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Abstract — This study was carried out to analyze spatial and temporal incidence characteristics of scrub typhus and
predict the future incidence of scrub typhus since the incidences of scrub typhus have been rapidly increased among
vector-borne diseases. A maximum entropy (MaxEnt) ecological model was implemented to predict spatial distribution
and incidence rate of scrub typhus using spatial data sets on environmental and social variables. Additionally,
relationships between the incidence of scrub typhus and critical spatial data were analyzed. Elevation and temperature
were analyzed as dominant spatial factors which influenced the growth environment of Leptotrombidium scutellare
(L. scutellare) which is the primary vector of scrub typhus. A temporal number of diseases by scrub typhus was predicted
by a deep neural network (DNN). The model considered the time-lagged effect of scrub typhus. The DNN-based prediction
model showed that temperature, precipitation, and humidity in summer had significant influence factors on the activity
of L. scutellare and the number of diseases at fall. Moreover, the DNN-based prediction model had superior performance
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compared to a conventional statistical prediction model. Finally, the spatial and temporal models were used under
climate change scenario. The future characteristics of scrub typhus showed that the maximum incidence rate would
increase by 8%, areas of the high potential of incidence rate would increase by 9%, and disease occurrence duration
would expand by 2 months. The results would contribute to the disease management and prediction for the health of

residents in terms of public health.
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Fig. 1. (a) Picture of L. scutellare the main vector of scrub typhus and
(b) eschar by the Scrub typhus [6,9].
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Fig. 2. Graphical description of spatio-temporal ecological modeling modified from [12].
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Fig. 3. Annual predicted temperatures according to representative
concentration pathway 2.6, 4.5, 6.0, and 8.5 scenarios [20,21].
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Table 1. Descriptions of representative concentration pathway-climate change scenarios according to the intensities of greenhouse effects

Greenhouse effects

Expected environment conditions in 2040

Scenarios (CO, concentration) in 2100 Temperature (°C) Precipitation (mm) Humidity (%) Wind speed (m/s)
RCP2.6 2.6W/m2 (420 ppm) 12.5 1232.3 70.1 1.9
RCP4.5 6.0W/m2 (540 ppm) 12.3 1096.9 69.1 1.9
RCP6.0 6.0W/m2 (670 ppm) 11.8 1164.3 69.9 1.9
RCP8.5 8.5W/m2 (940 ppm) 12.3 1153.5 69.4 1.9

Korean Chem. Eng. Res., Vol. 58, No. 2, May, 2020



:1 Tl A

o] e 2l gl

7]y

MaxENT

201

- -

Scrub typhus Environmental-social data Distribution of scrub typhus

spatial-occurrence data

Temporal distribution modelling

Analysis of spatial-temporal distribution of scrub typhus

RCP6.0
scenario

Prediction of future
distribution of scrub typhus

Comparison with present
distribution of scrub typhus

Predicted occurrence
of scrub typhus

Scrub typhus
temporal-occurrence data

Fig. 4. Graphical scheme of the spatial and temporal distribution analysis for scrub typhus.

A Fig 4k ek WA, 2R AT 300
slste] W ool e zzAbTAIEe)
MEREESEEEEEL TS FEECEE
52 A9 the-o=, 2415 1 ARl
[§5t0] el ] MaxENT 282 TA510] 257bEa )
H g 2 T A YERaL, S 22T
4 dy o] B 9} ulwsto] B E 2] AJ5S area under the
curve (AUC)E 01§31 Brhalalet. F7h4 0.2, AHg8l A1) Wl
w37 Mol A Fad M B $lekel, Jackknife
] 355 S Fof ol w21 AT WY A B
2 vl B8

AR, 2T AR
HATVEA S 2 31529) 7|
71 A% e 7

o

ok of

£ —101'

247(46]— ;(]Oﬂ JQLJ/} 7]

correlation) 495 0]36‘}

7] St J]OV\ 83 (Pearson’s
EP 37 Wel] 0~670122) AT XS

[¢]
27} 2§ A7), B 2 RN B S e B
7) AT FUA B3 PUHAT o1 B 47 W e

A 2] el
e 9] A48

o] W=7 AMelsdn). UJr‘jJ"H Eo’]:f"ﬂ’ﬂ‘_ A= o1z A T
t—ﬂoﬂf\i 1]04 _g_i]—v—— Eq ]_‘élj,é]:o %‘/_‘[\_;g_'_ ?:]a H]O]Eii _5_}0:]
S5 9 el EA T WY 952 589t 1% Q3 4
A 7 ZEoPEA o] 4wy 95 o5 mele] Pk &

Ak 2dl 70k oS gh& o] &3t
determination, R%) ¢} 3 ¢ #| 3+ 2 X (root mean squared error,

RMSE)E Alikste] Attt

Al 5= (coefficient of

)

o) O o2 o

R R EE e R E R R S

AE QI8 FFRA] B4 flste] W o] A PEAIS Y
BE oS3t o] 34 23 Alue] 24 RCP6.0S o] &
ATk A7 AZE A Aol A 8H A oS 7492 2040 7] F
CO, Feok vl & v, &4 7} A7 4 2o] 2-8-¥ RCP6.0
AU 25 CO, §EE oF 270 ppm A7 A|71A] Hr}., o]i= # A
o] AR A7 A Aol AEshe vig 715 R Alvke] et
wj2bx] RCP6.0 A LHe] 2.5 719FO. 2 20403 2] $H=12] A <t 7|
5 203 2 et 7% 2315 33 AE B2l MaxENTS} A]
A RERL A Q1% A1 melel] 4zt ARg-8ISitt. o]

20401 8] 22T PEAIZE] by k4 gl why ShE-o] WS A
71§ 2100 M 9] 2227 HEAIS HhE B4 B A A skt

3

ojN 2

3-1. ZZEAIZ HI0[E] $E
= 03—?"”*1 A3t 8737 2] 3 AL A WG5S Table 2]
Vel Q) A A 0] 27k RS UER )= Ay me
MaxENTZ} A|7bo]] 2wk 352 LRl A= ol 3 Al g7
dEnds sl YA 34 W 27 s = Heg

= A= o
T= o

mlm

TR 21, 20012018 Afo]e] 7 o mETREAIS T
s 5‘—’?4 S AuE F5 WFE AT 22THRAIS
5 YERE MaxENT R22- Table 29} ko] 24 W

TE Y goR AR, 3 7ol iE dlolEl g

= 3,60070 5 ARESHITE 2T HEAIS S WY Sl s
Z 3 AAY o] -9 18 Eok 3% 1,296709]
= ARk 3 dlolE & 3 WRe] g 2220
7HEAES] T ARl FR =12 Ehgol] YIRS 7= AR &
A2 7, AT, F5, 5, 181 150 3 JRE A8
ATHS6]. olwl, B4 FRE 71 olA Alwsks 4 Ao
2001~2018'd 2] € Ft A5 2 s e, 87 W F A3
AR5 YER)= 1%+ shuttle radar topography mission (SRTM)=
3l AT 2 ATelA 2 A TR S H dlolEl ]
A 3 RS SE3FAL, Al 37PE 3 xR A HE
H] & 7} X (inverse distance weighted, IDW)H = ©]-8-35}o] AlAt

Korean Chem. Eng. Res., Vol. 58, No. 2, May, 2020

1__

e
ol
if:
o g



202 7\:!%'\9_" =

- 0]

%

A7 - AA

T -

i

Ao

Table 2. Environmental and social variables used to model the scrub typhus spatial distribution model and the scrub typhus prediction model

Standard Observations Observations

Variables Unit Abbreviation Mean deviation formodel 1 for model 2 Data source Model
Maximum temperature °C Tmax 18.08 1.13 225 216 1,2
Average temperature °C Tavg 12.39 1.31 225 216 1,2
Minimum temperature °C Tmin 7.49 1.66 225 216 Korea Meteorological 1,2
Environmental Precipitation mm Prec 109.5 12.03 225 216 Administration 1,2
variables  Humidity % Hum  67.78 3.13 225 216 12
Average wind speed m/s WS 1.89 0.50 225 216 1,2
Elevation m El 2625 248.80 225 Spizzls‘l’:;(‘)‘&‘q;‘t’fon
Population density person/km? Pop 528 1860 225 - 1
Ratio of under 15 years of age % Ul15 11.9 2.75 225 - 1
Ratio of over 65 years of age % 065 21.7 8.07 225 - 1
. Ratio of farm population % Farm_pop 21.2 12.1 225 - o 1
S(?c1al Ratio of female population % Woman  49.7 1.60 225 Korea Statlstlca_l 1
variables Information Service
Ratio of park area % Park 0.20 0.71 225 - 1
Ratio of orchard area % Orchard ~ 0.59 1.34 225 - 1
Ratio of paddy area % Paddy 7.63 331 225 - 1
Ratio of field area % Field 11.4 8.20 225 - 1

Note that the model 1 and 2 indicate the spatial scrub typhus distribution model and the temporal scrub typhus prediction model, respectively.
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