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Abstract: Hand, foot and mouth disease (HFMD) is a common infectious childhood disease. In recent years, the
number of cases of HFMD in China has increased rapidly, and has received increasing attention. Although there
are many related studies, only a few studies focus on the spatiotemporal heterogeneity of HFMD incidence and
quantify the association between meteorological factors, socioeconomic variables, and HFMD incidence.
Geodetector and Bayesian space-time hierarchical models were applied to analyze the spatiotemporal heterogen-
eity of the HFMD incidence from 2009 to 2013 within the Beijing-Tianjin-Tangshan region. These were used to
quantify the determinant power of meteorological factors, socioeconomic variables, and the interactions between
two of these factors. The Geodetector method has the axiom that if an explanatory variable (x) determined an
explained variable (y), the explained variable would exhibit a spatial distribution similar to that of the
explanatory variable. This method has been widely used to measure the determinant power of potential
explanatory variables. The Bayesian space-time hierarchical model has the potential to show the spatiotemporal
variation of a geographic phenomenon. The results showed that: (1) the highest incidence of HFMD occurred in
late spring and summer (May to July), and the lowest incidence occurred in winter (December to February). (2)
Spatial heterogeneity existed. In particular high risks areas were mainly concentrated in areas of high economic
development. The population density and proportion of the tertiary industry determinants, play a lead role in
contributing to the spatial heterogeneity of HFMD incidence (q values of 0.35 and 0.28, respectively, as
calculated by GeoDetector). (3) The main meteorological factors affecting the temporal heterogeneity of HFMD

incidence were average temperature, cumulative precipitation, and relative humidity (with a determinant powers
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calculated by GeoDetector of 0.38, 0.27 and 0.13, respectively). Additionally, the interactions were greater than
the independent effects between socioeconomic variables or meteorological factors. For example, the interaction
of average temperature and relative humidity, average temperature and precipitation, average temperature and
wind speed were 0.43, 0.40 and 0.42, respectively. The interaction of population density and proportion of the
tertiary industry was 0.55. This result presented the strongest correlation with HFMD incidence. Temperature
and relative humidity were also dominant factors influencing the spatiotemporal transmission of HFMD, along
with areas of high economic development with high population density. This study provides a theoretical basis
for the prevention and control of HFMD by detecting the spatiotemporal heterogeneity of the HFMD incidence
and quantifying the impact factors within the study region.

Key words: Hand, foot, and mouth disease; GeoDetector; spatiotemporal heterogeneity; determinant power; me-
teorological factors
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Fig. 1 Spatial differences in HFMD and number of cases per month in the Beijing-Tianjin-Tang area from 2009 to 2013
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Fig. 2 Temporal change in meteorological factors in the Beijing-Tianjin-Tang area from 2009 to 2013
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Fig. 4 Spatial distribution of hot and cold areas
from 2009 to 2013
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Fig. 5 Overall temporal trend (exp(bot +v,)) of HFMD

at a 97.5% confidence interval
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