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Abstract

:

In the last two years, we have been struggling with the pandemic of SARS-CoV-2, the virus causing COVID-19. Several cases of subacute thyroiditis (SAT) have already been described as directly related to SARS-CoV-2 infection. The clinical course of SAT induced by SARS-CoV-2 can be entirely different from the classic SAT course, and one of the most important differences is a very rapid SAT onset observed in some patients, especially a phenomenon of the simultaneous presence of both diseases. The aim of this report is to compare HLA profile and clinical course of SAT in four patients, in whom SAT was considered as triggered by COVID-19, with special attention paid to the differences between a patient with rare simultaneous presence of SAT and COVID-19, and patients with longer time lag between the diseases. The unusual phenomenon of simultaneous occurrence of COVID-19 and SAT induced by SARS-CoV-2 infection can be HLA-dependent and related to the presence of homozygosity at HLA-B*35. Additionally, the clinical course of SAT triggered by COVID-19 can be HLA-related in regard to the risk of recurrence, and to a variety of other aspects, including severity of thyrotoxicosis.
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1. Introduction


Subacute thyroiditis (SAT) (also called granulomatous giant cell thyroiditis or de Quervain’s disease) is a destructive inflammatory thyroid disease triggered mainly by viral factors in genetically predisposed individuals [1,2].



One of the characteristic SAT symptoms is an anterior neck pain radiating to the mandible, ear and upper chest [1]. However, a painless course has been more and more often described [3,4]. Fever is common, not rarely exceeding 39 °C. Patients usually complain of fatigue and may also have symptoms of thyrotoxicosis. Laboratory tests show a characteristically accelerated erythrocyte sedimentation rate (ESR), usually together with an increased concentration of C-reactive protein (CRP) in the serum and laboratory signs of thyrotoxicosis. Ultrasound (US) reveals hypoechogenic areas with blurred margins and reduced vascularization [1,4].



Recently, it has been demonstrated that the risk of SAT development is associated not only with the previously reported HLA-B*35, but also with the presence of HLA-B*18:01, -DRB1*01 and -C*04:01 [2]. SAT can be triggered by several viruses, including Coxsackie viruses, Echo viruses, influenza viruses, adenoviruses, parvovirus B19, mumps and rubella viruses, orthomyxovirus, HIV, Epstein–Barr virus, hepatitis E, measles and dengue viruses [4,5,6]. Since winter 2019, SARS-CoV-2 pandemic has spread around the whole world, making COVID-19 the most urgently analyzed new infectious disease ever. Prior to the current pandemic, no correlation between coronaviruses and SAT development was reported [5]. SARS-CoV-2 was demonstrated to have significant tissue tropism, with a particularly high affinity to the thyroid tissue. The SARS-CoV-2 genome has been detected in 36% of autopsy thyroid tissue specimens from patients who died of COVID-19 [7]. This affinity results from the fact that thyroid cells are rich in an angiotensin converting enzyme 2 (ACE2), which serves as a “receptor” for SARS-CoV-2 [8,9,10]. SAT can probably result from both direct thyroid cell destruction and immune mediated damage caused by cytokines and other inflammatory factors [11]. Since the beginning of the COVID-19 pandemic, many cases of SAT induced by COVID-19 have been described [4,12,13,14,15,16,17,18,19,20,21,22,23], and the virus has been included in the list of viral SAT triggers [24]. After two years since the pandemic onset, it has become clearly visible that the clinical course of SAT induced by SARS-CoV-2 can be entirely different from the classic one. Painless course occurs more often, while tachyarrhythmia and exacerbation of a general condition are quite frequently described as main manifestations, especially in patients hospitalized due to COVID-19 [4,12,15]. SAT occurs after approximately 2–6 weeks from either symptomatic or asymptomatic viral infection. In SARS-CoV-2 infection, there is a greater variability: in some cases, few days may elapse from the onset of COVID-19 to the development of SAT [16], and both diseases may occur simultaneously [4,12,15]. Additionally, in such cases, SAT may sometimes be the only symptom of active SARS-CoV-2 infection [17,18]. On the other hand, in some patients, SAT begins typically several weeks after COVID-19 [4,19]. No data are currently available on the potential key factors which may influence the phenomenon of such a different time lag between the SARS-CoV-2 infection and SAT.



The aim of this study is to compare the HLA profile and clinical course of SAT in four patients in whom SAT was considered as triggered by COVID-19. Special attention has been paid to the differences between a patient with the rare simultaneous presence of SAT and COVID-19, and patients with a longer time lag between the diseases.




2. Case Presentation


2.1. Case 1


From 6 October 2020, a 50-year-old man experienced neck pain (more intense on the right side, with a palpable hard neck tumor), fever and headaches. Treatment with 500 mg of azithromycin daily was introduced by a general practitioner (GP), but no symptom relief was observed. Additionally, after a few days, the patient reported a non-productive cough and the fever increased up to over 39 °C. The treatment was changed to 2.0 g of amoxicillin daily. A day later the patient noticed a significant malaise, loss of smell and retrosternal discomfort. He was admitted to the emergency unit where an active SARS-CoV-2 infection was confirmed by a PCR test. Cardiac tests did not reveal any abnormalities. At discharge from the emergency unit, azithromycin, 250 mg/day was recommended. There was no improvement from the treatment, and the dose of azithromycin was increased to 500 mg/day by the GP. Instead of symptom relief, the patient reported worsening of fever, cough, headache, insomnia and neck pain, with palpable hard neck tumor. Blood laboratory tests were not performed at that time, but due to the lack of efficacy of the previous therapies and the diagnosis of COVID-19, a treatment with dexamethasone 4.0 mg daily was introduced, with further gradual reduction of the dose. In the following days, the patient’s general condition improved significantly. About 4 days after the end of the steroid therapy, the symptoms reappeared, with a palpable hard tumor on the right side of the neck, insomnia and headaches, tachycardia up to 120 beats per minute and an increased blood pressure even to 170/115 mm Hg. Due to the re-occurrence of fever, the GP recommended treatment with cefuroxime 1000 mg/day. Finally, after over a month of nearly constant presence of neck pain, palpable hard neck tumor and fever, a neck ultrasound (US) was performed and revealed a hypoechoic, heterogeneous 20 mm × 18 mm × 16 mm focal lesion of the right thyroid lobe, without decreased vascularity in the color Doppler examination. On the basis of laboratory tests (Table 1), US pattern and fine needle aspiration biopsy (FNAB) results, the patient was finally diagnosed with SAT and a treatment with prednisone was started, with the rapid reduction of symptoms and gradual normalization of inflammatory parameters. After gradual prednisone dose reduction and further treatment withdrawal, no symptom recurrence was observed for 10 months of follow-up. The patient’s HLA profile revealed very strong genetic susceptibility to SAT (Table 2), with very rarely observed homozygosity at HLA-B*35.




2.2. Case 2


A 39-year-old woman was diagnosed with COVID-19 in December 2020. The disease course was of moderate severity, with typical symptoms of cough, headache, fever and malaise. Five weeks after the positive result of the PCR test, a fever and malaise occurred again, together with severe neck pain, tachycardia, insomnia and tremor. Laboratory tests revealed increased inflammatory markers and severe thyrotoxicosis without increased levels of anti-thyroid antibodies (Table 1). Thyroid US pattern was typical of SAT. In the HLA typing, the genetic predisposition for SAT was found, and the patient had only one high risk allele, HLA-B*35:03 (heterozygote) (Table 2). Prednisone treatment was introduced at the starting dose of 60 mg daily with slight symptom relief. However, every attempt to reduce prednisone dose resulted in the exaggeration of symptoms and worsening of laboratory results. Thus, the dose was reduced very slowly under strict control of laboratory results and US image, with complete prednisone withdrawal after four months of treatment. No recurrence was observed for the 8 months of follow-up.




2.3. Case 3


A 55-year-old woman was diagnosed with SAT in November 2020 with typical clinical symptoms, laboratory results and FNAB confirmation. In the HLA typing, the genetic predisposition was found with the presence of two high risk alleles (Table 2). Two weeks after the beginning of prednisone treatment, she was infected with SARS-CoV-2 by her family member. The infection was confirmed by PCR test and COVID-19 was of moderate severity with typical clinical symptoms. Prednisone treatment was continued throughout the whole time of COVID-19 and further on, according to the initially recommended schedule. The patient completed prednisone therapy a month after the PCR positive test. At the moment of the therapy completion, her ESR was 4 mm/h and her thyroid US pattern was normal. The symptoms of SAT recurred after a week, with neck pain as the first manifestation. Due to the gradual worsening of symptoms, typical laboratory and US manifestation, the SAT recurrence was diagnosed and re-treatment with prednisolone was introduced. The clinical and laboratory characteristics of the patient is presented in Table 1.




2.4. Case 4


A 57-year-old woman was diagnosed with COVID-19 in October 2020. The disease course was mild with common symptoms. Four months after the positive result of the PCR test, typical SAT symptoms, i.e., neck pain radiating to the ear, moderate fever, tachycardia and mood changes occurred. Laboratory tests showed highly increased inflammatory markers and thyrotoxicosis, and levels of anti-thyroid antibodies were normal (Table 1). Thyroid US pattern was typical for SAT. In the HLA typing, the genetic predisposition was found with the presence of three high risk alleles (Table 2). No homozygosity at these alleles was found. Prednisone treatment was introduced at the starting dose of 40 mg daily with very good response. After gradual dose reduction, the treatment was finished with complete resolution of clinical, laboratory and US signs and symptoms of SAT.





3. Material and Methods


3.1. SAT Diagnosis Procedures


The SAT diagnostic criteria were consistent with the ones recently proposed by our research team [4] and included: elevation of ESR (or at least CRP) plus hypoechoic area/areas with a blurred margin and decreased vascularization in US plus FNAB confirmation of SAT or at least FNAB exclusion of malignancy, plus at least one of the following: hard thyroid swelling and/or pain and tenderness of the thyroid gland/lobe and/or elevation of serum FT4 and suppression of TSH.



DNA was extracted from the peripheral blood. HLA-A, -B, -C, -DQB1 and -DRB1 were genotyped with the application of a next-generation sequencing method on Illumina platform (Illumina, San Diego, CA, USA). Sequencing-based HLA typing of all the HLA genes was carried out in a 96-well format within a semi-automated workflow by using MiaFora Flex5 typing kits (Immucor, Peachtree Konars, GA, USA). The sequencing results were analyzed by MiaFora NGS software. Data were considered sufficient for analysis whenever the coverage reached 40 and the number of cReads exceeded 50,000.



Serum concentrations of TSH and FT4 were measured by electrochemiluminescence immunoassay (ECLIA), Cobas e601 analyzer (Roche Diagnostics, Indianapolis, IN, USA). ESR was determined with Ves-Matic Cube 30 (Diesse, Monteriggioni, Tuscany, Italy), CRP was analyzed by VITROS®4600 Chemistry System (Ortho Clinical Diagnostics, Raritan, NJ, USA).



Ultrasound imaging was performed using a 7–14 MHz linear transducer (Toshiba Aplio XG; Toshiba, Japan). In all the cases, FNAB was performed using a 23-gauge needle. The presence of multinucleated giant cells together with mononucleated macrophages, and follicular epithelial cells with acute and chronic inflammatory dirty background (cellular debris and mixed inflammatory cells) was considered a cytology result typical of SAT.




3.2. Consent Procedures


The patients gave informed written consents for all the procedures performed and a signed consent to the publication for their medical data. The consent form was accepted by the Bioethics Committee of the Polish Mother’s Memorial Hospital—Research Institute, Lodz, Poland (approval code 108/2018).





4. Discussion


Since the beginning of COVID-19 pandemic, many case reports on SAT triggered by SARS-CoV-2 infection have been published [12,13,14,15,16,17,18,19,20,21,22,23]. The clinical course of SAT caused by COVID-19 can be different from the typical one [4], especially with regard to the time lag between the SARS-CoV-2 infection and SAT onset. Before the COVID-19 era, SAT had been believed to occur 2–6 weeks after viral infection. In SARS-CoV-2 infection, SAT may appear so rapidly after the infection that the clinical symptoms of both diseases may overlap, or SAT symptoms may even be the first—and sometimes the only—manifestation of the infection [4]. Such a phenomenon has never been observed before in regard to any virus which can potentially induce SAT. However, in many patients, SAT still begins typically a few weeks after COVID-19. Until now, no potential factors influencing this phenomenon have been proposed.



In our previous reports, we demonstrated that the type of genetic susceptibility related to HLA haplotype can be significantly associated with SAT course. Such correlation has been described in regard to US pattern of SAT [25] and to the risk of recurrence [26]. We observed that the specific type of HLA profile influences the course of SAT [25,26,27]. The coexistence of HLA-B*35 and -B*18:01 was demonstrated to be a marker of a high risk of SAT recurrence [26], while the presence of HLA-B*18:01 without any other SAT susceptibility alleles was associated with atypical US pattern [25].



The present report demonstrates the first observation in the literature that the atypically short time lag between SARS-CoV-2 infection and SAT onset may also be related to HLA. In Patient 1, SAT symptoms of neck pain with palpable hard thyroid swelling (the patient’s observation) and fever preceded COVID-19 clinical manifestation, which fully appeared a few days later (non-productive cough, loss of smell). At the time of COVID-19 symptom onset, the SARS-CoV-2 infection was confirmed by PCR test. In this patient, the genetic susceptibility for SAT was extremely strong (Table 2), with alleles belonging to two independent classes of the major histocompatibility complex (MHC). However, the key factor that is specific for this case and can possibly underlie such an early development of symptoms is the homozygosity at HLA-B*35 (Table 2). Homozygosity at SAT high-risk alleles is very rarely observed. In our cohort of SAT patients, the frequency of homozygosity at HLA-B*35 was approximately 3%, while the presence of HLA-B*35 heterozygosity was nearly 70% (unpublished data).



The hypothesis of homozygosity as a key factor can be supported by the HLA patterns of the three other presented cases. In Patient 4, the genetic susceptibility for SAT was proved, but the time lag between COVID-19 and SAT onset seemed to be too long to confirm the potential correlation between the diseases. However, as the SARS-CoV-2 infection can lead to the so called post-acute sequalae of SARS-CoV-2 infection (PASC) [28], the correlation cannot be unequivocally excluded. PASC is a syndrome in COVID-19 survivors that presents with a variety of symptoms in different organs. Long-term complications are not unexpected, taking into account the broad organotropism of SARS-CoV-2 and severity of tissue injuries [10]. PASC is a recently described COVID-19 complication, and a potential correlation between PASC and SAT has never been analyzed. The speculation of a possible prolonged time lag due to PASC requires further observation. However, regardless of whether SAT was triggered by some sequelae of distant consequences of SARS-CoV-2 infection, or, more likely, was not correlated with COVID-19 (i.e., induced by other factor), Patient 4 is a good candidate to compare with Patient 1 because her HLA profile was the same as the one of Patient 1, except for the homozygosity at HLA-B*35. Thus, this rare HLA-B*35 homozygosity seems to be the main possible candidate factor related to this rapid SAT onset, simultaneous with an acute phase of COVID-19. Another difference between these patients is gender, however, this factor can hardly be of any significance in regard to a time lag between COVID-19 and SAT onset [16,17,18]. A lack of thyrotoxicosis and only a moderate elevation of inflammatory markers in Patient 1 (Table 1) probably resulted from the previous application of dexamethasone. Despite the obvious SAT symptoms which preceded symptoms of COVID-19, the first diagnostic and therapeutic decisions were focused on infection treatment. Thus, antibiotics and anti-inflammatory agents, including steroids, were introduced before the first analysis of thyroid hormones and ESR. Therefore, laboratory results cannot be taken into account in the analysis of risk factors of rapid SAT onset in this patient. However, no specific difference in laboratory SAT markers was observed in patients with simultaneous SAT and COVID-19 presented in the literature so far [12,15].



Additionally, to further confirm a potential role of HLA haplotype in the phenomenon of rapid SAT onset in some of the COVID-19 affected patients, it would be valuable to compare HLA haplotype of Patient 1 with the haplotype of Patient 2, in whom SAT triggered by COVID-19 occurred typically 4 weeks after a positive PCR swab result. In this patient, in whom a direct correlation between SAT and COVID-19 was very highly probable, HLA-B*35:03 was present as the only SAT high risk allele. The time lag between COVID-19 and SAT was typical and consistent with previously described SAT triggered by viruses other than SARS-CoV-2 [4,5,29]. Additionally, in Patient 2, a severe laboratory and clinical thyrotoxicosis during the course of SAT could be also HLA related, but it seems to have no association with the time lag between COVID-19 and SAT. We have recently presented a report of SAT in three siblings with the coexistence of HLA-related predisposition for SAT and Graves’ disease (GD) [27]. However, GD occurred only in one of them, while the other two had a much more severe thyrotoxicosis in the course of SAT. Those two had a different HLA profile, and one of the differences was a lack of HLA-A*01:01 and -B*41:01. In Patient 2, similarly to these siblings, a predisposition to GD depended on the presence of HLA-DRB1*03:01. Moreover, the lack of HLA-A*01:01 and -B*41:01 together with the presence of severe thyrotoxicosis highly resembles those previously described cases and enables further confirmation of the crucial role of HLA pattern in the clinical course of SAT.



Patient 3 had SAT recurrence potentially triggered by COVID-19. The recurrence occurred despite prednisone treatment, which was started 2 weeks before SARS-CoV-2 infection and continued throughout the whole time of COVID-19 and further on, as initially recommended. A rapid relapse of SAT symptoms after steroid discontinuation is usually associated with too early treatment cessation. In such cases, residual lesions characteristic of SAT are typically still present in US [26]. Thus, in our center, US thyroid examination and levels of inflammatory markers are routinely controlled before steroid treatment cessation. At the time of treatment withdrawal, Patient 3 had low ESR (4 mm/h) and her thyroid US pattern was normal, with no signs of SAT residual lesions. Despite this full clinical, biochemical and US remission, the relapse of symptoms began only 7 days after steroid withdrawal and the correlation between SAT recurrence and COVID-19 seems possible. In this case, the time lag between the diseases could have been even shorter if the prednisolone treatment had been finished earlier. On the other hand, the disease did not relapse earlier during low dose prednisone therapy, despite the specific HLA profile—coexistence of HLA-B*35:01 and -B*18:01 (Table 2). Such a profile of HLA alleles was demonstrated to increase recurrence rate by approximately nine times, as compared to other SAT high risk profiles [26]. Therefore, Patient 3 was genetically predisposed to SAT recurrence, so the disease relapse was probable at some time in her life. However, it occurred with direct correlation to COVID-19, rapidly after steroid withdrawal. Thus, in this case, COVID-19 may be considered as the triggering factor and the time lag between the diseases and heterozygosity at HLA-B*35 further supports our hypothesis of HLA significance. Moreover, this patient constitutes a further confirmation of our published findings that the coexistence of HLA-B*35:01 and -B*18:01 is associated with a high risk of recurrence.



On the basis of the of the above presented data, it can be initially presumed that the simultaneous occurrence of COVID-19 and SAT triggered by SARS-CoV-2 infection as well as the observed very short time lag (a few days) between the diseases [4,16] can be HLA-dependent. The homozygosity at HLA-B*35 seems to be a possible key factor that can underlie such an early development of SAT symptoms. This observation requires further confirmation with larger patient cohorts. However, such a confirmation can be difficult due to the rarity of the described co-presence or extremely short time lag between COVID-19 and SAT. So far, this phenomenon has been reported in only a few patients worldwide. Unfortunately, HLA typing has not been performed in any of the described patients except for Patient 1. Among the small cohort of our patients with HLA-B*35 homozygosity, all SAT cases except for the one described above were diagnosed before the COVID-19 pandemic and in all those cases the time lag between viral infection and SAT was typically 2–3 weeks. As the simultaneous presence of SAT and viral infection has been described exclusively for SARS-CoV-2, the future confirmation of the role of homozygosity could probably be based on few case reports only.



A potential phenomenon of PASC-related prolongation of time lag between SARS-CoV-2 infection and SAT should be taken into account. However, this is only an initial speculation which requires further confirmation in a larger group of patients.



The simultaneous presence of COVID-19 and SAT, especially in the cases in whom SAT is the first manifestation of COVID-19, constitutes a significant diagnostic challenge. In a patient with SARS-CoV-2 infection, it is easy to overlook SAT symptoms, as neck pain may be attributed to a throat infection, while fever, weakness, increased ESR and CRP may be considered as related to COVID-19 [4]. In Patient 1, SAT diagnosis was delayed despite the obvious symptoms which even preceded COVID-19 manifestation. The problem of delayed SAT diagnosis, especially in patients with preceding symptomatic infection, and of antibiotic abuse in such cases was analyzed by our research team directly before the beginning of the COVID-19 pandemic [30]. We proposed a diagnostic algorithm which included widely available pre-specialist diagnostic tools, starting with neck palpation in all patients with neck pain. In the cases with palpable painful and/or hard thyroid swelling/tumor, ERS and neck US should be performed. Proceeding according to this algorithm can prevent the misuse of numerous antibiotics in patients with SAT, and will help to counteract bacterial antibiotic resistance [30]. In the COVID-19 pandemic, such management has appeared to be even more important, especially in patients with the simultaneous presence of COVID-19 and neck pain.



The presented analysis of the possible correlation between HLA and clinical course of SAT induced by COVID-19, especially with regard to the possible significance of HLA-B*35 homozygosity in the atypically short time lag between the diseases sheds new light on this recently observed phenomenon, and can facilitate management of such patients.




5. Conclusions


The unusual phenomenon of the simultaneous occurrence of COVID-19 and SAT triggered by SARS-CoV-2 infection as well as the observed very short time lag between the diseases can be HLA-dependent. The homozygosity at HLA-B*35 can possibly play a role in such an early development of SAT symptoms. Additionally, the clinical course of SAT triggered by COVID-19 can be HLA-related, not only in regard to the previously described risk of recurrence, but also to a variety of other aspects, including severity of thyrotoxicosis. Further research is necessary to confirm these findings.







Author Contributions


Conceptualization, M.S. and A.L.; methodology, M.S.; formal analysis, M.S. and A.L.; investigation, M.S. and K.Z.-S.; resources, M.S. and A.L.; data curation, M.S. and K.Z.-S.; writing—original draft preparation, M.S. and K.Z.-S.; writing—review and editing, M.S. and A.L.; supervision, A.L.; project administration, M.S.; funding acquisition, M.S. All authors have read and agreed to the published version of the manuscript.




Funding


This report was financially supported by the statutory funds of the Polish Mother’s Memorial Hospital—Research Institute, Lodz, Poland.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of the Polish Mother’s Memorial Hospital—Research Institute, Lodz, Poland (protocol code 108/2018, 18 December 2018).




Informed Consent Statement


Informed consent for all the procedures was obtained from all subjects involved in the study. Written informed consent has been obtained from the patients to publish this paper.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations




	aTg
	thyroglobulin antibodies



	aTPO
	thyroid peroxidase antibodies



	CRP
	C reactive protein



	ECLIA
	electrochemiluminescence immunoassay



	ESR
	erythrocyte sedimentation rate



	FNAB
	fine needle aspiration biopsy



	FT3
	free triiodothyronine



	FT4
	free thyroxine



	GD
	Graves’ disease



	HLA
	human leukocyte antigens



	PASC
	post-acute sequalae of SARS-CoV-2 infection



	SAT
	subacute thyroiditis



	TRAb
	thyrotropin receptor antibodies



	TSH
	thyrotropin



	US
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Table 1. Patients’ laboratory tests and clinical findings at the time of SAT diagnosis.
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	Analyzed Parameter

(Reference Range)
	Case 1
	Case 2
	Case 3
	Case 4





	TSH (0.27–4.2 mIU/L)
	1.53
	<0.005
	0.01
	0.07



	FT3 (2–4.4 pg/mL)
	3.75
	21.6
	5.13
	5.24



	FT4 (0.93–1.7 ng/dL)
	0.96
	>7.7
	2.39
	2.34



	aTPO (<34 IU/mL)
	8.6
	10.2
	10.4
	9.4



	aTg (<115 IU/mL)
	21.6
	13.3
	512
	25.0



	TRAb (<1.7 IU/L)
	1.58
	<0.8
	0.8
	0.94



	ESR (<10 mm/h))
	52
	59
	140
	117



	CRP (<1 mg/dL)
	9.0
	60
	4.98
	4.71



	Neck pain
	yes
	yes
	yes
	yes



	Fever
	yes
	yes
	yes
	yes



	Sonographic pattern
	Several hypoechoic areas in the right thyroid lobe
	Several hypoechoic areas in the right thyroid lobe
	Several hypoechoic areas in both lobes
	Several hypoechoic areas in both lobes



	Time lag from COVID-19
	Simultanously–SAT was the first symptom of COVID-19
	4 weeks
	5 weeks
	4 months



	Remarks
	Lab parameters measured after initiation of dexamethasone treatment started due to COVID-19, earlier results not available
	Severe clinical symptoms of SAT
	Recurrence after SARS-CoV-2 indection, despite prednisolone treatment during the course of COVID-19
	







Abbreviations: aTg, thyroglobulin antibodies; aTPO, thyroid peroxidase antibodies; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FT3, free triiodothyronine; FT4, free thyroxine; NA, not available; TRAb, thyrotropin receptor antibodies; TSH, thyrotropin.
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Table 2. HLA genotyping results in the presented patients.
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	Case No
	Gender
	HLA-

B*35:01 1
	HLA-

B*35:03 1
	HLA-

B*18:01 1
	HLA-

C*04:01 1
	HLA-

DRB1*01:01 1
	HLA-

DRB1*03:01 2





	1
	M
	Yes
	Yes
	No
	Yes
	Yes
	No



	2
	F
	No
	Yes
	No
	No
	No
	Yes



	3
	F
	Yes
	No
	Yes
	No
	No
	No



	4
	F
	No
	Yes
	No
	Yes
	Yes
	No







1 SAT risk allele; 2 GD risk allele; M, male; F, female.
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