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An autoimmune phenomenon in patients with severe COVID-19 provides an ancillary rationale for
Conclusion strategies to optimize immunosuppressive therapy and has potential to predict the outcomes of COVID-19.

NIV, non-invasive ventilation; HFNC, high-flow nasal cannula; MIV, mechanical invasive ventilation; ECMO, extracorporeal membrane oxygenation

Background/Aims: This study aimed to investigate the clinical characteristics and outcomes of fluorescent antinuclear anti-
body (FANA)-positive patients admitted for coronavirus disease 2019 (COVID-19) and identify FANA as a prognostic factor of
mortality.

Methods: This retrospective study was conducted at a university-affiliated hospital with 1,048 beds from September 2020
to March 2022. The participants were consecutive patients who required oxygenation through a high-flow nasal cannula,
non-invasive or mechanical ventilation, or extracorporeal membrane oxygenation, and conducted the FANA test within 48
hours of admission.

Results: A total of 132 patients with severe COVID-19 were included in this study, of which 77 (58.3%) had FANA-positive
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findings (> 1:80). FANA-positive patients were older and had higher inflammatory markers and 28-day mortality than FA-
NA-negative patients. In the multivariate Cox proportional hazard regression analysis, FANA-positive findings (hazard ratio
[HR], 2.65; 95% confidence interval [Cl], 1.04-6.74), age (per 1-year; HR, 1.05; 95% Cl, 1.01-1.10), underlying pulmonary
disease (HR, 3.16; 95% Cl, 0.97-10.26), underlying hypertension (HR, 2.97, 95% Cl, 1.28-6.87), and blood urea nitrogen
> 20 mg/dL (HR, 3.72; 95% Cl, 1.09-12.64) were independent predictors of 28-day mortality. Remdesivir (HR, 0.34; 95% Cl,
0.15-0.74) was found to be an independent predictor that reduced mortality.

Conclusions: Our findings revealed an autoimmune phenomenon in patients with severe COVID-19, which provides an an-
cillary rationale for strategies to optimize immunosuppressive therapy. In particular, this study suggests the potential of FANA

to predict the outcomes of COVID-19.
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INTRODUCTION

The clinical course of coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), is influenced sequentially by SARS-CoV-2
itself in the replicative stage and by an aberrant host-im-
mune response in the adaptive autoimmunity stage [1].
SARS-CoV-2 has similarities to several viruses, such as the
Epstein-Barr virus, parvovirus B19, human T-lymphotropic
virus-1, and human immunodeficiency virus that cause au-
toimmune diseases by promoting the production of patho-
genic autoantibodies, such as antinuclear antibodies (ANAS),
as a result of viral cross-reactivity with autoantigens [2].

Some patients with COVID-19 develop fatal complications
due to a hyperinflammatory state called cytokine storm [3].
Altered T and B cell activation is associated with ANA pro-
duction, which plays an essential role in tissue damage in
autoimmune diseases [4]. These immune-mediated mecha-
nisms have drawn attention to immunomodulatory therapy
for patients with severe COVID-19 to attenuate viral cross-re-
actions with autoantigens [5]. Particularly, the current Na-
tional Institute of Health (NIH) guidelines for the treatment
of COVID-19 recommend immunomodulatory therapy for
patients receiving oxygen therapy through a high-flow nasal
cannula (HFNC), non-invasive or mechanical ventilation, or
extracorporeal membrane oxygenation (ECMO) [6]. Howev-
er, the clinical usefulness of ANA as a prognostic factor for
COVID-19 in critically il patients requiring high-dose oxygen
therapy has not yet been evaluated.

This study aimed to describe the clinical characteristics
and outcomes of patients with COVID-19 who were fluo-
rescent antinuclear antibody (FANA) positive and elucidate
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the role of FANA as a prognostic factor of mortality.

METHODS

Study design and participants
A single-center, retrospective observational study was con-
ducted in a 1,048-bed university-affiliated hospital in the Re-
public of Korea between September 2020 and March 2022.
The study participants included consecutive hospitalized
adult patients (aged > 18 years) with reverse transcription
polymerase chain reaction-confirmed SARS-CoV-2 infection
who required oxygenation through an HFNC, non-invasive
or mechanical ventilation, or ECMO. All patients underwent
an indirect immunofluorescence test (lIFT) to detect FANA
within 48 hours of admission. For patients with multiple ep-
isodes of COVID-19, only the first episode was included in
our analysis. None of the study participants had a diagnosis
of any autoimmune disease before SARS-CoV-2 infection.
The study protocol was approved by the Institutional Re-
view Board of Korea University Anam Hospital (approval no.
2022AN0210), and the requirement for written informed
consent was waived because this was a retrospective study.

Data collection and definitions

The electronic medical records were reviewed to collect rele-
vant demographic and clinical data: age, sex, underlying dis-
eases, Charlson Comorbidity Index [7], COVID-19 vaccina-
tion records, laboratory findings, 28-day mortality, oxygen
therapy, and use of antiviral agents or immunomodulators.
Clinical severity upon admission was classified as suggested
by the NIH guidelines, a division of the U.S. Department of
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Table 1. Comparison of demographic and clinical characteristics, and outcomes between the FANA-positive and -negative
groups of patients with confirmed SARS-CoV-2 infection

Characteristic Total FANA-positive FANA-negative pvalue
(n=132) (n=77) (n =55)
Demographic variable
Age, yr 70 (56.3-79.0) 74 (65.0-81.5) 64 (49.0-75.0) < 0.001
Male sex 83(62.9) 47 (61.0) 36 (65.5) 0.605
Vaccinated patients 43 (32.6) 21(27.3) 22 (40.0) 0.124
Comorbidities
Cardiovascular disease 10 (7.6) 7 (9.1) 3 (5.5) 0.521
Neurologic disease 18 (13.6) 15 (19.5) 3(5.5) 0.021
Malignant disease 19 (14.4) 15 (19.5) 4(7.3) 0.049
Renal disease 11 (8.3) 6 (7.8) 5(9.1) -
Hepatic disease 6 (4.5) 4(5.2) 2 (3.6) -
Pulmonary disease 6 (4.5) 6 (7.8) 0 0.041
Hypertension 67 (50.8) 38 (49.4) 29 (52.7) 0.702
Diabetes mellitus 49 (37.1) 27 (35.1) 22 (40.0) 0.563
Organ transplantation 3(2.3) 2(2.6) 1(1.8)
Clinical severity upon initial admission 0.249
HFNC or NIV 104 (78.8) 58 (75.3) 46 (83.6)
Intubation or ECMO 28(21.2) 19 (24.7) 9(16.4)
Clinical severity at worst < 0.001
HFNC or NIV 48 (36.4) 7(22.) 31 (56.4)
Intubation or ECMO 84 (63.6) 60 (77.9) (4 6)
Dialysis 32(24.2) 21 (27.3) 1(20.0) 0.336
Septic shock 75 (56.8) 49 (63.6) (47 3) 0.061
Laboratory findings at time of COVID-19 diagnosis
C-reactive protein > 45 mg/L 110 (83.3) 9 (89.6) 1(74.5) 0.022
Procalcitonin > 0.200 ng/mL 56 (42.4) 0 (51.9) 6(29.1) 0.009
Lactic acid > 1.5 mmol/L 85 (64.4) 4 (70.1) 1 (56.4) 0.103
D-dimer > 1.5 pg/mL 59 (45.4) 46 (59.7) 3(24.5) < 0.001
Ferritin > 800 ng/mL 59 (46.5) 9 (53.4) 0 (37.0) 0.067
Blood urea nitrogen > 20 mg/dL 76 (57.6) 48 (62.3) 28 (50.9) 0.190
NT-pro BNP > 100 ng/L 99 (76.2) 4 (85.3) 5 (63.6) 0.004
Treatments
Remdesivir 112 (84.8) 64 (83.1) 8 (87.3) 0.5M1
Anticoagulant 117 (88.6) 67 (87.0) 0(90.9) 0.487
Dexamethasone 124 (93.9) 75 (97.4) 49 (89.1) 0.067
Tocilizumab 55 (41.7) 35 (45.5) 0 (36.4) 0.296
Clinical outcome
Length of hospital stays after SARS-CoV-2 16.5(10.3-27.0) 15 (10.0-26.5) 19 (12.0-27.0) 0.446
diagnosis, days
28-day mortality 34 (25.8) 28 (36.4) 6 (10.9) 0.001

Values are presented as median (interquartile range) or number (%).

FANA, fluorescent antinuclear antibody; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HFNC, high-flow nasal
cannula; NIV, non-invasive ventilation; ECMO, extracorporeal membrane oxygenation; COVID-19, coronavirus disease 2019; NT-pro
BNP, N-terminal pro-brain natriuretic peptide.
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Table 2. Comparison of demographic and clinical characteristics between survivors and non-survivors among patients with

confirmed SARS-CoV-2 infection

Characteristic Total (n = 132) Survivors (n = 98)  Non-survivors (n = 34) p value
Demographic variable
Age, yr 70 (56.3-79.0)  66.0(53.0-75.0) 80.0(73.8-83.3) < 0.001
Male sex 83(62.9) 62 (63.3) 21 (61.8) 0.876
Vaccinated patients 43 (32.6) 34 (34.7) 9 (26.5) 0.378
Comorbidities
Cardiovascular disease 10 (7.6) 7(7.) 3(8.8) 0.717
Neurologic disease 18 (13.6) 11(11.2) 7 (20.6) 0.244
Malignant disease 19 (14.4) 11 (11.2) 8(23.5) 0.093
Renal disease 11 (8.3) 7(7.0) 4(11.8) 0.401
Hepatic disease 6 (4.5) 6 (6.1) 0 0.338
Pulmonary disease 6 (4.5) 2(2.0) 4(11.8) 0.038
Hypertension 67 (50.8) 42 (42.9) 25 (73.5) 0.002
Diabetes mellitus 49 (37.1) 31(31.6) 18 (52.9) 0.027
Organ transplantation 3(2.3) 2 (2.0) 1(2.9) -
Clinical severity on initial admission 0.065
HENC or NIV 104 (78.8) 81(82.7) 23 (67.6)
Intubation or ECMO 28(21.2) 17 (17.3) 11(32.4
Clinical severity at worst <0.001
HFNC or NIV 48 (36.4) 47 (48.0) 1(2.9)
Intubation or ECMO 84 (63.6) 51 (52.0) 33(97.1)
Dialysis 32(24.2) 15(15.3) 17 (50.0) <0.001
Septic shock 75 (56.8) 41 (41.8) 34 (100.0) < 0.001
Laboratory findings at time of COVID-19 diagnosis
C-reactive protein > 45 mg/L 110 (83.3) 7 (78.6) 3(97.1) 0.013
Procalcitonin > 0.200 ng/mL 56 (42.4) 1(31.6) 5(73.5) <0.001
Lactic acid > 1.5 mmol/L 85 (64.4) 1(62.2) 4 (70.6) 0.381
D-dimer > 1.5 pg/mL 59 (45.4) 3(34.4) 26 (76.5) <0.001
Ferritin > 800 ng/mL 59 (46.5) 8 (40.4) (63.6) 0.021
Blood urea nitrogen > 20 mg/dL 6 (57.6) 45 (45.9) 1(91.2) < 0.001
NT-pro BNP > 100 ng/L 99 (76.2) 68 (70.1) 1(93.9) 0.006
Treatments
Remdesivir 112 (84.8) 90 (91.8) 22 (64.7) < 0.001
Anticoagulant 117 (88.6) 90 (91.8) 27 (79.4) 0.062
Dexamethasone 124 (93.9) 92 (93.9) 32 (94.1) -
Tocilizumab 55 (41.7) 37 (37.8) 8(52.9) 0.122

Values are presented as median (interquartile range) or number (%).
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HFNC, high-flow nasal cannula; NIV, non-invasive ventilation;
ECMO, extracorporeal membrane oxygenation; COVID-19, coronavirus disease 2019; NT-pro BNP, N-terminal pro-brain natriuretic

peptide.
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Table 3. Univariate Cox proportional hazard regression analysis of prognostic factors associated with 28-day mortality in

patients with confirmed SARS-CoV-2 infection

Independent variable HR (95% Cl) p value
FANA 3.579(1.481-8.648) 0.005
Sex 1.093 (0.547-2.184) 0.801
Age (per 1-year) 1.077 (1.041-1.114) < 0.001
Vaccination 0.724 (0.338-1.551) 0.406
Cardiovascular disease 1.225 (0.374-4.015) 0.738
Neurologic disease 1.639 (0.713-3.768) 0.245
Malignant disease 1.516 (0.683-3.366) 0.307
Renal disease 1.882 (0.661-5.356) 0.236
Hepatic disease 0.045 (0.000-34.957) 0.362
Pulmonary disease 3.041 (1.070-8.643) 0.037
Hypertension 2.717 (1.268-5.822) 0.010
Diabetes mellitus 2.054 (1.046-4.032) 0.036
Organ transplantation 1.881(0.256-13.813) 0.535
C-reactive protein > 45 mg/L 5.077 (0.693-37.184) 0.110
Procalcitonin > 0.200 ng/mL 4.083(1.905-8.752) < 0.001
Lactic acid > 1.5 mmol/L 1.359 (0.650-2.842) 0.415
D-dimer > 1.5 pyg/mL 3.773(1.707-8.338) 0.001
Ferritin > 800 ng/mL 2.065 (1.016-4.199) 0.045
Blood urea nitrogen > 20 mg/dL 7.928 (2.419-25.984) 0.001
NT-pro BNP > 100 ng/L 4.786 (1.144-20.022) 0.032
Initial O, demand 1.349 (0.652-2.789) 0.419
Remdesivir 0.285 (0.141-0.576) < 0.001
Anticoagulant 0.401 (0.174-0.922) 0.032
Dexamethasone 0.811 (0.194-3.390) 0.775
Tocilizumab 1.529 (0.779-3.000) 0.217

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HR, hazard ratio; Cl, confidence interval; FANA, fluorescent antinu-

clear antibody; NT-pro BNP, N-terminal pro-brain natriuretic peptide.

Health and Human Services [6].

Remdesivir, dexamethasone, tocilizumab, and anticoagu-
lants (from prophylactic to therapeutic dose) were adminis-
tered according to the NIH guidelines during admission [6].

ANA detection

The titers and patterns of ANAs were obtained by using an
automated and standardized laboratory device, EUROPat-
tern suite and IF Sprinter (Euroimmun AG, Leubeck, Germa-
ny). In this study, FANA with a titer of 1:80 or higher in the
IFT was assessed as positive [8]. According to the American
and European Society of Rheumatology in 2019, a titer of
1:80 or higher in the IIFT was considered positive. Based on

https://doi.org/10.3904/kjim.2022.352

the cutoff value, patients were classified as FANA-positive
or FANA-negative.

Statistical analysis

Categorical variables were classified into two groups, nega-
tive and positive. Categorical variables were presented using
numbers (proportions) and compared between groups us-
ing Fisher's exact test or Pearson’s chi-square test, as appro-
priate. All laboratory values were translated into categorical
variables. Continuous variables were described with median
(interquartile range) values and compared between groups
using the Mann-Whitney U test or two-sample Student's
t-test, as appropriate.
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Table 4. Multivariate Cox regression analysis of prognostic factors associated with 28-day mortality in patients with con-
firmed SARS-CoV-2 infection

Multivariable Cox’s proportional hazard

Multivariable Cox's . . .
model using backward stepwise selection

Variable proportional hazard model based on the Wald statistic

HR 95% Cl for HR p value HR 95% Cl for HR p value
FANA 2.145 0.783-5.871 0.138 2.645 1.038-6.739 0.042
Age (per 1-year) 1.036 0.991-1.083 0.118 1.052 1.012-1.095 0.011
Pulmonary disease 3.850 1.014-14.62 0.048 3.155 0.970-10.263 0.056
Hypertension 3.374 1.234-9.225 0.018 2.965 1.280-6.867 0.011
Diabetes mellitus 0.818 0.336-1.989 0.658
Procalcitonin > 0.200 ng/mL 1.871 0.632-5.539 0.258
D-dimer > 1.5 ug/mL 1.031 0.357-2.980 0.955
Ferritin > 800 ug/mL 1.327 0.552-3.193 0.527
Blood urea nitrogen > 20 mg/dL 2.834 0.758-10.598 0.122 3.716 1.092-12.642 0.036
NT-pro BNP > 100 ng/L 1.396 0.266-7.330 0.693
Remdesivir 0.387 0.162-0.925 0.033 0.336 0.153-0.737 0.006
Anticoagulant 1.263 0.434-3.675 0.668

The above covariates were included in the multivariable Cox’s proportional hazard model, and they showed a p value < 0.1 in uni-
variate Cox's proportional hazard model.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HR, hazard ratio; Cl, confidence interval; FANA, fluorescent antinu-
clear antibody; NT-pro BNP, N-terminal pro-brain natriuretic peptide.

Univariate and multivariate Cox proportional hazard re-
gression analyses were performed to select final prognos-
tic factors for 28-day mortality. The model used backward
stepwise selection. The final prognostic factors for 28-day
mortality were evaluated using Harrell's concordance index.
A Harrell's concordance index value close to 0.5 indicates
that the model is completely random, and a value close to 1
indicates that the model fully agrees with the facts.

IBM SPSS Statistics version 23.0 (IBM Corporation, Ar-
monk, NY, USA) and SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) were used for all statistical analyses. Two-sided p val-
ues < 0.05 were considered statistically significant.

RESULTS

Patients and clinical characteristics

During the study period, 132 patients with severe COVID-19
who required high-dose oxygen therapy were included. The
detection rate of FANA in these patients was 58.3%: 1:80
(n=46,34.8%),1:160(n=19, 14.4%), 1:.320(n=9, 6.8%),
1:640 (n = 1, 0.8%), and 1:1,280 (n = 2, 1.5%); speck-
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led (n =5, 3.8%), cytoplasmic (n = 5, 3.8%), mitotic (n =
2, 1.5%), nuclear (n = 10, 7.6%), homogeneous (n = 25,
18.9%), centromere (n = 1, 0.8%), and concurrent patterns
(n =29, 22.0%). Among the 132 patients, 12 with a FANA
titer > 1:320 were anti-ds-DNA negative, and complement
3 or 4 was lower than the normal range in five patients. Ad-
ditionally, the extractable nuclear antigen panel performed
in five patients was negative.

A comparison of the demographic and clinical characteris-
tics, and outcomes between FANA-positive and-negative pa-
tients is summarized in Table 1. Those who were FANA-posi-
tive were older than those who were FANA-negative (Table 1).
Neurologic, malignant, and pulmonary diseases were more
common in FANA-positive patients than FANA-negative ones
(Table 1). The C-reactive protein, procalcitonin, D-dimer,
and N-terminal pro-brain natriuretic peptide (NT-pro BNP)
levels were significantly higher in FANA-positive patients
than in FANA-negative ones (Table 1).

Remdesivir, dexamethasone, and anticoagulant were ad-
ministered in 84.8%, 93.9%, and 88.6% of the 132 pa-
tients, respectively. Notably, tocilizumab was prescribed in
55 patients (41.7%). There was no difference in the major
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treatment modalities between the FANA-positive and FA-
NA-negative groups (Table 1). In the FANA-positive patients,
there was no significant difference in mortality between
patients who received remdesivir, anticoagulant, and dexa-
methasone and those who additionally received tocilizumab
(12/25[48.0%] vs. 13/25 [52.0%], p = 0.492).

FANA-positive patients received mechanical ventilation or
ECMO treatment more frequently than FANA-negative pa-
tients. In addition, FANA-positive patients had a significantly
higher 28-day mortality rate than FANA-negative patients
(Table 1).

Risk factors for 28-day mortality

A comparison of the demographic and clinical characteris-
tics between survivors and non-survivors is shown in Table 2.
Univariate Cox proportional hazard regression analysis us-
ing 25 variables was performed to identify the prognostic
factors associated with 28-day mortality (Table 3). In the
multivariate Cox proportional hazard regression analysis, 12
variables that were statistically significant in the univariate
Cox proportional hazard regression analysis were select-
ed. FANA-positive findings (hazard ratio [HR], 2.645; 95%
confidence interval [Cl], 1.038-6.739), age (per 1-year; HR,
1.052; 95% Cl, 1.012-1.095), underlying pulmonary dis-
ease (HR, 3.155; 95% Cl, 0.970-10.263), underlying hyper-
tension (HR, 2.965; 95% Cl, 1.280-6.867), and blood urea
nitrogen > 20 mg/dL (HR, 3.716; 95% Cl, 1.092-12.642)
were independent predictors of 28-day mortality. Howev-
er, remdesivir (HR, 0.336; 95% Cl, 0.153-0.737) was found
to be an independent predictor that reduced mortality
(Table 4). The Harrell's concordance index value for prog-
nostic factors associated with 28-day mortality in patients
with confirmed SARS-CoV-2 infection was 0.825 (95% Cl,
0.766-0.884).

DISCUSSION

Our study found a FANA-positivity rate of 58.3% in patients
with severe COVID-19 and discovered the usefulness of FANA
as a predictor for 28-day mortality. In addition, a positive find-
ing of FANA at the time of exacerbation tended to be signifi-
cantly associated with a worse clinical course. However, no
evidence was found for FANA-positive findings to be indic-
ative of a positive therapeutic effect on immunomodulators.
Overall, our study showed a FANA positivity rate of
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58.3% in patients with severe COVID-19, similar to a value
of 50% reported in previous studies involving severe and
critical cases of COVID-19 [9,10]. Meanwhile, the positivity
rates of ANA ranged from 21.3% to 57.5% in patients with
COVID-19 on various clinical spectrums [9-14]. The differ-
ences in ANA detection rates between previous studies may
be affected by disease severity and timing of sampling [9-14].
However, previous studies did not determine the most ap-
propriate FANA positivity threshold. ANA is not a dichoto-
mous measure. The ANA titer can provide additional infor-
mation for the diagnosis of systemic lupus erythematosus.
Additionally, higher titers of ANA and the presence of other
autoantibodies may have clinical implications in patients
with severe COVID-19. Therefore, it may be helpful to in-
vestigate the differences in clinical characteristics according
to the FANA titer.

Our findings showed that positive FANA findings were
associated with older age and a higher prevalence of co-
morbidities such as neurologic disease, pulmonary diseases,
and malignancy [9,10]. Previous findings demonstrated that
a positive finding of ANA was more prevalent in older adults
[15,16]. Furthermore, in previous studies, ANA was found
to be positive in up to 44.4% of patients with malignancy
[17,18]. The clinical significance of ANA testing in diverse
neurological or pulmonary diseases is unknown. However,
a previous study reported that ANA was present in 5.5% of
patients with various neurological diseases, and of these,
only 28% had connective tissue diseases [19]. Notably, 70%
and 32% of patients with chronic obstructive pulmonary
disease or interstitial lung disease were positive for ANAs,
respectively [20,21]. Evidence has indicated that comorbid-
ities are associated with the severity of COVID-19, which in
turn increases mortality and morbidity [22,23].

Consistent with previous findings, we found that inflam-
matory markers of C-reactive protein and procalcitonin, con-
tributing to severe COVID-19, were significantly higher in
the FANA -positive group than in the FANA-negative group
[10,24]. Previously, no association between ANA and in-
flammatory markers or D-dimer was observed [9,11,25,26].
However, in our study involving critically ill patients, D-dimer
or NT-pro BNP levels were also significantly more increased
in FANA-positive patients than in FANA-negative patients.

In our study, FANA-positive patients were more likely to
have severe manifestations than FANA-negative patients (Ta-
ble 1). Patients who were positive for ANA tended to have a
severe condition and worse prognosis [11,14]. Similarly, our
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study identified FANA as a predictor of 28 day-mortality in
critically ill patients with COVID-19. Thus, FANA detection
might predict an adverse clinical course. However, further
studies are needed to determine whether FANA significantly
contributes to serious conditions or an epiphenomenon of
severe inflammation.

This study also investigated the clinical usefulness of
FANA positivity in screening patients with COVID-19 for
whom immunomodulatory agents may be helpful. Howev-
er, no clear benefit was observed with tocilizumab admin-
istration in patients with FANA-positive findings. In-depth
analysis of the relationship between FANA-positive findings
and immunomodulatory effects in a more subdivided group
with a larger number of patients is needed. Interestingly, a
previous report suggested that tocilizumab was only help-
ful when patients with severe COVID-19 showed C-reactive
protein levels > 150 mg/L [27]. Therefore, it is necessary to
identify the timing of administration at which the effect of
the immunomodulatory agent is maximized.

Our study identified previously well-known predictors of
28-day mortality in patients with severe COVID-19. In order
to reduce the disease burden of severe COVID-19, sever-
al organizations suggested that it is vital to control blood
pressure [28]. Acute renal injury, an independent risk fac-
tor for in-hospital mortality, can develop in about 30% of
patients with severe COVID-19 [29,30]. From this point of
view, blood urea nitrogen may be considered a risk factor
for mortality in patients with COVID-19 [31].

Our study has several limitations. First, this was a sin-
gle-center study involving a small population. Hence, it
may have a selection bias. Therefore, multicenter studies
with larger sample sizes are needed to validate our find-
ings. Second, although autoantibodies are key features of
autoimmune diseases, they are not necessarily indicative
of autoimmune disease. FANA can be detected transiently
in acute illnesses and infections. However, no preinfection
serological or long-term follow-up data were collected on
the study participants. Third, our study used an ANA cut-off
dilution of 1:80 as the criterion for positivity. Stratification
analysis according to the FANA titer could not be performed
because of the small number of study participants. Finally,
laboratory findings were included as categorical variables in
multivariate analysis. Therefore, our findings should be in-
terpreted taking the cut-off values into account.

Our results suggest that severe COVID-19 is associated
with a high prevalence of FANA-positive findings as an au-
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toimmune phenomenon. This finding may support the hy-
pothesis that optimizing immunosuppressive therapy can
suppress the rapid deterioration of patients with COVID-19
resulting from immune dysfunction, such as the effects of
cytokine storms. Particularly, this study suggested the po-
tential of FANA in predicting their outcomes for COVID-19.
However, in the future, additional research is needed to
identify the target patients and the timing of immunomod-
ulatory drugs by applying strategies according to the auto-
immune disease characteristics of patients with COVID-19.

KEY MESSAGE

1. The fluorescent antinuclear antibody (FANA) posi-
tivity rate was 58.3% in patients with severe coro-
navirus disease 2019 (COVID-19).

2. Patients who tested positive for FANA tended to
be in a severe condition.

3. FANA is a clinical predictor of mortality in patients
with severe COVID-19.
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