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Autoantibodies neutralizing type 1 interferons in
two cohorts of people with HIV
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Michael ). Peluso®®, Steven G. Deeks*®, Jean-Laurent Casanova®’&21%*@®, and Trine H. Mogensen®?3*@®

Autoantibodies (autoAbs) neutralizing type | interferons (IFN-1) markedly increase the risk of severe manifestations of some
viral diseases. The prevalence of autoAbs neutralizing at least one IFN-I, specifically IFN-a2, IFN-B, and IFN-w, in individuals
from the Swiss human immunodeficiency virus 1 (HIV-1) cohort is largely similar to French age-matched healthy controls,
with around 1% in adults by age 65 having neutralizing IFN-I autoAbs and rising thereafter. We analyzed samples from Danish
individuals with HIV, including antiretroviral therapy (ART) treated (n = 260) and ART-naive (n = 58) individuals, aged 18-79
(mean age 46.6 years, SD # 11.1 years), and American individuals with HIV, all of whom were ART-naive (n = 292) aged 20-76
(mean age 41.7 years, SD + 10.1 years). In the Danish cohort, a total of 2/318 (0.63%) individuals had autoAbs neutralizing 1 ng/
ml IFN-w, whereas 1/318 (0.31%) had autoAbs neutralizing 200 pg/ml IFN-w. In the American cohort, 2/292 (0.68%) individuals
had autoAbs neutralizing IFN-w at 1 ng/ml. Combining both cohorts, the overall prevalence of autoAbs neutralizing IFN-w
was 5/610 (0.82%). Longitudinal samples were available for two individuals with IFN-w autoAbs: One displayed persistently
detectable autoAbs over time, whereas the other showed a decline in neutralizing activity after 2 years. Two out of five
individuals with IFN-I neutralizing autoAbs had a history of IFN-a treatment for chronic hepatitis C virus (HCV) infection.
Individuals with IFN-I neutralizing autoAbs shared a history of viral infections, including mucocutaneous herpesvirus
infections, zoster, and human papillomavirus disease. Collectively, the prevalence of IFN-I neutralizing autoAbs in people with
HIV, whether ART-treated or ART-naive, did not significantly differ from that in the general population. Whereas hepatitis C
and IFN therapy may contribute to the development of autoAbs to IFN-I, these autoAbs in turn seem to predispose to
mucocutaneous herpesvirus infections and HPV-related neoplasia.

Introduction

Viral infections are associated with vast interindividual clinical ~vaccine (8), ~40% of West Nile virus encephalitis (9), ~10% of

variability, as manifestations of the same virus can range from
asymptomatic infection to lethal disease. While rare inborn errors
of type I interferon (IFN-I) immunity have been implicated from
2003 onward, the more common autoantibodies (autoAbs) neu-
tralizing IFN-I have been studied from 2020 onward (1). Besides a
case of disseminated zoster reported between 1981 and 1984 (2, 3),
IFN-I autoAbs were considered to be clinically silent until the
COVID-19 pandemic, during which they were shown to underlie
15% of hypoxemic COVID-19 pneumonia cases and 20% of fatal
COVID-19 cases (4, 5). Since these discoveries, IFN-I neutralizing
autoAbs have been shown to underlie several other severe viral
diseases, including: ~5% of severe influenza pneumonia (6), ~20%
of hypoxemic Middle East respiratory syndrome pneumonia (7),
one-third of adverse reactions to live-attenuated yellow fever

tick-borne encephalitis (10), and most cases of rare severe ar-
boviral diseases (11). In a large cohort of ~35,000 healthy in-
dividuals, IFN-I neutralizing autoAbs were detected in 0.3-1% of
adults under the age of 65 years and in 4-7% of adults over 65 years
(5, 11). IFN-I neutralizing autoAbs can be seen as “autoimmune
phenocopies” of inborn errors of IFN-I immunity, thereby pre-
disposing individuals to severe viral infections (1, 12, 13). The full
spectrum of viral infections driven by IFN-I neutralizing autoAbs
may be broader than currently recognized. While these autoAbs
are found in a growing range of inborn errors of thymic tolerance
to self, including the prototypical autoimmune polyglandular
syndrome type 1 (APS-1) (14) and related conditions (15), they are
also more common in patients with various autoimmune con-
ditions of elusive or incomplete etiology (13, 16).
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Recently, there has been growing interest in examining the
prevalence of IFN-I neutralizing autoAbs in individuals with
human immunodeficiency virus 1 (HIV-1). A recent study by
Hale and associates leveraged a large number of consecutive
samples from the Swiss HIV Cohort, consisting of virally sup-
pressed antiretroviral therapy (ART)-treated individuals living
with HIV. Participants were screened for the presence, persis-
tence, and development of IFN-I neutralizing autoAbs. Among
nearly 2,000 people with HIV, aged 65 or above (age distribu-
tion: 65-69 years [n = 857], 70-79 years [n = 831], 80-89 years
[n = 183], and 90-94 years [n = 5]) at time of sampling, 1.17%
developed IFN-I neutralizing autoAbs against at least one IFN-I,
based on concentrations of 10, 1, or 0.2 ng/ml for IFN-a2 and
IFN-w, and 1, 0.2, or 0.04 ng/ml for IFN-B. This prevalence is
comparable to that reported in a large study on the general
population, where IFN-I autoAbs were detected in ~1% under
70 years, 2.3% between 70 and 80, and 6.3% above 80 years (5).
Longitudinal testing of autoAbs-positive individuals in the Swiss
HIV Cohort study over an average of 20.2 years prior to the
initial sample revealed a median onset of autoAbs development
of 63 years, with age ranges spanning from 45 to 80 years (17).
The major findings of the study of the Swiss HIV Cohort were
that neutralizing IFN autoAbs arise and do not disappear over
time. They also diversify, the neutralization of an IFN preceding
that of another. Moreover, the authors suggested that prior viral
infection, including cytomegalovirus (CMV) status, IFN treat-
ment for viral hepatitis B or C, or autoimmune diseases might
predispose to the development of IFN autoAbs (13, 17).

Overall, the mechanisms and causes underlying the devel-
opment of IFN-I neutralizing autoAbs remain unresolved in
most individuals, especially in the elderly. To better characterize
the natural history of these autoAbs, we tested two cohorts of
individuals with HIV-1 infection. There are several key ques-
tions regarding the impact and development of IFN-I neutral-
izing autoAbs in the context of HIV-1 infection. One is whether
chronic HIV-1 infection, with or without viremia, predisposes or
induces IFN-I neutralizing autoAbs. A second is whether IFN-I
neutralizing autoAbs may contribute to immune exhaustion and
opportunistic infections in this immune-dysregulated patho-
logical context. In the present study, we sought to answer these
questions by investigating different cohorts of viremic ART-
naive and virally suppressed ART-treated people with HIV, ex-
amining their medical history of opportunistic viral infections
and virus-related cancer, and correlating this to circulating
IFN-I neutralizing autoAbs over time.

Results

Demographics of two adult cohorts with HIV-1-infection
Adults diagnosed with HIV-1from two independent cohorts were
included: a Danish cohort from Aarhus University Hospital
(AUH), Denmark, and an American cohort from the University of
California, San Francisco (UCSF), San Francisco, CA, USA. In
total, 657 plasma samples were obtained, of which 365 plasma
samples were from 318 Danish individuals (including 47
longitudinal samples), and 292 plasma samples were from 292
American individuals. The exact age at plasma collection was
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available for 296/318 (93.1%) individuals in the Danish cohort and
for all individuals in the American cohort (Fig. 1 A). The age of the
individuals ranges from 18 to 79 years in the Danish cohort, with
amean (+SD) age at plasma sampling of 47.3 (+11.2) years for men
and 44.0 (+10.5) years for women, resulting in an overall mean
age of 46.6 (+11.1) years. In the American cohort, the age ranged
from 20 to 76 years at plasma sampling, and the mean age was
41.2 (£10.2) years for men and 45.0 (+8.9) for women, with an
overall mean age of 41.7 (+10.1) years. Most individuals, 282/296
(95.3%) in the Danish cohort and 288/292 (98.6%) in the Amer-
ican cohort were below the age of 65—an age group associated
with a relatively low prevalence of IFN-I neutralizing autoAbs in
the general population (5). Sex was known for 297/318 (93.4%)
individuals in the Danish cohort, of which 232/297 (78.1%) were
male and 65/297 (21.9%) were female. In the American cohort,
sex was known for 290/292 (99.3%) individuals, of which 259/
290 (89.3%) were male and 31/290 (10.7%) were female. CD4*
T cell counts ranged from 133 to 2,143 cells/ul in the Danish co-
hort, with a median count of 665 cells/ul based on data from 208/
318 (65.4%) individuals. In the American cohort, CD4* T cell
counts ranged from 9 t0 1,530 cells/pl, with a median of 469 cells/
pl (data available for all 292 individuals). Regarding treatment
status, 260/318 (81.8%) of the Danish individuals were on ART,
while 58/318 (18.2%) were ART-naive. In contrast, all 292/292
(100%) American individuals were ART-naive (Fig. 1 B).

Presence of IFN-I neutralizing autoAbs in adults with chronic
HIV-1 infection

IFN-I neutralization was assessed using a luciferase-based
human embryonic kidney (HEK)-293T cell assay (5, 9). Un-
glycosylated IFN-a2 was tested at concentrations of 1 ng/ml and
100 pg/ml, glycosylated IFN-B at 1 ng/ml, and unglycosylated
IFN-w at 1 ng/ml and 200 pg/ml. As a positive control, we used
plasma from a patient diagnosed with APS-1 known to have
autoAbs against all tested IFN-I conditions, which was con-
firmed in our assay. Plasma samples from two healthy donors
lacking IFN-I neutralizing autoAbs were used as negative con-
trols (Fig. S1). Across both cohorts (n = 610), IFN-I neutralizing
autoAbs against the five different IFN-I subtypes and/or con-
centrations were measured. We only detected neutralization
against IFN-w, where four individuals exhibited neutralization
against both IFN-w at 1 ng/ml and 200 pg/ml and one individual
only against IFN-w at 200 pg/ml (Table 1 and Fig. 2, A-C). This
resulted in the presence of IFN-I neutralizing autoAbs in at least
one tested condition in 5/610 (0.82%) individuals. In the Danish
cohort, 2/318 (0.63%) individuals had neutralizing autoAbs
against both IFN-w 1 ng/ml and 200 pg/ml, while 1/318 (0.31%)
had neutralizing autoAbs only against IFN-w at 200 pg/ml. In the
American cohort, 2/292 (0.68%) individuals had IFN-I neutral-
izing autoAbs against both IFN-w 1 ng/ml and 200 pg/ml (Fig. 2,
D-F). We did not detect IFN-I neutralizing autoAbs against either
IFN-a2 or IFN- in any of the individuals tested.

Comparison of demographics and laboratory data between
IFN-I autoAbs-positive and -negative individuals

Overall, the demographic characteristics of individuals with and
without IFN-I neutralizing autoAbs in the two cohorts were
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Male 232 259
Female 65 31
Unknown 21 2
Median CD4 count (cells/uL) [Range] 665 [133-2143] 469 [9-1530]
ART-treated 260 0
ART-naive 58 292

Figure 1. Baseline characteristics of the study population. The cohorts consisting of individuals from a Danish cohort (n = 318) and an American cohort (n =
292) diagnosed with HIV. Individual data at the time of inclusion for blood samples are shown. (A) Stacked bar charts showing the age distribution of individuals
in the Danish and American cohorts, stratified by sex. Age was available for 296/318 (93%) individuals in the Danish cohort and 292/292 (100%) individuals in the
American cohort. (B) Summary table detailing characteristics from each cohort, including total number of individuals, mean age, sex distribution, CD4* T cell
counts, and ART-treatment status. The Danish cohort included both ART-treated and ART-naive individuals, whereas all individuals in the American cohort were

ART-naive.

similar (Table 2). The mean age of IFN-I autoAbs-positive
individuals in the Danish cohort was 49.9 years, compared
to 46.6 years for the IFN-I autoAbs-negative cohort. In the
American cohort, the mean age was 42.0 years for the IFN-I autoAbs-
positive individuals and 41.7 years for the IFN-I autoAbs-negative

Table 1. Summary of neutralizing samples per IFN-I condition tested

individuals. Regarding sex distribution, 1/3 (33%) of the IFN-I
autoAbs-positive individuals in the Danish cohort were male
and 2/3 (66%) were female. In contrast, the IFN-I autoAbs-
negative individuals in the Danish cohort showed the opposite
tendency, with 231/315 (73%) being male, 63/315 (20%) being

IFN-a2
1ng/ml

IFN-w
1ng/ml

Sample category IFN-B

1ng/ml

IFN-a2
100 pg/ml

IFN-w
200 pg/ml

Individuals with neutralizing autoAbs

Danish cohort, N (%) 0/318 (0.00)  0/318 (0.00)  2/318 (0.63)

0/318 (0.00)  3/3132(0.96)  3/318 (0.94)

American cohort, N (%) 0/292(0.00)  0/292 (0.00)  2/292 (0.68)

0/292(0.00)  2/292(0.68)  2/292 (0.68)

Combined cohorts, N (%)  0/610 (0.00)  0/610 (0.00)  4/610 (0.65)

0/610 (0.00)  5/605(0.83)  5/610 (0.82)

2Five samples excluded based on reduced transfection efficiency.
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Individuals (n=610)

I 0.65% IFN-w 1 ng/mL and -w 200
= 0.16% IFN-w 200 pg/mL
[ 99.19%

Individuals (n=318)

Individuals (n=292)

B 0.63% IFN-w 1 ng/mL and -w 200 pg/mL
[ 0.31% IFN-w 200 pg/mL only
[ 99.06% None

I 0.68% IFN-w 1 ng/mL and -w 200 pg/mL
[ 99.32%

Figure 2. Capacity of plasma samples from individuals with HIV to neutralize IFN-I. Plasma samples from individuals with HIV-1infection tested for their
ability to neutralize five different conditions of IFN-I by applying plasma to HEK293T cells for 16 h. Neutralization was defined as a response below 15% of
normalized relative luciferase activity (RLA ratio), represented as a dotted line in each panel. All samples were tested once in a dual luciferase assay. (A-C) RLA
ratio (%) plotted, with values below 15% indicating neutralization. Each panel represents samples tested at the specific [FN-I condition as specified. (D-F) Pie
charts summarizing the percentage and combination of IFN-I conditions neutralized per individual plasma sample.

female, and 21/315 (7%) with unreported sex. In the American
cohort, all IFN-I autoAbs-positive individuals were male (2/
2 [100%]), while the IFN-I autoAbs-negative individuals in the
American cohort consisted of 257/290 (88%) male, 31/290 (11%)
female, and 2/290 (1%) with unreported sex. In both the Danish
and the American cohorts, there was no obvious difference
between median CD4* T cell counts between IFN-I autoAbs-
positive and IFN-I autoAbs-negative individuals. In the Danish
cohort, two of the three IFN-I autoAbs-positive individuals had
CD4* T cell counts within the normal range (550 and 830 cells/
ul, respectively) (18), while one individual had a CD4* T cell
count below the normal range (310 cells/pl). The CD4* T cell
counts of IFN-I autoAbs-negative individuals in this cohort
varied, with a median of 670 cells/pl (133-2,143), reflecting a
generally preserved CD4* T cell count in the majority of in-
dividuals. In the American cohort, the two IFN-I autoAbs-
positive individuals had CD4* T cell counts of 408 and 741
cells/pl, respectively, thus one individual exhibiting a count just
below the normal range and the other within the normal range.
The IFN-I autoAbs-negative individuals in the American cohort
had a median CD4" T cell count of 469 cells/ul (9-1,530 cells/pl),
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which was slightly below the normal range of 550 cells/pl.
Regarding treatment, all three IFN-I autoAbs-positive Danish
individuals (100%) were receiving ART, compared to 257/315
(81.6%) IFN-I autoAbs-negative individuals. In contrast, all
individuals in the American cohort, both IFN-I autoAbs-
positive and IFN-I autoAbs-negative individuals, were ART-
naive, in accordance with this cohort consisting of only ART-naive
individuals.

Clinical history of IFN-I autoAbs-positive individuals

with HIV-1

We next investigated the clinical history of the five individuals
with IFN-I neutralizing autoAbs, in terms of severe viral diseases
and virus-induced cancers, appearing both before and after the
detection of IFN-I neutralizing autoAbs (Table 3). Participant
(P)1 (Danish cohort) was a 67-year-old male on ART with a CD4*
T cell count of 550 cells/pl and co-infected with hepatitis C virus
(HCV) for which he was treated with pegylated IFN-a (Pegasys)
for 24 wk in the past. At the time of plasma sample collection, he
harbored IFN-I neutralizing autoAbs against IFN-w at 1 ng/ml
and 200 pg/ml. He was diagnosed with rectal cancer 17 years
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Table 2. Demographics of IFN-I autoAbs-positive and autoAbs-negative individuals from the Danish and American cohorts

Danish cohort: IFN-I

autoAbs-positive autoAbs-negative

Danish cohort: IFN-I

American cohort: IFN-I
autoAbs-negative

American cohort: IFN-I
autoAbs-positive individuals

individuals individuals individuals
Number of individuals 3 315 2 290
Mean age, years 49.9 [29-67] 46.6 [18-79] 42.0 [28-56] 417 [20-76]
[range]
Sex
Male 1/3 (33%) 231/315 (73%) 2/2 (100%) 257/290 (88%)
Female 2/3 (66%) 63/315 (20%) 0/2 (0%) 31/290 (11%)
Unknown 0/3 (0%) 21/315 (7%) 0/2 (0%) 2/290 (1%)

Median CD4* count
(cells/pt) [range]

550 [310-830] 670 [133-2,143]

574.5 [408-741] 469 [9-1,530]

ART-treated 3/3 (100%) 257/315 (82%)

0/2 (0%) 0/290 (0%)

ART-naive 0/3 (%) 58/315 (18%)

2/2 (100%) 2907290 (100%)

prior to the detection of IFN-I neutralizing autoAbs. Four years
after the detection of IFN-I neutralizing autoAbs, he was ad-
mitted with severe Streptococcus bovis bacteremia, and 11 years
after the IFN-I neutralizing autoAbs were detected, the patient
died due to hepatocellular carcinoma (HCC) as a consequence of
chronic HCV infection. P2 (Danish cohort) was a 29-year-old
female on ART with a relatively low CD4* T cell count of 310
cells/pl at the time of plasma collection, where neutralizing
autoAbs were detected against IFN-w at 1 ng/ml and 200 pg/ml.
She had a history of human papillomavirus (HPV) infection and
was diagnosed with a low-grade squamous intraepithelial lesion
1 year after IFN-I neutralizing autoAbs detection, which pro-
gressed to carcinoma in situ 2 years later. 5 years after IFN-I
neutralizing autoAbs detection, she was hospitalized with
pneumococcal pneumonia. P3 (Danish cohort) was a 52-year-old
female on ART with a CD4* T cell count of 830 cells/pl at the time
of plasma collection, where neutralizing autoAbs were detected
against IFN-w at 200 pg/ml. She was co-infected with HCV for
many years and was treated with IFN-a (Pegasys) for 24 mo in
2002, clearing HCV infection prior to sample collection. P4
(American cohort) was a 56-year-old male with a CD4* T cell
count of 741 cells/pl at the time of plasma collection and cate-
gorized as a non-controller with a high viral load, although he
was considered a long-term non-progressor given his mainte-
nance of a robust CD4* T cell count in the absence of ART.
Neutralizing autoAbs were detected against IFN-w at 1 ng/ml and
200 pg/ml. This individual engaged with the healthcare system
sporadically, and despite being prescribed ART was frequently
found to be viremic, with multiple admissions for community-
acquired pneumonia. Prior to the sample collection date, he had a
documented history of genital herpes simplex virus (HSV)-2 in-
fection. After the sample collection date, he experienced epi-
sodes of herpes zoster including at least one lesion crossing the
midline revealing multi-dermatomal involvement, as well as
infections with respiratory syncytial virus, parainfluenza virus,
and COVID-19. P5 (American cohort) was a 28-year-old ART-
naive male with a CD4* T cell count of 408 cells/pl at the time
of plasma collection and categorized as a non-controller with a

Jensen et al.
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high viral load. IFN-I neutralizing autoAbs were detected against
IFN-w at 1 ng/ml and 200 pg/ml. This individual has a history of
multiple sexually transmitted infections (STIs), as well as an
HSV-2 infection in 2018, and was also diagnosed with MPox after
sample collection.

Detection of IFN-a autoAbs using enzyme-linked
immunosorbent assay (ELISA)

P1 and P3 both had a history of IFN-a treatment for chronic
hepatitis C infection prior to the detection of IFN-w neutralizing
autoAbs. However, neither of these patients exhibited IFN-a
autoAbs when assessed by the neutralization firefly/renilla lu-
ciferase assay. To further evaluate the presence of potential non-
neutralizing IFN-a autoAbs, an IFN-a ELISA was performed.
Both P1and P3 showed optical density (OD) values below the cut-
off of 0.5 (Fig. S2), demonstrating absence of detectable IFN-o
autoAbs consistent with the absence of IFN-a neutralizing ac-
tivity observed.

Clinical data from the Danish and American cohorts
For the American cohort, medical files were assessed for HCV
status, prior IFN-a treatment, and documented herpes zoster
virus infection at the time of sampling for all participants.
Among the 292 individuals, 70 (24.0%) were HCV antibody
positive, 174 (59.6%) were negative, and 48 (16.4%) had unknown
status. Only one individual had received prior IFN-a treatment;
this participant did not exhibit neutralizing autoAbs against any
of the IFN conditions tested. A documented history of herpes
zoster was noted for 77 participants (26.4%), while this infor-
mation was unavailable for the remaining individuals (Table S1).
For the Danish cohort, a large proportion of the samples in-
cluded were from studies where patients with active or chronic
HCV infection, defined by detectable HCV RNA in plasma, were
excluded prior to enrollment and plasma collection. Therefore,
148 of the 318 individuals (46.5%) are known to not have active or
chronic HCV infection. For the remaining part of the Danish
cohort no patients with active HCV infection were included
whereas chronic infection could not be entirely excluded but, in
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that case, would be estimated to affect <5% of the cohort. In-
formation on previous IFN-a treatment was not available for this
cohort.

IFN-I neutralization results from longitudinal samples

Longitudinal samples from 47 individuals in the Danish cohort
were tested for IFN-I neutralizing autoAbs against all five IFN-I
conditions as previously mentioned. All individuals received
ART at the time of the initial plasma sample, and all individuals
received an investigational product treatment for a predefined
time period, depending on the original study project from AUH.
These individuals have a mean age of 44.3 (+9.2) and a distri-
bution of 38 males, 6 females, and 3 with unknown sex. No IFN-I
neutralizing autoAbs were detected in any of these follow-up
samples (Fig. S3, A and B), aligning with prior findings that
these individuals lacked detectable IFN-I neutralizing autoAbs in
the initial samples tested. In the American cohort, longitudinal
samples from the two individuals with IFN-I neutralizing au-
toAbs were analyzed for all five IFN-I conditions. For P4, 10
additional plasma samples obtained between the years 2010 and
2017 were available demonstrating IFN-I neutralizing autoAbs
against IFN-w at both 1 ng/ml and 200 pg/ml present in all the
samples throughout the years (Fig. S4 A). For P5, three addi-
tional plasma samples obtained between 2018 and 2020 were
available (Fig. S4 B) revealing that this individual lost neutrali-
zation against IFN-w at both concentrations through the years.

Discussion

The presence and persistence of IFN-I neutralizing autoAbs in
people with HIV and the potential association with immune
pathogenesis, risk of opportunistic infections, and cancer re-
main largely unknown. In the present study, we found a com-
bined prevalence of IFN-I neutralizing autoAbs of 0.82% in
cohorts with a mean age of 49.9 and 42.7 years at the time of
sampling, and the majority being males, with 78.1 and 89.0% for
the Danish and American cohorts, respectively. This observation
aligns with findings from the general healthy population, in
which 0.3-1% of individuals below 65 years have IFN-I neu-
tralizing autoAbs, with IFN-w being the most common (5). In
2022, a high frequency (87.5%) of IFN-I neutralizing autoAbs
was shown in a small cohort (eight individuals) of SARS-CoV-
2 and HIV-1 co-infected individuals on ART, whereas no IFN-I
neutralizing autoAbs were detected in the control group con-
sisting of individuals with HIV-1 infection but without SARS-
CoV-2 co-infection (19). Our findings of similar levels of IFN-I
neutralizing autoAbs in the two HIV-1 cohorts compared with
the background population indicate that the development of
COVID-19, rather than HIV-1 status, was related to the presence
of IFN-I neutralizing autoAbs as previously demonstrated (4). A
small cross-sectional exploratory study from 2023 including 60
patients with HIV and opportunistic infections, including My-
cobacterium tuberculosis, non-tuberculous mycobacteria, or ac-
tive CMV infection, reported that 11% were positive for IFN-I
autoAbs (against IFN-a or IFN-w) measured by ELISA (20).
Notably, although most of these individuals were receiving ART,
only less than half (41%) had undetectable and fully suppressed
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plasma HIV-1 RNA (<50 copies/ml) at the time of IFN-I autoAbs
testing (20). The discrepancy between this high prevalence of
IFN-I autoAbs in this cross-sectional study compared with ours
might be explained by the fact that IFN-I autoAbs were detected
by ELISA, which may be more likely to detect autoAbs without
neutralizing capacity, and not by a functional neutralization
assay (6, 10). In the study by Imberti et al. the presence of IFN-I
autoAbs did not correlate with CD4* T cell count or viral load at
time of measurement but showed a positive correlation with a
high viral load at HIV-1 diagnosis (20). We also did not observe a
correlation between CD4"* T cell count and the presence of IFN-I
neutralizing autoAbs, with 3/5 (60%) IFN-I neutralizing autoAbs
positive individuals having CD4* T cell counts within the normal
range (500-1,400 cells/pl). However, the two IFN-I-neutralizing
individuals from the American cohort exhibited high viral loads
at the time of plasma collection, together with previous findings
indicating that persistent viremia might possibly represent a
driver of autoAbs development.

A seminal study by Hale and associates from 2024, based on
data from 1,876 individuals with HIV from the Swiss HIV Cohort,
reported that 1.9% of individuals developed IFN-I autoAbs using
a multiplex bead-based assay to screen samples for IgG autoAbs
against IFN-a2, IFN-B, and IFN-w, whereas 1.17% had IFN-I
neutralizing autoAbs against these IFN-Is detected via a dual-
luciferase reporter assay (17). These individuals with neutral-
izing autoAbs against at least one IFN-I were divided as follows:
0.58% of 65-69-year-olds (5/857); 1.68% of 70-79-year-olds (14/
831); and 1.64% of 80-89-year-olds (3/183) and were largely
similar to those previously reported in an otherwise healthy,
general population cohort (5). The authors concluded that once
developed, these IFN-I neutralizing autoAbs persisted for up to
15 years and were associated with decreased mRNA levels of
IFN-stimulated genes in peripheral blood mononuclear cells
(PBMCs), increased risk of severe COVID-19, and possibly an age-
related loss of self-tolerance. A significant negative association
was observed between CMV seroprevalence in individuals with
IFN-I autoAbs compared to those without, whereas a signifi-
cant positive association was observed in relation to prior
herpes zoster events. No associations were observed between the
presence of IFN autoAbs and CD4* T cell count, HIV-1RNA levels,
or common opportunistic bacterial or fungal infections. More-
over, the fraction of IFN-I neutralizing autoAbs positivity in
these virally suppressed people with HIV was largely similar to
the general population, although IFN-I neutralizing autoAbs
positivity in untreated, viremic individuals was not assessed
(17). The present study, which included both ART-treated and
ART-naive people with HIV, also showed a similar prevalence of
IFN-I neutralizing autoAbs to that of the general population
below 65 years of age (5), suggesting that ART status and viremia
do not strongly influence IFN-I neutralizing autoAbs develop-
ment at population level.

We identified five individuals with HIV-1 and IFN-I neu-
tralizing autoAbs who shared an extensive history of viral in-
fections and virus-induced cancer, suggesting a potential link
between IFN-I neutralizing autoAbs and recurrent and/or per-
sistent/chronic viral infections in these individuals. For in-
stance, P1 had a longstanding HCV co-infection, for which he

Journal of Human Immunity
https://doi.org/10.70962/jhi.20250179

14y /9609202 /6.1052028 /Z /2 /ypd -8 |0 11ae /1y [/B 1o 'sseudni//:d 11y wouy papeo jumoq

920z |14dy €0 uo 1senbB Agq Jpd ‘6.T05202

70f 12



was treated with IFN-a. Later, the chronic HCV infection pro-
gressed into HCC. P3 similarly had chronic HCV infection for
17 years before plasma collection and received IFN-a treatment.
P4 and P5 had recurrent infections with HSV-2, varicella-zoster
virus (VZV), respiratory syncytial virus (RSV), and parainflu-
enza, indicating a potentially impaired innate immune response
contributing to viral infection and persistence. Such recurrent
HSV-2 and VZV infections are relatively common among people
living with HIV. HSV-2 co-infection is particularly prevalent,
with global seroprevalence rates often exceeding 50%, although
considerable regional variation exists (21, 22). In contrast, a
study of women living with HIV in Denmark found that only 2%
were HSV-2 positive by PCR testing (23). The incidence of herpes
zoster has been estimated to be 10-30 times higher in ART-naive
HIV-positive individuals than in HIV-negative controls (24, 25),
which aligns with our American cohort, where 26.4% of partic-
ipants had a documented history of herpes zoster, whereas
status was unknown for the remaining 73.6%. P2 had a history of
HPV-induced carcinoma in situ as well as hospitalization with
pneumococcal pneumonia, which occurred 3 and 5 years after
the detection of IFN-I neutralizing autoAbs, respectively. How-
ever, people living with HIV generally have an increased risk of
developing HPV-associated malignancies independently of IFN-I
autoAbs (26, 27).

Notably, none of the five individuals with IFN-I neutralizing
autoAbs reported any of the diseases previously associated with
IFN-IautoAbs, including severe influenza or severe COVID-19 (4,
6). Longitudinal samples from P4 and P5 revealed that persis-
tence of autoAbs can vary, with P4 maintaining neutralizing
autoAbs against IFN-w over a period of 7 years, whereas P5 ap-
peared to lose detectable neutralizing IFN-w autoAbs within a
2-year period. This transient nature of autoAbs upon IFN-a
treatment was also observed in the Swiss HIV Cohort, in which
three patients treated with IFN-a for chronic HCV infection
developed autoAbs to IFN-a and in one of these also to IFN-w.
In two of these patients, IFN-I autoAbs disappeared over
time, whereas in one individual, they lasted for more than two
decades (17).

Our data demonstrate that both ART-treated virally sup-
pressed and ART-naive people with HIV overall have a preva-
lence of IFN-I neutralizing autoAbs comparable to the general
population (5). In addition, our study provides insight into in-
dividual cases, suggesting a potential association between IFN-I
neutralizing autoAbs and an increased risk of viral opportunistic
infections and virus-related cancers, although this is difficult to
demonstrate with certainty based on the current dataset. Nota-
bly, the pronounced infection susceptibility in the five in-
dividuals with IFN-I neutralizing autoAbs was not associated
with a decreased CD4* T cell count, thereby arguing against a
cellular immunodeficiency as a potential contributing factor to
the infection and cancer susceptibility. We cannot exclude that
IFN-I neutralizing autoAbs in the two individuals (P1 and P3)
with HCV-co-infection might have been induced by IFN-a
treatment as previously reported (17, 28). Within the American
cohort, only one patient (1/302) received IFN-a treatment before
sampling, and this subject did not show evidence of neutralizing
autoAbs against any of the IFN-subtypes tested. For the Danish
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cohort, information on previous IFN-a treatment for chronic
HCV infection is unavailable for autoAbs negative individuals.
Notably, we detected IFN-w neutralizing autoAbs as opposed
to IFN-a neutralizing autoAbs reported in the study by Hale
and associates, questioning the association between IFN-a treat-
ment and development of IFN-a autoAbs, or suggesting cross-
reactivity between IFN-a and IFN-w autoAbs. Consistent with
these data, it has been demonstrated that patient-derived mon-
oclonal autoAbs can neutralize several IFN-a subtypes and IFN-
w (29). However, samples from P1 and P3 harboring neutralizing
IFN-w but not IFN-a autoAbs were, additionally, tested by ELISA
which also did not detect any IFN-a autoAbs. Therefore, the
emergence of neutralizing IFN-w autoAbs in the absence of de-
tectable IFN-a autoAbs challenges the theory that IFN-a therapy
alone drives the generation of the neutralizing IFN-w autoAbs,
or reflects that any IFN-a autoAbs triggered byprior IFN-a
treatment may have been transient and disappeared at the time
of sampling.

Whether IFN-I neutralizing autoAbs may have been present
at the time of HCV infection and could have contributed to
chronicity and progression to HCC remains unknown and can-
not be resolved here due to the lack of plasma prior to or at the
time of HCV transmission and early infection. Based on these
data together with previous findings (2, 18, 30, 31), we suggest
that presence of neutralizing IFN autoAbs might have preceded
and predisposed to infections with herpesviruses and HPV-
induced malignancy in these individuals. In contrast, the natu-
ral history of HCV infection and IFN treatment for this condition
may likely have preceded the development of neutralizing IFN
autoAbs as previously documented (17).

Collectively, we studied two Danish and American cohorts of
individuals with HIV-1 infection, mainly below 65 years, who
were either ART-treated or ART-naive, and found that 5/610
(0.82%) individuals harbored IFN-I neutralizing autoAbs for at
least one IFN-I condition. At cohort level, this is not a signifi-
cantly increased fraction of IFN-I neutralizing autoAbs com-
pared to the general population. We did not observe any clear
correlations of IFN-I neutralizing autoAbs with ART-treatment,
CD4* T cell count, or other parameters available to us. However,
given the substantial disease burden of those five individuals
with IFN-I neutralizing autoAbs, including recurrent HSV and
VZV infections and HPV-related carcinoma in situ (and possibly
chronic HCV with HCC), we suggest that the presence of IFN-I
neutralizing autoAbs in each of these individuals may contribute
to overall increased infection susceptibility and virus-induced
cancer, possibly in the context of affected cellular immunity and
T cell exhaustion. Further studies are needed to more precisely
investigate the presence and impact of IFN-I neutralizing au-
toAbs on viral and non-viral autoimmune and malignant disease
presentations/pathologies in people infected with HIV.

Materials and methods

Study population

Plasma samples were analyzed from two independent Danish
and American cohorts of individuals with HIV. Danish cohort:
Adult individuals with HIV (218 years old) were included from
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previous studies, from which samples were still available. The
cohort comprises samples collected from nine different HIV
studies conducted at AUH, Aarhus, Denmark (32, 33, 34, 35, 36, 37,
38, 39, 40). Samples were collected between January 21, 2008, and
December 2, 2021, from 318 individuals with HIV. These sample
collections, previously obtained from clinical trials at AUH, com-
prising both ART-treated individuals (32, 33, 35, 36, 37, 38, 39, 40)
and ART-naive individuals (33, 34, 36). For 47 individuals, longi-
tudinal samples were available, where all individuals were re-
ceiving ART prior to the initial sample collection. Following this,
participants received an investigational product treatment as part
of clinical trials for a defined period, before the longitudinal
samples were obtained. The treatments included: 3BNC117 (a
broadly neutralizing and highly potent anti-HIV-1 antibody) and/
or romidepsin (a histone deacetylase [HDAC] inhibitor) (n = 13)
(32, 34); Vacc-4x (a peptide-based therapeutic HIV-1 vaccine),
recombinant human granulocyte-macrophage colony-stimulating
factor, and romidepsin (n = 15) (37); panobinostat (an HDAC in-
hibitor that induces viral production in latently infected cells
in vitro) (n = 10) (40); or MGN1703 (a Toll-like receptor 9 agonist)
(n=6) (39). American cohort: Plasma samples from 292 ART-naive
adult individuals with HIV (218 years old), were obtained from the
observational SCOPE cohort at UCSF. Plasma was collected over a
span of 18 years (between October 2000 and November 2018).
These individuals were classified into three groups based on viral
load: non-controllers (n = 206), viremic controllers (who had
consistent viral loads >50 copies/ml and <5,000 copies/ml, de-
spite no treatment with ART) (n = 71), and elite controllers (con-
sistently low or undetectable viral load over time despite no
treatment with ART) (n = 15). For two individuals in this cohort,
longitudinal samples were studied. All plasma samples were
stored at -80°C until analysis.

Luciferase-based neutralization assay

The ability of plasma samples to neutralize IFN-I was assessed as
previously described (5, 9). Briefly, plasma samples were heat-
inactivated in a PCR cycler at 56°C for 30 min prior to use. HEK-
293T cells were seeded in 96-well plates with 15,000 cells per
well in 100 pl Dulbecco’s modified Eagle’s medium (DMEM)
(#D6429; Sigma-Aldrich) supplemented with 10% fetal calf
serum (FCS) (#F7524; Sigma-Aldrich) and 1% penicillin-
streptomycin (pen-strep) (#10378-016; Thermo Fisher Scientific,
100 IU/ml). After overnight incubation, cells were trans-
fected with 98 ng pGL4.45 (ISRE firefly luciferase) and 2 ng of a
Renilla luciferase-encoding plasmid per well using XtremeGENE
9 DNA Transfection Reagent (#06365787001; Sigma-Aldrich) in
OptiMEM (#31-985-070; Thermo Fischer Scientific), at a trans-
fectant:DNA ratio of 1:3. The following day, the supernatant was
removed, and cells were incubated for 16 h in 50 pl DMEM
containing the indicated IFN-I (see below), 2% FCS, 1% pen-strep,
and 10% plasma. Firefly and Renilla luciferase activities were
measured using the Dual-Luciferase Reporter Assay System
(#E2980; Promega). Unglycosylated IFN-I was tested at 1 ng/ml
and 100 pg/ml for IFN-a2 (130-093-874; Miltenyi Biotec) and at
1 ng/ml and 200 pg/ml for IFN-w (300-02j-100UG; Peprotech).
Glycosylated IFN-I was tested at 1 ng/ml for IFN-B (300-
02BC-100UG; PeproTech). Luminescence was measured using
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a Synergy LX multi-mode reader (BioTek). Relative lucifer-
ase activity (RLA) was calculated (firefly luciferase activity di-
vided by Renilla luciferase activity). To remove the baseline
signal, RLA values were further normalized to the RLA value of a
control sample from the same plate not stimulated with IFN-I.
This baseline-corrected RLA value was then normalized to the
median induction level of the plate of non-neutralizing samples.
The results are expressed as a percentage as the normalized RLA
after baseline correction, % (RLA ratio). Samples were consid-
ered neutralizing if the RLA ratio fell below 15% of the median
control value from the same experiment. For each plate, plasma
from two healthy adult blood donors was also collected to serve
as negative controls. Plasma from an APS-1 patient known to
have broad neutralization status against all IFN-I conditions
tested was used as a positive control.

ELISA

Corning Costar Assay Plates (CLS3474-24EA; Sigma-Aldrich)
were coated overnight at 4°C with human IFN-a2 (130-093-874;
Miltenyi Biotec) at a concentration of 1 pg/ml. The plates were
washed three times with phosphate buffered saline (PBS)
(D8537-500ML; Sigma-Aldrich) and blocked with 2% bovine
serum albumin (BSA) in PBS for 1 h at room temperature. After
blocking, the plates were washed three times with washing
buffer (PBS containing 0.005% Tween20). Patient samples, di-
luted 1:50 in 2% BSA and 0.005% Tween-20 in PBS, were added
and incubated for 2 h at room temperature. The ELISA was
performed once in duplicates on plasma from two patients pos-
itive for IFN-w neutralizing autoAbs. Following three additional
washes, horseradish peroxidase-conjugated goat anti-human
IgG (Nordic-Mubio, Netherlands) was added at 1 pg/ml for de-
tection and incubated for 1 h. The plates were washed three times
before addition of tetramethylbenzidin (TMB) one solution
substrate (G7431; Promega) for 5 min. The reaction was stopped
with 1M H2S04 (1603131003; Sigma-Aldrich), and absorbance
was measured using a Synergy LX multi-mode reader (BioTek) as
the difference between readings at 450 and 630 nm. A cut-off
value of 0.5 (blank-corrected OD450-0D630) was used to de-
termine autoAbs positivity. This threshold was established based
on two larger studies from the group of J.-L. Casanova, University
of Paris, Imagine Institute, France (4, 5), which demonstrated
that samples with IFN autoAbs levels below 0.5 lacked neutral-
izing capacity, whereas those exceeding 0.5 were highly likely
to possess neutralizing activity. Anti-hIFN-a-IgG (Invivogen,
mabg-hifna3) was included as a positive control, and 2% BSA and
0.005% Tween-20 in PBS served as a negative control.

Statistics

Mean values with SD and median values were used to describe
numerical variables, while counts and percentages were used for
categorical variables. Data were analyzed in R (v.4.2.0) using R
studio. Figures were prepared with GraphPad Prism (v. 10.3.1,
GraphPad Software) and Adobe Illustrator (v. 29.3.1, Adobe Inc.).

Ethics
All participants for the Danish cohort provided informed con-
sent and the study was approved by the Danish Health Research
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Ethics Committee with approvals (CLEAR: 1-10-72-98-12; RE-
DUC: M-2013-364-13; TEACH: 1-10-72-10-15; DYNAMO: 1-10-
72-311-13; ROADMAP: 1-10-72-355-15; eCLEAR: 1-10-72-110-16;
TITAN: 1-10-72-292-18; HIPAVAC: M20110108; ITAP: M-20070135).
The study on the American cohort was approved by the UCSF
Institutional Review Board. All participants provided written
informed consent for their biospecimens to be used to support
HIV research.

Online supplemental material

Fig. S1 shows validation of the neutralization assay using IFN-I
autoAb-positive and -negative control plasma samples. Fig. S2
shows IFNa-IgG-positive ELISA results from P1 and P3. Fig. S3
shows longitudinal measurements of IFN-I neutralizing autoAbs
from 47 individuals in the Danish cohort. Fig. S4 shows longi-
tudinal measurements of IFN-I neutralizing autoAbs in partic-
ipants P4 and P5. Table S1 shows clinical data from the American
cohort.

Data availability

All relevant data that can be shared can be found in supple-
mental material. Additional data are available from the corre-
sponding author upon reasonable request from health care
professionals and within national General Data Protection Reg-
ulation rules and regulations.
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Figure S1. Longitudinal measurements of IFN-I neutralizing autoantibodies in participants P4 and P5. Measurement of IFN-I neutralizing autoAbs
plotted as normalized relative luciferase activity after baseline correction (RLA ratio) for an IFN-I autoAbs-positive APS-1 patient, demonstrating neutralization
against IFN-g, -B, and -w at all concentrations (left) and for two IFN-I neutralizing autoantibody (autoAbs) negative controls run on each plate (right).
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Figure S2.  IFNa-IgG ELISA results from P1 and P3. Plasma samples from P1 and P3 in the Danish cohort were evaluated for the presence of anti-IFN-a IgG
autoAbs by ELISA. Absorbance values are shown for each patient, alongside representative positive and negative control samples. The dotted line indicates the
assay cut-off for positivity. Positive control (red), negative control (grey), and patient samples (black) are plotted as means with ranges.
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Figure S3. Longitudinal measurements of IFN-I neutralizing autoAbs in 47 individuals in the Danish cohort. (A) Measurement of IFN-I neutralizing
autoAbs plotted as normalized relative luciferase activity after baseline correction (RLA ratio). (A and B) A sub cohort of 47 individuals with HIV-1 with
longitudinal plasma samples, including an initial sample taken before a predefined time window (A) and a follow-up sample at a later time point following
investigational product treatment (B).
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Figure S4. Longitudinal measurements of IFN-I neutralizing autoAbs in participants P4 and P5. Measurement of IFN-I neutralizing autoAbs plotted as
normalized relative luciferase activity after baseline correction (RLA ratio) for longitudinal plasma samples from P4 (A) and P5 (B). (A) 10 plasma samples from
P4 were analyzed over a 7-year period (2010-2017), after the initial detection of IFN-I neutralizing autoAbs in 2009. (B) Three plasma samples from P5 were
analyzed over a 2-year period (2018-2020), following the initial detection of IFN-I neutralizing autoAbs in 2018.

Provided online is Table S1. Table S1 shows clinical data from the American cohort.
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