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SUMMARY
This study analysed the spatio-temporal distribution and propagation of hand-foot-and-mouth
disease (HFMD) in Shenzhen from 2008 to 2010. Speciﬁcally, we examined the epidemiological
data, temporal distribution and spatial distribution, and then the relationship between
meteorological, social factors and the number of reported HFMD cases was analysed using
Spearman’s rank correlation. Finally, a geographically weighted regression model was
constructed for the number of reported HFMD cases in 2009. It was found that three
independent variables, i.e. the number of reported HFMD cases in 2008 and, annual average
temperature and precipitation, had different spatial impacts on the number of reported HFMD
cases in 2009. In addition, these variables accounted for the propagation mechanism of HFMD
in the centre and east of Shenzhen, where the high incidence rate areas are located. These results
will be of great help in understanding the spatio-temporal distribution of HFMD and developing
approaches to prevent this disease.
Key words: Geographically weighted regression, hand-foot-and-mouth disease (HFMD),
spatio-temporal distribution, Shenzhen.

I N T RO D U C T I O N
Hand-foot-and-mouth disease (HFMD) is a common
viral illness of infants and children aged <10 years,
characterized by 3–4 days of fever and the development of a vesicular enanthem on the buccal mucosa,
gums, and palate and a papulovesicular exanthem
on the hands, feet, and buttocks [1]. In most cases,
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this illness is self-limiting, and patients can recover
completely. However, some patients infected with
the EV71 virus may develop severe complications
including meningoencephalitis, myocarditis, or even
death [2]. HFMD is caused by viruses that belong
to the Enterovirus genus. This group of viruses includes polioviruses, coxsackieviruses, echoviruses,
and enteroviruses, of which coxsackievirus A16
(CVA16), coxsackievirus A10 (CVA10), and human
enterovirus 71 (HEV71) are the major causative
agents of HFMD. HFMD spreads from person to
person by direct contact with the infectious virus,
which is found in nose and throat secretions, saliva,
blister ﬂuid, and stools of infected individuals [3].
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Large outbreaks of HFMD have attracted global
attention. In 1998, an epidemic of enterovirus 71 infection caused HFMD and herpangina (HA) in thousands of people in Taiwan, some of who died from
these infections [4]. In addition, Singapore experienced a HFMD outbreak during the latter part of
2000; from 14 September to 14 November 2000, a
total of 3526 cases of HFMD were reported, and
652 patients were clinically suspected of having
HFMD [5]. In 2008, another epidemic affected
South East Asia including mainland China, Taiwan,
Singapore, and Hong Kong [6–11]. In mainland
China, the ﬁrst HFMD case was reported in
Shanghai in 1981. Since then, HFMD cases have
been reported in Beijing, Hebei province, Tianjin,
Fujian province, Jilin province, Shandong Province,
Hubei province, Qinghai province and Guangdong
province [12]. Recent outbreaks of HFMD have signiﬁcantly threatened public health, and these outbreaks
also cause social welfare and economic problems. In
order to minimize the spread of HFMD, some child
daycare centres and kindergartens are ordered to
close during the outbreak period, although these closures cause problems for working parents who have to
ﬁnd alternative care for their children. In addition,
parents are requested to keep their children indoors
and stay away from crowded places during outbreaks.
Thus, HFMD causes signiﬁcant problems for society,
the economy and public health.
Previous studies on HFMD have generally focused
on the description and assessment of local outbreaks,
the incidence and prevalence, the demographic distribution with regard to age, sex, season or clinical
characteristics and potential cures [13]. In recent
years, researchers have begun to analyse the temporal
and spatial distribution of various diseases such as diarrhoea, inﬂuenza, and others [14–17]. The seasonal
features of paediatric diarrhoeal mortality and the distinct spatial pattern of the timing of the peak mortality rate in Mexico were studied, and it was found
that the direction and timing of the annual waves
were related to the mean monthly precipitation and
mean daily temperature [14]. In addition, Gabriel
et al. investigated temporal, spatial, spatio-temporal
and genetic variation in human Campylobacter jejuni
infections, and their analysis showed statistically signiﬁcant seasonal variation, spatial clustering and
small-scale spatio-temporal clustering in the overall
pattern of incidence [15]. There is also some literature
identifying relationships between meteorological factors and various infections [10, 18–22], in which

temperature and precipitation have been most frequently studied. Urashima et al. established seasonal
models to predict ﬂuctuations in rates of HA and
HFMD associated with weather conditions and calendar months in Tokyo, Japan. These models predicted
that warmer climate conditions lead to an increased
number of HA and HFMD cases [18]. The relative
risks between weekly HFMD cases and temperature
and rainfall were estimated for 2001–2008 using timeseries Poisson regression models allowing for overdispersion, and it was found that weekly temperature
and rainfall showed statistically signiﬁcant associations with HFMD incidence at time lag of 1–2
weeks [21]. Ma et al. examined the relationship between meteorological parameters and HFMD activity, and their sensitivity analysis showed that
HFMD consultation rates were mostly affected by
relative humidity and least affected by wind speed
[10]. Besides meteorological factors, social factors
also have a non-negligible impact on the propagation
of infectious diseases, including HFMD, such as the
regional population, medical conditions, and transport [23]. The development of spatial technologies including remote sensing and geographical information
systems has also greatly contributed to epidemic
studies [24].
However, no attempts have yet been made to study
the spatio-temporal distribution and propagation of
HFMD in Shenzhen, including the quantitative analysis of space. The objective of this study was therefore
to assess various epidemiological features of HFMD,
identify the spatio-temporal evolutionary patterns,
and study the propagation mechanisms, with the
goal of establishing public health personnel plan interventions to effectively reduce the incidence and complications associated with HFMD.

S T U DY A R E A
Shenzhen is a major city in Guangdong province,
Southern China. Although Shenzhen is located in
the subtropical region of China, approximately at
the Tropic of Cancer, this city has a warm,
monsoon-inﬂuenced, humid subtropical climate due
to the Siberian anticyclone. The annual average temperature is 22·5 °C, and the annual average precipitation is >1900 mm. Shenzhen contains 55 streets
that are administered by seven administrative districts,
including eight streets in Futian district, 10 streets in
Luohu district, eight streets in Nanshan district, four
streets in Yantian district, 10 streets in Baoan district,
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Fig. 1. Study area. (a) Location of Guangdong province in China. (b) Location of Shenzhen in Guangdong province.
(c) Administrative map of Shenzhen, showing Futian district, Luohu district, Nanshan district, Yantian district, Baoan
district, Longgang district, and Guangming new district.

13 streets in Longgang district, and two streets in
Guangming new district. The study area is shown in
Figure 1.
The population of Shenzhen is unique, with the majority of those in the city being migrant workers. The
local government estimated that by 2007, the overall
population of Shenzhen had reached 14 million
people, of which around 60% were migrant labour
workers from other regions of China. Migrant
workers generally have a lower income and poorer
socio-demographic characteristics compared to the
permanent residents of the city [25]. In addition,
Zhang et al. [26] found that there were differences in
health outcomes experienced between the different
groups in the population. This poses problems for developing and implementing legislation and policy to
support the healthcare system, particularly for action
to guarantee equity and equality of health services delivery. Good initiatives have been started and priority
has been given to the health insurance system for migrant employee. Early in 2004, Shenzhen’s government issued a regulation concerning the development
of a healthcare system to cater for migrant workers,
From 1 March 2005, an experimental Co-operative
Healthcare Service System for Migrant Workers
(CHSMW) was initiated to provide coverage for services by contracting speciﬁc designated healthcare
providers. In June 2006, CHSMW formally developed

into the Medical Insurance System for Migrant
Employees (MISM). This new system was open to
all migrant workers in the city and is compulsory for
employers. To echo the national reform theme, a
health blueprint of Shenzhen was drafted and ﬁnalized
in 2006. The highest priority is being given to the establishment of the hospital-based community health
centre (CHC) network to ensure the provision of highquality, community-based basic medical and public
health services [26].

METHODS
Epidemiological data
HFMD has been upgraded to a Class C communicable disease since 2008. An implication of this classiﬁcation is that nationwide cases of HFMD have
been ofﬁcially reported to the National Diseases
Reporting System (NDRS), and the Chinese Center
for Disease Control and Prevention (Chinese CDC).
The clinical criteria for diagnosis of HFMD cases
were provided in a guidebook published by the
Chinese Ministry of Health in 2010. Patients with
the following symptoms are deﬁned as having
HFMD: fever, papules, and herpetic lesions on the
hands or feet, rashes on the buttocks or knees, inﬂammatory ﬂushing around the rashes and little ﬂuid in
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the blisters, or sparse herpetic lesions on oral mucosa.
Clinical diagnoses of HFMD are strictly examined
and veriﬁed by various levels of CDC. At the provincial level, at least 10 cases were serotyped each month.
Serotyping and sequencing were performed at provincial surveillance laboratories with quality control from
the Chinese CDC [27, 28]. For this study, HFMD
data was obtained from the Chinese CDC for the period between 1 January 2008 and 31 December 2010.
The recorded information included basic patient information (e.g. name, gender, age, date of birth), spatial
information (e.g. patient’s address, reporting company), and temporal information (e.g. patient’s onset
date, diagnosis date). We selected patient onset date
as the temporal information and patient address as
the spatial information.
When we analysed the temporal distribution of
reported HFMD cases, we tested the correlation
using Pearson’s rank correlation with SPSS software
v. 16.0 (SPSS Inc., USA). Two-tailed analysis was
used for statistical tests and P < 0·05 was considered
statistically signiﬁcant. When we analysed the spatial
distribution of reported HFMD cases, incidence rate
refers to the frequency of new infected cases during
a given time interval, which is equivalent to the number of new cases divided by the population during a
given time interval. Although raw incidence rate
data may not effectively reﬂect true risks, incidence
rate represented in spatial units for areas of high population density is more reliable due to reduced randomness. Conversely, the incidence rate in spatial units
with a lower population density is not reliable. To
solve this problem, we re-estimated the incidence
rate using Bayesian adjustments to uncover the true
risks for an exposed population [12, 29]. We also
searched for any association between the number of
reported HFMD cases and meteorological and social
factors using Spearman’s rank correlation. Spearman’s
rank correlation is a non-parametric measure of statistical dependence between two variables, and it is
non-parametric in that its exact sampling distribution
can be obtained without requiring knowledge of the
probability distribution of variables.

Meteorological data
Meteorological data collected in 2009 was obtained
from the Meteorological Bureau of Shenzhen
Municipality. There are a total of 54 meteorological
stations in Shenzhen, including eight in Futian district, six in Luohu district, seven in Nanshan district,

seven in Yantian district, 11 in Baoan district, 13 in
Longgang district, and two in Guangming new district. The Meteorological Bureau of Shenzhen
Municipality publishes daily data regarding temperature (°C) and precipitation (mm) for each meteorological station. In addition, this source also publishes
a Shenzhen climate bulletin each year, in which the
annual average temperature and precipitation are included. The annual average temperature and precipitation are calculated by averaging the daily data. By
interpolating the annual average temperature and precipitation for meteorological stations, we were able to
obtain a distribution map of the annual average temperature and precipitation in Shenzhen. Finally, the
annual average temperature for each street was calculated by averaging the annual temperature distribution
map for each street, and the same calculations were
performed for the annual average precipitation for
each street.

Social data
In this study, the social data included the road and
drainage density, population, and number of hospitals. Both the scale of the road data and river data
in Shenzhen were 1:1000, and these data were
obtained in 2008. Road density (RD) refers to the
ratio of the road length (RL) divided by the study
area (A), and drainage density (DD) refers to the
ratio of the length of the river (L) divided by the
study area (A); these values can be obtained using
equation (1) and equation (2), respectively.
RD = RL/A,
DD = L/A.

(1)
(2)

The study period for HFMD ranged from 2008 to
2010. This was about the time of the sixth census in
2010 in China, so the population data were mainly
obtained from the sixth census, which was published
by the administrative districts of Shenzhen. The number of hospitals was recorded in 2008.

Geographically weighted regression (GWR) model
Traditional linear regression is often used for the
analysis of quantitative geography. As a general technique for investigating the linkage between geographical variables, this method has featured in countless
publications. The well-known components of this
type of regression model include X, which is a matrix
containing a set of independent or predictor variables,
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and y, which is a vector of the dependent or response
variables [30, 31]. The relationship between these
variables is modelled as follows:
yi = β0 +

p


βk xik + εi ,

(3)

k=1

where β is a vector of regression coefﬁcients and
εi ∼ N(0, σ2). The inclusion of two strongly collinear independent variables in a regression model may lead to
an erroneous conclusion [32]; therefore, we need to
eliminate the collinear variables in the independent
variables before we establish the regression model.
However, there may be situations when the nature
of such models is not ﬁxed in space, which is referred
to as spatial non-stationarity. To include spatial heterogeneity in the model, Fotheringham and colleagues
proposed the GWR model, which extends the traditional regression model by allowing local variations
in rates of change such that the coefﬁcients in the
model are speciﬁc to a given location, rather than
serving as global estimates [30, 33]. This regression
equation is shown as equation (4)
yi = β0 (ui , vi ) +

p


βk (ui , vi )xik + εi

k=1

(i = 1, 2, 3, . . . , n),

(4)

where (ui, νi) is the coordinate at location i, βk(ui, νi)
is the value of the kth parameter at location
i, εi ∼ N(0, σ2), and Cov(εi, εj) = 0(i ≠ j). If βk(u1, v1) =
βk(u2, v2) = . . . = βk(un, vn), the GWR model will be
converted to the ordinary linear regression model.
The advantage of the GWR model is that, once the
model has been calibrated, it is possible to map the
variation in the original regression parameters and
gain some understanding of the spatial patterns in
the association between predictor and response variables [33]. A geographical surface of models is derived
with associated goodness-of-ﬁt statistics and localized
parameter estimates such as R2, standard error, and
t values. We used the GWR coefﬁcient values to explore the spatial variability of relationships between
reported HFMD cases and meteorological and social
factors. For the purpose of comparison, the traditional
linear regression model was also derived and compared
to the GWR model output using the global R2. Lin &
Wen used Ordinary Least Squares (OLS) and GWR
models to analyse spatial relationships and identify
the geographical heterogeneities by using the information of entomology and dengue cases, and they
demonstrated that a GWR model could be used to
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geographically differentiate the relationships of dengue
incidence with immature mosquito and human densities [34]. Grillet et al. used local spatial statistics and
GWR to determine the spatial pattern of malaria
incidence and persistence in northeastern Venezuela.
The GWR model greatly improved predictions of
malaria risk compared to OLS regression models [35].
In this study, we eliminated the collinearity in all independent variables, and then constructed the traditional linear regression model for the number of
reported HFMD cases in 2009 using the selected explanatory variables. In addition, we excluded the explanatory variables which had little impact on the
regression model. Finally, we used GWR tools in
ArcGIS 9.3 (ESRI, USA) to construct the GWR
model to study the spatial varying relationships
between the number of reported HFMD cases and
explanatory variables.
R E S ULTS
Epidemiological data analysis
We analysed a total of 39 046 HFMD cases from 2008
to 2010 in Shenzhen, including 24 674 male patients
and 14 372 female patients. The male/female ratio of
reported HFMD cases was 1·72:1. Figure 2a shows
the age distribution of the reported HFMD cases,
with the age of affected individuals typically ranging
from 0 to 4 years (88% of cases). According to the
ﬁfth census data of Shenzhen in 2000 the male/female
ratio of the population in the 0–14 years age group
was 1·35:1, and the population in age groups 0, 1–4,
5–9, 10–14 was 47 200, 184 400, 203 400, 160 300,
respectively. The male/female ratio of reported
HFMD cases was not signiﬁcantly different compared
to the demographics of the population. However, the
population in the 5–9 years age group was highest,
while the largest age group of reported HFMD cases
was 1–4 years. Figure 2b shows the birth month distribution of reported HFMD cases, with a peak
observed during the summer season, especially in
May, and a trough observed in February. The ratio
of reported HFMD cases for 2008 to 2010 in spring,
summer, autumn, winter was: 2008 (359, 5461, 823,
554), 2009 (2318, 3435, 2086, 1095), 2010 (5431,
10 279, 5048, 2157).
Temporal distribution
The number of yearly reported HFMD cases in 2008,
2009, and 2010 was 7197, 8934, and 22 915,
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observed in October and November. When comparing
Figure 2b and Figure 3, it was clear that the trends of
these two curves were similar. Furthermore, after analysing the correlation of the number of reported
HFMD cases per month between birth and onset,
we found that these factors were signiﬁcantly positively correlated (ρ = 0·9, P < 0·01). Therefore, the
time of birth had an impact on the outbreak of
reported HFMD cases.
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Figure 4 shows the incidence rate map of reported
HFMD cases from 2008 to 2010 after Bayesian
adjustments were made for the 55 streets in
Shenzhen. It was found that the areas with high incidence rates were located in the centre and east of
Shenzhen, particularly Donghu street (Luohu district)
and Longgang street and Pingdi street (Longgang district). In contrast, the incidence rate was low in the
west region of Shenzhen.
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Fig. 2. Basic information of reported hand-foot-and-mouth
disease (HFMD) cases. (a) Age distribution of reported
HFMD cases, and age of affected individuals typically
ranging from 0 to 4 years. (b) Birth month distribution of
reported HFMD cases, with a peak observed in summer.
Birth month means the month in which HFMD patients
were born.
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The relationships between various factors and the
number of reported HFMD cases in 2009 are shown
in Table 1. It was found that the number of reported
HFMD cases in 2009 was positively associated with
the annual average temperature, number of hospitals,
population, and number of reported HFMD cases in
2008, whereas this number was negatively associated
with the annual average precipitation, RD and DD.
We examined correlations between independent variables and found that population, number of reported
HFMD cases in 2008, and number of hospitals were
highly correlated with each other (correlation coefﬁcient >0·6). Hence, we selected the number of reported
HFMD cases in 2008, RD, DD, annual average temperature and precipitation as explanatory variables for
further analysis.
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Fig. 3. Temporal distribution of reported hand-foot-andmouth disease cases, with a seasonal peak in April, May,
June of each year.

respectively. Figure 3 shows the monthly increase in
the number of reported HFMD cases, and it was
found that a seasonal peak occurred in April, May,
and June of each year, with a smaller peak also

GWR model
In this study, we constructed a traditional linear regression model for the number of reported HFMD
cases in 2009 based on the number of reported
HFMD cases in 2008, RD, DD, annual average temperature and precipitation, with an R2 value of 0·57.
As shown in Table 1, the correlations between the
number of reported HFMD cases in 2009 and RD
and DD were quite low. Therefore, we excluded
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Fig. 4. Incidence rate map of reported hand-foot-and-mouth disease (HFMD) cases from 2008 to 2010 after Bayesian
adjustments for the 55 streets, and areas with high incidence rates located in Donghu street, Longgang street, and Pingdi
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these two factors, and the regression model constructed after excluding these two factors is given in
equation (5), with an R2 value of 0·55. As a result,
RD and DD had little impact on the regression
model and could therefore be excluded from the
model. In equation (5), Num refers to number of
reported HFMD cases in 2008, Temp represents
annual average temperature, and Rain stands for
annual average precipitation. The coefﬁcients of the
linear regression model are shown in Table 2.
y = 163·339 + 0·996Num + 37·093Temp
− 0·242Rain.

(5)

As previously stated, the above traditional regression
model ignores the spatial dependence and heterogeneity of spatial data. In this study, we also constructed
the GWR model for the 55 streets in Shenzhen. The
independent variables included Num, Temp, and
Rain. The output of the GWR model is shown in
Figure 5 and Table 3, and this model was used to include spatial patterns in the association between these
three independent variables and the dependent variable. The goodness of ﬁt of this GWR model with
an R2 value of 0·83, is much better than that of the
traditional linear regression model, and sigma (the
estimated standard deviation for the residuals), is
80·14.
In the traditional regression model, the coefﬁcient
of annual average precipitation was negative. However, this value was positive for some areas and
negative for other areas in the GWR model from

Figure 5d; even if the signs of the variable coefﬁcients
in these two methods were the same, different areas
demonstrated different values. As shown in Figure 5b,
the coefﬁcient for annual average temperature differed
across the entire study area, as did the coefﬁcient of
the number of reported HFMD cases in 2008. Therefore, the independent variables had different impacts
on the number of reported HFMD cases spatially.
The spatial distribution of R2 in Figure 5a revealed
differences in the goodness of ﬁt. For example, the
maximum value of R2 (range 0·8–1·0) was detected
in the centre of Shenzhen (including Luohu district,
part of Yantian district, part of Baoan district, and
part of Longgang district), while the minimum value
of R2 (range 0·1–0·3) was located in the northwest
region of the city (including Guangming new district
and part of Baoan district). In the centre and east of
Shenzhen the R2 value was >0·6, which was also
greater than that calculated with the traditional regression model. However, in the west of Shenzhen,
the R2 value was lower than that calculated with the
traditional regression model. This result revealed
that the three factors, i.e. the number of reported
HFMD cases in 2008 and the annual average temperature and precipitation, accounted for the propagation mechanism of HFMD in the centre and east
of Shenzhen. However, in the west of Shenzhen, the
propagation of HFMD was also affected by other factors, such as the propagation of HFMD from nearby
regions and preventive measures implemented by the
government.
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Table 1. Spearman’s rank correlation between meteorological and social
factors and the number of reported HFMD cases in 2009
Spearman’s rank
correlation coefﬁcient

Factors
Annual average temperature (°C)
Annual average precipitation (mm)
Number of hospitals
Population
Number of reported HFMD cases in 2008
Drainage density
Road density

0·260
−0·301
0·590
0·573
0·760
−0·024
−0·117

P value
0·053
0·024
0·000
0·000
0·000
0·862
0·390

HFMD, Hand-foot-and-mouth disease.

Table 2. The coefﬁcients of the linear regression model

Independent variable

Dependent variable

No. of reported HFMD
cases in 2008
Annual average
temperature
Annual average
precipitation

No. of reported HFMD
cases in 2009
No. of reported HFMD
cases in 2009
No. of reported HFMD
cases in 2009

Unstandardized
coefﬁcients

Standard error of
the unstandardized
coefﬁcients

P value

0·996

0·147

0·000

37·093

11·886

0·003

−0·242

0·118

0·045

HFMD, Hand-foot-and-mouth disease.

Figure 5b shows the spatial impact of the number of
reported HFMD cases in 2008 on the number of
reported HFMD cases in 2009. This impact demonstrated good clustering and an increasing trend for
from west to east. Figure 5c shows the the coefﬁcient
distribution of the annual average temperature in the
GWR model, which was found to be relatively discrete. The impact of the annual average temperature
on the number of reported HFMD cases was greatest
in the northeast and lowest in the centre of Shenzhen.
Figure 5d shows the coefﬁcient distribution of the
annual average precipitation in the GWR model,
and the number of reported HFMD cases was positively correlated with the annual average precipitation
in the centre and east of Shenzhen, but negatively correlated in some regions in the west of Shenzhen.
Moreover, the impact of precipitation on the number
of reported HFMD cases was greater in the east than
in the west. Therefore, when the annual average precipitation was positively correlated with the number
of reported HFMD cases, the annual average precipitation had a lower impact on the number of reported
HFMD cases.

D I S C U S S IO N
HFMD has been upgraded to a Class C communicable disease since 2008 in China. The analysis of
HFMD from aspects of spatio-temporal distribution
and propagation will be of great help for the prevention and treatment of this disease. In this study we
analysed the age distribution of reported HFMD
cases from 2008 to 2010 and found reported HFMD
cases targeting both children and adults, particularly
children aged < 4 years. According to the temporal
distribution of reported HFMD cases, the number
of reported HFMD cases continues to grow each
year. A seasonal peak of HFMD occurs in April,
May, and June of each year, which is similar to the
results of Cao et al. [12], because host behaviour probably varies with season [36]. For example, people are
more likely to go outside in summer than in winter,
and when the frequency of person-to-person contact increases, this can facilitate the transmission of
enteroviruses through respiratory droplets, open and
weeping skin vesicles, or direct contact with contaminated objects and environmental surfaces [16]. After
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Fig. 5. Coefﬁcient distribution of determination of the model and independent variable in the model. (a) Coefﬁcient of determination for the model showing differences in
the goodness of ﬁt. (b) Coefﬁcient of number of reported hand-foot-and-mouth disease (HFMD) cases in 2008 showing the spatial impact of the number of reported
HFMD cases in 2008 on the number of reported HFMD cases in 2009. (c) Coefﬁcient of annual average temperature showing the spatial impact of the annual average
temperature on the number of reported HFMD cases in 2009. (d) Coefﬁcient of annual average precipitation showing the spatial impact of the annual average precipitation
on the number of reported HFMD cases in 2009.
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Table 3. Parameter estimation and test results of the
geographically weighted regression model
Model parameter

Value

Residual squares
Effective number
Sigma
Akaike’s Information Criterion
R2
Adjusted R2

44 925·56
3·00
80·14
124·92
0·83
0·78

analysing the correlation of the number of reported
HFMD cases per month between birth and onset,
these factors were found to be signiﬁcantly positively
correlated (ρ = 0·9, P < 0·01). Therefore, we found
that birth time has an impact on the outbreak of
reported HFMD cases, which is also similar to the
results of Cao et al. [12]. According to the spatial distribution of reported HFMD cases from 2008 to 2010,
the high incidence rate areas were located in the centre
and east of Shenzhen, indicating that studies concerning the propagation mechanism of HFMD in these
areas are quite important.
Previous studies have demonstrated the relationships between climate factors and various infections,
including HFMD [10, 13, 18–21, 37]. Under a regression model, temperature, relative humidity, wind
speed, and precipitation were related to reported
HFMD cases in Hong Kong [10]. Similarly, weekly
temperature and rainfall showed statistically signiﬁcant
association with HFMD incidence at a time lag of
1–2 weeks in Singapore [21]. Similar to these studies,
we analysed the relationships between reported
HFMD cases and meteorological parameters. In addition, we took social factors into account, for example,
RD and DD. To sum up, we analysed the correlations
between the number of reported HFMD cases in 2009
and the annual average temperature and precipitation,
number of hospitals, population, number of reported
HFMD cases in 2008, RD and DD. We found that
the annual average temperature and precipitation,
population, number of hospitals, and number of
reported HFMD cases in 2008 was signiﬁcantly correlated with the number of reported HFMD cases in
2009. Moreover, the traditional regression model was
mainly used to predict HFMD cases in the previous
studies. In order to include spatial heterogeneity in
the model, we constructed a GWR model to study
the spatial varying relationships between number of
reported HFMD cases and explanatory variables.

The output of the model demonstrated that the independent variables had different impacts on the number
of reported HFMD cases spatially. First, the output of
the model revealed that the number of reported HFMD
cases in 2009 was positively associated with the annual
average temperature and number of reported HFMD
cases in 2008 for the entire study area. Second, the impact of the number of reported HFMD cases in 2008 on
the number of reported HFMD cases in 2009 demonstrated an increasing trend when moving from west to
east; the impact of the annual average temperature on
the number of reported HFMD cases was greatest in
the northeast. Third, the impact of the annual average
precipitation on the number of reported HFMD cases
was positive for some regions in the west of
Shenzhen, in which the annual average precipitation
had a low impact on the number of reported HFMD
cases, but this impact was negative for other regions.
Figure 5a shows that in the centre and east of
Shenzhen, the three independent variables in the
model provide a good explanation for the propagation
of HFMD. As stated above, the high incidence rate
areas were located in the centre and east of
Shenzhen, which indicates that the GWR model was
quite suitable for the high incidence rate areas in
Shenzhen. However, the R2 value was relatively low
in the west because, apart from the meteorological
and social factors previously mentioned, the HFMD
outbreak was associated with other factors such as immunity of the susceptible population, economic conditions in different regions, characteristics of different
enteroviruses, medical treatment, and containment
by the government.
The limitation of this study is the underreporting of
HFMD cases in clinics and hospitals. First, migrant
workers constitute the majority of the population in
Shenzhen. These workers generally have a lower income and poorer socio-demographic characteristics
compared to the permanent residents of the city.
Although efforts are being made to improve the
healthcare system, some migrant workers have problem receiving public health services. Second, some
HFMD cases do not attend hospital to seek healthcare, because their symptoms are not serious.
The GWR model demonstrates clearly that using
HFMD data from the past combined with meteorological factors helps to explain the propagation of
HFMD, which will be useful to researchers and practitioners. They can take these variables into account
when studying the propagation mechanism of
HFMD, and then develop the forecasting systems
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for HFMD. However, some social factors including
RD and DD have little impact on the regression
model in this study. Nevertheless, it is better to consider these social factors in other study areas.
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