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            Abstract
Seasonality is a driving force that has a major effect on the spatio-temporal dynamics of natural systems and their populations1,2,3,4,5. This is especially true for the transmission of common infectious diseases (such as influenza, measles, chickenpox and pertussis), and is of great relevance for hostâ€“parasite relationships in general1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23. Here we gain further insights into the nonlinear dynamics of recurrent diseases through the analysis of the classical seasonally forced SIR (susceptible, infectious or recovered) epidemic model6,7. Our analysis differs from other modelling studies in that the focus is more on post-epidemic dynamics than the outbreak itself. Despite the mathematical intractability of the forced SIR model, we identify a new threshold effect and give clear analytical conditions for predicting the occurrence of either a future epidemic outbreak, or a â€˜skipâ€™â€”a year in which an epidemic fails to initiate. The threshold is determined by the populationâ€™s susceptibility measured after the last outbreak and the rate at which new susceptible individuals are recruited into the population. Moreover, the time of occurrence (that is, the phase) of an outbreak proves to be a useful parameter that carries important epidemiological information. In forced systems, seasonal changes can prevent late-peaking diseases (that is, those having high phase) from spreading widely, thereby increasing population susceptibility, and controlling the triggering and intensity of future epidemics. These principles yield forecasting tools that should have relevance for the study of newly emerging and re-emerging diseases controlled by seasonal vectors.
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                    Figure 1: 
                        Epidemic time series together with their associated phase relationship and synchronization effects.
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Figure 2: 
                        Effects of seasonality on population dynamics.
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Figure 3: 
                        Testing the threshold prediction, equation (2).
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Figure 4: 
                        The relationship between an outbreakâ€™s current phase (month of year) and the maximum number of infectives 
                        I
                        
                        max
                         in the following yearâ€™s outbreak.
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The season to be ill
A new epidemiological model should help those trying to predict seasonal infections, such as influenza, measles, pertussis and chickenpox, and has implications for the design of vaccination campaigns. The model focuses on what happens after an outbreak, and the key finding is that there is an epidemic threshold determined by a population's susceptibility after the last outbreak and the rate at which susceptible individuals join the population. If the number of unexposed nonimmune individuals is high, an epidemic is likely. If the number of 'susceptibles' is below threshold, the disease may 'skip' a year.
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