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Background: Dengue has become an increasing public health threat around

the world, and climate conditions have been identified as important factors

affecting the transmission of dengue, so this study was aimed to establish a

prediction model of dengue epidemic by meteorological methods.

Methods: The dengue case information and meteorological data were

collected from Guangdong Provincial Center for Disease Prevention and

Control and Guangdong Meteorological Bureau, respectively. We used

spatio-temporal analysis to characterize dengue epidemics. Spearman

correlation analysis was used to analyze the correlation between lagged

meteorological factors and dengue fever cases and determine the maximum

lagged correlation coefficient of different meteorological factors. Then,

Generalized Additive Models were used to analyze the non-linear influence

of lagged meteorological factors on local dengue cases and to predict the

number of local dengue cases under different weather conditions.

Results: We described the temporal and spatial distribution characteristics of

dengue fever cases and found that sporadic single or a small number of

imported cases had a very slight influence on the dengue epidemic around.

We further created a forecast model based on the comprehensive

consideration of influence of lagged 42-day meteorological factors on local

dengue cases, and the results showed that the forecast model has a forecast
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effect of 98.8%, which was verified by the actual incidence of dengue from

2005 to 2016 in Guangzhou.

Conclusion: A forecast model for dengue epidemic was established with good

forecast effects and may have a potential application in global dengue endemic

areas after modification according to local meteorological conditions. High

attention should be paid on sites with concentrated patients for the control of a

dengue epidemic.
KEYWORDS

dengue fever, temporal characteristics, spatial distribution, meteorological
parameter, Spearman correlation analysis, generalized additive models
1 Introduction

Dengue virus is sensed and resisted via toll-like receptor

recognition in keratinocytes (Wang and Li, 2020), which activate

specific CD8 + T lymphocytes and transfers skin lymphocyte-

associated antigen to the skin for expression through virus-

specific CD4+ and CD5+ T lymphocyte-related circulation,

causing clinical symptoms. Dengue has become an increasing

public health threat around the world due to its high incidence

and fast spread rate, serious health consequences including

death, and lack of effective treatment and vaccine (Promprou

et al., 2005). In the past 15 years, the global incidence of dengue

fever has increased by 70%, with 390 million people suffering

from dengue fever annually and involving 128 countries and

regions (Bhatt et al., 2013).

In China, dengue cases have been reported every year since

1997, and dengue has become one of the critical infectious

diseases to be prevented and controlled. Of the whole country,

Guangzhou City is the hardest hit area of dengue with 90% cases

reported. It may be related to the geographical and climatic

environment of Guangzhou, which is located in south China and

close to Southeast Asian countries. The dominant vector of

dengue transmission in Guangzhou is Aedes albopictus (Liu

et al., 2017), and aquatic habitats contain the highest

concentration of larval mosquitoes in urban areas and the

lowest concentration in exurban areas (Zhu et al., 2016).

In the history of Guangzhou, there were three occasions of

which the number of cases in 1 year exceeded a thousand (2006,

2013, and 2014). One outbreak happened in 2014 and affected 20

cities, with over 42,335 cases reported (Liu et al., 2018; Chen

et al., 2019). Supplementary Figure S1 shows the geographic

distribution of dengue cases in 2014, which is presented as an

orange–red area denoting the concentration of a large number of

cases. Guangzhou is the center of the Guangdong–Hong Kong–

Macao Greater Bay Area and surrounded by Hong Kong,
02
Shenzhen, Foshan, Zhuhai, and Macao, which means that the

six core cities are facing the threat of dengue transmission. The

government annually spends 200 million yuan on disease

control, but the results are far from satisfying. With the

deepening of regional cooperation in the urban agglomeration

and the acceleration of population flow of Guangzhou and the

surrounding areas, this Greater Bay Area is facing more severe

challenges of dengue disease control than in 2014. Therefore, it is

urgent to establish an early warning and prediction system with

high precision for dengue epidemic.

Climate conditions have been identified as important factors

affecting the transmission of dengue (Chien and Yu, 2014;

Alkhaldy, 2017; Sanchez-Gonzalez et al., 2018)—for example,

temperature affects the biting activity and the distribution of

Aedes aegypti (Couret and Benedict, 2014) and virus

development (Mutheneni et al., 2017). Humidity also has an

impact on the population density of female mosquitoes.

Furthermore, mosquitoes live longer and disperse further

under high relative humidity conditions (Promprou et al.,

2005). A distinct seasonal pattern in the outbreaks of dengue

viruses around the world was consistent with the beginning and

end of rainy season (Promprou et al., 2005). An increase in

reported dengue cases was proved in association with an increase

in average monthly rainfall and average monthly maximum

temperature (Hu et al., 2012; Chien and Yu, 2014). The attempts

to build predictive models from meteorological data began in

2001 (Schreiber, 2001), and several models were established,

such as Generalized Cross-Validation (Sang et al., 2015) and

Spatio-temporal Bayesian Hierarchical Model (Lowe

et al., 2016).

Generalized Additive Models (GAMs) are commonly used

to set a predictive model for infectious diseases (Hart et al., 2009;

Gu et al., 2015; Ateba et al., 2020). Lin et al. (2016) used GAMs to

assess the effectiveness of a community-based integrated

intervention of dengue in Guangzhou and acheived significant
frontiersin.org

https://doi.org/10.3389/fcimb.2022.881745
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fcimb.2022.881745
effects to control outbreak in areas. While Li et al. (2017)

established GAMs with only a 1-week lag based on Baidu

Search Index data. Therefore, in this study, we aimed to

develop tailored, climate-based forecasting models of dengue

fever for Guangzhou City by GAMs with a longer forecast period

and further investigated the influence of imported dengue cases

on the disease epidemiology. This study took the collaboration

between meteorology and public health one step further by co-

developing a dengue early probabilistic forecast model using

meteorological parameters, which could provide markedly

improved forecasting techniques for disease prediction and

could potentially be operationalized as a meteorological service

for the public health sector.
2 Methods

2.1 Meteorological data

We collected the meteorological data from January 1, 2005

to December 31, 2016 from Guangdong Meteorological Bureau,

including daily average temperature, daily precipitation, daily

average humidity, and daily weather phenomena (days of

continuous rainfall and continuous days without rainfall). The

meteorological data analyzed in this article mainly came from

Guangzhou National Weather Station. The station is no. 59287,

and its latitude and longitude is 23°21′ N and 113°48′ E. It
collects the meteorological data of Guangzhou City from 262

automatic weather stations.
2.2 Dengue case data

We collected the dengue case data between January 1, 2005

and December 31, 2016 from Guangdong Provincial Center for

Disease Prevention and Control, including the number of cases

reported per day with the onset time, the detailed address of the

patients, and whether the case was imported.

Imported cases are defined as those who have traveled to

dengue endemic regions and been bitten by mosquitoes less than

15 days before the symptom onset (Sang et al., 2015). The

information of imported cases, including disease course

information and demographic information, was provided by

Guangdong Province Center for Disease Prevention

and Control.
2.3 The interpolation of climatic data of
dengue cases

The longitude and the latitude of automatic stations in

Guangzhou City and the residential addresses of dengue cases

were collected from Guangdong Meteorological Bureau and
Frontiers in Cellular and Infection Microbiology 03
Guangdong Provincial Center for Disease Prevention and

Control, respectively. The meteorological data of each dengue

case were transformed according to the distance between the

locations of cases and automatic stations, and the way for

transformation is called interpolation (Belcher and Degaetano,

2007). We interpolated the meteorological data of the location of

each dengue case at the date of diagnosis by Formula 1 (Belcher

and Degaetano, 2007), and the calculated meteorological data

were used for the further analyses of the relationship between

meteorology and dengue cases.

Formula 1

Z =on
i−1

Zi
d2i

on
i=1

1
d2i

where n is the sample number, Zi is the climatic data of the

sampling site, and di is the distance from i to the interpolated

site. When the sampling site and the interpolated site overlap,

the sampling site weight is 1, and the Z value of the interpolated

site is equal to that of the sampling site. Sampling site is the

location of Automatic Weather Station with a fixed location and

set by the Meteorological Bureau in the city. The interpolated

site is the location of a dengue case.
2.4 Statistical analyses

Data were presented as mean ± SD, and the correlation

between the number of dengue cases and the meteorological

factors in epidemic was analyzed by Pearson correlation analysis

(Tang et al, 2017), Spearman correlation analysis, and GAM

models. A P-value of<0.05 was considered statistically significant.

All the statistical analyses were performed using the

statistical software R 4.1.2 (R Foundation for Statistical

Computing, Vienna, Austria).
2.4.1 Spatio-temporal correlation analysis of
imported dengue cases

According to the onset time information and residential

address of the imported cases, a continuous time series was

formed from January 1, 2005 to December 31, 2016. Then, high-

precision geographic grid points were used to conduct a spatio-

temporal correlation analysis of the imported cases by the

following steps: if the onset time of a case was before entry to

Guangzhou, the entry time was taken as the starting point for the

analysis; if the onset time was after entry, the onset time was

taken as the starting point. The density of dengue patients was

calculated daily from the starting point.

The residential address of the imported case was taken as the

center of the circle, and the density of patients in different radii

was calculated within 20 km using 100 m apart. According to the

flight distance of mosquitoes, it is generally believed that the
frontiersin.org

https://doi.org/10.3389/fcimb.2022.881745
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Chen et al. 10.3389/fcimb.2022.881745
range of a mosquito’s activity is mainly within 100 m of its

birthplace, and the maximum is no more than 1 km (WHO,

2009). We mainly calculated the incidence of dengue in this area

with high risk, and the 20-km distance evaluated is set to

evaluate the impact of imported case as comprehensively as

possible. The distance of non-imported case from the imported

case was calculated according to Formula 2.

Formula 2: Distance calculation formula from Di to Di + 1:

onx
x=1ony

y=1H Ly − Lx
�� ��

ny*nx

H Ly − Lx
�� �� = 1;Di ≤ Ly − Lx

�� �� ≤ Di+1

H Ly − Lx
�� �� = 0; Ly − Lx

�� �� ≤ DiorDi+1

< Ly − Lx
��

8>><
>>:

where x is the imported case, y is the non-imported case, Lx
is the location of the imported case, Ly is the location of the non-

imported case, D is the distance unit (100 m), Di is the i-th unit

distance, |Ly–Lx| is the distance between two cases and calculated

by latitude and longitude, and Hmeans Heaviside step function.

2.4.2 Spearman’s correlation coefficient
Spearman’s correlations were used to investigate the

association between dengue cases and local meteorological

data. The correlation coefficient of each meteorological

parameter with different lag days was calculated, and the

identified lag days of the maximum coefficient were used to

establish the GAMs and applied to predict the number of cases.
2.4.3 GAMs
GAMs were used to analyze the non-linear influence of

meteorological factors on local dengue cases and predict the

number of local dengue cases.

We got interpolations of various meteorological factors by

Formula 1, and the interpolations of meteorological element

data were substituted to the forecast (Formula 3) for a high-

precision prediction of any grid point of Guangzhou City.

The prediction Formula 3 is as follows:

g mð Þ = b0 +obiXi +oSj(Xj)

In Formula 3, g(m) denotes a link function that can select the

corresponding link function according to the different statistical

distributions of the dependent variable. Consistent with previous

studies, the distribution of dengue cases in this study fits a

Poisson distribution. Thus, the corresponding link function for

the GAMs is ln(y). b0 is a constant term, bi(Xi) represents the

linear fitting function, and Si(Xi) represents the nonlinear fitting

function (smooth function), so the dependent variable y refers to

the number of local cases from 2005 to 2016 [ln(local cases). The

independent variable Xi represents ln(cumulative local cases

from previous days +1), cumulative imported cases from

previous days, and Xj represents temperature, precipitation,

and wind with the lag day of maximum correlation coefficient.
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The GAMs are selected according to the generalized cross-

validation (GCV) score and R-square, with a better model

corresponding to smaller GCV values and bigger R-square. R-

square is expressed as the percentage of the explained variance,

which is a quality measure of the model’s fit to the data.

First, we used Spearman’s correlation coefficient to find the

factors with the highest correlation with the number of dengue

cases, including daily average temperature, accumulated

precipitation, daily average wind speed for lag days (1–168

days), cumulative number of local cases in previous days (1–

168 days), and cumulative number of imported cases in previous

days (1–168 days). Then, the daily average temperature,

accumulated precipitation, and daily average wind speed of the

lag days with the highest correlation were used as the nonlinear

part, and the cumulative number of local cases in previous days

and the cumulative number of imported cases in previous days

with the highest correlation are used as the linear part, and the

GAMs were established. Since the lag days of daily average

temperature, accumulated precipitation, and daily average wind

speed were adjusted to different days, cumulative number of

local cases, cumulative number of imported cases in different

previous days, etc., the best model was obtained according to the

smallest GCV and largest R-square.

After that, sensitive analyses were applied to demonstrate

that the results were robust, of which precipitation was replaced

with relative humidity, and daily average temperature,

accumulated precipitation, and daily average wind speed were

replaced with different lag days, etc.
3 Results

3.1 Overall temporal and spatial
distribution characteristics of
dengue cases

Figure 1A shows the spatial distribution of patients during 1

January 2005 to 31 December 2016, and an obvious clustering

was observed in Guangdong–Hong Kong–Macao Greater

Bay Area.

From 1 January, 2005 to 31 December, 2016, the total

number of dengue cases in Guangzhou was 46,206, with 343

imported cases. It is worth noting that 45,870 dengue cases were

reported from July to November, accounting for 99.28% of the

total cases. From January to June, only 335 cases (0.73%) were

reported, and February had the lowest incidence during a whole

year (Figure 1B).

Furthermore, 2014 had the most serious epidemic during the

12 years with 42,335 cases reported, accounting for 91.62% cases

of the 12 years (Figure 1B), followed by 2006 (1,319 cases, 2.85%)

and 2013 (1,311 cases, 2.84%). There were no more than 500

cases per year in the remaining 9 years.
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3.2 Influence of imported cases on the
epidemic of dengue

From 1 January, 2005 to 31 December, 2016, 343 cases were

imported, accounting for 0.74% of the total number of cases

(Figure 2A). Among them, 86 cases were imported in 2014,

followed by 2015 (72 cases) and 2016 (56 cases). Figure 2B shows

the ratio of imported cases of the total cases in each year from

2005 to 2016. In some years, the ratio of imported cases was very

high (2005, 24.24%; 2009, 57.14%; 2010, 23.17%; 2015, 22.29%;

and 2016, 15.73%).

From May to November is the main period for imported

cases. The number of imported cases reached 289, accounting

for 83.29% of the total imported cases. The maximum number of

imported cases was 80 in October, accounting for 23.05% of all

the imported cases. The lowest import was in February, with a

total of seven imported cases or 2.02% of the total imported

cases. In the 12 years from 2005 to 2016, the first imported case

occurred in January 1 at the earliest and in June 30 at the latest.

The Pearson correlation analysis shows that the correlation

coefficient between the imported cases and the occurrence of
Frontiers in Cellular and Infection Microbiology 05
dengue cases reached 0.891 under the confidence of a = 0.01,

indicating that there was a positive correlation between the

imported cases and the dengue incidence in Guangzhou.

By Formula 2, the distance of new cases from the imported

case was calculated. We set the imported case as the center; the

horizontal axis was the distances from the case, and the vertical

axis was the number of cases within different days after the onset

time. The influence of imported cases on the epidemic of dengue

cases around was evaluated in Figure 3. The results showed that

the high-density area for case distribution is 5,000 to 6,500 m in

distance and within 5 days in terms of time, with a potential

dengue case incidence of 0.0181%. The spatio-temporal area at a

distance within 1,000 m and of time longer than 15 days shows a

low-density area of cases reported. It is generally believed that

the range of the mosquito’s activity is mainly 100 m from its

birthplace, and the maximum is no more than 1 km (WHO,

2009), and dengue incubation in the human body takes 3–10

days (Chan and Johansson, 2012), so the abovementioned

spatio-temporal area is with most influence of the imported

cases, but our result showed that the potential dengue case

incidence is only 0.0021% (Figure 3).
A

B

FIGURE 1

Temporal and spatial distribution characteristics of dengue cases from 2005 to 2016. (A) Accumulative spatial distribution of dengue cases from
2005 to 2016 in Guangzhou. Each patient with dengue fever reported from 2005 to 2016 represents a point, and all of the points are represented
on the map. Black dots represent weather stations providing weather data. (B) Time distribution of dengue cases from 2005 to 2016. The left
ordinate shows the case numbers of dengue for all years except 2014, and the right ordinate shows the case numbers of dengue in 2014.
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FIGURE 3

The influence of imported cases on the epidemic of surrounding dengue. The imported case was set as the original point, and the high-density
area for case distribution is 5,000 to 6,500 m from the imported case on distance and within 5 days on time of diagnosis of the imported case,
with a potential dengue incidence of 0.0181%. The area on the distance within 1,000 m and on time longer than 15 days shows a low-density
area of cases reported, with a potential dengue incidence of only 0.0021%.
B

A

FIGURE 2

Temporal distribution characteristics of imported dengue cases from 2005 to 2016. (A) Time distribution of dengue imported cases. (B) Ratio of
imported cases to total cases in each year.
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3.3 Establishment of a dengue
prediction model and verification of
its forecast effects

3.3.1 Establishment of a dengue
prediction model

We set Guangzhou as a grid point and plot meteorological

parameters including temperature, relative humidity,

precipitation, and wind speed of years 2005–2016 (Figure 4).

The correlation coefficient between the number of cases

and the lag of meteorological parameters including

temperature, precipitation, and wind speed for 1–168 days

were calculated (Figure 5, all P-values<0.05). As relative

humidity and precipitation are highly consistent, the

final variables included in the GAMs were temperature,

precipitation, and wind speed.

According to the Spearman’s correlation coefficient results,

the meteorological conditions of lag 42 days, the cumulative

number of local cases in the previous 2 days, and the cumulative

number of imported cases in the previous 40 days were selected

as the model’s adjust R-square = 0.989, deviance explained =

98.8%, and GCV = 0.970 (Table 1).
Frontiers in Cellular and Infection Microbiology 07
3.3.2 Verification of forecast effects of the
dengue prediction model

We used the average meteorological data of Guangzhou to

plot the incidence curve of dengue of years 2005–2016 by the

Forecast and verified it by the actual incidence.

The curve of daily occurrence of dengue cases and the actual

number of daily cases from 2005 to 2016 are shown in Figure 6,

and the results showed that the predicted curve by the forecast

model is in concordance with the actual case occurrence trend,

with a forecast effect of 98.8%.

4 Discussion

In this study, we established a forecast model of dengue

incidence by cooperation of meteorological and epidemiological

data in Guangzhou City. The model can accurately predict

dengue incidence and epidemiological status in Guangzhou 1.5

months in advance, which is superior to the Time Series Poisson

Regression Analysis models (Lu et al., 2009; Sang et al., 2015).

Since the relationship between climate information and

dengue has been confirmed (Promprou et al., 2005; Shang

et al., 2010), the establishment of a forecast system for dengue
B

C

D

A

FIGURE 4

Changes in meteorological factors from 2005 to 2016. (A) Daily average temperature. (B) Relative humidity. (C) Accumulated precipitation. (D)
Average daily wind.
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epidemic becomes a research hotspot. Most of the studies on

forecast system used statistical methods to produce dengue

predictions. Jain et al. (2019) used GAMs to fit the

relationships between the predictors and the clinical data of

dengue from 2008 to 2012 in Thailand and concluded that the
Frontiers in Cellular and Infection Microbiology 08
model allowed to make forecasts with a lead time of 1 month. Shi

et al. (Shi et al., 2016) developed a set of statistical models using

least absolute shrinkage and selection operator methods to

forecast the weekly incidence of dengue notifications over a 3-

month time period. Lowe et al. (2017) used seasonal climate and
B

C D

E F

A

FIGURE 5

Changes in correlation coefficients between the number of people with dengue on different lag days and meteorological factor. The number of
local cases is related to the daily average temperature (A), relative humidity (B), accumulated precipitation (C), and average daily wind speed
lagging 1–168 days (D) as well as the cumulative number of local cases in the previous 1–168 days (E) and the cumulative number of input
cases in the previous 1–168 days (F).
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TABLE 1 Results of the Generalized Additive Models.

Parameter Coefficient Standard error t-value P-value

Intercept -1.884 0.060 -31.36 <0.001

ln(cumulative imported cases in previous 40 days + 1) 1.095 0.006 185.68 <0.001

Cumulative imported cases in previous 2 days -0.012 0.001 -11.32 <0.001

S (temperature lagging 42 days) 8.676 8.917 31.30 <0.001

S (precipitation lagging 42 days) 8.953 8.998 25.88 <0.001

S (wind lagging 42 days) 7.387 7.847 14.91 <0.001
Frontiers in Cellular and Infection Microbiology
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B C

D E F
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J K L

A

FIGURE 6

Verification of predictive results and actual incidence of local dengue fever from 2005 to 2016 in China. Red curves present the actual cases,
and blue curves are the predicted curves created by Generalized Additive Models. (A) 2005. (B) 2006. (C) 2007. (D) 2008. (E) 2009. (F) 2010. (G)
2011. (H) 2012. (I) 2013. (J) 2014. (K) 2015. (L) 2016.
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El Niño forecasts to predict the evolution of the dengue season in

Machala, and the autoregressive model predicted dengue one

calendar month in advance.

Differently from the abovementioned studies, which used

statistical methods to obtain probabilistic forecasting equation

by studying climate factors and dengue cases through

correlation, the following studies set up dengue prediction

models by meteorological parameters. Lowe et al. performed

several studies on the relationship between dengue and

meteorological factors in Brazil, based on which they

established an early warning system driven by real-time

seasonal climate forecasts and the dengue cases reported to the

Brazilian Ministry of Health in February 2014 (Lowe et al., 2011;

Lowe et al., 2014; Lowe et al., 2015; Lowe et al., 2016); however,

they used incomplete surveillance data to drive the model, the

spatial resolution of the forecasts was coarse, and information

regarding the (re)introduction of different serotypes or vector

control activities were lacking. Lee et al. (Lee et al., 2018) used a

sensitivity analysis of the temperature-dependent parameters to

explore the effects of climate change on dengue transmission

dynamics. Yap et al. (Yip et al., 2022) used a rigorous Bayesian

modeling framework to construct an early warning system for

the central region of Malaysia and found 46.87% increase in

dengue cases due to an increase of 1°C in the central equatorial

Pacific sea surface temperature with a lag time of 6 weeks.

The current study weighed the influence of meteorological

indexes on dengue transmission, set a forecast model by GAMs,

and successfully confirmed that the predicted curve is in

concordance with the actual case occurrence trend, with a

forecast effect of 98.8%, which exceeded that of a Thailand

study (73%) (Jain et al., 2019) using GAMs with the additional

inclusion of socio-economic factors, of a Singapore study (95%)

(Shi et al., 2016) using least absolute shrinkage and selection

operator methods, and of an Ecuador study (90%) (Lowe et al.,

2017) using a Bayesian hierarchical mixed model.

For the role of imported cases in dengue epidemic, we got

some interesting results. The statistical analyses showed that the

correlation coefficient between the imported cases and the

occurrence of dengue reached 0.891 under the confidence level

of a = 0.01, indicating that there was a positive correlation

between the imported cases and dengue incidence. However,

when we used the spatio-temporal method to further analyze the

influence of the imported case on disease epidemic, we found

that, around the high-risk area (1,000 meters) of the imported

case within a period of 15 days, the potential dengue case

incidence is only 0.0021%, which means a very slight influence

of the imported case on the incidence of surrounding cases. The

conclusion is inconsistent with a previous study (Peng et al.,

2012), in which the authors concluded that the 2014 dengue

outbreak in Guangzhou was initiated by an imported case from

Southeast Asia based on the epidemiological results. We also

found that the influence of imported cases on annual epidemic is

closed to zero, even in the years with a high ratio of imported
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cases [2005, 8/33 (24.24%); 2009, 16/28 (57.14%); 2011, 19/82

(23.17%); 2015, 72/323 (22.29%); and 2016, 56/356 (15.73%)—

all of these years had a total number of cases less than 500. Thus,

combined with the abovementioned information, we concluded

that, from 2005 to 2016, the sporadic single or the small number

of imported cases of dengue may have a very slight effect on the

area around where the patient lives and have not caused an

epidemic of dengue around.

Zhao et al. (2020) reported that the 2014 dengue outbreak was

probably triggered by a new strain imported from other regions,

and a new strain most likely invaded Guangdong in April 2014.

The results of the dynamics of dengue infectivity were consistent

with our results as lag of 42 days plus incubation period for

dengue fever (1 to 2 weeks), which results in a disease break in the

summer season because of April import. We speculate that the

imported cases may be clustered multiple cases.

The study has the following limitations: (1) The study

directly collected the reported dengue cases from the local

Disease Prevention and Control Department, but people who

caught dengue with few or no symptoms were missed. (2) The

study did not include other socio-economic factors, which may

have an influence on its objectivity. Despite these limitations,

this work advances the state-of-the-art of climate services for the

public health. The current dengue prediction model can predict

a dengue epidemic in Guangzhou 1.5 months in advance, which

significantly aids in the management of scarce medical resources

by the responsible institutions. However, the efficacy of the

current meteorologybased dengue prediction model highly

depends on the availability of accurate climate information,

which varies very much among regions. Meanwhile, the living

habits of Aedes mosquitoes are impacted by current climates—

for example, the biting activity of A. albopictus varies from place

to place, such that the activity peak in Macau (near Guangzhou)

is observed between 06:00–08:00 and 18:00–20:00 (Almeida

et al., 2005), but in India, it shifts to 22:30–23:00 and 20:30–

21:00 (Sumodan, 2014). The dengue vector is Aedes aegypti, not

A. albopictus, in many countries, including Queensland,

Australia (Tun-Lin et al., 2000), Thailand, Puerto Rico (Scott

et al., 2000), and Bangladesh (Zahirul Islam et al., 2018). The

influence of climates on different kinds of Aedes mosquitoes

needs to be investigated. The decision of the 42-day lag as a

parameter in the prediction model is based on the association

between the meteorological data and the incidence and epidemic

of dengue fever, including the impact of climate on the vector.

When these abovementioned conditions change, the model will

inevitably change, so the current dengue prediction model

established based on the precise meteorological data of

Guangzhou is only recommended to be applied to the local

city. The successful implementation of the current prediction

model servicing for health in various regions depends on the

availability of relevant, high-quality meteorology data as well as

the capacity to transform the data into reliable and tailored

climate products, which relies on the close collaboration
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between public health specialists, climate scientists, and

mathematical modelers.

In conclusion, we successfully established a Probabilistic

Forecast Model of dengue epidemic including the number and

density of incidence using meteorological factors with a good

forecast effect, which was verified by the actual incidence data of

dengue in Guangzhou from 2005 to 2016. The study provides

evidence for the Public Health Department to generate a strategy

for the prevention and control of dengue. The current

Probabilistic Forecast Model is only for Guangzhou City

because of the restriction of limited meteorological data, while

the way to establish a valid Probabilistic Forecast Model of

dengue by local meteorological data is worthy to be promoted

among dengue endemic areas of the world. Additionally, we

confirmed that sporadic single or a small number of imported

cases have a very slight influence on the dengue epidemic

around, so high attention should be paid on the sites with

concentrated patients. Thus, the prevention and control

policies should be regulated according to the new evidence.
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et al. (2020). Predicting malaria transmission dynamics in dangassa, Mali: A novel
approach using functional generalized additive models. Int. J. Environ. Res. Public
Health 17 (17), 6339. doi: 10.3390/ijerph17176339

Belcher, B. N., and Degaetano, A. T. (2007). Spatial interpolation of daily
maximum and minimum air temperature based on meteorological model analyses
and independent observations. J. Appl. Meteorol. Climatol. 46 (11), 1981–1992.
doi: 10.1175/2007JAMC1536.1

Bhatt, S., Gething, P., Brady, O. J., Messina, J. P., Farlow, A. W., Moyes, C. L.,
et al. (2013). The global distribution and burden of dengue. Nature 496 (7446),
504–507. doi: 10.1038/nature12060

Chan, M., and Johansson, M. A. (2012). The incubation periods of dengue
viruses. PloS One 7 (11), e50972. doi: 10.1371/journal.pone.0050972

Chen, Y., Zhao, Z., Li, Z., Li, W., Li, Z., Guo, R., et al. (2019). Spatiotemporal
transmission patterns and determinants of dengue fever: A case study of
guangzhou, China. Int. J. Environ. Res. Public Health 16 (14), 2486. doi: 10.3390/
ijerph16142486

Chien, L. C., and Yu, H. L. (2014). Impact of meteorological factors on the
spatiotemporal patterns of dengue fever incidence. Environ. Int. 73, 46–56.
doi: 10.1016/j.envint.2014.06.018

Couret, J., and Benedict, M. Q. (2014). A meta-analysis of the factors influencing
development rate variation in aedes aegypti (Diptera: Culicidae). BMC Ecol. 14, 3.
doi: 10.1186/1472-6785-14-3

Gu, H., Zhang, W., Xu, H., Li, P., Wu, L., Guo, P., et al. (2015). Predicating risk
area of human infection with avian influenza a (H7N9) virus by using early
warning model in China. Zhonghua. Liu. Xing. Bing. Xue. Za. Zhi. 36 (5), 470–475.
doi: 10.3760/cma.j.issn.0254-6450.2015.05.013

Hart, J. E., Yanosky, J. D., Puett, R. C., Ryan, L., Dockery, D. W., Smith, T. J., et al.
(2009). Spatial modeling of PM10 and NO2 in the continental united states 1985-
2000. Environ. Health Perspect. 117 (11), 1690–1696. doi: 10.1289/ehp.0900840

Hu, W., Clements, A., Williams, G., Tong, S., and Mengersen, K. (2012). Spatial
patterns and socioecological drivers of dengue fever transmission in Queensland,
Australia. Environ. Health Perspect. 120 (2), 260–266. doi: 10.1289/ehp.1003270

Jain, R., Sontisirikit, S., Iamsirithaworn, S., and Prendinger, H. (2019).
Prediction of dengue outbreaks based on disease surveillance, meteorological and
socio-economic data. BMC Infect. Dis. 19 (1), 272. doi: 10.1186/s12879-019-3874-x

Lee, H., Kim, J., Lee, S., and Lee, C. H. (2018). Potential effects of climate change
on dengue transmission dynamics in Korea. PloS One 13 (6), e0199205.
doi: 10.1371/journal.pone.0199205

Li, Z., Liu, T., Zhu, G., Lin, H., Zhang, Y., He, J., et al. (2017). Dengue baidu
search index data can improve the prediction of local dengue epidemic: A case
study in guangzhou, China. PloS Negl. Trop. Dis. 11 (3), e0005354. doi: 10.1371/
journal.pntd.0005354

Lin, H., Liu, T., Song, T., Lin, L., Xiao, J., Lin, J., et al. (2016). Community
involvement in dengue outbreak control: An integrated rigorous intervention
strategy. PloS Negl. Trop. Dis. 10 (8), e0004919. doi: 10.1371/journal.pntd.0004919

Liu, K., Sun, J., Liu, X., Li, R., Wang, Y., Lu, L., et al. (2018). Spatiotemporal
patterns and determinants of dengue at county level in China from 2005-2017. Int.
J. Infect. Dis. 77, 96–104. doi: 10.1016/j.ijid.2018.09.003

Liu, Z., Zhang, Z., Lai, Z., Zhou, T., Jia, Z., Gu, J., et al. (2017). Temperature
increase enhances aedes albopictus competence to transmit dengue virus. Front.
Microbiol. 8. doi: 10.3389/fmicb.2017.02337

Lowe, R., Bailey, T., Stephenson, D. B., Graham, R. J., Coelho, C. A. S., Carvalho,
M. S., et al. (2011). Spatio-temporal modelling of climate-sensitive disease risk:
towards an early warning system for dengue in Brazil. Comput. Geosci. 37 (3), 371–
381. doi: 10.1016/j.cageo.2010.01.008

Lowe, R., Barcellos, C., Coelho, C. A., Bailey, T. C., Coelho, G. E., Graham, R.,
et al. (2014). Dengue outlook for the world cup in Brazil: an early warning model
framework driven by real-time seasonal climate forecasts. Lancet Infect. Dis. 14),
619–626. doi: 10.1016/S1473-3099(14)70781-9

Lowe, R., Carvalho, M., Coelho, C. A. S., Barcellos, C., Bailey, T. C., Stephenson,
D. B., et al. (2015). Interpretation of probabilistic forecasts of epidemics. Lancet
Infect. Dis. 15, 20. doi: 10.1016/S1473-3099(14)71031-X

Lowe, R., Coelho, C., Barcellos, C., Carvalho, M.S., Catão Rde, C., Coelho, G.E,
et al. (2016). Evaluating probabilistic dengue risk forecasts from a prototype early
warning system for Brazil. Elife 5, e11285. doi: 10.7554/eLife.11285
Frontiers in Cellular and Infection Microbiology 12
Lowe, R., Stewart-Ibarra, A. M., Petrova, D., Garcıá-Dıéz, M., Borbor-Cordova,
M. J., Mejıá, R., et al. (2017). Climate services for health: predicting the evolution of
the 2016 dengue season in machala, Ecuador. Lancet Planetary. Health 1 (4), e142–
e151. doi: 10.1016/s2542-5196(17)30064-5

Lu, L., Lin, H., Tian, L., Yang, W., Sun, J., and Liu, Q. (2009). Time series analysis
of dengue fever and weather in guangzhou, China. BMC Public Health 9, 395.
doi: 10.1186/1471-2458-9-395

Mutheneni, S. R., Morse, A. P., Caminade, C., and Upadhyayula, S. M. (2017).
Dengue burden in India: recent trends and importance of climatic parameters.
Emerg. Microbes Infect. 6 (8), e70. doi: 10.1038/emi.2017.57

Peng, H. J., Lai, H., Zhang, Q. L., Xu, B. Y., Zhang, H., Liu, W. H., et al. (2012). A
local outbreak of dengue caused by an imported case in dongguan China. BMC
Public Health 12, 83. doi: 10.1186/1471-2458-12-83

Promprou, S., Jaroensutasinee, M., and Jaroensutasinee, K. (2005). Climatic
factors affecting dengue haemorrhagic fever incidence in southern Thailand. Deng.
Bull. 29, 41–48.

Sanchez-Gonzalez, G., Conde, R., Noguez Moreno, R., and Lopez Vazquez, P. C.
(2018). Prediction of dengue outbreaks in Mexico based on entomological,
meteorological and demographic data. PloS One 13 (8), e0196047. doi: 10.1371/
journal.pone.0196047

Sang, S., Gu, S., Bi, P., Yang, W., Yang, Z., Xu, L., et al. (2015). Predicting
unprecedented dengue outbreak using imported cases and climatic factors in
guangzhou 2014. PloS Negl. Trop. Dis. 9 (5), e0003808. doi: 10.1371/
journal.pntd.0003808

Schreiber, K. V. (2001). An investigation of relationships between climate and
dengue using a water budgeting technique. Int. J. Biometeorol. 45 (2), 81–89.
doi: 10.1007/s004840100090

Scott, T. W., Morrison, A. C., Lorenz, L. H., Clark, G. G., Strickman, D.,
Kittayapong, P., et al. (2000). Longitudinal studies of aedes aegypti (Diptera:
Culicidae) in Thailand and Puerto Rico: population dynamics. J. Med. Entomol. 37
(1), 77–88. doi: 10.1603/0022-2585-37.1.77

Shang, C. S., Fang, C., Liu, C. M., Wen, T. H., Tsai, K. H., and King, C. C. (2010).
The role of imported cases and favorable meteorological conditions in the onset of
dengue epidemics. PloS Negl. Trop. Dis. 4 (8), e775. doi: 10.1371/
journal.pntd.0000775

Shi, Y., Liu, X., Kok, S. Y., Rajarethinam, J., Liang, S., Yap, G., et al. (2016).
Three-month real-time dengue forecast models: An early warning system for
outbreak alerts and policy decision support in Singapore. Environ. Health Perspect.
124 (9), 1369–1375. doi: 10.1289/ehp.1509981

Sumodan, P. K. (2014). Observations on nocturnal endophagy in aedes
(Stegomyia) albopictus (Skuse), 1894 from kerala, India. India. J. Entomol. Zool.
Stud. 2, 45–47.

Tang, X., Zhao, S., Chiu, A. P. Y., Wang, X., Yang, L., and He, D. (2017).
Analysing increasing trends of Guillain-barre syndrome (GBS) and dengue cases in
Hong Kong using meteorological data. PloS One 12 (12), e0187830. doi: 10.1371/
journal.pone.0187830

Tun-Lin, W., Burkot, T. R., and Kay, B. H. (2000). Effects of temperature and
larval diet on development rates and survival of the dengue vector aedes aegypti in
north Queensland, Australia. Med. Vet. Entomol. 14 (1), 31–37. doi: 10.1046/
j.1365-2915.2000.00207.x

Wang, J. N., and Li, M. (2020). The immune function of keratinocytes in
antipathogen infection in the skin. Int. J. Dermatol. Venereol. 71 (4), 231–38.
doi: 10.1097/JD9.0000000000000094

WHO (2009). "Dengue guidelines for diagnosis, treatment, prevention and
control; (Geneva, Switzerland: WHO).

Yip, S., Che Him, N., Jamil, N. I., He, D., and Sahu, S. K. (2022). Spatio-temporal
detection for dengue outbreaks in the central region of Malaysia using climatic
drivers at mesoscale and synoptic scale. Climate Risk Manage. 36, 100429.
doi: 10.1016/j.crm.2022.100429

Zahirul Islam, M., Rutherford, S., Phung, D., Uzzaman, M. N., Baum, S.,
Huda, M. M., et al. (2018). Correlates of climate variability and dengue fever in
two metropolitan cities in Bangladesh. Cureus 10 (10), e3398. doi: 10.7759/
cureus.3398

Zhao, S., Musa, S. S., Meng, J., Qin, J., and He, D. (2020). The long-term
changing dynamics of dengue infectivity in guangdong, China, from 2008-2018: a
modelling analysis. Trans. R. Soc. Trop. Med. Hyg. 114 (1), 62–71. doi: 10.1093/
trstmh/trz084

Zhu, G., Liu, J., Tan, Q., and Shi, B. (2016). Inferring the spatio-temporal
patterns of dengue transmission from surveillance data in guangzhou, China. PLoS
Negl. Trop. Dis. 10 (4), e0004633. doi: 10.1371/journal.pntd.0004633
frontiersin.org

https://doi.org/10.1093/jmedent/42.3.419
https://doi.org/10.3390/ijerph17176339
https://doi.org/10.1175/2007JAMC1536.1
https://doi.org/10.1038/nature12060
https://doi.org/10.1371/journal.pone.0050972
https://doi.org/10.3390/ijerph16142486
https://doi.org/10.3390/ijerph16142486
https://doi.org/10.1016/j.envint.2014.06.018
https://doi.org/10.1186/1472-6785-14-3
https://doi.org/10.3760/cma.j.issn.0254-6450.2015.05.013
https://doi.org/10.1289/ehp.0900840
https://doi.org/10.1289/ehp.1003270
https://doi.org/10.1186/s12879-019-3874-x
https://doi.org/10.1371/journal.pone.0199205
https://doi.org/10.1371/journal.pntd.0005354
https://doi.org/10.1371/journal.pntd.0005354
https://doi.org/10.1371/journal.pntd.0004919
https://doi.org/10.1016/j.ijid.2018.09.003
https://doi.org/10.3389/fmicb.2017.02337
https://doi.org/10.1016/j.cageo.2010.01.008
https://doi.org/10.1016/S1473-3099(14)70781-9
https://doi.org/10.1016/S1473-3099(14)71031-X
https://doi.org/10.7554/eLife.11285
https://doi.org/10.1016/s2542-5196(17)30064-5
https://doi.org/10.1186/1471-2458-9-395
https://doi.org/10.1038/emi.2017.57
https://doi.org/10.1186/1471-2458-12-83
https://doi.org/10.1371/journal.pone.0196047
https://doi.org/10.1371/journal.pone.0196047
https://doi.org/10.1371/journal.pntd.0003808
https://doi.org/10.1371/journal.pntd.0003808
https://doi.org/10.1007/s004840100090
https://doi.org/10.1603/0022-2585-37.1.77
https://doi.org/10.1371/journal.pntd.0000775
https://doi.org/10.1371/journal.pntd.0000775
https://doi.org/10.1289/ehp.1509981
https://doi.org/10.1371/journal.pone.0187830
https://doi.org/10.1371/journal.pone.0187830
https://doi.org/10.1046/j.1365-2915.2000.00207.x
https://doi.org/10.1046/j.1365-2915.2000.00207.x
https://doi.org/10.1097/JD9.0000000000000094
https://doi.org/10.1016/j.crm.2022.100429
https://doi.org/10.7759/cureus.3398
https://doi.org/10.7759/cureus.3398
https://doi.org/10.1093/trstmh/trz084
https://doi.org/10.1093/trstmh/trz084
https://doi.org/10.1371/journal.pntd.0004633
https://doi.org/10.3389/fcimb.2022.881745
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Collaboration between meteorology and public health: Predicting the dengue epidemic in Guangzhou, China, by meteorological parameters
	1 Introduction
	2 Methods
	2.1 Meteorological data
	2.2 Dengue case data
	2.3 The interpolation of climatic data of dengue cases
	2.4 Statistical analyses
	2.4.1 Spatio-temporal correlation analysis of imported dengue cases
	2.4.2 Spearman’s correlation coefficient
	2.4.3 GAMs


	3 Results
	3.1 Overall temporal and spatial distribution characteristics of dengue cases
	3.2 Influence of imported cases on the epidemic of dengue
	3.3 Establishment of a dengue prediction model and verification of its forecast effects
	3.3.1 Establishment of a dengue prediction model
	3.3.2 Verification of forecast effects of the dengue prediction model


	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


