
Zurich Open Repository and
Archive
University of Zurich
University Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch

Year: 2023

Autoantibodies targeting type I interferons: Prevalence, mechanisms of induction,
and association with viral disease susceptibility

Hale, Benjamin G

Abstract: The type I IFN (IFN-I) system is essential to limit severe viral disease in humans. Thus, IFN-I deficiencies
are associated with serious life-threatening infections. Remarkably, some rare individuals with chronic autoim-
mune diseases develop neutralizing autoantibodies (autoAbs) against IFN-Is thereby compromising their own
innate antiviral defenses. Furthermore, the prevalence of anti-IFN-I autoAbs in apparently healthy individuals
increases with age, such that ∼4% of those over 70 years old are affected. Here, I review the literature on factors
that may predispose individuals to develop anti-IFN-I autoAbs, such as reduced self-tolerance caused by defects
in the genes AIRE, NFKB2, and FOXP3 (among others), or by generally impaired thymus function, including
thymic involution in the elderly. In addition, I discuss the hypothesis that predisposed individuals develop anti-
IFN-I autoAbs following ”autoimmunization” with IFN-Is generated during some acute viral infections, systemic
inflammatory events, or chronic IFN-I exposure. Finally, I highlight the enhanced susceptibility that individu-
als with anti-IFN-I autoAbs appear to have towards viral diseases such as severe COVID-19, influenza, or herpes
(e.g., varicella-zoster virus, herpes simplex virus, cytomegalovirus), as well as adverse reactions to live-attenuated
vaccines. Understanding the mechanisms underlying development and consequences of anti-IFN-I autoAbs will
be key to implementing effective prophylactic and therapeutic measures.

DOI: https://doi.org/10.1002/eji.202250164

Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-252992
Journal Article
Published Version

 

 

The following work is licensed under a Creative Commons: Attribution 4.0 International (CC BY 4.0) License.

Originally published at:
Hale, Benjamin G (2023). Autoantibodies targeting type I interferons: Prevalence, mechanisms of induction, and
association with viral disease susceptibility. European Journal of Immunology, 53(6):e2250164.
DOI: https://doi.org/10.1002/eji.202250164



Eur. J. Immunol. 2023;53:2250164 Benjamin G. HaleDOI: 10.1002/eji.202250164 1 of 9
B
a
s
ic

HIGHLIGHTS

REVIEW

Autoantibodies targeting type I interferons: Prevalence,
mechanisms of induction, and association with viral
disease susceptibility

Benjamin G. Hale

Institute of Medical Virology, University of Zurich, Winterthurerstrasse 190, 8057, Zurich,

Switzerland

The type I IFN (IFN-I) system is essential to limit severe viral disease in humans.Thus, IFN-

I deficiencies are associated with serious life-threatening infections. Remarkably, some

rare individuals with chronic autoimmune diseases develop neutralizing autoantibod-

ies (autoAbs) against IFN-Is thereby compromising their own innate antiviral defenses.

Furthermore, the prevalence of anti-IFN-I autoAbs in apparently healthy individuals

increases with age, such that ∼4% of those over 70 years old are affected. Here, I review

the literature on factors that may predispose individuals to develop anti-IFN-I autoAbs,

such as reduced self-tolerance caused by defects in the genes AIRE, NFKB2, and FOXP3

(among others), or by generally impaired thymus function, including thymic involution

in the elderly. In addition, I discuss the hypothesis that predisposed individuals develop

anti-IFN-I autoAbs following “autoimmunization” with IFN-Is generated during some

acute viral infections, systemic inflammatory events, or chronic IFN-I exposure. Finally, I

highlight the enhanced susceptibility that individuals with anti-IFN-I autoAbs appear to

have towards viral diseases such as severe COVID-19, influenza, or herpes (e.g., varicella-

zoster virus, herpes simplex virus, cytomegalovirus), as well as adverse reactions to live-

attenuated vaccines. Understanding the mechanisms underlying development and con-

sequences of anti-IFN-I autoAbs will be key to implementing effective prophylactic and

therapeutic measures.
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Introduction

The human type I IFN (IFN-I) system is a critical first-line com-

ponent of host innate immune defences. In response to most

viral infections, cells secrete soluble IFN-I cytokines that bind to

specific receptors on nearby cells and trigger the induction of

many hundreds of antivirally-active IFN-stimulated genes (ISGs).

Together, these ISGs create a powerful and broadly protective

state that limits further virus spread (reviewed in [1]).

Correspondence: Prof. Benjamin G. Hale
e-mail: hale.ben@virology.uzh.ch

Genetic deficiencies that compromise the IFN-I system are

strongly associated with the development of severe, life-

threatening, viral disease in humans, thus these deficiencies are

extremely rare (reviewed in [2–4]). In this context, a strik-

ing observation made during the COVID-19 pandemic was that

a notable proportion of elderly individuals appear to possess

autoantibodies (autoAbs) that are able to bind to, and inhibit the

function of, their own IFN-I cytokines [5], and immunocompro-

misation caused by such anti-IFN-I autoAbs can correlate with

severe viral disease [6]. While anti-IFN-I autoAbs have been rec-

ognized in humans for more than 40 years, they were typically

only identified sporadically (e.g. [7–9]), or studied extensively in

specific patient groups with rare autoimmune diseases (e.g. [10–

12]). Thus, the relatively new association of anti-IFN-I autoAbs

© 2023 The Authors. European Journal of Immunology published by Wiley-VCH GmbH www.eji-journal.eu
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with severe viral disease in previously healthy individuals, and

the updated estimates regarding their prevalence in the general

human population, have sparked a renewed interest in this field

from the infectious disease community.

Here, I review the literature on anti-IFN-I autoAbs and attempt

to integrate the surge of recent findings on this topic with past

work. I focus on discussing critical concepts relating to how anti-

IFN-I autoAbs might develop in individuals due to genetic, consti-

tutional, and environmental factors, and how anti-IFN-I autoAbs

might lead to increased viral disease susceptibility. In addition,

I highlight open questions relating to possible physiological roles

for anti-IFN-I autoAbs, the unresolved specificity/selectivity of this

phenomenon, and the future application of knowledge in this area

to guide diagnostic and therapeutic regimens.

Which individuals possess anti-IFN-I
autoAbs?

In humans, the IFN-I cytokines are comprised of multiple sub-

types of IFN-α, as well as the closely related IFN-ω, IFN-β, and a

few other IFNs [1]. Naturally occurring anti-IFN-I autoAbs have

mainly been described to bind the IFN-α subtypes and/or IFN-ω,

while autoAbs against IFN-β and other IFNs appear to be much

rarer [5]. The basis and consequence of this selectivity are enig-

matic and have not yet been fully addressed. Thus, future investi-

gations on this important topic may reveal new biological insights

and properties associated with individual IFNs. However, for the

purposes of the general concepts discussed in this review, I will

for the most part not discriminate between specific anti-IFN-I

autoAbs.

Overall, anti-IFN-I autoAbs are uncommon in apparently

healthy members of the general human population, although esti-

mates of their prevalence and levels can vary [5, 13, 14]. In the

largest and most recent cross-sectional study that included sam-

ples from nearly 35,000 people, only around 0.2-1% of those

under 70 years of age had detectable anti-IFN-I autoAbs, but this

increased markedly to 1–2% of those between 70 and 80, and

to 3–6% of those over 80, although after 85 there was a small

decrease in prevalence [5]. Furthermore, there appears to be a

slightly higher prevalence of these autoAbs in elderly men (aged

70–80 years old) than in elderly women [5]. Thus, a fraction of

the elderly population harbor anti-IFN-I autoAbs and might there-

fore be considered at least partially immunocompromised.

In contrast, anti-IFN-I autoAbs have been described in a sig-

nificant proportion of patients of all ages with specific chronic

autoimmune or autoimmune-related diseases, including systemic

lupus erythematosus (SLE) [9, 11, 12, 15], autoimmune polyen-

docrinopathy syndrome type 1 (APS-1) [10], Sjögren’s syndrome

(SS) [12, 16], late-onset (or thymoma-triggered) myasthenia

gravis [11], immunodysregulation polyendocrinopathy enteropa-

thy X-linked (IPEX) syndrome [17], and psoriasis or pemphigus

foliaceus [18, 19]. Anti-IFN-I autoAbs have also been reported to

develop in a fraction of patients suffering from incontinentia pig-

menti [6], myeloproliferative neoplasms [20], thymoma [11, 21,

Anti-IFN-I
autoAbs

Sex
Male > Female ?

Acute infections
SARS-CoV-2
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Hepatitis viruses

ARDS/Sepsis
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IFN-kinoid vaccine
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Figure 1. Factors associated with the development of anti-IFN-I
autoAbs. Schematic overview of a ‘two-hit’ hypothesis of predispos-
ing factors and (auto) immunizing factors associated with the devel-
opment of anti-IFN-I autoAbs. Predisposing factors, such as mutations
in specific genes (genetics), loss of self-tolerance (e.g. reduced thymus
function), age, and sex are depicted in blue, together with the inter-
dependencies they share (arrows). Immunizing factors that may lead
to high or chronic levels of IFN-I, such as acute infections, IFN-I treat-
ments, or some chronic autoimmune diseases are depicted in orange.
Abbreviations: APS-1, autoimmune polyendocrinopathy syndrome type
1; SLE, systemic lupus erythematosus; ARDS, acute respiratory distress
syndrome; IFN, interferon; autoAbs, autoantibodies. Figure createdwith
BioRender.com.

22], chronic graft-versus-host disease following allogeneic bone

marrow transplantation [23, 24], chronic viral hepatitis [24],

and primary immunodeficiencies such as Omenn syndrome, Leaky

SCID (Severe Combined Immunodeficiency), T-cell lymphope-

nia, or combined immunodeficiency with granulomatous disease

and/or autoimmunity (CID-G/AI) [25]. Notably, in some autoim-

mune diseases where elevated levels of IFN-I are implicated in

maintaining clinical symptoms [16, 26, 27], possession of anti-

IFN-I autoAbs appears to ameliorate the disease. For example, the

progressive natural development of anti-IFN-I autoAbs in a sub-

set of SLE patients reduces functional IFN-I levels and thereby

exerts a dampening effect on SLE [12, 15, 28, 29]. Similarly, it

has been reported that APS-1 patients with high-affinity anti-IFN-

I autoAbs have a degree of protection against type I diabetes [27],

and SS patients with such autoAbs may also have reduced clini-

cal symptoms [16]. Thus, vaccination with an inactivated IFN-I,

IFN-kinoid, to induce therapeutic anti-IFN-I antibodies has been

trialed in some patients with SLE [30].

How do anti-IFN-I autoAbs develop: role of
the thymus, self-tolerance, and genetics?

Under normal circumstances, the body should not develop anti-

bodies against self-antigens. As such, the increased frequency

of anti-IFN-I autoAbs in a number of specific diseases with

defined genetic etiologies gives strong clues as to important fac-

tors that likely contribute to their abnormal development (Fig. 1).

© 2023 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH
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Notably, many of these patient groups have defects in genes

that are responsible for self-tolerance (i.e., limiting autoimmune

responses), most strikingly with regard to thymic selection. For

example, APS-1 patients harbor loss-of-function mutations in

AIRE, which encodes an autoimmune regulator. The AIRE protein

is a transcriptional activator usually highly expressed in medullary

thymic epithelial cells where it functions to promote expression of

tissue-specific self-antigens and thus allows maintenance of self-

tolerance in the thymus by ensuring negative selection of autore-

active T-cells [31]. Defective AIRE therefore leads to loss of tol-

erance, and autoreactivity directed towards self-antigens, which

includes a poorly understood dominance towards IFN-Is (partic-

ularly IFN-α/IFN-ω). Furthermore, genetic mutations in NFKB2,

as well as other non-canonical NF-κB pathway genes (such as

MAP3K14 (NIK) and RELB), have recently been identified in

a number of patients who developed anti-IFN-I autoAbs [32–

37]. Interestingly, NFKB2 is required for the correct expression

of AIRE [38], and patients with defects in these non-canonical

NF-κB pathway genes have a lower thymic expression of AIRE

[37], again likely impacting the establishment of self-tolerance

and promoting development of autoAbs, including those against

IFN-Is. A similar picture is noted in patients with mutations in

RAG1/RAG2, who have a high prevalence of anti-IFN-I autoAbs

[25], and who exhibit a disorganized thymus lacking AIRE expres-

sion in medullary thymic epithelial cells [39, 40]. Along this

theme, mutations in other genes that may impact different aspects

of self-tolerance, the canonical NF-κB pathway, or B-cell/T-cell

function have also been identified in patient cohorts with anti-

IFN-I autoAbs, including FOXP3 [17], IKBKG (NEMO) [6], CTLA4

[36], and IKZF2 [36, 41]. In addition, there is some evidence

that specific HLA alleles and genetic variants can predispose to

developing high-titer anti-IFN-I autoAbs (at least against IFN-β)

in patients treated with IFN-β [42–44], which could relate to

the resulting MHC class II molecules mis-presenting IFN-I-derived

immunopeptides during the self-tolerance selection process. Thus,

an overall picture is emerging where genetic dysregulation of nor-

mal self-tolerance, particularly with regard to thymus function, is

highly associated with development of anti-IFN-I autoAbs. Rare

variants in other human genes, including in genes with known

immuno-regulatory properties, have also been detected sporadi-

cally in patients with anti-IFN-I autoAbs [36, 42], and a somatic

gain-of-function mutation in JAK2 may have a protective role

against the development of anti-IFN-I autoAbs under certain cir-

cumstances [20]. It will be critical to determine the spectrum

of genetic susceptibility traits, either in tolerance-related genes

or other currently-unappreciated pathways, that associate with

development of anti-IFN-I autoAbs.

The importance of disrupted thymic function in the develop-

ment of anti-IFN-I autoAbs is also underlined by the observation

that most thymoma patients, who often harbor these autoAbs,

have undetectable levels of AIRE expression in their thymoma tis-

sue, despite normal AIRE expression in non-neoplastic tissue [45].

Furthermore, anti-IFN-I autoAbs increase in prevalence with age

[5], and thymic involution (or shrinking) is a naturally occurring

part of the aging process that leads to reduced thymus activity and

increased likelihood of high autoimmune incidence [46]. Interest-

ingly, the rate of thymic involution can be regulated by numerous

growth hormones and sex steroids, as well as by metabolic activ-

ity, and involution appears to occur more rapidly in males than

females [46]. It is therefore tempting to speculate that constitu-

tional factors correlating with reduced thymus activity, including

some cancers, age, sex, or certain other diseases/disorders and

lifestyles, could increase individual risk of developing anti-IFN-I

autoAbs (Fig. 1).

How do anti-IFN-I autoAbs develop: Role of
environmental triggers?

While reduced self-tolerance through genetic or constitutional

mechanisms correlates with anti-IFN-I autoAb development, it is

probably not sufficient. For example, while APS-1 patients almost

all have anti-IFN-I (IFN-α/IFN-ω, but rarely IFN-β) autoAbs at

high levels during infancy, the autoAbs are not necessarily present

at birth, and thus perhaps only develop in the first few months

or years of life [10, 47, 48]. In addition, only 60% of thy-

moma patients [45], and 4% of the elderly [5], have anti-IFN-I

autoAbs. One might therefore speculate that self-tolerance break-

down alone does not lead in itself to production of anti-IFN-I

autoAbs, but is a predisposing factor that requires a second event

that might differ between individuals or groups of people. Such a

second event would be the “autoimmunization” process with IFN-

Is.

Development of anti-IFN-I autoAbs has been recognized to

occur rarely in some individuals who were treated with exoge-

nous human IFN-I for cancers, multiple sclerosis (MS), or chronic

viral infections [8, 49-55]. This suggests that human IFN-Is can be

immunogenic, although this is clearly an atypical situation as only

some patients raise anti-IFN-I autoAbs [8, 49–53] even if multi-

ple individuals are administered with the same preparation and

dose of IFN-I [49]. Furthermore, anti-IFN-I autoAbs induced by

IFN-I treatment have been reported to mostly appear transiently,

and last between a few months or years despite ongoing IFN-I

administration [51, 53, 56]. Acute viral infections and systemic

inflammation are also potential triggers for the production of high

amounts of endogenous IFN-Is. Consequently, anti-IFN-I autoAbs

have been reported in several of these situations, for example with

acute HIV-1, SARS-CoV-2, influenza virus, and hepatitis A, B, or

C virus infections [11, 57-63], with a potentially IFN-stimulating

vaccine dose [64], and during acute respiratory distress syndrome

or severe sepsis [65] (Fig. 1). Acute viral infections in general can

trigger autoAbs against a range of IFN and non-IFN molecules

[60, 61, 66]. While levels of such induced autoAbs probably nat-

urally decline after a few months [56, 59, 62], some rare individ-

uals exposed to IFN-I have been described to remain positive for

anti-IFN-I autoAbs for many years [56, 67]. Thus, environments

where relatively large amounts of IFN-I antigen are present (e.g.

acute infections, hyper-inflammatory situations, IFN-I treatment

regimens), or environments where IFN-I is produced chronically

(e.g. ‘interferonopathies’, autoimmune diseases, some cancers),

© 2023 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH
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might trigger low-level and self-resolving anti-IFN-I autoAbs that

have as yet unidentified physiological regulatory functions, such

as dampening inflammatory responses. However, in individuals

additionally suffering from poor self-tolerance, it is possible that

this resolution does not occur, and anti-IFN-I autoAbs develop to

high levels and/or are maintained for longer. Indeed, it has been

shown experimentally that repeated innate immune stimulation

with virus-like IFN-agonists in partially immunodeficient mice

(hypomorphic Rag1) leads to the development of broad-spectrum

autoAbs (albeit anti-IFN-I autoAbs were not detected) [25]. The

requirement for an infectious, or IFN-inducing, trigger for anti-

IFN-I autoAbs in those with thymic dysfunction could still fit with

the extremely high penetrance of this phenotype in APS-1 patients

(100%), who have compromised self-tolerance from birth, as like

all children they are likely to encounter multiple common IFN-

inducing acute viral infections at very early ages before they have

established specific anti-pathogen humoral immunity. In contrast,

older individuals who develop thymic decline over their lifetime

may be less likely to experience high IFN-inducing acute infections

because cells from aged individuals generally produce less IFN-I

following stimulation [68], and these individuals have a degree

of anti-pathogen protection from pre-existing humoral immunity.

This could explain why the development of anti-IFN-I autoAbs

in elderly cohorts is rarer (4%) as compared to APS-1 cohorts

(100%).

In support of the speculations above, several cohorts of indi-

viduals who have been shown to develop anti-IFN-I autoAbs are

known to experience high or chronic IFN-I environments where

IFN-I “autoimmunization” is possible (Fig. 1). As already dis-

cussed, the most notable examples are individuals with SLE or SS

[16, 26]. In addition, high levels of IFN-I may be produced chroni-

cally during chronic graft-versus-host disease following allogeneic

bone marrow transplantation [69], and chronic IFN-I is a known

inducer or aggravator of the inflammatory skin disease, psoriasis

[70], both diseases where anti-IFN-I autoAbs have been detected

[18, 23, 24]. Furthermore, ataxia-telangiectasia might be classi-

fied as an ‘interferonopathy’ based on the elevated chronic expres-

sion of IFN-I that associates with this disease [71], and at least

one ataxia-telangiectasia patient has been described to possess

anti-IFN-I autoAbs [25]. Many factors, including those discussed

above relating to the thymus, could have plausibly contributed to

a breakdown in self-tolerance that allowed some individuals suf-

fering from these diseases to induce anti-IFN-I autoAbs. In addi-

tion, IFN-I itself may also have played a contributing role in break-

ing tolerance, as IFN-I treatment of B-cells has been reported

to protect them from B-cell receptor-mediated apoptosis, which

would allow self-reactive B-cells to escape negative selection [72].

Indeed, B-cell expression of the receptor for IFN-I has been shown

to be required for development of some autoAbs in a mouse model

of SLE [73]. It will be important in the future to develop refined

in vivo models that can recapitulate the induction of anti-IFN-I

autoantibodies in order to understand fully the predispositions

and triggers involved, as well as possible disease consequences.

In this regard, it is interesting to note that sporadic reports have

described anti-IFN-I autoAbs occurring spontaneously in some

strains of laboratory mice and rats at low levels, with prevalence

and titers appearing to increase slightly with age [74, 75]. This sit-

uation appears analogous to that in humans [5], and may warrant

further investigation to uncover potential similarities and differ-

ences between anti-IFN-I autoAb induction in these species.

How do anti-IFN-I autoAbs associate with
viral disease susceptibility?

Given that monogenic defects in the human IFN-I system can

lead to increased susceptibility to severe viral diseases [3, 4], the

functional neutralization of IFN-I in individuals with pre-existing

anti-IFN-I autoAbs is also likely to exacerbate the severity of an

infection. Indeed, this was first suspected in the atypical case of

an otherwise healthy and apparently immunocompetent 77-year-

old female who suffered from an episode of disseminated her-

pes zoster caused by reactivation of latent varicella-zoster virus

(VZV), and whose serum at the time of disease contained anti-

IFN-I autoAbs [7, 76]. More recently, in a comparative study,

a higher incidence of anti-IFN-I autoAbs was found in patients

suffering from postherpetic neuralgia (a painful but infrequent

severe consequence of VZV reactivation) than in patients with

typical herpes zoster [77], implicating an association of anti-IFN-

I autoAbs with severe disease. Similar associations have since

been made with other viral diseases, as anti-IFN-I autoAbs can

be found in around 10–20% of critically ill COVID-19 patients

(first described in [6], and replicated in [63, 66, 78-86] among

others), and in around 5% of critically-ill influenza patients [87],

but are not generally found in individuals with mild infections.

Critically ill COVID-19 patients with anti-IFN-I autoAbs have also

been noted to have an increased risk of developing herpesvirus

disease (herpes simplex virus, HSV; or cytomegalovirus, CMV),

as compared to similarly ill COVID-19 patients without anti-IFN-I

autoAbs [83]. As such, presence of anti-IFN-I autoAbs appears to

be a major correlate of COVID-19-associated mortality [5, 88], as

well as a correlate of severe influenza in some individuals [87].

In addition, anti-IFN-I autoAbs have been associated with severe

adverse reactions to the live-attenuated yellow fever vaccine [25,

89], and may have been involved in a possible persistent infection

with parvovirus B19 in an elderly male [90] (Fig. 2).

The above examples looked for anti-IFN-I autoAbs in cases

with atypical severe viral disease, but given the possibility that

acute viral infections might trigger low-level and self-resolving

autoAbs [59, 60, 62], it is difficult to state directly that the anti-

IFN-I autoAbs preceded and exacerbated the infection. Neverthe-

less, in a number of individuals anti-IFN-I autoAbs have been

identified prior to the development of severe viral disease, and

the anti-IFN-I autoAbs detected soon after acute infection were

already apparent high-affinity IgG, and not IgM, strongly suggest-

ing their pre-existence [6]. Furthermore, complementary obser-

vations have been made that focused on patients known to have

high serum levels of anti-IFN-I autoAbs from early ages. For exam-

ple, APS-1 patients were found to experience more severe pri-

mary infections with VZV and herpes simplex virus (HSV), and to

© 2023 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH
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Figure 2. Association of anti-IFN-I autoAbs with viral disease suscepti-
bility. Simplified schematic representation of the mechanism by which
neutralizing anti-IFN-I autoAbs prevent binding of IFN-Is to the IFN
receptor and thereby limit ISG expression and antiviral activity. Exam-
ples of viral infections exacerbated by anti-IFN-I autoAbs are depicted.
Abbreviations: VZV, varicella-zoster virus; HSV, herpes simplex virus;
CMV, cytomegalovirus; IFN, interferon; autoAbs, autoantibodies. Figure
created with BioRender.com.

exhibit herpes zoster reactivations more frequently (and at earlier

ages) than non-APS-1 patients [91]. Some (but not all [92]) APS-

1 patients have also been described to be at high risk of devel-

oping severe COVID-19 [93, 94]. Similarly, thymoma and SLE

patients who develop anti-IFN-I autoAbs have been shown to have

a clear predisposition to viral diseases such as herpes zoster and

severe COVID-19 [15, 22]. Furthermore, individuals with immune

dysfunctions caused by hypomorphic mutations in RAG1/RAG2,

and thereby suffering from diseases such as Omenn syndrome,

Leaky SCID, T-cell lymphopenia, or CID-G/AI, have also been

identified with anti-IFN-I autoAbs at early ages, and such patients

had a higher propensity of severe or disseminated viral infections

caused by VZV, CMV or adenovirus [25]. The recognized spectrum

of infectious diseases whose severity is enhanced by pre-existing

anti-IFN-I autoAbs is likely to increase dramatically with further

research in this area.

The ability of anti-IFN-I autoAbs to block (neutralize) solu-

ble IFN-Is from binding to their receptor on the surface of cells,

thereby preventing upregulation of antiviral ISGs, is the most

straightforward mechanism by which these autoAbs could pro-

mote virus replication and subsequent disease (Fig. 2). Indeed,

while anti-IFN-I autoAbs have been detected that are either neu-

tralizing or non-neutralizing, it is generally only neutralizing anti-

IFN-I autoAbs that are associated with severe viral infections [5,

15, 87, 88, 95, 96], and the more IFN-I subtypes (e.g. α, β, ω)

neutralized the greater the severity [15, 88]. Presence of local

neutralizing anti-IFN-I autoAbs in mucosa has therefore been cor-

related with increased viral loads and delayed viral clearance dur-

ing SARS-CoV-2 infections [66, 83, 95, 97] (Fig. 2). While high

amounts of anti-IFN-I autoAbs may be required to neutralize the

IFN-I generated during acute infections, thus making systemic and

local levels of functional IFN-I (and consequently systemic and

local levels of ISGs) low or undetectable in many patients with

anti-IFN-I autoAbs [5, 6, 63, 82, 97, 98], it is possible that low

amounts of neutralizing anti-IFN-I autoAbs can also exert impor-

tant virus exacerbating effects. For example, reduced levels of

baseline ISGs have been measured in circulating immune cells

from uninfected patients with APS-1 [99], likely due to their anti-

IFN-I autoAbs neutralizing the very small amount of tonic IFN-I

required to continuously prime antiviral responses. Thus, individ-

uals with even low amounts of anti-IFN-I autoAbs might have a

generally increased susceptibility to infection as their baseline lev-

els of antiviral defenses, and consequently their ability to respond

rapidly to an invading exogenous pathogen, will be compromised.

Concluding remarks

Much remains to be clarified about the possible ‘two-hit’-mediated

development of anti-IFN-I autoAbs, particularly with regard to the

role of predisposing host genetics or constitutional factors (e.g.,

thymic status, age, sex, diseases) as well as potential “autoim-

munization” triggers (e.g., some infections or unusual inflamma-

tory scenarios). Understanding these processes in more detail will

be critical to identify (and mitigate) risks associated with acquir-

ing this type of immunodeficiency, particularly in the elderly. At

another level, and not discussed in detail in this review, the higher

prevalence of autoAbs targeting IFN-α subtypes and/or IFN-ω,

as compared to rare autoAbs targeting IFN-β or even other IFN

types, such as IFN-III (λ) [5, 6, 10, 85], is a highly intriguing

phenomenon, and studies in this area to uncover the biological

basis and pathophysiology of this apparently selective mechanism

are certainly warranted. While the relative levels of certain IFNs

during “autoimmunization” or their potential differential presen-

tation by MHC-II could play important roles, an analogous mech-

anism to the induction of anti-IFNγ autoAbs by a fungal pathogen

via ‘molecular mimicry’ cannot be excluded [100]. Either way, the

specific disease consequences for the extremely rare individuals

who do develop autoAbs against IFN-β or IFN-λ should be inves-

tigated.

Despite the strong association between general possession of

anti-IFN-I autoAbs and severe viral infections, it remains to be

determined whether there might be a normal physiological role

for low-level, transient, development of anti-IFN-I autoAbs that

act to dampen certain inflammatory states, particularly given the

observed widespread and fluctuating instances of these autoAbs

during many acute viral infections [11, 57-63]. While some indi-

viduals may then go on to aberrantly maintain anti-IFN-I autoAbs

in their blood and be highly susceptible to severe viral disease, the

precise levels of these autoAbs and the IFN-I subtypes/epitopes

that they must target to effectively compromise innate antiviral

immunity still need to be dissected in order to define a clear ‘cor-

relate of susceptibility’. In the longer term, such a ‘correlate of

susceptibility’ would be necessary before embarking on the devel-

opment of advanced treatments that might be designed to tar-

get specific pathogenic autoAbs. In the shorter term, a ‘correlate

of susceptibility’ would be useful for effective early diagnosis of

individuals with the most dangerous constellations of anti-IFN-

I autoAbs, who could immediately be prioritized for prophylac-

tic vaccination regimens (using non-live vaccines) or other risk

© 2023 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH
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mitigation measures. Indeed, individuals with anti-IFN-I autoAbs

are still able to mount efficient humoral responses to vaccines

[101], though breakthrough infections can occur [102]. Further-

more, treatment strategies for those with critical viral illness and

anti-IFN-I autoAbs could include highly invasive plasma exchange

therapies to remove autoAbs from circulation [93, 103], B-cell

depletion therapies [104], or treatments with antiviral IFN-Is that

are not targeted by patient autoAbs (e.g. IFN-β or potentially

IFN-λ) [105, 106], although this latter strategy could risk the

development of new anti-IFN-β/λ autoAbs in susceptible patients.

Thus, future definition of a ‘correlate of susceptibility’, and its

application to patient diagnosis, should refine the classification

of patients requiring specific treatment.
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