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Abstract: Autoimmune-Poly-Endocrinopathy-Candidiasis-Ectodermal Dystrophy (APECED), caused
by mutations in the Autoimmune Regulator (AIRE) gene, is an autosomal recessive multi-organ
autoimmunity syndrome usually defined by high serum titers of type I Interferon Autoantibodies
(Type 1 IFN-Abs). These antibodies have recently been found in individuals in the general popu-
lation who develop life-threatening Coronavirus Disease 2019 (COVID-19), but the significance of
pre-existing Type 1 IFN-Abs in APECED patients with COVID-19 remains unclear. Previous reports
of COVID-19 outcomes in APECED patients have been divergent, and protective roles have been
proposed for female sex, age <26 years, and immunomodulatory medications including intravenous
immunoglobulin (IVIg). We report the case of a 30-year-old male APECED patient who experienced
a Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection with mild symptoms of
fatigue and headache without respiratory distress and did not require hospitalization. He received a
stress dose of hydrocortisone for adrenal insufficiency and continued on his baseline medications,
including subcutaneous administration of Immunoglobulins (SCIgs) for chronic inflammatory de-
myelinating polyneuropathy (CIDP). Mild COVID-19 in a 30-year-old male patient with APECED
and pre-existing Type 1 IFN-Abs was unexpected. Younger age and management of autoimmunity
may have played a role.

Keywords: APECED; type 1 IFN-Abs; COVID-19; corticosteroids; subcutaneous immunoglobulins;
case report

1. Introduction

The APECED, also called Autoimmune Polyendocrine Syndrome Type 1 (APS-1) or
Multiple Autoimmune Syndrome Type 1 (MAS-1), is a monogenic autoimmune disorder
typically caused by biallelic deleterious mutations in the Autoimmune Regulator (AIRE)
gene, mainly characterized by three main features: chronic mucocutaneous candidiasis
(CMC), chronic hypoparathyroidism (CH) and Addison’s disease (AD) [1]. Secondary
manifestations include a wide range of autoimmune conditions including alopecia, vitiligo,
type 1 diabetes, and chronic inflammatory demyelinating polyneuropathy (CIDP). Type I In-
terferon Autoantibodies (Type 1 IFN-Abs) are present in >95% of APECED patients and are
considered a diagnostic marker when one of the main or secondary clinical manifestations
is present [1,2].
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In APECED patients, mutations in the AIRE gene lead to defective T-cell tolerance
associated with thymic escape of autoreactive T cells and development of a broad range
of autoantibodies, including anticytokine antibodies such as Type 1 IFN-Abs [2]. These
autoantibodies can also occur in other conditions; for example, during exogenous Type 1
IFN treatment or in women with Systemic Lupus Erythematosus (SLE) [3]. Recently, several
studies have reported an association between these autoantibodies and severe Coronavirus
Disease 2019 (COVID-19) in the general population [3–5], suggesting a pathogenic role for
Type 1 IFN-Abs. Given this, it has been hypothesized that pre-existing high levels of Type
1 IFN-Abs may strongly predispose people with APECED to develop severe COVID-19
disease [3–5]. In support of this, three patients with APECED and severe COVID-19 were
described in an early report [6]. Furthermore, in another case series, 15 of 22 APECED
patients with COVID-19 required intensive care treatment, suggesting that severe illness
occurs in the majority of APECED patients [4].

However, some case series of mild COVID-19 in APECED patients with high levels of
Type 1 IFN-Abs have also been reported [6]. In a series of six APECED patients, four patients
infected with COVID-19 had only mild symptoms, suggesting that APECED may not be a
risk factor for severe COVID-19. All patients were females and younger than 26 years of
age in this series, raising the possibility that sex and age may also play important roles [6].
Here, we describe the case of a 30-year-old male patient with APECED and pre-existing
high titers of IFN-Abs who contracted Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), developing mild COVID-19. The aim of our report is to underline possible
protective factors associated with mild COVID-19 in patients with pre-existing IFN-Abs.

2. Case Presentation

D. is a 30-year-old male with APECED diagnosed at 1 year of age with compound
heterozygous mutations in the AIRE gene. His family history was remarkable for APECED
in an older brother, who died of chronic lung disease at 18 years of age [7,8]. As expected,
given the diagnosis of APECED, high titers of autoantibodies—again, type 1 IFNs (IFN-
Abs)—were detected. Since his first year of life, D. presented with recurrent bouts of
oral candidiasis which was treated with itraconazole. He developed CH, which was
treated with Calcium and Vitamin D, and AD, which was treated with Hydrocortisone
(10 mg/m2/day), Fludrocortisone (0.1 mg/day). In addition, the patient developed vitiligo,
alopecia, herpetic genital infections, and malabsorption. At the age of 15 years, he also
developed chronic inflammatory demyelinating polyneuropathy (CIDP), the first APECED-
related case described in the literature [9], for which he was treated with SubCutaneous
Immunoglobulins (SCIgs). The patient was followed up via telemedicine during the
COVID-19 pandemic. In April 2021, he was diagnosed with asymptomatic COVID-19: a
SARS-CoV-2 Real Time-PCR test was performed because of a close contact with a SARS-
CoV-2 infected relative and showed positive results. The patient was not vaccinated. In
3 days, he developed fatigue and mild headache. No dyspnea, cough, fever, or change
in smell and taste were noted. He started prophylactic therapy with heparin, antibiotic
(piperacillin/tazobactam), and stress dose hydrocortisone, and continued the SCIgs for
CIDP. In 19 days, the infection was eradicated, confirmed by a SARS-CoV-2 Real Time-PCR
negative test. The laboratory exams performed during the infection were normal (Table 1).
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Table 1. Laboratory investigations.

Investigation Patient’s Values Laboratory Normal Values

Hemoglobin (Hb) 15.20 (g/dL) 13–17 (g/dL)
White Blood Cells (WBC) 11,700 (K/uL) 4000–10,000 (K/uL)

Neutrophils (N) 61.7 (%) 37–80 (%)
Lymphocytes (L) 30 (%) 10–50 (%)

Platelets (PLT) 229,000 (K/uL) 140,000–450,000 (K/uL)
C-Reactive Protein (CRP) 0.08 (mg/dL) 0–0.5 (mg/dL)
Prothrombin Time (PT) 684 (%) 70–130 (%)

International Normalized Ratio (INR) 1.21 -
Activated Partial Thromboplastin Time

(aPTT) 26.7 (s) 22–30 (s)

Fibrinogen 217 (mg/dL) 170–450 (mg/dL)
Brain Natriuretic Peptide (BNP) 10 (pg/mL) 0–100 (pg/mL)

3. Discussion

The outbreak of COVID-19 in 2019 presented significant challenges worldwide. The
anti-SARS-CoV-2 immune response has now been extensively studied, and defects in
antiviral mechanisms, such as in IFN-I immunity, have been linked to disease severity [5].
Type 1 IFN response is crucial in protecting against viral diseases: it is important in limiting
the early viremic phase in the first few days of the infection, as well as preventing the
secondary phase of pulmonary and systemic hyperinflammation. Since the recent report
of three unrelated APECED patients with high titers of Type 1 IFN-Abs who developed
life-threatening COVID-19 pneumonia [6], it has been suggested that these neutralizing
autoantibodies were linked to life-threatening manifestations. Additionally, at least 10% of
987 patients in the general population with life-threatening COVID-19 presented with high
titers of Type 1 IFN-Abs, suggesting that these neutralizing autoantibodies contribute to
poor outcome even in patients without APECED [3]. This study was followed by a report
of 22 APECED patients aged 8 to 48 years old diagnosed with COVID-19 [4], 15 of whom
(68%) were critically ill with hypoxemia, requiring admission to the Intensive Care Unit
(ICU). Four patients (18%) died because of sepsis or respiratory failure, while the other 11
(82%) survived, but required intubation and mechanical ventilation. One of them required
ExtraCorporeal Membrane Oxygenation (ECMO), two of them developed pneumothorax,
and one of them was discharged with a tracheostomy. Together, these data suggest that
neutralizing Type 1 IFN-Abs may lead to life-threatening COVID symptoms in infected
individuals. Importantly, however, there is also a case series in which APECED patients
with high titers of Type 1 IFN-Abs developed mild COVID-19 disease. Meisel et al. [6]
suggested that young age (<26 years) and female sex may be protective. Concerning our
case, the patient presented an asymptomatic disease, only developing mild manifestations,
such as asthenia or headache. IVIg may play a role in rescue therapy for critical COVID-19
cases, so we supposed that chronic therapy with SCIgs for CIPD may have played a possible
protective role in the clinical course of our APECED patient [4,10–13]. Bastard et al. in the
previous series of 22 patients hypothesized possible protective factors for the 7 patients
(34%) who did not become critically ill [4]. Interestingly, three patients were receiving
monthly IVIg therapy at the time of the infection and another patient was hospitalized
prophylactically and treated with subcutaneous recombinant IFN-beta and convalescent
plasma therapy [4]. It could be possible that therapies with IVIg, SCIg, or plasma may
decrease the pathogenicity of the autoantibodies against IFN, or they could act through
other mechanisms [10–14]. Another hypothesis could be found in the early high dose
of corticosteroids treatment, suggesting that it might prevent or attenuate the secondary
hyper-inflammatory phase of the disease (Table 2) or prevent adrenal crisis in patient with
pre-existing primary adrenal insufficiency.
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Table 2. Comparison between APECED patients who experienced SARS-CoV-2 infection reported in literature and our patient: female sex and previous
immunosuppressive therapy could play a protective role against life-threatening COVID-19 pneumonia.

References Number of
Patients

Median Age
(Years) Sex High Titers of

IFN Abs Severity Disease Chronic Treatment for Mild
Disease

Chronic
Treatment for

Life Threatening
Disease

Outcome

[4] 22 24.5 F: 13
M: 9

Present: 21
Not tested: 1

Mild–moderate: 7
Life-threatening:

15 (M: 6, F: 9)

Hydrocortisone and/or
fludrocortisone (n = 6);

fluconazole (n = 3); rituximab
and IVIgs (pz n 6), ruxolitinib (pz

n 15), monthly IVIgs (pz n 4
and 10),

supportive and other
non-immunosuppressive therapy.

Hydrocortisone
and/or

fludrocortisone
(n = 14);

fluconazole (n = 5);
tacrolimus (pz

n 18), supportive
and other non-

immunosuppressive
therapy.

Survival: 18
Death: 4 (sepsis

and/or respiratory
failure).

[6] 4 18.15 F: 4
M: 0 Present: 4 Mild: 4

Life-threatening: 0

Hydrocortisone and/or
fludrocortisone (n = 2);
supportive and other

non-immunosuppressive therapy.

- Survival: 4

Our Experience 1 30 M Present Mild

Hydrocortisone and
fludrocortisone; itraconazole;
SCIgs; supportive and other

non-immunosuppressive therapy.

- Survival
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Corticosteroids can reduce capillary dilation, inflammatory cell exudation, leukocyte
infiltration, and phagocytosis in the early phase of inflammation, and can also inhibit the
excessive proliferation of capillaries and fibroblasts in the late stage. However, treatment
with corticosteroids is debated in COVID-patients and the most effective type of corticos-
teroid treatment is another concern that needs to be addressed. Therefore, there is an urgent
need for more RCTs to confirm and validate previous findings [15].

Prevention also plays an important role for these patients; APECED patients should
be prioritized for vaccination against COVID-19, and measures should be taken to avoid
infection [4]. Telemedicine can be an important tool to help manage patients with high-
risk underlying disease, by avoiding exposures during in-person follow-up [10]. Prompt
treatment with available antiviral therapies is also an important strategy to prevent the
progression to hypoxemic COVID-19 [4].

4. Conclusions

Mild COVID-19 in a 30-year-old male patient with APECED and pre-existing Type
1 IFN-Abs was unexpected. We do not exclude that younger age and management of
autoimmunity may have contributed.

Author Contributions: Conceptualization, M.V.; methodology, S.F.R. and F.T.; investigation, F.L. and
G.S.; resources, C.P. and M.W.; data curation, C.P. and M.W.; writing—original draft preparation,
A.C.; writing—review and editing, M.V. and M.A.S.; Each author listed on the manuscript has seen
and approved the submission of this version of the manuscript and takes full responsibility for the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank our patient for his precious collaboration.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Garelli, S.; Dalla Costa, M.; Sabbadin, C.; Barollo, S.; Rubin, B.; Scarpa, R.; Masiero, S.; Fierabracci, A.; Bizzari, C.; Crinò, A.; et al.

Autoimmune polyendocrine syndrome type 1: An Italian survey on 158 patients. J. Endocrinol. Investig. 2021, 44, 2493–2510.
[CrossRef] [PubMed]

2. Valenzise, M.; Aversa, T.; Salzano, G.; Zirilli, G.; De Luca, F.; Su, M. Novel insight into Chronic Inflammatory Demyelinating
Polineuropathy in APECED syndrome: Molecular mechanisms and clinical implications in children. Ital. J. Pediatr. 2017, 43, 11.
[CrossRef] [PubMed]

3. Bastard, P.; Rosen, L.B.; Zhang, Q.; Michailidis, E.; Hoffmann, H.H.; Zhang, Y.; Dorgham, K.; Philippot, Q.; Rosain, J.; Béziat, V.;
et al. Autoantibodies against type I IFNs in patients with life-threatening COVID-19. Science 2020, 370, 6515. [CrossRef] [PubMed]

4. Bastard, P.; Orlova, E.; Sozaeva, L.; Lévy, R.; James, A.; Schmitt, M.M.; Ochoa, S.; Kareva, M.; Rodina, Y.; Gervais, A.; et al.
Preexisting autoantibodies to type I IFNs underlie critical COVID-19 pneumonia in patients with APS-1. J. Exp. Med. 2021, 218,
e20210554. [CrossRef] [PubMed]

5. Goncalves, D.; Mezidi, M.; Bastard, P.; Perret, M.; Saker, K.; Fabien, N.; Pescarmona, R.; Lombard, C.; Walzer, T.; Casanova, J.-L.;
et al. Antibodies against type I interferon: Detection and association with severe clinical outcome in COVID-19 patients. Clin.
Transl. Immunol. 2021, 10, e1327. [CrossRef] [PubMed]

6. Meisel, C.; Akbil, B.; Meyer, T.; Lankes, E.; Corman, V.M.; Staudacher, O.; Unterwalder, N.; Kölsch, U.; Drosten, C.; Mall, M.A.;
et al. Mild COVID-19 despite autoantibodies against type I IFNs in autoimmune polyendocrine syndrome type 1. J. Clin. Investig.
2021, 131, e150867. [CrossRef] [PubMed]

7. De Luca, F.; Valenzise, M.; Alaggio, R.; Arrigo, T.; Crisafulli, G.; Salzano, G.; Cervato, S.; Mariniello, B.; Lazzarotto, F.; Betterle, C.
Sicilian family with autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) and lethal lung disease in
one of the affected brothers. Eur. J. Pediatr. 2008, 167, 1283–1288. [CrossRef]

8. Valenzise, M.; Fierabracci, A.; Cappa, M.; Porcelli, P.; Barcellona, R.; De Luca, F.; Barollo, S.; Garelli, S.; Betterle, C. Autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy: Report of seven additional sicilian patients and overview of the overall
series from Sicily. Horm. Res. Paediatr. 2014, 82, 127–132. [CrossRef]

9. Valenzise, M.; Meloni, A.; Betterle, C.; Giometto, B.; Autunno, M.; Mazzeo, A.; Cao, A.; De Luca, F. Chronic inflammatory
demyelinating polyneuropathy as a possible novel component of autoimmune poly-endocrine-candidiasis-ectodermal dystrophy.
Eur. J. Pediatr. 2009, 168, 237–240. [CrossRef]

http://doi.org/10.1007/s40618-021-01585-6
http://www.ncbi.nlm.nih.gov/pubmed/34003463
http://doi.org/10.1186/s13052-017-0331-6
http://www.ncbi.nlm.nih.gov/pubmed/28257655
http://doi.org/10.1126/science.abd4585
http://www.ncbi.nlm.nih.gov/pubmed/32972996
http://doi.org/10.1084/jem.20210554
http://www.ncbi.nlm.nih.gov/pubmed/33890986
http://doi.org/10.1002/cti2.1327
http://www.ncbi.nlm.nih.gov/pubmed/34429968
http://doi.org/10.1172/JCI150867
http://www.ncbi.nlm.nih.gov/pubmed/34061776
http://doi.org/10.1007/s00431-008-0668-3
http://doi.org/10.1159/000363537
http://doi.org/10.1007/s00431-008-0736-8


Pathogens 2023, 12, 403 6 of 6

10. Dubbioso, R.; Nobile-Orazio, E.; Manganelli, F.; Santoro, L.; Briani, C.; Cocito, D.; Tedeschi, G.; Di Lazzaro, V.; Fabrizi,
G.M.; on behalf of SIN, SINC and ASNP. Dealing with immune-mediated neuropathies during COVID-19 outbreak: Practical
recommendations from the task force of the Italian Society of Neurology (SIN), the Italian Society of Clinical Neurophysiology
(SINC) and the Italian Peripheral Nervous System Association (ASNP). Neurol. Sci. 2020, 41, 1345–1348.

11. Prada, V.; Benedetti, L.; Cocito, D.; Briani, C.; Nobile-Orazio, E.; Gallia, F.; Antonini, G.; Manganelli, F.; Fabrizi, G.M.; Germano,
F.; et al. High-dose immunoglobulin pulse therapy and risk of Covid19 infection. J. Neurol. 2021, 268, 1573–1575. [CrossRef]
[PubMed]

12. Romozzi, M.; Bisogni, G.; Sabatelli, M.; Luigetti, M. Reassessing IVIg therapy in chronic inflammatory demyelinating polyradicu-
loneuropathy during COVID-19: A chance to verify the need for chronic maintenance therapy. Neurol. Sci. 2021, 42, 787–789.
[CrossRef] [PubMed]

13. Goyal, N.A.; Karam, C.; Sheikh, K.A.; Dimachkie, M.M. Subcutaneous immunoglobulin treatment for chronic inflammatory
demyelinating polyneuropathy. Muscle Nerve 2021, 64, 243–254. [CrossRef] [PubMed]

14. Kindgen-Milles, D.; Feldt, T.; Jensen, B.E.O.; Dimski, T.; Brandenburger, T. Why the application of IVIG might be beneficial in
patients with COVID-19. Lancet Respir Med. 2022, 10, e15. [CrossRef] [PubMed]

15. Zeng, Y.; Zeng, W.; Yang, B.; Liu, Z. Effectiveness of corticosteroids to treat coronavirus disease 2019 symptoms: A meta-analysis.
Med. Clin. 2022, 159, 575–583. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s00415-020-10146-5
http://www.ncbi.nlm.nih.gov/pubmed/32778922
http://doi.org/10.1007/s10072-020-04983-5
http://www.ncbi.nlm.nih.gov/pubmed/33428052
http://doi.org/10.1002/mus.27356
http://www.ncbi.nlm.nih.gov/pubmed/34260074
http://doi.org/10.1016/S2213-2600(21)00549-X
http://www.ncbi.nlm.nih.gov/pubmed/35120611
http://doi.org/10.1016/j.medcli.2022.03.013
http://www.ncbi.nlm.nih.gov/pubmed/35618496

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

