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Abstract
Recent studies reported the presence of pre-existing autoantibodies (auto-Abs) neutralizing type I interferons (IFNs) in at 
least 15% of patients with critical COVID-19 pneumonia. In one study, these auto-Abs were found in almost 20% of deceased 
patients across all ages. We aimed to assess the prevalence and clinical impact of the auto-Abs to type I IFNs in the Seine-
Saint-Denis district, which was one of the most affected areas by COVID-19 in France during the first wave. We tested for 
the presence of auto-Abs neutralizing type I IFNs in a cohort of patients admitted for critical COVID-19 pneumonia during 
the first wave in the spring of 2020 in the medicine departments at Robert Ballanger Hospital, Aulnay sous Bois. We found 
circulating auto-Abs that neutralized 100 pg/mL IFN-α2 and/or IFN-ω in the plasma (diluted 1/10) of 7.9% (11 of 139) of 
the patients hospitalized for critical COVID-19. The presence of neutralizing auto-Abs was associated with an increased risk 
of mortality, as these auto-Abs were detected in 21% of patients who died from COVID-19 pneumonia. Deceased patients 
with and without auto-Abs did not present overt clinical differences. These results confirm both the importance of type I 
IFN immunity in host defense against SARS-CoV-2 infection and the usefulness of detection of auto-Abs neutralizing type 
I IFNs in the management of patients.
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Introduction

Since the onset of the COVID-19 pandemic in December 
2019, at least 220 million people have been infected, and 
most likely many more. Nevertheless, only about 10% of 
these individuals developed hypoxemic COVID-19 pneu-
monia (severe or critical in about 3% of cases). There have 
been at least 5 million deaths, and most likely closer to 8–10 
million. The clinical spectrum of SARS-CoV-2 infection is 
therefore vast, ranging from silent infection to lethal disease. 
A few epidemiological risk factors have been identified. The 
most important one is age, with a risk of life-threatening 
disease doubling every 5 years. Gender as well as several 
other risk factors have been described (e.g., obesity) but 
with relatively modest effects [1, 2]. In each demographic 
category, however, there remains vast inter-individual clini-
cal variability.

Recent studies showed the important role of type I Inter-
ferons (IFNs) in protective immunity against SARS-CoV-2. 
Inborn errors of type I IFNs immunity were described in 
patients with life threatening COVID-19. Rare inborn errors 
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of autosomal genes controlling Toll-like receptor 3 (TLR3) 
and interferon regulatory factor 7 (IRF7)-dependent type 
I IFNs immunity were initially described [3] and more 
recently X-linked recessive TLR7 deficiency [4]. These 
inborn errors impair the production or amplification of type 
I IFNs in response to SARS-CoV-2. Deficiency of the TLR3 
pathway incriminated pulmonary epithelial cells, while that 
of the TLR7 pathway incriminated plasmacytoid dendritic 
cells.

Interestingly, several studies showed that at least 10% of 
patients with life threatening (critical) COVID-19 pneumo-
nia presented autoantibodies (auto-Abs) neutralizing type I 
IFNs, mostly the thirteen individual IFN-α and IFN-ω [5]. 
These auto-Abs were present before infection by SARS-
CoV-2 in the patients tested and in 0.33% of uninfected 
controls from before the pandemic. They were not detected 
in patients with asymptomatic or mild SARS-CoV-2 infec-
tion. They were also shown to block the anti viral activity of 
correspondent type I IFNs against SARS-CoV-2 in vitro and 
in vivo [5].These findings were replicated in other cohorts in 
Amsterdam, Madrid, San Francisco, Lyon, and New Haven 
[6–13].

Recently, auto-Abs neutralizing lower, more physiologi-
cal concentrations of type I IFNs (100 pg/mL, in 1/10 dilu-
tions of plasma) were detected in 15 to 20% of patients with 
critical COVID-19, notably in more than 20% of critical 
patients over 80 years of age. When also considering auto-
Abs to IFN-β, they were present in about 20% of deceased 
patients across all ages [14]. Surprisingly, the study of more 
than 34,000 individuals showed that the prevalence of these 
auto-Abs in the general population increases with age, nota-
bly after the age of 70 (4%), providing an explanation for the 
increased risk of severe COVID-19 with age [14].

In this context, we aimed to assess the prevalence and 
clinical impact of the auto-Abs to type I IFNs in Seine-
Saint-Denis department, which was one of the most affected 
areas by COVID-19 in France during the first wave of the 
pandemic [15]. We thus tested for the presence of auto-Abs 
to type I IFNs neutralizing different doses in a cohort of 
patients admitted for critical COVID-19 pneumonia during 
the first wave in the spring of 2020. Moreover, a commercial 
ELISA kit for the determination of anti–IFN-α2 auto-Abs 
was also evaluated.

Materials and Methods

Study Population

A cohort of 246 patients admitted for critical COVID-19 
pneumonia was constituted in Robert Ballanger Hospi-
tal, Aulnay sous Bois, France, during the first wave of the 

pandemic in order to assess factors associated with clinical 
outcomes in patients hospitalized for COVID-19 [16].

This study was approved by a research ethics committee 
and was registered on clinicaltrials.gov (NCT04366206).

It included patients which, after going to the emergency 
room, were hospitalized in medicine departments dedicated 
to treat COVID-19 patients. Severity criteria required a 
pulse oxygen saturation (SpO2) ≤ 96% despite oxygen sup-
port ≥ 6 L/min with oxygen mask, for more than 6 h. All 
patients therefore had “critical” COVID-19 pneumonia [14, 
17]. Some of these patients required an invasive mechani-
cal ventilation and a transfer to an intensive care unit (ICU) 
during their hospitalization.

From this cohort of 246 patients, 139 patients were ret-
rospectively selected because of an available serum sample 
that was collected during the acute phase of disease and 
stored in the laboratory sample collection. The studied pop-
ulation included 86 men and 53 women; median age was 
66 years (range: 21–92 years), and 15% of the patients was 
over the age of 80 years. For some of patients, serum sample 
was also collected about 1 year after infection.

Detection of Anti‑Cytokine Auto‑Abs by Gyros 
and ELISA

Biological serum samples were analyzed for the determina-
tion of anti-IFN-α and anti-IFN-ω auto-Abs by Gyros tech-
nology as previously described [14].

Cytokines, recombinant human (rh)IFN-α2 (Milteny 
Biotec, ref. number 130–108-984) or rhIFN-ω (Merck, ref. 
number SRP3061), were first biotinylated with EZ-Link 
Sulfo-NHS-LC-Biotin (Thermo Fisher Scientific, cat. num-
ber A39257), according to the manufacturer’s instructions, 
with a biotin-to-protein molar ratio of 1:12. The detection 
reagent contained a secondary antibody, Alexa Fluor 647 
goat anti-human IgG (Thermo Fisher Scientific, ref. number 
A21445) diluted in Rexxip F (Gyros Protein Technologies, 
ref. number P0004825; 1/500 dilution of the 2 mg/mL stock 
to yield a final concentration of 4 µg/mL). Buffer PBS-T 
0.01% and Gyros Wash buffer (Gyros Protein Technolo-
gies, ref. number P0020087) were prepared according to 
the manufacturer’s instructions. Plasma or serum samples 
were then diluted 1/100 in PBS-T 0.01% and tested with the 
Bioaffy 1000 CD (Gyros Protein Technologies, ref. number 
P0004253) and the Gyrolab X-Pand (Gyros Protein Tech-
nologies, ref. number P0020520). Cleaning cycles were 
performed in 20% ethanol.

Moreover, a commercially available ELISA kit (Human 
Anti-IFN alpha ELISA Kit, Thermo Fisher Scientific, ref 
number BMS217, hereafter referred to as “ELISA”) was also 
used for the quantitative detection of human anti-IFN-α2 
auto-Abs. In brief, microwells that were coated with recom-
binant human IFN-α subtype 2c were incubated with 1:5 
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dilutions of serum samples from the patients for 2 h at room 
temperature. Plates were thoroughly washed. Horseradish 
peroxidase (HRP)–conjugated human IFN-α (subtype 2c) 
protein was added and plates were incubated for 1 h at room 
temperature and washed. Substrate solution reactive with 
HRP was added and a colored product was formed in pro-
portion to the amount of human anti-IFN-α2 present in the 
sample or standard. The reaction was terminated by addition 
of acid and absorbance was measured at 450 nm.

Functional Evaluation of Anti‑Cytokine Auto‑Abs

The blocking activity of anti-IFN-α2, anti-IFN-ω, and anti-
IFN-β auto-Abs was determined with a reporter luciferase 
activity as previously described [14].

Briefly, HEK293T cells were transfected with a plasmid 
containing the Firefly luciferase gene under the control of 
the human ISRE promoter in the pGL4.45 backbone, and 
a plasmid constitutively expressing Renilla luciferase for 
normalization (pRL-SV40). Cells were transfected in the 
presence of the X-tremeGene9 transfection reagent (Sigma-
Aldrich, ref. number 6365779001) for 24 h. Cells in Dul-
becco’s modified Eagle medium (DMEM, Thermo Fisher 
Scientific) supplemented with 2% fetal calf serum (FCS) and 
10% healthy control or patient serum/plasma (after inactiva-
tion at 56 °C, for 20 min) were either left unstimulated or 
were stimulated with IFN-α2 (Milteny Biotec, ref. number 
130–108-984), IFN-ω (Merck, ref. number SRP3061), at 
10 ng/mL or 100 pg/mL, or IFN-β (Milteny Biotech, ref. 
number: 130–107-888) at 10 ng/mL, for 16 h at 37 °C. 
Each sample was tested once for each cytokine and dose. 
Finally, cells were lysed for 20 min at room temperature, and 
luciferase levels were measured with the Dual-Luciferase® 
Reporter 1000 assay system (Promega, ref. number E1980), 
according to the manufacturer’s protocol. Luminescence 
intensity was measured with a VICTOR-X Multilabel Plate 
Reader (PerkinElmer Life Sciences, USA). Firefly luciferase 
activity values were normalized against Renilla luciferase 
activity values. These values were then normalized against 
the median induction level for non-neutralizing samples and 
expressed as a percentage. Samples were considered neu-
tralizing if luciferase induction, normalized against Renilla 
luciferase activity, was below 15% of the median values for 
controls tested the same day.

Research of Antinuclear Antibodies

An indirect immunofluorescence assay on HEp-2 cells (Kall-
estad HEp-2 kit, Biorad, ref number 30472) was used for 
research of antinuclear antibodies (ANA) in patients with 
auto-Abs neutralizing type I IFNs, with a screening dilution 
of 1/160.

Statistical Analyses

To compare clinic characteristics, continuous variables are 
shown with the median and standard deviation (SD) and 
dichotomous variables are presented with the number of 
events and percentages.

Given the small samples size, a Fisher test was used 
to analyze the effect of dichotomous variables and a 
Mann–Whitney test for continuous variables.

Results

Detection of Auto‑Abs Neutralizing IFN‑α2 and/
or IFN‑ω

We first assessed the levels of circulating auto-Abs against 
IFN-α2 and IFN-ω using the Gyros technology in 139 
patients with critical COVID-19 pneumonia. We found that 
107 (77%) patients with critical COVID-19 have auto-Abs 
against IFN-α and/or IFN-ω by Gyros technology. Inter-
mediate titer (between 30 and 100, as previously described 
[14]) was frequent, as found in 66.9% (93 of 139) of patients 
with critical COVID-19 and high levels, above 100, were 
found in 10.1% (14 of 139) patients with critical COVID-19.

We then tested the neutralizing activity of all these sam-
ples against IFN-α and IFN-ω in vitro at high concentra-
tions of type I IFNs (10 ng/mL) and lower concentrations 
(100 pg/mL) whether they display high titer by Gyros assay 
or not. We found that 2.9% (4 of 139) of patients had auto-
Abs neutralizing 10 ng/mL of IFN-α2 and/or IFN-ω. Three 
of these patients had auto-Abs neutralizing high concentra-
tions of IFN-α2 and IFN-ω and 1 patient had only auto-Abs 
neutralizing high concentrations of IFN-α2. Moreover, some 
patients presented auto-Abs neutralizing only 100 pg/mL 
of IFN-α2 and/or IFN-ω but not higher concentrations. We 
found that 5% (7 of 139) of patients had auto-Abs neutral-
izing only lower concentrations of IFN-α2 or IFN-ω. Two 
of these patients had auto-Abs against only IFN-α2 and 5 
patients had auto-Abs against IFN-ω only.

Lastly, no patients with neutralizing activity against 
10 ng/mL of IFN-β were observed in our study. Overall, 
7.9% of the patients displays neutralizing activity against 
IFN-α and/or IFN-ω.

Only 27% (3 of 11) of these patients with neutralizing 
auto-Abs presented high levels of auto-Abs in Gyros assay, 
other patients having intermediate levels in Gyros assay or 
even no detectable auto-Abs. Two patients with neutraliz-
ing auto-Abs against IFN-α and 3 patients with neutralizing 
auto-Abs against IFN-ω had no detectable auto-Abs in Gyros 
assay (Table 1). Moreover, unlike previous studies, where 
most samples with high titer of auto-Abs in Gyros assay 
were neutralizing in vitro [14], 79% (11 of 14) of patients 
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with high levels of auto-Abs against IFN-α2 or IFN-ω in 
Gyros assay had no neutralizing activity in vitro. Of note, 
this was mostly observed for IFN-ω, where 100% of high 
titers was not neutralizing while 70% for IFN-α2 (Fig. 1A 
and B).

Detection of Auto‑Abs to Type I IFNs by ELISA

All samples were tested for the presence of anti IFN-α2 auto-
Abs by a commercially available ELISA kit assay. Interest-
ingly, only 6.5% (9 of 139) of patients had anti IFN-α2 auto-
Abs detectable by ELISA whereas 68% (94 of 139) patients 
has auto-Abs against IFN-α2 by Gyros technology.

Three patients had low levels of anti IFN-α2 auto-Abs 
(< 100 ng/mL). These patients had also intermediate titer of 
anti IFN-α2 auto-Abs in Gyros assays, but no neutralizing 
activity.

Moreover, six patients had high titer of anti IFN-α2 auto-
Abs in ELISA (530.7 ng/mL or > 1000 ng/mL). In Gyros 
assay, IFN-α2 auto-Abs were present with high levels in 3 
patients, intermediate level in 1 patient and no dectectable 
in 2 patients (Fig. 2A).

Interestingly, all the 6 patients with high titer auto-Abs 
in ELISA have a neutralizing activity in vitro against IFN-
α2 (Fig. 2B). Three of these patients had auto-Abs neutral-
izing high concentrations of IFN-α2 and IFN-ω, 1 of these 
patients had auto-Abs neutralizing high concentrations of 
IFN-α2, and 2 of these patients had auto-Abs neutralizing 
lower concentrations of IFN-α2. High levels IFN-α2 auto-
Abs were notably detected in ELISA in the 2 patients with 
neutralizing activity against IFN-α2 but without detectable 
auto-Abs in Gyros assay. Presence of high titer of auto-Abs 

against IFN-α2 in ELISA seems to be better correlated with 
neutralizing activity of auto-Abs than Gyros technology.

Among the 6 patients with high titer IFN-α2 antibod-
ies detected by ELISA, 3 patients survived. A sample was 
collected 10 months after COVID-19 pneumonia for 2 of 
these surviving patients and analyzed by ELISA. Interest-
ingly, high levels of IFN-α2 antibodies remained in these 
patients. We indeed observed a level of anti IFN-α2 auto-
Abs that remained > 1000 ng/mL in one patient and a level 
that decreased from 530.7 ng/mL to 239.3 ng/mL in another 
patient. These results indicate a persistence of auto-Abs at 
least 10 months after COVID-19 infection. These patients 
continue to be followed in hospital, especially in order to 
see if they develop again a severe COVID-19 pneumonia or 
other viral infections.

Increased Mortality of Patients with Neutralizing 
Auto‑Abs to Type I IFNs

We compared the clinical characteristics of patients having 
neutralizing auto-Abs against type I IFNs with patients with-
out neutralizing auto-Abs (Table 2). Although differences 
were not significant with the patients without neutralizing 
auto-Abs, most of patients with neutralizing auto-Abs were 
men (82%). Eighty-two percent of patients with neutralizing 
auto-Abs was over the age of 65 years, and neutralizing auto-
Abs was present in 12.5% of patients with critical COVID-
19 over the age of 80 years.

In our study, 67% (93 of 139) of the patients was labeled 
as having a full engagement status, meaning with no limita-
tion of care. The full engagement status was significantly 
less frequent in patient with auto-Abs (36%) than in patients 
without auto-Abs (70%). Nevertheless, no differences were 

Table 1  Levels of auto-Abs 
obtained by Gyros in patients 
with neutralizing activity 
against type I IFNs

Levels of auto-Abs against IFN-α and IFN-ω obtained by Gyros in the 11 patients with neutralizing activity 
are presented. Results are considered as negative if < 30, positive with intermediate titer of auto-Abs if > 30 
and < 100 (*) and positive with high titer of Auto-Abs if > 100 (**)

Neutralizing auto-Abs Gyros anti-IFN-α Gyros anti-IFN-ω

Auto-Abs neutralizing only 10 ng/ml of type I IFNs
  Patient 1 Anti-IFN-α2 and anti IFN-ω 367,899** 25,908
  Patient 2 Anti-IFN-α2 and anti IFN-ω 228,684** 30,122*
  Patient 3 Anti-IFN-α2 and anti IFN-ω 249,683** 56,4271*
  Patient 4 Anti-IFN-α2 only 0,395,918 0,540,107

Auto-Abs neutralizing only 100 pg/ml of type I IFNs
  Patient 5 Anti-IFN-α2 only 65,5719* 75,3769*
  Patient 6 Anti-IFN-α2 only 15,1039 69,0513*
  Patient 7 Anti-IFN-ω only 46,03* 55,9145*
  Patient 8 Anti-IFN-ω only 52,352* 47,1288*
  Patient 9 Anti-IFN-ω only 46,5971* 72,4223*
  Patient 10 Anti-IFN-ω only 86,6252* 74,1435*
  Patient 11 Anti-IFN-ω only 0,426,105 0,333,437
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seen between patients with or without auto-Abs for comor-
bidities and biological characteristics at hospital admis-
sion. Moreover, there was no difference in the proportion 
of patients that were transferred to an ICU between patients 
with or without auto-Abs.

Finally, it was recently shown that at least 18% of 
patients who died of COVID-19 pneumonia had auto-Abs 
capable of neutralizing 100 pg/mL type I IFNs in plasma 
1/10 [14]. In our study, the mortality was significantly 
more frequent in patients with neutralizing auto-Abs as 

55% (6 of 11) of patients with auto-Abs died versus 18% 
(23 of 128) of patients without auto-Abs. Twenty-one 
percent of critical patients of our cohort who died from 
COVID-19 pneumonia had auto-Abs capable of neutral-
izing 100 pg/mL type I IFNs in plasma 1/10.

We compared clinic characteristics of deceased 
patients having neutralizing auto-Abs against type I IFNs 
with deceased patients without neutralizing auto-Abs. 
Although the deceased patients were usually elderly men, 

Fig. 1  A Plot of anti–IFN-α2 
auto-Abs levels, as determined 
by Gyros, against their neu-
tralization capacity at 100 pg/
ml. The black vertical line 
indicates neutralizing levels, 
with samples being considered 
neutralizing if luciferase induc-
tion, normalized against Renilla 
luciferase activity, was below 
15% of the median values for 
controls tested the same day. 
The horizontal lines represent 
Gyros auto-Abs levels, with the 
dark red horizontal line repre-
senting high level (> 100) and 
the light red line intermediate 
level (> 30) of Gyros auto-Abs. 
B Plot of anti–IFN-ω auto-Abs 
levels, as determined by Gyros, 
against their neutralization 
capacity at 100 pg/ml. The 
black vertical line indicates neu-
tralizing levels, with samples 
being considered neutralizing if 
luciferase induction, normal-
ized against Renilla luciferase 
activity, was below 15% of 
the median values for con-
trols tested the same day. The 
horizontal lines represent Gyros 
auto-Abs levels, with the dark 
red horizontal line represent-
ing high level (> 100) and the 
light red line intermediate level 
(> 30) of Gyros auto-Abs
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no significant differences were observed between the two 
groups (Table 3).

Characteristics of Patients with Non‑Neutralizing 
Auto‑Abs to Type I IFNs

Many patients of the cohort had frequently auto-Abs, 
sometimes with high titer, without detected neutralizing 
activity. Indeed, 79% (11 of 14) of patients with high titer 
of auto-Abs had no apparent neutralizing activity in vitro.
We compared characteristics of patients with neutraliz-
ing auto-Abs with patients with high titer auto-Abs with-
out neutralizing activity and patients with intermediate 
titer auto-Abs without neutralizing activity (Table  4). 
Men and old patients were more frequent in patients with 

neutralizing Auto-Abs (82% of male patients, 9 of 11 and 
82% of patients over 65 years old, 9 of 11) than in patients 
with auto-Abs without neutralizing activity (58% of male 
patients, 57 of 98 and 52% of patients over 65 years old, 
51 of 98) but the difference was not significant (p = 0.19 
and p = 0.11 respectively). Deaths were significantly more 
frequent in patients with neutralizing antibodies than in 
patients with intermediate titer auto-Abs without neutral-
izing activity (p = 0.01). Moreover, there were more deaths 
in patients with neutralizing antibodies than in patients 
with high titer auto-Abs without neutralizing activity, 
without the difference being significant (p = 0.18). These 
auto-Abs might be falsely positive or might be able to 
neutralize even lower amounts of type I IFNs.

Fig. 2  A Plot of anti–IFN-α2 
auto-Abs levels, as determined 
by Gyros, against anti–IFN-α2 
auto-Abs levels, as determined 
by ELISA. The black verti-
cal line represent high level 
(> 100 ng/ml) of anti-IFN-α2 
auto-Abs determined by ELISA. 
The horizontal lines represent 
Gyros auto-Abs levels, with the 
dark red horizontal line repre-
senting high level (> 100) and 
the light red line intermediate 
level (> 30) of Gyros auto-Abs. 
B Plot of anti–IFN-α2 auto-Abs 
levels, as determined by ELISA, 
against their neutralization 
capacity at 100 pg/ml. The 
black vertical line indicates neu-
tralizing levels, with samples 
being considered neutralizing if 
luciferase induction, normal-
ized against Renilla luciferase 
activity, was below 15% of 
the median values for controls 
tested the same day. The black 
horizontal line represent high 
level (> 100 ng/ml) of anti-
IFN-α2 auto-Abs determined by 
ELISA
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Discussion

We assessed the prevalence of auto-Abs against type I IFNs 
in 139 patients hospitalized for critical COVID-19 pneumo-
nia in medicine departments dedicated to treat COVID-19 
patients.

As many as 77% of patients with critical COVID-19 have 
auto-Abs against IFN-α and/or IFN-ω by Gyros technology, 
mainly with intermediate titer and less frequently with high 
titer. These results are much higher than those previously 
described as Bastard et al. described high or intermediate 
levels of IgG auto-Abs against IFN-α2 and/or IFN-ω in about 
20% of patients with critical COVID-19 [14]. Our high pro-
portion of intermediate titers could be explained by calibra-
tion issues of the Gyros. This nevertheless does not seem to 
affect the high titers, which remain the most relevant.

However, 79% of our patients with high levels of auto-
Abs had no neutralizing activity. We found circulating 

auto-Abs that neutralized 100 pg/mL IFN-α2 and/or IFN-ω 
in plasma 1/10 in only 7.9% of our patients.

These results may reflect a lack of specificity of Gyros 
technology, especially for auto-Abs against IFN-ω and for 
intermediate titer of auto-Abs. Alternatively, there may be 
insufficient sensitivity of neutralization assays. A third pos-
sible explanation is that these auto-Abs may be specific for 
other type I IFN epitopes, the recognition of which would 
not interfere with type I IFN binding to its receptor.

We also evaluated a commercially available ELISA kit in 
our laboratory for detection of IFN-α2 auto-Abs. We did not 
search anti IFN-α2 auto-Abs by ELISA in general popula-
tion. Nevertheless, according to manufacturer’s results, in a 
panel of 57 serum samples from randomly selected appar-
ently healthy donors and patients suffering from various dis-
eases, anti-IFN α2 levels ranged between 0 and 120.5 ng/
mL (mean:17.4 ng/mL; SD: 26.7 ng/mL). Moreover, this 
commercial ELISA was recently evaluated [9]; a cut off of 

Table 2  Clinical characteristics of patients

Data are presented as a number (percentage), unless otherwise noted. A Fisher test was used to analyze the effect of dichotomous variables and a 
Mann–Whitney test for continuous variables. Significant values are noted in italics

Patients with neutralizing auto-Abs at 
100 pg/ml type I IFNs (1/10 dilution)

Patients with auto-Abs without 
neutralizing activity or without 
antibodies

p values

Demographics
  n 11 128
  Age, mean ± Standard deviation (SD), years 68.7 ± 14.9 64 ± 15.8 p = 0.29
  ≥ 65 years old 9 (82%) 65 (51%) p = 0.06
  Sex (male) 9 (82%) 77 (60%) p = 0.2

Clinical features
  Full engagement (patients with no limitation of 

care)
4 (36%) 89 (70%) p = 0.04

  Diabetes 3 (27%) 51 (40%) p = 0.5
  Obesity 3 (27%) 40 (31%) p = 1
  Hypertension 4 (36%) 67 (52%) p = 0.4
  History of cardiovascular disease, stroke, peripheral 

artery disease, heart failure
3 (27%) 27 (21%) p = 0.7

  History of chronic obstructive pulmonary disease, 
asthma, emphysema, fibrosis

1 (9%) 22 (17%) p = 0.69

  Solid organ transplantation 1 (9%) 0 (0%) p = 0.08
  HIV 0 (0%) 2 (1,6%) p = 1
  Immunosuppressant drugs and/or long-term oral 

corticosteroids
2 (18%) 10 (9%) p = 0.24

  Malignancy (active) 2 (18%) 8 (6%) p = 0.18
Biological characteristics at hospital admission

  C protein reactive, mean ± SD, mg/L 155 ± 89 124 ± 90 p = 0.2
  Lymphocyte count, mean ± SD, /µL 923 ± 269 1196 ± 1044 p = 0.3
  Creatinine mean ± SD, µmol/L 273 ± 434 84 ± 34 p = 0.21

Clinical outcomes
  Intubed 1 (9%) 21 (16%) p = 1
  Death 6 (55%) 23 (18%) p = 0.01

465Journal of Clinical Immunology (2022) 42:459–470



1 3

34 ng/mL was established and results > 100 ng/mL were 
considered as high. Three of our patients had anti IFN-α2 
auto-Abs levels < 100 ng/mL, which were considered as low, 
and also presented no neutralizing activity in vitro against 
IFN-α. Moreover, in our study, 6 patients had high titer of 
anti IFN-α2 auto-Abs in ELISA and presented all a neutral-
izing activity in vitro against IFN-α2. Goncalves et al. [9] 
showed similar results and determined a cut-off of 1000 ng/
mL correlated with neutralization assays. In their study, abil-
ity of auto-Abs to neutralize only high concentrations of 
IFN-α2 (10 ng/mL) was investigated. In our study, we tested 

the neutralizing activity of all these samples against IFNs 
in vitro at high concentrations and lower concentrations. 
In one of our patient, a concentration of 530.7 ng/mL was 
shown to be correlated with ability of auto-Abs to neutralize 
100 pg/mL IFN-α2 in plasma 1/10. These results have to be 
confirmed in more samples, and it is also necessary to deter-
minate cut off correlated with neutralizing activity against 
low concentration of IFN-α2. High levels IFN-α2 auto-Abs 
were notably detected in ELISA in 2 patients with neutraliz-
ing activity against IFN-α2 but without detectable auto-Abs 
in Gyros assay. The difference between Gyros technology 

Table 3  Clinical characteristics of deceased patients

Data are presented as a number (percentage), unless otherwise noted. A Fisher test was used to analyze the effect of dichotomous variables and a 
Mann–Whitney test for continuous variables

Deceased patients with 
neutralizing auto-Abs

Deceased patients with auto-Abs without 
neutralizing activity or without antibodies

p values

Demographics
  n 6 23
  Age, mean ± standard deviation (SD), years 74.5 ± 12.6 75.3 ± 11.3 p = 0.9
  ≥ 65 years old 5 (83%) 21 (87%) p = 1
  Sex (male) 4 (67%) 15 (65%) p = 1

Clinical features
  Full engagement (patients with no limitation of care) 1 (17%) 6 (26%) p = 1
  Diabetes 2 (33%) 9 (39%) p = 1
  Obesity 2 (33%) 5 (22%) p = 0.6
  Hypertension 3 (50%) 15 (65%) p = 0.6
  History of cardiovascular disease, stroke, peripheral artery 

disease, heart failure
1 (17%) 8 (35%) p = 0.6

  History of chronic obstructive pulmonary disease, asthma, 
emphysema, fibrosis

0 (0%) 4 (17%) p = 0.5

  Solid organ transplantation 1 (17%) 0 (0%) p = 0.2
  Immunosuppressant drugs and/or long-term oral corticos-

teroids
2 (33%) 2 (9%) p = 0.2

  Malignancy (active) 2 (33%) 2 (9%) p = 0.2
Clinical outcomes

  Intubed 1 (17%) 4 (17%) p = 1

Table 4  Clinical characteristics of with auto-Abs to type I IFNs detectable but non neutralizing

Data are presented as a number (percentage), unless otherwise noted. A Fisher test was used to analyze the effect of dichotomous variables and a 
Mann–Whitney test for continuous variables

Patients with intermediate titer of antibod-
ies against type I IFNS without neutralizing 
activity

Patients with high titer of antibodies 
against type I IFNS without neutralizing 
activity

Patients with neutralizing 
auto-Abs against type I 
IFNs

n 87 11 11
Age, mean ± Standard 

deviation (SD), 
years

64.9 ± 16.2 60.5 ± 16.1 68.7 ± 14.9

 ≥ 65 years old 46 (53%) 5 (45%) 9 (82%)
Men 51 (59%) 6 (55%) 9 (82%)
Death 15 (17%) 2 (18%) 6 (55%)
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and Invitrogen ELISA could be explained by the nature of 
the conjugate, secondary antibody, goat anti-human IgG, 
and HRP–conjugated human IFN-α2 protein respectively, 
probably leading to a better detection of auto antibodies 
with ELISA. Overall, high titer auto-Abs against IFN-α2 
in ELISA seems to be better correlated with neutralizing 
activity of auto-Abs than Gyros.

The proportion of patients with type I IFNs neutralizing 
auto-Abs is lower than those obtained in previous studies 
as it was described auto-Abs that neutralized 100 pg/mL 
IFN-α2 and/or IFN-ω in plasma 1/10 in 13.6% of the critical 
patients [14]. However, our cohort included only patients 
that were at the first day of hospitalization in medicine 
departments dedicated to treat COVID-19 patients, with an 
oxygen support ≥ 6 L/min with oxygen mask, for more than 
6 h. It was indeed initially constituted in order to assess 
associations between treatments and outcomes like need of 
ventilation mechanic and mortality [16]. Overall, severity 
of patients studied here was potentially lower than that of 
patients hospitalized in intensive care units [5, 6, 9–11, 14].

Previous studies showed that patients with neutralizing 
auto-Abs against type I IFNs were mostly men (94%) and 
that half were older than 65 years [5]. Moreover, it was 
recently shown that proportion of patients with critical 
COVID-19 having neutralizing auto-Abs increased with age 
[14]. In our study, although differences were not significant 
with regard to the patients without neutralizing auto-Abs, 
most of patients (82%) with neutralizing auto-Abs were men 
and over the age of 65 years. The full engagement status 
was significantly less frequent in patient with auto-Abs than 
in patients without auto-Abs but like other studies [7, 9], 
there was no difference for comorbidities. Unlike to study 
by Troya et al. [7], where a significant correlation between 
the presence of auto-Abs neutralizing type I IFNs, raised 
levels of C-protein reactive, and low lymphocytes counts 
was observed, in our study, no difference was seen for these 
biological characteristics. It is nevertheless important to note 
that we compare biological characteristics obtained at hospi-
tal admission, and not maximum levels of C-protein reactive 
and minimum levels of lymphocytes count.

Neutralizing antibodies against type I INFs was described 
in almost all of patients with auto immune polyendocrinopa-
thy syndrome type I [18–20] but also in patients with thy-
moma, myasthenia gravis [21] and systemic lupus erythe-
matosus [22–24]. In our cohort, these autoimmune diseases 
were not described in patients with neutralizing auto-Abs, 
although 2 of 11 (18%) patients with neutralizing Auto-Abs 
against type I IFNs had a history of psoriasis. Research of 
antinuclear antibodies (ANA) did not reveal high titer of 
ANA in the 6 patients that were analyzed.

Like in a previous study [14], the presence of neutralizing 
auto-Abs is associated with a more frequent mortality. Up 
to 21% of patients who died of COVID-19 pneumonia in 

our study had auto-Abs capable of neutralizing 100 pg/mL 
type I IFNs in plasma 1/10. Deceased patients with auto-
Abs did not present overt clinical differences with deceased 
patients without auto-Abs. These results confirm importance 
of the IFN-I pathway in the defense against SARS-CoV-2 
infection.

Overall, the detection of neutralizing Auto-Abs against 
type I IFNs is therefore important due to clinical applica-
tions, notably therapeutics. All COVID-19 patients should 
be screened for these autoantibodies in order to predict 
which patients infected by SARS-CoV-2 are at higher risk 
of life-threatening COVID-19. Moreover, early identification 
of COVID-19 patients with auto-Abs should prompt early 
treatment and preventive management.

As high titers auto-Abs against IFN-2 in ELISA are well 
correlated with neutralizing activity of auto-Abs, this com-
mercial ELISA should be used to detect easily, in routine 
clinical practice, neutralizing anti IFN-2 auto-Abs. Never-
theless, to our knowledge, no commercial ELISA exists to 
detect anti IFN- auto-Abs. It would be necessary to complete 
detection of anti IFN-2 auto-Abs with a functional evalua-
tion of neutralizing anti IFN- auto-Abs, notably if low IFN-2 
auto-Abs levels or no IFN-2 auto-Abs are detected.

Lastly, our study describes persistence of neutralizing 
Auto-Abs almost 1 year after COVID-19 infection in two 
patients. Risk associated with this persistence is not known 
to date but must be explored, especially given the potential 
impact of these auto-Abs on the severity of other viral dis-
eases, as described for adverse reactions following yellow-
fever vaccination [25].
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