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Abstract
Purpose To report four cases of life-threatening COVID-19 pneumonia in patients with high blood concentrations of neutralizing
autoantibodies against type I interferons (IFNs), who were treated with plasma exchange (PE) as a rescue therapy.
Methods Prospective case series, which included patients, diagnosed with RT-PCR-confirmed SARS-CoV-2 infection and
positive autoantibodies against type I IFNs in two French intensive care units (ICUs) between October 8 and November 14,
2020. Six critically ill COVID-19 patients with no anti-IFN antibodies were used as controls. Anti-IFN autoantibodies and IFN
concentrations, together with the levels of anti-SARS-CoV-2 antibodies, were measured sequentially in serum. Viral load was
determined in the upper and lower respiratory tract. Patients were followed during hospital stay.
Results Three men and one woman were included. Three of the patients had four PE sessions each, while another had three PE
sessions. PE decreased the concentrations of autoantibodies against type I IFN in all four patients, whereas anti-SARS-CoV-2
antibody levels remained stable. Autoantibodies against type I IFN levels were high in tracheal aspirates of one patient and
decreased after three PE sessions. By contrast, anti-IFN autoantibodies were not detected in tracheal aspirates from five control
patients without detectable anti-IFN autoantibodies in serum. During PE, serum IFN-α levels slightly increased in three out of
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four patients, and upper respiratory tract viral load decreased in all patients. All patients were alive at day 28 of ICU admission.
Two patients eventually died in the ICU, while the two survivors were discharged from the ICU at days 50 and 66.
Conclusions PE efficiently removes autoantibodies against type I IFNs, including those detected in tracheal aspirates, without
affecting anti-SARS-CoV-2 antibody levels, in patients with life-threatening COVID-19 pneumonia. The clinical benefit of PE in
patients with autoantibodies against type I IFNs should be tested in a larger study.

Keywords SARS-CoV-2 . COVID-19 . type I interferons . plasma exchanges

Autoantibodies (auto-Abs) against type I interferons (IFN)
have recently been shown to underlie life-threatening corona-
virus disease 2019 (COVID-19) pneumonia in at least 10% of
patients [1]. Inborn errors of TLR3- and IRF7-dependent type
I IFN immunity also underlie life-threatening COVID-19, in a
smaller proportion of patients [2]. Auto-Abs were detected in
12.5% of men and 2.6% of women with life-threatening
disease, but in none of 663 patients with asymptomatic or
mild SARS-CoV-2 (severe acute respiratory coronavirus 2)
infection, and in only 0.3% of healthy individuals aged 20
to 65 years [1]. These antibodies neutralized type I IFNs,
including the ability of IFN-α2 to block SARS-CoV-2 in-
fection, both in vitro and in vivo, with all 13 individual
subtypes of IFN-α present at only very low levels or unde-
tectable in the blood of these patients [1]. Collectively,
these findings suggest that type I IFNs are essential for
the control of SARS-CoV-2 infection. They also suggest a
two-step model for the pathogenesis of life-threatening
COVID-19 pneumonia, with defective type I IFN immunity
in the first few days of infection underlying viral dissemi-
nation, leading to the unleashing of excessive pulmonary
and systemic inflammation [3]. However, despite encour-
aging results in case reports of early therapy with subcuta-
neous Peg-IFN-α2a in patients with inborn errors affecting
the production of type I IFNs [4], the SOLIDARITY trial
reported no beneficial effect of subcutaneous IFN-β in a
more general population of hospitalized patients with
COVID-19 pneumonia, suggesting that an earlier adminis-
tration might be beneficial [5].

As an alternative to treatment with exogenous type I IFNs,
therapeutic interventions including monoclonal antibodies de-
pleting plasmablasts, and the specific inhibition of type I IFN-
reactive B cells might be beneficial in patients with auto-Abs
directed against type I IFN and SARS-CoV-2 infection. Here,
we hypothesized that removing the auto-Abs directed against
type I IFN in patients with SARS-CoV-2 infection might be of
benefit to patients, by restoring endogenous type I IFN levels.
Potential benefits of plasma exchange (PE) in patients with
critical COVID-19 have been reported [6–9], but this treat-
ment has never been studied in patients with auto-Abs against
type I IFNs. PE is probably the fastest way to remove circu-
lating auto-Abs against type I IFNs, but it also exposes the

patient to potential adverse events [10], including a risk of
decreasing the concentration of neutralizing Abs against
SARS-CoV-2. Its safety and efficiency for removing auto-
Abs against type I IFNs in patients hospitalized in intensive
care units (ICUs) for life-threatening COVID-19, and its im-
pact on Abs against SARS-CoV-2 have not been assessed. It
also remains unknown whether the depletion of auto-Abs
against type I IFN would lead to an increase in blood type I
IFN concentration in vivo and improve the outcome of pa-
tients with auto-Abs against type I IFN and life-threatening
COVID-19 pneumonia, given that inflammation is probably
of greater concern than viral replication at this late stage of the
disease [11]. We report here four cases of life-threatening
COVID-19 pneumonia in patients with high concentrations
of neutralizing auto-Abs against type I IFNs who were treated
with PE as a rescue therapy.

Methods

Supplemental methods are available in the online supplement.

Patients and Controls

The four patients were recruited from two French ICUs be-
tween October 8 and November 14, 2020. All had life-
threatening COVID-19 pneumonia with the acute respiratory
distress syndrome (ARDS) and a rapid worsening of clinical
condition together with high serum anti-IFN-α autoantibody
concentrations and persisting SARS-CoV-2 replication. All
had received or were on a 10-day course of 6 mg/day dexa-
methasone [12]. No other immune modulating or antiviral
therapy was administered. For each patient, the decision to
perform PE was made by the clinicians in charge of patient
care.

Six critically ill COVID-19 patients with ARDS and no
anti-IFN antibodies measured on one serum sample were used
as controls. Their presentation at ICU admission and clinical
course is detailed in supplemental Table 2. They received the
same course of dexamethasone than the four patients. Five
additional controls were used for measuring tracheal concen-
trations of anti-IFN autoantibodies.
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Plasma Exchange

PE was performed by continuous flow centrifugation for three
patients and by plasma filtration for the fourth (supplementary
Table 1). Anti-IFN autoantibodies and IFN concentrations
were measured in serum before, 1 h and 24 h after each PE
session, as well as in the PE effluent, and in the lower respi-
ratory tract of one patient at various time points. Viral load
was determined in blood samples from the patients, and in the
upper (nasopharyngeal sampling) and lower (bronchoalveolar
lavage (BAL) fluid) respiratory tract before, during, and after
PE. The levels of anti-SARS-CoV-2 antibodies (anti-nucleo-
capsid (N) and anti-spike (S) antibodies) were determined
before and after each PE session and later on during the stay
of the patients in the ICU. The primary clinical endpoint was
vital status at ICU day 28. Patients were followed throughout
their hospital stay.

SARS-CoV-2 Viral Load

SARS-CoV-2 viral load was determined in the upper respira-
tory tract by nasopharyngeal sampling with swabs, and in the
lower respiratory tract by BAL, as previously described [13].
Details are provided in the online supplement. The cycle
threshold (CT) values for RT-PCR were used as indicators
of the viral load of SARS-CoV-2 RNA, with lower cycle
threshold values corresponding to higher viral loads.

Anti-IFN Auto-antibodies

ELISA was performed as previously described [1]. Details are
provided in the online supplement.

Blood IFN-α Concentration

Serum IFN-α concentrations were determined by digital
ELISA with Simoa technology, as previously described [14,
15], with reagents and procedures obtained from the
Quanterix Corporation®.

Anti-SARS-CoV-2 Antibody Assays

Serum samples were analyzed for the detection of IgG anti-
bodies against the SARS-CoV-2 N protein (ARCHITECT®,
Abbott Laboratories) and for IgG antibodies against the
SARS-CoV-2 spike (S) protein (VITROS®, Ortho Clinical
Diagnostics). Details are provided in the online supplement.

B Cell Response

The B cell response to the SARS-CoV-2 spike protein was
determined by analyses on blood before PE. Six critically ill

COVID-19 patients with ARDS and no anti-IFN antibodies
were used as controls (supplemental Table 2).

Ethical Considerations

All subjects were recruited according to protocols approved
by the competent local institutional review boards. All proto-
cols conformed to local ethics recommendations and informed
consent was obtained when required.

Results

The baseline clinical characteristics of the patients are
displayed in Table 1 and their clinical course is depicted
in Fig. 1. Three men and one woman were included. All
had life-threatening COVID-19 pneumonia with no im-
provement or with a decline in clinical state in the days
preceding PE. Auto-Abs against type I IFNs were detected
in serum samples from all four patients (Table 1). Three of
the patients had four PE sessions each, with an interval of
24 to 48 h between sessions, whereas the fourth patient had
three sessions. PE was initiated within 8 to 22 days of ICU
admission.

Patient 1 (Fig. 2a) displayed a marked linear decrease
in anti-IFN auto-Abs with PE, followed by a rebound
after each session. Serum interferon-α concentration
remained close to zero and did not vary over time. The
serum concentrations of anti-SARS-CoV-2 antibodies (an-
ti-S and anti-N) were unaffected by PE and remained sta-
ble over time. SARS-CoV-2 excretion decreased with
time, becoming undetectable by day 26 of the patient’s
stay in the ICU. The respiratory status of this patient im-
proved and he was eventually discharged alive from the
ICU on day 45 (Fig. 1a).

Patient 2 (Fig. 2b) displayed a dramatic decrease in anti-
IFN auto-Abs titer after the first PE session. Auto-Ab levels
subsequently leveled out to a plateau, with almost complete
clearance observed after the fourth session. Serum
interferon-α concentration, which was measurable only be-
fore and after the third and fourth PE sessions, was initially
close to zero, but had increased by the end of the fourth ses-
sion, when the titer of anti-IFN auto-Abs was lowest.
Strikingly, the serum concentrations of anti-SARS-CoV-2 an-
tibodies increased over time, highlighting that PE cleared anti-
IFN auto-Abs much more strongly than anti-N and anti-S
antibodies. Viral load was initially high in the upper (PCR
CT = 15) and lower (PCR CT = 26) respiratory tract. This pa-
tient initially had viremia, but the virus was no longer detect-
able in the blood by day 23 in the ICU. However, the clinical
status of this patient worsened after the second PE, with the
development of refractory ARDS requiring endotracheal intu-
bation and ECMO implantation. This patient was still alive at
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ICU day 28 but on mechanical ventilation and ECMO sup-
port. He eventually died at ICU day 65 of ICU admission of a
non-documented septic shock (Fig. 1b).

Patient 3 (Fig. 2c) displayed a marked decrease in anti-IFN
auto-Ab levels following PE, with an almost complete clear-
ance of serum antibodies after the fourth session. Serum

Table 1 Characteristics and outcomes of patients

Patient 1 Patient 2 Patient 3 Patient 4

Age, years 73 67 28 36
Sex Male Male Female Male
Body mass index (kg/m2) 34.0 24.4 25.6 31.0
Comorbidities and associated conditions Obesity Hypertension, diabetes 28-week pregnancy Obesity
Characteristics at ICU admission
SAPS II 36 38 29 51
SOFA score 7 7 7 8
Time from first symptoms to ICU admission,
days

6 3 7 5

WHO 10-point CPS* (0–10) 9 5 8 8
Endotracheal intubation Yes No Yes Yes
PaO2/FiO2 ratio, mmHg 97 - 70 44
Shock Yes No No No
Pulmonary co-infection No Streptococcus pneumoniae No No

Biological data at ICU admission
White blood cell counts, G/L (4.0–10.0) 7.1 11.2 22.4 16.2
Neutrophils, G/l (1.5–7.0) 5.7 10.8 19.0 13.8
Lymphocytes, G/L (1.0–4.0) 0.8 0.3 1.4 1.9

Serum D-dimer level, ng/mL (<500) 1242 787 >10,000 6447
Serum creatinine level, μmol/L (<106) 56 341 21 105
Serum urea level, mmol/L (<11.9) 6.8 23.9 4.0 7.1

Characteristics at first plasma exchange session
SARS-CoV-2 RNA detection in the
respiratory tract, Ct

31.0 15.0 28 32.8

SARS-CoV-2 viremia Negative Positive Positive Negative
Serum anti-interferon-α2 antibody, o.d. 1.5 3.3 4.0 4.0
Time from ICU admission to first session,
days

22 12 11 8

WHO 10-point CPS* (0–10) 8 6 9 9
Ventilation mode Invasive Non-invasive Invasive Invasive
PaO2/FiO2 ratio, mmHg 113 74 88 80
SOFA score 3 3 4 10
ECMO No No Yes Yes

During or after plasma exchange
Number of plasma exchange sessions 4 4 4 3
Adverse events attributed to plasma exchange No No No No
Need for endotracheal intubation NA Yes NA NA
Need for ECMO No Yes NA NA

Outcomes
Duration of invasive mechanical ventilation 44 49 49 15
Number of VAP episodes 2 3 2 1
Putative invasive aspergillosis No Yes No No
ECMO support No Yes Yes Yes
Time between intubation and ECMO, days - 0 7 3
Duration of ECMO support, days - 49 42 7
Renal replacement therapy No Yes No No
Vital status at ICU day 28 Alive Alive Alive Alive
Vital status during ICU stay Survived (discharged at

day 45)
Died (day 65 of ICU

admission)
Died (day 49 of ICU

admission)
Survived (discharged at

day 14)

Ct, cycle threshold value of the RT-PCR; SAPS, severe acute physiology score; SOFA, sequential organ failure assessment; ICU, intensive care unit;
ECMO, extracorporeal membrane oxygenation; o.d., optical density; VAP, ventilator-associated pneumonia; NA, not applicable; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; *World Health Organization ten-category ordinal scale: 0, uninfected; 1, asymptomatic; viral RNA detected;
2, symptomatic; independent; 3, not hospitalized with resumption of normal activities; 2, not hospitalized, but unable to resume normal activities; 3,
symptomatic; assistance needed; 4, hospitalized, not requiring oxygen; 5, hospitalized, requiring oxygen by mask or nasal prongs; 6, hospitalized,
requiring nasal high-flow oxygen therapy, noninvasive mechanical ventilation, or both; 7, hospitalized, requiring intubation and mechanical ventilation,
PaO2/FiO2 > 150 mmHg OR SpO2/FiO2 ≥ 200; 8, hospitalized, requiring mechanical ventilation, (PaO2/FiO2 ≤ 150 mmHg OR SpO2/FiO2 < 200) OR
vasopressors (norepinephrine less than 0.3 μg/kg/min); 9, mechanical ventilation, PaO2/FiO2 < 150 mmHg AND vasopressors (norepinephrine more
than 0.3 μg/kg/min), OR Dialysis OR ECMO requiring; 10, dead
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interferon-α concentration increased after the first PE session,
when anti-IFN auto-Ab clearance was maximal and the virus
was still being excreted, but remained close to zero thereafter.
The serum concentration of anti-SARS-CoV-2 antibodies de-
creased moderately over time, and SARS-CoV-2 RT-PCR
results became negative between days 15 and 18 in the ICU.
The course of the disease was complicated and severe in this
28-year-old patient after PE. She remained on invasive me-
chanical ventilation and was dependent of veno-venous
ECMO support on day 30 in the ICU. She developed a spon-
taneous hemothorax 24 h after the fourth PE, despite the use of
100% plasma for substitution (supplemental Table 1) and the
absence of hemostasis disorders (plasma fibrinogen concen-
tration was 3.7 g/L, prothrombin time > 80%, platelet counts

were 194 G/L) to the exception that she was receiving heparin
intravenously (26,000 IU/24 h for an activated partial pro-
thrombin time of 2.77). She was still alive at ICU day 28.
Her respiratory status did not improve and she remained de-
pendent of ECMO support and finally died at ICU day 49 of a
non-documented septic shock (Fig. 1c).

Patient 4 (Fig. 2d) also displayed a marked decrease in anti-
IFN auto-Ab levels after PE. Anti-IFN antibody levels were
also measured in tracheal aspirates. They were high, but de-
creased progressively after three PE sessions. By contrast,
anti-IFN auto-Abs were not detected in tracheal aspirates from
five other patients hospitalized in the same ICU but without
detectable auto-Abs against type I IFNs in plasma or serum
(Fig. 3). Serum interferon-α concentrations were measurable
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only before and after the third PE session, and a slight increase
was observed. Serum concentration of anti-SARS-CoV-2 an-
tibodies increased, and RT-PCR CT decreased over time. This
patient was weaned off ECMO and mechanical ventilation 3
and 7 days, respectively, after the initiation of PE (Fig. 1d).

The sustained humoral anti-SARS-CoV-2 response ob-
served over time, illustrated by the stability of or increase in
serum concentrations of anti-N and anti-S antibodies (Fig. 1),
was consistent with the normal response of B cells obtained
from the four patients with anti-IFN auto-Abs to the SARS-
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Cov2 Spike protein, relative to six critically ill COVID-19
patients without anti-IFN antibodies (Fig. 4, supplemental
Table 2).

Discussion

We report here the first experience of PE in patients with auto-
Abs against type I IFNs hospitalized in ICUs for life-
threatening COVID-19 pneumonia. PE efficiently decreased
the concentrations of auto-Abs against type I IFNs in the
blood of all these patients, but also, importantly, in tracheal
aspirates in the patient tested. Auto-Abs against type I IFNs
have never before been detected in tracheal aspirates, and this
finding further suggests that these antibodies contributed to
life-threatening COVID-19 pneumonia. By contrast, anti-
SARS-CoV-2 Abs, and neutralizing anti-S Abs in particular,
seemed to be less affected by PE. Furthermore, these four
patients with auto-Abs against type I IFNs had normal anti-
SARS-CoV-2 humoral responses, as shown by comparison to
critically ill COVID-19 patients without anti-IFN auto-Abs.
The observation that the depletion of anti-IFN antibodies
was not associated with a significant decrease in serum anti-
SARS-CoV-2 antibody titers is important, because serum con-
centrations of anti-SARS-CoV-2 IgG have been shown to be
associated with survival in critically ill COVID-19 patients
[16]. Importantly, IFN-α became detectable in the serum sam-
ples of three patients following the depletion of anti-IFN auto-
Abs, suggesting that plasma exchange may restore endoge-
nous type I IFN production and activity in vivo in patients
with auto-Abs against type I IFNs. Nevertheless, the IFN-α
levels remained low, which may reflect the persistence of
autoantibodies and/or the late stage of disease.

These results are encouraging, but further studies are re-
quired to evaluate the safety of PE in critically ill COVID-19

patients. One of our patients developed hemorrhagic shock,
revealing a spontaneous hemothorax. This rare complication
has been reported in COVID-19 patients before [17], but we
cannot rule out the possibility that PE may have precipitated
this complication. This case highlights the need for further
assessments of the benefit-to-risk ratio of this intervention in
controlled trials. We found that PE was associated with a
decrease in anti-IFN auto-Ab levels, and, to a lesser extent,
with a restoration of endogenous serum IFN concentrations.
Nevertheless, several concerns remain. First, it remains un-
known whether this treatment decreases viral load, which
might itself lead to clinical improvement and, possibly, a bet-
ter prognosis. Indeed, we cannot conclude that PE had a pos-
itive clinical impact in our patients. Second, three of our four
patients underwent four sessions of PE, but this course of
treatment was decided arbitrarily, and a larger number of ses-
sions might have had a clearer beneficial effect. Finally, the
precise timing of such treatment, if effective, remains to be
determined. Indeed, in addition to removing auto-Abs against
type I IFNs, PE in COVID-19 patients could theoretically act
on various targets, thereby affecting coagulation [18], inflam-
matory mediators [6, 7], or antiviral innate immunity, as de-
scribed here. The timing of PE may, therefore, be crucial: for
the removal of auto-Abs against type I IFNs and the restora-
tion of type I IFN antiviral immunity, treatment should prob-
ably be performed earlier in the course of the disease, when
the virus is still in the early phases of replication, viral load is

�Fig. 2 Time course of type I anti-interferon (IFN) and anti-SARS-CoV-2
antibodies, viral load in the upper and lower respiratory tract and serum
interferon-α concentration in four critically ill patients with COVID-19
acute respiratory distress syndrome. Patients 1 (a), 2 (b), 3 (c), and 4 (d)
displayed a marked decrease in serum concentrations of anti-IFN anti-
bodies (lower panels, red circles connected by a continuous black line) as
the plasma exchange sessions progressed. Over the same time period, the
concentrations of anti-SARS-CoV-2 anti-nucleocapsid (N, green circles)
and anti-spike (S, blue circles) antibodies remained stable (patient 1, a) or
even increased (patients 2 and 4, b, d), in three of the patients (the excep-
tion being patient 3) (c). Serum interferon-α concentration (upper panels,
blue diamonds connected by a continuous blue line) did not vary signif-
icantly over time in patient 1, but increased strongly in patient 2, with
only a transient increase observed in patient 3.Viral excretion decreased
over time (upper panels) in both the upper (pink symbols) and lower
(green symbols) respiratory tract (URT, LRT). Note that the y-axis for
the RT-PCR has been inverted to reflect the inverse correlation of cycle
threshold (Ct) with RNA viral load. A Ct value ≥40 was considered
negative
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highest, and the patients have not yet become critically ill. It
therefore seems probable that PE was performed too late for
maximal benefit in our patients (i.e., PE was initiated between
day 8 (patient 4) and day 22 (patient 1) of ICU admission).We
thus speculate that in critically ill patients with auto-Abs
against type I IFNs, future studies aimed at assessing the effect
of PE should initiate the intervention as early as possible. Of
note, the time elapsed between the first symptoms of disease
and ICU admission was shorter in our patients (from 3 days in
patient 2 to 7 days in patient 3) than in a general population of
critically ill COVID-19 patients (median: 9 [quartile 1: 6 –
quartile 3: 12] in 4244 patients) [19]. Moreover, in the later
COVID-ICU cohort, a shorter time between first symptoms to
ICU admission was an independent factor associated with
day-90 mortality [19].

Our study has a number of limitations. This is an observa-
tional cohort study that included a small number of patients
(n = 4), thus limiting the conclusions that can be drawn.
Including control patients with severe SARS-CoV-2 infec-
tions and auto-Abs against type I IFNs but not subjected to
PE would have allowed for comparing the time course of
concentrations of auto-Abs and SARS-CoV-2 replication,
and clinical outcomes. However, in the current study the de-
cision to perform PE was made on the bed side and was taken
for all four patients with positive auto-Abs given the severity
of their clinical condition. It is finally also possible that serum
auto-Ab concentrations might have been altered by dexameth-
asone treatment and ECMO membranes.

Conclusion

PE efficiently removes auto-Abs against type I IFNs, includ-
ing those detected in tracheal aspirates, without affecting anti-
SARS-CoV-2 Ab levels, in patients with life-threatening
COVID-19 pneumonia. It was not possible to assess the

clinical impact of this intervention due to the small number
of patients studied. Further studies are needed to assess wheth-
er the removal of these auto-Abs by PE earlier in the course of
infection might be beneficial in patients with auto-Abs against
type I IFNs.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10875-021-00994-9.
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