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Abstract
Objectives: Japanese encephalitis is considered as a secondary legal infectious
disease in Korea and is transmitted by mosquitoes in the summer season. The
purpose of this study was to predict the ratio of Culex tritaeniorhynchus to all
the species of mosquitoes present in the study regions.
Methods: From 1999 to 2012, black light traps were installed in 10 regions in
Korea (Busan, Gyeonggi, Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam,
Gyeongbuk, Gyeongnam, and Jeju) to capture mosquitoes for identification and
classification under a dissecting microscope. The number of mosquitoes
captured/week was used to calculate its daily occurrence (mosquitoes/trap/
night). To predict the characteristics of the mosquito population, an autore-
gressive model of order p (AR(p)) was used to execute the out-of-sample pre-
diction and the in-sample estimation after presumption.
Results: Compared with the out-of-sample method, the sample-weighted
regression method’s case was relatively superior for prediction, and this
method predicted a decrease in the frequency of Cx. tritaeniorhynchus for 2013.
However, the actual frequency of this species showed an increase in frequency.
By contrast, the frequency rate of all the mosquitoes including Cx. tritaenio-
rhynchus gradually decreased.
Conclusion: The number of patients with Japanese encephalitis has been
strongly associated with the occurrence and density of vector mosquitoes, and
the importance of this infectious disease has been highlighted since 2010. The
2013 prediction indicated an increase after an initial decrease, although the ratio
of the two mosquito species decreased. The increase in vector density may be
due to changes in temperature and the environment. Thus, continuous preva-
lence prediction is warranted.
ted under the terms of the Creative Commons Attribution Non-Commercial License (http://
0) which permits unrestricted non-commercial use, distribution, and reproduction in any
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1. Introduction

Japanese encephalitis is considered as a secondary

legal infectious disease in Korea and is one of the main

mosquito-borne infectious diseases of the summer sea-

son. Culex tritaeniorhynchus, which transmits Japanese

encephalitis, is dispersed not only in Korea, but also in

other areas such as Japan, China, Southeast Asia, India,

and Pakistan. This major mosquito species infects

approximately 68,000 individuals each year, resulting in

approximately 20,000 deaths annually [1e3].

Since the first reported incidence of the disease in

Korea from the U.S. forces stationed in the Incheon area

in 1946 [4,5], the incidence of Japanese encephalitis has

significantly increased since 1949, affecting at least 5616

people, and resulting in 2797 deaths [6,7]. Moreover,

1000e3000 individuals were infected with the disease

each year until the 1960s. The incidence of Japanese en-

cephalitis significantly decreased in the 1970s compared

with the 1960s. From 1984 to 2009, this infectious disease

was almost eradicated, with less than 10 cases reported

every year. However, 28 cases were reported in 2010,

with a possibility of an increase in vector mosquito den-

sity due to changes in temperature and the environment.

Thus, continuous prevalence prediction is warranted.

Seasonal identification is very important in managing

mosquitoes [8]. It has been reported that the rapid

decrease in the incidence of Japanese encephalitis be-

tween 1960 and 1970 was due to the decrease in the

density of the vector mosquito [9e11], which is similar

to that observed in Japan [12,13].

In this research, black light traps were installed in 10

regions of Korea (Busan, Gyeonggi, Gangwon, Chung-

buk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk,

Gyeongnam, and Jeju) for the last 12 years from 1999 to

2012 and mosquito data were collected. Using the data

collected, a simple AR(p) model was used to estimate

and predict the ratio of Japanese encephalitis vector

mosquitoes. Thus, this research was conducted to pre-

dict mosquito occurrence in order to control the inci-

dence of Japanese encephalitis.
2. Materials and methods

2.1. Data
Data for this investigation were directly acquired by

the National Institutes of Health from the Public Health

and Environment Research Institute of 10 regions in

Korea (Busan, Gyeonggi, Gangwon, Chungbuk, Chung-

nam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and

Jeju), two times a week from May to October (data

collection period: 1999e2012). In addition, this investi-

gation used the mosquito occurrence density data of

Japanese encephalitis prediction programs of the last

14 years using the mosquito classification key of the

regional health centers.
2.2. Collection region and equipment
Cowsheds have been identified as the main region of

vector mosquito occurrence in all the 10 Korean regions.

A black light trap, which is commonly used for mos-

quito density studies, was installed at a height of

1.5e1.8 m within the cowshed. The light traps were

operated two times a week from 19:00 PM to 06:00 AM

the following day [14]. The mosquitoes collected in the

trap were carefully transported to the laboratory. Then,

the mosquitoes were placed in a plastic bag with a

cotton ball of ether or chloroform. Next, the plastic bag

was completely sealed or kept in the freezer for at least

2 hours. After killing, the mosquitoes were identified

and classified by observing them under a dissection

microscope. Based on the number of mosquitoes

collected, the daily average density of mosquitoes was

calculated (i.e., mosquitoes/trap/night).

2.3. Preliminary data analysis
Figure 1 shows the distribution of Cx. tritaenio-

rhynchus and all other mosquitoes in Korea by week

from 1999 to 2012. The population of all mosquitoes

including Cx. tritaeniorhynchus changed at 2e3-year

intervals. Moreover, after 2010, the Cx. tritaenio-

rhynchus population decreased compared with the pop-

ulation of all other species of mosquitoes. These

changes might have been caused by an increase in its

natural enemies or temperature, although this analysis

did not include the analysis of factors affecting mosquito

density and mainly focused on predicting the population

dynamics of mosquitoes.

2.3.1. Unit root test
The time series using the unit root test is relatively

unstable. Therefore, this may cause problems of

spurious regression, especially when using general

regression analysis. Thus, the variables and mosquito

data used in this study were executed using a unit root

test to verify whether these could be considered as stable

time-series data. The augmented DickeyeFuller test

[15] and PhillipsePerron test [16] were used for the unit

root test.

Table 1 shows the results of the unit root test using

the mosquitoes collected/week. In the table, “none”

indicates the absence of a constant term and trend;

“intercept” indicates a constant term; and both con-

stant term and trend are considered as “trend.” The

null hypothesis that the unit root exists in the rates of

all mosquitoes and Cx. tritaeniorhynchus was rejected

and the unstable-level variables were used in the

analysis.

2.3.2. Summary statistics
Table 2 shows the results of the statistical analysis.

The ratio of all mosquitoes to Cx. tritaeniorhynchus

was positive (þ). The density of all mosquitoes was

highest in 2003 (87,194 mosquitoes). The density of



Table 1. Unit root test (level variables).

Weekly data

ADF PP

None Intercept Trend None Intercept Trend

All mosquitoes �5.423* �6.190* �6.246* �5.655* �6.672* �6.751*

Culex tritaeniorhynchus �8.786* �9.529* �9.549* �6.862* �7.708* �7.720*

Ratio �6.177* �7.340* �7.336* �5.771* �6.708* �6.705*

*Significant at the 1% level. ADF Z augmented DickeyeFuller test; PP Z PhillipsePerron test.

Figure 1. Distribution of mosquitoes and Culex tritaeniorhynchus (CT) per year.
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Cx. tritaeniorhynchus was highest in 2007 (58,769

mosquitoes), which was the highest value ever

recorded.
2.3.3. Lag selection
Before the prediction using the AR(p) model, the

Akaike information criterion and the Schwarz informa-

tion criterion tests were used to determine the proper

time deviation p. Table 3 shows the density of all

mosquitoes 1 week before the analysis, as well as the

Cx. tritaeniorhynchus density and ratio variable 4 weeks

before the analysis. The autocorrelation function was

used to validate the time difference, which was high in

the 1-year unit (Figure 2) and was maintained for

4 years. Thus, the data from the same period of last year

to the same period 4 years ago were used to predict the

AR figure.
2.4. Methods
The AR(p) model used in this research is presented in

Eq. (1). Each p predicts the same period of last year’s

AR(p) model.
Table 2. Basic statistical data on mosquito density.

Variables Mean Maximum

All mosquitoes 7846.3(562.9)* 87,194

Culex

tritaeniorhynchus

1991.9(217.0)* 58,769

Ratio 10.2(0.7)* 73.4

The number in parenthesis represent standard deviation. * Significant at the 1
ytZb1yt�1 þ b2yt�2 þ/þ bpyt�p þ ut; utwN
�
0; s2

u

�

ð1Þ
AR(p) model was used to execute the in-sample and out-

of-sample analyses. For the in-sample prediction, b,

which is the estimation gained from the prediction of the

total period, was used for the in-sample estimation, as

shown in Eq. (2).

~ytZb1byt�1 þ b2byt�2 þ/þ bpbyt�p ð2Þ

For the out-of-sample prediction, two methods were

used, namely, rolling regression (RO) and adding

regression (AD). First, the RO is a prediction method

while moving a certain number of samples. In cases of

insufficient data, it is not advisable to use the prediction

method. Second, the AD method executes the out-of-

sample prediction by accumulating the samples. The

out-of-sample prediction in this study initially predicts

mosquito density until 2007. Then, the sample was

moved by 1-year units for prediction analysis. The t data

were used for the out-of-sample prediction analysis and

the ~ytþ1 of t þ 1 is the same as Eq. (3).
value Minimum value Standard deviation

.0 0.0 14,635.1

.0 0.0 5641.4

0.0 17.7

% level.



Table 3. Time lag test.

Variables All mosquitoes Culex tritaeniorhynchus

Ratio of Culex tritaeniorhynchus

to all mosquitoes

Test method AIC SIC AIC SIC AIC SIC

Time lag 10 1 4 4 9 4

AIC Z Akaike information criterion; SIC Z Schwarz information criteria.

Figure 2. Autocorrelation.

Table 4. Autoregressive model estimation (weekly data).

Variable Last year 2 years ago 3 years ago 4 years ago R2

All mosquitoes 0.435(0.044)** 0.269(0.054)** �0.024(0.056) 0.310(0.055)** 0.637

Japanese encephalitis 0.138(0.043)** 0.353(0.043)** 0.189(0.050)** 0.068(0.049) 0.394

Ratio of Japanese

encephalitis

0.162(0.044)** 0.381(0.041)** 0.381(0.044)** �0.085(0.045)*** 0.717

The results of the autoregressive model showed no differences in superiority with that of autoregressiveemoving-average model. The results of the

weekly data were similar to that of the monthly data. Thus, the weekly data, which consists of more data, is described. * Significant at p < 0.05.

** Significant at p < 0.01. *** Significant at p < 0.01.

Table 5. MSE of in-sample.

In-sample prediction

All mosquitoes Culex tritaeniorhynchus Ratio

MSE 8.881 � 107 1.851 � 107 84.823

MSE Z mean square error.
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~ytþ1Zb1byt þ b2byt�1 þ/þ bpbyt�p�1 ð3Þ

After executing an in-sample estimation and an out-of-

sample prediction, the mean-square prediction errors

(MSPEs) were calculated to select the model that shows

superior prediction results. MSPE pertains to the

average of the square of the difference between the

actual value and the estimation. A smaller MSPE value

indicates a relatively superior prediction.

3. Results

Table 4 shows the prediction results of the AR model

using the same period of last year. Similar to most cases,

the AR model generates a significant value.

Mean square error (MSE)was calculated to compare the

estimation of the model according to the variable using the

predicted results. Table 5 shows the MSE value when

predicting the in-sample model described in Table 4.

Table 6 shows the MSPE calculated during the out-of-

sample prediction of the model as shown in Table 4. Two

methods can be used for the out-of-sample prediction as

described earlier. First, the RO is a method for prediction
while moving the interval number of the sample. When

data are insufficient, an inaccurate prediction might be

generated. Second, the AD method executes the out-of-

sample prediction by accumulating the sample. The out-

of-sample prediction here initially predicts up to 2007.

The sample was then moved by 1-year units for predic-

tion. In this research, two cases were analyzed. However,

Table 6 shows that the MSPE generated using the AD

method was smaller when the sample size was smaller

than the population of mosquitoes.

Figure 3 shows the out-of-sample results used in the

RO analysis. For 2013e2016, past estimations were

used to identify the predicted values. First, the ratio of

all mosquitoes and Cx. tritaeniorhynchus gradually

increased from 2013 with regular changes. For Cx. tri-

taeniorhynchus, the term of the change was shorter



Table 6. MSPE of out-of-sample prediction.

Out-of-sample prediction

All mosquitoes Culex tritaeniorhynchus

Ratio of Culex

tritaeniorhynchus

MSPE (RO) 2.045 � 108 8.852 � 107 86.069

MSPE (AD) 5.229 � 107 3.476 � 107 78.351

AD Z adding regression; MSPE Z mean-square prediction error; RO Z rolling regression.
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compared with all mosquitoes. However, using the RO

method, the accuracy of the value that barely appeared

in Cx. tritaeniorhynchus in 2013 was lower compared

with that using the AD method.

Figure 4 shows the results of the out-of-sample pre-

diction using the AD method. The difference in the

estimation and the actual value between 2009 and 2012

was low compared with that shown in Figure 3. In

addition, when looking at the estimations from 2013 to

2016, 2013 showed a decrease in the density of Cx.

tritaeniorhynchus, and an increase was detected a year

later. By contrast, the ratio of all mosquitoes to Cx.

tritaeniorhynchus gradually decreased.

4. Discussion

In this research, the data on mosquito density for the

Japanese encephalitis prediction program acquired from

the Public Health and Environment Research Institute of
Figure 3. Out-of-sample results used in rolling window regress

window regression of CT.
10 regions in Korea from May to October of 1999 to

2012 were used in the AR(p) model. The MSPEs of

the in-sample and out-of-sample predictions were

compared. The relatively superior model was used to

predict the future mosquito populations.

The MSPE value was low when the AR method was

used.When prediction was executed using theARmethod,

the mosquito population again showed an increase and a

decrease in a certain term and interval. For the estimations

of 2013e2016 using estimations of up to 2012, the density

of Cx. tritaeniorhynchus initially decreased in 2013, and

then increased. By contrast, the ratio of all mosquitoes to

Cx. tritaeniorhynchus showed a gradual decrease.

Not only Cx. tritaeniorhynchus but all mosquitoes are

influenced by factors related to their habitat such as

number of disinfection events, temperature, and rainfall

as related to humidity. If these factors are appropriately

controlled, more superior results could be acquired for

the prediction of Cx. tritaeniorhynchus and all other
ion (weekly data). CT, Culex tritaeniorhynchus. RC: Rolling



Figure 4. Out-of-sample results used in adding window regression (weekly data). CT, Culex tritaeniorhynchus. AC: Adding

window regression of CT.
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mosquitoes. However, when predicting with methodol-

ogies such as the Kalman filter to control these factors,

this methodology could also be confusing. In addition,

there is a possibility that the result will not be exact due

to the lack of data or other factors that cannot be

observed. Thus, based on the properties of the data on

Cx. tritaeniorhynchus and all mosquitoes, the ratios of

all mosquitoes to Cx. tritaeniorhynchus were predicted

through a relatively simple AR(p) model. Furthermore,

the Cx. tritaeniorhynchus population initially decreased

and subsequently increased, although the density of Cx.

tritaeniorhynchus decreased compared with that of all

mosquitoes.
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