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Abstract
Purpose

Autoantibodies (aAbs) to type I interferons (IFNs) have been found in <1% of individuals under the age of
60 in the general population, with the prevalence increasing among those over 65. Neutralizing
autoantibodies (naAbs) to type I IFNs have been found in at least 15% of patients with life-threatening
COVID-19 pneumonia in several cohorts of primarily European descent. We aimed to de�ne the
prevalence of aAbs to IFN-α2 in 3,456 Japanese controls aged 20–91 and of aAbs and naAbs to IFN-α2
and IFN-ω in 627 Japanese COVID-19 patients aged 0–104, among whom were 170 critical, 235 severe,
112 moderate, 105 mild, and 5 asymptomatic infections.

Methods

ELISA and ISRE reporter assays were used to detect aAbs and naAbs using E. coli-produced IFNs.

Results

In an uninfected general Japanese population aged 20–91, we found aAbs in 0.087% of individuals.
naAbs to type I IFNs (IFN-α2 and/or IFN-ω, 100 pg/mL) were detected in 10.6% of patients with critical
infections, 2.6% of patients with severe infections, and ≤1% of patients with asymptomatic to mild
infections. They were higher in COVID-19 patients over 50 (5.8%) than in younger patients (0%) and
higher in men (5.5%) than in women (1.1%). A signi�cant but not strong correlation between aAbs and
naAbs to IFN-α2 existed (r=-0.307, p-value<0.0001), stressing the importance of measuring naAbs.

Conclusion

In the largest study focusing on a single ethnic and geographic group, we show that Japanese individuals
with pre-existing naAbs have a much higher risk of life-threatening COVID-19 pneumonia.

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The clinical spectrum of COVID-19 varies in severity:
approximately 80% of cases are asymptomatic, mild, or moderate (nonhypoxemic pneumonia), 15% of
cases involve severe pneumonia (hypoxemia with O2<6 L/min), and 5% involve critical pneumonia (1).
This virus is highly contagious and virulent, so the health care systems in endemic areas are in crisis.
Therefore, appropriate triage of patients is needed before this infection becomes severe, and it is
important to establish the risk factors that predict life-threatening COVID-19 pneumonia.

To date, the strong epidemiological risk factor for life-threatening COVID-19 is age (especially >65 years)
(2-5). In contrast, other factors, such as male sex, cardiovascular disease, etc., are modestly associated
with COVID-19 aggravation (6-8). However, there is important interindividual variability in the spectrum of
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COVID-19 severity, and in some patients, the disease becomes severe without these risk factors. In some
of these cases, abnormalities of the innate immune system allowed viral replication in the early stage of
the infection, and then excessive production of in�ammatory cytokines triggered aggravation (9-14).
Indeed, abnormalities in the type I interferon (IFN) signaling system have been reported to be strongly
involved in COVID-19 aggravation. Zhang et al. reported that inborn errors of TLR3- and IRF7-dependent
type I IFN induction and ampli�cation could underlie 3.5% of life-threatening cases of COVID-19
pneumonia (15). Asano et al. reported that approximately 1.8% of male patients under the age of 60
years with critical COVID-19 pneumonia had X-linked recessive TLR7 de�ciency (16). Even when these
genes were not congenitally abnormal, the presence of neutralizing autoantibodies (naAbs) to type I IFNs
can predate the infection and become a serious risk factor in COVID-19 aggravation. Bastard et al.
reported that 10.2% of patients with life-threatening COVID-19 pneumonia had naAbs to type I IFNs, while
0.33% of healthy individuals and 0% of patients with asymptomatic/mild disease had them (17).
Afterward, the authors revealed that 20% of both patients with critical COVID-19 over the age of 80 years
and those with fatal COVID-19 of all ages had naAbs to type I IFNs (18). These �ndings suggest that
approximately 5% of younger patients have a risk of aggravation due to genetic abnormalities associated
with type I IFNs, and approximately 20% of older patients have a risk of aggravation due to naAbs to type
I IFNs. The naAbs to type I IFNs have also been shown to underlie life-threatening adverse reactions to
yellow fever vaccine (YFV) (19). However, the clinical symptoms associated with these naAbs are not
apparent in other viral infections unless patients are infected with SARS-CoV-2. Therefore, it is di�cult to
predict the risk of aggravation due to naAbs to type I IFNs prior to SARS-CoV-2 infection. Although several
subsequent studies supported these observations, accumulation of evidence is still required. It may be
important to focus on a single ethnic group for precise characterization of the role of antibodies to type I
IFNs in COVID-19 aggravation.

The current study aimed to clarify the prevalence of antibodies to type I IFNs in Japanese COVID-19
patients, estimating how much the presence of naAbs contribute as a risk factor in the Japanese
population. This study also aimed to reveal the prevalence of aAbs in the uninfected Japanese
population and discuss differences among ethnic groups compared to previous reports.

Materials And Methods
COVID-19 patients and individuals in the general population subjected to analysis

We conducted the study at Hiroshima University Hospital, Tokyo Medical and Dental University Medical
Hospital, and Osaka City University Hospital. We enrolled 627 COVID-19 patients admitted to our
institutes and 3,456 individuals from the general population (Fig. 1A, B, Table 1), which included 1,000
previously reported individuals (18). The detailed materials of the patients and the general population are
described in the Supplemental materials and methods.

We assessed the severity of COVID-19 based on the Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia as previously described (17). A critical case was de�ned as a case involving



Page 5/20

mechanical ventilation (including intubation, high �ow nasal cannula, continuous positive airway
pressure, bilevel positive airway pressure, etc.), septic shock, any other organ failure and/or use of ECMO
in the intensive care unit. Severe cases involved oxygen therapy < 6 L/min because of pneumonia.
Moderate cases involved symptoms of mild pneumonia but no requirement for oxygen therapy. Mild
cases were de�ned as some mild symptoms without pneumonia. Asymptomatic cases did not involve
any symptoms.

Neutralization assay of autoantibodies (aAbs) to type I IFNs

We performed luciferase reporter assays with reference to previous research (17). The detailed method of
neutralization assay is described in the Supplemental materials and methods.

Measurement of aAbs to type I IFNs and IFN-α2 concentration

The detailed methods of ELISA and ProQuantumTM Immunoassay are described in the Supplemental
materials and methods.

Statistical analysis

The detailed method of statistical analysis is described in the Supplemental materials and methods.

Results
The frequency of aAbs to type I IFNs was high in patients with critical COVID-19

We �rst measured aAbs to type I IFNs by ELISA in 627 Japanese COVID-19 patients aged 0–104 years,
including 170 critical, 235 severe, 112 moderate, 105 mild, and 5 asymptomatic infections. We detected
aAbs to IFN-α2 or IFN-ω at the following frequencies: 5.9% critical cases, 1.7% severe cases, 0.9%
moderate cases, 3.8% mild cases, and 0% asymptomatic cases (Fig. 1C, Table S2). In detail, 4.7% (95% CI:
2.4-9.0) of patients with critical disease had aAbs to IFN-α2, 3.5% (95% CI: 1.6-7.5) to IFN-ω, and 2.4%
(95% CI: 0.9-5.9) to both IFN-α2 and IFN-ω. The aAbs to IFN-α2 or IFN-ω were also detected in 1% or less
of patients with asymptomatic to moderate disease and 3.8% of patients with mild disease. Unlike
patients with critical COVID-19, none of the patients with asymptomatic to moderate disease had aAbs to
both interferons (IFN-α2 and IFN-ω) (Fig. 1D, Tables 2, S2). Among patients over 50 years old, 3.6% (95%
CI: 2.2-5.7) had aAbs to IFN-α2 or IFN-ω, while 1.7% (95% CI: 0.6-4.8) of patients younger than 50 years
had these aAbs (Fig. 1E, Table 2). Overall, these aAbs to type I IFNs were detected more frequently in
patients with critical disease and patients over 50 years old. However, the presence of isolated aAbs to
IFN-α2 or IFN-ω was detected in some of the patients with asymptomatic to moderate disease in the
current study.

naAbs to type I IFNs were frequently detected in patients with critical COVID-19
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ELISA detects aAbs that react with type I IFNs, but it does not always detect their neutralizing activity. We
thus measured neutralizing activity against type I IFNs using the ISRE reporter assay in sera from 627
patients with COVID-19 (18). Sera were considered to have neutralizing activity if the induction of ISRE
activity, which was normalized to Renilla luciferase activity, was less than 15% of the median values of
healthy controls in reference to a previous report (18). The results of the neutralizing assay are
summarized in Tables 3, S3 and S4. The prevalence of naAbs to high concentrations (10 ng/mL) of IFN-
α2 or IFN-ω was found in 5.9% of critical cases, 2.1% of severe cases, 0.9% of moderate cases, 0% of mild
cases, and 0% of asymptomatic cases (Fig. 2A, Table S3). In detail, 5.9% (95% CI: 3.2-10.5) of critical
cases had naAbs to IFN-α2, 4.1% (95% CI: 2.0-8.3) of them to IFN-ω, and 4.1% (95% CI: 2.0-8.3) to both
IFN-α2 and IFN-ω. On the other hand, less than 1% of patients with asymptomatic to moderate disease
had naAbs to type I IFNs (Fig. 2B, table 3). Among patients over 50 years old, 3.6% (95% CI: 2.2-5.7) had
naAbs to IFN-α2, 2.2% (95% CI: 1.2-4.1) to IFN-ω, and 2.2% (95% CI: 1.2-4.1) to both IFN-α2 and IFN-ω. In
contrast, none of the patients younger than 50 years old had naAbs to type I IFNs (Fig. 2C, Table 3).
Overall, 6 patients with critical/severe disease had naAbs to IFN-α2 alone, and 9 patients with
critical/severe disease and only one with moderate disease had naAbs to both IFN-α2 and IFN-ω. On the
other hand, we did not �nd patients with naAbs to IFN-ω alone in the 10 ng/mL condition (Fig. 2D, S1,
Table S3). When we focused on COVID-19 patients over 50 years old, the odds ratio associated with
COVID-19 aggravation among patients in critical condition was 3.3 (95% CI: 1.2-9.3) for the presence of
naAbs to IFN-α2 alone, 4.6 (95% CI: 1.2-18.0) for both IFN-α2 and IFN-ω, and 4.6 (95% CI: 1.2-18.0) for
IFN-ω alone (Fig. 2E).

Next, we analyzed neutralizing activity in sera under more sensitive conditions by stimulating cells at
lower concentrations (100 pg/mL) of IFN-α2 or IFN-ω. Under this condition, consistent with previous
reports (18), the prevalence of naAbs was highly observed in 10.6% of critical cases, 2.6% of severe
cases, 0.9% of moderate cases, 1.0% of mild cases, and 0% of asymptomatic cases (Fig. 3A, Table S3). In
detail, 7.1% (95% CI: 4.1–11.9) of critical cases had naAbs to IFN-α2, 10.0% (95% CI: 6.3–15.4) to IFN-ω,
and 6.5% (95% CI: 3.7–11.2) to both IFN-α2 and IFN-ω. Only 1% or less of the patients with asymptomatic
to moderate disease had these naAbs to IFN-α2 or IFN-ω (Fig. 3B, Table 3). Among patients over 50 years
old, 4.5% (95% CI: 2.9-6.8) had naAbs to IFN-α2, 4.7% (95% CI: 3.1-7.0) of them to IFN-ω, and 3.3% (95%
CI: 2.0-5.4) to both IFN-α2 and IFN-ω. In contrast, none of the patients younger than 50 years old had
naAbs to IFN-α2 or IFN-ω (Fig. 3C, Table 3). In this sensitive condition of the neutralizing assay, 4 patients
with critical/severe disease had naAbs to IFN-α2, 6 patients with critical disease had naAbs to IFN-ω and
14 patients with critical/severe disease had naAbs to both IFN-α2 and IFN-ω. On the other hand, only one
of the patients with mild disease had naAbs to IFN-α2, and only one of the patients with moderate
disease had naAbs to both IFN-α2 and IFN-ω (Fig. 3D, S2, Table S3). Among COVID-19 patients over 50
years old, the odds ratio associated with COVID-19 aggravation among patients in critical condition was
3.0 (95% CI: 1.2-7.5) for the presence of naAbs to IFN-α2, 8.9 (95% CI: 2.9-27.0) for IFN-ω, and 5.5 (95% CI:
1.7-17.7) for both IFN-α2 and IFN-ω (Fig. 3E).

When we focused on COVID-19 patients with naAbs against IFN-α2, neutralizing activity was detected in
both the 10 ng/ml and 100 pg/mL conditions in 16 patients, while 4 other patients showed neutralizing
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activity against only 100 pg/ml IFN-α2. Among these 4 patients, 3 patients had critical/severe disease,
and 1 patient had mild disease (Fig. 4A, S3). Regarding naAbs to IFN-ω, neutralizing activity was detected
in both the 10 ng/mL and 100 pg/mL conditions in 10 patients, whereas 11 other patients showed
neutralizing activity only against 100 pg/mL. Among these 11 patients, all patients had critical/severe
disease (Fig. 4B, S4). It is known that the concentration of type I IFNs in the blood of patients with acute
and benign SARS-CoV-2 infections ranges from 1 to 100 pg/mL (13, 20). Moreover, it has been
experimentally proven that 100 pg/mL of type I IFNs can impair SARS-CoV-2 replication in epithelial cells.
(18) Therefore, a neutralization assay using 100 pg/mL of type I IFNs, which re�ects physiological
conditions, detected naAbs more precisely than the assay using 10 ng/mL, especially naAbs to IFN-ω.
The prevalence of naAbs by sex was 5.5% (95% CI: 3.7-8.0%) at 100 pg/mL and 3.4% (95% CI: 2.1-5.5%)
at 10 ng/mL for males and 1.1% (95% CI: 0.3-3.8%) at 100 pg/mL and 0.5% (95% CI: 0.1-3.0%) at 10
ng/mL for females (Fisher’s exact test P value 0.0086 [100 pg/mL], 0.0488[10 ng/mL]) (Fig. S5, Table
S4).

Overall, these naAbs to type I IFNs were detected more frequently in patients with critical disease, patients
over 50 years old and men. These results �t with previous reports that identi�ed a high prevalence, 10.2-
18% in patients with critical disease, of naAbs to type I IFNs (table S5) (17, 18, 21-27).

Comparison of the results of the neutralization assay and ELISA.

The neutralization assay can be considered a gold standard in assessing the biological effect of aAbs on
type I IFNs. The ISRE reporter assay, especially that involving low concentrations of type I IFNs, gave us a
sensitive test to assess naAbs to type I IFNs in COVID-19 patients. However, this assay is not suitable for
assessing multiple samples because it requires gene introduction and takes 3 days to complete the whole
process. On the other hand, ELISA-based assays enable us to analyze multiple samples with shorter
experimental times. We thus compared the results of neutralizing activity against type I IFNs measured by
the ISRE reporter assay with the results of aAbs to type I IFNs measured by ELISA. When the presence of
naAbs to IFN-α2 was predicted by the results of aAbs to IFN-α2, the sensitivity was 50%, the speci�city
was 99.3%, the positive predictive value (PPV) was 66.7%, the negative predictive value (NPV) was 98.7%
at 10 ng/mL (Fig. 4C), and these two detection methods had a weak negative correlation (a correlation
coe�cient -0.307 (95% CI: -0.376 -0.234, P value <0.0001)). For the 100 pg/mL condition, the sensitivity
was 40%, the speci�city was 99.3% (PPV of 66.7% and NPV of 98.0%), and these two detection methods
had a weak negative correlation (a correlation coe�cient -0.199 [95% CI: -0.273 -0.123, P value <0.0001])
(Fig. 4D). We thus realized that ELISA-based detection of aAbs to IFN-α2 can be an alternative method to
enable testing of multiple samples, e.g., screening tests for the general population, and to evaluate
antibodies to type I IFNs in sera. In contrast, for IFN-ω, ELISA failed to adequately detect the presence of
naAbs to IFN-ω. Indeed, ELISA-based detection of aAbs to IFN-ω pointed out the presence of naAbs to
IFN-ω (10 ng/mL condition) with a sensitivity of 10% and speci�city of 98.4% (PPV of 9.1% and NPV of
98.5%) (Fig. 4E). Regarding the 100 pg/mL condition, aAbs to IFN-ω only indicated naAbs to IFN-ω with a
sensitivity of 9.5% and a speci�city of 98.5% (PPV of 18.2% and NPV of 96.9%) (Fig. 4F).
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Sera from COVID-19 patients with naAbs to IFN-α2 show low concentrations of IFN-α2.

We next measured the IFN-α2 concentration in sera from the 627 COVID-19 patients with the
ProQuantumTM Human IFN alfa Immunoassay, which is a qPCR-based technique. The level of IFN-α2 in
sera with naAbs to IFN-α2 and/or IFN-ω was signi�cantly lower. In detail, 24 of 26 serum samples
(neutralized at 100 pg/mL) and 15 of 16 serum samples (10 ng/mL) were below their detection limit (< 4
pg/mL). The concentrations of IFN-α2 between sera with and without naAbs were signi�cantly different
(Wilcoxon rank sum test, 100 pg/mL: p=0.0038, 10 ng/mL: 0.0086) (Fig. 5A, B). These results were
consistent with a previous report (17).

Prevalence of aAbs to IFN-α2 in uninfected individuals from the general Japanese population.

Measuring neutralizing activity against type I IFNs was ideal for predicting the risk of COVID-19
aggravation associated with the presence of aAbs to type I IFNs. However, neutralization assays using
the ISRE reporter assay are not suitable for testing multiple samples. In the current study, ELISA-based
prediction of naAbs to IFN-α2, at least in the 10 ng/mL condition, was thought to be trustworthy with a
sensitivity of 50% and a speci�city of 99.3%. Therefore, we estimated the prevalence of naAbs to type I
IFNs in the Japanese population by detecting aAbs to IFN-α2 by ELISA. We measured aAbs to IFN-α2 in
3,456 Japanese individuals aged 20-91 years and unaffected by COVID-19. In this population, 3
individuals had aAbs to IFN-α2 (0.087% [95% CI: 0.0295-0.255%]) (Fig. 5C). These 3 individuals consisted
of an 86-year-old female, a 78-year-old male, and a 42-year-old male.

Discussion
The current study investigated aAbs and naAbs to type I IFNs in 627 patients with COVID-19 before the
Delta variant became predominant. This is the second largest study on the scale of the samples, the
largest study focusing on a single ethnic group, and the �rst in Asia. To minimize selection bias, we
collected sera from COVID-19 patients from three geographically different areas (Tokyo, Osaka and
Hiroshima) in Japan. The prevalence of naAbs to type I IFNs was high among patients with critical
disease, elderly patients, and male COVID-19 patients. These observations were consistent with a
previous study (17), providing strong evidence to support the risk of COVID-19 aggravation in individuals
with naAbs to type I IFNs. The modest risk factors that are well known thus far are male sex (OR = 1.457)
(7), cardiovascular disease (adjusted risk = 2.6) (6), chronic pulmonary disease (OR = 1.089) (7), diabetes
mellitus with chronic complications (rate ratio = 1.295) (7). In contrast, the risk of COVID-19 aggravation
among individuals with naAbs to type I IFNs was estimated to be higher (100 pg/mL of IFN-α2 and IFN-ω
OR = 5.5, IFN-α2 or IFN-ω OR = 4.7, among patients over 50 years) than those with these modest risk
factors. As shown in this study and a previous study (3, 5, 18), the prevalence of naAbs to type I IFNs is
increased with older age and increases throughout life, which might be one of the reasons why age is the
most striking epidemiological risk factor. On the other hand, naAbs to type I IFNs were also identi�ed in
1% or less of patients with mild to moderate COVID-19. Therefore, although the presence of naAbs to type
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I IFNs is a strong risk factor for aggravation, a small portion of patients with these naAbs can have mild
symptoms. This was also suggested by another case report (28).

It has been reported that only approximately 1% of the patients with naAbs to type I IFNs have naAbs to
IFN-β (18). Therefore, IFN-β therapy might be one of the bene�cial effects in cases with naAbs to type I
IFNs (29-32). In addition, the removal of naAbs to type I IFNs with plasma exchange may be bene�cial in
the treatment of COVID-19 patients (33). Since these treatments may be effective only in the early stage
of the infection (21), rapid tests to evaluate naAbs to type I IFNs are necessary for appropriate therapeutic
interventions. The neutralization assay of aAbs to type I IFNs is the gold standard in assessing functional
autoantibodies; however, it is not practical to use for rapid testing or for multiple samples due to its
complexity. We thus compared the results of ELISA and the neutralization assay using the ISRE reporter
assay and identi�ed a certain correlation between aAbs and naAbs for IFN-α2. On the other hand, no
correlation was observed for IFN-ω. A previous study pointed out a strong association between the
severity of COVID-19 and naAbs to IFN-α2; in contrast, the risk of aggravation by naAbs to IFN-ω alone
was not clear (18). We thus performed a systematic study by ELISA in 3,456 individuals without COVID-
19 and revealed that 0.087% of them were positive for aAbs to IFN-α2. Since aAbs to IFN-α2 predicted the
presence of naAbs to IFN-α2 with sensitivities of 50% (10 ng/dL condition) and 40% (100 pg/mL
condition), the prevalence of naAbs to IFN-α2 was assumed to be 0.17–0.22%. This prevalence in the
general population in Japan was slightly lower than that in a previous international study (0.33%) (17). In
agreement that the prevalence of naAbs in patients with critical disease in Japan (10.6%) was lower than
that (13.6%) in a previous international study, the prevalence of naAbs to type I IFNs might be slightly
lower, or at least equivalent, in the Japanese population.

One of the limitations of this study in the general population was that the prevalence of naAbs to type I
IFNs was estimated based on the results of ELISA. To accurately estimate the prevalence, the
development of a simple method for assessing neutralizing activity that enables multisample processing
is required. The current neutralization assay using the ISRE reporter assay requires gene transfection for
each assay. On the other hand, the establishment of a stable cell line expressing the ISRE reporter gene
may partially overcome this problem. In our study, some patients did not exhibit neutralizing activity
against type I IFNs even if they had a high titer of aAbs to type I IFNs. This observation was also reported
in another study (27) and was thought to be a false positive. This was partly because the detected aAbs
can bind to target cytokines without neutralizing activity. The other possible explanation is that these
aAbs may have neutralizing activity at concentrations lower than 100 pg/mL of stimulation. The
neutralizing assay in this current study used 10% sera, so naAbs to 100 pg/mL of cytokines could
neutralize 1000 pg/mL of cytokines. The IFN-α2 concentrations of most patients in this study were below
100 pg/mL in sera. Therefore, the neutralization assay using 10 pg/mL cytokine stimulation might be
worth trying. These possibilities are thought to be topics for future analysis. Despite having some
limitations, this was the �rst study to characterize the relationship between naAbs to type I IFNs and
COVID-19 aggravation in a Japanese population and the second largest study on this theme, providing
strong evidence to support the contribution of naAbs to type I IFNs to the risk of COVID-19 aggravation.
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Figure 1

Characteristics of 627 patients with COVID-19 and 3,456 individuals from the general population and the
results of aAbs to type I IFNs detected by ELISA in 627 patients with COVID-19. A Age and sex distribution
of patients with COVID-19 (n=627). The median age of the COVID-19 patients was 61 years (IQR: 46-73
years); 70.2% were males, and 29.8% were females. B Age and sex distribution of individuals from the
general population (n=3,456). The median age of subjects from the general population was 56 years
(IQR: 37-67 years); 43.5% were males, and 56.5% were females. C, D Detection of aAbs to type I IFNs of
patients with COVID-19 according to its severity with ELISA (n=627), including 170 critical, 235 severe,
112 moderate, 105 mild, and 5 asymptomatic infections. Their dot plot (C) and the prevalence (%) (D) are
shown. The cutoff value of ELISA was 0.5 (O.D.). Antibodies against IFN-α2 and IFN-ω were measured as
type I IFNs. E The prevalence of aAbs to type I IFNs of patients with COVID-19 according to age with
ELISA. The prevalence of aAbs was high in patients with critical COVID-19 and in patients over 50 years
old.
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Figure 2

naAbs to type I IFNs detected by the neutralization assay in 627 patients with COVID-19 at a cytokine
concentration of 10 ng/mL. Detection of naAbs to type I IFNs of patients with COVID-19 according to its
severity with the neutralization assay (n=627). Antibodies against IFN-α2 and IFN-ω were measured as
type I IFNs. The cutoff value of the neutralization assay was 15%. A Dot plot of the neutralization assay
stimulated by 10 ng/mL of type I IFNs. The prevalence of naAbs was high in patients with critical COVID-
19. B The prevalence of naAbs to type I IFNs of patients with COVID-19 according to its severity. The



Page 18/20

prevalence of naAbs was high in patients with critical COVID-19. C The prevalence of naAbs to type I IFNs
in patients with COVID-19 according to age. The prevalence of naAbs was high in patients over 50 years
old. D Neutralizing activity against type I IFNs was compared between IFN-α2 and IFN-ω stimulated by 10
ng/mL. All patients with neutralizing activity against IFN-ω had neutralizing activity against IFN-α2. E
Odds ratio for critical COVID-19 relative to other milder severities. The odds ratio was high, especially for
patients over 50 years old. NA denotes Not applicable.

Figure 3
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naAbs to type I IFNs detected by the neutralization assay in 627 patients with COVID-19 at a cytokine
concentration of 100 pg/mL. Detection of naAbs to type I IFNs of patients with COVID-19 according to its
severity with the neutralization assay (n=627). Antibodies against IFN-α2 and IFN-ω were measured as
type I IFNs. The cutoff value of the neutralization assay was 15%. A Dot plot of the neutralization assay
stimulated by 100 pg/mL of type I IFNs. The prevalence of naAbs was high in patients with critical
COVID-19. B The prevalence of naAbs to type I IFNs of patients with COVID-19 according to its severity.
The prevalence of naAbs was high in patients with critical COVID-19. C The prevalence of naAbs to type I
IFNs in patients with COVID-19 according to age. The prevalence of naAbs was high in patients over 50
years old. D Neutralizing activity against type I IFNs was compared between IFN-α2 and IFN-ω stimulated
by 100 pg/mL. E Odds ratio for critical COVID-19 relative to other milder severities. The odds ratio was
high, especially for patients over 50 years old.

Figure 4

Comparison of neutralization assays between 10 ng/mL and 100 pg/mL and ELISA and neutralization
assays of 627 patients with COVID-19. A, B Neutralizing activity against type I IFNs was compared
between type I IFN concentrations of 100 pg/mL and 10 ng/mL stimulated by IFN-α2 (A) or IFN-ω (B). C-F
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aAbs to type I IFNs by ELISA were compared with naAbs by the neutralization assay at concentrations of
10 ng/mL IFN-α2 (C), 100 pg/mL IFN-α2 (D), 10 ng/mL IFN-ω (E) and 100 pg/mL IFN-ω (F). The cutoff
value of ELISA was 0.5 (O.D.) and that of the neutralization assay was 15%.

Figure 5

IFN-α2 concentration of patients with COVID-19 and prevalence of aAbs to IFN-α2 in 3,456 individuals in
the general population. The IFN-α2 concentration in most of the patients with naAbs to IFN-α2 and/or IFN-
ω was below the limit of quanti�cation (<4 pg/mL). A Patients with naAbs to 100 pg/mL of IFN-α2
and/or IFN-ω (n=26) and patients without naAbs (n=601) were compared. B Patients with naAbs to 10
ng/mL of IFN-α2 and/or IFN-ω (n=16) and patients without naAbs (n=611) were compared. C aAbs to
IFN-α2 in the general population were detected using ELISA. Overall, the prevalence of aAbs to IFN-α2 was
0.087% in 3,456 individuals.
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