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Abstract:

Seasonality adjustments in surveillance data are essential for proper outbreak's characterization. Environmental temperature itself may have pronounced effects on dominant exposure and transmission routes of enteric infections, and govern seasonal variations in some infectious diseases. An environmental stress can manifest via immediate effects, induce a change in a seasonal pattern, or initiate long-term consequences.  In this study we explored 

long-, mid-, and short-term effects of ambient temperature and precipitation on the incidence of enterically–transmitted infectious diseases (EI) using novel analytical tools.

We created a set of daily time series of six enteric infections (giardiasis, cryptosporidiosis, salmonellosis, Campylobacter infection, shigellosis, and hepatitis A) using over 50,000 records of reported cases collected over the last decade in Massachusetts. We also compiled time series of daily maximum and minimum ambient temperature and precipitation from 38 stations using National Climatic Data Center databases. We provided formal definitions of seasonality and suggested measures for seasonal peak timing and intensity. We also developed a two-stage hierarchical regression model to examine effects of temperature and precipitation at three temporal scales. The first stage provided estimates for characteristics of seasonality, which were used in the second stage to estimate the degree of associations among those characteristics and effects of environmental stressors.

All EI, except hepatitis A, exhibited well-defined seasonal patterns. The patterns for campylobacteriosis and salmonellosis well approximated the temperature seasonal curve. For shigellosis, cryptosporidiosis, and giardiasis we observed a delay of ~27 days in disease’s peak timing relative to the peak in ambient temperature (considering a characteristic incubation period for each infection). 

Extreme temperature predicted the intensity and timing seasonal peak in potentially waterborne infections. We found a significant correlation between the seasonal pattern of cryptosporidiosis and early spring precipitation. 

Compared to other infections, incidence of salmonellosis was the most sensitive to the short-term temperature fluctuations, significantly rising on 2, 8, and 15 days after an increase in temperature. We also found spring warm spells and subsequent increased snowmelt were associated with higher incidence of cryptosporidiosis in the fall.

We developed methodology for modeling seasonality and assessing long-, mid-, and short-term effects of environmental stressors on seasonality of enteric infection. 

Our findings offer insights to the possible dominant routes of transmission for enteric infections and support the idea that meteorological factors can affect timing and intensity of infectious outbreaks. These findings may be useful in targeting public health measures for enteric infections based on weather forecasts.
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