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Spatial epidemiology of animal rabies in upper northeastern Thailand

Orapun Arjkumpa® Anchalee Khamsai?
Abstract

Rabies is a zoonotic disease that has a significant impact on the public health. The purpose of
this study was to describe the spatial epidemiology of animal rabies in upper northeastern Thailand
between 2016 and 2020. Data was acquired from the Thai Rabies Net surveillance database during
2016-2020. The space-time permutation scan statistic and spatial autocorrelation were examined. The
study results shown that rabies was discovered in 7.51% (579/8,352) during the study period. Rabies
was identified every year, with the highest proportion in 2019 and 2018 (14.89% and 10.89%),
respectively. Animal rabies was detected in nine provinces, including Roi Et, Kalasin, Mukdahan,
Mahasarakam, Khon Kaen, Nongkhai, Loei, Makhon Panom, and Udonthani, without a rabies cases
reported in Beungkan, Nong Bua Lamphu, and Sakon Nakhon. Animal rabies spatiotemporal clusters
were discovered also every year. There were eight spatiotemporal clusters of animal rabies observed.
Moran's | was 0.596 for spatial autocorrelation values from 2016 to 2020, revealing cluster type. Local
indicators of spatial association demonstrated the presence of a clustered pattern in Roi Et, Kalasin,
Mukdahan, Mahasarakam and Khon Kaen. As a result, high-risk locations for animal rabies should be

highlighted in order to provide adequate prevention and control.

Keywords: rabies, spatial epidemiology, spatiotemporal cluster, spatial autocorrelation
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Tsriuaivtn (Rabies) Wulsednifnsedaunddgdalinasessuulstamaiunansludmiiosgnaeuy
(Moges, 2015) inannigeliFaniiedn Lyssavirus Feegluied Rhabdoviridae Weliaaunsadueeninain
Wangvesdnindnde Wnsdnlvgieliiaaunsafiaseitngsinmenauiauna Iszeziindivedsanus 4 Ju
uile 6 WeuniouIuNdIT (Bano et al, 2017) lsafivatatndulsaineliinlymmisinuaisisaguidma

NIENURNIALLAZAR AN FanunTidetinwsasTenana 59,000 A (Mshelbwala et al., 2020) d@duunnnu

Y
a A

AideInlulssmamdaiaulagianiznivieideuasionsni (Knobel et al., 2005) nsansedulugiinain
nmsgnauunfaiielseiivatatin (WHO, 2014) uazataduunasislsadiAgyvadlsail (Sor et al, 2018;
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Rupprecht et al, 2007) Useimnalneiistsaunsiinlsafivataiividluauwasdod

Tul 2561 nsumuaulsasienui UsanalnenudUae 16 518 910 13 Sswia Aadudasinisiae 0.02
' 1 a aa a < [y 1 [ o Aa o 1
AoUsynsuauay fUeideTinynie Andudnsinisaie 0.02 deussyrinsuauau lnedwmianddnsinisthe
AoUANUIEYINTEEN 5 SuAU lAlA AN YNAMIT MUeIAY FINQe Lavdszatudstus ananddnsinstivasan
Ao anAld uavnnaneTu eanleanile 0.04 sdeussynsuwauau (nNsuauaxlse, 2562) dwlsanvativinludn
wuIlud 2561 Bailfeg19dInsI9NNLA 9,275 A9 NUKAUINTIMUA 1,469 fiee Antdusasay 15.83
Tu 54 dande wulselgegaly 10 Jmin liun g5uns Soedn awan upssvdunn elass vaus Maviny
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winpava JeaduwazunUalsednd, 2563) uwastagiudaiiseny

nsAnwnsialsaiwgrvtt ludalunuinaeg Jueenideamilonouuulunasdmdn wu waisey
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JpuvaNTauwmAileans (geographic information system; GIS) JueSosdlondaiildlunisanenng
sruiavedlsaludniniiuseavsam Tasthusuindmansuninusmiugudeyanainlsassuinludnd ud
3Lﬂiwﬁaaﬂmﬁu°ﬁagaL%ﬂﬁuﬁ (spatial data) (Chuayray and Songthap, 2019) 19 @a1un13alv0dlsa 3o
aruduiusserinedatomassuisine viethauedoyadiu Hiossyiufininfalse manszaediluds
nan @nud waznauUsenng neliAnusgansanlunisnawudesiunagaiuaulsaiase (Kongmung, 2010;
Tipayamongkholgul, 2012) mﬁﬁﬂmmaizmm’?mEJwaﬂmﬁw@ﬁmﬂﬂué’wﬁ%aﬁuﬁﬁummﬂmi’uaaﬂLammﬁa
mauvuilegiin (Judand, 2563; Fudanduavany, 2563; T1nsuaziiania, 2563; aaneauazUaeyrim, 2560)
Fensfnwmessuisinendsiuiivesmainlsafivatutastisatuayunisdestusasidnlsafivatiily
mesyTusenidsanilonauuuld wagthelianansassyiiuiides Snunensundnszaevedlsadeiui way

Uszmnsnguidedlaagngneies awnsadmanisAinwnlaulalunisiiseislsaauanuidss (risk-based



surveillance) vinlsianunsanmuauinsnistesiulasmuaulsaidmisseiuilasgiamngan (Mshelbwala

et al., 2020; Rasoul et al., 2019)
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Hoyauazmssanisteyaiidnen

msfnwadsilidunisfinmdounds (retrospective study) Tastirdoyamsiinlsafivaiiuti-ludn id
msnenuluiiuiiniang fussnideundeneuuulutaed 2559-2563 Jadudoyanfiond (secondary data) 910
gudeyassuvasaumaiionaihay filsafivaiath (Thai Rabies Net) Tnsdriinauadoidaminluuriaziiud
¥ ihdeeeindniuazendeidwnmadudulsafivaiutdeisdendnmanite (fluorescence assay) o

Audideuaziaunsdmunmdnanz ussnieanilensuuy tngdinuladn iITminlesngnunansIaway
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Poyarnefudnitug aslugiutdeyatnadu (nsudadnd, 2021) Feteyaniunldlunisinwessiluszneuluse

o A

Juidefegna s1une Fwin Adavesdniinulsafivgiah (Adamainlsassuazidafiidugaguinaisvos
fua) Blladnd UseTanisiidnves Yseiinslasuiaduldesiulsafivatiatn Yseifinisinau Useiinisindnd
u uavanuglsafivaiiaih mﬂﬁ?uﬁﬁa;gaﬁu’mmLsé’hgj‘[,ﬂit,mimm% (R) (R Core Team, 2021) Lilevn sdAnis
foyarfiolflunmsiinsest Gamsfnuedsillitoyanenunininetidsafvatuthiioglussuun $1uu 8,352
fegn Tnglisusonudnnu 22 fegdifiteyalinsuiu

nsTsidaya

Iasendeyaraviauemigadfidonssaun kansrianudkaziogas Iagldlusuniuens (R) Yammas

Y

janitor, rstatix, stats, dplyr ez ggplot2 (R Core Team, 2019) LLazLLammsﬂizmaﬁ’mmmaﬁm’lmﬁwqﬁmﬁw
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ludnigeiulagdiasesiudasUluseaudamdnmelusunsy QGIS 1Iasdu 2.18 Tasieimnguisudaiuiuae
. a a LV 4 .«.&J Ql' 1 = )
1981 (space-time cluster) vasn1ssialsafivatudluiunseninag 2559-2563 lagldlusunsy SatScan a3ty
9.7 WNOWIAN retrospective space-time scan statistic 728 space-time permutation model (Kulldorff et al.,,
2005) Anuald minimum temporal cluster size 18U 1 AU (Bouslama et al., 2020), maximum

temporal cluster size VAU 50% 83191I8VINNISANYY Wag maximum spatial cluster size WU 50%

[ [l
A I

Y9IUTEYININAUALY Lazlaninanlglusunsy QGIS 1I939u 2.18 IiasierimiAnudunusi¥anug (spatial
autocorrelation) IienagauiispNUdNTUGFINUNveIN SRl saiwg v wuTegndlUSsuieuivdsieglng
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Moran’s | (Global Moran’s | statistic) @ b JuanfN I IAAIMUFURUSITINUNTAFT LA -1 D9 +1 ¥ndlaAgn 1

¥ = U I

wanINUonaiinuniznay (clustering) Tagiunfeglndnuiuuiliuinazdanuadieiu mndanailng -1
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(Resoul et al.,, 2019) MNTIATIZAFIVITANUAUNUSITINUN (Local Indicators of Spatial Association: LISA)

Y Y

Fuduadfnldinanududurenisyunguueseinmainlsefivadviituszauinug laensdasigin Local

¥

Moran’s | Tuksazfiun lnaauianlsauiisunuvaunvasiuilndides (Anselin, 1995) wiaukandliiiun



ANANTUYBINUNAAalsafivaiuinludnd iemanuduiusideiunvesnisiialsafivgivin lneeudeya

nsiialsafivaiviniudeyadanunlulusunsy QGIS uazdtayansiinlsafivaivinluszAudineumameis

[

UMMUALTINUA (spatial weights) AT UNIAIANUFURUSITINUTIA2Y Global Moran’s | wag LISA 728735

Assuncao-Reis Empirical Bayes (EB) Ingldlusunsy GeoDa esdu 1.20

NANISANEI
anwaEnIesEUInIngvaslsanegiuin ludn
NTTUUTIBUNSHsEialsafiwguiadn Thai Rabies Net sendnetl 2559-2563 {n1551897UN15A29
Tsafivgiatilufiufimane fusenidsunienouuusunusisau 8,352 fegns Temussnuiudulsafivatud
Tudnisiuau 597 doga Andu 7.15% vessuiussnuimualussuunsmenumsaihss Silsadngn oy
wunsiAnlsannT wugaaelul 2561 uas 2560 AnLdu 14.89% uaz 10.89% Amadu (i197l 1) uimsiia

Ispfiwgrivtnasanlufounns1a (62 Mog19) NUAS (54 ATY) waziunau (52 A39) 1wl 2561 (3U7 2)

M1397 1 wansinuiukaziosasvasiegnsnulseaivgrivtnludndlununnians fusenidusnienasuuu
semingl 2559-2563

il wulsaitwaiiudi Linulsafivaiat 53
2559 68 (3.94%) 1658 (96.06%) 1,726
2560 206 (10.89%) 1685 (89.11%) 1,891
2561 280 (14.89%) 1601 (85.11%) 1,881
2562 37 (2.51%) 1438 (97.49%) 1,475
2563 6 (0.44%) 1373 (99.56%) 1,379

ERLY 597 (7.15%) 7,755 (92.85%) 8,352




60

40

count

20

2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017
2017
2017
2017
2017
2018
2018
2018
2018
2018
Jun-2018
2018
2018
2018
2018
2018
2019
2019
2019
2019
2020
2020
2020
Jun-2020

Jul

2017
2018
2019
2019
2019
2019
2019
2019
2019
2020
2020
2020
2020
2020
2020
2020
2020

May-2016
Jun-2017

Jul
May-2019

Jan
Feb
Mar:
Apr:
Jun:
Jul
Aug
Sep
Oct
Nov-
Dec:
Jan
Feb-
Mar:
Apr:
May-
Aug
Sep:
Oct:
Nov-
Dec:
Jan
Feb:
Mar:
Apr
May-
Jul
Aug
Sep
Oct
Nov-
Dec:
Jan
Feb
Mar:
Apr:
Jun
Jul
Aug
Sep:
Oct
Nov-
Dec:
Jan
Feb:
Mar:
Apr
May-
Aug
Sep:
Oct:
Nov-
Dec:

JUN 2 wansdnuaiznisnseatedvesnisialsafivatirinludniluiuinans fusenideanilensuuuseisiou
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Sousnsedmia wunaifelsalu 9 Swie loun Smindesida niwdug ynavns umansan
YOUWNY UBIANY LAY UATNUL wazansonll wilinusenuly 3 Jwia laud Ymindanw vuesladng was
anauas (M3 2) Tnsdnwaznisnszaedvesmaialsanuluiminfenida smasau nmdug unamns
LazveuUAY Felloraniuninsiatiu (U7 3)

dudnunzmsssuiaineedsafvatotiludo fluiiuiinans fusenideanieneuuluseningd
2559-2563 wumaiinlsrlugiiusnndign (564 feens) sesamniula-nszde (45 fog1e) uaz win (5 Meeh)
mudiy wuidnindulsafivateidudnifitidwes (54.44%) sesaanidudnifilsifidrves (31.83%) uazlsl
NI AnUrAIIidIves 82 (13.74%) iy wuhdnitiiulsefivatiuthanlng (90.28%) LHude il
violinsuusy Hnsvhindulsafivatot venaninuinde iflulsafvatatiivsy Hinsiaau (16.08%)

warNNERIDY (34.17%) MUAIRU (115799 3)



M13797 2 waneduiukazioazvaansiialsafivaivdnludailuiuinans TuesniBeanilenauuusenined

2559-2563 FLUNAIUTIUTININLALI 8T

2559 2560 2561 2562 2563 BiprY
Fania
aulse  ldwulse wulse linulsa wulsm ldwulse wulse lLiwulse wulse ladwalsne wulsa Taiwulsm
. 9 155 97 132 102 219 12 218 qa 230 224 954
Souidn
(4.02%) (16.25%) (43.30%) (13.84%) (45.54%) (22.96%) (5.36%) (22.85%) (1.79%) (24.11%) (100.00%) (100.00%)
.. 25 169 33 340 46 199 10 132 1 163 115 1,003
wAuS
) (21.74%)  (16.85%) (28.70%) (33.90%) (40.00%) (19.84%) (8.70%) (13.16%) (0.87%) (16.25%) (100.00%) (100.00%)
15 65 36 61 29 62 5 a2 0 53 95 283
AU
(15.79%)  (22.97%) (37.89%) (21.55%) (41.05%) (21.91%) (5.26%) (14.84%) (0.00%) (18.73%) (100.00%) (100.00%)
9 203 29 150 33 234 2 97 0 111 73 795
UEIAY
(12.33%)  (25.53%) (39.73%) (18.87%) (45.21%) (29.43%) (2.74%) (12.20%) (0.00%) (13.96%) (100.00%) (100.00%)
) 0 273 0 258 35 200 5 199 1 174 a1 1,104
YpULAU
0.00%) (2673%)  (0.00%) (2337%) (8537%) (18.12%) (12.20%) (18.03%) (2.44%) (15.76%) (100.00%) (100.00%)
1 57 5 66 13 60 1 66 0 7 20 326
NUDIANY
(5.00%) (17.48%) (25.00%) (20.25%) (65.00%) (18.40%) (5.00%) (20.25%) (0.00%) (23.62%) (100.00%) (100.00%)
2 112 5 102 4 90 2 79 0 72 13 455
\ae
(15.38%) (24.62%) (38.46%) (22.42%) (30.77%) (19.78%) (15.38%) (17.36%) (0.00%) (15.82%) (100.00%) (100.00%)
5 126 0 113 7 106 0 128 0 59 12 532
UATWUY
(41.67%)  (23.68%) (0.00%) (21.24%)  (58.33%)  (19.92%) (0.00%) (24.06%) (0.00%) (11.09%) (100.00%) (100.00%)
2 208 1 159 1 180 0 198 0 156 q 901
a5l
(50.00%) (23.09%) (25.00%) (17.65%) (25.00%) (19.98%) (0.00%) (21.98%) (0.00%) (17.31%) (100.00%) (100.00%)
- 0 71 0 80 0 34 0 56 0 60 0 301
Jeamw
¢ (23.59%) ¢ (26.58%) ) (11.30%) ) (18.60%) “) (19.93%)  (100.00%)  (100.00%)
. 0 49 0 71 0 59 0 75 0 70 0 324
yueetIEn
¢ @) (15.12%) ) (21.91%) ) (18.21%) ) (23.15%) “) (21.60%)  (100.00%) (100.00%)
0 170 0 153 0 158 0 148 0 148 0 gt
ANAUAT
¢ (21.88%) ¢ (19.69%) ) (20.33%) ) (19.05%) ) (19.05%)  (100.00%)  (100.00%)
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2559-2563
Uady 2559 2560 2561 2562 2563 39

windnT*
il 60 (4.79%) 193 (12.40%) 255 (16.23%) 33 (2.81%) 5 (0.44%) 546 (8.17%)
U 1 (0.49%) 2 (0.88%) 2 (0.97%) 0 (0.00%) 0 (0.00%)  5(0.55%)
1a-nszde 7 (21.88%) 11 (47.83%) 23 (57.50%) 4 (44.44%) 0 (0.00%) 45 (38.79%)
Buq 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (4.5%) 1 (0.24%)
A0UrNSILE1VD9
X 35 (51.47%) 133 (64.56%) 141 (50.36%) 141 (50.36%) 0 (0.00%) 325 (54.44%)
Taigl 25 (36.76%) 47 (22.82%) 100 (35.71%) 13 (35.14%) 5 (83.33%) 190 (31.83%)
lansu 8 (11.76%) 26 (12.62%) 39 (13.93%) 8 (21.62%) 1 (16.67%) 82 (13.74%)

Usgianmsinindulsaiivgiivin

P

q 10 (14.71%) 25 (12.14%) 20 (7.14%) 3 (8.11%) 0 (0.00%) 58 (9.72%)
Taigl 21 (30.88%) 53 (25.73%) 81 (28.93%) 7 (18.92%) 1(16.67%) 163 (27.30%)
lainsu 37 (54.41%) 128 (62.14%) 179 (63.93%) 27 (72.97%) 5(83.33%) 376 (62.98%)
Usgiansnnau

X 11 (16.18%) 39 (18.93%) 41 (14.64%) 5 (13.51%) 0 (0.00%) 96 (16.08%)
Taigl 48 (70.59%) 56 (27.18%) 91 (32.50%) 8 (21.62%) 3(50.00%) 206 (34.51%)
Tlainsu 9 (13.24%) 111(53.88%) 148 (52.86%) 24 (64.86%) 3(50.00%) 295 (49.41%)

UsgTRnsindn dutindu

P

by 39 (57.35%) 68 (33.01%) 88 (31.43%) 8 (21.62%) 1 (16.67%)
Taigl 19 (27.94%) 25(12.14%) 35 (12.50%) 4 (10.81%) 0 (0.00%)
lainsu 10 (14.71%) 113 (54.85%) 157 (56.07%) 25 (67.57%) 5(83.33%)

204 (34.17%)
83 (13.90%)
310 (51.93%)

Yo o oa o ¢ ' a 1< v
Hgiwaudnlunsvindniunazsdadusimig

HAN13ATIZYNGUABULTINUTILAZLIAN
lunsinsiziningunaudeiuiiiasiianlunisiialspiiugiatieie space-time permutation model

Tuseningl 2559-2563 wungunauveanIsinlsafivguuindinuiwazatunninvinsang lneamsiny

Y a & A ° Y A a ¢ & = a0y a A o v a & 4
ﬂaqllﬂa‘NLGUQWUVILLagL']a']sﬂqu’Ju 8 ﬂﬁqllﬂ@u WpAszvllus1eU W‘U'J'Wllﬂallﬂ'P]Uﬂ'ﬁLﬂ@IﬁﬂWUqusUU']LGUQWUW

q

v '
a A a

wazaawdu 5, 6, 5, 4, 2 nguiow Tl 2559-2563 mua1diu wunguiowdsiiuiuaziianluiiuinouasuasnia
nziuosnideuntonouuy lneangluiiuiidiwindosdn Yna1mis MWALS UATNUL WESAIN LaTTBURNY

(919199 4 waz3Un 4)
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AOUUUYDIUTENAINETENINGT 2559-2563

Y . vila Fraaiianguiou fminisifin dwIugn Fuugadin Relative risk Test p-value
nguiey  Nguneu naufou Falsa  Tsafinamds statistic
(Alawns)
2559 5 Most-likely 1u.a-31 d.a. 23.43 8 1.91 4.18 5.65 0.006
Secondary 1 p.A- 31 §.A. 89.03 16 6.59 243 5.54 0.007
Secondary 13.8.-31 n.A. <1 5 1.18 4.25 3.52 0.299
Secondary 1 W.8.-30 W.e. 24.47 a 0.76 5.23 3.46 0.319
Secondary 148.A-31d.0. <1 13 6.18 2.10 3.24 0.396
2560 6 Most-likely 18.A.-31 5.A. 26.77 9 1.27 7.10 10.06 <0.001
Secondary 1 4.A.-31 4.0 <1 3 0.20 14.71 5.28 0.102
Secondary 1 N.N.-28 AN, 13.78 7 1.65 4.24 4.83 0.200
Secondary 1 n.A-315.A. 40.30 33 19.88 1.66 4.07 0.502
Secondary 14.A.-31 u.A. 28.27 5 1.09 4.60 3.75 0.654
Secondary 1 n.e.-31 a.A. 27.26 7 2.46 2.85 2.83 0.987
2561 5 Most-likely 1 4.A.-28 N.. 55.93 78 46.81 1.67 10.81 <0.001
Secondary 1 n.e.-31 5.0 166.91 14 3.76 3.72 8.34 0.002
Secondary 1 W.A.-31 n.A. 16.66 5 0.63 7.95 6.03 0.073
Secondary 1 w.A.-31 &.0. <1 5 0.86 5.83 4.70 0.423
Secondary 14.a-31 da. 28.27 13 5.20 2.50 4.22 0.651
2562 4 Most-likely 13.8.-31 n.A. 14.11 4 0.54 7.40 471 0.007
Secondary 1 N.N.-28 AN, 111.29 4 0.97 4.11 2.75 0.441
Secondary 1 11.9.-30 L.8. 77.25 3 0.76 3.96 1.95 0.960
Secondary 14.A.-31 u.A. <1 2 0.43 4.63 1.52 0.998
2563 2 Most-likely 1 AN.-30 LLg. 80.09 2 1.00 2.00 0.49 0.60
Secondary 1 w.A.-31 n.A. 12.66 2 1.00 2.00 0.49 0.99
2559- 8 Most-likely 14.A-31 @.n. 2559 <1 13 1.27 10.27 18.65 <0.001
2563 Secondary 14.A-31 n.A. 2561 33.02 23 5.49 4.19 15.70 <0.001
Secondary 1 ¢.A. 2559-30 L.g. 2560  34.08 35 12.01 291 14.90 <0.001
Secondary 1 3.4, 2560-28 N.N. 2561 80.60 155 102.30 1.52 14.61 <0.001
Secondary 1 8.8.-31 n.A. 2559 <1 5 0.13 37.31 13.25 <0.001
Secondary 1-31 5.A. 2560 26.77 9 0.92 9.75 12.47 <0.001
Secondary 1 n.A.-31 &@.n. 2561 18.73 5 0.44 11.48 7.65 0.15
Secondary 1 1.A.-30 1.9, 2562 36.28 4 0.34 11.71 6.19 0.62
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Y Moran’s | S.D. Z-score p-value
2559 0.171 0.045 3.910 0.006
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2559-2563 0.596 0.047 12.802 0.001
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