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Background. Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can lead to severe disease with 
increased morbidity and mortality among certain risk groups. The presence of autoantibodies against type I interferons (aIFN- 
Abs) is one mechanism that contributes to severe coronavirus disease 2019 (COVID-19).

Methods. This study aimed to investigate the presence of aIFN-Abs in relation to the soluble proteome, circulating immune cell 
numbers, and cellular phenotypes, as well as development of adaptive immunity.

Results. aIFN-Abs were more prevalent in critical compared to severe COVID-19 but largely absent in the other viral and 
bacterial infections studied here. The antibody and T-cell response to SARS-CoV-2 remained largely unaffected by the presence 
aIFN-Abs. Similarly, the inflammatory response in COVID-19 was comparable in individuals with and without aIFN-Abs. 
Instead, presence of aIFN-Abs had an impact on cellular immune system composition and skewing of cellular immune pathways.

Conclusions. Our data suggest that aIFN-Abs do not significantly influence development of adaptive immunity but covary with 
alterations in immune cell numbers.
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The immune response mediated by type I interferons (IFNs) is 
important for the control of viral infections. However, this sys-
tem appears to be out of balance in some patients with severe co-
ronavirus disease 2019 (COVID-19) [1, 2]. Inborn errors in the 
type I IFN pathway have been associated with critical COVID-19 
[3] and other severe viral diseases [4, 5]. Autoantibodies against 
type I IFN (aIFN-Abs) are present in up to 15% of patients with 
critical COVID-19 but only rarely in healthy or asymptomatic 
individuals [6–8]. Their presence was also linked to a higher 
risk of mortality in COVID-19 [9]. While it has been shown 
that aIFN-Abs in COVID-19 hamper the downstream type I 
IFN-stimulated gene (ISG-I) response and, to some extent, dis-
turb the cellular immune composition [7], little is known about 

their impact on the soluble immune compartment and their im-
pact on humoral immunity. Together, these findings highlight 
the importance of a functional type I IFN response system in in-
fection with severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) and suggest that perturbations in this system, 
such as via the presence of aIFN-Abs, associate with a more se-
vere course of disease.

The type I IFN family consists of several subtypes, including 
IFN-α, IFN-β, IFN-ω, and others [10, 11]. IFNs are known to 
participate in local antiviral defense reactions but also function 
on a systemic level affecting both immune cells and soluble im-
mune factors [11, 12]. Of interest, aIFN-Abs are mostly direct-
ed against IFN-α and are capable of neutralizing the targeted 
type I IFNs [6, 13]. Beyond COVID-19, the presence of 
aIFN-Abs has been associated with increasing age. In this re-
spect, 4% of individuals older than 70 years harbor such anti-
bodies [13]. Mutations in the type I IFN pathway also 
associate with other severe viral infections [4, 14]. While there 
are reports on the association of aIFN-Abs with other condi-
tions, such as adverse reactions following yellow fever vaccina-
tion [15], severe varicella-zoster infection [16], West Nile virus 
infection [17], and influenza pneumonia [18], it is not known if 
these autoantibodies underlie other common critical infections.
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Here, we examined the prevalence of aIFN-Abs in a cohort of 
patients with severe and critical COVID-19. A particular em-
phasis is devoted to the temporal dynamics of aIFN-Abs and 
how the presence of these autoantibodies affects humoral, cel-
lular, and inflammatory immune responses. The results show a 
predominant effect on the cellular level with largely unaltered 
soluble immune factors and provide a deeper understanding 
of the effects of aIFN-Abs on the immune response.

METHODS

Study Overview and Subjects

In this study a cohort of 269 patients hospitalized with poly-
merase chain reaction (PCR)-verified COVID-19 were includ-
ed, as well as 18 healthy controls. All patients and controls were 
included during 2020 and early 2021, before introduction of 
vaccination against SARS-CoV-2. For 12 patients no blood 
samples were acquired and they were therefore excluded. 
One patient had no further clinical data available and was 
only included in comparisons of total patients with autoanti-
bodies (aIFNpos) versus without autoantibodies (aIFNneg) 
without stratification for clinical parameters. Five patients 
had only been sampled at later stages (convalescent phase) 
and were only included for comparison of clinical parameters 
and antibody analysis. Two sites at Karolinska Hospital were 
involved in sample acquisition. At the first site, serum and 
whole blood were collected, a fresh staining on absolute cell 
counts (Trucount) was conducted, and peripheral blood mono-
nuclear cells (PBMCs) and serum samples frozen. The second 
site only handled serum samples. In total, serum samples 
(any time point) were available for a total of 257 patients and 
PBMC and cell counts for 188 patients. Three samples were ex-
cluded from analysis for absolute cell counts, because of either 
low cell viability or unreliable cell discrimination. Whenever 
the acute setting was to be compared, patients with a first sam-
pling time point after treatment in the intensive care unit (ICU) 
were excluded (total n = 17) as we argue that these patients 
were already progressing towards convalescent phase. When 
studying the serological response against other viruses all pa-
tients were included. Of all included patients, 11 patients tested 
positive for autoantibodies against at least 1 of the examined 
IFN subtypes. Eight patients with aIFN-Abs were matched 
for age, sex, and days from symptom debut to sampling to 
aIFNneg patients and analyzed with flow cytometry for B- 
and T-cell phenotype. Patients with hantavirus infection 
(Puumala virus) were sampled during the acute phase of hem-
orrhagic fever with renal syndrome (HFRS) during hospitaliza-
tion. Yellow fever vaccination samples were collected after 
vaccination of healthy study participants as described else-
where [19]. Dengue virus samples were collected from hospital-
ized patients during the acute stage of dengue fever. Samples 
from 39 sepsis patients were collected at the time of 

hospitalization; 2 samples failed analysis for aIFN-Abs and 
were excluded. Data are depicted for the remaining 37 samples; 
cause for sepsis is detailed in Supplementary Table 1. For meth-
ods on serological analysis, B-cell receptor (BCR) sequencing 
and statistical analysis, see Supplementary Materials.

Serum Proteome Analysis With Proximity Extension Assay

Of serum samples, 40 µL were aliquoted to skirted PCR plates, 
frozen, and finally analyzed via proximity extension assay with 
the Olink Explore 1536 platform consisting of 4 analysis panels 
(cardiometabolic, inflammation, neurology, and oncology). 
For proteins measured in more than 1 of the respective panels, 
only the values from the inflammation panels were included. 
Additionally, samples and assays failing quality control were 
excluded, resulting in 1463 proteins to be analyzed. Data was 
imported in R, groups defined, and differences between those 
calculated as mean difference of NPX values (random unit in 
log2 transformed format determined by Olink).

Graphical Display

Schematic figures were created with BioRender.com.

RESULTS

Autoantibodies Against Type I IFNs Associate With Severe COVID-19 but 
Are Largely Absent in Other Infectious Diseases

As a starting point, the presence and dynamics of aIFN-Abs 
were investigated in a Swedish cohort of COVID-19 patients 
with severe and critical disease. To this end, the presence of 
aIFN-Abs against seven IFN-α subtypes was determined in 
257 patients that were hospitalized in 2020 and early 2021 
(Figure 1A). The assay for detection of aIFN-Abs was validated 
with clinical samples from 2 patients with autoimmune polyen-
docrine syndrome type I (APS-1) as positive controls 
(Supplementary Figure 1A). In line with previous research 
[3, 8], aIFN-Abs were observed in COVID-19 but not in 
healthy controls. In COVID-19, these autoantibodies were 
more prevalent in patients with critical (ICU-treated patients) 
as compared to severe disease (Figure 1B and Supplementary 
Table 1). When stratifying the total cohort of COVID-19 pa-
tients for presence of aIFN-Abs, we noted higher degrees of mor-
tality (Figure 1C) whereas other patient characteristics, including 
age, sex, comorbidity, and body mass index were comparable be-
tween patients with (aIFNpos) and without (aIFNneg) autoanti-
bodies (Supplementary Table 1). Differences in clinical 
laboratory parameters between the 2 patient groups were largely 
driven by higher degree of severity in aIFNpos patients 
(Supplementary Table 1). Given the frequent presence of 
aIFN-Abs in COVID-19 [13], it was next addressed if these au-
toantibodies might also associate with other viral infections and/ 
or severe infectious diseases. To this end, the presence of 
aIFN-Abs was studied in patients with hantavirus-caused 
HFRS (n = 40), acute dengue virus infection (dengue fever) 
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(n = 22), sepsis (n = 39), as well as at 7 days after live attenuated 
yellow fever virus vaccination (n = 20). Notably, except for 1 pa-
tient with sepsis, none of the other 120 patient samples contained 
detectable aIFN-Abs (Figure 1D). Cause for sepsis was mostly 
bacterial infection (Supplementary Table 1); however, it should 
be noted that the sepsis patient that tested positive for 
aIFN-Abs was diagnosed with influenza virus infection. 
Finally, we also had the possibility, in a subset of COVID-19 pa-
tients with aIFN-Abs, to study the dynamics over time (Figure 1E

and 1F). In 1 patient, aIFN-Abs were present at comparable lev-
els already long before the pandemic (prepandemic sample from 
2017; Figure 1F). In 6 other patients, longitudinal levels of 
aIFN-Abs were evaluated for up to 1 year after COVID-19. In 
these patients, levels dropped off over time, with the exception 
of 1 patient that had similarly high levels of aIFN-Abs up until 
1 year after acute COVID-19 (Figure 1E and 1F). Taken together, 
we confirm previous reports demonstrating that the presence of 
aIFN-Abs is associated with severe COVID-19. In contrast, we 
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could not detect the autoantibodies in the other infections tested 
here.

Impact of Type I IFN Autoantibodies on the Soluble Inflammatory Response

To investigate possible alterations in soluble immune factors in 
patients with autoantibodies to type I IFNs, the soluble prote-
ome was examined in healthy controls, aIFNpos, and 
aIFNneg patients at the acute stage of COVID-19 by assessing 
1463 proteins via a proximity extension assay (Figure 2A). First 
we compared the soluble proteome from aIFNpos COVID-19 
patients to healthy individuals and observed a significant in-
flammatory response in aIFNpos patients with drastically ele-
vated levels of proteins such as interleukin 6 (IL-6), IFN-γ, 
CXCL10, and CCL7 (Figure 2B). This pattern was comparable 
to the inflammatory response seen in aIFNneg COVID-19 pa-
tients (Supplementary Figure 2B). Given that aIFNpos patients 
also mounted a significant inflammatory response, it was not 
surprising that only a few differences were detected in a direct 
comparison of aIFNpos and aIFNneg patients. In detail, levels 
of CD177, a marker for neutrophil activation, and CXCL9 were 
elevated, while DDX58, also known as RIG-I, a sensor for a viral 
infection that induces type I IFN production [20], was found to 
be decreased in aIFNpos patients (Figure 2C–E). Similar find-
ings were observed when studying only ICU-treated patients 
stratified for aIFN-Ab positivity, apart from DDX58 that might 
be more related to disease severity in general rather than 
aIFN-Abs (Supplementary Figure 1B–D). Next, shared and spe-
cific pathways based on the proteome data were investigated in 
the total cohort of aIFNpos and aIFNneg patients as well as 
healthy individuals (Figure 2F and 2G). Whilst the majority 
of identified pathways were shared between the 2 groups of pa-
tients, aIFNpos patients were specifically enriched for Th2 and 
“coronavirus pathology” pathways, while aIFNneg patients 
showed enrichment for natural killer cell signaling (Figure 2F
and 2G). Of note, when compiling an ISG score, no difference 
was noted in aIFNpos compared to aIFNneg patients and equally 
elevated levels of IFN-λ1 was observed (Supplementary 
Figure 1E).

Altogether, these findings suggest that aIFNpos patients can 
still mount a substantial inflammatory response but display 
signs of compromised viral control in combination with altered 
immune activation pathways.

Autoantibodies Against Type I Interferons Alter the Cellular  
Immune Profile

The observed alterations in deduced immune pathways from 
the soluble proteome analyses led us to further investigate the 
extent to which aIFN-Abs affect the cellular immune compart-
ment. First, absolute immune cell counts were determined in 
fresh whole blood from all patients at the acute stage of 
COVID-19 (Figure 2A). A general reduction in absolute im-
mune cell counts was observed in aIFNpos patients in 

comparison to aIFNneg patients (Figure 2H). More specifically, 
a significant reduction of CD8 T cells as well as of conventional 
dendritic cells (DCs) and, to some extent also, plasmacytoid 
DCs was observed, both when investigating the total cohort 
and when only assessing patients with severe COVID-19 
(ICU patients) stratified for aIFN-Ab positivity (Figure 2H
and 2I, and Supplementary Figure 1E and 1F). Because T cells 
showed reduced cell counts and enrichment of T helper path-
ways in our soluble proteome analysis, we next performed 
28-color flow cytometry phenotyping and functional analysis 
of the T-cell compartment in patients with or without 
aIFN-Abs. Here, we compared 8 aIFNpos patients that were 
matched for age, sex, disease severity, and time since symptom 
debut with corresponding aIFNneg patients. Surprisingly, with 
respect to the T-cell phenotype, no major differences were ob-
served (Figure 2J, Supplementary Figure 2, and Supplementary 
Figure 3A). Uniform manifold approximation and projection 
(UMAP) and PhenoGraph analysis revealed enrichment for 
naive CD4 T cells and a slight reduction in memory CD4 T cells 
in aIFNpos patients, but no significant differences were evident 
in a direct comparison of these 2 groups of patients (Figure 2J, 
Supplementary Figure 2, and Supplementary Figure 3A). In 
some of the patients, T-cell function could additionally be as-
sessed. T cells from aIFNpos patients displayed robust 
peptide-specific functionality both at the acute and convales-
cent phases (Figure 2K and 2L).

These data suggest that there is a predominant loss of im-
mune cells in the periphery of patients with aIFN-Abs, while 
the T-cell phenotype and function of remaining cells remained 
largely unaltered.

Intact Humoral Immunity Despite Type I IFN Autoantibodies

It is known that type I IFNs influence B cells and antibody pro-
duction [10, 21]. Therefore, we performed flow cytometric phe-
notyping of B cells, investigated specific Ab responses, and 
assessed the BCR repertoire in relation to aIFN-Abs. First, 
the composition of the B-cell compartment and subset pheno-
types were examined. No significant differences were noted be-
yond the observation of lower levels of plasmablasts in some of 
the aIFNpos patients (Figure 3A and 3B, Supplementary 
Figure 3B, and Supplementary Figure 4). Next, we assessed if 
aIFN-Abs altered antibody responses against SARS-CoV-2 
and other common viral infections. aIFNpos patients were 
able to mount a significant anti-SARS-CoV-2 response in the 
acute phase of COVID-19, not different from aIFNneg patients 
(Figure 3C and 3D, and Supplementary Figure 5A). When 
investigating the antibody response to other viral infections, 
including influenza, EBV, and rhinovirus, generally lower 
levels of Abs were observed towards these viruses in both 
aIFNpos and aIFNneg patients than in healthy controls 
(Supplementary Figure 5B and 5C). In contrast, Ab production 
against seasonal coronaviruses appeared elevated, and levels of 
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Figure 2. Autoantibodies against type 1 IFN modulate the cellular immune compartment. A, Schematic of performed analysis. B and C, Volcano plot of soluble proteome 
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anti-spike IgG for the strain OC43 were significantly elevated in 
both aIFNpos and negative patients when compared to healthy 
controls (Figure 3C and Supplementary Figure 5B). Finally, we 
also investigated the BCR repertoire in aIFNpos and negative 
patients. Only minor differences were found within the BCR 
repertoire of aIFNpos patients. No significant changes in the 
overall BCR diversity, clonal expansion isotype composition, 
and somatic hypermutation could be found (Figure 3E–G). 
Only a preference for IGHV1–2 could be observed in 
aIFNpos patients (Figure 3H).

Taken together, these data show that the presence of 
aIFN-Abs does not overly affect the BCR repertoire and the 
Ab response toward SARS-CoV-2 and other viral infections.

DISCUSSION

In the present study, we examined if autoantibodies against 
type I IFNs observed in a subset of patients with severe 
COVID-19 covaried with the composition of the soluble and 
cellular immune compartment. The aIFN-Abs observed here 
in a subset of severe COVID-19 patients are in line with previ-
ous studies where similar frequencies of aIFN-Abs have been 
reported [6, 7, 13]. Similarly, the observed temporary elevation 
of levels of aIFN-Abs during acute COVID-19 is also in line 
with previous data [22, 23].

While the presence of aIFN-Abs has been associated with 
varicella zoster [16] and herpesvirus replication during 
COVID-19 [24], we did not find similar autoantibodies in clin-
ical material from patients with acute dengue fever, HFRS, sep-
sis, or healthy individuals having undergone yellow fever 
vaccination. In contrast, a recent report on patients with 
West Nile virus infection identified that patients with more se-
vere disease harbored aIFN-Abs more frequently [17]. With re-
spect to the role of aIFN-Abs in the other infections studied 
here, it should be noted that our sample sizes were relatively 
small and that our patient cohorts of dengue and hantavirus in-
fections are not focused on patients with the most severe dis-
ease. Thus, specific associations with the most severe disease 
stages might not be discovered. In the case of yellow fever vac-
cination (a live attenuated vaccine), we examined if the vaccina-
tion/infection itself could prompt autoantibody production, 
given the previously reported association of aIFN-Abs with 
vaccination-related adverse reactions [15]. This appeared not 
to be not the case, adding further evidence that aIFN-Abs are 
preexisting instead of being triggered during viral infection. 
Collectively, it appears that aIFN-Abs are associated with high-
er risk for more severe disease in certain infections, but further 
studies are needed to determine if aIFN-Abs represent a more 
general risk factor in bacterial and viral infections.

It has been previously shown that aIFN-Abs are neutralizing 
[6, 13], and that the blockade of IFNs can influence peripheral 
immune cell composition [7]. Therefore, we studied the effect 

of aIFN-Abs on the soluble immune factors and humoral im-
munity, and immune cell composition, as well as the B- and 
T-cell compartment. Addressing immune cell composition at 
a broader level, we observed significant reduction of several im-
mune cell populations in aIFNpos patients, in particular CD8 T 
cells and DCs. Relating to these findings, it is worth noting that 
van der Wijst and collaborators, in their studies of immune cell 
frequencies, found an imprint of severe COVID-19 as indicated 
by loss of CD8 T cells and DCs, but no apparent differences be-
tween patients with or without autoantibodies [7]. The differ-
ence between their results and ours might be explained by 
the fact that we additionally examined absolute numbers of 
the immune cells compared to only addressing relative 
frequencies.

Investigating soluble immune factors, an imprint of the on-
going infection with SARS-CoV-2 on the soluble proteome was 
found, as also described in earlier studies [25]. In contrast, 
when comparing all aIFNpos and aIFNneg patients, only a 
few differences could be observed. For instance, analysis of 
an ISG-score revealed an induction compared to healthy con-
trols in both aIFNpos and aIFNneg patients possibly suggesting 
that other IFNs, such as IFN-λ1 may play a more significant 
role in the event of IFNa neutralization. However, we found 
DDX58 at lower levels in aIFNpos than aIFNneg patients in 
the whole cohort, but also at lower levels in aIFNneg patients 
with critical COVID-19 than those with severe disease. This 
could indicate that elevated levels of DDX58 implicate better vi-
ral control and that DDX58 levels in peripheral blood correlate 
with the IFN response. In line with this, we observed a skewing 
of pathways deduced from the soluble proteome towards a Th2 
response and coronavirus pathology, suggesting an altered im-
mune response and dampened viral control. However, no ma-
jor alterations in T-cell phenotype in the aIFNpos patients 
could be identified. Furthermore, SARS-CoV-2–specific 
T-cell function was retained in the individuals assessed in 
this study.

In line with our observations on T cells, we found also the 
B-cell phenotype and BCR repertoire remained stable even in 
the presence of aIFN-Abs. Furthermore, when studying the lev-
els of antibodies against SARS-CoV-2 and other viral infec-
tions, no major imprint was observed. These data are in line 
with recent reports showing that patients with aIFN-Abs 
were able to mount a sufficient Ab production upon vaccina-
tion [26, 27]. We conclude that despite an impaired type I 
IFN response, an efficient humoral response can be established 
against SARS-CoV-2 and other viruses, but that detected anti-
body levels might be uncoupled from Ab-mediated protection 
in patients with aIFN-Abs.

In review of our and other's data, it appears that the compro-
mised IFN response in aIFNpos patients has a rather narrow 
impact and does not lead to a broad inhibition of peripheral im-
mune responses. In this context, van der Wijst et al showed in 
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single-cell RNA sequencing experiments that a hampered IFN 
response was common to critically ill COVID-19 patients, but 
aIFN-Abs associated with more pronounced alterations in the 
myeloid/DC compartment [7]. This is in line with our data, 
as we show that soluble factors and adaptive immune cell phe-
notypes are largely unaltered in aIFNpos patients but we did 
observe altered DC and T-cell numbers and skewed immune 
pathways. Therefore, we conclude that the impact of 
aIFN-Abs is more on the cellular than soluble immune com-
partment and possibly more on the innate than on the adaptive 
side of immunity.

IFNs are also of importance locally, at the site of infection 
[28–30]. In this context, the recent report on the presence of 
aIFN-Abs in bronchoalveolar lavage fluid in patients with se-
vere COVID-19 is of interest [31], as it indicates that local ef-
fects are also perturbed. Thus, it might be that aIFN-Abs lead 
to an altered immune response in the tissue. It can be hypoth-
esized that the local effect of aIFN-Abs leads to elevated influx 
of immune cells, resulting in the loss of circulating immune 
cells we and others observed, while long-term adaptive immu-
nity remains unchanged. Future studies should investigate this 
in more detail, and in this context whether aIFN-Abs affect lo-
cal antiviral responses.

This study has limitations. Due to the moderate prevalence 
of aIFN-Abs in critical COVID-19 patients, only a relatively 
small number of patients with aIFN-Abs could be identified. 
Furthermore, we did not assess neutralizing activity or subtype 
specificity of detected aIFN-Abs. Nor did we assess for the pres-
ence of aIFN-Abs for IFN-β or ω. However, most individuals 
harbor antibodies against several type I IFN subtypes and 
aIFN-Abs against IFN-α subtypes are more prevalent [6] and 
detected autoantibodies are mostly neutralizing [6, 7, 24]. 
Lastly, it was not possible to perform all analysis on all patients, 
either due to lack of biological sample or experimental issues 
such as low viability of cells.

In conclusion, our data suggest that aIFN-Abs can be stable 
over a long period of time and that their presence appears to be 
rather specific to certain infections such as COVID-19 caused 
by SARS-CoV-2. Furthermore, we conclude that these autoan-
tibodies do not cause major alterations in the soluble immune 
compartment but do hamper cellular immunity, as evident by a 
loss within the T-cell and dendritic cell compartments. Future 
studies should investigate consequences of aIFN-Abs in the 
context of other respiratory infections and their local effect at 
the site of infection.
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