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Objectives: In this study, we aimed to study the rate of autoantibodies against type I interferons (IFNs)
in patients with COVID-19 and analyze its dependence on severity of infection and some other variables.
Methods: A systemic review with the search terms: “COVID-19” or “SARS-CoV-2" and “autoantibodies” or
“autoantibody” and “IFN” or “interferon” for the period 20 December 2019 to 15 August 2022 was carried
out using PubMed, Embase, Cochrane, and Web of Science. R 4.2.1 software was used for meta-analysis
of the published results. Pooled risk ratios and 95% confidence intervals (Cls) were calculated.
Results: We identified eight studies involving 7729 patients, of whom 5097 (66%) had severe COVID-19
and 2632 (34%) had mild or moderate symptoms. The positive rate of anti-type-I-IFN-autoantibodies in
the total dataset was 5% (95% Cl, 3-8%), but reached 10% (95% CI, 7-14%) in those with severe infection.
The most common subtypes were anti-IFN-« (89%) and anti-IFN-w (77%). The overall prevalence in male
patients was 5% (95% CI, 4-6%), and in female patients 2% (95% CI, 1-3%).
Conclusion: Severe COVID-19 is associated with high rates of autoantibodies against type-I-IFN and more
so in male than female patients.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction public health emergency of international concern [1]. This infection

has also affected social life and the global economy significantly.

COVID-19 induced by the SARS-CoV-2 has spread to numerous
countries, with currently (February 2023) approximately 680 mil-
lion confirmed cases (the real number could be much higher but
cannot be determined) and 6.8 million deaths (which should be
relatively close to the real number) (https://[www.worldometers.
info/coronavirus/). COVID-19 was declared a pandemic by the
World Health Organization already in March 2020 and it is still a
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Patients infected with SARS-CoV-2 generally develop a range
of symptoms, with the most common being fever, dry cough, and
dyspnea [2]. Respiratory failure and organ failures occur in severe
cases. Usually, patients older than 60 years, or those with severe
pre-existing ailments, are at a comparably greater risk of devel-
oping life-threatening signs [3]. Like in other infections, laboratory
tests in patients with COVID-19 indicate the presence of general in-
flammatory responses and specific ones reflected by immunologi-
cally active cells, specific antibodies, and the cytokine cascades that
elicit these responses. Autoantibodies, that is, antibodies that react
with self-antigens are not unusual in chronic infections but the ini-
tial event that leads to their initiation is unknown. Autoantibodies,

1201-9712/© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijid.2023.03.011
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2023.03.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.worldometers.info/coronavirus/
mailto:qinzq@nipd.chinacdc.cn
https://doi.org/10.1016/j.ijid.2023.03.011
http://creativecommons.org/licenses/by-nc-nd/4.0/

X. Wang, Q. Tang, H. Li et al.

including those with affinity to type I interferons (IFNs), have been
found in SARS-CoV-2 infections [4].

The innate immune responses serve as a first line of antivi-
ral defense and are essential for immunity to viruses; these re-
sponses have been shown to recognize the SARS-CoV-2 virus and
activate signals governing host pattern recognition receptors, in-
volving toll-like receptors and retinoic acid-inducible gene I-like
receptors, which are of critical importance for eliciting the innate
immune response that results in the production of type-I-IFN [5].
Typically, type-I-IFNs play an important role in the defense against
viruses and are associated with a broad spectrum of antiviral in-
fections [6]. The presence of type-I-IFN-neutralizing autoantibod-
ies in patients with COVID-19 leads to impaired viral clearance,
while patients lacking these autoantibodies can reduce their vi-
ral load over time suggesting that anti-type-I-IFN-autoantibodies
weaken the ability to control viral replication [4,7,8]. These au-
toantibodies could therefore play a role in modulating the severity
of COVID-19 infections. Bastard et al. [7] have reported the pres-
ence of anti-type-I-IFN-autoantibodies in approximately 10% of pa-
tients with life-threatening COVID-19. Another similar study found
an approximately 9% positive rate of anti-type-I-IFN-autoantibodies
in severe and critical patients with COVID-19 [9], while another re-
search team found these autoantibodies in 5.2% of hospitalized pa-
tients with COVID-19 [4]. The existence of this kind of autoantibod-
ies in vivo provides a new direction for the study of host immune
responses and mechanisms after SARS-CoV-2 infection, reflecting
the complexity of the immune response in COVID-19 infection.

We conducted a systemic literature review and collected a
number of key papers dealing with autoantibodies against type-
I-IFN associated with SARS-CoV-2 infection to be used for a
meta-analysis with the aim of finding how common these au-
toantibodies and their subtypes are in patients with COVID-19.
We also wished to investigate the association of anti-type-I-IFN-
autoantibodies with disease severity and gender of the patients.

Materials and methods
Search and selection of published reports

We searched PubMed, Embase, Cochrane, and Web of Science to
find articles reporting anti-IFN-autoantibodies and SARS-CoV-2 in-
fection from 20 December 2019 to 15 August 2022 (PROSPERO reg-
istration number CRD42022354364). The following keywords were
used: “COVID-19" or “SARS-CoV-2” and “autoantibodies” or “au-
toantibody” and “IFN” or “interferon”. The search strategy is avail-
able in supplementary materials. Two researchers independently
screened each report. The inclusion criteria were: (i) subjects di-
agnosed with COVID-19 by the reverse transcription-polymerase
chain reaction or serological testing for specific antibodies; (ii) sub-
jects tested for autoantibodies against type-I-IFN, including sub-
types; and (iii) articles published in English. The exclusion criteria
were articles without data relevant to the study or where the full
text was not available; case reports and preprints. Moreover, we
also excluded studies in which autoantibodies were not assayed for
neutralization; studies that dealt with specific populations, such as
patients with only severe or only mild COVID-19; only male or only
female patients; patients with COVID-19 with other diseases; and
patients with COVID-19 receiving unconventional or special treat-
ment. For studies with duplicate subjects, we included the one
with the larger sample size if it was impossible to distinguish the
duplicate patients from the others; if the duplicate patients could
be identified, the non-replicated data were included for analysis.

Studies included in the analysis were subjected to a final test
as advised by the Agency for Health Care Research and Quality
(AHRQ), a United States governmental organization (https://www.
ahrqg.gov/) that assists health systems and clinicians in delivering
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high-quality healthcare. Its scale for cross-sectional and prevalence
studies was used to evaluate the quality of the articles finally in-
cluded in the systemic review [10]. Each item was awarded one
score if it matched the AHRQ criteria, otherwise not. A quality
score of 0-3 was regarded as low, 4-7 as moderate, and 8-11 as
high (Table 1).

Data extraction

The data were extracted by two researchers and assessed by a
third when disputed. Data extracted from each article included the
number of participants, age, gender, antibody detection method,
and type of autoantibodies detected. If relevant data were not re-
ported, we examined also supplementary data if given. Notably, not
every study used the terms “severe” and “mild” to group patients.
Therefore, we classified patients in critical condition or treated in
the intensive care unit (ICU) in the hospital as “severe” and pa-
tients referred to as non-ICU, moderate, mild, or asymptomatic as
“not severe”.

Statistical analysis

R-software version 4.2.1 (https://cran.r-project.org/) was used
for the statistical data analysis. Quantitative meta-analysis of in-
dividual rates was first performed with the “metaprop” function
in its Meta package to obtain the total combined positive rate of
anti-Type-I-IFN-autoantibodies and 95% confidence interval (CI). A
homogeneity test (Q test) was used to test for homogeneity and
heterogeneity among the included studies, where the former was
defined as P > 0.10 and > <50% indicating that the fixed effect
model should be used. In case of the presence of heterogeneity,
the random effect model should be used. This methodology was
likewise applied for analyzing the effect of disease severity and
gender, as well as type of the autoantibodies. The “metabin” func-
tion of R-4.2.1 was used to compare the positive rate of anti-Type-
[-IFN-autoantibodies between severe and not severely ill patients
and between male and female patients, with the results expressed
as the risk ratio (RR). Assessment for publication bias was not done
because less than 10 studies were included in each analysis. Sensi-
tivity analysis was performed with the “metainf” function to assess
the stability of results.

Results
Study selection results and characteristics

We initially identified 667 relevant studies. After screening ac-
cording to inclusion/ exclusion criteria, a total of eight studies were
included for meta-analysis [8,9,11-16] (Figure 1). They had a wide
geographical distribution and included a total number of 7729 pa-
tients with COVID-19, 5097 of whom (66%) were termed severely
ill. Five of the eight studies used the enzyme-linked immunosor-
bent assay to measure anti-IFN autoantibody levels [11-13,15,16].
One study also used the multiplex particle-based assay and the Gy-
ros method [15], another used the radio-ligand-binding assay [9],
while two did not describe which method was used [8,14]. Rele-
vant information from these articles and the estimated study qual-
ity are shown in Table 1.

Anti-type-I-interferon-autoantibodies in patients with COVID-19

All 7729 patients included in this analysis were confirmed to be
infected with SARS-CoV-2. We chose log-transformed data for the
meta-analysis. As shown in Figure 2, there was significant hetero-
geneity among the studies (> = 89%, >50%, P < 0.01), therefore,
the random effect model was chosen. Of the 7729 patients, the
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Table 1
Characteristics of the patient cohorts included in the meta-analysis.

Authorship Year Acronym of the consortia Study quality  No. Male  severe  Type of autoantibody found
Total IFN-¢  IFN-w  IFN-8

Frasca et al. 2022 IMH;SUR moderate 360 249 60 13 13 9 1
Akbil et al. 2022 DFG;BIH,et al moderate 403 291 210 13 13 8 NA
Eto et al. 2022  JSPS KAKENHI;MHLW;AMED;OCU-SRG,et al.  moderate 622 439 405 26 20 21 NA
Yee et al. 2021 EPICC moderate 127 86 49 4 NA NA NA
Bastard et al. 2021 NIH;CTSA;FRM; REACTing,et al. moderate 5756 NA 4117 540 397 418 NA
Abers et al. 2021 NIH;CTSA;NHGRI;ANR;FRM,et al. moderate 83 NA 44 3 0 3 0
Goncalves et al. 2021 HCL moderate 94 NA 84 15 15 10 1
van der Wijst et al. 2021 NIAID;DRC;NIH;UCSF;ANR,et al. moderate 284 196 128 10 NA NA NA

IFN, interferon; NA, not applicable.
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Figure 1. Literature search and selection process.
Weight Weight
Study Events Total Proportion 95%Cl (common) (random)
Frasca F (2022) 13 360 —_ , 0.04 [0.02; 0.06] 2.0% 13.1%
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Figure 2. Forest plot of the total positive rate of anti-type-I- interferon autoantibodies in patients with COVID-19.
CI, confidence interval.
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severe not severe Weight Wei ght
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Figure 3. (a) Forest plots of the RR of anti-type-I-interferon-autoantibodies in patients with severe and not severe COVID-19 and (b) in male and female patients.

Cl, confidence interval; RR, risk ratio.

Table 2
Positive rates of anti-type-I-IFN-autoantibodies in different
groups of patients with COVID-19.

Group Positive rate (%, 95%CI)  I? test
Disease severity
Severe 10% (95% CI, 7-14%) 76%, P <0.01
Not severe 1% (95% CI, 1-2%) 0%, P = 0.79
Sex
Male 5% (95% CI, 4-6%) 0%, P = 0.81
Female 2% (95% CI, 1-3%) 0%, P = 0.95

Cl, confidence interval; IFN, interferon.

weighted, pooled positive rate of anti-type-I-IFN-autoantibodies
was 5% (Figure 2). Sensitivity analysis showed that the main result
did not change significantly after excluding any study (Supplemen-
tary Figure 1).

Six of the studies were subjected to statistical analysis of sub-
types of autoantibodies against type-I-IFN, i.e., IFN-«, IFN-w, and
IFN-f (Table 1). The combined positive rate of each type of autoan-
tibody was calculated by meta-analysis, which yielded 89% posi-
tives for anti-IFN-« and 77% for anti-IFN-w (Supplementary Figure
2).

Anti-type-I-interferon-autoantibodies in patients with severe and not
severe COVID-19

The meta-analysis showed that the total combined positive rate
of anti-type-I-IFN-autoantibodies in the severely ill patients was
10% (95% CI, 7-14%), while in the patients diagnosed as not severely
ill, only 1% (95% CI, 1-2%) was discovered (Table 2). At the same
time, the level of anti-type-I-IFN-autoantibodies in patients with
severe COVID-19 was significantly higher than that in the ones
with less severe symptoms (RR = 11.74). The I? test showed no sig-
nificant heterogeneity between these studies (I* = 0%) (Figure 3a).
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Gender distribution of anti-type-I-interferon-autoantibodies

To further understand whether there is a correlation between
anti-type-I IFN-autoantibodies and gender, we analyzed five of the
eight studies that reported this kind of data. The results showed
that the positive rate of these autoantibodies was 5% (95% CI, 4-6%)
in male patients and 2% (95% CI, 1-3%) in female patients (Table 2).
Thus, male patients had a considerably higher positive rate than
female patients (RR = 2.69). The % test showed no significant het-
erogeneity in these studies (Figure 3b).

Discussion

The mechanism of autoimmunity is complex and includes many
factors, such as chronic infection, autoimmunity, hormone effects,
genetic propensity, and environmental factors, that all are capa-
ble of triggering such responses. Some viral infections have addi-
tionally been linked to autoimmunity [17]. Studies in the past 2
years have found an association between SARS-CoV-2 infection and
host autoimmunity, with both reactivity and variety of autoanti-
bodies significantly increased [4]. Examples include not only anti-
type-I-IFN autoantibodies of different subtypes but also general
antinuclear antibodies and anti-neutrophil cytoplasmic antibodies
[18]. The presence of these autoantibodies is associated with an
increased antiviral humoral immune response and a stronger in-
flammatory immune response than normal [19], which counter-
intuitively can impair resistance to viral infection by inhibiting
immune receptor signaling and altering the composition of the pe-
ripheral immune cells [4].

We observed that the autoantibodies against type-I-IFN re-
ported in these studies were mainly of the anti-IFN-o and
anti-IFN-w types, which are present in only 0.3% of the general
population [15]. Under appropriate conditions, anti-cytokine au-
toantibodies could neutralize the biological function of the target
cytokines by depleting them through formation of immune com-
plexes [20], however, not all autoantibodies are able to neutralize
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their target cytokines in this way [21]. Because autoantibodies with
neutralizing properties are more biologically relevant [20], we fo-
cused on those capable of neutralizing type-I-IFNs. In our analysis,
these autoantibodies were more prevalent among severely ill pa-
tients; and it is thus of great significance to find them in SARS-
CoV-2-infected patients with severe signs of disease.

Age and gender influence the outcome of COVID-19, and it has
been reported that infected individuals over 65 years of age as well
as men (in comparison to women) are more likely to develop se-
vere pneumonia [22]. Our analysis showed that patients charac-
terized by this symptom had a higher positive rate of anti-type-
[-IFN-autoantibodies than less severely ill patients. Therefore, we
speculate that a high level of this type of autoantibody can signif-
icantly reduce the level of type-I-IFN in patients with SARS-CoV-2
infection and that these autoantibodies may be an important factor
contributing to severe pneumonia (and other symptoms). Because
most of them can neutralize type-I-IFN in vivo [7,16], deficiency
of this cytokine can be considered a marker of severe COVID-19
[23], which supports the idea that the presence of anti-type-I-IFN-
autoantibodies constitutes a detrimental factor. Indeed, the clear-
ance of the virus is delayed in patients with high levels of these
autoantibodies because they block IFN-I signaling [8]. These au-
toantibodies also hinder the activation of myeloid and lymphoid
cells in response to SARS-CoV-2 infection [4]. If anti-type-I-IFN-
autoantibodies are rather the cause than the consequence of severe
COVID-19, which has been suggested [4], it would be highly mean-
ingful to screen for these autoantibodies in patients with COVID-19
early on. Administration of type-I-IFNs would be the treatment of
choice for patients shown to produce high levels of such antibodies
because it would presumably help prevent them from developing
severe symptoms.

It is worth noting that some patients with pre-existing high
titers of neutralizing anti-type-I-IFN-autoantibodies, mainly young
women, showed only mild symptoms after infection with SARS-
CoV-2 [24]. Although the presence of these neutralizing autoan-
tibodies is a strong risk factor for exacerbating disease, not all
patients with the antibodies develop severe or critical COVID-19
disease [13]. Most patients with critical COVID-19 pneumonia and
neutralizing autoantibodies against type-I-IFN were men over 65
years [7]. Moreover, it has been reported that the prevalence of
anti-type-I-IFN-autoantibodies increased with age [7,13]. Although
we were unable to perform an age-stratified analysis because spe-
cific age data for the included patients were not available in all
studies, age is an important factor that cannot be ignored because
of its potential contribution to severe disease. There are gender
differences in COVID-19, with male patients more commonly ex-
periencing severe disease and higher mortality [15], a fact sup-
ported by our finding of a higher positive rate of anti-type-I-IFN-
autoantibodies in men. Thus, it is concluded that anti-type-I-IFN-
autoantibodies are more common in older and male patients, and
these autoantibodies appear to be more likely to be a risk factor
for severe COVID-19 in the elderly and men, but much less so in
the young and women.

Although generally autoantibody production is typical of au-
toimmune diseases, such as systemic lupus erythematosus and
rheumatoid arthritis [25], anti-type-I-IFN-autoantibodies in pa-
tients with COVID-19 are likely to have been present before in-
fection, and such neutralizing antibodies have even been associ-
ated with an increased risk of death [26]. Moreover, these autoan-
tibody responses in most patients with COVID-19 are highly dy-
namic, peaking in the acute phase and then gradually decreasing,
which is in sharp contrast to the stable high level of anti-type-
I-IFN IgG in patients with autoimmune-polyendocrine-syndrome
type 1 [27]. Interestingly, in contrast, it has been suggested SARS-
CoV-2 infection can lead to the emergence of new IgG anti-type-
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I-IFN-autoantibodies, which are positively correlated with the im-
mune response to viral proteins [14]. Emerging autoimmune dis-
eases have also been observed during or after SARS-CoV-2 infec-
tion [28].

There is obviously an interaction between SARS-CoV-2 infec-
tion and autoimmunity, where the latter seems to aggravate the
infection; there is then a question if severe SARS-CoV-2 infection
induces autoimmunity or if it is the result of pre-existing autoanti-
bodies and molecular mimicry induced by other infections. Molec-
ular mimicry may be an important mechanism of autoimmunity
caused by COVID-19 [17]; In the analysis of the SARS-CoV-2 pro-
teome, Fath et al. [29] found that SARS-CoV-2 and the human pro-
teome share 23 peptides derived from the ORFlab polyprotein,
non-structural protein NS7a, surface glycoprotein, and the SARS-
CoV-2 envelope protein. That these viral antigens have significant
homology with human proteins can be an important reason why
autoimmunity arises during COVID-19 infection. Although vaccina-
tion clearly prevents severe symptoms of the disease and helps re-
duce viral transmission, the autoimmune responses occurring in
some individuals vaccinated against COVID-19 cannot be ignored
[30].

A limitation is there may be a considerable recruitment bias as
almost all the studies collected for this review were cross-sectional
by design and the patients recruited were usually from a certain
hospital. Therefore, it is very likely that most of the enrolled pa-
tients were hospitalized or severely ill patients, while patients with
mild symptoms, or those who were not admitted to the hospital
for examination, were rarely included in any studies. Although we
found a significantly higher rate of anti-type-I-IFN-autoantibodies
in severely ill patients, the heterogeneity that was found among
the studies analyzed for this result was considerable. This may be
because of the rules applied for the groups, for example, severely
ill patients included “severe", “critical” or “ICU” patients, while the
group of not severely ill patients included “non-ICU", “moderate”,
“mild” or “asymptomatic” patients. The difference between these
two groups may not have been as rigorous as desired because dif-
ferent countries and regions may have different diagnostic criteria.
In addition, because the research subjects in the eight studies came
from various countries it could have affected immune functional-
ity related to genetic differences making the autoimmune disease
status of all patients before SARS-CoV-2 infection somewhat un-
clear. In addition, not all the included studies established a specific
positive cut-off value for the autoantibodies in question. Therefore,
we did not determine a uniform positive cut-off for the values re-
ported but relied on the data as given in each article. It is also
possible that other unreported factors contributed to the observed
heterogeneity.

In conclusion, the results of our study suggest that anti-type-I-
IFN-autoantibodies in patients with COVID-19 are associated with
disease severity and it is also gender-related. Importantly, there
is growing evidence that COVID-19 is associated with autoimmu-
nity, but several questions remain. They include the specific mech-
anism of anti-type-I-IFN-autoantibody production in patients with
COVID-19 and how these autoantibodies regulate the disease pro-
cess. With reference to the IFN subtype, further studies are needed
to find the reason why the autoantibodies against IFN-« and IFN-
w are more common while those against IFN-8 are rare. Finally,
it is also necessary to find out if there is a way to neutralize the
development of autoimmunity after COVID-19 infection (and also
after vaccination), so that COVID-19 can be effectively prevented
and controlled.
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