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This report will critically analyse several research papers in turn, by discussing the researcher's thesis, aims methods and findings. Thus, allowing for the investigation into the correlation between Graves' Disease (GD) and Epstein Barr Virus EBV also of Graves' Disease and Vitiligo.
The thyroid gland is an essential endocrine system organ.  The gland is positioned in the front of the neck, just above the collarbones.  This gland produces the hormones thyroxine (T4) and triiodothyronine (T3), which regulate the body's metabolism.  Controlling metabolism is critical for maintaining a healthy mood, weight, and mental and physical energy levels and much more. (Akash, Rehman and Hashmi, 2021). 
An autoimmune disease arises when the body's immune system targets and destroys healthy body tissue.  The blood cells in the body's immune system help defend against dangerous substances, including bacteria, viruses, toxins, cancer cells, and blood and tissue from outside the body. These substances contain antigens. The immune system produces antibodies against these antigens, enabling the destruction of these harmful substances.  When a person has an autoimmune disorder, the immune system cannot distinguish between healthy tissue and potentially hazardous antigens. As a result, the body initiates a chain reaction that damages healthy tissues (Kaufmann, Rouse and Sacks, 2011).  It is uncertain what triggers autoimmune diseases.  One theory is that some microbes (such as bacteria or viruses) or drugs may cause alterations that confound the immune system. This may occur more frequently in persons who have genes that predispose them to autoimmune illnesses. (Pearce, Farwell and Braverman, 2003).
According to The National Health Service (NHS, 2018) 3 out of 4 people in the UK who have hyperthyroidism, have Graves' Disease. Hyperthyroidism occurs when the body produces an excessive amount of thyroid hormone. The thyroid gland produces too much thyroid hormone duet to an abnormal immune system reaction.  Graves' Disease affects mostly women over 20.  However, GD can develop at any age and can affect both men and women. Smoking can also raise the chances of developing the disease (Bahn, 2010).  




[bookmark: _Toc676204299][bookmark: _Toc805071042][bookmark: _Toc71011257][bookmark: _Toc1514955584][bookmark: _Toc1977873937][bookmark: _Toc942718436][bookmark: _Toc2004648225][bookmark: _Toc1895924643][bookmark: _Toc1327994400][bookmark: _Toc507502292][bookmark: _Toc908089584][bookmark: _Toc1207796802][bookmark: _Toc2008283063][bookmark: _Toc1827859667][bookmark: _Toc1804523351][bookmark: _Toc1455845560][bookmark: _Toc691473415][bookmark: _Toc1655893346][bookmark: _Toc1981877283][bookmark: _Toc493468488]The pathogenesis of Graves' Disease. Figure1.
[image: ]
Pathogenesis of Graves’ Disease (GD). * Viral and bacterial infections, iodine, stress, medications, external radiation, radioactive iodine, toxins, selenium, and vitamin D3 deficiency, lymphopenia, smoking, CD8+ T lymphocyte deficiency.
(Pyzik et al., 2019)
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Infections caused by viruses and bacteria are among the most important environmental contributors to Graves' Disease (Desailloud and Hober, 2009).  Most common latent human viruses are the Epstein-Barr virus (EBV).  According to National Institute of Health, (2018) it may play a role in the development of some allergy and autoimmune illnesses.  EBV exhibits oncogenic characteristics also. (Münz, 2015). 
Pyzik et al., (2019) research goal, was to observe and assess the presence of EBV DNA in peripheral blood mononuclear cells (PBMCs) from newly diagnosed GD patients, and note any links between EBV infection and the clinical presentation of GD. Within this study the researchers included 39 untreated individuals with newly diagnosed GD and a control group of 20 gender and age matched healthy volunteers.  The reverse transcription polymerase chain reaction (RT PCR) technique was used (Tubbs and Stoler, 2009).  It was hypothesized that the presence of a representative of the reactivation of Epstein–Barr virus infection in the form of the presence of EBV DNA in the peripheral blood is associated with the specific severity of GD symptoms and some laboratory tests (levels of thyroid-stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating immunoglobulin (TSI), thyroperoxidase antibodies (anti-TPO), anti-thyroglobulin (anti-TG), leukocytes, and lymphocytes). Pathogenesis of Graves’ Disease shown in figure 1.)
The study found that GD patients had a significantly greater incidence of EBV copies in their PBMCs than the control group. However, no significant relationships were discovered between the frequency of EBV copies, and the clinical parameters studied.  EBV DNA was more common in women, but men had a higher number of EBV copies.  A comparison of the presence and number of copies of EBV DNA in the groups' PBMCs (shown in Table 1).
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									(Pyzik et al., 2019)
The findings of this research imply that EBV may play a role in the development of GD, but the clinical presentation of GD is unaffected by EBV infection both in laboratory parameters and clinical course (Pyzik et al., 2019).  Akahori et al., (2010), somewhat agrees with these findings in their case study on 3 females presented with GD and sore throats.  Adding that theirs is the first study to show a relationship between EBV infection and GD, but on the other hand, it was indicated that there were no variations in the controls in prevalence of IgG antibodies against EBV, between the 3 cases with GD  (Tozzoli et al., 2008).  Inflammation caused by viral infection may be associated with the development of GD (Wasserman et al., 2009).  Further research is required to clarify the pathogenesis of Graves' Disease and to establish a causal link between GD and EBV infection by exploring the expression of EBV antigen, RNA, or DNA in thyroid tissue, as well as prospective observation of GD associated with EBV infection. (Table 2 shows the profile of the 3-case studies lab results against normal lab ranges.) 
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[image: ]
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A third study included surgical specimens of Graves' and Hashimoto's diseases, as well as nodular goitres. Immunohistochemistry was used to examine the expression of EBV latent membrane protein 1 (LMP1), as well as in situ hybridisation to detect virus-encoded small nuclear non-polyadenylated RNAs (EBER) (Spec et al., 2019).  
The cytoplasmic expression of LMP1 in follicular epithelial cells and infiltrating lymphocytes was discovered in 34.5 percent of Hashimoto's thyroiditis cases but not within the GD specimens. EBER nuclear expression was observed in 80.7% of Hashimoto's thyroiditis cases and 62.5% of Graves' Disease cases, with a positive correlation between LMP1 and EBER positivity in all LMPl-positive Hashimoto's thyroiditis cases.
The assumption that the high prevalence of EBV infection in Hashimoto's and GD imply that EBV may play an aetiological role in autoimmune thyroiditis.  Dittfeld et al., (2016) concurs this assumption within their research but also added that EBV was a contributing factor to other autoimmune diseases.  The onset of autoimmune thyroiditis could begin with an EBV latency type III infection of the follicular epithelium, which is characterised by LMP1 expression, resulting in the production of inflammatory mediators and the recruitment of lymphocytes.  EBV positivity in infiltrating lymphocytes could simply be a carrier state, but in cases with EBER+/LMP1 + lymphocytes (transforming latent infection), it could be a negative prognostic marker indicating a higher risk of developing primary thyroid lymphoma. (Janegova et al., 2015).
Findings of Dittfeld et al., (2016) study, concluded that EBV is not the only agent responsible for the development of autoimmune thyroid diseases.  It can, nevertheless, be regarded a contributing element. More research is needed to elucidate the connection between EBV infection and autoimmune thyroid diseases.  Similar conclusions were observed within  Janegova et al., (2015) study.  It concluded with the probable role of the EBV virus in the development of GD due to the significant larger EBV DNA copies in PBMCs in patients newly diagnosed with GD than that of the control group.
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According to Gey et al., (2013) study paper, Vitiligo/nonsegmental Vitiligo (NSV) is frequently related with thyroid dysimmunity, although relatively few papers have explored this association using multivariate logistic regression.  Jin et al., (2007), concurs with this notion adding 25-30% of generalised Vitiligo patients manifest at least one other autoimmune disease particularly autoimmune thyroid disease.  (Shown in table 4)
Gey et al., (2013) conducted an observational study of 626 patients with a confirmed diagnosis of Vitiligo/NSV attending the Vitiligo Clinic of the University Hospital Department of Dermatology, Bordeaux, France, from 1st January 2006 to 1st May 2012.  For each subsequent patient, The Vitiligo European Task Force (VETF) questionnaire was filled out.  Autoimmune thyroid disease (AITD) was defined as the presence of substantial antithyroperoxidase antibodies in the blood or indications of autoimmune thyroiditis. 
To investigate parameters linked with AITD in this cohort of Vitiligo/NSV patients, univariate and multivariate logistic regression approaches were used (Komen et al., 2015).  A total of 626 patients with Vitiligo/NSV were included in the study, with 131 having AITD (AITD-vitiligo).  Stress as an onset factor, family history of AITD, body surface involvement, and disease duration were found to have a positive associated with AITD-vitiligo (Mahajan et al., 2020).  Female sex, age at onset of Vitiligo, personal history of autoimmune disease, and trunk localization were found to be separately associated with AITD-vitiligo (Lazzeri et al., 2016).  
The finding from this research concluded that females, patients with longer duration of disease and greater body surface involvement are more likely to present with AITD and therefore should be monitored for thyroid function and antithyroid antibodies on a regular basis.  Vachiramon et al., (2017) research paper agrees making their own observations from a study with the presence of positive thyroid antibodies and AITD in Thai vitiligo patients is consistent with prior research from throughout the world. AITD screening with thyroid antibodies and serum TSH is critical for vitiligo sufferers.
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(Jin et al., 2007)
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The aim of Kasumagic-Halilovic et al., (2011), study was to determine whether Vitiligo is statistically associated with thyroid autoimmunity.  Comparisons of the frequency of thyroid autoantibodies (thyroglobulin antibody, anti-Tg and thyroid peroxidase antibody, and anti-TPO) in 33 Vitiligo patients and 33 healthy volunteers were made in a prospective case-control study. All subjects had thyroid autoantibodies and thyroid hormones assessed (thyroxine (T4), triiodothyronine (T3), and thyroid stimulating hormone (TSH).   
Thyroid functional abnormalities were discovered in 6 (18.18%) of the individuals. Anti-Tg and anti-TPO antibodies were identified in 9 (27.27%) and 8 (24.24%) of the patients, respectively. Only one patient (3.03 percent) in the control group exhibited thyroid hormonal abnormalities, and two subjects had positive thyroid autoantibodies. When compared to the control group, patients with Vitiligo had significantly greater levels of anti-Tg and anti-TPO antibodies.  
This study provided a correlation between Vitiligo and thyroid autoimmunity, observing that tests to identify thyroid autoantibodies would be beneficial in Vitiligo patients.  Baldini et al., (2017) concurs including certain gene may contribute to the observation of Vitiligo within Graves' Disease patients. (Figure 5).
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 Conclusion and Recommendations. 
Studies regarding the corelation between AITD and EBV, and between AITD and Vitiligo are vast. More are required on the association of GD and EBV and that of GD and Vitiligo. Although 2 systematic reviews by Yuan et al., (2019) and Kang-Chih, Ting-Hua and Yu Chen, (2018) were conducted regarding the connection of Vitiligo and AITD, results are inconclusive.  Recommendations from these systematic reviews are to screen Vitiligo patients for anti-thyroid antibodies. 
Reviewing number of studies investigating the corelation of Vitiligo and GD research acknowledges a connection between the two autoimmune diseases and all concur that further studies should be carried out.  The systematic review by Kang-Chih, Ting-Hua and Yu Chen, (2018) also states that Doctors, “should be aware of the increased risk of AITD disease in Vitiligo patients”.
Based on the number of studies investigating the link between EBV and AITD, evidence suggests that EBV can be considered a contributory factor in the development of AITD (Antonelli and Benvenga, 2018) but could not pinpoint a clear correlation. The statement within Dittfeld et al., (2016) study “That EBV is not the only agent responsible for the development of autoimmune thyroid diseases”. It can, nevertheless, “be regarded a contributory factor,” was made by taking into consideration research into correlation of other autoimmune diseases such as multiple sclerosis (Fernández-Menéndez et al., 2016), rheumatoid arthritis (Ball et al., 2015) and should not be disregarded.
Further investigations are needed to explain the association between the EBV infection and GD. The limitations in finding studies on just GD and its association with EBV and the small sample cohorts lead to the notion that a systematic review is needed to correlate a comprehensive summary of findings (Ganeshkumar and Gopalakrishnan, 2013).  
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