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Enteroviruses and type 1 diabetes
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Research, doi:10.1136/bmj.d35
Are clearly linked, but the mechanism is yet to be explained

Type 1 diabetes is an autoimmune disease of the endocrine pancreas that results in impairment of insulin producing pancreatic cells. Inflammation of the pancreas correlates with the onset of symptoms, and susceptibility to the disease is influenced by genetic factors GOTOBUTTON figure1 (F1) . GOTOBUTTON endnote1 (1) 
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The incidence rate of type 1 diabetes has increased over the past 25 years at an annual rate of 3%, but this cannot be explained only by genetic modifications in the population. It has therefore been suggested that environmental factors—such as drugs; toxins; nutrients (for example, cows’ milk); and viruses like rotaviruses, adenoviruses, retroviruses, reoviruses, cytomegalovirus, Epstein-Barr virus, mumps virus, or rubella virus—can play a role in the pathogenesis of the disease. Viruses of the enterovirus genus, which have an RNA genome, are the most likely candidates, especially serotypes like coxsackie B virus belonging to the human enterovirus B species. GOTOBUTTON endnote2 (2) 
In the linked systematic review (doi:10.1136/bmj.d35), Yeung and colleagues assessed the association between current enterovirus infection diagnosed by molecular testing and the development of autoimmunity or type 1 diabetes. GOTOBUTTON endnote3 (3) 
The first report about the possible association between enteroviruses and type 1 diabetes was published in 1969 in the BMJ and was based on the detection of anti-enterovirus antibodies in patients’ serum. GOTOBUTTON endnote4 (4)  Better methods for detecting viruses have enabled further testing of the hypothesis. Enteroviruses have since been detected in blood, the gut, and the pancreas of patients with type 1 diabetes. Furthermore, there is an association between enterovirus infections and type 1 diabetes in genetically predisposed people, GOTOBUTTON endnote5 (5)  and data from in vitro studies and animal models support the hypothesis of a role of enteroviruses in the diseases.
Yeung and colleagues, who report the first meta-analysis of molecular studies (based on detection of viral protein and RNA) find a strong association between enterovirus infection and type 1 diabetes (odds ratio 9.77, 95% confidence interval 5.50 to 17.35). GOTOBUTTON endnote4 (4)  The results contrast with a previous meta-analysis of serological studies, which found no association. GOTOBUTTON endnote6 (6)  The discrepancy might be because the serological studies examined only certain serotypes and the identification of current or recent infection was unclear.
However, Yeung and colleagues’ review agrees with most retrospective and prospective epidemiological studies, which found higher rates of enterovirus infection in patients than in controls. GOTOBUTTON endnote7 (7)  The possible role of enteroviruses is also supported by recent reports showing that enteroviruses, the patients’ genotype, and their immune response are linked in the pathogenesis of type 1 diabetes. GOTOBUTTON endnote8 (8)  
It is unclear whether enteroviruses are involved in all patients or just some. The lack of detection of enteroviruses in the blood or tissues of all patients with type 1 diabetes might be because the test if not sensitive enough. Furthermore, enteroviruses may be released only occasionally from sites such as the gut to reach the pancreas and mostly go undetected. More sensitive methods are therefore needed to investigate the presence of enteroviruses in patients, as well as longitudinal studies to assess the persistence of enteroviruses in patients.

Prospective studies suggest an association between enterovirus infections and the subsequent production of autoantibodies directed against pancreatic cells that result in type 1 diabetes. GOTOBUTTON endnote5 (5)  In addition, the detection of enteroviruses at the onset of disease suggests that these viruses, through persistence or consecutive infections, can play a role in the progression or acceleration of the disease. The role of viruses is complex, however, because they can also protect against the disease, GOTOBUTTON endnote9 (9)  and animal studies suggest that the consequences of enteroviral infections might differ according to the patient’s age. GOTOBUTTON endnote10 (10)  
The link between enteroviruses and the pathogenesis of type 1 diabetes probably involves an interplay between viruses, pancreatic cells, the innate and adaptive immune systems, and the genotype of the patient. GOTOBUTTON endnote2 (2)  Further studies are needed to tease out the association of these factors and to establish the pathogenic mechanisms of enterovirus infections.
The association between enteroviruses and type 1 diabetes opens up the possibility of developing new preventive and therapeutic strategies to fight this disease. 
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