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Introduction

Coronavirus disease 2019 (COVID‑19) is caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2), 
discovered in the Chinese city of  Wuhan in December 2019.[1] 

Severe and critical cases are distinguished by respiratory system 
damage and multiple organ failure caused by an excess of  
pro‑inflammatory cytokines, resulting in a large number of  deaths 
worldwide.[2] SARS‑CoV‑2 attaches to the angiotensin‑converting 
enzyme (ACE2) receptor and then primes S proteins with the 
transmembrane serine protease 2 (TMPRSS2). It is interesting 
to note that the thyroid gland expresses ACE2 and TMPRSS2 
in higher quantities than the lungs.[3‑5] Many endocrine tissues, 
including thyroid gland, express ACE2 receptors and serine 
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AbstrAct

Coronavirus disease 2019 (COVID‑19) is caused due to severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) infection. Both 
immediate and long‑term adverse effects arise out of this disease’s aftermath.   It involves various organs, which include endocrine 
glands, nervous system, musculoskeletal system, and other organs. The long‑term outcomes of the SARS‑CoV‑2 infection are 
influenced by preexisting comorbidities. Genetic, environmental, and immunological factors contribute to the development  of various 
autoimmune diseases, which include Graves’ disease (GD). The growing mystery surrounding this virus is exacerbated by 
auto‑inflammatory diseases, such as pediatric inflammatory multisystemic syndrome (PIMS) or multisystem inflammatory syndrome 
in children (MIS‑C), which raises concerns about the nature of the virus’ connection to the autoimmune and auto‑inflammatory 
sequelae. There is a need to understand the underlying mechanisms of developing GD in post‑COVID‑19 patients. There are limited 
data regarding the pathogenesis involved in post‑COVID‑19 GD. Our goal was to understand the various mechanisms involved in 
post‑COVID‑19 GD among patients with confirmed COVID‑19 infection. According to the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses (PRISMA) guidelines for 2020, a literature search of medical databases (PubMed, Cochrane Central 
Register of Controlled Trials, and Scopus) from February 2021 to February 2022 was performed by five authors. The keywords 
used were “Post COVID‑19,” “Grave’s disease,” “Cytokine storm,” “Autoimmunity,” and “Molecular mimicry.” This review revealed 
three underlying mechanisms that resulted in post‑COVID GD, which included cytokine storm, molecular mimicry, ACE2 receptor 
concentration, and cell‑mediated immunity. The full spectrum of the effects of COVID‑19 needs to be researched.
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proteins.[6] The ACE2 host receptor, expressed in respiratory 
epithelial cells, interacts with the receptor‑binding domain (RBD) 
area of  virus spike glycoprotein to facilitate SARS‑CoV‑2 entry 
and reproduction in the host cell (S).[7] When viral particles 
have been released, antigen‑presenting cells (APCs), including 
dendritic cells, macrophages, and B cells, can endocytose them 
and use MHC class II to present peptide antigens to CD4+ T 
cells. As a key mediator, activated CD4+ T cells aid in the release 
of  pro‑inflammatory cytokines, the activation of  macrophages, 
the priming of  CD8+ T cells, the stimulation of  B cells to 
produce antibodies, and the targeting of  SARS‑CoV‑2.[8,9]

Molecular mimicry, a process where the antibody interacts 
deceptively with the host surface proteins, is common. It typically 
occurs when microbial peptides have antigenic sequences 
that are similar to those of  host self‑proteins.[10,11] Molecular 
mimicry may be a significant factor in the development of  
autoimmunity in COVID‑19, according to several studies.[12] 
Two investigations have published the thyroid gland’s histological 
findings in patients with SARS‑CoV‑2 infection. According 
to these studies, few patients had lymphocytic infiltration in 
the interstitium.[13,14] There was also follicular epithelial cell 
disruption in two patients. These histological findings affecting 
the thyroid gland in COVID‑19 patients may or may not be 
significant. The deregulated immune response and increased 
pro‑inflammatory cytokines induced by SARS‑CoV‑2 contribute 
to pathogenic mechanisms in COVID‑19, which are similar to 
those of  autoimmune diseases.[15] The immune system’s job is to 
discriminate among self‑ and non‑self‑antigens, and if  it fails to 
do so, it generates autoantibodies against tissues, which triggers 
off  a sequence of  events that leads to autoimmune disorders.[16] 
COVID‑19 has caused a pandemic that has affected several organs 
in the human body, causing individuals to develop metabolic or 
endocrine malfunctions, which can be abrupt or delayed.[17] It 
is speculated that SARS‑CoV‑2 can disturb self‑tolerance and 
trigger autoimmune responses through cross‑reactivity with 
host cells. There is evidence that after 8 weeks of  COVID‑19 
infection, there is a risk of  autoimmune thyroid diseases 
such as Kawasaki disease, Guillain–Barre syndrome (GBS), 
Graves’ disease (GD), rheumatic musculoskeletal diseases, 
and autoimmune hemolytic disease.[18‑20] Multiple studies have 
highlighted the importance of  the mechanistic underpinnings 
of  such autoimmune‑like responses involved in disease severity. 
There are various hypotheses proposed for the autoimmune 
response in the thyroid occurring during COVID‑19, such as 
the effect of  cytokine storm, immune deregulation, molecular 
mimicry, and other immunological mechanisms that remain 
unknown.[21‑23] As a matter of  fact, the purpose of  this review 
was to investigate the various underlying mechanisms focusing 
on similarities in immune responses and development of  
post‑COVID‑19 GD.

Search strategy and selection criteria
According to the PRISMA guidelines for 2020, a systematic 
literature search of  medical databases (PubMed, Cochrane 

Central Register of  Controlled Trials, and Scopus) from January 
2021 to January 2022 was performed by five authors. The 
keywords used were “COVID‑19,” “SARS‑CoV‑2,” “novel 
Coronavirus,” “Post COVID‑19,” “Grave’s disease,” “Cytokine 
storm,” “Autoimmunity,” and “Molecular mimicry.” The search 
was limited to English articles and publications in peer‑reviewed 
journals. All published articles that were in line with national 
and international guidelines and under the recommendations of  
the International Committee of  Medical Journal Editors were 
included in the current review. Even some of  the cross‑references 
from the published articles were also reviewed. Isolated case 
reports, case series with a sample size <5, and suspected cases 
of  COVID‑19 without positive reverse transcription polymerase 
chain reaction (RT‑PCR) test results were excluded. The 
remaining suitable articles were analyzed [Table 1].

Graves’ Disease and COVID‑19

COVID‑19 has a deleterious impact on many endocrine organs, 
either directly or indirectly, and GD is one of  them.[23] The 
thyroid hormone is a very vital hormone that regulates cell 
metabolism and other significant physiological mechanisms. 
GD is an autoimmune disease that is linked to high levels 
of  thyroid‑stimulating immunoglobulin, which stimulate the 
thyroid‑stimulating hormone (TSH) receptor in the same way 
that the thyroid‑stimulating hormone does. There is also an 
associated rise in the antibodies, such as thyroid‑stimulating 
antibody (TSAb), thyroid‑stimulating blocking antibody (TSBAb), 
thyrotropin‑binding inhibitory immunoglobulin (TBII), 
ant i ‑ thyroid peroxidase ant ibody (ant i ‑TPO),  and 
anti‑thyroglobulin antibody (anti‑TGAb).[24].The disease 
prevalence is rapidly increasing among women, and the 
male‑to‑female ratio is 1:10. Many environmental, genetic, 
immunological, and other factors have an impact on GD. 
Tobacco use and the use of  interleukin‑1α (IL‑1 alpha) and 
interleukin‑2 (IL‑2) for therapeutic purposes are examples of  
environmental factors.[25] Immunological factors include thyroid 

Identification of studies via databases and registers

Records identified from
Databases (n = 809)

Registers (n = 77)

Records removed before screening
Duplicate records (n = 72)

Records removed for other reasons
(n = 324)

Records screened (n = 490) Records excluded (n = 408)

Records sorted for retrieval
(n = 82)

Records not retrieved
(n = 41)

Records checked for eligibility
(n = 41)

Records excluded
Observational studies (n = 22)

Records included in the study (n = 19)

Table 1: Search strategy and selection criteria
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stimulation by cytokines and antigen cross‑reactivity between 
environmental and thyroid antigens. Other factors include 
psychic trauma and sympathetic hyperactivity.[26,27]

In 287 consecutive COVID‑19 patients hospitalized in 
non‑intensive care units, retrospective research looking at thyroid 
function found a higher frequency of  hyperthyroidism and an 
inverse relationship between TSH, IL‑6, and age.[22] In another 
recent prospective study comparing 125 patients with mild 
COVID‑19 pneumonia to 125 patients with severe COVID‑19 
pneumonia, hyperthyroidism was found in 12% of  the patients 
with severe pneumonia (6.4% overt and 5.6% subclinical). 1.6% 
overt and 4.8% subclinical hyperthyroidism were less common 
in the group of  people who were only mildly unwell. The results 
did not seem to be negatively impacted by thyrotoxicosis.[28] 
Only two patients had overt hypothyroidism, while 31 had 
overt illness and 15 (5.2%) had hypothyroidism. Two letters 
to the editor were published describing two cases of  each GD 
post‑COVID‑19 (29), (30). The first of  the two cases was the 
concurrent presentation of  SARS‑CoV‑2 infections and GD in 
a woman aged 47 years with a 12‑year history of  GD and GD 
relapsed on being infected with COVID‑19. The treatment with 
methimazole (MMI) 40 mg/daily quickly stabilized her thyroid 
status without complications. The second patient was a 61‑year‑old 
woman with atrial fibrillation (AF), and GD one month following 
infection with COVID‑19 hyperthyroidism was diagnosed and 
treated with MMI 10 mg/daily for 3 months, thus achieving 
euthyroidism.[29] In a few cases, there is no history of  thyroid 
disease and later developed GD two months post‑COVID‑19 
infection. The entire immunological and thyroid assessment 
was consistent with the diagnosis of  GD. Later, the patients 
were successfully treated with MMI 10 mg/day.[30] Additionally, 
the severe SARS‑CoV‑2 infection‑related hyper‑inflammatory 
state may have caused an immunological cascade that led to the 
reactivation of  GD, as has been observed in other autoimmune 
diseases. It is interesting to note that while the pathophysiology 
of  GD appears to be mediated by Th2 autoimmune response, 
the hyper‑inflammation caused by SARS‑CoV‑2 is thought to be 
primarily mediated by Th1 cytokines and IL‑6. This suggests that 
SARS‑CoV‑2 may cause GD by modifying the immune system 
in those who are susceptible.

Cytokine storm
It has been well reported that COVID‑19‑mediated infection 
led to cytokine storm mainly governed by Th1 cytokines and 
IL‑6. An abnormal innate and acquired immune response, loss 
of  tolerance to self‑antigens and antibodies, and worsening in 
patients with antibody diseases are all results of  SARS‑CoV‑2 
infection, which increases the release of  serum cytokines, 
primarily TNF, IFN, IL‑6, IL‑1, IL‑17, and IL‑18.[31] By 
preventing effector T cells from acting in a pro‑inflammatory 
manner, CD4+ T‑regulatory (Treg) cells regulate immunological 
homeostasis and reduce immunity after the end of  an immune 
response.[32].They can be recognized by the expression of  the 
particular transcription factor FOXPE, as well as by the high 
concentrations of  several inhibitory molecules, including 

CTLA‑4, GITR, CD39, and CD73. TGF‑beta, IL‑10, and 
IL‑35 are examples of  immunosuppressive cytokines that can 
inhibit autoimmune disorders that are secreted by Tregs.[33] 
Studies show that severe COVID‑19 patients have decreased 
malfunctioning Treg cells.[34] In addition, some Treg cells will 
also change their phenotype to Th17 cells in an inflammatory 
environment, which will intensify the inflammatory response and 
mobilize neutrophils.[35] Therefore, the harmony between these 
two cell populations is a crucial component of  immunological 
homeostasis and disruption of  this harmony is known to 
contribute to the pathogenesis of  autoimmune diseases.[36,37]

IL‑6 has been reported to be produced by the thyroid gland 
and TSH and IL‑l stimulate its production, perhaps by TSH 
receptor antibodies. Therefore, the control of  IL‑6 synthesis 
and secretion may be important to inhibit its signal that affects 
cells. The suppression of  IL‑6 expression strategies can also be 
chosen to negatively regulate the IL‑6 transcription.[38] Elevated 
interleukin‑6 levels in COVID‑19 patients are considered the 
most significant parameter in predicting the most severe course 
of  the disease and the need for intensive care.[39] In the lungs, 
IL‑6 demonstrates a striking effect in response to COVID‑19 
infections. All these reports suggest the significance of  “cytokine 
storm,” particularly IL‑6 and its downstream signaling pathways 
in COVID‑19 disease. Elevated serum IL‑6 levels have been 
reported in patients with thyroid‑destructive processes.[40] Patients 
with SARS‑CoV‑2 infection have a moderate‑to‑severe reaction. 
As a result of  hypercytokinemia, it might lead to multi‑organ 
failure.[41] One of  the causes of  acute respiratory distress 
syndrome is cytokine storm. The term “cytokine storm” was 
coined to describe the immune system’s activity during acute 
graft‑versus‑host disease.[42] This cytokine storm is thought to 
be a vicious inflammatory loop caused by the virus’ direct action 
on cells or immune activation. All stromal cells, B lymphocytes, 
macrophages, monocytes, dendritic cells, and mast cells release 
IL‑6. This IL‑6 binds to the IL‑6 soluble receptor, resulting in 
enormous chemotactic secretion. When thyrotoxicosis patients 
and COVID‑19‑infected individuals were compared, both had 
greater serum levels of  IL‑6, indicating that IL‑6 plays a role 
in GD pathogenesis.[43] The cytokines, such as IFN, TNF, and 
IL‑6, work together to aggravate the disease.[44] In patients with 
COVID‑19, there is a link between serum IL‑6 and the severity 
of  thyrotoxicosis.[45] The damage to epithelial and endothelial 
cells also occurs, resulting in vascular leakage and an increase in 
permeability. Adaptive immunity mediated by T cells is turned 
on. Two examples of  autoimmune hyperthyroidism found in Italy 
following SARS‑CoV‑2 infection are described by Mateu‑Salat 
et al.[30] One of  them had a history of  GD that had been in 
remission for more than 30 years, while the other was known 
to be thyroid disease‑free. These cases of  hyperthyroidism were 
identified 1 and 2 months, respectively, following the clinical 
beginning of  COVID‑19. Both instances had positive thyroid 
stimulating hormone receptor (TSHR), thyroid peroxidase (TPO) 
and thyroglobulin (TG) antibodies. Both instances’ symptoms 
and thyroid function are improved with the administration of  
thiamazole and propranolol.
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Expression of ACE2
The thyroid gland may be susceptible to SARS‑CoV‑2 infection 
because the thyroid parenchyma contains a large number 
of  ACE2 receptors.[27] It was discovered that the serum 
concentration of  ACE was favorably correlated with that of  
3,5,30‑triiodothyronine (T3) and thyroxine (T4), suggesting 
that it could serve as a helpful marker for the evaluation of  
peripheral thyroid hormone activity.[27] There was also a discovery 
of  ACE2 receptor mRNA expression in thyroid follicular cells, 
and SARS‑CoV‑2.3 may be targeting the thyroid.[46] The intricate 
interaction between the thyroid gland and viral infection involves 
thyroid hormones and immune modulatory signaling molecules. 
The immunological and inflammatory reactions brought on 
by viruses may have a major impact on thyroid function.[14] 
Thyroid health may directly influence the course of  COVID‑19 
because thyroid hormones influence numerous organ systems. 
Furthermore, because patients with these issues are more likely to 
contract COVID‑19, and thyroid abnormalities have been linked 
to disorders, including diabetes, obesity, kidney failure, and liver 
disease, an underlying, poorly controlled thyroid ailment may 
exacerbate SARS‑CoV‑2 infection.[47]

Concept of Molecular Mimicry

Molecular mimicry and bystander activation are two potential 
explanations for the connection between autoimmune disease 
and COVID‑19.[48] The former happens when similarities 
between self‑ and foreign‑derived peptides encourage the 
activation of  autoreactive T or B cells in a susceptible person 
by foreign‑derived peptides.[49] According to a description of  
SARS‑CoV‑2 proteome, three proteins, DAB1, AIFM, and 
SURF1, which are found in the brainstem respiratory pacemaker, 
also known as the pre‑Bötzinger complex, share three sequences 
of  six amino acids (GSQASS, LNEVAK, and SAAEAS).[50] 
The authors argued that these some, but not all, similarities 
could be the source of  central respiratory depression caused 
by an autoimmune disease. Also, the pulmonary surfactant and 
associated proteins shared pentapeptides with SARS‑CoV‑2, 
which may explain autoimmune‑directed pulmonary damage.[51] 
This may imply that autoimmunity is likely to occur in vulnerable 
people through molecular mimicry and could account for some 
autoimmune‑like symptom manifestations that patients with 
COVID‑19 experience.  Cross‑reactivity occurs as a result 
of  this type of  molecular similarity, which can either start an 
autoimmune illness or feed an existing disease. SARS‑COV‑2 
possesses a proteome that resembles the three human proteins.[11] 
Another supporting hypothesis is the resemblance between the 
spike glycoprotein and the immunologically reactive portions of  
human surfactant‑related proteins.[52] There is still a lot of  work to 
be carried out to rule out another molecular mimicry as a cause 
of  autoimmunity caused by COVID‑19 infection.

Conclusion

Our review suggests that there is a temporal relationship between 
COVID‑19 and autoimmune thyroid manifestations. There are 

long‑term consequences of  COVID‑19 infections affecting the 
thyroid glands. SARS‑CoV‑2 can disturb the self‑tolerance of  
host antigens through molecular mimicry and cytokine storm. 
Therefore, thyroid function assessment in COVID‑19 patients 
may be considered in the diagnostic workup and thereby helps 
to decrease the incidence of  thyroid disorders in the community.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

References

1. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2) and 
coronavirus disease‑2019 (COVID‑19): The epidemic and 
the challenges. Int J Antimicrob Agents 2020;55:105924.

2. Mokhtari T, Hassani F, Ghaffari N, Ebrahimi B, Yarahmadi A, 
Hassanzadeh G. COVID‑19 and multiorgan failure: 
A narrative review on potential mechanisms. J Mol Histol 
2020;51:613–28.

3. Samavati L, Uhal BD. ACE2, Much more than just a receptor 
for SARS‑COV‑2. Front Cell Infect Microbiol 2020;10:317.

4. Zipeto D, Palmeira J da F, Argañaraz GA, Argañaraz ER. 
ACE2/ADAM17/TMPRSS2 interplay may be the main risk 
factor for COVID‑19. Front Immunol 2020;11:576745. doi: 
10.3389/fimmu. 2020.576745

5. Fuentes‑Prior P. Priming of SARS‑CoV‑2 S protein by 
several membrane‑bound serine proteinases could explain 
enhanced viral infectivity and systemic COVID‑19 infection. 
J Biol Chem 2021;296:100135.

6. Clarke SA, Abbara A, Dhillo WS. Impact of COVID‑19 
on the endocrine system: A Mini‑review. Endocrinology 
2022;163:bqab203.

7. Kothandaraman N, Rengaraj A, Xue B, Yew WS, Velan SS, 
Karnani N, et al. COVID‑19 endocrinopathy with hindsight 
from SARS. Am J Physiol Endocrinol Metab 2021;320:E139‑50. 
doi: 10.1152/ajpendo. 00480.2020.

8. Darif D, Hammi I, Kihel A, El Idrissi Saik I, Guessous F, 
Akarid K. The pro‑inflammatory cytokines in COVID‑19 
pathogenesis: What goes wrong? Microb Pathog 
2021;153:104799.

9. Chaplin DD. Overview of the immune response. J Allergy 
Clin Immunol 2010;125 (2 Suppl 2):S3‑23.

10. Churilov LP, Normatov MG, Utekhin VJ. Molecular 
mimicry between SARS‑CoV‑2 and human endocrinocytes: 
A prerequisite of post‑COVID‑19 endocrine autoimmunity? 
Pathophysiology 2022;29:486–94.

11. Vojdani A, Vojdani E, Kharrazian D. Reaction of human 
monoclonal antibodies to SARS‑CoV‑2 proteins with tissue 
antigens: Implications for autoimmune diseases. Front 
Immunol 2021;11:617089.

12. Damoiseaux J, Dotan A, Fritzler MJ, Bogdanos DP, Meroni PL, 
Roggenbuck D, et al. Autoantibodies and SARS‑CoV2 
infection: The spectrum from association to clinical 
implication: Report of the 15th Dresden Symposium on 
Autoantibodies. Autoimmun Rev 2022;21:103012.

13. Okwor CJ, Meka IA, Akinwande KS, Edem VF, Okwor VC. 



Vamshidhar, et al.: Post‑COVID‑19 infection and Graves’ disease

Journal of Family Medicine and Primary Care 1788 Volume 12 : Issue 9 : September 2023

Assessment of thyroid function of newly diagnosed 
SARS‑CoV‑2 infected patients in Nigeria. Pan Afr Med J 
2021;40:9.

14. Scappaticcio L, Pitoia F, Esposito K, Piccardo A, Trimboli P. 
Impact of COVID‑19 on the thyroid gland: An update. Rev 
Endocr Metab Disord 2021;22:803–15.

15. Tanveer A, Akhtar B, Sharif A, Saleem U, Rasul A, 
Ahmad A, et al. Pathogenic role of cytokines in COVID‑19, 
its association with contributing co‑morbidities and 
possible therapeutic regimens. Inflammopharmacology 
2022;30:1503–16.

16. Nicholson LB. The immune system. Essays Biochem 
2016;60:275–301.

17. Kazakou P, Paschou SA, Psaltopoulou T, Gavriatopoulou M, 
Korompoki E, Stefanaki K, et al .  Early and late 
endocrine complications of COVID‑19. Endocr Connect 
2021;10:R229–39.

18. Mobasheri L, Nasirpour MH, Masoumi E, Azarnaminy AF, 
Jafari M, Esmaeili SA. SARS‑CoV‑2 triggering autoimmune 
diseases. Cytokine 2022;154:155873.

19. McDonnell EP, Altomare NJ, Parekh YH, Gowda RC, 
Parikh PD, Lazar MH, et al. COVID‑19 as a trigger of 
recurrent Guillain–Barré syndrome. Pathogens 2020;9:965.

20. Yazdanpanah N, Rezaei N. Autoimmune complications of 
COVID‑19. J Med Virol 2022;94:54–62.

21. Tutal E, Ozaras R, Leblebicioglu H. Systematic review of 
COVID‑19 and autoimmune thyroiditis. Travel Med Infect 
Dis 2022;47:102314.

22. Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi E, 
Mazziotti G. Thyrotoxicosis in patients with COVID‑19: The 
THYRCOV study. Eur J Endocrinol 2020;183:381–7.

23. Duntas LH, Jonklaas J. COVID‑19 and thyroid diseases: 
A bidirectional impact. J Endocr Soc 2021;5:bvab076. doi: 
10.1210/jendso/bvab076.

24. Root‑Bernstein R. From co‑infections to autoimmune 
disease via hyperactivated innate immunity: COVID‑19 
autoimmune coagulopathies, autoimmune myocarditis and 
multisystem inflammatory syndrome in children. Int J Mol 
Sci 2023;24:3001.

25. Paleiron N, Mayet A, Marbac V, Perisse A, Barazzutti H, 
Brocq FX, et al. Impact of tobacco smoking on the risk of 
COVID‑19: A large scale retrospective cohort study. Nicotine 
Tob Res 2021;23:1398‑404.

26. Lisco G, De Tullio A, Jirillo E, Giagulli VA, De Pergola G, 
Guastamacchia E, et al. Thyroid and COVID‑19: A review 
on pathophysiological, clinical and organizational aspects. 
J Endocrinol Invest 2021;44:1801–14.

27. Naguib R. Potential relationships between COVID‑19 
and the thyroid gland: An update. J Int Med Res 
2022;50:03000605221082898.

28. Güven M, Gültekin H. The prognostic impact of thyroid 
disorders on the clinical severity of COVID‑19: Results 
of single‑centre pandemic hospital. Int J Clin Pract 
2021;75:e14129.

29. Jiménez‑Blanco S, Pla‑Peris B, Marazuela M. COVID‑19: 
A cause of recurrent Graves’ hyperthyroidism? J Endocrinol 
Invest 2021;44:387–8.

30. Mateu‑Salat M, Urgell E, Chico A. SARS‑COV‑2 as a 
trigger for autoimmune disease: Report of two cases 
of Graves’ disease after COVID‑19. J Endocrinol Invest 
2020;43:1527–8.

31. Costela‑Ruiz VJ, Illescas‑Montes R, Puerta‑Puerta JM, Ruiz C, 

Melguizo‑Rodríguez L. SARS‑CoV‑2 infection: The role of 
cytokines in COVID‑19 disease. Cytokine Growth Factor 
Rev 2020;54:62‑75.

32. Corthay A. How do regulatory T cells work? Scand J Immunol 
2009;70:326–36.

33. Mirlekar B. Tumor promoting roles of IL‑10, TGF‑β, IL‑4, 
and IL‑35: Its implications in cancer immunotherapy. SAGE 
Open Med 2022;10:20503121211069012.

34. Gladstone DE, Kim BS, Mooney K, Karaba AH, D'Alessio FR. 
Regulatory T cells for treating patients with COVID‑19 and 
acute respiratory distress syndrome: Two case reports. Ann 
Intern Med 2020;173:852‑3.

35. Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, 
Katze MG. Into the eye of the cytokine storm. Microbiol 
Mol Biol Rev MMBR 2012;76:16–32.

36. Carella C, Mazziotti G, Amato G, Braverman LE, Roti E. 
Clinical review 169: Interferon‑alpha‑related thyroid 
disease: Pathophysiological, epidemiological, and clinical 
aspects. J Clin Endocrinol Metab 2004;89:3656–61.

37. Tomer Y, Menconi F. Interferon induced thyroiditis. Best 
Pract Res Clin Endocrinol Metab 2009;23:703‑12.

38. Yamazaki K, Yamada E, Kanaji Y, Shizume K, Wang DS, 
Maruo N, et al. Interleukin‑6 (IL‑6) inhibits thyroid function 
in the presence of soluble IL‑6 receptor in cultured human 
thyroid follicles. Endocrinology 1996;137:4857–63.

39. Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. Cytokine release 
syndrome in severe COVID‑19: interleukin‑6 receptor 
antagonist tocilizumab may be the key to reduce mortality. 
Int J Antimicrob Agents 2020;55:105954.

40. Bartalena L, Brogioni S, Grasso L, Martino E. Interleukin‑6 
and the thyroid. Eur J Endocrinol 1995;132:386–93.

41. Zaim S, Chong JH, Sankaranarayanan V, Harky A. 
COVID‑19 and multiorgan response. Curr Probl Cardiol 
2020;45:100618.

42. Bhaskar S, Sinha A, Banach M, Mittoo S, Weissert R, Kass JS, 
et al. Cytokine storm in COVID‑19—Immunopathological 
mechanisms, clinical considerations, and therapeutic 
approaches: The REPROGRAM consortium position paper. 
Front Immunol 2020;11:1648.

43. Murugan AK, Alzahrani AS. SARS‑CoV‑2 plays a pivotal role 
in inducing hyperthyroidism of Graves’ disease. Endocrine 
2021;73:243–54.

44. Inaba H, Aizawa T. Coronavirus disease 2019 and the 
thyroid‑Progress and perspectives. Front Endocrinol 
2021;12:708333.

45. Mehta A, Andrew Awuah W, Yarlagadda R, Kalmanovich J, 
Huang H, Kundu M, et al. Investigating thyroid dysfunction 
in the context of COVID‑19 infection. Ann Med Surg 
2022;84:104806.

46. Rotondi M, Coperchini F, Ricci G, Denegri M, Croce L, 
Ngnitejeu ST, et al. Detection of SARS‑COV‑2 receptor ACE‑2 
mRNA in thyroid cells: A clue for COVID‑19‑related subacute 
thyroiditis. J Endocrinol Invest 2021;44:1085–90.

47. Pereira DN, Silveira LFG, Guimarães MMM, Polanczyk CA, 
Nunes AGS, Costa AS de M, et al. Hypothyroidism does 
not lead to worse prognosis in COVID‑19: Findings 
from the Brazilian COVID‑19 registry. Int J Infect Dis 
2022;116:319–27.

48. Fujinami RS, von Herrath MG, Christen U, Whitton JL. 
Molecular mimicry, bystander activation, or viral persistence: 
infections and autoimmune disease. Clin Microbiol Rev 
2006;19:80–94.



Vamshidhar, et al.: Post‑COVID‑19 infection and Graves’ disease

Journal of Family Medicine and Primary Care 1789 Volume 12 : Issue 9 : September 2023

49. Wucherpfennig KW, Sethi D. T cell receptor recognition of 
self and foreign antigens in the induction of autoimmunity. 
Semin Immunol 2011;23:84–91.

50. Rodríguez Y, Novell i  L ,  Rojas M, De Santis M, 
Acosta‑Ampudia Y, Monsalve DM, et al. Autoinflammatory 
and autoimmune conditions at the crossroad of COVID‑19. 
J Autoimmun 2020;114:102506.

51. Kanduc D, Shoenfeld Y. On the molecular determinants 
of the SARS‑CoV‑2 attack. Clin Immunol Orlando Fla 
2020;215:108426.

52. Kanduc D, Shoenfeld Y. Molecular mimicry between 
SARS‑CoV‑2 spike glycoprotein and mammalian 
proteomes: Implications for the vaccine. Immunol Res 
2020;68:310–3.


