approved by national HRA
and HCRW and Oxford Research Ethics Committee (20/SC/0171).

Both cohorts were well characterised in terms of clinical characteristics and outcome and increased
morbidity was associated with older age and higher frailty score, as expected. Most subjects were
diagnosed during waves 1 & 2 of SARS-CoV-2 which included both Beta and Delta variants. All study
procedures complied with all relevant ethical regulations, following the principles of the Declaration
of Helsinki (2008) and the International Conference on Harmonization (ICH) Good Clinical Practice

(GCP) guidelines.
Quantification of IFNL1, IFNL2 and IFNL3

IFNL1, IFNL2 and IFNL3 were measured from 100ul EDTA plasma using the Duo Set ELISA kit
according to manufacturer’s instructions (R&D Systems- DY7246, DY1587, DY5259 respectively).
Each biological sample was assays in duplicate. A standard curve was used for each assay and
concentrations derived based on this. Where samples were outside of the linear range of the
standard curve, they were diluted and the concentration calculated using the relevant dilution
factor. Samples were analysed in batches over sequential days and no particular batch effect was

noted. Data was not normalised or standardised between plates.

IFNL SNP genotyping

Genotyping for the rs8099917 and rs8105790 (IFNL3) was performed by using the rhAmp
Genotyping system from Integrated DNA Technologies (IDT) consisting of an rhAmp SNP
Assay, rhAmp Genotyping Master Mix and a rhAmp Reporter Mix with Reference.

Measurements were done by using a QuantStudio™ 5 Real-Time PCR system for Human
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Identification Instrument. Quality and outcome of the results was analysed by the

QuantStudio Design and Analysis Software.

Statistical analysis

A range of statistical tests were used, depending on the data and analysis required. Figure 1
compared IFNL1, IFNL2 and IFNL3 levels in three separate cohorts: the overall Irish cohort (n=399),
healthy donors (n=35) and HCV+ donors (n=26). A one-way ANOVA with a Tukey test was used.
*P<0.05, ***P<0.001. In general, GraphPad PRISM version 9 (GraphPad Software, Inc.) was used for
data analysis. In Figure 2 (a) Chi-squared analysis was performed to test for increased or decreased
frequency of particular IFNL3 associated SNPs. In the upper part of the table, 319 Irish covid patients
were tested while analysis of 242 patients from the UK cohort is shown in the lower part of the
table. In Figure 2b, a one way ANOVA with Tukey test was used to test for differences from the Irish
cohort (n=399) patients stratified by WHO 1-2 (n=183), WHO 3-4 (n=145) and WHO 5-8 (n=72).
Serum from healthy donors (n=35) was included also as a negative reference control. In Figure 3a
and 3b, a one way ANOVA with Tukey test was used for n=399 Irish patients stratified by WHO 1-2
(n=183), WHO 3-4 (n=145), WHO 5-8 (n=72) and healthy controls (n=35). No statistical test was
performed for Figure 3c,d as numbers became limiting for some groups upon stratification. Figure 4
used data on patients from the Irish cohort (n=399) that were negative in their serum for either
IFNL1 (n=138 patients) or IFNL2 (n=105). The counts for each condition are shown inset on the
columns. We fitted logistic regression models to the data in panel (a) and (b) of Figure 4, with the
binary response being the presence/absence of cytokine (absence was the category of interest) and
the WHO score as continuous predictor. AIC analysis was performed (Figure 4d, e). Chi-squared
analysis for IFNL1 neg, IFNL2 neg or negative for either IFNL1 or IFNL2, was performed on those
patients (n=20) that died as a result of Covid. The overall cohort of n=399 was used to calculate

expected frequencies.
Results
SARS-CoV-2 induces systemic type 3 IFN production

In order to quantify levels of type 3 interferons in our cohort of Irish patients, we measured IFNL1
(1L29), IFNL2 (IL28A) and IFNL3 (IL28B) levels from plasma of n=399 patients with PCR-confirmed
SARS-CoV-2. We included plasma from 35 healthy individuals and 26 HCV+ patients as reference
controls (Figure 1). There was considerable qualitative and quantitative variation observed both

between cytokines, and the different viral infections. While IFNL1 (IL29) was not detected in plasma

20z AINr L1 U0 1senB Aq 02920, L/ F09EXN/189/E60 "0 /I0P/2|01E-80UBADE/I90/WO00"dNO"ILISPEDE//:SAY WO PAPEOIUMOC



from most healthy donors, it was significantly increased in plasma of both COVID-19 and HCV+
patients (Figure 1A). One COVID-19 patient (with many risk factors) had extremely high levels
(25410pg/ml) of IFNL1 (see Table 2 for summary of cytokine measurement data). In the overall
cohort, however, only 65% of Irish COVID-19 patients had measurable IFNL1 cytokine, and the
median level of IFNL1 was relatively low at 30pg/ml (Table 2). A higher frequency of HCV+ patients
had measurable IFLN1 (85%) with a median measurement of 60pg/ml (Table 2). Overall, IFNL1 was
present at lowest amounts and at the lowest frequency in the Irish COVID patients compared to

IFNL2, or IFNL3 which had highest levels and frequency overall (see Figure S1 and Table 2).

IFNL2 had quite a different profile with roughly similar frequencies of healthy controls (48.6%) and
HCV+ plasma samples (53.8%) having detectable levels of this cytokine; this increased to 75% of the
COVID-19 patients (Figure 1B and Table 2). COVID-19 positive patients also had higher median levels
(193.3pg/ml), compared to HCV+ controls (133.9pg/ml) and a median of zero was recorded for
healthy controls (see Table 2). Viral infection was more consistently associated with IFNL3 with
approximately 95% of patients with either SARS-CoV-2 or HCV having detectable amount of plasma
cytokine compared with 37% of healthy donors. The median amount of IFNL3 was highest for
patients with COVID-19 (Figure 1C and Table 2). IFNL3 plasma levels were also found at highest
frequency and median levels in the smaller cohort of UK COVID-19 patients (Figure S1). Therefore,
all cytokines were detected and were increased in either frequency or amount during viral infection.
While only IFNL3 had significantly higher levels of cytokine compared to HCV+ patients, both IFNL1

and IFNL2 were significantly higher in COVID-19 patients compared to healthy controls.

IFNL3/4 associated SNPs do not predict severity of infection in COVID-19 patients

Given that SNPs associated with the IFNL genomic region predict beneficial immune responses in
HCV infection, we tested whether SNP rs8105790 (upstream of IFNL3 in an intergenic region),
rs8099917 (downstream of IFNL4) or rs11881222 (IFNL3 gene intron) might be predictive of
outcome in our COVID cohorts (7). To first address whether IFNL SNPs predicted mild versus a more
severe disease requiring hospitalization (WHO classification 1-2 > 3, see Table S1), we typed gDNA
from 321 Irish COVID patients for rs8099917 (T/G) and rs8105790 (T/C). Chi-squared analysis
showed that neither SNP predicted outcome for patients infected with SARS-CoV-2 (see Figure 2a).
Given that the UK cohort had more patients with severe disease (all 241 patients were admitted to

hospital), we further addressed whether rs8099917 (T/G) or rs11881222 (A/G) were associated with
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required ventilatory support (WHO>5; non-invasive ventilation/high flow oxygen or intubation and

ventilation). However, neither SNP predicted the need for ventilatory support (Figure 2a).

IFNL3 cytokine levels do not predict severity of infection in COVID-19 patients

We next stratified data from the Irish patient cohort to investigate if IFNL3 cytokine levels could
predict prognosis within hospitalized COVID-19 patients (n=399). However, levels were similar in
patients with good (WHO 1-2), mild (WHO 3-4) and bad (WHO 5-8) clinical outcomes (Figure 2b),
which was consistent with the SNP data. To look at kinetics of production of IFNL3 in the Irish cohort
for whom we had relevant information (n=278 patients), we stratified data based on sample time
(days) from symptom onset (DfSO). There was early production of IFNL3 in all patients (day 0-7 in
Figure S2 and Figure S3c) but overall, there were no associations between IFNL3 production and
disease severity in any of the differing disease outcome groups. It was interesting to observe that
IFNL3 remained at elevated levels for up to 3-6 months, even in those patients with very mild COVID-
19. Thus, although circulating IFNL3 is produced and sustained in response to SARS-CoV-2 infection,

it was not predictive of disease progression.

Reduced or absent circulating IFNL1 and IFNL2 levels are associated with more severe COVID

outcome

Finally, we investigated if IFNL1 or IFNL2 levels were associated with disease severity in COVID-19
patients using good (WHO 1-2), mild (WHO 3-4) and bad (WHO 5-8) clinical outcomes to stratify the
large cohort of Irish patients (n=399). IFNL1 was found in progressively lower amounts with
increasing disease severity (WHO1-2, 3-4 and 5-8; Figure 3a). Although levels were generally quite
low, IFNL1 was produced early with highest median levels at the earlier sampling points (up to two
weeks, Figure 3c, e and S3a) in patients with mild disease; while the lower patient numbers in the
stratified data preclude statistical analysis, the trend suggests that higher levels at earlier times may
be protective. There was a potential delay in production in the WHO 3-4 group in which the median

increased over time.

Lower IFNL2 was also associated with a more severe clinical outcome in COVID-19 patients (Figure
3b) with significantly reduced levels in patients with severe disease (WHO 5-8) compared to a milder

outcome (WHO 1-2). Similar to trends seen for IFNL1, stratification of patients for temporal analysis
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found that IFNL2 cytokine was present very early with the highest median value recorded at the first
sampling time frame of 0-7 days (Figure 3d,e, S3b). Thereafter, the median gradually decreased in
the mild patient group for samples up to 2 months. This pattern contrasted with the WHO 3-4 (good
outcome) group in which the median levels started low and gradually increased up to about 2

months.

Both IFNL1 and IFNL2 levels were consistently low in patients with most severe COVID-19 (WHO 5-
8). It was striking to note that a complete absence of either IFNL1 or IFNL2 occurred more
frequently with more severe COVID-19. Stratification of 138 COVID-19 patients without any
detectable IFNL1 into groups based on disease severity demonstrated a clear association between
absence of IFNL1 and worse outcome (Figure 4a). Indeed, of the twenty patients in the cohort who
died of COVID-19, 12 had no detectable IFNL1 (60%) compared to the overall cohort (35%).
Performing a similar analysis on the 75 COVID-19 patients with no plasma IFNL2 detectable (Figure
4b), there was a clear association between worse outcome and absence of IFNL2 with 11 of the 20
patients who died (55%) having no detectable IFNL1 compared to 25% of the overall cohort. Of

note, the vast majority of patients who died (16 of 20) lacked either IFNL1 or IFNL2 (Figure 4c).

Logistic regression modelling (using AIC values for the model with WHO score specified as a
continuous variate versus as a factor) confirmed that the probability that IFNL1 was absent
increased significantly across the WHO score (Figure 4d and using raw data from Figure 4a) with

similar findings for IFNL2 (Figure 4e, with raw data from Figure 4b).

Thus, understanding the biology of IFNL1 and IFNL2 and their role in protection against severe SARS-

CoV-2 infection is an important research focus.

Discussion

Defining. what constitutes a beneficial immune response to SARS-CoV-2 is important for
understanding mechanistic, prognostic, therapeutic and vaccine development aspects of the disease.
Although interferons are recognised as key anti-viral regulators, the data emerging are complex and
often contradictory (15). In this study, we have focussed on type 3 IFNL in a large cohort (~500
patients) of Irish patients which includes important representation from patients with mild disease
(WHO1-2). Our data highlights the importance of considering type 3 IFNs as a family of cytokines
within which individual cytokines can play independent roles. Indeed, we found qualitative and
guantitative differences in terms of frequency of induction, amount of cytokine produced and

associations with severe COVID-19 outcome between IFNL1, IFNL2 and IFNL3. All three cytokines

20z AINr L1 U0 1senB Aq 02920, L/ F09EXN/189/E60 "0 /I0P/2|01E-80UBADE/I90/WO00"dNO"ILISPEDE//:SAY WO PAPEOIUMOC



were induced in plasma in response to SARS-CoV-2 infection as was expected of innate anti-viral
cytokines. IFNL3 was induced in 95% of COVID-19 patients and at higher median levels compared to
the IFNL1 or IFNL2. Its production profile was similar to that seen in a control HCV cohort where it
was also detected in 95% of patients, albeit at median lower levels (Table 2). It was interesting to
observe that IFNL3 levels were maintained, even in patients who had very mild disease of IFNL3 but
were not associated with outcome of COVID-19. It is not clear what function IFNL3 serves in the
context of SARS-CoV-2 infection but the sustained levels of IFNL3 across all disease severity groups
suggest that it is worth investigating a potential role in long-COVID which can impact patients,

regardless of severity of initial infection.

We tested for two SNPs in the IFNL genomic region that were previously identified to strongly
predicted both spontaneous resolution of HCV and patient response to IFNa therapy. As
mentioned, rs8105790 did not predict prognosis of SARS-CoV-2 infection in our cohort. The older
literature is confusing regarding which genes particular SNPs mark and how they might relate to any
functional impact. In particular SNPs that are now known to better associate with IFNL4, including
rs8099917 (located in an intergenic region closest to IFNL4), paradoxically predict a non-expressed
beneficial IFNL variant in HCV infection (18, 19).. While rs8099917 TT genotype has been reported to
be beneficial in a cohort of Iranian COVID patients (20), we found no association in either Irish or a
mixed ethnicity UK cohort. However, rs8099917 is in relatively weak linkage disequilibrium with
IFNL4 functional SNPs in European populations (such as Irish, (7)) and the lack of association should
be confirmed with other informative SNP e.g. rs368234815 before ruling out a role for IFNL4 in
COVID-19 patients. The natural population variation of informative SNP frequencies means that

genetic and/or biological associations may have limited use for COVID-19 in a global context.

Of more clinical interest was the observation that IFNL1 and IFNL2 were produced in 65% and 75%
respectively of patients with COVID and production was associated with better outcomes in this
cohort. This is important in the context of trying to understand whether IFNL are beneficial or
perhaps detrimental in COVID-19, as previously raised by some studies (15). In our study, patients
with mild COVID had a rapid production of IFNL1 and IFNL2, which although decreasing over time,
was still detectable 2 months post-infection. This contrasted starkly with patients who had a more
severe COVID-19 disease trajectory. Similarly, when patients who lacked these cytokines were

stratified by outcome, we observed a clear negative correlation between cytokine levels and disease
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severity, suggesting that the absence of IFNL1 or IFNL2 may contribute to disease progression. There
may be some redundancy in the roles these cytokines play based on the observation that lacking
either IFNL1 or IFNL2 was detrimental, and these phenotypes were overrepresented in the patients
who died in our study. As we only have one sample per patient, the absence of a cytokine at a
particular time does not mean that the cytokine was never there. However, the patients who died in
our cohort had samples across the range of times and not one particular time point. Our data are
consistent with a model in which, for this genetically homogenous population, both IFNL1 and IFNL2
production are beneficial in SARS-Co2 infection and furthermore, a failure to make IFNL1 and/or
IFNL2 at earlier time points hampers the ability of the immune response to clear the virus. The

potential use of IFNL as a biomarker(s) of severe COVID-19 illness deserves further investigation.

There are some limitations to our study including that while we have a large number of samples at a
range of well documented time points, they are not serial samples from the same patients which
would give a more accurate picture of induction and fluctuation profiles. Stratification to look at
temporal patterns of cytokine levels also reduced the numbers available in each group and while
most were fine, some had lower numbers and will need validation in other studies. Finally, we had
access to peripheral blood only for this study and some reports have shown differences in IFNL

between airways (the primary site of infection) and blood, which we were unable to investigate.

Overall, the patterns observed for IFNL2 and IFNL1 (and IFNL3 to a lesser extent) were similar and
consistent with the currently accepted pattern of type | IFN during COVID-19 (11, 21, 22). In
particular, early production is beneficial but severe disease is characterised by an absence of
cytokine. However, association is not causation and in our study, as in others, it is not clear whether
the reduced cytokine levels in severe disease patients are caused by viral encoded mechanisms or
indeed, whether individuals that only make low/no IFNL2 or IFNL1 for reasons e.g. genetic
polymorphism are more susceptible to severe SARS-CoV-2. Further work is required to dissect
possible mechanisms and it is likely that both host and virus will contribute to the clinical phenotype

observed.
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Figure legends
Figure 1. SARS-CoV-2 induces systemic type 3 IFN production.

Plasma samples from n=399 Irish patients with COVID-19 (CV-19) were assays for IFNL1 (a), IFNL2 (b)
and IFNL3 (c) by ELISA. Plasma samples from healthy donors (n=35) and HCV+ patients (n=26) were
also included as indicated. ELISA data was log normalised and box and whisker plots are shown.
Samples were analysed by one way ANOVA with Tukey’s test for multiple comparisons. * P<0.05,

***p<0.001.

Figure 2. IFNL3 associated SNPs or cytokine levels do not predict severity of infection in COVID-19

patients

gDNA samples from Irish (n=319) and UK (n=242) COVID-19 patients were typed for SNPs including
rs8099917, rs8105790 and rs11881222 by qRT-PCR. The cohorts were characterized by differing
disease severities and were stratified accordingly for analysis as indicated in the figure. Counts for
the various SNP genotypes are shown and Chi-squared analysis performed. n.s. not significant. (b)
Cytokine levels were measured by ELISA and plasma levels of IFNL3 for Irish patients with COVID-19
(n=399) were stratified by disease severity into WHO 1-2 (n=183), WHO 3-4 (n=145) and WHO 5-8
(n=72) as indicated. Healthy control IFNL3 (n=35) plasma levels are also included. Data show box
and whisker plots for log normalized data which was statistically analysed by a one way ANOVA with

Tukey’s test for multiple comparisons. ****P < 0.0001.

Figure 3. Reduced serum levels of IFNL1 and IFNL2 are significantly associated with worse outcomes.

Plasma samples from n=399 Irish COVID-19 patients were assayed for IFNL1 (a) and IFNL2 (b) by
ELISA. Plasma samples from n=36 healthy donors were also included as indicated. Patients were
stratified based on disease severity as WHO 1-2 (n=183), WHO 3-4 (n=145) or WHO 5-8 (n=72), and
box and whisker plots for the data are shown. (a,c) Data was analysed by a one way ANOVA and
Tukey’s test for multiple comparisons. *P<0.05, **P<0.01, ****P<0.0001 (b,d) For a subset of the
Irish patients (n=278), information was available to allow further stratification into groups based on
sample timing (days from symptom onset, DfSO) which included days(d)0-7, d8-14, d15-30 and d30-
60 as indicated. Bars show median IFNL levels (pg/ml) and exact numbers in each group are shown

in (e).
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Figure 4. Absence of either IFNL1 or IFNL2 is associated with a worse outcome with COVID-19
patients. Cytokine levels of IFNL1 and IFNL2 were measured from n=399 patients with COVID-19.
(a,b) COVID-19 patients who had no detectable IFNL1 (a, n=138) or no detectable IFNL2 (b, n=105)
were stratified based on disease severity groups WHO 1-2, WHO 3-4, WHO 5-7 or WHO 8 (death).
Bars show the frequency (Freq) of patients that were negative for IFNL in each of a disease severity
groups. The number of individuals that contributes to each clinical group is shown inset on each
column. (c) For the n=20 patients who died within the overall cohort (n=399), the table shows the
counts for patient negative for IFNL1 or IFNL2. Chi-squared analysis was performed relative to the
overall cohort and P-values shown. Breakdown of other patient outcomes and a representative chi-
squared analysis are shown in Figure S4. Panels (d) and (e) show fits from logistic regression models
of corresponding data in panels (a) and (b) with the binary response being the presence / absence of
IFNL1 and IFNL2 (where absence was the category of interest), and WHO score as a continuous
predictor. In each case, AIC analysis indicated that the effect of increasing WHO score across the four
categories had a positive and significant effect on the absence of the marker. AIC was 506.25 for
IFNL1 model with WHO score vs 515.74 for a model with intercept only and IFNL2 AIC values were
457.61 vs 462.72 respectively. Inclusion of age, sex and smoking status in the models did not alter

the conclusions.
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Irish UK
Number of patients (gDNA) 319 242
Number of patients (plasma) 399 56
Non-hospitalised (WHO 1-2) 46% 0
Hospitalised (>WHO 3) 54% 100%
% Female 60% 48%
Ethnicity: White: 87% White: 35%
Asian: 11% Asian: 19%
Black: 2% Black: 38%
Other/NR: 30%
Median age 56 65
Age range 19-95 21-95
Sample DfSO <7 days 36% 64%
(n=278) (n=56)

Table 1. Overall patient cohort demographics
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IFNL1 (1L29) IFNL2 (IL28A) IFNL3 (IL28B)
Health HCV Covid Health HCV Covid Health HCV Covid
y y (n=399) | vy (n=399)
(n=26) | (n=399) (n=26) (n=26)
(n=35) (n=35) (n=35)
Freq
14.3% 84.6% | 65% 48.6% 53.8% | 75.0% 37.0% 95.5% | 95.0%
(% pos)
Average
of total 135.5 199.6 | 276.8 721.8 987.3 | 12559 | 9.9 3149 | 9184
(pg/ml)
Median
of total 0 66.1 29.7 0 133.8 193.3 0 203.4 370.7
(pg/ml)
Median
of
N 56.4 101.5 70.3 606.7 1261.0 | 661.0 17.6 210.0 383.4
positives
(pg/ml)
Min/ma
0/188 | 0/2541 0/557 | 0/1153 0/137 | 0/4310
X 0/230 / / 0/2298 / / 0/91.5 / /
5 0 6 0 4 0
(pg/ml)

Table 2: Plasma levels of IFNL1, IFNL2 and IFNL3 in cohort of patients with COVID-19
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