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Developing a new index to assess varicella outbreak

Kiwook Yang1, Incheol Seo’

'Department of Anatomy, Keimyung University School of Medicine; “Public Health & Welfare Bureau,
Daegu Metropolitan City, Daegu, Korea

Background: Varicella is the most common infectious disease reported despite the high vaccination rate.
Interventions that target humans are particularly effective for varicella because humans are its only natural
host. On the other hand, the existing national varicella surveillance systems lack the information to identify
an outbreak. Therefore, a new index to assess varicella outbreaks was developed.

Methods: The residential addresses of 2,718 varicella cases reported in Daegu in 2016 were converted to
geographic coordinates and the distances between new varicella case and previous cases within 21 days
were calculated from the date analyzed. Two cases were considered to be adjacent if the distance between
them was less than 1 km. Finally, a proximity index was introduced by dividing the number of adjacent cases
by the number of new cases on the date analyzed.

Results: First, time-series charts and scatter plots were used to verify that the proximity index reflected
the spatial closeness of the different varicella cases. The proximity index is helpful in identifying outbreaks
from a list of single varicella cases. In addition, in this study, a new epidemic characteristic of varicella based
on the proximity index was shown.

Conclusion: The proximity index introduced in this study can be used to determine the likelihood of an out-
break from a single case of varicella, and it can be embedded in a web-based national varicella surveillance

system that is currently in operation.
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@& Varicella report fist B Address to latitude & longitude
Varicella reports (examples) Varicella reports (examples)
ID | Date of report | Home address _ID | Date of report _ Longi
[ 2015/12/11 1 2015/12/11
2 2015/12/19 Kores B 2015/12/19 .
3 2015/12/31 Korea geocode()inR |3 “2015/12/31 130.146029
1 2016/01/01 RE Korea A 2016/01/01 36.265281 | 130.133585
3 2016/01/02 266. Dacgu, Korea [ 5 2016/01/02 36.263065 | 130.080588
[ 2016/01/02 300, Daegu, Korea ”E [ 6 2016/01/02 36.269102 | 130.052460
7 2016/01/03 150, Daegu. Korea és‘”g iy 7 2016/01/03 | 36.264887 | 130.113260 |
] 2016/01/05 199. Daegu. Korea eocoding AFY [ 2016/01/05 36.262916 | 130.171602
2718 2016/12/31 222, Daegu, Korea [2718 | 2016/12/31 36.269152 | 130.129046 |
(© Edraction of reports to be analyzed (@ Reports of the date to be analyzed
Varicella reports (examples) Varicella reports (examples)
1] Date of report Latitude Longitude D Date of report Latitude itude |
1 2015/12/11 36. 2 | 129.996667 P 2016/01/02 36.263065 | 130.080588
2 2015/12/19 36.268325 | 130.055678 | ™., 6 2016/01/02 | 36.269102 | 130.052460 |
3 2015/12/31 36.260629 | 130.146029 |
I 2016/01/01 36.265281 | 130.133585 |.
5 2016/01/02 36.263065 | 130.080588 ™ ® Reports within previous 21 days from the (D)
Sl 36.269102_| 130.052460 | -
i : 11/07 1 Varicella reports (examples)
8 2016/01/05 g D Date of report Latitude | Longitude
2 2015/12/19 36.268325 | 130.055678
o | | 3 2015/12/31 36.260629 | 130.146029 |
2718 2016/12/31 36.269152 | 130.128046 ~J 4 2016/01/01 36.265281 | 130.133585 |
Distance calculation
between each report
(E) Generation of distance fild
Varicella reports (examples)
D Date of report Latitude Longitude 1] Date of report Latitude Longitude |
5 2016/01/02 36.263065 | 130.080588 | 2 2015/12/19 36.268325 | 130.055678
5 2016/01/02 36.263065 | 130.080588 | 3 2015/12/31 36.260629 | 130.146029
5 2016/01/02 36.263065 | 130.080588 | 4 2016/01/01 36.265281 | 130.133585
6 2016/01/02 36.269102 | 130.052460 | 2 2015/12/19 68325 | 130.055678
3 2016/01/02 36.269102 | 1: 3 2015/12/31 .260629 | 130.146029
6 2016/01/02 36.269102 1 2016/01/01 36.265281 | 130.133585
@ Statistics ‘
Statistics
No. of reports within No. reports within previous 21 days e
Hate H ot e previous 21 days within a radious of 1 Km B 27
2016/01/02 | 2 [ 3 1 [ 05 |
1

Fig. 1. Proximity index calculation. (A) Extraction of report dates and home addresses from a national varicella
surveillance system. (B) Address conversion to latitude and longitude. (C-E) Extraction of new cases with
the date to be analyzed and previous cases within 21 days. (F) Calculation of distances between new and
previous cases. Two cases were considered to be adjacent if the distance between them was less than 1 km.
(G) Proximity index calculated by dividing the number of adjacent cases by the number of new cases on the
date analyzed.
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Fig. 2. The time series of varicella, the proximity index, and the corresponding scatter plots. (A) The charts in
light red and light blue indicate the number of daily varicella reports and the proximity index, respectively. Red
and blue lines indicate the 7-day moving averages of the varicella cases and the proximity index, respectively.
(B-E) Scatter plots show the residences of people infected with varicella. The red, green, and yellow circles, respec-
tively, indicate the newly reported varicella cases, previous cases reported within 21 days from the analysis date,
and cases reported both within previous 21 days from the analysis date and cases within a 1-km radius of new
cases.
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Kiwook Yang and Incheol Seo
APPENDIX

1, M BE 5ot B J|EUZRE 212 OILHS| =5 Al F20| AF2E &

while(), mapply(), cbind(), as.data.frame()

2, MEE U WE TE AN ALRE B
ggplot(). stat_density2d(), scale fill gradientn(), scale alpha continous(), scale y continuous(), scale x continuous()

3. 9l=, ASE 0125101 5 XA Zhe| HAIE To7| Hsh ROIM AME 2=
# 5 QL A 1 (FA)
calc.dist]l <- function(latl, lonl, lat2, lon2)

{

dlat <- (lat2-lat1)*pi/180

dlon <- (lon2-lon1)*pi/180

a <- (sin(dlat/2)) ™ 2+cos(lat1*pi/180)*cos(lat2*pi/180)*(sin(dlon/2)) ~ 2

d <- 6378.145*2*atan2(sqrt(a), sqrt(1-a))

return(d)

}

# 5 AFH A 2 (B9)
calc.dist2 <- function(latl, lonl, lat2, lon2)

{
d <- sqrt((((lat2-lat1)*92) ~2)+(((lon2-lon1)*114) ~ 2))

return(d)
3
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