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Hantavirus syndrome is a vector-borne disease transmitted by rodents. It has

been rising since 2011. Therefore, this project was focus on the 7 major

international ports and airports in Taiwan, which were started the health
surveillance measures, first is figure out the effectiveness of notice informs users
of environmental improvement and to control rodent population in 2016. And
second is the effectiveness of suggestions for optimization measures in 2019. The
other hands, to set up a high-risk area and vector image data of rodent within 400
meters around Keelung Port, Taichung Port, Kaohsiung Port, Taipei International
Airport, Taoyuan International Airport, Taichung Ching Chuan Kang Airport and
Kaohsiung International Airport. The characteristics of the high risk area at the
site with capture and without capture were with logistic regression model to

predict the high risk area of vector for Rattus norvegicus. The captured rate, the

rate of seropositivity, and the populations of rodent has been significantly reduced.

However, the part of the optimization measures in the ports area has drastically

changed the routine situations due to the COVID-19 epidemic, therefore,

continuous monitoring is required. At last, the suggestions will used to manage

and reduce the spread risks of vector-borne diseases in the seven major ports in
the future, thereby effectively preventing the risk of vector-borne diseases from

spreading or spreading between each international ports.

Keywords: international ports, vector-borne diseases, predictive risk maps,

Hantavirus.
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% # P (Rodentia) 84+ (Muridae) FEf (Rattus) % "2 & (R. losea)
I RE (R. tanezumi)
i (R. norvegicus)
& 82 &
(Bandicota) A (B. indica)

(kg% B9 8 -6

3 B BUME B o R B4T72 8 BB (56.1%) 0 RLRE276 & =k 2

(32.8%) > HARR B 5 I ¥ RE3T L (4.4%) ~ ] F 358 (4.2%) ~ &
B3%8(04%)2 2 A RfE198(2.3%) & 3 ES42 L S F i
PR B BB (12.8%) ~ H A 5 RLEE(7.4%) ~ I Y 7EU(1.0%) ~ ] F R R

(0.7%) ~ % B(0.1%) % H i (0.5%) ° >+ & B ¥ & AN & 212 5§ ¢
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o 1 A PR B E (n=200 FF S

3%)~ oL (=1 > H 125

21.1%) » %

®F A4 ¢ BEM=23F 3

$2.78%)

RERR R

# B (R norvegicus) 4 B (S. murinus ) 2 HFE R(R tanezumi)

% trap trap-night n capture(%) hantavirus(%) n capture(%) hantavirus(%) n capture(%) hantavirus(%)

I 20 560 78 13.93% 19(24.36) 10 1.79% 0(0) 3 0.54% 1(33.33)

oo 11 308 7 2.27% 1(14.29) 24 7.79% 0(0) 3 0.97% 0(0)

Bk A 22 616 107 17.37% 0(0) 47 7.63% 0(0) 9 1.46% 0(0)

i 22 616 127 20.62% 22(17.32) 59 9.58% 1(1.70) 0 0.00% 0(0)

£ Pk 12 336 3 0.89% 0(0) 2 0.60% 0(0) 0 0.00% 0(0)

% 1 B AR 2y 15 420 10 2.38% 2(20.00) 53 12.62% 1(1.89) 0 0.00% 0(0)

B 30 840 140 16.67% 28(20.00) 81 9.64% 0(0) 22 2.62% 2(9.09)

@3t 132 3,696 472 12.77% 72(15.25) 276 7.47% 2(0.73) 37 1.00% 3(8.11)
Ao RSB (PRI RRBEHE(E) (

) % B B(R. losea) & (B indica) 2 E=E

A trap trap-night n  capture(%) hantavirus(%) n capture(%) hantavirus(%) n capture(%) hantavirus(%) n captwre(%) hantavirus(%)

!ﬁ & 20 560 4 0.71% 0(0) 0 0.00% 0(0) 0.00% 0(0) 95 16.96% 20(21.05)|

AN 11 308 2 0.65% 0(0) 0 0.00% 0(0) 0 0.00% 0(0) 36 11.65% 1(2.78)

ik ] 48 355 22 616 23 3.73% 0(0) 3 0.49% 0(0) 7 1.14% 0(0) 196 31.82% 0(0)|

E 2 616 6 0.97% 0(0) 0 0.00% 0(0) 1 0.16% 0(0) 193 3133%  23(11.92)

12 336 0 0.00% o) 0 0.00% o0) 0 0.00% (V)] 5 1.49% 0(0)}

5 ik m e 45 15 420 0 0.00% 0(0) 0 0.00% 0(0) 7 167% 0(0) 70 16.67% 3(4.29)

30 840 0 0.00% 0(0) 0 0.00% 0(0) 4 0.48% 0(0) 247 29.40% 30(12.15)

132 3,696 35 0.95% 0(0) 3 0.08% 0(0) 19 051% 0(0) 842 22.78% 77(9.15)]
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d 35 1?5? F1 & 222016F & % 2019# &K » A W] ETH Rk B FS

ERIEATE 2 RIRER RS E R D FEL 1% Flt i
paired- test't #.2014-2016# £22017-2019# 2 ffificeh L £ > T ¥
£ B (=329p<0.01)> ¥ vt g B ulp B p 22 £ B o 3t B8 3-(=1.93
p=0.05)~ % 224 35-(=3.05 » p<0.01)% % 2258 (=2.18 » p<0.05)'¢ F 4 ¥
Mt d R B R RFEL TR w2 H e R o BT20198 K

2_ W% «}i‘iﬁlﬁsl“# % & ZafEd A )\#* R4 5 1 2019# 2 2020+
Z fFEEO TR W AR REF LR 4020204 23k e fRCOVID-
9B it > A haRE AL - ARLFR AP LRT
TG BT S N B RSINA T U FRR O K
AR 737 H 2 e pt ok s iF R L testrt $22014-2016-F £22017-2019
E2 g BB EREKEDLIE > AZHFLE (4069 >
p=0.487); ¥ +' #2019 2020F 2_§ s x ‘F}a’-a"&@ R ERTE ‘& sz E S W

AEREE LR (=133 p=0.19)
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SERHE B S 2 AcheR eI B F AN AKEQ0 ) P LR
RS R FFIRER Q2 )% 7 BQ2H)E4 7 BH(12 %)
FBG0T)E BAREBE(15 1) L EP 132 BHf > SRR

NI R &R TS ] h A > AR E Rk B

ki s 40 v fid b S RBE R CZAFEAIREE A
HBHEFF c $EFo ARHIBMNZASF L LR L Sk (28.18%)

H kB s A% (23.76%) ~ & 4 3 (14.92%) ~ # fi -k 5 (11.05%) »

B (9.95%) ~ if Ba(6.63%) 21 454 H (5.53%) » Ak 3o

%3~ E BRI A

Rattus norvegicus

Type Accumulated Percentage
frequency (%)
Pond 0 0
Stream 20 11.05
Grass 27 14.92
Wood 10 5.53
Vacancy 18 9.95
Road 12 6.63
Building 51 28.18
Artificial facility 43 23.76
Total 178 100

(Z)ZB: B2 Er 73
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1124 3 st 2 47 (PCA) A 17 & Rt infd st e > 1035 0 & R e
i 4p #(Corridor Index) ~ & 4 4p #c(Food Index) 2 1= & a‘ﬁ #ic(Habitat

Index) = 3% &g ¥ F]+ (% 4) -

2 AT Rt BB 12z adz 4 A RAY

Type Habitat (PC1) Corridor(PC2) Food (PC3)
Stream 0.401 0.544 0.163

Grass 0.542 -0.313 -0.332
Wood -0.020 -0.089 -0.017
Vacancy -0.158 -0.041 0.077

Road -0.340 -0.221 -0.363
Building 0.096 0.629 0.562
Artificial facility  0.041 -0.043 0.455
Eigenvalue 2.708 1.756 1.382

% Accumulate 31.693 52.236 68.408

(1) &+ «}LF] #c(Habitat Index > HI) ]+ 7 &gz s i 2478 & ¢ 2%
fi kB 32 b PEGERE bt L R4 o

(2) Fxif 4p #i(Corridor Index » CI) 7]+ & 2 f 1 & JE R 5 o
Berphit s N4 o

(3) &4 4p#c(Food Index > FI)F]+ R H E#E A b 2 4 gk F 1%

B phie s & o

2. £ 132 pfap et A2 RN R e f R R 3R ERE

172 R BEATIE A 4T T R S A RIS TR
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J/%— “\/r' él[‘ ‘YF ,b&? *3—
F(X)= -4.02-+(-0.31xHI)+(-0.2 IxCI)+(0.17xFI) (% 5)

HI: fe 8 54 54 B0 CL: R 8 54184 0 FL: 8 3 0 B4

A :'d
F05~ 75 BT GEARIE B2 MR E O

Model

R. norvegicus

Coefficient SE
Habitat Index -0.31 0.07
Corridor Index -0.21 0.12
Food Index 0.17 0.07
Intercept -4.02 0.14

Equation

f(X) =-4.02+(-0.31xX1-0.21x X2+0.17x X3)
R. norvegicus  p=(-4.02+(-0.31xX1-0.21x X2+0.17x X3))/1+(-4.02+(-0.31x X1-
0.21xX2+0.17x X3))

X~ X5 ~ X3 ¢ value of PCA from each sample site.
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432 mPCAH (%7 tFIRFWF DL ot s? > 2

B s % 3 A2 (PC3) -~ A BB F 4 12 (PCA &

FPRFRES F 112 FECCH(E )4 ¢ Bl s rairisskr
BB SRS F 1A 2 PCH g B84 5 % 54 2 > (PCS)

BAFPERELE 212 HPCY)(F 9 P BF L AT
BECOBFEERELS 1ASGEPCH REPPHIELF 42
S (PCAHE & 5 2 B 5 % 2 4 2 (PC2) (% 10) - & 22k ik
AR APEEY BEPEREL Y 132 3(PCL) - A B
i85 2RCPCHE G HFBERIELF 24 2 3(PC2) (& 11) -
FABH LA BGAITEEY L BEREL 1L PC)>
Foif B85 $ 34 2 (PCHE s F B PR %21 2 (PC2)

(% 12)
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36 AMEBEZBRBFT EAL A A

Variables PC1 PC2 PC3 PC4
Stream 0.56 0.02 0.53 0.23
Grass -0.46 -0.23 0.65 -0.17
Wood -0.19 0.77 0.54 0.22
Vacancy -0.01 -0.01 0.00 0.02
Road -0.51 -0.47 0.00 -0.16
Building 0.40 -0.17 0.60 0.62
Artificial facility 0.49 -0.02 -0.15 0.45
Eigenvalue 7.36 2.93 2.26 1.70
Accumulate % 40.34 61.64 75.66 86.15

27~ LBF 2 B FS e 0 24T

Variables PC1 PC2 PC3 PC4 PC5
Stream 0.50 -0.16 0.70 -0.43 -0.02
Grass 0.36 -0.29 0.09 -0.28 0.08
Wood 0.49 0.79 0.18 0.28 -0.01
Vacancy 0.22 -0.06 -0.25 0.30 0.40
Road 0.01 -0.01 -0.01 0.02 0.01
Building -0.16 0.02 0.21 0.14 -0.81
Artificial facility -0.47 0.06 0.50 0.71 0.42
Eigenvalue 4.9122 2.1795 1.7395 1.6016 1.2684
Accumulate% 35.68 51.51 64.15 75.78 84.99

28 PHIREEE 2 REFF BA2 0 LA

Variables PC1 PC2 PC3 PC4 PC5
Stream 0.26 -0.45 0.75 0.07 0.33
Grass 0.02 -0.70 0.52 0.48 0.07
Wood 0.00 -0.07 -0.12 0.11 -0.82
Vacancy 0.71 0.31 0.33 0.01 0.25
Road -0.12 -0.40 0.23 -0.82 0.05
Building -0.18 0.06 0.03 -0.12 0.16
Artificial facility  -0.62 0.20 0.02 0.25 0.37
Eigenvalue 5.2006 2.8140 1.7256 1.5095 1.3708

Accumulate % 37.02 57.05 69.33 80.08 89.84
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29 4% B2 RBEFT EA2 A LA

Variables PC1 PC2 PC3 PC4 PC5 PC6
Stream -0.65 0.08 0.39 0.39 -0.21 0.38
Grass -0.43 0.11 0.05 0.05 -0.12 -0.67
Wood -042 -0.22 -0.62 0.09 -0.35 -0.26
Vacancy 0.13  0.27 -0.56 0.55 0.19 0.29
Road -0.02  0.01 -0.01 0.01 -0.01 0.00
Building -0.09  0.35 -0.20 0.06 -0.51 -0.17
Artificial facility  0.00  0.66 -0.03 -0.28 -0.65 -0.19
Eigenvalue 3.35 2.60 2.51 1.74 1.36 1.18
Accumulate% 23.77 42.25 60.08 72.45 82.09 90.45
210~ & ¢ W2 BB/ FF o2 3 X A4

Variables PC1 PC2 PC3 PC4
Stream 0.68 -0.04 0.28 0.44
Grass 0.66 0.34 -0.78 0.14
Wood -0.27 0.22 0.07 -0.05
Vacancy -0.10 -0.15 -0.55 -0.02
Road 0.00 0.00 0.00 0.00
Building -0.14 0.56 -0.12 0.88
Artificial facility  0.00 0.35 0.00 -0.13
Eigenvalue 6.55 2.47 2.13 1.03
Accumulate% 45.21 63.12 78.92 88.59
F11~ BB ZRBEF]F B2 4 35 AH
Variables PC1 PC2 PC3 PC4 PC5
Stream 0.53 -0.21 0.03 0.39 0.44
Grass 0.40 0.02 -0.87 -0.36 0.06
Wood 0.15 0.18 0.37 -0.48 0.06
Vacancy -0.59 -0.05 -0.40 0.21 -0.06
Road 0.37 -0.01 -0.08 0.69 -0.24
Building -0.03 0.82 -0.01 0.15 0.88
Artificial facility  0.01 0.55 0.00 -0.02 0.02
Eigenvalue 491 3.52 2.32 2.02 1.06
Accumulate% 32.88 56.25 69.78 83.29 90.29
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FARSEE RAE TS A2 0 R4

Variables PC1 PC2 PC3 PC4
Stream 0.50 0.00 -0.58 -0.61
Grass 0.77 -0.11 -0.44 0.07
Wood -0.10 -0.21 0.10 -0.38
Vacancy -0.01 -0.02 0.00 -0.01
Road 0.12 0.14 -0.08 0.02
Building -0.06 -0.86 0.16 0.06
Artificial facility  -0.04 -0.19 0.62 -0.11
Stream 0.44 -0.46 -0.32 0.72
Eigenvalue 3.33 2.25 1.79 1.08
Accumulate% 31.89 53.40 70.52 80.88

(2) i B A Il %o A F A

AL T R BREA R LT A00 2 % R R SR s T o 1
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Songshan airport

N
e
93
S
/
/] \
\
\
] \
1T
I
1 T
o 1
\,
i
N F BN |
()]
Nk T T
T [
| p——"
Low High
[ .

Fig7. L83 E 8UE A ® iy 5 2 # T7 P B

Taoyuan airport

~

Low High

[ [

Fig 8. +*FIR EWF L BUEH £ F i 5 2 # 508§

42



Port of Taichung
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