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Diabetes is a long-term condition that negatively impacts millions of people around the world. It is estimated that in 2019 the global prevalence of diabetes was 9.3%, totaling 430 million affected individuals (Saeedi et al, 2019). According to the American Diabetes Association (2007), the diabetes mellitus is characterised by hyperglycemia as the result of either deficiencies in insulin secretion (Type 1) or a resistance to the effects of insulin in conjunction with poor insulin secretory response (Type 2). Following the onset of the Covid-19 pandemic, several studies have shown that diabetes mellitus is a major comorbidity factor for the SARS-CoV-2 virus, increasing risk of in-hospital death by a factor of 2.85 (Zhou et al, 2020). This is especially troubling due to a growing foundation of anecdotal evidence suggesting that the SARS-CoV-2 virus is correlated with the development of diabetes (Sathish et al, 2020). There are two types of viruses that can trigger diabetes mellitus, namely: (i) the enteroviruses, especially Coxsackievirus type B4 (CVB4), which can only trigger Type I diabetes and (ii) the SARS-CoV-2 which can trigger both diabetes types I and II (hyperglycemia) as recent studies have shown. 
After a quick overview of the physiological background of both diabetes mellitus type 1 (2.1) type 2 (2.2) and the viral background of the enteroviruses (2.3.1) and SARS-CoV-2 (2.3.2), we will present our findings on the relationship / correlation between these viruses (environmental factors) and the diabetes mellitus (3), as well as how they can prevent (if possible) and treatments in case of infection (4). 
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Diabetes mellitus is caused either by a lack of insulin production by the pancreas “Diabetes mellitus type 1” (2.1) or a lack of insulin response by the body's cells “Diabetes mellitus type 2” (2.2). As it is commonly known, Insulin is a hormone that aids in the transport of glucose from diet into cells for energy production and thus allowing to keep the glucose concentration at a physiological level to avoid hyperglycemia. 
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Type 1 of diabetes mellitus (T1D) is an autoimmune disease in which pancreatic beta cells of the Islet of Langerhans are selectively and progressively destroyed, leading to high concentration of glucose in the circulation. As result, animals suffering from T1D must administer exogenous insulin throughout their lives. T1D can be caused by the complex interaction between genetic, immune, and environmental factors (Dalzochio, Thaís, et al., 2019). Researchers have shown that enteroviruses are thought to be the most important environmental component in this disease (cf. Richardson SJ, Morgan NG, 2018; Buschard, 2011).
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Insulin resistance, a disease in which cells do not respond appropriately to insulin, is the starting point for type 2 diabetes (T2D). A shortage of insulin may occur as the condition advances. Previously, this condition was known as "non-insulin-dependent diabetes mellitus" or "adult-onset diabetes." Although T2D is more common in older persons, an increase in the incidence of obesity among youngsters has resulted in an increase in the number of instances of T2D in children. A combination of excessive body weight and insufficient exercise is the most typical cause (cf. Ettinger, S.J, Feldman, E.C, 2005). 
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Human enteroviruses (HEV), particularly those belonging to the Coxsackievirus B family (CVB), are known to infect the beta cells resulting in the progressively and systematically destruction of the beta cells of the Islet of Langerhans, which in return entails a significant reduction in glucose-induced insulin production and thus causing diabetes mellitus type 1 (T1D). Indeed, studies have shown that isolated islets can be successfully infected in vitro with a variety of the EV-B family members (CVBs and Echoviruses), many of which have been linked to the diabetes mellitus type 1 (Richardson SJ, Morgan NG, 2018, Wing-Chi G Yeung et al., 2011). HEVs' islet tropism has also been established in vivo in the pancreas of newborns who died after contracting a deadly CVB infection and in the pancreatic of T1D patients (Richardson SJ, Morgan NG, 2018, Wing-Chi G Yeung et al., 2011).

The enteroviruses don’t bind to the same type of protein present in the beta cells, but rather to different type of receptors. Many viruses linked to diabetes mellitus type 1 employ the Coxsackie and Adenovirus Receptor (CAR) as an entrance vehicle. Studies have shown that specific isoform of CAR with a unique C-terminal PDZ binding domain (CAR-SIV) is specifically and strongly produced within beta cells in epidemiological investigations (Richardson SJ, Morgan NG, 2018). According to research, CAR-SIV is found in significant concentrations on insulin secretory granules. During exocytosis of insulin, the extracellular domain of CAR-SIV will be shown on the plasma membrane's external face, ready to bind to enteroviruses. Thus, the virus would be delivered inside the cell during subsequent endocytosis of the granule membrane for recycling, where it may commence infection (Richardson SJ, Morgan NG, 2018).
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SARS-CoV-2 is a member of the Coronavirus family, which is a broad family of viruses. People and certain animals can be infected by these viruses. SARS-CoV-2 was first discovered infecting humans in 2019 in three persons who had pneumonia and were linked to a Wuhan cluster of acute respiratory sickness cases (Yuki et at, 2020). Droplets emitted when an infected person coughs, sneezes, or speaks transfers the virus from person to person (Yuki et al, 2020). It can also be transferred by contacting a virus-infected surface and then touching one's lips, nose, or eyes, however this is rare (Yuki et al, 2020). COVID-19 is being studied, as is the prevention of SARS-CoV-2 infection. Coronavirus 2 is also known as severe acute respiratory syndrome coronavirus 2.
In nature, all the structural properties of the novel SARS-CoV-2 virus particle are seen in related coronaviruses (cf. Reiterer et al., 2021; Bernard et al., 2020 Hollstein et al., 2020; Lim et al., 2020). 
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Studies have shown that there is a strong correlation between the enteroviruses – especially the Coxsackievirus type B4 (CVB4), and diabetes type 1 (3.1) and the SARS-CoV-2 and the appearance of diabetes mellitus type 1 or type 2 (3.2). 
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The tropism of enteroviruses for beta cells is likely to be driven by at least two factors: first, these cells express receptors required for virus binding and subsequent internalization, and second, they contain specific host factors that the virus can hijack to facilitate infection, replication, and possibly persistence (cf. Richardson SJ, Morgan NG, 2018).

Following a HEV infection, the pancreas is primed to respond to the possibility of a local viral infection by systemic release of interferons. Usually, this will result in the activation of an antiviral defense system, which will prevent the beta cells from developing a long-term and productive infection. The infection is eradicated, and the host triumphs (Richardson SJ, Morgan NG, 2018; Massilamany et al, 2016). In other words, enteroviruses may initiate or accelerate the pathogenic events contributing to T1D through several mechanisms (Massilamany et al, 2016; contra: Buschard, 2011). The beta cells of Islet of Langerhans can be killed either via (i) the enterovirus's cytolysis induction, which happens immediately and / or through (ii) a less aggressive infection could also trigger an inflammatory response in the islets, resulting in subclinical beta cell loss and subsequent antigen release, activating autoreactive T cells. Cross-reactive T cells, which occur when viral and host antigens share the same antigenic determinants, could also be generated (cf. Massilamany et al, 2016; contra: Buschard, 2011).

However, in some patients it was shown that enterovirus use crucial host components to establish a productive and lytic infection in some individuals who have a compromised antiviral defense. This can result in the release of free virus and/or antigens specific to viral and the beta cells. This damage may activate islet autoreactive immune cells in individuals who are genetically prone to T1D. A prolonged persistent infection may occur if the host's antiviral defense systems only partially block the viral replication. Researchers have shown that the so-called “persistent infections” are linked to viral genome 5′UTR deletions and the generation of dsRNA. The latter can trigger an increased interferon signature in cells by activating host pathogen recognition receptors (PRRs), such as Mda5 (encoded by IFIH1). As a result, HLAI will be upregulated, and beta cell and viral antigens will be better presented at the cell surface. In 'at-risk' persons, this could lead to auto-reactive destruction (cf. Richardson SJ, Morgan NG, 2018).
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Recent studies demonstrated that SARS-CoV-2, the virus causing COVID-19 infections, can trigger diabetes mellitus (hyperglycemia) since SARS-Co-V2 receptors were found in the beta cells of the Islet of Langerhans (cf. Sasaki et al. 2022; Yano et al, 2022; Reiterer et al., 2021; Bernard et al., 2020 Hollstein et al., 2020; Lim et al., 2020). 

Reiterer and his team showed that Adiponectin levels, which are secreted by adipocytes – a well-known homeostatic factor for regulating glucose levels, were found to be lower in COVID-19 patients in a glucoregulatory hormone screen (Sasaki et al., 2022; Reiterer et al., 2021; see also: Bernard et al., 2020; Hollstein et al., 2020; Lim et al., 2020). Furthermore, SARS-CoV-2 infected hamsters had a significant antiviral gene expression program in their adipose tissue, as well as lower adiponectin expression. Moreover, Reiterer and his team showed that SARS-CoV-2 can also infect adipocytes. These findings imply that SARS-CoV-2 may cause adipose tissue malfunction, which leads to insulin resistance and poor outcomes in COVID-19 patients (cf. Reiterer et al., 2021; Bernard et al., 2020).

[bookmark: _Toc102677845]Prevention and treatment 

To prevent or at least reduce the risk of getting diabetes mellitus following a viral infection, one would think that the best way to do it, is by getting the vaccines against both those viruses. This may be true for enteroviruses (Kondrashova, Hyöty, 2014), but not so much for SARS-CoV-2 (Sasaki et al., 2022; Yano et al, 2022). Indeed, very recent studies have shown that the vaccine for the coronavirus disease (COVID-19) may worsen or even cause the diabetes mellitus. The findings were based on two different cases about two Japanese woman’s who, after getting vaccinating against SARS-CoV-2 mRNA, showed high concentration of glucose in their blood plasma, one a few weeks after her first doses (Yano et al., 2022) and the other one a few weeks after her second doses (Sasaki et al., 2022). In this case, today’s available treatment seems to be the better and or only option. 

Several researchers also suggest that, following these results, a possible prevention and therapeutic strategy would be to use, in combination with anti-viral therapies, inhibitors against DNA methylase transferase, a protein responsible for the hypermethylation of the genome and silencing of Pdx1. Indeed, it was demonstrated that this class of inhibitors reinstated PDX1 expression and glucose tolerance in diabetic mice. Several of these inhibitors have already been licensed for clinical use in cancer treatments, which could speed up their application in these case (Bernard et al., 2020). 
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In conclusion, the presence of specific proteins (receptors) in the beta cells of Islet of Langerhans make it possible to the enteroviruses, especially the Coxsackievirus type B4 (CVB4) and/or the SARS-CoV-2 to trigger subsequently sever long-term or long-lasting diseases, such diabetes mellitus. As we saw in our present study, the former will cause only diabetes type 1, whereas the latter will be able to cause either diabetes mellitus type 1 or the type 2. Meaning these viruses will either decrease the efficiency of the insulin or increase its resistance to insulin and thus leading to hyperglycemia, which in return may cause other serious health issues such vision problems, foot ulcers, kidney failure, cardiovascular disease etc. Therefore, it is crucial to promote prevention by getting the enterovirus vaccines (but not so much against COVID-19, since the specific vaccine can cause or worsen diabetes mellitus in certain patients, as some recent study cases from Japan and China have shown) and, in case of infection, treat the patient immediately with the appropriate available treatment. 
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