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Introduction
Viral infections in early life have been hypothesized to cause type 1 diabetes (T1D) 1, particularly enteroviruses 2, which are major agents of respiratory infections 3. Recent studies suggest that respiratory infections are associated with increased T1D risk if they are encountered within the first 6 months of life 4. We explored associations between infection types and T1D during the first 2 years of life in a population-based cohort and the association between respiratory infections in the first 6 months and T1D. 

Methods
The Bavarian association of statutory health insurance physicians (Kassenärztliche Vereinigung Bayern) processes claims data for all statutorily insured patients in Bavaria, Germany (approximately 85% of the total population of Bavaria). Infants born between 2005 and 2007 and followed until March 2015 or last contact with a physician were included. Diagnoses of infection and T1D were obtained using ICD-10 codes recorded in quarterly intervals. Infections were categorized by symptoms (respiratory, gastrointestinal, dermal, eye, fever, and other) and causes (viral, bacterial, mycoses, allergies, parasites, or unknown). We calculated hazard ratios (HRs) and 95% confidence intervals (CIs) of time from occurrence of each category of infectious events (binary variables) in quarterly intervals to T1D diagnosis during the first 2 years of life using Cox’s proportional hazard regression model, adjusted for sex and calendar month of birth.  We also calculated the cumulative risk of T1D in the first 6 months by quarterly intervals with any or viral respiratory infections using Kaplan-Meier plots and the log-rank test. Statistical analyses were done using SAS 9.3 and R 3.0.3. Statistical significance was determined on a level of 5% (two-sided). As we performed secondary analyses of observational data, no IRB approval or informed consent of patients was necessary.

Results
Of 295,420 infants included (162,448 (55%) male), 720 were diagnosed with T1D over a median (interquartile range) of 8.5 (7.5-9.25) years, for an incidence rate of 20-40/100,000 after the first year of life. At least 1 infectious event was reported during the first 2 years of life in 93% (n=275,245) of all children, and in 97% (n=696) of children with T1D. Most children experienced respiratory (87%) and viral (83%) infections. Parasite infections were infrequent (1%). 
Most infections in the first 2 years were not associated with increased T1D risk, except for respiratory infections (observed in 100,970 children (34%), HR 1.18, 95% CI 1.05-1.34) and viral infections (observed in 87,000 children (29%), HR 1.25, 95% CI 1.09-1.43) before 6 months (Figure 1).
In the first 6 months, having respiratory infections in both age periods (0-2.9 and 3-5.9 months) was associated with an increased T1D risk, compared with having infections in 1 or 0 quarter (cumulative 5-year risk: 206/100,000 compared to 142/100,000 and 118/100,000, respectively, p=0.01), particularly if the infections were caused by viruses (cumulative 5-year risk: 269/100,000 compared to 145/100,000 and 120/100,000, respectively, p<0.001, Figure 2). Repeated respiratory infections in the first 6 months were reported for 8% (n=56) of all T1D cases.  

Discussion
Respiratory infections during infancy were associated with T1D development in a general population setting. A similar study from Taiwan found that enterovirus infections were associated with increased T1D risk, but was unable to investigate critical time windows for infection exposure 5. It is unknown whether the association with early infections reflects increased exposure to virus or an impairment of the immune system response to early infection. We consider it likely that genetic susceptibility may matter in this context, as for T1D in general. As a limitation, we were unable to adjust for potential confounding factors such as family history of T1D as these were unavailable in the present dataset. Further, we investigated several infection types with different exposure ages, potentially introducing multiple testing errors. However, the association of respiratory infections in the first 6 months with T1D is in line with earlier studies4,6 suggesting that the first half year of life is crucial for the development of the immune system and autoreactivity. 
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Figure 1. Hazard ratios (dots) and 95% confidence intervals for type 1 diabetes development by the major infection types, adjusted for sex and month of birth.
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Figure 2. Cumulative risk of type 1 diabetes development by number of quarterly intervals with a documented respiratory infection (any / viral) during the first 6 months of life.
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