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ARTICLE INFO ABSTRACT

Keywords: Cumulative evidence suggests a link between specific autoimmune diseases (AD), including
Idiopathic inflammatory myopathies idiopathic inflammatory myopathies (IIM), and SARS-CoV-2 infection or COVID-19 vaccination.
Anti-synthetase syndrome Anti-synthetase syndrome (ASS), a subset of IIM, is defined by the presence of autoantibodies

Interstitial lung disease
COVID-19
SARS-CoV-2 vaccine

against aminoacyl-tRNA synthetase (anti-ARS) and is strongly associated with interstitial lung
disease (ILD), a major contributor to severe complications and reduced survival. We present four
clinical cases of patients who developed autoantibodies against threonyl (PL-7) and alanyl (PL-
12) synthetases associated with ASS-ILD shortly after SARS-CoV-2 infection or COVID-19 vacci-
nation. Anti-ARS autoantibodies were identified using three complementary methods: immuno-
blotting, western blotting (WB) and the method considered the gold standard,
immunoprecipitation (IP), which ensures accurate interpretation of results. The study highlights
the clinical and pathogenic overlap between ASS-ILD and SARS-CoV-2-related lung involvement.
Both conditions share similar high-resolution computed tomography (HRCT) patterns, including
inflammation and pulmonary fibrosis (PF), driven by IFN-y signaling, which complicates accurate
diagnosis. Our results provide novel insights into the temporal association of SARS-CoV-2 and
vaccine exposure with ASS-ILD, focusing on possible molecular mimicry between viral proteins
and ARS molecules as a potential mechanism. Understanding the involvement of specific anti-ARS
autoantibodies (PL-7 and PL-12) and the identification of genetic predispositions (HLA-B*08:01
and HLA-DRB1*03:01) in these patients may be key to underpinning these autoimmune mani-
festations. The study underscores the importance of a multidisciplinary approach and vigilant
follow-up to optimize diagnosis and management. Further research is essential to elucidate the
causal relationships and molecular mechanisms behind these observations.
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Abbreviations

eAD autoimmune diseases
eANA antinuclear antibodies
¢ARS aminoacyl-tRNA synthetase

*ASS antisynthetase syndrome
¢COVID-19 coronavirus disease 2019
oCK creatine kinase

oCRP C-reactive protein

DM dermatomyositis

eHLA human leukocyte antigen
eHRCT high-resolution computed tomography

oIIF indirect immunofluorescence

oILD interstitial lung disease

oIIM idiopathic inflammatory myopathies
oIP immunoprecipitation

eJo-1 anti-histidyl-RNAt-synthetase
eLDH lactate dehydrogenase

eMCP  mycophenolate mofetil

eNSIP  nonspecific interstitial pneumonia

«OP organizing pneumonia
oPF pulmonary fibrosis
oPFT pulmonary function testing

ePL-7  anti-threonyl synthetase

ePL-12 anti-alanyl synthetase

eRT-PCR reverse transcription polymerase chain reaction
oUIP usual interstitial pneumonia

WB western blotting

1. Introduction

Anti-synthetase syndrome (ASS) comprises a subgroup of idiopathic inflammatory myopathies (IIM) featured by the presence of
autoantibodies targeting aminoacyl-tRNA synthetase (anti-ARS) [1]. These autoantibodies are central to the pathogenesis of ASS,
influencing both its immunological mechanisms and clinical manifestations. The hallmark clinical presentation of ASS is characterized
by the triad of arthritis, myositis, and interstitial lung disease (ILD). Other supporting features, such as Raynaud’s phenomenon,
“mechanic’s hands”, and fever, have been also associated [2].

Among the defining criteria for ASS, ILD is particularly significant due to its impact on morbidity and mortality. However, diag-
nosing ILD in ASS remains challenging, as radiological findings on high-resolution computed tomography (HRCT) often lack specificity
and may mimic other conditions, including coronavirus disease 2019 (COVID-19) pneumonia [3-5]. Several studies have demon-
strated that the most commonly observed patterns of ILD in ASS include non-specific interstitial pneumonia (NSIP) and organizing
pneumonia (OP), with evolution to progressive pulmonary fibrosis (PF) also reported [6-8]. These imaging patterns may closely
resemble those observed in COVID-19 pneumonia, where the predominant findings include persistent ground-glass opacities with or
without interstitial thickening, often accompanied by features consistent with OP or NSIP. In severe cases, progression to fibrosis may
occur, complicating the differential diagnosis and delaying early treatment, thereby underscoring the critical role of a comprehensive
physical examination [9,10].

To date, eight anti-ARS autoantibodies have been identified in patients with ASS, with the most common being anti-histidyl-tRNA-
synthetase (Jo-1), found in approximately 70 % of diagnosed ASS cases. Other anti-ARS autoantibodies, such as anti-threonyl (PL-7)
and anti-alanyl (PL-12) synthetases, are less common, comprising about 4 % of cases. However, they are frequently associated with
isolated ILD, severe complications and poorer survival rate [11-14].

Cumulative investigations have linked specific autoimmune diseases (AD), including IIM, with COVID-19 [15-18]. Our group and
others have observed an increased in the incidence of MSA with a diagnosis of IIM since the onset of the COVID-19 pandemic [19,20].
Molecular mimicry between SARS-CoV-2 proteins and human self-antigens has been proposed as a potential mechanism for triggering
ASS following SARS-CoV-2 infection or vaccination [5,21-23]. In this context, immunogenic peptides from the SARS-CoV-2 spike
glycoprotein presented by specific human leukocyte antigen (HLA) molecules to T lymphocytes, may provoke the development of
anti-ARS autoantibodies.

In this study, we present four cases of ILD or similar pulmonary involvement diagnosed as ASS associated with anti-PL-12 or anti-
PL-7 autoantibodies, occurring shortly after SARS-CoV-2 infection or COVID-19 vaccination. The clinical and demographic data of
these patients are described in Table 1.

These cases underscore the importance of multidisciplinary evaluation and early diagnosis, particularly in patients with underlying
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Table 1
Clinical and demographic data.
CASEN°1 CASE N° 2 CASE N° 3 CASE N° 4
A t e
8¢ at symptom 60 55 69 63
onset
Gender Female Female Female Female
Personal history Ex-smoker for 20 years Psoriatic dermatitis Episode of Hypertension Autoimmune Ex-smoker for 20 years
Hypertension pericarditis 30 years ago hypothyroidism Helicobacter Pylori infection
Autoimmune Sarcoidosis Periorbital facial eczema
hypothyroidism First episode of right middle

Family history

SARS-CoV-2
infection (time)

COVID-19 vaccine
Type (time)

Time from SARS-
CoV-2 infection
or vaccination
to symptom
onset

Clinical features

Chest CT scan
diagnosis

Laboratory data
(Normal values)

Leukocytes (4-10 x
10%/uL)

Neutrophils (2-7
x10%/uL)

Lymphocytes (1-3
x10%/pL)

Hemoglobin (11.7-16
g/dL)

D-dimer (215-500
ng/mL)

CRP (1-3 mg/L)

Ferritin (10-150 ng/
ml)

ALT (3-35 U/L)

AST (3-35 U/L)

GGT (1-39 U/L)

LDH (208-378 U/L)

CK (10-155 U/L)

Autoimmune profile

HLA genetic typing

Treatment at
diagnosis

Outcomes

No family history of
thrombotic, oncological, or
autoimmune diseases
Post symptom onset (June
01, 2022)
1st dose AstraZeneca (April
20, 2021) 2nd dose
AstraZeneca (June 30,
2021)

14 days after 2nd dose

Dyspnea Asthenia Myalgia
Raynaud’s phenomenon
Suspected mechanic’s
hands
ILD-NSIP and progression
to pulmonary fibrosis

12.4 x 10°
10.5 x 10°
normal
11.3
2099

25.8
normal

56
55
normal
484
normal
ANA 1:640 (AC-19) Anti-
PL-12 (+++)
Anti-TPO Anti-TG
HLA-A*01:01; 30:02
HLA-B*08:01; 18:01
HLA-DRB1*03:01; 03:01
HLA-DQA*05:01; 05:01
HLA-DQB*02:01; 02:01
Cyclophosphamide MCP
Prednisone Nintedanib

Pulmonary fibrosis

Sister and aunt with cutaneous psoriasis.
Father with giant cell arteritis. Daughter
with juvenile rheumatoid arthritis
Post symptom onset (January 10, 2022)

1st dose Janssen (May 27, 2021) 2nd
dose Pfizer (November 26, 2021)

10 days after 2nd dose

Dyspnea Asthenia Fever Polyarthritis

OP

11.9 x 10°
normal
normal

11.4
2053

7.7
normal

42
47
325
425
normal
ANA negative (AC-0) Anti-PL-7 (+)
Anti-Ro-52 (++)

HLA-A*01:01; 24:03
HLA-B*38:01; 57:01
HLA-DRB1*11:01; 13:01
HLA-DQA*05:05; 01:03
HLA-DQB*03:01; 06:03
Antibiotherapy: levofloxacin and
amoxicillin clavulanic)
Hydroxychloroquine Beclomethasone
dipropionate anhydrous and formoterol
fumarate dihydrate (inhaled)

Resolution of pulmonary infiltrates

No family history of
thrombotic, oncological, or
autoimmune diseases
Prior to symptom onset
(September 01, 2020)
1st dose Pfizer (April 29,
2021) 2nd dose Pfizer (May
20, 2021) 3rd dose Pfizer
(January 03, 2022)

1 day after SARS-CoV-2
infection

Dyspnea Fever Arthralgias
Xerostomia

ILD-NSIP and progression
to pulmonary fibrosis

11.2 x 10°
9.3 x 10°
normal
normal
1297

26
396

142
106
normal
701
normal
ANA 1:640 (AC-19) Anti-
PL-12 (+++) Anti-Ro-52
(+++)
HLA-A*26:01; 26:05
HLA-B*27:03; 44:02
HLA-DRB1*01:01; 12:01
HLA-DQA*01:01; 05:05
HLA-DQB*05:01; 03:01
Antibiotherapy: cefditoren
and levofloxacin
MCP
Prednisone
N-Acetylcysteine
Anticholinergic
Ipratropium bromide
Improvement pulmonary
fibrosis

lobe pneumonia (2019)
Mother with liver cancer

Prior to symptom onset
(March 01, 2020)
1st dose Pfizer (January 19,
2021) 2nd dose Pfizer
(February 09, 2021) 3rd dose
Pfizer (February 07, 2022)
1 day after SARS-CoV-2
infection

Dyspnea Arthralgias Myalgia
Fever
Raynaud’s phenomenon

Interstitial pneumonia

12.35 x 10°
9.2 x 10°
normal
normal
normal

normal
163

normal
normal
normal
558
572
ANA negative (AC-0) Anti-
PL-7 (++)
Anti-PM-Scl75 (+)
HLA-A*11:01; 26:01
HLA-B*35:01; 44:03
HLA-DRB1*07:01; 07:01
HLA-DQA*02:01; 02:01
HLADQB*02:02; 02:02
Antibiotherapy
(azithromycin, cefditoren
and levofloxacin)

Resolution of ILD

ILD: Interstitial lung disease; NSIP: nonspecific interstitial pneumonia; COP: cryptogenic organizing pneumonia; MCP: mycophenolate mofetil. Laboratory data
values in red indicate that they are elevated above the normal range and in blue below the normal range.
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autoimmune predispositions or genetic susceptibility identified through HLA typing. This highlights the need for heightened clinical
vigilance and comprehensive diagnostic approaches to effectively manage such complex and overlapping conditions.

1.1. Case report N° 1

A 60-year-old Caucasian female, presented at the Pneumology Department 14 days after receiving the 2nd dose of the ChAdOx1
nCoV-19 (Oxford/AstraZeneca) vaccine. She reported symptoms including an acute onset of shortness of breath, non-productive
cough, asthenia, muscle pain and weakness, painful erythematous papular lesions on her fingertips, and generalized pruritus. She
had received the 1st vaccine dose 40 days prior without complications, and no other environmental exposures were reported.

Physical examination revealed dry crackles in the lower lung fields. Elevated levels of C-reactive protein (CRP) and lactate de-
hydrogenase (LDH) were noted, along with HRCT chest findings compatible with multiple bilateral pulmonary infiltrates of bilateral
basal predominance with ground-glass opacities. Reverse transcription polymerase chain reaction (RT-PCR) for SARS-CoV- 2 was
negative. Treatment with bronchodilators was initiated, and she was referred to the Interstitial Pulmonary Pathology Consultation for
further evaluation.

One month later, she returned to the Emergency Department with worsening dyspnea and dysphagia. On physical examination, she
presented with tachycardia (110 bpm), high blood pressure (140/90 mmHg), and low peripheral oxygen saturation (94 %). CT-
angiography revealed pulmonary thromboembolism in both segmental arteries of the right upper lobes along with persistent HRCT
chest findings. Pulmonary function testing (PFT) showed a restrictive pattern (FVC 60 %, FEV1/FVC 84 %, DLCO 28 %). Bronchoscopy
with bronchoalveolar lavage was negative for infections. Flow cytometry analysis demonstrated elevated CD8™ T cells (55 %) and an
inverted CD4/CD8 ratio (0.71). Laboratory tests revealed mild anemia, leukocytosis with neutrophilia, and elevation of D-dimer, and a
higher increase in CRP compared to previous results. Alanine transaminase (ALT), aspartate transaminase (AST), and LDH were also
elevated. RT-PCR test was negative for SARS-CoV-2. Empirical treatment included low-molecular-weight heparin (tinzaparin 10,000
IU) and antibiotic prophylaxis with levofloxacin 500 mg for 14 days. Following discharge, the patient continued to experience dyspnea
and asthenia. Physical examination revealed mid-basal bilateral crackles, swollen fingers with lesions at the nail base, and mild
Raynaud’s syndrome. Furthermore, she presented dry and cracked hands. Chest X-ray and HRCT chest confirmed ILD diagnosis
compatible with nonspecific interstitial pneumonia (NSIP).

Due to the high suspicion of ASS, a complete immunological study was requested. Screening analysis showed elevated serum IgG
levels and positive antinuclear antibodies (ANA) by indirect immunofluorescence (IIF) with a fine dense cytoplasmic mottled pattern
(AC-19) at a titer of 1:640 [Fig. 1A]. Further autoantibody characterization revealed positive anti-PL-12 antibodies [197 (+++)] by
commercial immunoblotting (EUROIMMUN AG, Liibeck, Germany) [Fig. 2A] confirmed by western blotting (WB) using purified re-
combinant protein of human alanyl-tRNA synthetase kindly provided by EUROIMMUN AG, Liibeck, Germany [Fig. 2B] and by RNA
immunoprecipitation (IP) [Fig. 2C]. HLA typing was also performed [Table 1].

The final diagnosis was compatible with ASS, and immunosuppressive treatment was initiated with intravenous cyclophosphamide
at a dose of 500 mg/m2 6 cycles, followed by mycophenolate mofetil (MCP) and oral prednisone starting at 50 mg with a tapering
schedule down to 5 mg. However, due to clinical and radiological progression of NSIP to pulmonary fibrosis (PF) confirmed by HRCT
[Fig. 3], she was also initiated with nintedanib at a dose of 150 mg, 1 tablet every 12 hours, with close monitoring.

1.2. Case report N° 2

A 56-year-old Caucasian female experienced a dermatitis flare during the COVID-19 pandemic that resolved after receiving the first
dose of the Ad26.CoV2.S COVID-19 vaccine (Janssen), without a previous history of SARS-CoV-2 infection.

Fig. 1. Indirect immunofluorescence (IIF) on Hep-2 cells. Fine dense cytoplasmic mottled pattern (AC-19) at 1:640 titer in serum from reported
cases N°1 (A) and N°3 (B).
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Sample EUROLINE | western blot
Anti-PL-12 Anti-PL-12
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- |
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Case report e positive
N°1 (197)
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N°3 (185) A B C D

Fig. 2. Results for anti-PL-12 autoantibodies detection in patients N°1 and N°3. Anti-PL-12 autoantibodies were detected by commercial immu-
noblot and evaluated automatically with the EUROLineScan software showing results of very strong intensity (++-) (A). Anti-PL-12 autoantibodies
of both patients were confirmed by western blotting (WB) using recombinant protein of human alanyl-tRNA synthetase (B). Gold standard RNA
immunoprecipitation (IP) technique for detection of tRNA synthetases in native form with migration in the lower zone of the agarose gel. Samples
from patients N°1 (lane A) and N°3 (lane B) show bands compatible with PL-12 tRNA synthetase. Serum from patient without known autoantibodies
is used as a negative control (lane C) and serum from patient with known anti-PL12 autoantibodies is used as a positive control (lane D) (C).

Fig. 3. High-resolution computed tomography (HRCT) chest findings from patient N° 1. Fibrotic NSIP pattern: The results show bilateral and
symmetric interstitial lung involvement, predominantly in both lung bases. The involvement consists of bronchiectasis and cylindrical bronchi-
ectasis, as well as septal thickening and faint ground-glass attenuation opacities.

Fig. 4. Chest X-ray findings from patient N°2. Results showed patchy bilateral alveolar consolidations (A). Subsequent results demonstrated res-
olution of previous pulmonary infiltrates (B).
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Ten days after receiving her second dose of the BNT162b2 COVID-19 vaccine (Pfizer), she developed flu-like symptoms and res-
piratory distress, including a non-productive cough, asthenia, and fever. Physical examination revealed bilateral basal dry crackles and
a peripheral oxygen saturation of 92 %. Bloodwork showed mild anemia and leukocytosis. Chest X-ray displayed patchy infiltrates in
the middle and base of the left lung [Fig. 4A]. A subsequent HRCT scan revealed patchy bilateral alveolar consolidations, accompanied
by peripheral ground-glass opacities in the middle and lower lung fields, suggestive of SARS-CoV-2 pneumonia or organized pneu-
monia (OP) [Fig. 5]. Despite negative RT-PCR for SARS-CoV-2, positive IgM serology for Chlamydia (1.2) prompted antibiotic
treatment with amoxicillin 500 mg every 8 hours for 10 days and clarithromycin 500 mg every 12 hours for 7 days. Blood tests revealed
elevated CRP and D-Dimer levels.

Two months later, respiratory distress persisted. No evidence of pulmonary thromboembolism was detected on computed to-
mography angiography. A study of atypical sputum cultures, as well as Mantoux testing and urinary antigen tests for pneumococcus
and Legionella, all yielded negative results. The patient exhibited slightly increased levels of ALT, AST, GGT and LDH. Despite a
negative ANA test (AC-0), the myositis autoantibody panel showed positivity for anti- PL-7 [27 (+)] and anti-Ro52 [60 (++)]
[Fig. 6A]. However, the determination of anti-PL7 antibodies by WB [Fig. 6B] and RNA IP [Fig. 6C] was negative. HLA typing results
were also obtained [Table 1]. Due to suspected ASS and concomitant infectious disease, treatment included hydroxychloroquine 200
mg, levofloxacin 500 mg and amoxicillin clavulanic 850 mg for 6 weeks.

One month after concluding the treatment, she presented symptoms of non-specific polyarthritis, knee inflammation, and slight
pain of the metatarsophalangeal joints, so treatment with hydroxychloroquine was restarted. Azathioprine 50mg daily was also
initiated, but it had to be stopped due to gastrointestinal intolerance. Additionally, she was prescribed the Foster Nexthaler inhaler
100/6 pg for 1 month.

By December 2022, chest X-ray and pulmonary function tests demonstrated resolution of prior infiltrates and normalized lung
volumes and capacity, indicating clinical improvement in the patient’s respiratory status [Fig. 4B].

1.3. Case report N° 3

A 69-year-old Caucasian female presented with acute respiratory symptoms (dyspnea, non-productive cough) during the early
COVID-19 pandemic, suggestive of SARS-CoV-2 infection. Despite the absence of initial RT-PCR confirmation, she received antibiotic
and mucolytic therapy with cefuroxime 500 mg for 6 days and ambroxol 15mg/5 ml for 10 days due to worsening dyspnea associated
with a productive cough of 15 days, leading to temporary improvement. Initially, she was diagnosed with community-acquired
pneumonia.

Two months later, she developed worsening respiratory symptoms associated with febrile syndrome and joint pain in both wrists
and left hand. At the Emergency Department, blood tests showed elevated D-dimer, ferritin, and LDH levels. The RT-PCR for SARS-
CoV-2 was negative. Positive serology for IgG and negative for IgM against SARS-CoV-2 confirmed past COVID-19 infection. PFT
revealed a restrictive pattern with FEV1 at 99 %, FVC at 106 %, FEV1/FVC ratio at.

77 % and DLCO at 58 %. Further investigations showed a bilateral and symmetric reticular interstitial pattern of subpleural and
bilateral basal distribution on lung HRCT, prompting video-assisted thoracoscopic biopsy. The biopsy revealed microcyst formation
with epithelium-lined lining, metaplastic ciliate, and PF that disrupted normal pulmonary architecture. Chronic inflammatory in-
filtrates of probable lymphoplasmacytic origin were identified in areas of cystic dilation. Although COVID-19 pneumonia can lead to
secondary PF, this pattern was atypical, and other possibilities, including usual interstitial pneumonia (UIP), had to be excluded.
Treatment included oxygen supplementation up to 2L/min, levofloxacin 500 mg plus ceftidorene 400 mg every 24 hours during 10
days, prednisone 30 mg every 24 hours with a tapering schedule until discontinuation, N-Acetylcysteine 600 mg every 8 hours and

|

Fig. 5. High-resolution computed tomography (HRCT) chest findings from patient N° 2. Organizing pneumonia pattern: The results show subtle
areas of ground glass attenuation in the lower lobes and a small consolidation area of nodular morphology with air bronchogram in the right
basal pyramid.
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Fig. 6. Results for anti-PL-7 autoantibodies detection in patients N°2 and N°4. The analytical methods used were the same as for the detection of
anti-PL12 antibodies. Anti-PL-7 autoantibodies were detected by commercial immunoblot showing results of medium and low intensity (++/+) (A).
Anti-PL-7 autoantibodies of patient N°2 were not confirmed by WB, however the result was positive in patient N°4 (B). Patient samples N°2 (lane C)
and N°4 (lane D) show no bands compatible with anti-PL-7 antibodies by IP. Lane A shows a serum from a patient with known anti-PL-7 auto-
antibodies used as a positive control and lane B shows a serum from a patient without known autoantibodies as a negative control (C).

Ipratropium bromide 200 mg.

Months later, the patient experienced myalgia in the lower extremities, and a chest HRCT indicated ILD with features suggestive of
NSIP, with progression to pulmonary fibrosis. [Fig. 7]. Upon physical examination, the patient reported xerostomia. Blood tests
showed neutrophilia and AST and LDH enzymes were slightly elevated. ANA was positive with a fine dense cytoplasmic mottled
pattern (AC-19) at a titer of 1:640 [Fig. 1B]. Additionally, the myositis autoantibodies panel detected positive anti-PL-12 antibodies
[185 (+++)] and anti-Ro52 antibodies [160 (+++)] [Fig. 2A]. The presence of anti-PL-12 autoantibody was further confirmed by WB
[Fig. 2B] and RNA IP [Fig. 2C]. Due to the positivity of anti-Ro52 antibodies (anti-Ro-60 and anti-La negative) and the presence of
xerostomia, a biopsy of the minor salivary gland was performed, with results compatible with Sjogren’s disease. HLA typing was also
performed [Table 1].

Regarding treatment, due to the progression of PF, the dose of MCP was increased to 750 mg every 12 hours, in addition to
prednisone 5 mg.

1.4. Case report N° 4

A 63-year-old Caucasian female presented to the Emergency Department with a 15-days onset of arthralgias, myalgias, abdominal
pain, anosmia, dysgeusia, and fever. Physical examination revealed a blood pressure of 133/71 mmHg, heart rate of 89 beats per

Fig. 7. High-resolution computed tomography (HRCT) chest findings from patient N° 3. Fibrotic NSIP pattern: The results display a bilateral and
symmetrical reticular interstitial pattern with a subpleural distribution and bibasal predominance. The condition is characterized by thickening of
the inter- and intra-lobular septa, bronchiectasis and traction bronchiolectasis, with a bibasal predominance.
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minute, temperature of 37 °C and normal peripheral oxygen saturation (98 %). Cardiac and pulmonary auscultation showed no ab-
normalities. CK levels were elevated, and RT-PCR confirmed SARS-CoV-2 infection. Chest X-ray and HRCT revealed bilateral basal
opacities with a diagnosis of interstitial pneumonia. The patient was treated with hydroxychloroquine 200 mg, azithromycin 500 mg
and ceftidorene 400 mg, with led to improvement in symptoms.

Months later, she returned to the Emergency Department with catarrhal symptoms, persistent fever, generalized muscle weakness,
and left-sided chest pain. She had elevated ferritin levels and serology screening (IgA + IgM) and IgG were positive for SARS-CoV-2,
but RT-PCR for SARS- CoV- 2 was negative. Chest X-ray showed resolution of previous opacities. Due to the persistence of muscular and
respiratory symptoms, she visited her primary care physician. She also reported an erythematous rash on the upper trunk, mainly on
the facial level, which improved after topic corticosteroid application, Raynaud’s phenomenon and a significant increase in the levels
of CK and LDH enzymes compared to previous determinations. ANA were negative (AC-0). The myositis autoantibodies panel revealed
anti-PL-7 [30 (++)] and anti-PM-Scl75 [17 (+)] auto-antibodies [Fig. 6A]. Anti-PL-7 autoantibodies were confirmed by WB [Fig. 6B]
but not by RNA IP [Fig. 6C]. HLA typing was also performed [Table 1].

In a subsequent visit to the emergency department, she presented with another catarrhal episode, fever, cough with greenish
expectoration and poor general condition. Blood tests showed neutrophilia. Her PFT was normal, and her lung X-ray and HRCT im-
aging ruled out ILD but showed bronchiectasis in the left middle lobe and lingula, some with endobronchial secretions and associated
distal subsegmental atelectasis. Levofloxacin 500 mg and paracetamol 1g were prescribed.

2. Literature review and discussion

In this manuscript, we present four case reports illustrating the development of ILD or related pulmonary involvement associated
with ASS and anti-ARS autoantibodies, specifically anti-PL-12 and anti-PL-7. These complications occurred shortly after receiving a
COVID-19 vaccine (cases N°1 and N°2) or contracting SARS-CoV-2 infection (cases N°3 and N°4). Those cases highlight the clinical and
immunological complexity of ASS, particularly its overlap with SARS-CoV-2-related pulmonary involvement, and raise important
questions about the interplay between viral infections, vaccines, and autoimmune mechanisms. Furthermore, because establishing a
direct causal link between the development of ASS and the COVID-19 pandemic is challenging, we will discuss some molecular
mechanisms involved in the development of anti-ARS autoantibodies.

The diagnosis of ASS requires a comprehensive, multidisciplinary approach involving rheumatology, pulmonary, immunology,
pathology and radiographic evaluation, occasionally relying on muscle and/or lung biopsy results. While the 2017 ACR/EULAR
criteria [24] include only anti-Jo1 autoantibodies for classifying IMM, other anti-ARS autoantibodies, such as anti-PL-12 and anti-PL-7,
are widely recognized in clinical practice as hallmark indicators of ASS disease [25,26]. In this study, three different methods were
utilized for the analysis and characterization of anti-ARS autoantibodies: immunoblotting, WB, and IP, with the latter recognized as the
gold standard [27]. Notably, the detection of anti-PL-7 autoantibodies in patients N°2 and N°4 exhibited weak positivity by immu-
noblotting method. The lack of confirmation by WB and/or IP makes these findings less certain, leaving it inconclusive whether the
result represents a false positive or reflects a higher sensitivity of the myositis autoantibodies panel. Moreover, although the clinical
presentation of patients N°2 and N°4 was compatible with ASS, pulmonary involvement in these cases resolved without immuno-
suppressant treatment. These findings underscore the heterogeneity of ASS and emphasize the necessity of comprehensive diagnostic
approaches to accurately differentiate it from other overlapping conditions, including COVID-19 pneumonia.

The prevalence of autoantibodies against ARS in patients with ASS varies widely, demonstrating high specificity and a strong
association with complicated ILD, which significantly affects patient survival, as highlighted by Hervier et al. [28]. The most
commonly described patterns of ILD associated with ASS on HRCT include NSIP, observed in patients N°1 and N°3; OP, observed in
patient N°2; and progressive PF in severe cases, as seen in patients N°1 and N°3. These imaging patterns may closely resemble those
observed in COVID-19 pneumonia [9]. Pulmonary fibrosis, a recognized complication of COVID-19 and a significant risk factor for
adverse outcomes [29]. Moreover, SARS-CoV-2 infection has been associated with acute exacerbations of ILD, resulting in a poorer
prognosis compared to non-COVID-19-related cases [30]. Our observations suggest that the severity of pulmonary involvement may be
influenced by the specificity and levels of anti-ARS autoantibodies. For example, in cases N°1 and N°3, the strong positivity for
anti-PL-12 was associated with progression to pulmonary fibrosis in ASS-ILD.

Based on the findings of Chen et al. [31], our results further support the hypothesis that SARS-CoV-2 may act as a catalyst for
autoimmune responses through mechanisms such as molecular mimicry and immune dysregulation. This reinforces their observation
of a temporal association between SARS-CoV-2 infection and the onset of ASS and highlights the critical importance of increased
clinical vigilance in patients with ILD and autoimmune features following COVID-19.

There is a growing body of evidence suggesting that ARS could function as RNA sensors and elicit immune responses against
pathogen infections [32]. However, the pathogenic role of anti-ARS autoantibodies remains to be fully elucidated. Megremis et al. [33]
proposed that the enrichment of SARS-CoV-2 virus-derived-immunogenic peptides observed in patients with dermatomyositis (DM)
could contribute to the development of musculoskeletal AD.

Viral infections are widely recognized as triggers for AD, including IIM [34]. Additionally, both ASS- ILD and COVID-19 appear to
share several pathogenic mechanisms, particularly through the activation of the IFN-y signaling pathway [35]. In ASS, IFN-y-induced
expression of HLA-II molecules in necrotic perifascicular myofibers has been observed [36], which subsequently activates the
JAK/STAT pathway associated with AD [37]. The JAK2/STAT3 axis plays a critical role in ILD, with STAT3 overexpression
contributing to PF [38]. The IFN-y pathway emerges as a central driver of inflammation and PF in ILD-ASS and SARS-CoV-2 pneumonia
[39]. This shared pathogenic mechanism underscores the potential link between viral infections, autoimmune responses, and the
development of ILD.
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We hypothesize that one plausible mechanism for explaining autoimmunity involves molecular mimicry between SARS-CoV-2
proteins, such as the SARS-CoV-2 spike glycoprotein found in both the virus and COVID-19 vaccines, and ARS polypeptides. This
potential mimicry might result in the presentation of these peptides by antigen-presenting cells to T lymphocytes, facilitated by specific
HLA molecules. Interestingly, three of the patients had an autoimmune background and certain HLA genetic susceptibility associated
with different AD, including ASS, and a higher prevalence of severe SARS-CoV-2 infection (HLA-B*08:01 and HLA-DRB1*03:01 in
patient N°1; HLA-B*27 in patient N°3 and HLA- B*44 in patients N°3 and N°4).

The link between HLA and AD susceptibility is well-established. Previous studies have demonstrated that the HIN1 influenza
vaccination served as triggering factor for narcolepsy, particularly in individuals carrying the HLA- DQB1*06:02 allele [40]. Similarly,
in patients with IIM, certain HLA alleles have been associated with the development of myositis autoantibodies. Several studies
[41-43] have documented an increased prevalence of HLA-DRB1*03:01, HLA-DQA1*05:01, and HLA-B*08:01 alleles among in-
dividuals diagnosed with ASS who tested positive for anti-ARS autoantibodies and/or exhibited chronic interstitial lung disease (ILD)
compared to healthy individuals. Among our reported cases, patient N°1 presented both HLA-DRB1*03:01 and HLA-B*08:01 alleles,
which may suggest a genetic predisposition to the development of ASS-ILD. Furthermore, Remuzgo-Martinez et al. also found a lower
prevalence of HLA-DRB1*07:01 in patients with ASS. Patient N°4, who presented HLA- DRB1*07:01, along with the uncertain posi-
tivity of PL-7 and resolution of pulmonary involvement without the need for immunosuppressants, raises doubts about the diagnosis of
ASS in this case.

Consequently, HLA typing could serve as a complementary tool for diagnosing ASS-associated ILD from other conditions, such as
SARS-CoV-2 infection. However, the lack of shared alleles among our patients underscores the complexity of this relationship and
highlights the need for further research with larger cohorts to clarify the genetic associations and their implications for disease sus-
ceptibility and progression.

While our findings provide valuable insights, several limitations must be acknowledged. The retrospective nature of the study,
coupled with incomplete clinical histories for some patients referred from other institutions due to the pandemic, limited our ability to
obtain comprehensive data. Notably, in patient 4, the absence of imaging studies further restricted our capacity to fully assess the
extent and progression of pulmonary involvement. Despite these challenges, our study reinforces the need for heightened clinical
vigilance and systematic evaluation of autoantibodies in patients presenting with post-SARS-CoV-2 pulmonary symptoms.

As stated by other authors, a temporal association between events does not necessarily imply causality, and extensive epidemio-
logical studies would be essential to establish any causal relationship definitively [44]. A comprehensive clinical and pathological
examination of additional patients is required to elucidate the potential association between SARS-CoV-2 infection or vaccination and
IIM. However, in cases where vaccinated individuals present with severe and persistent muscle pain and weakness, along with
exacerbation of pulmonary symptoms, clinicians should consider the possibility of vaccine-induced IIM. Utilizing an autoantibodies
work-up can serve as a straightforward and rapid method to guide diagnosis in such instances.

It is important to emphasize that our findings do not diminish the importance of vaccines, rather they contribute to medical
knowledge by underscoring the significance of a multidisciplinary approach and early intervention, particularly in patients with
autoimmune backgrounds and genetic susceptibility indicated by HLA typing.

Given the severe prognosis and diverse clinical manifestations of ASS, this study underscores the critical need for a standardized
protocol to manage suspected ILD-ASS cases effectively. The occurrence of these four cases, closely linked in time to vaccination or
SARS-CoV-2 infection, highlights the importance of vigilant and active surveillance to identify potential ASS development. Larger-
scale studies are essential to establish causality and clarify the mechanisms involved, ultimately guiding the development of
personalized diagnostic and therapeutic strategies for ASS-ILD.
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