
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 
보건학석사학위논문 

 

Spatio-temporal Cluster Analysis 

of Chickenpox Incidence among 

School Students in Seoul, 

Republic of Korea: NEIS, 2011-

2018 

서울특별시 초∙중∙고교 학생의 

수두 발생 시공간 클러스터 분석 

: 교육부 교육행정정보시스템(NEIS) 자료를 

중심으로 

 

 

 

2020 년 2월 

 

 

 

서울대학교 대학원 

보건학과 보건학전공 

 

최 진 영 
 



I 

 

 

Abstract 
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Chickenpox is an acute, highly contagious, and predominantly childhood 

disease caused by the varicella-zoster virus (VZV). The global epidemiology 

of chickenpox dramatically changed upon introduction of varicella vaccines, 

which are highly effective in reducing the incidence and burden of the disease. 

In the Republic of Korea, however, the incidence of chickenpox increased 

between 2006 and 2017, despite implementation of a routine one-dose varicella 

vaccination program in 2005. This study aims to identify chickenpox clusters 
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among students in Seoul over the past eight years and explore the risk of 

transmission in an effort to control the incidence of chickenpox. 

Chickenpox incidence data were collected from the National Education 

Information System from 983 schools within 25 districts between March 2011 

and December 2018. Sociodemographic data were available from the Korean 

National Statistics Office. Global (Moran’s I) and local (LISA) spatial 

autocorrelations were calculated. Space-time permutation scan statistics were 

used to identify clusters in a case data setting only. A discrete Poisson model 

was used for aggregated data. Association analyses of risk factors selected as 

student density, vaccination coverage, and local deprivation index scores were 

estimated via the R-INLA (Integrated Nest Laplace Approximation). SatScan, 

QGIS, GeoDa, and R were used for statistical processing. 

LISA at the district level resulted in areas that were not spatially autocorrelated. 

However, clusters created from high incidence areas gradually spread to 

neighboring districts and diminished over time, which led to an overall increase 

in incidence across the city. Differentiation by grade was similar to that of the 

total analysis, as evidenced by the obvious increase in middle- and high school-

aged children within clusters. Semiannual analyses resulted in detection of 

clusters in the same northeastern region from 2011 to 2013 and southeastern 

area from 2016 to 2018. 

We assumed a chickenpox incidence cluster from a prospective analysis peak 
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week in 2018. In May, sensitivity was 53.6%; however, it was possible to 

identify the most likely continuous cluster, with the rationale of a highly 

positive predicted value. When the incidence was consistent in a certain region, 

predicting the most likely location was feasible. 

This process is based on the concept of syndromic surveillance, and we expect 

to use it for prior detection of spatio-temporal chickenpox incidence and to 

expeditiously control outbreaks in the future. This study describes the post-

licensure epidemiology of chickenpox incidence from a spatio-temporal point 

of view. The overall increase in chickenpox incidence among schools in Seoul 

could be attributed to a scattering of chickenpox from high incidence clusters 

to neighboring schools. Consequently, schools have a crucial role in spreading 

the disease; therefore, the importance of school surveillance and construction 

of a complementary surveillance system is essential to prevent and control 

chickenpox incidence. 

……………………………………… 

keywords : chickenpox, varicella, spatio-temporal cluster 

analysis, space-time permutation model, school student, 

syndromic surveillance, alarm system 
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INTRODUCTION 

 

◼ Problem statement 

Chickenpox, also commonly referred to as “varicella”, is an acute and highly 

contagious disease with attack rates in susceptible contacts ranging from 61% 

to 100%. Primary infection with varicella-zoster virus (VZV) is the cause 

[WHO, https://www.who.int/immunization/diseases/varicella/en/, 2015 

(Heininger & Seward, 2006)].  

Chickenpox is also known as a predominantly childhood disease in non-

vaccinated populations (Heininger & Seward, 2006; Kennedy & Gershon, 

2018). Humans are the only reservoir of varicella-zoster virus, which is not 

spread by animals or insects (KCDC, 2019). 

The disease is primarily transmitted by infected respiratory secretions of 

chickenpox patients, by direct contact, by inhalation of aerosol from respiratory 

nasal contact through air mediums, and from the blisters of chickenpox or 

shingles (KCDC, 2017). Chickenpox incidence after birth is divided into a bulb, 

a rash, and a restorative period; in healthy children, a rash is often the first sign 

of illness. Main symptoms include a feeling of boredom, pruritus, and a high 
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fever. Particularly, children with lymphoma or leukemia can develop severe 

forms such as widespread blisters and high rates of complications; children 

infected with HIV can also be suspicious on diseases [(Heininger & Seward, 

2006; Kennedy & Gershon, 2018); KCDC, 2017, 2019)]. 

Although chickenpox symptoms are mild to moderate in immunocompetent 

patients, serious complications (central nervous system involvement, 

pneumonia, secondary bacterial infections, and death) can follow (Heininger & 

Seward, 2006; Kennedy & Gershon, 2018). 

In Republic of Korea, a live attenuated Biken Oka strain varicella vaccine was 

first introduced in 1988, and several imported and domestic vaccines have also 

been available on the market. Recently, Suduvax (Green Cross, Republic of 

Korea) was found to be the most effectively viable vaccine and is, therefore, 

the most popular varicella vaccine (Oh et al., 2014). 

 

 

 



3 

Table 1. Seroprevalence of chickenpox in general population (Goh et al., 

2019). 

Country/Era 
Minimum reported 

% (year) 

Maximum reported 

% (year) 

Republic of Korea, 

5 studies, UVV 
85.8 (2009-10) 

98.8 (2012-13, 

population aged ≥10 y) 

 

In 2005, the Korea National Immunization Program (NIP) recommended that 

all children 12–15 months old receive the varicella vaccination, and the 

vaccination coverage reported reaching up to 98.9% in 2012. A systematic 

review of the seroprevalence of chickenpox in the Asia-Pacific region within 

the general population showed a minimum of 85.8% (2009-2010) and 

maximum of 98.8% (2012-2013) (Table 1) (Choe, Yang, Park, Choi, & Lee, 

2013; Oh et al., 2014). 

Surveillance systems, as complementary monitoring methods (especially for 

schools), were set to identify the current status of infectious diseases common 

to students among major infectious diseases and non-judicial infections and to 

predict trends and early treatments (using reports from the Ministry of 
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Education’s National Education Information System (NEIS)). Schools are areas 

in which students spend time as a group, and there is a high risk of mass 

outbreak if infectious diseases are introduced; therefore, there is a need to 

predict trends and respond quickly. The monitoring of school infectious 

diseases is operated by a sample monitoring system that selected schools from 

2001 to 2015 and reported major student-infected diseases to the Korea Centers 

for Disease Control and Prevention. In 2016, the system was changed to utilize 

the Ministry of Education’s report on infectious diseases [MoE, 2019; (Oh et 

al., 2014)]. 
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◼ Global epidemiology of chickenpox 

As a childhood disease, chickenpox occurs all over the world in temperate 

regions among pre-school and school-age students from one to nine years old; 

the rate of sensitivity in adults is less than 5% and is common in late winter and 

early spring(WHO,  https://www.who.int/immunization/diseases/varicella/en/, 

2015, CDC, https://www.cdc.gov/chickenpox/about/index.html, 2018). 

In the Republic of Korea, chickenpox takes the form of two annual incidence 

patterns in early summer and winter. The peak of chickenpox incidence age 

may have been moved to younger people, attributable to the universal use of 

childcare facilities. In tropical regions, the incidence in adults is higher than 

that in temperate zones that is consistent in cool, dry weather and affects 

children (Oh et al., 2014; Siedler & Arndt, 2010). Every year, about 60 million 

patients in the world are infected with VCV, 90% of who are estimated to be in 

the pediatric age group. 

The monitoring system's report on chickenpox in the United States (US), 

which was implemented after introduction of the vaccine in 1995, suggests that 

the inoculation rate for people between 19 and 35 months old was 89 to 90 

percent in 2004, which was 83 to 93 percent less than that in 1995. The 
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incidence of chickenpox decreased in all age groups, especially in patients 

between 1 and 4 and 5 to 9 years old. In 2007, the vaccination rate of children 

19 to 35 months old in the US was assessed as 90 percent (Guris et al., 2008).  

A cross-sectional study to assess epidemiology between 1995 and 2009 noted 

that during the period after introducing the varicella vaccine, chickenpox 

incidence and hospitalization were reduced without evidence of the disease 

burden shifting to older age groups (Baxter et al., 2014; Guris et al., 2008). 

We also evaluated the surveillance system in Canada. Before the vaccination 

program, approximately 350,000 chickenpox cases were estimated to occur 

annually in Canada. However, assessing the effectiveness of vaccination 

programs on chickenpox incidence is difficult because of under-reporting of 

infections, as less than 10% of expected cases are reported through 

the Canadian Notifiable Disease Surveillance System (CNDSS) each year. In 

1999, single-dose routine vaccinations of 12-18 month old children, with a 

second dose in susceptible individuals over the age of 12, were recommended 

by Canada’s National Advisory Committee on Immunization (NACI). The 

system maintained this recommendation until 2010, when a new two-dose 

recommendation for 12-18 month old children was given 
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[Government of Canada, https://www.canada.ca/en/public-

health/services/publications/healthy-living/canadian-immunization-guide-

part-4-active-vaccines/page-24-varicella-chickenpox-vaccine.html, 2018;  

(Waye, Jacobs, & Tan, 2013)]. Like many other countries that adopted varicella 

vaccination programs, Canada had a dramatic decrease in chickenpox incidence 

within the millennium period (Figure 1). 

 

Figure 1. Number of cases and incidence rates of chickenpox in Canada, 

1924-2017 [Government of Canada, 

(https://diseases.canada.ca/notifiable/charts?c=ppd), 2019]. 
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In the mid-1980s, the incidence of chickenpox was again included as a 

notifiable disease. The national level of universal vaccinations of chickenpox 

was initiated in 1999, and the incidence rate plummeted during the years 

following 2000 (Figure 2) (Waye et al., 2013). As mentioned earlier, in 2010, 

NACI’s new 2-dose recommendation for children 12–18 months old also led to 

a decrease in incidence (Waye et al., 2013). 

 

Figure 2. Number of cases and incidence rates of chickenpox in Canada, 1986-

2017 

[Government of Canada, (https://diseases.canada.ca/notifiable/charts?c=ppd), 

2019] 
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Sentinel data collected from Germany in April 2005 to March 2009 showed a 

reduction of 55% in chickenpox cases in all ages (63% in children 0-4 years old 

and 38% in children 5-9 years old). Chickenpox cases decreased where 

reimbursement was settled early and vaccine doses were increasing. Besides 

reimbursement policies, availability and vaccination schedules influenced 

vaccine use (Helmuth, Poulsen, Suppli, & Molbak, 2015; Siedler & Arndt, 

2010). 

In Spain, chickenpox is a notifiable disease; the reported number of cases was 

157,914 in 2010. Compared to other countries, the official national 

recommendation for varicella vaccination in Spain is for 12-year old 

susceptible children. 

In Australia, chickenpox vaccines were introduced in 1999 and have been 

included in the National Immunization Program (NIP) since 2005. This resulted 

in an increase in vaccination rates and a decrease in the frequency of 

chickenpox cases; the incidence of newborns with chickenpox decreased by 

more than 85% when compared with data prior to introducing the vaccine from 

1995 to 1997 (Heywood, Wang, Macartney, & McIntyre, 2014). 
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In Taiwan, a varicella universal vaccination program began in 2004 under the 

national policy, with the incidence of chickenpox decreasing from 7.9 per 100 

people in 2000 to 2.76 people in 2008. In addition, the average age of 

chickenpox incidence increased from 5 to 6 years old to 7 to 11 years old (Chao, 

Chien, Yeh, Hsu, & Lian, 2012; Goh et al., 2019). 

In addition to the countries mentioned above, chickenpox incidence rates 

differ based on the vaccination system implemented, that is, a 1-dose or 2-dose 

program. 
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◼ Epidemiology of chickenpox in Republic of Korea 

Since the varicella vaccine program has been introduced and applied to the 

public, the number of chickenpox cases in Republic of Korea has steadily 

increased from 22.5 per 100,000 people in 2006 to 186.2 per 100,000 people in 

2018. The number of cases gradually increased from 1,934 in 2005 since the 

designation of legal infectious disease in July 2005 to 96,467 people reported 

in 2018, up 20.4 percent from 80,092 in the previous year (Figure 3). Due to 

seasonal trends every year, the number of cases occurring from April to June 

(30,914 people, 32.0 percent) differ from those occurring from February to June 

(2,056, 26.0 percent)  

(KCDC, http://www.cdc.go.kr/npt/biz/npp/ist/simple/simplePdStatsMain.do, 

2019). 
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Figure 3. Reported chickenpox cases by year in Korea (KCDC, 2019) 

 

Chickenpox is an infectious disease that can occur in daycare centers, 

kindergartens, and elementary schools, attributable to its high level of 

transmission, and about 90.7 percent of all patients in 2018 were 12 years old 

or younger. In 2018, chickenpox incidence increased by 20.4% and occurred 

mostly among people between 0 and 12 years old (90.7%) (8,092 in 2017 → 

96,467 in 2018) (KCDC, 2019). 
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Figure 4. Reported chickenpox cases by age, 2018 in Korea (KCDC, 

(http://www.cdc.go.kr/npt/biz/npp/ist/simple/simplePdStatsMain.do), 2019) 

 

Several systematically reviewed articles have reported an increase in 

chickenpox incidence rates, and the chickenpox incidence rate in Seoul is 

reportedly the same as that of Korea. The number of chickenpox cases reported 

in 2018 was the highest since annual reports were initiated, and about 70 

percent of chickenpox cases occurring in 2018 were in elementary, middle, and 

high school students (KCDC, 2019). According to systematic reviews on the 

burden of chickenpox in the Asia-Pacific region, this recent increasing trend is 
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the highest among those between 5 and 9 years old, with the APAC region being 

the highest (Goh et al., 2019). 

 Vaccination status against chickenpox is reported through the Korea Centers 

for Disease Control and Prevention's academic research service project. 

According to data based on notes and memories, the inoculation rate for 1,500 

children between 12 and 35 months old in Nonsan was 73.1 percent in 2005, 

and in 2007, the vaccination rate for 1,500 children 12 months old and under 

was 8.3 percent in 15 cities and provinces nationwide, excluding Jeju [KCDC 

2017, (Kim, Kim, & Bae, 2018)]. 

A 2016 study suggested that the effectiveness of varicella vaccines in Korea 

is decreasing (Lee et al., 2016; Lee, Choe, Cho, Park, et al., 2019); according 

to this study, APC analyses were used to identify a cohort effect on the 

chickenpox outbreak rate. Further, the vaccine effectiveness has been gradually 

declining since the beginning of 2011, and breakthrough infections were noted 

that resulted in waning of immunity (Lee, Choe, Cho, Bang, et al., 2019). 

However, another study has argued that more than 80 percent of the recent 

increase in the occurrence of chickenpox could be attributable to an increase in 

reporting based on two systems, National Health Insurance Service (NHIS) and 
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National Infectious Disease Surveillance (NIDS). As such, there are 

inconsistencies between the recently reported increase in chickenpox incidence 

and the insurance claims data (Jung et al., 2019).  

A study examining the trend in chickenpox incidence from 2003 to 2015 

reported the crude incidence rate decreasing by 67%; however, the corrected 

rate of chickenpox decreased only from 2010 to 2015. Particularly, the 

decreased rate was significant only for those under the age of 4; in contrast, the 

incidence in 5 to 9 year-old children was the highest for the 2013-2015 period 

(Choi et al., 2019). 
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◼ Spatio-temporal cluster analysis of chickenpox incidence 

Detection of spatial cluster identifies areas having unusually high or low rates 

of outcome and evaluates the statistical significance of detected clusters used 

widely in spatial epidemiology. To detect clusters, a collection of scanning 

windows is constructed, and for each scanning window the likelihood ratio test 

statistic LR(z) is computed. 

�

�

 

The scanning window with the largest value of likelihood ratio for the most 

likely cluster is identified, and a p-value is obtained by comparing test statistics 

in real data with randomly generated data under a null hypothesis of no 

clustering (p=R/(#SIM+1)). 

Further, spatial clustering can identify the propagation of infectious diseases 

and the presence of disease intermediates on specific locations, as well as 

cluster combinations of disease risk factors and risk factors. Conversely, spatial 

clustering can identify the presence of potential health risks and assess the 

suitability of risk cluster alarms (MoE, 2019), which refer to clarifications and 

reports on areas where the incidence of disease has increased. 
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A spatio-temporal cluster analysis of Valencia, Spain was used to analyze time 

and space patterns and assess the existence of clusters and interaction of time 

and space; it further sought to locate them through a space-time permutation 

model. Locations, regions, and time frames for the time and space cluster were 

presented to each of the clusters of data (Iftimi, Martinez-Ruiz, Miguez 

Santiyan, & Montes, 2015). Using the space-time modeling study of the 

Valencia region, the chickenpox incidence in economically unsatisfactory areas 

of the city and areas with low participation in preventive vaccine programs 

formed models with specific patterns in space and time; as such, a high relative 

risk for chickenpox was observed (Iftimi, Montes, Santiyan, & Martinez-Ruiz, 

2015). 

An abstracted version of the China study emphasizes that the incidence rates 

of chickenpox from 2014 to 2016 are statistically significant as positive 

spatially autocorrelated data at the county level (Moran’s I value ranging 0.24 

to 0.35, p<0.01), with consistently high morbidity. Especially, high-high cluster 

areas were detected and clustered in the north-western areas of Guangxi. During 

the spatio-temporal scan period, chickenpox clusters were formed mainly 

between October and the following January. Therefore, an apparent increase in 

the chickenpox incidence was observed, and spatio-temporal cluster features 
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were identified via case distribution. Research is focused on high-high clustered 

areas and neighboring areas during the high onset season (Xu et al., 2017). 

To search the method identifying high risk regions, a cluster detection study 

of chickenpox in Republic of Korea used scan statistics to compare the risk 

observed in one region to that in another region and to estimate the risk radius. 

Further, maximum likelihood and the Monte Carlo estimation were used to 

identify a higher cluster of chickenpox incidence. A district in Seoul was 

included, showing the third highest risk cluster (지병곤 & 정대현, 2017). 

Spatial patterns in chickenpox incidence and geographical risk factors were 

identified via spatial analysis and spatial regression models to investigate 

changes in the epidemiology of chickenpox. Further, global (Moran’s I) and 

local (LISA) spatial autocorrelations were calculated and spatial regression 

analyses using spatial lag and spatial error models, especially at the district level, 

were performed to find sociodemographic predictors of chickenpox incidence. 

As such, the post-licensure spatio-temporal epidemiology of chickenpox 

incidence was identified. Low population density and few healthcare providers 

were associated with a high percentage of children being vulnerable to 

chickenpox. Vaccine coverage had no significant impact on risk factors, even if 

it maintains high rate of coverage. Overall, the increase in chickenpox incidence 
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could be explained by high-incidence clusters, which had neighboring effects 

on close districts (이영화, 2019). Studies focusing on cluster analyses of 

space and time are rare. However, all studies suggest that chickenpox incidence 

is related to the high incidence clusters effect of neighboring areas. 
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Research Purpose 

 

An increase in the incidence of chickenpox has recently been noted in the 

Republic of Korea, especially in younger children. The Korean Centers of 

Disease Control and prevention (KCDC) designated chickenpox as a disease 

requiring mandatory surveillance and vaccination, as supported by the National 

Immunization Program. While the vaccinated rate is high since official 

management started in 2005, its effectiveness is questionable as currently used. 

Students have a higher risk of infection and act as primary vectors for spreading 

the disease. Longer periods spent in school result in more active transmission 

rates, which are revealed as clusters. Consequently, Seoul Metropolitan City 

Office of Education implemented the disease incidence alarm system based on 

reporting of notifiable diseases to prevent schools from critical outbreaks within 

the National Education Information System (NEIS). However, operating 

systems that pinpoint the appropriate place and time of infection are more 

effective for dealing with serious obstacles, such as late reporting and 

inordinate reactions. 
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Additional analyses were used to predict the prospective peak incidence 

throughout the most recent year (May and November by weekdays). Clues to 

promote and develop advanced syndromic surveillance systems concerning 

timely exchange of syndromic data were gathered. Results are expected to 

improve nationwide situational awareness and enhance responsiveness of 

surveillance systems to hazardous events and disease outbreaks to protect the 

health of school-aged children in Korea. 

This study aims to identify the distribution of chickenpox outbreak areas 

among elementary, middle, and high school students in Seoul over the past eight 

years, define clusters of areas according to the risk of chickenpox outbreak, and 

predict the incidence cluster of peak period for use as basic data to inform upon 

the chickenpox incidence and control in the future. 
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MATERIALS and METHODS 

 

◼ Ethical statement  

The Institutional Review Board of Seoul National University confirmed that 

the data used in this study are statistical data for the group, not for the individual, 

and are not subject to review. 

 

◼ Data collection  

Seoul is the capital of the Republic of Korea, which is located in the 

northwestern part of the peninsula and covers an area of 605.2 km2, with a 

population of about 10 million in 2018 (Seoul open data square, Seoul 

Metropolitan Government, 2019, https://data.seoul.go.kr/). Further, Seoul is 

divided into 25 districts (si-gun-gu). In this study, a total of 25 districts were 

included for spatio-temporal analysis. Total number of students were included 

for the analysis. Cases from alternative schools were excluded because it was 

impossible to accurately differentiate by grade; alternative schools have 



23 

students with no limitation on grade level. A total of 57 cases from alternative 

schools were excluded from the study. 

Chickenpox has been nationally notifiable since July 2005 in Korea. We used 

the National Education Information System to collect the number of reported 

chickenpox cases at the school and district level from March 2011 to December 

2018. The time was defined from the variable “Recognition Date”. Only 

confirmed cases were included, and ID code of school and district by location 

was obtained from Open Data Source then matched to the informed names 

(https://www.data.go.kr/main.do?lang=ko). 

Multilevel analysis was performed so that schools with the lowest level and 

grades of students were classified into twelve groups based on the Korean 

School Year System. The total enrolled population of each school by grade was 

prepared to calculate the chickenpox incidence rate in the base level. We set 

upper levels by districts to sum the number of both cases and population, then 

assigned each to a district. The data were only accessible for persons working 

on the project with the Seoul School Health Promotion Center. Cases were 

recorded as whole data, then used to predict chickenpox incidence during May 
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and November 2018 via prospective analyses, showing syndromic surveillance 

fundamentally based on NEIS. 

 

◼ Statistical analysis 

 To examine spatio-temporal analysis of incidence rates and their spatial 

autocorrelation, we visualized incidence rates divided into five color scales 

between districts and made calculations with Moran’s index. Moran’s index 

coefficient of autocorrelation is defined as a method to aggregate data that 

consistently quantify the similarity of an outcome variable among areas that are 

defined as spatially related (Moran, 1950) (Iftimi, Martinez-Ruiz, et al., 2015; 

Pfeiffer et al., 2008). To find local clusters from aggregated data such as ‘hot 

spots’ (high values next to high, HH) and ‘cold spots’ (low values next to low, 

LL), local indicators of spatial association (LISA) analysis was performed 

(Anselin, Syabri, & Kho, 2006). This enabled us to overcome the risk of losing 

spatial information attributable to spatial autocorrelation by measuring 

dependence in limited study areas when scanning the whole dataset. A Monte 

Carlo simulation was used to evaluate the p-value in conjunction with the LISA 

analysis. This concept has been a standard method for calculating the test 
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statistic using the observed data first and then iterating by designating the 

specified number (in this case, 999) of permutations (simulated data sets). 

Generating expected distribution of the test statistic under the null hypothesis 

is another option. In this study, the number of simulated data sets was set at 999, 

and correct alpha-levels were maintained (Martin Kulldorff, 2010). 

Kulldorff’s retrospective spatio-temporal scan statistic was used to detect 

every cluster of possible spatio-temporal clusters of incidence rate. Initially, we 

used a space-time permutation scan statistic (STPSS) model at the school level 

because only case data were available (Martin Kulldorff, 2010; M. Kulldorff, 

Heffernan, Hartman, Assuncao, & Mostashari, 2005; 염윤호 & 김혁, 2019). 

This is a statistical model based on the probability of estimating expected values 

based on spatio-temporal data of actual observed cases without data from social 

structural variables on the population at risk. In other words, the STPSS model 

is a method for analyzing the cluster phenomena of dependent variables based 

solely on the space and time information of the dependencies without 

considering the influences of other independent variables. STPSS models 

project virtual detection windows to specific areas in order to calculate 

observation values; however, the size of the windows can vary from '0' to the 
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maximum value set by researchers (M. Kulldorff et al., 2005; 염윤호 & 김혁, 

2019). We calculated the likelihood ratio by comparing observations inside and 

outside different sizes of detection windows, and we used the maximum 

likelihood ratio to estimate cluster candidates. Once the projection for a 

particular region was completed, the varying windows continued to move to 

adjacent areas and used the maximum likelihood ratio to continuously estimate 

the cluster candidates until the projection for all the observational areas was 

completed (M. Kulldorff et al., 2005; 염윤호 & 김혁, 2019). 

Cluster analyses using only changing detection windows are equivalent to a 

spatial analysis replaced by 'a window with a cylinder' to include a temporal 

analysis; the height of the cylinder is also changed from '0' to the maximum 

value set by the researcher. The diameter of the search window (the bottom 

surface of the cylinder, or the space distance of the estimated cluster candidate) 

and the height of the cylinder signifies the time distance. The STPSS model 

compares observations inside and outside the cylinder, of which the floor area 

and height change, to calculate the maximum likelihood ratio and to estimate 

the space and time in which the maximum likelihood ratio is calculated as the 

cluster candidate (M. Kulldorff et al., 2005; 염윤호 & 김혁, 2019). 
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The formula used to derive the STPSS Model is as follows: 

 

In formula (1),  refers to the value of observations in z of a given area for 

a given unit time t, and C is the sum of observations in all times and regions. 

 

As shown in formula (2), the expected value () over t hours in a given z 

region is estimated using the observed value, which is calculated as the ratio of 

observed values over t hours in the z region to a multiple of the observed value 

over t hours in all regions occupied in the total event C.  

 

In formula (3), the expected value ( ) in a space-time cylinder (A) is 

calculated by summing the expected value of space-time values ( ) calculated 

within that space-time cylinder. The null hypothesis in calculating expected 

values is that the probability that a specific observed value will be produced 

over a period of t in each region z is equal to the probability that an observed 

value will be produced over all periods of observed values. 
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In addition,  refers to all observations in the space-time cylinder (A), and 

if there is no interaction between the observed value,   appears as a 

probability function with  as the average value. In addition, it is assumed 

that  has a Poisson distribution with  as the average value, when both 

 and  outputs are less than the sum of the observed value C. 

� �

 

Finally, formula (5) utilizes the value of Poisson's general likelihood ratio 

(GLR), which is calculated to be multiplied by the expected value of the 

observed value within the cylinder divided by the expected value to estimate 

the space-time cluster candidate within the space-time cylinder. In other words, 

when the space-time cylinder candidate clusters during the final estimation, this 

infers that the cylinder has a maximum likelihood ratio among estimated 

general likelihood ratios in the STPSS model (M. Kulldorff et al., 2005; 

염윤호 & 김혁, 2019). 
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The model utilizes Monte Carlo simulations to validate significance for 

estimated space-time cluster candidates. Spatial positions in each individual 

cylinder create new random points from the observed points, and in this process, 

the spatial and temporal peripherals do not change. These significant numbers 

of random permutations randomly generate simulated values under the premise 

of a null hypothesis of space-time homogeneous distribution, which is 

compared to actual observed values. P-values are calculated by comparing the 

observed and simulated values, and the formula appears as p=(R+1)/(n+1), 

where R stands for the rank of observed time-space cluster candidates, and n 

stands for the number of Monte Carlo simulations. 

Higher stage evaluations consisted of district level data; we used the discrete 

Poisson model of spatio-temporal scan statistics. In the model, the number of 

chickenpox cases in each location was Poisson-distributed. Under the null 

hypothesis with no covariates, the expected number of chickenpox cases in each 

area was proportional to its population size or to the person-years in that area. 

It is possible to analyze the data in the Poisson model using scan statistics, 

including purely temporal, purely spatial, space-time, and spatial variation in 

temporal trends. 
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The null hypothesis is  for all that are opposite of the alternative 

hypothesis   for region z. The variables, p and q, stand for the 

intensity of the chickenpox incidence rates inside and outside region z. So, the 

test statistic given z is: 

� �

 

where  is observed cases in z,  is for expected cases in z, and C stands 

for total cases. 

Clusters were identified by limiting the time window by each year and month 

within circular windows. We selected the time frame after identifying peak 

chickenpox incidence based on previous studies. Finally, annual and 

semiannual standards were set. 

Point data were defined as chickenpox cases in each school based on grade. 

Primary education includes 1st to 6th graders, secondary education is divided 

into 7th to 9th graders (middle school), and high school includes 10th to 12th 

graders (M. Kulldorff et al., 2005; 염윤호 & 김혁, 2019). 
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To predict the chickenpox incidence in May and November 2018 using 

prospective analysis, we applied the space-time scan statistics as mentioned 

earlier with different options. STPSS, as mentioned before, is based on 

geographic distribution of cases in the entire set and compares the observed 

cases in circular areas with outcome variable radii of a specific time for the 

expected cases. The cylinders were then iterated over the school code centroids, 

with the gradual expansion of base radius to a maximum of 7 days of 

chickenpox patients in the city and base height initiates 1 day to max. The 

STPSS model evaluates potential clusters as space-time cylinders with the 

circular base and height of each representing space and time, including all 

possible clusters within spatio-temporal limits defined in the analysis parameter 

settings (M. Kulldorff et al., 2005). A likelihood ratio-based test statistic is 

calculated, and the cluster with the maximum test statistic is identified. 

To account for multiple testing, SaTScan shuffles the spatio-temporal 

characteristics. After the permutation, repeated analyses standard unadjusted p-

values were used. Monte Carlo testing then results in simulated data sets and 

generates an estimate of the cluster significance. 
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We used recurrence intervals to inform the significance of detected spatio-

temporal signals, which can explain how often the signal of observed 

significance by chance is detected under null hypothesis and means no outbreak 

(M. Kulldorff et al., 2005; Stoto et al., 2006, Orkis, 2019 #57). We differentiated 

signals using recurrence intervals higher or lower than 100 years, then 

evaluated whether continuous signals concur in space and time, which can be 

explained as consistent cause. Consequently, we differentiated the overlapping 

group by colors and numbers. For evaluation, analysis was implemented mid-

day of the week in May and November and compared to the retrospective 

analyses of the whole study period (March 2011 to December 2018). 

To collect the correct informative signal, days of analysis were limited to days 

in which a baseline and simulated case were reported (Orkis et al., 2019; C. C. 

Van Den Wijngaard et al., 2010). 

Ultimately, these classifications of daily analyses were used to calculate the 

validity value of sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value at the recurrence interval signal threshold for outbreak 

simulation. Sensitivity was set as a proportion of true positive daily analyses 

among all daily analyses to satisfy cluster signal criteria; specificity was 
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defined as a proportion of true negative daily analyses among all daily analyses 

to meet cluster signal criteria. PPV represents the true positive proportion 

amongst all signaled daily analyses, while NPV represents the true negative 

proportion amongst all non-signaled daily analyses (Orkis et al., 2019; Stoto et 

al., 2006). 
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RESULT 

 

In our study, we only considered confirmed chickenpox cases collected from 

March 1, 2011 to the last day of 2018, representing school-aged students in 

Seoul. Every student was included in the study unless the school grade was 

uncertain, such as cases from alternative school students in Republic of Korea 

obtained during the first stage. A total of 14,560 chickenpox cases were reported 

during the study period. Cases during the last year of the study (2018) were not 

fully reported; therefore, to address bias, the reported cases were compared to 

actual cases with potential counts. Further, the eligibility of each case was 

impossible to confirm, and it was, therefore, assumed that each case followed 

NEIS guidelines. 

 

◼ Temporal trend 

An increasing trend in the annual chickenpox incidence was observed during 

the whole 8-year period, with a surge in 2017 (704 cases more than the previous 

year) (Fig. 3A). During the study period, chickenpox incidence rapidly 

increased from 1,095 cases in 2012 to 2,617 cases in 2017, with the exception 
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of dips in 2012 (957 fewer cases than the previous year) and 2018 (287 fewer 

cases than the previous year). Monthly distribution of chickenpox cases showed 

a clear seasonal pattern with two peaks (Fig. 3B). Peak occurrence was higher 

in November and lower in July, with both periods falling into two regular 

phases (March-July, September-December). 

The number of chickenpox cases and incidence rates increased gradually, with 

the exception of specific dips in 2012 and 2014, as observed by the temporal 

changes described in Table 1. Especially, incidence levels were similar between 

2011 and 2018; however, incidence rates for each grade differed from that of 

middle school and high school student incidence rates. In 2011, the incidence 

rate of middle school students was 30.9 (per 100,000), then increased to 74.2 

(per 100,000) in 2018. For high school students under the same conditions, the 

incidence rate was 9.9 (per 100,000) in 2011 but increased to 28.0 (per 100,000) 

in 2018. 
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(A) 

 

(B) 

 

Figure. 5. Annual trend of chickenpox incidence during 2011-2018 and 

epidemic curve in Seoul, between March 2011 and December 2018. (A) is for 

trend line, and (B) is for epidemic curve. 

0

500

1,000

1,500

2,000

2,500

3,000

2011 2012 2013 2014 2015 2016 2017 2018

N
um

be
r 

of
 c

hi
ck

en
po

x 
ca

se
s

Year

0

100

200

300

400

500

600

M
ar

-1
1

A
ug

-1
1

Ja
n-

12

Ju
n-

12

N
ov

-1
2

A
pr

-1
3

S
ep

-1
3

F
eb

-1
4

Ju
l-1

4

D
ec

-1
4

M
ay

-1
5

O
ct

-1
5

M
ar

-1
6

A
ug

-1
6

Ja
n-

17

Ju
n-

17

N
ov

-1
7

A
pr

-1
8

S
ep

-1
8N
um

be
r 

of
 c

hi
ck

en
po

x 
ca

se
s

Month-Year



37 

Table 2. Temporal change of cases number and incidence rates (per 100,000) of chickenpox by grade groups during 2011-2018 in 

Seoul, Korea* 

Grade Groups 

(Grade range) 

Calendar Year 

2011 2012 2013 2014 2015 2016 2017 2018 

Elementary school students 

(1st-6th) 

1,914 

(357.1) 

1,006 

(187.7) 

1,310 

(244.4) 

1,438 

(268.3) 

1,423 

(265.5) 

1,719 

(320.7) 

2,285 

(426.4) 

1,986 

(370.6) 

Middle school students 

(7th-9th) 

102 

(30.9) 

63 

(19.1) 

98 

(29.7) 

71 

(21.5) 

107 

(32.4) 

156 

(47.2) 

264 

(79.9) 

245 

(74.2) 

High school students 

(10th-12th) 

35 

(9.9) 

26 

(7.4) 

31 

(8.8) 

27 

(7.6) 

39 

(11.0) 

48 

(13.6) 

68 

(19.2) 

99 

(28.0) 

* Values are presented in number of cases (incidence rate)
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Temporal graphs describe the observed and expected counts over time of 

chickenpox incidence during Mar 2011 to Dec 2018, both inside and 

outside the cluster (Fig. 4). Graphs are based on the school counts (Fig. 4A) 

and sum up to the district level based on the population (Fig. 4B). During 

the study period, both school and district level incidence data peaked in 

May and November. These results were based on the space-time 

permutation statistics, which were automatically time adjusted. The most 

significant cluster was scanned from March to May 2014 at the school level. 

The most significant high chickenpox incidence cluster was scanned from 

May to June 2011 at the district level and was estimated using the discrete 

Poisson model to add up all counts from the given total student population. 

At the school level, the most significant cluster was found during the period 

from April to May 2014. Observed/expected values of inside clusters were 

highest among the total study period. 
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(A)  
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Figure 6. Result of temporal analysis of annual trend in chickenpox incidence during 2011-2018 and monthly epidemic curve in Seoul, 

between Mar. 2011 and Dec. 2018. (A) is for school level, and (B) is for district level. 

(B) 
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◼ Spatial trend 

Chickenpox incidence cases were distributed from 989 schools and 25 

districts during the study period; cases and percentages are summarized in 

the following table (Table 3) and categorized into 25 districts (Fig. 7). The 

highest percentage of incidence resulted in Dongdaemun-gu (380 cases, 

12.1%) between 2011 and 2012; however, the count plummeted after this 

period. Seongbuk-gu recorded the second highest percentage (263 cases, 

8.4%), which also increased at the end of 2016. Gangseo-gu was the third 

highest percentage (239 cases, 7.6%); however, case numbers gradually 

decreased at the end of 2016. In 2013-2014, Seoungbuk-gu was the leading 

district for incidence (275 cases, 9.2%), followed by Nowon-gu (258 cases, 

8.7%) and Eunpyeong-gu (243 cases, 8.2%). The higher incidence levels 

reported in these districts were consistent within the study period. 

Eunpyeong-gu reported the highest percentage of chickenpox cases from 

2015 to 2016 (317 cases, 9.1%). Cases in Yangchoen-gu gradually 

increased, resulting in the second highest incidence rate (313 cases, 9.0%) 

and, most recently, the location with the highest incidence. Dongjak-gu 

reported the third highest rate (295 cases, 8.4%) when measured by period. 

During the last period, Gangseo-gu (422 cases, 8.5%) and Gangnam-gu 
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(351 cases, 7.1%) reported the highest incidence, ranking first after 

Yangcheon-gu reached its peak incidence. 

 

Table 3. Geographical distribution of chickenpox cases during 2011–2018 

in Seoul 

Districts 
(No. of  

districts) 

2011-2012 2013-2014 2015-2016 2017-2018 

N (%) N (%) N (%) N (%) 

Total 
(25) 3,146 (100) 2,975 (100) 3,492 (100) 4,947 (100) 

Jongno-
gu 54 (1.7) 16 (0.5) 98 (2.8) 151 (3.1) 

Jung-gu 28 (0.9) 8 (0.3) 37 (1.1) 48 (1.0) 
Yongsan-

gu 30 (1.0) 72 (2.4) 74 (2.1) 65 (1.3) 

Seongdo
ng-gu 122 (3.9) 42 (1.4) 96 (2.7) 199 (4.0) 

Gwangjin
-gu 68 (2.2) 36 (1.2) 115 (3.3) 152 (3.1) 

Dongdae
mun-gu 380 (12.1

) 48 (1.6) 138 (4.0) 250 (5.1) 

Jungnang
-gu 163 (5.2) 135 (4.5) 198 (5.7) 135 (2.7) 

Seongbu
k-gu 263 (8.4) 275 (9.2) 150 (4.3) 204 (4.1) 

Gangbuk
-gu 82 (2.6) 159 (5.3) 140 (4.0) 178 (3.6) 

Dobong-
gu 164 (5.2) 60 (2.0) 94 (2.7) 105 (2.1) 

Nowon-
gu 116 (3.7) 258 (8.7) 127 (3.6) 349 (7.1) 

Eunpyeo
ng-gu 215 (6.8) 243 (8.2) 317 (9.1) 224 (4.5) 

Seodaem
un-gu 78 (2.5) 90 (3.0) 113 (3.2) 171 (3.5) 

Mapo-gu 184 (5.8) 175 (5.9) 87 (2.5) 160 (3.2) 
Yangcheo

n-gu 113 (3.6) 134 (4.5) 313 (9.0) 452 (9.1) 

Gangseo-
gu 239 (7.6) 164 (5.5) 166 (4.8) 422 (8.5) 
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Guro-gu 142 (4.5) 82 (2.8) 55 (1.6) 211 (4.3) 
Geumche

on-gu 24 (0.8) 70 (2.4) 22 (0.6) 63 (1.3) 

Yeongde
ungpo-gu 65 (2.1) 84 (2.8) 126 (3.6) 186 (3.8) 

Dongjak-
gu 173 (5.5) 132 (4.4) 295 (8.4) 164 (3.3) 

Gwanak-
gu 92 (2.9) 189 (6.4) 130 (3.7) 173 (3.5) 

Seocho-
gu 76 (2.4) 193 (6.5) 153 (4.4) 137 (2.8) 

Gangnam
-gu 82 (2.6) 112 (3.8) 228 (6.5) 351 (7.1) 

Songpa-
gu 85 (2.7) 95 (3.2) 101 (2.9) 249 (5.0) 

Gangdon
g-gu 108 (3.4) 103 (3.5) 119 (3.4) 148 (3.0) 

 

 

Figure 7. The map of 25 districts in Seoul, Korea 

Chickenpox incidence rates in 25 districts according to surveillance years 

are described in color scaled maps with bold border lines (Fig. 8). During 

the early surveillance periods (2011), we found regional distributions in the 
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northern (centered in Mapo-gu) and southern regions (Dongjak-gu) of the 

city; neighboring areas are shown with the specific level of incidence. In 

2012, the total incidence level of chickenpox incidence decreased. Within 

the northeastern part of the city, especially in Seongbuk-gu, the highest 

incidence rate was noted. Further, Gangseo-gu, the western most district of 

the city, was the second highest level of incidence. In 2013, the southern 

part of the city reported the highest incidence rates, especially in Gwanak-

gu and Geumcheon-gu, with the total incidence starting to increase. In 2014, 

Seongbuk-gu and Jongno-gu (mid to northeastern regions of the city), along 

with Eunpyeong-gu and Mapo-gu (mid to northwestern areas of the city) 

reported the highest incidence rates. Further, Seocho-gu recorded a similar 

level of incidence to that of the districts. Eunpyeong-gu and Dongjak-gu 

were still high in 2015, with an ongoing increase in incidence. In 2016, 

Seongbuk-gu and Jongno-gu, representing the northern territory of Seoul, 

along with Dongjak-gu and Yangcheon-gu, also show a high incidence rate. 

The highest incidence level was reported during 2017, and the western parts 

of the city (Gangseo-gu, Yangchoen-gu, Geumcheon-gu, Mapo-gu, 

Seodaemun-gu, and Dongdaemun-gu) were reported to have the highest 

risk. Areas where the districts of high-risk incidence included maintained 
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high risk during the study period. During the last study period (2018), 

Dongdaemun-gu, Gangbuk-gu, and Nowon-gu had the highest chickenpox 

incidence rates. Significant changes were observed during the period in 

most districts, with overall levels continuing to increase in cities.  
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Figure 8. Incidence rate per 100,000/year of chickenpox in Seoul, 2011–

2018. 
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◼ Spatio-temporal cluster analysis  

The main purpose of the study was to detect clusters in Seoul from 2011 

to 2018, based on the incidence report of surveillance by school nursery 

teachers. We found spatio-temporal clusters within the whole study period 

(Fig 9A), and annually distributed these clusters to check differences in 

disease incidence (Fig 9B). Finally, we sorted the clusters by log-likelihood 

ratio values (Table 4). 

Annual clusters showed no significance in certain districts associated with 

high chickenpox incidence. In 2011, the eastern parts of Seoul, which has 

the largest radius, were gathered into a cluster. The incidence rate was not 

the highest observed; however, a strong neighboring effect was revealed. 

The total incidence rate in Seoul decreased in 2012, with the largest radius 

areas neighboring the highest incidence district (Seongbuk-gu) during this 

period. During 2013, the incidence rate started to gradually increase. 

Further, clusters were identified in the highest incidence districts. While 

the regions differed, clusters still existed at or around the higher incidence 

districts. However, clusters concentrated in Seocho-gu and Seongdong-gu 

during 2015, and the number of clusters decreased, even though the 
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incidence rate was increasing overall. In the peak period between 2016 and 

2018, clusters expanded so that most of the southern part of the city was 

influencing the chickenpox outbreak, which then started to decline in 2018. 

 To identify spatial clusters in students, a space-time permutation model 

sensitive to range of clusters was used, so that setting a high minimum 

cluster size would underestimate the effect. We selected the clusters within 

the minimum range, and lower than minimum range cluster is not 

significant. There was a total of 29 clusters, with only one reaching 

significance (Fig 9). Estimations included variables such as significant 

cluster ID, radius, start and end date of cluster period, log-likelihood ratio 

value, p-value, as well as observed and expected cases. The spatial radian 

of clusters was under 3 km, with a mean value of 1.05 km. 

Chickenpox incidence did not have wide clusters; however, they were 

found in certain schools and then transmitted to neighboring schools, 

attributable to underlying circumstances. Information about time and 

duration of clusters clarified in the beginning of the semester and at the 

peak point. The longest cluster period lasted for 2 years (cluster number 

24). On average, clusters lasted 133 days. A spatial cluster range value of 
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‘0’ means the school or point itself has a spatio-temporal cluster. The 

calculated impact on neighboring areas is based on the point area associated 

with the causal matter. 
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Figure 9. Spatio-temporal (significant) cluster map of chickenpox 

incidence among schools in Seoul. (A) during study period 2011-2018, (B) 

separated by year. 

 

Table 4. Spatio-temporal cluster analysis of chickenpox incidence in Seoul, 

2011-2018. 

Significant  

Cluster 

ID 

Radius 

(km) 
Start End LLR 

P 

(999) 

Observed  

Cases 

Expected 

Cases 

1 0.08 2014/3 2014/5 269.2 0.001 129 6.20 

3 1.31 2011/4 2011/6 253.5 0.001 190 20.6 

4 1.41 2014/11 2014/11 253.1 0.001 160 13.19 

5 2.83 2011/9 2013/1 249.5 0.001 602 208.34 

6 1.11 2013/9 2014/1 245.9 0.001 132 8.04 

7 1.23 2013/4 2013/5 227.7 0.001 124 7.77 

9 1.55 2014/7 2014/11 188.7 0.001 134 13.37 

10 1.04 2012/3 2012/10 168.4 0.001 125 13.34 

12 1.71 2013/10 2014/4 153.9 0.001 172 31.09 

14 0.42 2016/6 2016/7 149.8 0.001 90 6.77 
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15 1.60 2013/5 2013/7 139.2 0.001 86 6.80 

18 0.23 2011/6 2011/6 112.7 0.001 44 1.29 

19 1.77 2016/8 2017/2 111.2 0.001 87 10.02 

20 1.51 2015/9 2015/10 109.9 0.001 50 2.13 

21 2.01 2017/9 2017/11 108.8 0.001 106 16.34 

23 0.89 2014/10 2014/12 104.1 0.001 108 17.93 

24 1.37 2015/6 2017/6 95.2 0.001 209 67.53 

25 0.67 2016/10 2016/11 80.1 0.001 37 1.63 

26 2.54 2017/6 2017/8 78.2 0.001 138 38.03 

 

Data consist of school surveillance data differentiated into grades. As 

mentioned in the background section, characteristics differ based on the 

susceptibility of unvaccinated children. However, predicted trends appear 

to be changing. Nevertheless, dominant cases occurred in elementary 

school students. Figures 10-12 describe the annual change in clusters by 

grade. 

Among cases reported from elementary schools (Fig. 10), clusters were 

scattered in several districts so that the patterns were very similar with an 

estimation of total students. As previously observed, a strong effect was 
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observed in regions adjacent to the eastern areas in 2011, in which the 3rd 

highest incidence among study periods was observed. Seoungbuk-gu and 

Dongdaemun-gu were included with the largest cluster. Yongsan-gu was 

related to the largest cluster in 2013. Eunpyeong-gu and Mapo-gu were 

among the highest incidence districts, with clusters similar to those of 

Seocho-gu. Cluster size became bigger in 2015, even though the number of 

clusters with a neighboring effect decreased. Until 2018, chickenpox 

incidence was skyrocketing, with the number of significant clusters 

increasing. We assumed that the increase in chickenpox cases are linked to 

the high incidence found in neighboring regions. 

Chickenpox incidence cases in middle school are vividly depicted on the 

map (Fig. 11). A higher incidence rate is associated with the creation of 

clusters within schools. The number of reported cases in middle schools 

was dramatically less than that observed in elementary school students 

(13,081 cases in elementary school versus 1,106 cases in middle school). 

Further, clusters increased when the incidence rate also increased during 

the study period. A similar pattern of chickenpox incidence was observed 

among high school students (Fig 12).  
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Scattered regional patterns associated with chickenpox incidence were 

found among grades. Clusters were detected based on schools; however, 

points of similarity were difficult to identify. 
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Figure 10. Spatio-temporal (significant) cluster map of chickenpox 

incidence among elementary school students in Seoul. during study period 

2011-2018, distributed by year. 
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Figure 11. Spatio-temporal (significant) cluster map of chickenpox 

incidence among middle school students in Seoul. during study period 

2011-2018, distributed by year. 
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Figure 12. Spatio-temporal (significant) cluster of chickenpox incidence 

among high school students in Seoul. during study period 2011-2018, 

distributed by year. 
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Epidemic curves informed peaks in chickenpox incidence twice annually. 

Consequently, we differentiated the year into semiannual standards to 

capture changes in the conformation of clusters (Figure 13). Continuity 

among single incidence clusters were difficult to explain based on the 

results shown in Figure 13. Cluster forms were comparable between the 

semiannual results. 

Southwestern areas and northeastern areas in Seoul were clustered during 

the 2nd half of the study period, particularly from 2011 to 2013. Clusters 

in southwestern areas were repeated in the 1st half of 2017. Since the 2nd 

half of 2016, chickenpox incidence clusters were identified in the 

southeastern areas, including Seocho-gu, Gangnam-gu, and Songpa-gu. 

While the incidence rate was low, the transmission of chickenpox resulted 

in an adjacency effect. 
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2011 1st half 2011 2nd half 

  

2012 1st half 2012 2nd half 

  

2013 1st half 2013 2nd half 

  

Figure 13. Spatio-temporal (significant) cluster map of chickenpox 

incidence among schools in Seoul. during study period 2011-2013, 

separated by semiannual form. 
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2014 1st half 2014 2nd half 

  

2015 1st half 2015 2nd half 

  

2016 1st half 2016 2nd half 

  

Figure 14. Spatio-temporal (significant) cluster map of chickenpox 

incidence among schools in Seoul. during study period 2014-2016, 

separated by semiannual form. 
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2017 1st half 2017 2nd half 

  

2018 1st half 2018 2nd half 

  

Figure 15. Spatio-temporal (significant) cluster map of chickenpox 

incidence among schools in Seoul. during study period 2017-2018, 

separated by semiannual form. 
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2011 1st half 2011 2nd half 

  

2012 1st half 2012 2nd half 

  

2013 1st half 2013 2nd half 

  

Figure 16. Spatio-temporal (significant) cluster map of chickenpox 

incidence among districts in Seoul. during study period 2011-2013, 

separated by semiannual form. 
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2014 1st half 2014 2nd half 

  

2015 1st half 2015 2nd half 

  

2016 1st half 2016 2nd half 

  

Figure 17. Spatio-temporal (significant) cluster map of chickenpox 

incidence among districts in Seoul. during study period 2014-2016, 

separated by semiannual form. 



64 

2017 1st half 2017 2nd half 

  

2018 1st half 2018 2nd half 

  

Figure 18. Spatio-temporal (significant) cluster map of chickenpox 

incidence among districts in Seoul. during study period 2017-2018, 

separated by semiannual form. 
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◼ Spatio-temporal syndromic surveillance prediction  

We used syndromic surveillance modelling to compare real-time setting 

data to reported data and ascertain similarities between results. Based on 

annual peak seasons, we predicted incidence clusters during May and 

November in 2018 from reported cases from 2011 to 2018. Clusters were 

estimated from the peak week of each month, the last week of May, and 

third of November. We found predicted clusters in the former 7 days (1 

week, aggregated) of the study period, which enabled us to compare 

predicted clusters with real clusters. Mapping of each peak week (Fig. 19 -

20) allowed us to differentiate school points (predicted: red, real: green) 

and clusters (predicted: dashed line, real: general line). Especially, 

statistically significant results (Cluster 1) were found during the peak week 

in May using both prediction and real settings for the northern region of the 

city. The cluster’s recurrence interval was much higher than 100 years, 

making the recurrence of identical clusters questionable. In contrast, there 

were no clusters in November, which had a range of schools; however, only 

some school points were statistically insignificant. Sensitivity and 

specificity results from May were 53.6% under the best conditions and 

99.2%, respectively. Nothing significant in November. Values of sensitivity 
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and specificity show that test outbreaks were still observed in limited 

spatio-temporal windows under conditions of timeliness loss and fewer 

signals generated over time. Restrictions were established during the study 

period to ensure sensitivity analyses were performed on specific days. 

Projections for the assigned time windows decreased the number of 

significant cluster schools (36.2% decreased). An important indicator in 

this case is maintenance of sensitivity, which is more appropriate to control 

the number of generated signals (C. C. Van Den Wijngaard et al., 2010; K. 

C. van den Wijngaard, 2010). The positive predictive value (PPV) was 78.7 % 

under the best conditions, and the negative predictive value (NPV) was 

97.5 % at its high point. Validity analysis results from November detected 

no clusters; however, high specificity (99.6 %) and NPV (99.8 %) were 

observed. 
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Table 5. Detected outbreaks of chickenpox based on daily syndromic 

surveillance data in Seoul during May 28th to June 1st, 2018 

Day Cluster 
period 

Cluster 
Number 

Observed 
Cases 

Expected 
Cases LLR 

Cluster 
Radius 
(km) 

RI 
(p-value) 

May. 
28 

May. 22-
28 

1 31 2.00 56.0 1.61 
>100 
years 

(0.001) 

2 5 0.036 19.7 0 
>100 
years 

(0.001) 

3 5 0.19 11.5 0 
>7.1 
years 

(0.027) 

May. 
29 

May. 23-
29 

1 31 1.98 56.3 1.61 
>100 
years 

(0.001) 

2 5 0.036 19.7 0 
>100 
years 

(0.001) 

3 5 0.19 11.5 0 7.5 years 
(0.002) 

May. 
30 

May. 24-
30 1 16 0.42 42.5 0.75 

>100 
years 

(0.001) 

May. 
31 

May. 25-
31 1 7 0.23 17.2 0.75 

>100 
years 

(0.001) 
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Table 6. Simulated daily analyses validity statistics of chickenpox in Seoul 

during May 28th to June 1st, 2018 

Percentage 

(%) 
May 28th May 29th May 30th May 31th 

Sensitivity 53.6 17.4 15.9 15.9 

Specificity 99.2 99.9 100 100 

Positive 

predictive 

value 

78.7 92.3 100 100 

Negative 

predictive 

value 

97.5 95.6 95.6 95.6 
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Syndromic surveillance (prediction) comparing to retrospective 

analysis 

(May 28th –Jun 1st), Chickenpox Incidence 

Figure 19. Predicted (syndromic surveillance) and real (retrospective 

analyzed) clusters of chickenpox in Seoul during May 28th to June 1st, 2018 
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Table 7. Detected outbreaks of chickenpox based on daily syndromic 

surveillance data in Seoul during November 12th to 16th, 2018 

Day Cluster 
period 

Cluster 
Number 

Observed 
Cases 

Expected 
Cases LLR 

Cluster 
Radius 
(km) 

RI 
(p-value) 

Nov
. 12 

Nov. 6-
12 

1 3 0.022 11.7 0 11 years 
(0.002) 

2 3 0.038 10.1 0 2.6 years 
(0.007) 

Nov
. 13 

Nov. 7-
13 1 3 0.019 12.2 0 18 years 

(0.001) 
Nov
. 14 

Nov. 8-
14 1 3 0.014 13.1 0 49 years 

(0.001) 

 

Table 8. Simulated daily analyses validity statistics of chickenpox in Seoul 

during November 12th to 16th, 2018 

Percentage (%) Nov 12th Nov 13th Nov 14th 

Sensitivity 0 0 0 

Specificity 99.8 99.9 99.9 

Positive predictive 

value 
0 0 0 

Negative predictive 

value 
99.8 99.8 99.8 
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Syndromic surveillance (prediction) comparing to retrospective 

analysis 

(Nov 12th –14th), Chickenpox Incidence 

 

Figure 20. Predicted (syndromic surveillance) and real (retrospective 

analyzed) clusters of chickenpox in Seoul during November 12th to 14th, 

2018 

 

126.7°E 126.8°E 126.9°E 127°E 127.1°E 127.2°E 127.3°E

3
7

.4
5

°N
3

7
.5

°N
3

7
.5

5
°N

3
7

.6
°N

3
7

.6
5

°N
3

7
.7

°N

-

+

+

Predicted Cluster

Real Cluster

Predicted School

Real School

Chickenpox Incidence 2018-11-12

126.7°E 126.8°E 126.9°E 127°E 127.1°E 127.2°E 127.3°E

3
7

.4
5

°N
3

7
.5

°N
3

7
.5

5
°N

3
7

.6
°N

3
7

.6
5

°N
3

7
.7

°N

Chickenpox Incidence 2018-11-13

126.7°E 126.8°E 126.9°E 127°E 127.1°E 127.2°E 127.3°E

3
7

.4
5

°N
3

7
.5

°N
3

7
.5

5
°N

3
7

.6
°N

3
7

.6
5

°N
3

7
.7

°N

Chickenpox Incidence 2018-11-14



72 

DISCUSSION 

 

In this study, chickenpox epidemics varied over time and space. Our 

findings demonstrate that statistically significant clusters exist when the 

incidence rate is high. Further, a temporal uptrend of incidence in Seoul 

from 2011 to 2018 was observed, with neighboring districts gradually 

spreading and fading out over time, resulting in an overall increase in 

chickenpox incidence across the city. 

Cluster formation and the rise in the incidence of chickenpox are 

proportional to each other. A rare spatio-temporal epidemiology study of 

chickenpox incidence for a specific city in Republic of Korea showed an 

insignificant spatial autocorrelation of chickenpox incidence based on 

district, suggesting that the autocorrelation is not related to incidence 

pattern by district. 

However, we collected several cluster points from school location, which 

estimated that risk is high enough as a cluster but limited as a single point. 

Cluster itself meaning as a spreader that effect to community. Young 

children are active, which increases the risk of transmission. Study results 
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suggest that the initiation point of chickenpox incidence is not easy to 

capture preemptively. However, the best methods for preventing the spread 

of disease is to monitor incidence and update news or alarms from 

surveillance systems. 

Recent results demonstrate an increase in the incidence of chickenpox in 

middle school and high school students, which is problematic. The 

increasing trend in the incidence of chickenpox in older students is 

demonstrated via clusters of school points. Students who are in upper 

grades spend more time in school; while there are fewer cases in older 

students than in younger students, there is a clear pattern of disease 

transmission. 

Additional analyses to predict incidence on a daily setting were performed. 

Daily prediction or surveillance to analyze the 7-day aggregated data of 

each selected day was performed, and the peak week was selected. During 

May, the model fitted to the retrospective analysis was used to confirm 

actual chickenpox incidence clusters, with a constant incidence anticipated 

in the northern region of Seoul. The highest rate of sensitivity was just 

above 50% (53.6%); specificity (99.2%), PPV (78.7%), and NPV (97.5%) 
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were reliable based on the settings used. Logic dictates that when predicted 

clusters result in actual clusters under conditions of weak sensitivity, the 

cluster itself is likely real, while the evidence of inference is likely true 

when the NPV rate is high. The test outbreaks were detected within the 

restricted time and spatial window. 

No clusters observed from the peak week in November matched predicted 

clusters. Only three cluster points were found during the week, meaning 

many cases were reported but no spatial or temporal characteristics 

accompanied them In November, Chickenpox incidence changed among an 

entire region, and statistically non-significant predicted clusters overlapped 

actual clusters, as described in Figure 20. Predicted and actual clusters 

overlapped within some areas but were not validated in both. These results 

suggest that the prediction model demonstrating non-significance 

corresponded to the actual results during the period. 

Prediction model comparisons of actual cluster results clarify why it is 

difficult to explain the syndromic surveillance based on the current model; 

however, we can detect the continuing incidence area with the model (M. 

Kulldorff et al., 2005). When the cluster created a strong statistical power, 
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predictions and actual detection matched well; as such, prediction models 

can give essential information that can be used to protect spatially close 

students from chickenpox. 

The education office operates the surveillance system and aims to 

strengthen monitoring to respond to the problem promptly and effectively. 

The analyses can be crucial for early disease outbreak cognition and to 

establish correspondence as basic information. At the policy 

implementation stage, several issues have been noted. First, a lag in daily 

surveillance could result in failure to activate an alarm, which may lead to 

delays in appropriate action at an appropriate time. Generally, system 

notifications are sent to nursery teachers in each school. Administration 

supposed to compete with the burden of current system (Seoul School 

Health Promotion Center, 2019). 

Generating syndromic surveillance within NEIS would likely be helpful 

for evaluating risk of incidence based on the system fluency. 

In a spatio-temporal analysis of chickenpox in Valencia, Spain from 2008 

to 2012, spatio-temporal clusters were identified in populations with low 

economic status or low-level education and low-level awareness of 
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vaccination schedules (Choi et al., 2019; Iftimi, Martinez-Ruiz, et al., 

2015). Concern about risk factors, even when implementing a universal 

one-dose vaccination is universal, and chickenpox incidence is trending 

upward. 

Previous studies suggest that questionable vaccine effectiveness might 

affect current chickenpox incidence. From a population-based study, the 

varicella vaccine effectiveness turned out to be 13% (95% CI:-17.3–35.6), 

and immunity rapidly waned three years after the immunization (Lee et al., 

2016). 

In the United States, research investigating transmission patterns in 

populations highly administered one dose of the varicella vaccine identified 

several risk factors; when the outbreak lasted a maximum of 2 months, 

symptoms were mild in general, suggesting that 99% coverage was not 

sufficient. Therefore, routine two-dose vaccination programs were 

proposed to lead to a dramatic decline in incidence (Lopez, 2016; Lopez et 

al., 2006; Organization). 

Furthermore, a population-based study on the effectiveness of one-dose 

varicella vaccinations on disease severity suggested one-dose varicella 
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vaccinations result in milder symptoms, leading to constraint when 

isolating patients and close contact in kindergarten or elementary school 

outbreaks (Lee, Choe, Cho, Park, et al., 2019). In the present study, children 

showed vulnerability to chickenpox outbreak. This is in accordance with a 

previous study conducted via APC analysis of chickenpox incidence in 

Korea (Lee, Choe, Cho, Bang, et al., 2019), where the peak incidence was 

found to occur in children 4 to 6 years old.  

Our study has several limitations. First, chickenpox cases were collected 

from a passive surveillance system (NEIS), and reporting bias was not 

excludable. Cases would be under-reported by late reports and mild 

breakthrough infections. Second, chickenpox cases were collected from 

NEIS, which is only accessible for each school and grade. Additionally, 

there might be multicollinearity among predictors of chickenpox incidence. 

Thus, a flaw may exist in the interpretation of the causal relationship of the 

disease, suggesting a need for caution when interpreting these results. 

Finally, based on the prediction modelling, a low model sensitivity explains 

why it is possible to anticipate the incidence in areas of continuous risk. 

This method, therefore, shares the basic problem with the Poisson-based 

scan statistic in that the random variation from observed counts to calculate 
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expected counts is not reliable (M. Kulldorff et al., 2005). This issue, 

combined with the main dilemma of insufficient action is taken after 

outbreaks may lead one to the conclusion that surveillance systems are not 

useful for preventing disease. Further studies are essential to overcome 

these obstacles. 

Despite these limitations, this study is the first to explain the spatio-

temporal epidemiological characteristics of chickenpox using spatio-

temporal cluster analysis at the point (school) and aggregated (district) 

level in Seoul. Further, we identified high-risk clusters, which were 

confirmed using a prediction method. 

 

 

 

 

 

 

 



79 

CONCLUSION 

 

In conclusion, our objective was to identify spatio-temporal clusters of 

chickenpox in Seoul, Republic of Korea during the last 8 years. Our study 

indicates that chickenpox incidence clusters according to the distribution 

of chickenpox outbreak areas among elementary, middle-, and high school 

students are scattered from the specific center of school point; clusters form 

more often following an uptrend in incidence. Predicting chickenpox 

incidence is not highly sensitive; however, it is possible to identify the most 

likely clusters. This process can play a role in basic data collection to 

inform alarm systems for tracking chickenpox incidence and controlling 

outbreaks in the future. Consequently, schools have a crucial role in 

spreading the disease, and it is important to construct school and 

complementary surveillance systems to prevent and control chickenpox 

outbreaks. 
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요약(국문초록) 

 

수두는 수두-대상포진바이러스에 의해 호발하는 전염력이 매우 

높은 급성 감염 질환으로, 소아에게 흔한 질병이다. 범세계적 

수두 역학은 예방백신의 보급을 통해 발생률과 부담을 줄이는데 

매우 효과적으로 변모하였다. 그러나 한국에서는 2005 년부터 

수두백신 1 회 국가예방접종을 실시했음에도 불구하고 

지속적으로 수두발생이 증가하고 있다. 본 연구는 지난 8 년 동안 

서울시 학교 학생에게서 발생한 수두의 군집성을 파악하고 수두 

발생 위험성을 조사하여 수두 발생 억제의 기반이 되는 것을 

목표로 한다. 

교육행정정보시스템(NEIS)에서 집계한 2011 년 3 월부터 

2018 년 12 월까지 신고된 983 개 학교 수두발생 자료와 

사회인구학적자료는 통계청 자료를 활용하였다. 

전체 및 부분공간자기상관은 Moran’s I 및 LISA 를 통해 

측정하였고, 시공간순열 통계모형을 활용하여 사례 데이터 

설정에서 클러스터를 식별하는데 활용하였다. 또한 학교 

데이터를 집적하여 구별로 분류하였을 때는 이산 포아송 모형을 
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활용하였다. 추가로 위험요인에 대한 연관성 분석을 위해 구별 

학생 밀도, 예방접종률, 지역 박탈지수를 설명변수로 지정하고 

R-INLA 모형을 사용하였다. 

통계 프로그램은 SatScan, QGIS, Geoda, R 을 활용하였다. 

전체 및 부분자기상관성 여부 규명 결과, 행정자치구 간 

자기상관성이 유의하지 않게 나타났으나 발생률이 높은 학교 

중심에서 시간이 지나면 점차 인근 지역으로 확산되어 도시 

전체의 발생률이 증가되는 결과를 초래하였다. 또한 초∙중∙고별 

학생의 시공간 클러스터 분석 결과, 모든 군에서 발생률이 높은 

지역을 중심으로 클러스터가 산발적으로 발생하고 흩어지는 

경향성이 있음을 확인할 수 있었다. 또한 중∙고등학교 학생의 

수두 발생이 뚜렷이 증가함에 따라 클러스터 또한 증가하였다. 

상∙하반기별 시공간 클러스터 분석 결과, 2011 년부터 

2013 년에는 서울 북동쪽 지역에서 반복되는 경향이 있고, 

2016 년부터 2018 년에는 남동쪽에서 지속적으로 발생하는 

경향이 관찰되었다. 

집적된 자료를 토대로 2018 년 다발 시기인 5 월, 11 월의 한 

주에 대한 발생 군집을 예측하였다. 학교 데이터 기반으로 전체 



87 

학생 수 설정 및 대조군 설정이 어려워 시공간순열통계 모형을 

사용하여 전향적 분석한 후, 기존 집적된 데이터로 해당 시기의 

군집을 후향적으로 분석한 결과와 비교하였다. 비교에는 민감도, 

특이도, 양성 예측도 및 음성 예측도가 활용되었다. 5 월 넷째 주 

클러스터 분석 결과에서 가장 유의미한 결과값이 도출되었는데, 

민감도 53.76%, 특이도 99.2%, 양성 예측도 78.7%, 음성 

예측도 97.5%로 민감도가 낮아 예측한 군집에 속한 학교의 절반 

정도가 실제 군집으로 드러났고, 양성 예측도를 통해 해당 시기 

유병률 또한 일정 수준을 유지하며 지속적인 수두 발생이 

관측되었다. 

이 연구는 공간적 시점의 관점에서 수두 발생에 대한 조치 후의 

역학을 설명하고자 한다. 서울 내 학교들의 수두 발생률이 

전반적으로 증가한 것은 밀접 지역의 수두 발생이 유의하게 

올라갈수록 발생이 높은 수준의 학교에서 인근 학교로 확산을 

통해 기인할 수 있고, 특정 학교들을 중심으로 지속적인 수두가 

발생할 때 예측 모형을 활용하여 수두 발생의 위험이 높은 

학교를 미리 관측하여 제공하는 조기 감시체계 강화에 기본 

근거가 될 수 있을 것으로 기대한다. 
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주요어 : 수두, 군집, 시공간 클러스터 분석, 시공간순열 

모형, 학생, 증후군 감시, 조기 경보 시스템 
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