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Antimelanoma Differentiation-Associated Gene S
Antibody—Positive Interstitial Lung Disease After

Vaccination With COVID-19 mRNA Vaccines

Takamasa Kitajima', Atsushi Funauchi', Toshiki Nakajima?® Satoshi Marumo', Yoshitaka Imura?,

and Motonari Fukui'

ABSTRACT. Objective. Mclanoma differentiation-associated gene 5 (MDAS) is a viral RNA sensor induced by

SARS-CoV-2. Similarities have been reported between the clinical presentations of coronavirus disease 2019
(COVID-19) pneumonia and anti-MDAS antibody—positive interstitial lung disease (anti-MDAS-ILD).
However, it is unknown whether COVID-19 mRNA vaccines are associated with anti-MDAS-ILD.
Methods. We retrospectively reviewed consecutive patients with anti-MDAS-ILD admitted to our hospital
between April 2017 and March 2022. In addition, we investigated the clinical presentations of patients who
developed anti-MDAS-ILD after vaccination with COVID-19 mRNA vaccines. We also examined the
annual number of anti-MDAS-ILD cases before and after the COVID-19 vaccination campaign.

Results. Nine patients with anti-MDAS5-ILD were seen during the study period, of whom 4 developed
anti-MDAS-ILD between August and October 2021, approximately 6 to 12 weeks after vaccination with a
COVID-19 mRNA vaccine and a few months after the rapid mRNA COVID-19 vaccination campaign in
Japan. None of the 4 patients had evidence of SARS-CoV-2 infection. The difference in the annual number
of anti-MDAS-ILD cases before vs after the COVID-19 vaccination campaign (1.25 + 0.96 cases/yr vs
4.0 cases/yr) was not statistically significant (P = 0.08).

Conclusion. We encountered 4 cases of anti-MDAS-ILD after COVID-19 vaccination. Further large
population studies are needed to clarify the relationship between anti-MDAS-ILD and vaccination with
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COVID-19 mRNA vaccines.
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Melanoma differentiation-associated gene 5 (MDAS) is a viral
RNA sensor, which can be induced by SARS-CoV-2.! Patients
with interstitial lung disease (ILD) and antibodies against
MDAS are recognized as having anti-MDAS antibody—positive
ILD (anti-MDAS-ILD), which has a high mortality rate
due to rapidly progressive ILD (RP-ILD).? It typically mani-
fests clinically as amyopathic dermatomyositis (DM), with
a DM-specific rash but less muscular involvement than with
classic DM.* Hyperferritinemia and elevated Krebs von den
Lungen 6 (KL-6) levels are also observed, and significant radio-
logical features are the presence of ground-glass attenuation
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(GGA) and consolidation in the lower lobes of the lungs on
high-resolution computed tomography (HRCT).> Notably,
these clinical features are similar to coronavirus disease 2019
(COVID-19) pneumonia.’ Further, the serum cytokine profiles
are also similar, and serum levels of interleukin (IL)-6, IL-8, and
IL-10 were elevated in patients with severe COVID-19 and
anti-MDAS-ILD >

In the COVID-19 pandemic, mRNA vaccines have been
approved for protection against COVID-19,>¢ and more than
1.7 billion doses have already been administered worldwide. In
Japan, mRNA vaccines are recommended. On April 1, 2021,
less than 0.01% of the population had received a single dose of
vaccine; however, by October 31,2021, 77.3% of the population
had received at least 1 dose.

Four cases of anti-MDAS-ILD were diagnosed at our hospital
in September and October 2021, which is a higher incidence than
normal for our hospital. We speculated that this might be related
to COVID-19 vaccination. Here, we describe the clinical course
of the 4 cases and their association with COVID-19 vaccination.
We also describe the annual positive rate of the anti-MDAS anti-
body test and the annual number of cases of anti-MDAS-ILD
at our hospital before and after the COVID-19 vaccination
campaign.
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METHODS

We retrospectively reviewed consecutive patients with anti-MDAS-ILD
admitted to our hospital between April 2017 and March 2022. We also
examined the total number of anti-MDAS tests conducted in our hospital
between April 2017 and March 2022. Anti-MDAS-ILD was defined as
positivity for anti-MDAS antibody and typical shadows consistent with
ILD on HRCT, with radiological features such as reticular opacities, GGA,
or a honeycomb appearance. Anti-MDAS antibody levels were measured
using MESACU anti-MDAS test (Medical & Biological Laboratories Co.
Ltd). KL-6 was measured by latex coagulating nephelometry. SARS-CoV-2
testing was performed using BioFire FilmArray System (BioFire
Diagnostics) PCR, Loopamp Viral RNA Extraction Kit (Eiken Chemical
Co., Ltd), SARS-CoV-2 real-time loop-mediated isothermal amplification
(RT-LAMP) assay, and Lumipulse G SARS-CoV-2 Ag (Fujirebio Inc.)
rapid SARS-CoV-2 antigen test.

An independent-samples # test was used to compare the annual number
of anti-MDAS-ILD cases before vs after the COVID-19 vaccination
campaign. The statistical analysis was performed using IBM SPSS version 25
for Windows (IBM Corp). A 2-sided P value < 0.05 was considered statisti-
cally significant.

The study conforms to the Declaration of Helsinki and was approved
by the Kitano Hospital Medical Research Institute Ethics Committee
(approval no. P220300400). Consent was obtained from all patients

involved.

RESULTS

Nine patients had anti-MDAS-ILD during the 6-year
(72-month) study period. Four of 9 patients were diagnosed
with anti-MDAS-ILD in the 3-month period from August
to October 2021, a few months after the rapid vaccination
campaign began in Japan (Figure). All 4 patients received a first
dose of COVID-19 mRNA vaccine approximately 6 to 12 weeks
prior to the onset of anti-MDAS-ILD, and none of them had
evidence of SARS-CoV-2 infection. The key demographic and

clinical characteristics and laboratory results of the 4 patients
who presented with anti-MDAS-ILD from August to October
2021 are shown (Table).

Patient 1. Patient 1 was a7 1-year-old woman who was vaccinated
with the mRNA-1273 vaccine (Moderna) late June and late July
2021. She developed shortness of breath in early September and
a dry cough in early October. The patient visited our hospital
mid-October. On examination, she had a DM-specific rash
(Gottron papules, Gottron sign, and nailfold abnormalities),
and her peripheral oxygen saturation was 97% breathing 2 L/min
of oxygen by nasal cannula. Laboratory tests revealed elevated
ferritin and KL-6 levels of 525 ng/mL (normal: 22-322 ng/mL)
and 489 U/mL (normal: 105.3-401.2 U/mL), respectively, and a
normal creatine kinase (CK) level of 63 U/L (normal in females:
41-153 U/L). HRCT showed bilateral GGA and consolida-
tions in the lower lobes of her lungs. A SARS-CoV-2 RT-LAMP
assay and SARS-CoV-2 antigen test were negative, and PCR
tests for respiratory viruses including SARS-CoV-2, performed
24 hours after SARS-CoV-2 antigen testing, were also negative.
The anti-MDAS antibody titer was high (1400 index, normal:
< 32 index). Based on these findings, the patient was diag-
nosed with anti-MDAS-ILD, and was treated with high-dose
glucocorticoids (GCs), tacrolimus, and intravenous (IV) cyclo-
phosphamide (CYC). However, she died on the 174th day of

hospitalization.

Patient 2. Patient 2 was an 82-year-old man who was vacci-
nated with the BNT162b2 vaccine (Pfizer-BioNTech) in
June and July 2021. He developed a dry cough in late August,
followed by shortness of breath on exertion that appeared
mid-September. He visited our hospital in late September. On
examination, he had a DM-specific rash (Gottron papules,
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Figure. The time course of the number of anti-MDAS-ILD cases, the number of anti-MDAS5 antibody tests, and
positivity rate of anti-MDAS antibody tests. The anti-MDAS5 antibody test positivity rate was higher directly
after the COVID-19 vaccination campaign. Anti-MDAS: anti-melanoma differentiation-associated gene 5; anti-
MDAS-ILD: antimelanoma differentiation-associated gene 5 antibody—-positive interstitial lung disease; COVID-

19: coronavirus disease 2019.
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Table. Characteristics of the 4 patients who developed anti-MDAS-ILD after vaccination with a COVID-19 mRNA vaccine.

Patient 1 Patient 2 Patient 3 Patient 4
Age (yrs), sex 71, F 82,M 68, M 52 18
COVID-19 vaccine mRNA-1273 BNT162b2 BNT162b2 BNT162b2
Time to anti-MDAS-ILD onset?, weeks 12 8 6 6
DM-specific signs Gottron papules, Gottron sign, Gottron papules, Gottron papules, Gottron papules,

nailfold abnormalities

ALT®, U/L 19
LDH- U/L 387
CK4 U/L 63
CRP", mg/dL 8.08
KL-6f, U/mL 489
Ferriting, ng/mL 525
ANAP 1:< 40
Anti-MDAS5 antibody' 1400
Treatment High-dose GC, tacrolimus,
IVCYC
Outcome Died

Gottron sign, nailfold

High-dose GC, tacrolimus

Died Survived

nailfold abnormalities Gottron sign,

abnormalities nailfold abnormalities

38 19 18

644 304 342

451 40 63

8.07 1.82 5.84

1394 4224 618

406 2008 503

1:80 1: <40 1: <40

1550 6300 2150

High-dose GC, tacrolimus,
IV CYC, tofacitinib,
plasma exchange

High-dose GCs,
tacrolimus, [V CYC

Survived

*Time from first vaccination to onset of anti-MDAS-ILD. * Normal ALT: 7-23 U/L. ¢ Normal LDH: 124-222 U/L. ¢ Normal CK: in females, 41-153 U/L;
in males, 59-248 U/L. ¢ Normal CRP: 0-0.14 mg/dL. f Normal KL-6: 105.3-401.2 U/mL. & Normal ferritin: 22-322 ng/mL. " Normal ANA: < 40. ' Normal
anti-MDAS5 antibody: < 32 index. ALT: alanine aminotransferase; ANA: antinuclear antibody; anti-MDAS-ILD: anti-melanoma differentiation-associated
gene 5 antibody-positive interstitial lung disease; CK: creatine kinase; COVID-19: coronavirus disease 2019; CRP: C-reactive protein; DM: dermatomyositis;
GC: glucocorticoid; IV CYC: intravenous cyclophosphamide; KL-6: Krebs von den Lungen 6; LDH: lactate dehydrogenase; MDAS: melanoma differentia-

tion-associated gene 5.

Gottron sign, and nailfold abnormalities). His peripheral
oxygen saturation was 88% breathing 11 L/min of oxygen with
a reservoir mask. Laboratory tests revealed elevated ferritin,
KL-6, and CK levels of 406 ng/mL, 1394 U/mL, and 451 U/L,
respectively. HRCT showed GGA and consolidation in the
lower lobes of both lungs. A SARS-CoV-2 RT-LAMP assay and
SARS-CoV-2 antigen test were negative, and PCR tests for respi-
ratory viruses, including SARS-CoV-2, were also all negative.
The anti-MDAS5 antibody titer was high (1550 index). Based on
these findings, the patient was diagnosed with anti-MDAS5-ILD.
He was treated with high-dose GCs and tacrolimus; however, he
died on the 22nd day of hospitalization.

Patient 3. Patient 3 was a 68-year-old man who was vaccinated
with the BNT162b2 vaccine in July and August 2021. He devel-
oped dyspnea in late August and visited our hospital in early
September. On examination, he had a DM-specific rash (Gottron
papules and nailfold abnormalities). His peripheral oxygen satu-
ration was 95% breathing room air. HRCT showed GGA and
consolidations in the lower lobes of both lungs. A SARS-CoV-2
RT-LAMP assay and SARS-CoV-2 antigen test were negative,
and PCR tests for respiratory viruses, including SARS-CoV-2,
were also negative. Laboratory tests revealed elevated ferritin
and KL-6 levels of 2008 ng/mL and 4224 U/mL, respectively,
a normal CK level of 40 U/L, and a high anti-MDAS antibody
titer (6300 index). Based on these findings, the patient was diag-
nosed with anti-MDAS-ILD. He was treated with high-dose
GCs, tacrolimus, IV CYC, tofacitinib, and plasma exchange,
and was transferred to a rehabilitation hospital on the 182nd day
of hospitalization.

Patient 4. Patient 4 was a 59-year-old woman who was vacci-
nated with the BNT162b2 vaccine in early August and carly
September2021.Shedevelopeddyspneaandvisitedourhospital
mid-September. On examination, she had a DM-specific rash
(Gottron papules, Gottron sign, and nailfold abnormalities).
Her peripheral oxygen saturation was 88% breathing room
air. HRCT showed bilateral GGA and consolidation in the
lower lobes of both lungs. A SARS-CoV-2 RT-LAMP assay
and SARS-CoV-2 antigen test were negative, and PCR tests
for respiratory viruses, including SARS-CoV-2, performed
24 hours after SARS-CoV-2 antigen testing, were also nega-
tive. Laboratory tests revealed elevated ferritin, KL-6, and
CK levels of 503 ng/mL, 618 U/mL, and 63 U/L, respec-
tively, and a high anti-MDAS antibody titer (2150 index).
Based on these findings, the patient was diagnosed with anti-
MDAS-ILD. She was treated with high-dose GCs, tacrolimus,
and IV CYC, and was discharged from our hospital on the
82nd day of hospitalization. Notably, the patient developed
Gottron papules before her first vaccination in early August
2021.

Comparison of the annual number of cases of anti-MDAS-ILD
before and after the COVID-19 vaccination campaign. A total of
522 anti-MDAS antibody tests were performed in our hospital
from April 2017 to March 2022. There was no significant differ-
ence in the annual positivity rate of the anti-MDAS antibody
test (0.09% + 0.09% vs. 0.25%, P = 0.21), or the annual mean
number of anti-MDAS-ILD cases diagnosed (1.25 + 0.96 cases/
yr vs 4.0 cases/year, P = 0.08), before and after the COVID-19

vaccination campaign.
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DISCUSSION

We report a cluster of 4 cases of anti-MDAS-ILD that
occurred in August and October 2021, a few months after the
COVID-19 vaccination campaign in Japan. All 4 patients devel-
oped anti-MDAS-ILD approximately 6 to 12 weeks after the
first COVID-19 vaccination, without SARS-CoV-2 infection.
Although the increase in the incidence of anti-MDAS-ILD
at our hospital before and after the COVID-19 vaccination
campaign was not statistically significant, this case cluster
suggests that attention should be paid to a possible increase in
the incidence of anti-MDAS-ILD associated with COVID-19
mRNA vaccinations.

MDAS is a retinoic acid-inducible gene I-like receptor that
functions as a key protein sensor of viral RNA.? Picornaviruses,
such as hepatitis A virus, coxsackie B virus, enterovirus, rhino-
virus,” and SARS-CoV-2,' can activate MDAS, causing it
to produce type I interferon (IFN-I) and other inflamma-
tory proteins. MDAS-mediated overactivation of the IFN-I
pathway can lead to autoinflammatory diseases.” Even before
the COVID-19 pandemic, viruses were known to be a major
environmental factor affecting the immune system.® MDAS is
reported to be involved in the pathogenesis of several autoin-
flammatory diseases, including systemic lupus erythematosus,
multiple sclerosis, and type 1 diabetes.”'?

RNA or DNA released by tissue damage can promote auto-
antibody production.”? COVID-19 has been found to be associ-
ated with at least 15 different types of autoantibodies and at least
10 distinct autoimmune diseases.® Autoantigens that have been
detected in patients with COVID-19 include antinuclear anti-
body, lupus anticoagulant, and anti-MDAS5 antibody, although
the frequency varies between studies.'>'¢ In addition, some viral
infections might induce the development of anti-MDAS5-ILD.?
COVID-19 can trigger a flare of autoimmune inflammatory
disease, including anti-MDAS-ILD."” We could not confirm
a history of SARS-CoV-2 infection in any of the 4 patients.
The presence of antibodies to SARS-CoV-2 prior to the onset
of anti-MDAS-ILD could not be evaluated, but none of the 4
patients had a history of symptoms suggestive of SARS-CoV-2
infection (such as fever, olfactory disturbance, taste disorder,
or sore throat), or history of a case of COVID-19 in the house-
hold preceding the onset of anti-MDAS-ILD. Previous studies
have shown that production of autoantibodies is associated with
heparin treatment, high C-reactive protein levels, and severe
illness owing to conditions other than COVID-19.'*!¥ None of
our 4 patients had a history of treatment with heparin or a history
of severe disease with high levels of systemic inflammation.

In this study, we considered the possibility that COVID-19
mRNA vaccination induced anti-MDAS-ILD. COVID-19
mRNA vaccines are designed based on the mRNA that encodes
the SARS-CoV-2 spike protein.>® The genes for MDAS have
been reported to be significantly activated by vaccination with
an influenza A (HIN1pdm09) mRNA vaccine.”” COVID-19
mRNA vaccines may also upregulate MDAS expression.
However, there have been few other reports of COVID-19
mRNA vaccine-induced anti-MDAS-ILD, and few reports of
anti-MDAS-ILD in patients with severe COVID-19, to date.

The COVID mRNA vaccines, mRNA-1273 and BNT162b2,
do not include any adjuvants.® Nevertheless, by stimulating the
maturation of dendritic cells and eliciting robust T- and B-cell
responses, mRNA vaccines may activate autoreactive lympho-
cytes.'” This process, known as intrinsic adjuvant activity, can
theoretically reactivate autoimmune disease."” In the 4 patients,
vaccination with COVID-19 mRNA vaccines may have acti-
vated an immune response that led to the development of
anti-MDAS-ILD. Moreover, a combination of genetic predis-
position and a hyperstimulated state of the immune system,
including an uncontrolled response to infection, may trigger
an autoimmune response.*’” Genetic factors are thought to
contribute to the high incidence of anti-MDAS-ILD in East
Asia.* Therefore, our 4 patients may have been genetically
predisposed. In the present study, the increase in the annual
number of anti-MDAS-ILD cases before vs after the national
COVID-19 vaccination campaign was not statistically signifi-
cant. Further large population studies are needed to evaluate the
relationship between anti-MDAS-ILD and COVID-19 mRNA
vaccinations.

COVID-19 mRNA vaccines are strongly recommended
because of their effectiveness at preventing COVID-19.5¢ In
addition, booster vaccination has been approved worldwide
because of the emergence of the B.1.1.529 (Omicron) variant
and reduced protection provided by COVID-19 vaccines.”
Therefore, the incidence of anti-MDAS-ILD should be care-
fully monitored for a possible increase, especially in Japan, where
many people are genetically predisposed to anti-MDAS-ILD.?

This study has several limitations. First, we do not have
data on the anti-MDAS antibody status of the 4 patients
before they developed MDAS-ILD. Therefore, it is unclear
whether patients with preexisting MDAS antibodies developed
anti-MDAS-ILD as a result of COVID-19 vaccination, or
whether the COVID-19 mRNA vaccines induced the produc-
tion of MDAS antibodies and anti-MDAS-ILD. However,
patient 4 had a DM-specific rash before COVID-19 mRNA
vaccination. Hence, the COVID-19 mRNA vaccine may have
led latent DM to progress to anti-MDAS-ILD in this patient.

Second, the difference in the annual anti-MDAS test posi-
tivity rate before and after the COVID-19 vaccination campaign
was not statistically significant. There were no clinical studies
of MDAS-ILD and anti-MDAS antibodies conducted at
our hospital during the study period. Therefore, the patients
who were tested for anti-MDAS antibodies were considered
to have clinically suspected DM or ILD. Since the onset of
the COVID-19 pandemic, anti-MDAS tests may have been
evaluated more frequently because of the clinical similarity of
anti-MDAS-ILD to COVID-19.2' As a result, the annual posi-
tivity rate of anti-MDAS tests could be expected to be lower
during the COVID-19 pandemic. On the other hand, it is
possible that the increase of anti-MDAS testing led to increased
detection of potential cases of anti-MDAS-ILD. However,
the prevalence of anti-MDAS-ILD is much lower than that of
COVID-19. Therefore, the annual positivity rate of anti-MDAS
antibody tests may have been reduced by the increasing number
of anti-MDAS tests performed.
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In conclusion, we report 4 cases of anti-MDAS-ILD with

onsetsoon after COVID-19 mRNA vaccination. Ongoing moni-
toring of COVID-19 mRNA vaccine-related anti-MDAS-ILD
is needed to determine whether COVID-19 mRNA vaccines
play a causal role.
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