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Survey for Malignant catarrhal fever of even-toed ungulate animals
(order Artiodactyla, Family Bovidae and Cervidae) in Eastern region, Thailand

F5vd Jumsnn* Ayesy uwasogn

Jirawut Janngam* Kanyatip Sangarun

ABSTRACT

Background: Malignant catarrhal fever (MCF) in livestock is caused by 2 important viruses including
Alcelaphine herpesvirus 1 (AlHV-1) and Ovine herpesvirus 2 (OvHV-2). From the previous study in 2016,
MCFV (OvHV-2) was detected in sheep samples from a zoo in the Eastern region which caused the death
of guars in the same place. This virus is not pathogenic in reservoir hosts but severe in susceptible hosts.
Cohabitation among reservoir and susceptible hosts can be impact to animal health problems which will
affect the management of animal husbandry. Surveying of MCFV (OvHV-2) in reservoir hosts including
goat and sheep will help to prevent disease spreading to susceptible hosts such as guar, cattle, buffalo
and deer and also promote efficient management in cohabitation areas.

Method: Blood samples and data of animals from cohabitant areas in 3 provinces; Chonburi,
Rayong and Chanthaburi, in the Eastern region were collected. MCFV (OvHV-2) detection from all 178
blood samples was done using Hemi-nested-PCR. The phylogenetic tree of MCFV was analyzed. The data
of animals was described using descriptive statistics.

Result: MCFV were positive 80.34% (143/178). Among species, goat and sheep were positive 80.95%
(34/42) and 80.15% (109/136), respectively. From molecular epidemiology analyzed found that the
collected samples were 100% identity. The result was compared with GenBank database and found the
similarity to the reported case in Eastern region of Thailand in 2016 and the result was also similar to
MCFV (OvHV-2) in Germany, Canada, Netherlands, United States of America and Pakistan.

Conclusion: MCFV (OvHV-2) in goat and sheep were found 80.34% (143/178). The result showed
that the nucleotide sequenced were in the same group as previous finding in the last 4 years and in
other countries. Therefore, introduction of new reservoir animals such as goat, sheep to this area should
be concern. Especially, to farms where raise susceptible animals such as cattle, buffaloes, pigs. The
management should be performed such as separate reservoir animals from susceptible animals, detect
of MCFV antigen or MCFV antibodies before introducing new reservoir animals and educate farmers,

owners and zookeepers on prevention and control for this disease especially avoid cohabitation.

Keywords: Malignant catarrhal fever, OvHV-2, Eastern region, goat, sheep

Veterinary research and development center (Upper northern region) 221 M.6 Waingtan, Hangchat, Lampang 52190 Thailand
*Corresponding author: Tel. 054-830178-9 Fax 054-830179 E-mail: jirawutjan@gmail.com
guiifouaiannisdmunmdnamidenauuy 221 1.6 a1dewna 2.90wRs 2.6 52190 Usemelne

*WTeugSuRaveau: Ins 054-830178-9 Insans 054-830179 E-mail: jirawutjan@gmail.com
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Fafuazdeinisihseflunisihdnidlsa laun

v ¢ a A

uny wng uazdndudadu o Winhes nsanylu

= a

anuiiFesdn Beidniflsielsn 1w Ta nsste qns
ogud1 arsiinisdanisdietosiunsiinlsnilag
wendmifalsnnndnidladelsn asandonde
pidudusedolaia MCPV Tudrineutunsiueen
wazdosinslimusiianuuninumsns e s
Geednd wasdmdhiluaudadane o ludenis
tosiu uawaruaulsn nsianzegnebansliioedod
nangynTINAU

ﬁ’]ﬁ']ﬁ'iy,: 157 Malignant catarrhal fever OvHV-2 1A
PrIUDDN NG WNY

Unin

Malignant catarrhal fever virus #38 MCFV
WwdeliSandarstugnssuasdafibdue Tured
Herpesviridae 14#t98 Gammaherpesvirinae
ana Macavirus Wnegagdl 2 ¥ilad1Agdenalsnnig
Uadniuazinisszuianailan loun Alcelaphine
herpesvirus 1 (AIHV-1) IneiiainaTad (Wildebeest)
\Uudn353lsA (reservoir host) Wag Ovine herpesvirus 2
(OvHV-2) Tunzuazunziludnisalsa (OIE, 2018)
UBNIINUUEINU Caprine herpesvirus 2 (CpHV-2)
= L o v = O 2 o v
Fatiunztudnisalsn Daudiungazludnislse

a & ! & a &
MIUFTTUYIRVDAUTD CpHV-2 UALNZAANTARALTD
OvHV-2 uwazidumdsinuaeludsdninlaselsa
(susceptible host) laluniu (Khudhair et al., 2020)
Tudmsdlsadiolasuoas bilanseinsvaslsausaz

Y o

ausaunselvnudnindainulsielsa waznaln

€

=)

Wine1n1sneAdinigulssaue1avvinlinigla



Fnintenulhdelsatilaun dnsludusu Atiodactyla
druunnaznuluied Bovidae 1dgas Bovinae laun
Tn Tudu nseeudn nseie wasdniinnsosingy
ﬁﬁﬁ‘uij Tnewdoldaaranunsafnsoldiilefinsduda
atslnddanseldsuaroswasashavaiuonniad
wé"qaaﬂmmqm@LLazmqmﬁuaﬁmiﬁLﬂuﬁmi%’ﬂsﬂ
Tneszevilndivendediliwiuoudionsasldinan
Faust 2 Unk viseuuuieunindn fesuansonns
voalsa lnglunsilfinwvesnselanuinninasuans
ansvedlsaldnauiuis 9 Wwoundinldsuie
(CFSPH, 2019) kaga1nn1931841Uv89 Sood et al.
(2013) wuinidie MCFV Tudnidnluadisveritnglu
oeflutag 2-12 dUand Tasweeilndavoade uazenns
20415A ﬁmmLLmﬂ@haﬁuaanlﬂ%uasﬁwﬁmaaé’mi
dnifindevsiionnisdu doumds voudy wie

a

flsn1suanvieesndunsiildge avemgudinag

D

=

fiilonfinnesn weladwun vanelna uaziians
ﬁ’wé’w‘%mmmﬂaaﬂmﬂmdﬂuazmam Tudnsiily
m'aiimgLLammmsmméﬁﬂﬁquLmLLazimL%afiau
azmelngenvazldszegianlunisuansoinisuedlsa
Aeusneiios 12-24 Faluawindy (CFSPH, 2019)
We MCFV fisnearusialanialuwauniy
awsnnile awsnle glsu mefueennans 1aidy
wansn wazUssinadiduaun lulaueldeiisneauy
MsRTIINULEE MCFV adin OvHV-2 Tulauaznsede
Uszinadulatiiie (Wiyono et al., 1994) wiuiaganu
Uszmelnedifisenunulsaiflunsydeudniidedy
Ushaagunuing InenseUananian1smiepain
Toun §u 1Joems 1ga dhanglwaunn wavdithen
Iaunnndund sauiunszanmyu wazmie NHA
nstugnseinnuidensanunstlueioivin q wu
Aovioy Un wiaenan wila I waznseinglaans
nwun1sdniausuuiukanqulutasiinuasnsvinig
9915 waenausnauriaduuiudeniedainuy
L?Jaqwaamam (Teankam et al., 2006) uaﬂmﬂﬁfumi
Anwives Ddnsuazmug (2559) luniAng Tusenaes
Uszwalnelagnisnsramiidie MCFV arndaslu
audns §28733 Hemi-nested PCR wazimnzidesinda

Tuwadmnzidsandegsetoznmeluveuns une
nsefi wazitlonse nalushognenseiemuide MCFV
wasia AHV-1 uay wiln OVHV-2 daudmivdinaumny
ANz MCFV afia OvHV-2 wuinluaiudns
whiiinsiaesdnsidudnisdsauasdn ity
selsasiufussinlsnuide MCFV v 2 in
MIATIINIAD MCFV anansasaavldmansis
WU FBnswzLendolada Tngnuinaansomig
Boado MCFV wiia AHV-1 18 widslalanansamne
Aoudio MCFV wiln OvHV-2 1§ uazdnisnilsie
mimmmmﬁﬁuﬁqﬂssmaaL%ah%’aé’w%% PCR 970
Twswed (Primer) Aflanusmsinnzasiuidolda
%ﬁL{‘Ju"“;%ﬁam13am33amwaw3ﬁu§ﬂsiumaqLs'z”}ua MCFV
Mnuiledodn ifiRndedusesivsinadelude.de
\isadnifes (OIE, 2018) waziludsfianunsansiam
msﬂ’uﬁqmsmau%@ MCFV sieafin ALHV-1 uas
OvHV-2 Tagdlddndudeswenidelfaluiwad
wnzFesteutinasIaasugnIsy uagiaegns
Pldvaaevansoldfagindonvesdnisilsanie
5@51]381‘7{5@3?%%\@&“] waz/vse megneedvizaelu
yosdnine Tnedudsfiie simss wasfiauuiug
g dadutnguszasdvasnisineilundsiagifunis
dsauaziihseainsande MCFV odin OvHV-2 Tu
dni%dlsnetng unsuazung Wedlostunisunsszun
%aaimlﬂzjﬁmiﬁﬁmmLﬁ'&mqqasm WU Nseie 1A
ns¥le waznne Tnslewizededsluanumizides
Fnsitinnsdesdninanseinganiu saudadunis
swsmdeyaliiuinuning A0UNTABIERT uay
audns lumsdansanuiassdnsuasinnisvndy
\Bosdnilriussavsnmannd i

¢ aq
aUNIULALIENS

ASAUAIBEY
WAUAID81ADAVDILNE WAL RAZIIUIY 178

Fe819 Inetdunne 42 @19819 kne 136 Feg1d 1y

a o 13

Wudn Indin1siasaiawuutenaanaiuydndntias

13
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lufminvaus 85 819 sveel 36 FI9E way

@

Juny3 57 Mede iufednszninadouliuing
fudleufiquiau 2563 Inewivdoyavesdniidused

afsegiadonuSuia 200 ul Meiedesadin
9mluLA taco™ Nucleic Acid Automatic Extraction
System (GeneReach Biotechnology Corporation,
Taiwan) LLa::squWEn taco™ DNA/RNA Extraction Kit
(GeneReach Biotechnology Corporation, Taiwan)
paABMsvesymaiaiuTInimua Tafdueysinm
100 pl mﬂﬁ?uLﬁuﬂ%mmaﬁﬁuqﬂismaﬁu
Polymerase SUENL%EJVL?%% MCFV &35 Hemi-nested
PCR sudsuazlwsiuasuns Flach et al. (2002)
Fansnad 1 Tnglusouusnldlnsiwes POL-1 fu POL-2
(Outer Primer) wazazld PCR product gy
Adueduuuudmiuiiiiinamsiugnssiluseud
a04 lavagldlnsiwes OvHV-POL fiu POL-2 (Inner
Primer) LﬁaLﬁmU%mwmaWiﬁuqﬂiimmaaLﬁ?ﬁyaia%’a
MCFV %in OVHV-2 silnar@muunn 172 bp fduneu
Tumsifiudnuasiugniniasde loun wivuam
HaNveeUAsen PCR USums 25 pl Usznaunie
a13aza8 2X GoTaqg” Green Master Mix (Promega,
USA) U31ms 125 pl Insiuesuaagtduninaitudu
10 uM eghsas 1 pl Ineluseuusnasldmduedadu
Usia 5 pl warluseufiaesagldnandnuassaunsn
U7 2 l ntuliy Nuclease free water 9uASU
U3nal 25 pl thansazanesauildluviujizen PCR
TuedeafinUinamsiugnssude Eppendorf fu

Mastercycler® nexus (Eppendorf, Germany) lag/l%f
amawaﬁaaaasauﬁﬁ Predenaturation qamgﬁ
95°C 1381 15 w1l MueeufAsen 35 59Uv09
Denaturation 94°C 1381 1 w19 Annealing 60°C
181 1 W way Extension 72°C a1 1 Uil Lag
Final extension 72°C 1381 10 Wl anthidiaszet
NANERFE 1.5% Agarose gel electrophoresis lag
Tnszualvdi 100 Taad Wuan 60 wil waatly
Ainsngsinielduas UV seiedes G:box Ju EF
(Syngene, India) lnefaadrsnruauuiniduans
fusnssuvendelada MCFV ulia OvHV-2 fldainms
Anwives dlnsuazany (2559) uariagaArunuau

Lﬂu Nuclease free water

msasramdduiianalelndueadie MCFV

Faideniognsiilinauinseidolada MCFV
¥l OVHV-2 #1838 Hemi-nested PCR @93
NaNdm PCR wuinUseunad 172 bp sauviedu 11
#0819 9ntiuds Handn PCR wiuswm Solgent Co.,
Ltd. Uszimanwiald ievihliiudavsuaziiaszsin
seuihmdlelndvonie MCFV finsaany wazthwa
avuianalelnavesans Forward uag Reverse 3
5unumMedd Clustalw (Higgins et al., 1994) Tu
TUsunsa MEGA X version 10.2.6 91ntuthaniU3eu
Weutudiuiaaalelndveads MCFV fiflugiu
Youa GenBank Ingl#lUsunsy BlastN tioduduvia
vouolda MCFV

A15197 1 drduiiaadlalndvaslnswasnldlunisiiudiuiaarsiugnssuveaaliia MCFV dqemaia Hemi-nested PCR

(Flach et al., 2002)

YUnVdY PCR

Primer seuiianalelna
product
First-round PCR
Forward POL-1 5’-GGC (CT) CA (CT) AA (CT) CT ATG CTA CTC CAC-3’ 386 bp
Reverse POL-2 5’-ATT (AG) TC CAC AAA CTG TTT TGT-3’
Second-round PCR
Forward OvHV-POL 57-AAA AAC TCA GGG CCATTC TG-3’ 172 bp

Reverse POL-2

5’-ATT (AG) TC CAC AAA CTG TTT TGT-3’




NFAFUHUATAUTURUSITIITWNUINT
ssuihealevsilsndnSeuasiaudio
fudsuihedlalvalugiuteya GenBank (Multiple
sequence alignment) @875 Clustalw (Higgins
et al., 1994) Tulusunsu MEGA X version wagasns
Phylogenetic tree A1835 Maximum likelihood
audulaeg Jukes-Cantor éljﬂm Data subset LUy
use all sites wagld3 bootstrap MadeUAIILTasTU
$1uan 1,000 91 Tnelusunsy MEGA X version 10.2

(Kumar et al., 2018)

N3AATIEV TR AITAnR

HANIATIANNBIURURNITUIAT IS
TUsUASU Microsoft Excel version 2016 L‘WIEJEJ'%UWEJ
Eﬁa;gas'auﬁuﬂiﬁaé’miﬁlﬁuﬁaasmiumimaaulu
AfaiseadRdmssa

NakazIasal

1%
[ a IS

NN981523 LS5 TIN1SARTE MCFV aila

=3

OvHV-2 luungsazunedadudnisadsnain 3 Janda
TunanzfusenvasUssmelng s1uiuiaay 178
Frogha wudmSAldnauIndelie MCFV win OvHV-2
Ao 80.34% (143/178) fam151a7i 2 Fadwnil
nsiEmsLasLNETiTde MCFV saufudniuindu
Arulasielsa e199ziimsdsinuiouarroliiin
n155¥unvedalsala egraaun1sAnwlulseina
Suieiinisnsiaide MCFV #e3d PCR Taensaany
@e MCFV wiln OVHV-2 $112u 17 fegns annume

'
1 =

LAEUNESNNUTEAY 612 §I0879 Fanuinde MCFV
Fuuluunzuazunzdauduiusiunismevedla
(Sood et al., 2013)

dlouvsmusindnd wuiluunsiamun 42
foghe Iauinsioide MCFV wiia OvHV-2 Ay
80.95% (34/42) aiAisieaunuide MCFV wdn
OvHV-2 IuLszﬁLgﬁJ\‘ii’mﬁULmz (Jacobsen et al.,
2007) Yasnenshndediddadiulvgidunsduda
Fevudoulunlaidssuiy fusiungazdy

Fisdsamusssurisedo MCFV %iln CpHV-2
wiRanusaRn eyl OvHV-2 Idwuiy (Riaz et al.,
2021) 9INNTEBUNIUNSLALIUNELAZLNE VOIED
wnsdssdninuiiiundenatinisUassuassiuiu
onalrinsdudadoiatuld dunnsiaun 136
fegne inauanandu 80.15% (109/136) lnaung
wianillduansennisla q Seaenndoiusssumives
Tsafithazldwuanisneedinluwnsidudnsslse
(CFSPH, 2019) annmstiusaegndlundainuinitui
fvnsfudhegaduiifanisidesdasuuusenyin
fniunzuuuidssrusulureniifudaioyuna Tai
Tonnaderudesyninaiuld fensdeiudony
dAndulgiedednstinsdudalnddniuliines du
Mnmsiusazmsmelalagiuedeldaivdeseen
WaNEsFanavesdnisilse
dlouansuansialsamuaanuiinui lunmsau
aoumNzLAIdR SN uEelasa MCFV wiln
OVHV-2 afluting 72.22%-84.21% (515t 2) g
wunauIngsasluaniuedesdn imiadunys Ty
LszwumamﬂqqqﬂuamuLW'}ngsNé’mﬁwﬁ’mwaq
93.3% luungnunavngeaaluanIumIiAesdn
Favr¥aduny3 87.8% laeamanuidolaia MCFV ila
OVHV-2 “LuﬁgqwaLLaszzmmqﬂaa’mewLf?:mé’mi
Tnefldnvarmsiassiindeiufounsnaniinisudes
wasrauiu wagluuaauiifinnseyuiadeiaiu
Faorauuvasdsrinuidessninednsla

715197 2 HANTSATIANLTD MCFV %ila OVHV-2 #2875 Hemi-
nested PCR wanauslndniuazaniumniziaesdnd

g
&

% wauan (@Fuudninlinauin/anurudninaun)

F99I0

LW WA EXEY

a3 72.7 82.4 81.18
(n=85) (8/11) (61/74) (69/85)
2004 933 57.4 72.22
(n=36) (14/15) (12/21) (26/36)
Junys 75.0 87.8 84.21
(n=57) (12/16) (36/41) (48/57)

s 80.95 80.15 80.34

(34/42) (109/136) (143/178)




ndoyalsyiRdninuidnindnwieny 3

fal @ L 1

doudls 7 U lnefldadevosengdnifiiudiedig
Fomuawinfu 2 T Seferay 95.29% (Hudnifideny
faust 1 PPuld lonsaafieds Heminested PCR
wuhdniengtiesaniinuide MCFV wiia OvHV-2 A
WNEIY 5 AU 31NN1AN®ITEY Wolfe (2015)
wuilagdrulugasnuido MCFV \fognungdleny
2 ouduluuazasdinisunsidesnngaludiseny 6-9
wou Taefenudululdunnitantazunsidoriums
omeldluszevdand 1 Alawnas uazlnanda 5
Alawns nvaideduiugiuinge MCFV wiln
OVHV-2 agdarnuannuaigan (Vertical transmission)
desmniimsnudelsaluuuiwdos dhun wazsn
(Sharma et al., 2019) agslsAnuiinisAne1vas
Li et al. (2002) wuhengliiiasenisiaito MCFV
wila OvHV-2 lugnuny é’aﬁ?ué’mﬂmsﬁm%duqmms
wuegiunslasuidenndunden uarlumsfinu
igmuinge MCPV wia OvHv-2 Tuungeytiosan
10 \ew veiidvlifinnsAnsuddaiesninuaig
é’uﬂ’uémaamqﬁ’umiwuﬁa MCFV %ila OvHV-2 lu
Une

dlethdduinadlelndvosmandn PCR ves
fhegilinauindeiie MCFV wila OVHV-2 $1usu
11 feg1e Usenaunigmiag1aaindaninvays 3
79819 (CBI 8, 13 haz 67) 53894 4 fae4 (RYG 13,
19, 21 uag 22) uay JunYs 4 feee (CTI 2, 22, 31
waz 54) lUWSsuiisufudduiindlelndvenide
MCFV lugutoya GenBank melusunsu BLASTN
Webuturiade wuhdduindlelndvesiiogis
W 11 fheds Smnuadreadiuilde MCFV win
OVHV-2 (MK852173) 3nfiga TaeidunisidFeuidioy
nANeMvesduiandlelvddl 107 bp wui
Mg Ndaninvays seued uazdunysyniegns
fie percent identity i 100 % FaaoandostuNanis
dnsvuazilTeuiisuaisuiiindlelng (Multiple

sequence alignment) sznIsaduianalelnAues
o MCFV %in OVHV-2 ng1uteya GenBank fiu
fregrane 11 faeghe Tneld Tusunsu Clustalw
wuilnuedeedsiuidelada MCFV wia OvHV-2
fnenulunianTussnvessendalng (3fins uaz
Ay, 2559) laediAn percent identity a&vj‘ﬁl 100%
(Wisuiieufinanuen 86-87 bp) waziinundiends
fuiofinunszareialanislunivylsy Leide
aInuile wazuensn lawilAn percent identity
3¥1119 93.14 9 100% é’fagﬂﬁ 1

loaFreunugfinnuduiusidaiimuinis
(Phylogenetic tree) Taglaaauiiinalalnauisdiu
v03du polymerase vauda MCFV afin OVHV-2
(3w 107 bp) uazldgsuianalelndueaite MCFV
wilm AlHV-1 (KX905136) u Outgroup ﬁ'ﬂg‘dﬁ 2
WU MCFV wila OVHV-2 ¥ 11 §aeeheannune
uazunzvasnsAnwiignineglinduiieatuide
MCFV %ia OvHV-2 fmenuluniangziusentes
Useelvedlel 2559 (@ns wazaniz, 2559) uaz
Wo MCFV wila OVHV-2 fifisneaunuludszina
LwaTU (HM216455, HM216458, HM216460,
HM216466, HM216467, HM216468, HM216471,
HM216472, JN595788, AF327831) LLAUIAN
(EU078708) Luisasuaus (HM216456) an3gaiisni
(AF031812, DQ198083) wazUfanu (MK852173)
Fanuludniofinsng 9 uenmilonnunzuasung 1wy
n3zfis N319 iyl 1a wasludu Wudu adreadaniu
nsAnYde MCFV wia OVHV-2 w81 Zakharova
et al. (2020) Ausnldanlafidsssuiuwngludssne
fadey Men1TIATIEuNUil phylogenetic tree
Fawuide MCFV afin OVHV-2 9anUszinamensuil
(HM216458, HM216468, JN595788) 1uLsasuwaua
(HM216456) uavanigawisni (DQ198083) gniney
Tungandeniunaznuluning vyl uagludu usen
fumsanwil
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HM216467/0vHV-2/Sika deer/Germany/2009

HM216472/0vHV-2/Timor deer/Gemany/2009

HM216466/0vHV-2/Sika deer/Germany/2009

HM216460/0OvHV-2/Pere David's deer/Germany/2008
HM216458/0vHV-2/European bison/Germany/2007
HM216455/0vHV-2/Moose/Gemany/2007
HM216471/OvHV-2/Sambar/Germany/2006 CBI = ¥ay3
AF327831/0OvHV-2/Goat/Germany/200C RYG = S¥8194

EU078708/0vHV-2/Moose/Canada/2007
51 . CBI8, 13, 67/Sheep/Thailand/202(

A RYG13 19 21 22/Thailand/2020

CTI = 3uny3

- CTI2, 22, 31, 54/Goat, Sheep/Thailandf2022
JN595788/0OvHV-2Wild boar/Germany/201C
AF031812/0OvHV-2/Catlle/USAM1997
DQ198083/0OvHV-2/Red sheep/USA/2005
MK852173/0vHV-2/Sheep/Pakistan/2016

& OvHV-2/Deer/Thailand/2016
—— HM216468/0OvHV-2/European bison/Germany/2007
HM216456/0vHV-2/\Visayan deer/Netherlands/2009
AY839756/0vHV-2/Red sheep/UK/1993
HM216465/0vHV-2/Goat/Germany/2005
HQ450395/0vHV-2/Cattle/Ethiopia2009
EU309723/0vHV-2/Stone sheep/Canada/2007
EU309722/0vHV-2/Stone sheep/Canada/2007
HM216470/OvHV-2/European bison/Germmany/2007
ﬁ| MH468807/OvHV-2/Sika deer/China/2016
MH468808/OvHV-2/ Sika deer/China/201€
MH468800/OvHV-2/Sika deer/China/2016
MH468805/0vHV-2/Sika deer/China/2015
74| MH468806/0OvHV-2/Sika deer/China/2016
— MH468801/0vHV-2/Sika deer/China/2015
MH468802/OvHV-2/Sika deer/China/2016
—— MH468803/0vHV-2/Sika deer/China/2016
KX905136/AIHV-1/Wildebeest/Kenya/1964

34

0.020

5Ufl 2 unugii Phylogenetic tree Fea3rsanaduiiandlelndursdiurasdu polymerase vaida OvHV-2 #2635 Maximum
likelihood $2ufuTalAa Jukes-Cantor #4An Data subset WUU use all sites 1438 bootstrap nageuAMUEaiuS U
1,000 $1 uazlddrduiondlelnduvaaia AlHV-1 (Kx905136) tllu Outgroup (@ = drpgrsandmiavays; A = dregn
yndwinszeas; B = fegs andmiadunys uas € O = dregsiinulunianzSuseniiel 2559)
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Innan1sAnwImuindeli¥a MCFV win
OvHV-2 finuluunsuazuny lugaumneidesdn sy
3 Jawiavesnianyiusanvesusewnelng wuinduy
WedwiloutuidopuitaenulunianyYuseniile
Y . 2559 wansliifiuiniidelada MCFV win
OvHv-2 agluanuiieiiesdniogiound Fadu
msusEEEig 1 eundmnnudnidilsaiinade
Tugauiitinsidesdng dielanmnundonaenide
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Active surveillance of African Swine fever from smuggling illegal

processed products imported to Eastern region, Thailand

F5vdl Jumsa

Jirawut Janngam*

ABSTRACT

Background: African swine fever disease caused by viral organisms, severely contagious disease
and highly impact on production and economy. The eastern region of Thailand is a high density of pig
farms and is connected to neighboring countries, virus-contaminated products can be smuggled into this
area. Therefore, the active surveillance of African swine fever virus from smuggling processed products
imported to the Eastern region will be the surveillance to reduce risks of African swine fever disease
introduction into the country.

Method: Total 472 samples of smuggling processed products were collected from December 2018
to December 2020 from provincial quarantine stations in Eastern region of Thailand. DNA extraction was
performed using an extraction kit, the virus was detected by Real-time PCR method. The first positive
sample was sent for sequencing and the phylogenetic tree was performed and analyzed. The data of
smuggling processed products was analyzed to explain descriptive statistics and mapping using Quantum
Geographic Information System Program.

Result: Viral genetic was detected 7.2% (34/472). These positive samples include Chinese sausage
25.53% (24/49), fermented pork sausage 16.67% (3/18) and sausage 4.02% (7/174). Positive samples were
from Trat animal quarantine station 30.43% (14/46), Chanthaburi 10.5% (17/162) and Chonburi 1.23%
(3/244). The result was found that there was no virus detected in December 2018. But virus can be
detected in 2019 and 2020 was 2.99% (11/368) and 29.49% (23/78), respectively. Moreover, phylogenetic
tree analysis based on VP72 gene found the first positive sample in this study was in Genotype Il and in
the same clade as detected virus in China, Vietnam, Indonesia, and Timor-Leste which was 100 % similar
of nucleotide sequence to result in this study.

Conclusion: viral detected products were from animal quarantine stations in Eastern region and
increased from 2018 to 2020. Therefore, Thailand should perform the surveillance of smuggling processed
pork products from outbreak areas to prevent disease which will impact both production and economy

related to processed products exportation.

Keywords: African swine fever, processed products, Eastern region, Thailand, Active surveillance
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MN393476.1 China 2019
MN715134.1 Hungary 2018
MK333180.1 China 2018 Il
MK128995.1 China 2018 Il
MW386979.1 Timor-Leste 2019
MWE56282.1 China 2020 11
MT166692.1 Vietnam 2019
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KY963545 Russia 2017 1l
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o K.J526369 Mozambique 2014
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KM236553 Congo 1977
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AY494552 Tanzania 2001
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KTT795354 Ethiopia 2011

86 AY351530 Kenya 1954
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N13ANYINIINEITINGT WAANIIIINEIVBNLB infectious spleen and kidney
necrosis virus Uainensv13Ldes (Lates calcarifer)

Pathological and molecular studies on infectious spleen and kidney necrosis

virus in cultured barramundi (Lates calcarifer)

0307 AN vITan Augns audns 13vTy Yy Shlunna

Phurida Sripipattanakul* Taweewat Deemagarn Somijit Rujikwan Jedsada Ratthanophart

ABSTRACT

Background: Infectious spleen and kidney necrosis virus (ISKNV) is one of viruses causing Red sea
bream iridoviral disease (RSIVD), resulting in loss of barramundi farming due to mass mortalities of juvenile
barramundi. In Thailand, the study of this disease is limited. The aim of the study is to describe
pathological and molecular characteristics of this virus from naturally infected juvenile barramundi in
farms in order to gain knowledge for fast and accurate diagnosis leading to disease control and protection.

Methods: Thirty juvenile barramundi samples aged 1-2.5 months that showed typical lesion of
RSIVD were collected from confirmed 2 RSIVD infected culture farms in Nakon Pathom during August
2018-April 2019. The samples were subjected to pathological study, including gross pathological,
histopatholosgical and ultrastructural studies, and molecular study comprised virus detection by PCR,
species confirmation by nucleotide sequencing and genetic relationship analysis by phylogenetic tree
reconstruction.

Results: Gross pathology revealed hyperpigmentation, abdominal distention, exophthalmos, pale
gills and pale liver with multifocal hemorrhage in all samples. Histopathological study found
pathognomonic lesions in spleen and kidney. A large number of IBC were observed with necrosis and
degeneration of tissues in the organs. Ultrastructural study found icosahedral virions, with a diameter of
approximately 165-210 nm, were visualized inside the cytoplasm of IBC. Molecular study found that PCR
product sizes of all samples were approximately 570 bp and nucleotide sequences of all samples were
identical, which had a high percentage of nucleotide sequence identity of 99.81% to the virus strain
ISKNV. Furthermore, the phylogenetic tree showed that ISKNV found in this study were classified into the
group of ISKNV strain.

Conclusions: The pathological study results revealed the pathognomonic lesion of cultured
juvenile barramundi infected with ISKNV was IBCs that were found in hematopoietic tissue of spleen and
kidney. The molecular study results confirmed the pathogen was the virus strain ISKNV which had a high

percentage of nucleotide sequence identity to the ISKNV that was reported in outbreaks in Thailand.

Keywords: ISKNV, barramundi, Lates calcarifer, pathology, molecular biology
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Infectious spleen and kidney necrosis virus
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Yamaewiia anmsvianedeideluszuunsadng
Winlden (hematopoietic tissue) voUan Fany
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Number of fish samples

Sample Date of Age :
P trm Pond ' S Pathological study Molecular
no. collection (month) :
Gross  Histopathology Ultrastructure study
1 A 1 8/2561 1 9 4 1 4
2 B 1 8/2561 2 3 1 1 1
3 B 2 9/2561 2.5 10 [ 1 5
4 B 3 4/2562 1.5 8 3 1 4
Total 30 12 4 14
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(Geneaid Biotech Ltd., Taiwan) M1335n15u09US e
ANER wadduuesguiledsdmiunsiamasiu
Tandlolndieans forward uay reverse Tagld
Twsiwes 1-F war 1-R awddusaufugatie
BigDye™ Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems, USA) anturialy DNA
sequencing product ‘U%Ej‘ﬂé Iﬂﬂi“i’fﬁ@ﬂ;ﬁm ZR DNA
Sequencing Clean-up Kit™ (Zymo Research, USA)
Wit luasramaduinedlelnddeniodinsen
wigduiandlelngd 8%e Applied Biosystems

M15197 2 Jeyaveadeladalu species ISKNV Mldlunsfinwil @Fuudle 31 nsngiau 2564)

Virus . Geographic GenBank accession
strain Host species origin vear no.
ISKNV Lates calcarifer Thailand (Samut Sakhon) 2018 MT128666-MT128667
ISKNV Xiphophorus maculatus Australia 2011 KP292943
ISKNV Xiphophorus maculatus Australia 2012 KP292944-Kp292947
ISKNV Trichogaster spp. Australia (Imported) 2014 KP292948-KP292949
ISKNV Pterophyllum scalare Australia (Imported) 2014 KP292950-KP292951
ISKNV Poecilia latipinna Australia (Imported) 2014 KP292952
ISKNV Xiphophorus helleri Australia (Imported) 2014 KP292953
ISKNV Colisa labiosus Australia (Imported) 2014 KP292954
ISKNV Pterophyllum scalare Australia (Imported) 2014 KP292955
ISKNV Siniperca chuatsi China 1998 AF371960
ISKNV Astronotus ocellatus India 2019 MT178414, MT224134
ISKNV Osphronemus goramy India 2019 MT178415, MT178417
ISKNV Astronotus ocellatus India 2020 MT178416
ISKNV Epinephelus spp. (hybrid)  Indonesia 2016 MWa464172, NW557381
ISKNV Pterophyllum scalare Singapore 2016 MK689685
ISKNV Pagrus major Taiwan 2007 KT781098
ISKNV Epalzeorhynchos frenatus — USA 2018 MW273353
ISKNV Epalzeorhynchos frenatus ~ USA 2019 MW273354
GSIV Lates calcarifer Taiwan 2007 KT804738
LYClV Pseudosciaena crocea China 2001 AY779031
OSGIV Epinephelus coioides China 2002 AY894343
PIV Trachinotus carolinus Dominican Republic 2016 MK098187
RBIV Oplegnathus fasciatus South Korea 2000 AY532606
RSIV Pagrus major Japan 1995 AB104413
SFIV Starry flounder South Korea 2012 KF499525
TRBIV Scophthalmus maximus China 2006 GQ273492

ISKNV = Infectious spleen and kidney necrosis virus, GSIV = Giant seaperch iridovirus, LYCIV = Large yellow croaker iridovirus, OSGIV = Orange-spotted grouper iridovirus,
PIV = Pompano iridovirus, RBIV = Rock bream iridovirus, RSIV = Red sea bream iridovirus, SFIV = Starry flounder iridovirus, TRBIV = Turbot reddish body iridovirus



U 3130 (Applied Biosystems, USA) An335n15%04
U3engrAn anduihdeyananisnsaaniddiu
Thnalolneieans forward way reverse Mlaann
winsdasiziunsandadiefulaglisiuasu
Tmalelnsvedlnsiuesniglusinsu BioEdit version
7.2.5 (Hall, 1999)
nsasradudurdavendaflonisiasiziadu
fmalalng

Anszviaruiiadlolvavuin 530 bp Vo9

Y '

fogadidnuiteduiuringe Tnewssuiiiouiu
anuihadlelvdlugiudeya GenBank (NCBI, 2021)
#18TUsunsy BLASTN a1ntuniailnangisu
hndlelndveudelifalu species ISKNV ang1u
foyaves GenBank (151371 2) tfleruAiAT1es
mmmé’mﬁuémﬁuqmsuﬁ’uL%aﬁﬁﬂmﬁaamsm
Wesidudairuinileusesandudandlolna
(percentage of nucleotide sequence identity) lng
T9lUsunsu Geneious version 9.1.8 (Biomatters Ltd,,
New Zealand) LLaza%’NLLNuQﬁ phylogenetic tree
A1875 maximum likelihood sauAuliAg general
time reversible wagnaaouA1LLToTUAI833
bootstrap §1uau 1,000 Ads Tael4Tusunsa MEGA X
version 10.2.5 (Kumar et al., 2018)

NakazIasal

ASANWINIINBITAINE
ASANEINIIUNANEIT AN

anUamnenay 30 fhanvhnmnziEesly
Jiaunsusy uansseslsaidunaliainnieuen
1dun vSinandinasnardadarildiduiy
(hyperpigmentation) v83u7u (abdominal
distension) #1lUu (exophthalmos) (5U 1A ua 1B)
wagwienda (5U 10) Faduseslsandninuiiiowia
Azlafinang (Roberts, 2012) wazsoslsafiny
méwﬁaamé’aaﬁ’umsﬁﬂwﬂugﬂUmﬂswwnﬁam
ISKNV 97ns35uendlunisumnzdedulsemdlne

(Kerddee et al., 2021) wagiiuauy (Dong et al.,
2017) usnanidawy 80% (24/30) vasgnuaingma
ymiidondthmasoudumuiinadvien (5U 10
uay 26.67% (8/30) Hynideneen (petechial hem-
orrhage) s[,uqﬂm (U 1D)

INMTHIYINGNUAINENIVINNAINUNIT
Wasuwlawesetvnmelugesios laun dudaded
dwmdeq (pale to yellowish) saufiuiigatieneaen
(3U 16) Uinaewiesivensunanuiiveamandla
ognelu (3U 1F) daseslsatduiaenadosiu
3'183’1143@EJIi’ﬂIUQﬂUa’m::WWTJﬁaﬁ ISKNV #1131
§55UYA (Zhu et al., 2020; Kerddee et al., 2021)
wAFfinuR199InAIsAnEITe 2 § Ao wusiud
uILdn (U 1F) wonaninuilumafiuems
gnuamndnlsinuemns (gU 1F) eaenndesiunis
FeUNgRnssuius M sanastliiuemisludan
fifin ISKNV waneeda lawn Jainsneu (Dong
et al.,, 2017) Yanaean wazuawnini Jung-schroers
et al., 2016; Baoprasertkul and Kaenchan, 2019)
wazfany 80% (24/30) mmgﬂﬂmﬂzwwnﬁﬁamﬁ"q
7i pericardial cavity vesiladanuldiieinning
Wiladumad (Roberts, 2012)

N13ANYIMIIYaNEITINEN

wunmsasuulasddai da e witen
Wila fu wavsiuseu (3197l 3) Tnsseslsasunizd
WU Ao IBC FeflouinUszane 5-10 pm sUTNAY
find basophilic UswagnuAnd basophilic sread
waruadidsindededvavunalnglndusiin
nanawad aeluillassaieaieiindleda (U 2A)
Fednwasz IBC ﬁwuﬁﬁgﬂﬁwmamumaamé’aﬁu
seulugnuanensvndian ISKNV Tulsemeady
(Zhu et al., 2020) wassreaululararssuiifn
ISKNV &etiidr91nUszinaladudenifiuszine
L9311 (Jung-schroers et al., 2016) @UTUALAUS
nsny IBC luyndegawesnsinwinuandiaely
iy ardudeudule dudu Mla wazwilennuties
LL@%WUELuQﬂ‘UmUN(;f’JLVh%u yuziisugauliny IBC



FauSumniswy 1BC luefersimanilaenndesiu
598914909 Zhu et al. (2020) finudeyaya
fluorescence U84 ISKNV 72875 Immunofluores-
cence assay 3ndigaluiiy ddudaundule uazdu
dumitenwutiosiige

Iumiﬁﬂmﬂ%\‘iﬁ hematopoietic tissue %
Juiededdnlunsruumsaadindesveuand
9EUTIN stroma Yoy uag interstitium vadle
(Roberts, 2012) LﬂulfjaL?J'aﬁwumwmﬁwwgmm
1‘71%1@ Tneseslspdfyiinufonismewuy cytolytic
necrosis U84 hematopoietic cell (§U 2B) Az
HueToeiinuseslsadquusiianlnenunisneves
wadiduusnunii feseelsaiinuioradullede
ddnyivilinnsaneilinunisversvunvessig
Selundnduluvsnandedod Swmunisanaves
melanomacrophage centers (3U 20) Faduuinm
ﬁﬁmisama;mamaa’ phagocyte Fivhmtididday
lusguugilAuiuvestan (Roberts, 2012) laggniuan
019 2.5 \feunuseslsagulsiiian ansoslsadiny
Frefuivadinnisin ISKNY anunsadludniieg
1a#n27191uU hypoplastic anemia kagn1znA
faudula

q

e

yonanilumsanuadiismuseslsai
o¥arluszuudu q loun ledwine (5U 20) Jadu
a¥urzndnvesszuududie nunsideuvedla lay
nzUsnawaayyiale (renal tubular epithelial
cell) fdnvanduiufind eosinophilic #idenin
hyaline degeneration &sUsdenisduimaluns
vouvedaieududunaniu Roberts, 2012) uas
WU amorphous casts Tuvislasiudunuidensen
melu interstitium vedla Faseslsaredasiiin
Fuiugiu dulanumsidenvesndmiorlely
nnenegns ludunazdugeu (FU 2E) wulvlunendu
(hepatic steatosis) nﬂﬁ’saﬂwdmﬂﬁﬁuﬁ’mﬂ'}ﬁ
anad ﬁwlﬂajmsmmﬁﬂﬁ (Roberts, 2012) uagusiiey
FUDDUNUNITNNBUDY acinar cell (U 2E) Fadusey
Tspitwuldnsaifinsiniela¥a (Roberts and Rodeer,
2001) wazionidueterzndnvosszuunuiu

wiefla sevlsafinudnilngjegiawiton (primary sil
lamella) waziawion (secondary gill lamella) L2
mMsunsndnInveseassnay nMsiius e uTad
L?J'ayﬁ'qm'ﬁaﬂ (lamellar hyperplasia) WagN15M18UDI
Waldousadien (3U 2F) 1 0udu lneseslsaman
ﬁﬁﬂﬁﬂmmmﬂ?ﬁmﬁwmaqqﬂﬂmamaﬂ ﬁ’lVL‘LJEjﬂ’ﬁ
aumaIvasszuumaAumelald ednslsAnuseslsa
Fuonwanililyseslsamdnuesnisiin ISKNV Snits
Wnldanuaneame wu hada wueilie WWsladh uway
a157¢ (Roberts, 2012) é?iﬂumiﬁﬂmﬁﬁuaﬂmﬂms
wu 1BC Mduseslsandn U'%Lmﬁé’qu??aﬁvﬁmgm
fe lon Ls'?‘?al,wﬂﬁ@agmmq Feonaduriadinels
\Anlsa bacterial gill disease 7inulsiluusiania
m‘ﬁaﬂiumstﬁmgﬂﬂmLLuwmLLu'u (intensive)
(Roberts and Rodger, 2001) waznwuidalusiad léud
Jiusedha (Trichodina spp.) Ssaenndasiusenues
Yernmen et al. (2011) fidndiuszdiaitliannis
Wiuduau LLazﬂ’ﬁmwaaLsuaéL?Jaq?ﬁm‘ﬁaﬂléf

nsANYIsTAURANSIAIBIANATaU

HAN15AN®IRIE TEM WU inclusion bodies
i virus assembly site (VAS) Tu hematopoietic cell
yoshuwasln Inenudnwazidu dark matrix uagnu
oumavedhiailiauysal TdnuarlndiAvsiuguig
WUV icosahedral (§U 3A Waz 3D) FMAINUAN YL
adefanduanneluiiinadledauslaifideu oglu
lalananady Jadudnuasidoafuinglunisd@nw
ysqanesineiluaded lnvdsiindretandlodat de
rough granule FaussgansiugnssuveshiiaUuiy
granule westAdya (Mahardika, 2009) duilpdea
99 host cell dugnifenluaguinnmeuiead
(5U 3A) Inedinwoug 1BC fwusananiaonadosiunms
WU IBC se8% early stage Tun1sAnwdaingnaung
ifn RSIV Iuﬂizmmﬁﬂumm Mahardika (2009) uag
Finsranveynialidafiidnvazauysalidusy
icosahedral u1AUSEUI 165-210 nm 1
electron-dense core aaﬂJmstu capsid lazdensau
e envelope ﬂszmaaeﬂu cytoplasm (§U 3B) R



fisusazvunaenndesiulida ISKNV (Chinchar
et al,, 2017) usnnimuwadaniiegrsiuuayl
ﬁﬂ’]iL‘LJﬁIEJuLLUaQEUi'N‘Umﬁ’JLﬂgEJﬁ WU nuclear
collapse Way nuclear invagination (3U 3C) Hudu
Feusdansidenveaead (Cheville and Lehmkuhl, 2009)

n1sAnEMIseNTIING
HAN"3MS29628E19 DNA 914 4 froe1a @
33 PCR wuldnauandelnsweifisimededons
RSIVD Tag PCR product ivuauszunal 570 bp wu
Wenfunisdneves Kurita et al. (1998) et PCR
product 110519M1aeuilandlelng wuin PCR
product U9 570 bp 91nF19819 DNA W3 4 e
fasuiiandlolnawmilounu
nanisilSsufisuatnuiianalelnaves
Ae8199u1n 530 bp (lisawlwswes) Auaidu
Thndlolnslugiudoyaves GenBank LiloBudy
slade wuidduiiralelnsvesiied eiidnund
Wesiduranumileutudduiandlelnduoie
strain ISKNV w1nfign lasile1gais 99.81% iile
ailvandguiamrdlelndveaie strain ISKNV uag
L%a strain 514‘] Tu species ISKNV ﬁmg’m%gamaa
GenBank 1nasgvimUasidudanumileutudsiu
Thedlelnduende strain ISKNV Ainulunisdnend
(m1571971 4) nuilassandesifudaumiioussning
ol strain ISKNV aglutag 99.62-100.00% du
Wesiudaumilousswinade strain ISKNV fuide
strain 81 9 aglutae 92.45-93.58%
d1usuilesidudainuinilausenineaiau
Thmdlelndueade strain ISKNV Aiwulunisdnend

fuie strain ISKNV #ifisesunululszmesing 9
wuindiangs Tnoegludas 99.62-99.81% ile
Wisuiteuiuderinuludszmalne (MT128666-
MT128667) Ju (AF371960) lendu (KT718098)
d9AlUs (MK689685) ansgalusni (MW273353-
MW273354) Sulfiy (MT178414-MT178417,
MT224134) dulatiide (MWA64172-MW557381) wag
eawms\aY (KP292943-KP292947) saudaiedinuly
Uanfithdnusemeenanside (KP292948-KP292955)
waziesidudaumilouseninaddiu dandlolne
ogflutag 92.45-93.40% Wiesuiisuiuie strain
3u 9 loun SFIV uaz TRBIV (92.45%), GSIV, OSGIV
Wag RBIV (93.02%) waw LYCIV, PIV ag RSIV (93.40%)

HaMTIATIEAaRUTIAALo AU ISKNV
fnuludamiauasugy annisAnuluaded @
Wesldudmnunilougadia 99.81% (3197l 4) iile
Wisuiilsufudrduianalelnivonde ISKNV 7
enunuludminaynsainslay Kerddee et al.
(2021) Fwvhn1sdnwde strain ISKNV fissuisly
Uanznendsslurhfumnzdswanouiduiiui
AAnasaznIAngiusanveslseinelng lauwn
Fminansanas amsUsng uazasidans Juia
nssrualutaniindfesiunsanent sniadu
Foriediflituilngiu Sullemaiinsnuidoaniaes
nsAnuifumssuinvende strain eatu il
Yoyadiuianalelysiuanida strain ISKNV 11 damin
uAsUguAna adilusgauadlugiudeyaves
GenBank wagldsu accession number LC644726-
LC644729 duiusieg1eainvisy A wazwisy B
(U9 1-3) MuaIau



UTl 1 wanssenlsamammensineinulugnuanne e
(A) wanaddgnuanduuuiiidid viesuan uagaluy
(B) uamsdsgnuandudnaiifanumussiosuon
(©) uanuvionvesgniaiiidnunzdaduiunungeuionis (<-)
(D) uansvasgnUaiiluy uazdiidensenlugnan (<-)
(B) uansiuvesgrUaiidnsruiunugaidensen (<-)
(

)
F) wansludeaiowasgnuanfiiveanainieluy dhaifvwadn (<-) wagldfionslunadiuens (<)

gﬂﬁ 2 LLﬁﬁNiE)EJIﬁﬂV]NQﬁWEJ’]%%VlEJ’ﬂULﬁaL?ia’uadgﬂﬂa’mw\l\wﬂ
(A) uans IBC fifind basophilic staiwad (>) uaziilasaiadneiundvaegnmelusadinge () ludeidedihu Tnglduesnmdiu
vesiundeafignidoniiuuuurvessy
(B) ka@mIN1sM18WUU cytolytic necrosis U89 hematopoietic cell 1w interstitium vadln
0 uansuBnaiiinidens uaznisanaswes melanomacrophage centers (->) Tugiu
D) u&n9 hyaline degeneration (->) Wag amorphous casts (>) finuuinamela
E) uanssoalsaludunendu () ludu waznismeves acinar cell Tudugau ()

(
(
(
(F) wansnm@uieniifinmsunsnusawadsniay mafiusiuuvessadideyfauvien uasnsmeveadeide ()

)
)




a o aa o da &
A13799 3 53ﬂ‘Uﬂ’)']3J?‘L!LLN‘UENSEJEJI?WW’NQEW&J’]S’WIEJ’]GLNE]'DE’J’JS‘UENQﬂﬂaﬁﬂ%Wﬂ‘U’]’WlGlﬂL“Ua ISKNV

Severity score of each sample no.

Tissues Histopathological lesions
1 2 3 4
- IBC + ++ +++ ++
Spleen - Hematopoietic tissue necrosis ++ +++ +++ o+
- Decrease of melanomacrophage centers ++ ++ +++ ++
- IBC + ++ ++ ++
- Hematopoietic tissue necrosis + ++ +++ ++
Kidney - Renal tubular epithelial cell degeneration + +++ ++ 4+
- Decrease of melanomacrophage centers + ++ +++ ++
- Renal interstitial haemorrhage ++ ++ + ++
- IBC - + + _
- Lamellar epithelial cell hyperplasia +++ +++ +++ +++
- Lamellar epithelial cell necrosis + ++ +++ ++
Gill - Inflammatory cell infiltration + ++ ++ +
- Secondary infection
- Rod shaped bacteria - + + -
- Trichodina spp. - + o+ _
- IBC - - + -
Heart - Myocardial degeneration ++ ++ ++ +
- IBC - + _ -
Liver - Hepatic steatosis ++ . e+ St
- Hepatocellular necrosis ++ + + ++
Pancreas - Pancreatic acinar cell necrosis +++ ++ ++ ++

* - = no lesion; + = mild lesion; ++ = moderate lesion; +++ = severe lesion

3U# 3 wamdlasaaiaseAuganssaididnnseunes hematopoietic cell Wulauazsnuvesgniannswaum
(A) wang 1IBC ﬁwummﬁaﬁalm Famelunu intracytoplasmic inclusion bodies fifinnswainn virus assembly site Wudnwag dark
matrix ﬁﬁaﬂgmﬂmaﬂﬁaﬁlﬁawjdaguimsﬂ,u (<) uag rough granule Midnwuzadeianalodauslinuideriu (R) dwiandoa
¥4 host cell nugnidenagusiinweuiead (N)
(8 Ltamdauﬂﬁﬂmadlaﬁ’aﬁﬁuuuiﬂj (complete virion) ﬂizﬁ]’]aagj Tu cytoplasm weswaaan iledeln (<)
(O) udma nuclear invagination vevwadluiioidosiuiifinsden (<)
(D) wansoynavashiaiilianysal (incomplete virion) Tu virus assembly site vougadanitiodatiu (<)

daonwnaans UR 73 1dUA 1
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ISKNV/Lates calcarifer/Thailand/Nakhon Pathom/2019 (LC644729)
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ISKNV/Xiphophorus maculatus/Australia/2012 (KP292944 - KP292947)
ISKNV/Trichogaster spp./Australia (Imported)/2014 (KP292949)
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Molecular detection of zoonotic Sarcocystis spp. in beef

in the northeastern Thailand

LAUNGY @9l09* 81909 BOURIU
Denpong Sakhong* Ard-ong Onwan

Abstract

Background: Sarcocystis spp. is a pathogenic protozoan that can infect humans through
contaminated beef ingestion and previously reported to cause human intestinal sarcocystosis in Thailand.
As the pathogen is persistently found in beef carcasses and products, differentiation of zoonotic and
non-zoonotic Sarcocystis spp. is essential for preventing the spread of the disease.

Method: The total of 235 beef samples collected from local butcher shops and slaughterhouses in
the northeastern region were examined for bradyzoite and sarcocyst of Sarcocystis spp. based on
microscopic and histopathologic techniques. Then, to identify zoonotic species, the samples were
subjected to 18S rRNA multiplex PCR followed by sequencing, and phylogenetic analysis. Descriptive
statistic and Chi-square were used for data analysis. The positive sample distribution was illustrated by
GIS mapping software.

Result: Histopathology findings revealed Sarcocystis spp. detection in 16 samples, including 6
thin-walled and 10 thick-walled sarcocysts. Thirty-eight samples (16.17%) were positive by the multiplex
PCR. Due to sequence analysis, 23 (9.79%) and 15 (6.38%). sequences were closely related, with 100%
nucleotide identity, to S. hominis and S. cruzi, respectively.

Conclusion: To the best of our knowledge, the present study is the first molecular
identification of zoonotic S. hominis in beef in Thailand. We demonstrated that, for Sarcocystis spp.
identification, the molecular method is deemed preferable to histopathologic examination. Detection of
zoonotic S. hominis is important in term of consumer safety, hence effective measures for the carcass
monitoring of the pathogen should be established. Moreover, to prevent the foodborne illness, beef

should be properly prepared and fully cooked before serving.

Keywords: beef, zoonotic Sarcocystis spp., molecular method, 18S rRNA gene

Veterinary research and development center (Upper northeastern region) Tapha, Mueang, Khon Kaen 40260. Thailand
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frenumansanudensladafaisunndnivay
dledniodneeiios fafu neitadouensiaves
Fowsladanaviafifndenuooniineinduazie
anmsunInszeidagdau

5nns: sedhaideladuu 235 fegs 9n
Tassnaifiodnivasnseldlaguilnauaziansau
ATvdeuLazeantuayyInlsndninglulsema
Yauuseanas 2561 ASIMBUTATOEARAEYISLATES
vendeurslndafadiondesqansiadlneds
Impression smear Uag35aNeITIVET AFIAINET
ftugnssuvestensladaialngds Multiplex PCR
aglnswasdumizsoduy 185 rRNA wama1du
fandlolndvondo aaununiauduiusnig
fiugnssu uazilasssideyadiansaumaiiodudy
viiode urdeyaiiliuriiasziiesarueinis
psanuledsainlafauaifuasfvuafifnd
psranudensladanaluumd Gls

Wa: N1395I9NNgaN13IMe1 wuwnsladaly
delasan 16 deehs waduwdaiifnisdad
UL 6 F0E9 waznauiTiniiadariuuumin
Fwu 10 Fre81 luvariinisnsrafiedtnig
Faluana kA Multiplex PCR Wuansiugnssuves
Hounsladaia 38 dregne Amdu 16.17% e
Tasrgrarduiiaadlelnanuitaisiugnssy
flnavingde3s PCR Wudeonsladaiaiiisfu
fhndlelvdwiloudu S. hominis 23 fees Aadu
Sowaz 9.79 (23/235) waziidwiuihndlelnamileuiu
S. cruzi 15 feea Anludosas 6.38 (15/235)

agu: nsfnwiidunismenudoyadiy
hndlelndventonslndafasinfndenuluioln
¥fin S. hominis Tuszmalneduadausn wutns
prramitennsladafasieisnadaluanadany

wilug1ge @a1u15aRTIINULATLENYIAve TR
#15laTaRalauinndisn1snsawuUaneIsIven

& . &5 o~ o o
NSATIANUIL S. hominis Tuillelatianuddaysie
guaudelunsndnems Wewninie S. hominis
< & a A a ' o ! ¥ a
Jueviiafiarunsafndeaindailudauls aqsl
WmIN1sluN1InTIvdeuYINgnd lag dntunnduas
MIngRMWiBIUfURnns sauludsnmsaeungingsy
lunisuslaaluliolafigegn ave1n wazgn
GRRIVERG

Aanfey: Lela Wwagnsladafaviinfnseny 35

a

Flana du 185 rRNA
unii

Wewnslaana (Sarcocystis spp.) Wulusladn
Tu Phylum Apicomplexa figsnsanelsalansly
U dn e wazau nulinswwsnsezaeluimlan
11AN31 200 @U%d (Rosenthal, 2021) Tusiinues
& o | I3 A a & =t =
Woareduaglulaad 2 vila Ao leadnanailsds
drulngazsludnifuily wazleadganialudnd
a & X A a oo = I3
AULD INTLNUNUITBYS LATaRaNT LA Tulaan
Aanans towA S. hominis, S. rommeli, S. bovini, S.
bovifelis, S. hirsuta S. heydorni Wag S. cruzi FIFAMD
dauiies 2 il Mo S. hominis wag S. heydorni
wirllafineiAnlsasuwsslunuldun e S. hominis
= & A a o A a ~ )
wazultonsladanaLiesrdaLfeInau1sanmun
upsURIITInluauTudulaadaavinels (Dubey,
2015) AUAALYBLISIATERE 1NNISUSENALLELAN
a al 6 dy a a al 1 al L2
LUSAYREALLYANYDITBYNSIATERE LSuNI WIS LATER
(sarcocyst) wuneaugUlsindesislaganayin
S. hominis NIMUUTLNALDTUN LILTDSHALA KA
AU 915AUAW UT8 Laveadmnsiae avsuluniy
al al U al a =
eisenugUlsludsemaly Bude a1 uag
A = & a a & ~
WLaLdy Fananuaiianngainnisusinaiiielay
Usslalan (Fayer et al., 2015) lutuseinalnenugUae
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et al., 2013) upzuuuizess IFuf gaanszdraiess
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(Fayer et al., 2015; Rosenthal, 2021)
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Qﬁmﬂﬁﬂam%ﬂ (audy uazAdy, 2553; Boonja-
raspinyo et al., 2013) §Emsniamitoriladana
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ﬁ?@é?dL%@IﬂI%%‘% Impression smear (1104301,
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Farideisgane s ivenandedsiuideriiuinm
1’ﬂuﬁwmmamw (10% Neutral formalin solution)
M1UIBNI5UMTZIY (Bancroft and Gamble, 2002)
Fonuiilosed Haematoxylin & Eosin (Andnwey,
2545) asamesladainielindesyansseiviia
wasanalagldi&sens 40-1,000 wih iiiesuuneiina
vouforiladanaludesiuanarumuvemiledas
AsNaUTiues Dubey et al. (2015) sonilusdensgy
Ao NUIBERLUUML (24 um) wasRuIBaRLUUUI
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nsafALAzATNSIUILAN TR LGN TN
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Bullet blender tissue homogenizer (Next Advance
Inc., USA) thdegefiuaU3una 50 me gessie
Proteinase K Tu Tissue lysis buffer ﬁqmmﬁ 55 °C
w1 60 U1l viseaunindegagneayegeauysal
nduthldatnansiugnisy feeatn QlAamp®
DNA Micro Kit (Qiagen, Germany) s1135n15989

Y a

I3 o a a ]
WNAR LLa%ﬁLﬂUﬁﬁWNﬁqﬂiiNV}QﬂJMﬂuﬁJ -20 °C 9UNIY
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nasHugnIINAadalefied8 Multiplex PCR
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Biosystems ju Veriti 96 wells (Applied Biosystems,
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Forward primer ¥8¢ S. hominis 1 ul Wag S. cruzi
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BioLabs Inc., USA) 12.5 ul, 2 mM MgCL2 2 ul,
11ndU 1.5 pl wag DNA template 5 pl Tuanig
predenaturation 7 95°C wiu 3wt eudae
denaturation 7 95°C W 60 3wt annealing 7
56°C U1 60 Wt extension 7 72°C Wy 30 Fundi
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5 U9l WAL PCR product FeLAIeInTIaTUEIL
DNA/RNA §%e QIAGEN 3U QlAexcel Advanced
(Qiagen, Germany) e1uANUIBULBUAU QX size
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Fadenshodsiiltnauindedenladana
#1878 Multiplex PCR @38l PCR product au1a
Uszanas 182 bp uay 285 bp 5aumsau 6 feghs
TUnsiedudurinveadediensmanduianalolng
fifunoulnede fe i PCR product Tsiusavsse
yat1e1@ 593U GenepHlow™ Gel/PCR kit

A15199 1 anavdanilelndvadlnswasnldlunisineiniedl (Chiesa et al., 2013)

Expected PCR

Sarcocystis spp. Orientation Primer sequence 5’3’ Position
product size (bp)

Forward ACAGAACCAACACGCTC 143-159

S. hominis (AF006470) 182
Reverse AACCCTAATTCCCCGTTA 306-323
Forward ATCAGATGAAAATCTACTACATGG 110-133

S. cruzi (AF017120) 285
Reverse AACCCTAATTCCCCGTTA 378-395




(Geneaid, Taiwan) 11 PCR product ﬁu%qmélﬂm
suinalelvsineane forward wae reverse Tngld
Inswosismesedy 185 RNA vaudeusazein
Imaiﬁi’fﬂ;mﬁ;wm BigDye™ Terminator Ver. 3.1 Cycle
Sequencing kit (Applied Biosystems, USA) 9ni
ldidnaiesiiaszimnisdesdisuiinalelnd
wuudeluiR Bve ABI 31 3500 (Applied Biosystems,
USA) 3m’wﬁwaﬁaa&aﬁwﬁuﬁ’mﬁi@lméﬁgqma forward
way reverse aaglUsIASH BioEdit Ver. 7.2.5 (Hall,
1999) wWisuiiguatduiliadlelnadudeyalu
GenBank fglusinsu BLASTN (https://blast.ncbi.
nlm.nih.gov/Blast.cgi) ALATIERAMNFURUGNS
Wugnssulauni1sasne Phylogenetic tree f2g
1Us6n31 MEGA X Ver. 10.2.0 (Kumar et al., 2018)

nFAATIEdaYyanIeEin
ihdegamansranuidonsladanaluilolan
TATIEMLaEII8NUNALUTULUUYRERRNT S
Andorar SuunmuTirinuazanuiiusegdag
a0 lAlauals WS UTBUANULANANYBINTIATIANU
\ose Fisher’s exact test Jinsevianuiinilona
WURe S. hominis §28 odds ratio MszdUA
FesTu 95% felusunsi SAS version 9.1 (SAS, 2004)

NakazIasal

etrailelavianua 235 Foghs thanas
AeNdeIanTsATdalasddng nulushgesAves
Fouriladaiazuinldndiondrovon foudn
fihedhidu (gﬂﬁ 1 A-B) ¢n&i5 Impression smear
11U 16 AI9819 ATIRAlaRMIEIEIANEITINEN
wumsladad dnwarenn 3 julvliansenau anglu
Farsauiulufonusivesdunsnaglundie
(U7 1 O) F1uau 16 Mg ileusziliudnuazues
wifsdadainaladduiie arwisoudenguues

WowdladaRaananumnvesilidaseentaily 2
Ny AanAsiues Dubey et al. (2015) A nawil
nilsgasuuuuTinala <1 (g*d‘i?i 1 D) 39U 6
#0ge uaznguitinlsBaduuuvnuin > 4 pm
Fevavurnaunuivends@adnld 6.04-7.73 um
(U7 1 B) 1w 10 faoghns wenanilawuindnae
Tnssadantiadaduoenguiiindedaduuumninng
Fa3oendudurinedensinunedaiadnefu
Snurrediasiadeiisendi finger-like protrusions
é’quamiugﬂﬁ 1 F fadudnuazianizvonio
S. hominis, S. bovini Lag S. bovifelis (Chen et al.,
2011; More et al., 2014; Dubey et al., 2016) ag1sls
An1uign1snsiasiundesqanssauadanasadng
Ligunsasuunszrinadensladanauiniinnsony
waglufnsoauls
KANITATINAN TR UGN TTNVE U DA 873
Multiplex PCR Mnfegraieln §1uau 235 Foens
wushetheilinauandede S. hominis S1uau 23
#9873 (PCR product Au1n 182 bp) uazioe1il
Tnauinsiode S. cruzi sauau 15 feths (PCR
product w1 285 bp) ledmden PCR product
UM 182 bp waz 285 bp MU 4 LAy 2 A9
puanu WUmaauihadlelng wagiuSeuifisunu

o w a

Sduinadlolndvesdelugtudeya GenBank it
futuriinveado (mMaefl 2) wudr PCR product
2U1m 182 bp darduilapdlelnamilouduainu
Thndlolnsveade S. hominis inululaanuszmne
wosuil UX679471) uagdand (MT92481) undign
InetiAn percent identity 100% é195U PCR product
u1m 285 bp darduilipdlelnaimiiouduainu
Thnalolndweade S. cruzi finulunianzSusen
WBeanilovaslsznelng (91999 Lazlauney, 2560)
wazvaNeUIEINA LU Useinaensiauiun (KT901167)

InefiAn percent identity 100%



UM 1 Wewniladafauazansladadluilela ann1sasiadiendesganssatviiauaedng

sU AB : uusiwansvaaiennsladaia doudand Giemsa Midtwene 200 uag 400 Wi Ay

sUC  : Enwasmeganedinervesenilatadlundiuiloln (gnast) deuded Haematoxylin & Eosin Adwmene 40 Wi

5U D-E : SnwaisyaganeBinervemiiiugnslafaiuuuun uasiuunuinuddu (gnasd) fidses 1000 wi

SUF  : Enwasmeganedinervomiionsladad dfnstadesiaiedulasasfiGoni finger like protrusions (gnasd)

8981y 1000 11

o v a

A15199 2 waneRan1swWSeuisusEnineansuiinnilelnavesdevnsladanannulunisinuiinudnuiinadlelndveadevnsladdada
Tugudeya GenBank

L‘ﬁa Percent identity Accession no. (laad; Uszine) 81499
S. hominis 100% JX679471 (Cattle; Germany) More et al. (2013)
MT792481 (Cattle; Italy) Prakas et al. (2020)
99.45% JX679470 (Cattle; Germany) More et al. (2013)
AF176943, AF176945 (Cattle; China) Yang et al. (2001)
98.90% AH006014, AF006471 (Cattle; Germany) Fischer and Odening (1998)
S. cruzi 100% LC171827 (Cattle; Australia) Murata et al. (2018)
LC171829, AB682780 (Cattle; Japan) Matsuo and Sato (2012)
JX679468, KT901167 (Cattle; Argentina) More et al. (2013), Gjerde (2016)
AF176934 (Cattle; China) Yang et al. (2001)

daonwnaans UR 73 1dUA 1 39
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[ JX679471 /Carttle/Germany

A LC637661 /Cattle/Buengkan-Thailand (This study)

A LC637663 /Cartle/Nongbualamphu-Thailand (This study)
A LC637664 /Cattle/Nakhonphanom-Thailand (This study)
A LC637662 /Cartle/RoiEr-Thailand (This study)
MT792481 /Bos taurus/Italy

{ AH006014 /Carttle/Germany Sarcocystis hominis
'L AF006471 /Cattle/Germany

0.03 AF176945 /Bos taurus/China
AF176942 /Bubalus bubalis/China
AF176943 /Bos taurus/China
AF176944 /Bubalus bubalis/China
= JX679470 /Carttle/Germany
KT901134 /Bos taurus/Argentina
KC209744 /Bos taurus/Argentina Sarcocystis bovifelis
KT901122 /Bos taurus/Argentina

oor KT901097 /Bubalus bubalis/Egypt
KT901115 /Bubalus bubalis/Egypr Sarcocystis sinensis
JO713823 /Buffalo/India
KT901151 /Bos taurus/New Zealand Sarcocystis bovini
KT901155 /Bos taurus/New Zealand Sarcocystis bovini
KT901147 /Bos taurus/Argentina Sarcocystis bovini
KY120285 /Bos taurus/China

<. MH681979 /Bos taurus/China Sarcocystis rommeli
KY120284 /Bos taurus/China i
0.0+ KC209741 /Bos tanrus/Argentina ]
KT901157 /Bos taurus/New Zealand .
0.15 Sarcocystis hirsuta

JX855283 /Cattle/Germany
AF006469 /Cattle/Germany
MK981205 /Bos taurus/Argentina
KX057997 /Bos taurus/China
o MN628316 /Bos taurus/Iraq Sarcocystis hevdorni
% KX057996 /Bos taurus/China
MHG681976 /Bos taurus/China i
@ LC637665 /Cattle/Mahasarakham-Thailand (This study)
AF176934 /Bos taurus/China
KT901167 /Bos taurus/Argentina
LC171829 /Bos taurus/Japan
o ABG682780 /Bos taurus/Japan
LC171827 /Bos taurus/Australia
@ LC637666 /Catile/Khon Kaen-Thailand (This study)
JX679468 /Cartle/Argentina i

Sarcocystis cruzi

001

sUil 2 unugll Phylogenetic tree wansamduUSINaugnIsluduvasBy 185 rRNA veuliowiladafaiinsaanulunisine
adsilUSsuiiuiudeiifimeaulugiutoyn GenBank a319828%5 Maximum Likelihood waz3ias1z¥ bootstrap 1000 38U
# Branch lengths uansliluudazAsvaadaiinuluseghailelaannsinuluadeiiuansdydnual “ A~ fio o 5. hominis
uaz “®” fa W S. cruzi

a0

< & &5 o a o ' =1 ' X o ¢ v e X A Y a &
M990 3 Nan']i(ﬂ5'35]L’l1§]%’]5iﬂ‘ﬂaﬂﬁ‘luﬂ’JEIEJ'NLuaIﬂ Q']ﬂﬁﬂ']uwfinwu']ﬂluaﬁﬁqLlazii‘iﬂl']ﬁﬂ’Jiuwuw:]']ﬂﬂﬂ'luaaﬂLQEJQLW'UEI“UEN

Uszndlng #2875 Multiplex PCR

dauiiifiudiegng
Sarcocystis spp.  goqydisamineiiednd (%) T592irdnd (%) 594 (%) ood ratio (95% CI) p-value
n=174 n =61 n = 235
S. hominis 21 (12.07)" 2(3.28)" 23(9.79) 4.05(0.92-17.81) 0.04
S. cruzi 11 (6.32) 4.(6.56) 15 (6.38) 0.96 (0.29-3.14) 0.95
39U 32(18.39) 6(9.84) 38 (16.17) 2.07 (0.82-5.21) 0.12

aa o o v 1w = A

" mesazluluiusuiisiuniidnysiduaeiusansdseuuanasegslidedAynieada (p<0.05)



IINNITIATIERANLEUTUTVNINUGNTTUVRA
L%EJ S. hominis TuLLNuQﬁ Phylogenetic tree (E‘Uﬁ 2)
wudnfianugennassnuainuiindlelnaann
asusnITIvende S. hominis fins1awusaeis
Multiplex PCR wagnan1silsutisuiuasu
fnadlelndainarsiugnssuvendelu GenBank
#elUsunsa BLAST wudndie S. hominis fildann
nsdnwilundaidaeglundguienttu s. hominis 90
Ussinedy o fifsieeudeuntig Tnsuenaonain
Fonduitiindsdaduvuvunvia S. rommel, s.
bovini, S. bovifelis waz S. hirsuta p819TALAY
Tuwaeitdduinalelnsvedonslndanasinus
vfildnnisinuioglunduifieatufudo S. cruzi
%QLLEJﬂaam']ﬂﬂzjmJau%a S. heydorni 3u.3unila
AnroAuagratauuiu eg1elsinululsenelne
Filinusreauinausazlaludssmalnefinide S.
heydorni (Fayer et al., 2015) Gsdenadosiusieeu
284 Hongchuta et al. (2021) mﬁﬁﬂm@mﬁﬂwms
nsdlaanavondeniladafaviandeiudad
wuvuslundaderlalauaznsede lulssmelne
817 wawdiuy NaNSANYINUEe S. heydorni Tu
ﬁaaéwﬁaﬁﬂﬂiﬂmﬂﬂizLﬂﬂﬁ’um%ﬁméhmmLﬁm
Fausanasinisanwnsinde S. heydorni Tu
Uszinelneifiady wagastainsnislunisaugy
Wousanannisidnla nsedeanUssmadioutiu
THSanuanntu ileduninihseTuastostunis
Aalsaitavdunlulszmesiely

nn1sduAudeyalu GenBank nwudnlad
sreudeyadiduianilolndainarsiugnssy
vaude S. hominis iuﬂuﬁqﬁmmm%am'ﬁuaaﬂ
Bl fauinfiseaunsssunveadie S. hominis
TupuainUsewanalds a1l wazlny (Fayer et al.,
2015) feiloraiiesarnsisaunisanwdiulng
JunsesranuleleTadluganseithe (@udy waz
AtlE, 2553; Wilairatana et al., 1996; Tungtrongchitr
et al., 2007; Boonjaraspinyo et al.,, 2013) ﬁ'ﬂffu
miﬁﬂmﬂ%qﬁ%alﬁﬁﬁagaﬁﬁuﬁaﬂﬁialm‘mﬂ
ansugnssuvendonisladafaainersladad

Tuielevta 6 freg19 9e9lugrudoya GenBank
s?iqLi“]umiﬁmwu%agaa"wﬁuﬁmﬁialmﬁmﬂ
msﬂ’uﬁqﬂismawﬁa S. hominis #nsanuluiela
TuUszmdlnedundausn Tngldsu Accession no.
LC13761-LC13764 Fsaziduvszloviflunissiwun
GllﬁﬂL%@LL@%ﬂ’]iﬁﬂ@Wﬁﬂib’U?@%%EJ’]L%GI&JLaf]aﬁ'@lﬂ

mamsmawwmiﬁuqﬂﬁmaqL%a%wﬁﬂ%aﬁa
#1833 Multiplex PCR lugredailola 16.17%
(38/235) Tnsudaduananuiisimiraiodniuay
Nlseaindnd 18.39% (32/174) uay 9.84% (6/61)
ANUEITY (1151991 3) wenaniwuinlennadios
msaawuanﬁuqmsmaaL%@%ﬁiﬂ%aaaiuﬁaasm
delananuiiswinededn g 2,07 wh (95%
Cl; 0.82-5.21) vessheghaiiolaannlssings s Tneans
ﬁuqmmﬁmnwu‘im%ﬂaﬁwmﬂumsﬁuqﬂsimaq
@8 5. hominis 9.79% (23/235) WAZENTNUGNTTUVOY
o S. cruzi 6.38% (15/235) uonanimuindedng
LﬁaimmamuﬁﬁmmaLﬁaé’mimaﬁlwumsﬁuqmsm
Y0 S. hominis qmdwé’hasmLﬁa‘lﬂﬁmimhé’mi
agafiduddgnieadf (p<0.05) Tngainanud
sheilednd wazanlsendns asaany 12.07%
(21/174) uay 3.28% (2/61) mudndiu atiilasan
TseaidnSuravuisenaiinsnszaneielafinnie
S. hominis TUfsaauiisimineidednivanauns 34
Tonnafisznsranuidoannaauiisimineliodns
VENeUNITY

Jmtadinuide S. hominis geanne damin
Tanu 55.56% (5/9) sesaen oA famdavuesiabg
33.33% (3/9) wardaninvoulnu 23.08% (3/13)
(5199 4) Taeludanindendaiinisnsranude
S. hominis Mnaa s mneibodn it luvasei
Fdauasnuauazias insnsaanuide S. hominis
Tushoeailelranlsendninnnianaamuiisimne
\flodn (p<0.05) (137471 4 LLazgﬂﬁ 3) 1INNSAN
afainsranuide S. hominis 9.79% (23/235) @4
TndiAsafuTIBIuMsITIINUEe S. hominis luilela
Tudsewedna (8.47%) (Rubiola et al., 2021) uag

v

\wosuil (6.23%) (More et al., 2014) usan7ilad



) Wuag
= sendsnnhmdades
& Tseghded

£,

JUN 3 unuiuaasnsnsznefuaziiniinsanuldessladanayiin S. hominis luillela Tunianziusenideanile szudafou

ARAN W.A. 2560 TaApufiuEIY W.A. 2561

- & - T 1 g do X o ¢ @ X 4 o
159N 4 NANISASAIAINULYD S. hominis I‘LIG]’JE]EJ'NLUBIFI NENUITNEADIUNANAUNYLUDE RN LLazmn‘[iwqaﬂ'ﬁuwuwmﬂmmuaan

Reamiiafiaeds Multiplex PCR

fre19 lkHaUIN/A20819NaMUA (%)

F9In Sruruegnaaiun : v
daufisvuneiladn’ Tsesindnd 524

nuaug 26 1/11 (9.09) 0/15(0.00) 1/26 (3.85)
YBULAY 13 3/9 (33.33) 0/4 (0.00) 3/13 (23.08)
Fugd 3 - 0/3(0.00) 0/3 (0.00)
UATWUL 14 0/13 (0.00)" 1/1 (100.00)" 1/14 (7.14)
UATIVFUN I 0/5 (0.00) 0/2(0.00) 0/7 (0.00)
Jeannu 9 5/9 (55.56) - 5/9 (55.56)
y3sug - - - -
NAIS 13 0/8 (0.00) 0/5 (0.00) 0/13 (0.00)
UNIA1TAN 18 3/17 (17.65) 0/1 (0.00) 3/18 (16.67)
olass 7 0/2 (0.00) 0/5 (0.00) 0/7 (0.00)
Sauidn 29 5/17 (29.41)" 0/12 (0.00)" 5/29 (17.24)
1ae 15 0/14 (0.00)" 1/1 (100.00)" 1/15 (6.67)
3azIN 11 0/11 (0.00) - 0/11 (0.00)
anauns 20 0/18 (0.00) 0/2(0.00) 0/20 (0.00)
#3uns - - - -
#UDIANY 6 1/6 (16.67) - 1/6 (16.67)
nuastEg 9 3/9 (33.33) - 3/9 (33.33)
anssnil 27 0/17 (0.00) 0/10(0.00) 0/27 (0.00)
auaT1YsTil - - - -
91U 8 0/8 (0.00) - 0/8 (0.00)

-~ 235 21/174 (12.07) 2/61 (3.28) 23/235 (9.79)

) )

" fnfovarlunuusuifaiuiiisnusiiuisiutansiinuuanasegsiiteddynisais (0<0.05)
- vneis Liffedsdinge



snieeuiinululssmaienuns (27.72%) Jehle
et al.,, 2009), 9ilige (19.00%) (Homok et al., 2015)
uazdviaitle (13.73%) (Prakas et al., 2020) N3
As19NUEe S. hominis Tuiielaanmsdnwiadsll
wansIndesananiinuduldlgfiesiinnswau
IUATUII95TInTenTe Tnefinsindeludleas
gavnelaunau Inelinnsnszaeieglunians fusen
doanievessemelng voniniizmadiluana
Adlunsanuifaunsatuntieitedouenide
grsladananansenusia S. hominis PanaINLYe
g1dlpdanavinsuludaedaiolald wazaiuisa
Banldlunsnsieitadonsinidesiufuiinisnse
Frendesqanssmidiieiiunnuusiudlfnndy

nsasranuie S. hominis Tuilielafinan
dyregueunionisndneinis 1lesainide
S. hominis LﬂuL%a%ﬁmﬁmamaamsiaﬁ]'mé’miajﬂuiﬁ
nnnginssunisuilaadelafiugalaaniduiete
diidoilndensiadaiasiin 5. hominis fns
WAILIIUATUIATTInUAzNTER g lunn
avTusenidsunileluyseinalne Wiuldannnas
swamumswuﬁamﬁamﬁﬂ%aa WU N3ANYIVY
Wilairatana et al. (1996) fivhn1sdisiausdnlu
9915 Ifussnulungannuuas wud gldisan
MnnnaavesUszinalneiinsiadorsladana
LwiwumiamL%@gqqﬂu;ﬁ%mmumﬂmﬂmﬁuaaﬂ
Boanilofionduoglunsammamuas uaznsanw
84 Tungtrongchitr et al. (2007) e Boonjaraspinyo
etal.(2013) é’aiwamuwu;Fﬁm%mnﬁﬂ%aaaiu%’mi’m
UATIYEH (4.6%) wazvouLnu (8%) uanINil
N1SAN®IVDY AUty LavAuy (2553) FFnwm
arngnuazdafeiifinuduiudtunismsanude
S. hominis Tuusgsnsynniavesdseinelveg wuid
Uszansiuniangiueenidouniensianuleledan
vou0 S. hominis Tugannszgefian lesannis
wslapomsussanatuiiiole Mé’l,ﬁuaiﬂ waziileln
wuugaliign

AsanwEuandiifiuin Sn1sasianuide
sladaRauin S. hominis luielnanlsseindmuay

anuiismhedednidmiunisuilag Gseradeny
desoludauslnaulelald dwsuTemuaunsinide
Tupuan A liuN SNUsEUUgURTuNSHERR]
wieu3lna Taefimsnsiaaeunndi lnsdmunmduay
N395IaMviBaUuRns sauludsnisussmduiug
Taudifteidsungnssulunisuiloadudelad
U39an axenn wazgnaveudy

GRIPEIERIGIEIGITTE

nsfnwilitunisamanuide S. hominis 89
Juriafnsoandniludausarsisaudeyadidu
thndlelndanansitugnasuveside S. hominis v
Uszinelne A3n1adaluanadildluaded 1éun
Multiplex PCR ausasingaedfadousnide
g1ilndanavinfndonueonainiiessindaia
yiladudiianulndifssduls Fsarsiinnsseyly
psranenviaiowiladadaluidolanieos
URTRN TR wenaniimsfinsdnwuiuisly
TEALLBEAYBINITATINAINYN TOUALTITLUIRINE
voutomnladafavinfnsonluielanazuszanns
sulUfsnudnwazmedaluanadiudy 9 el
A lafsunasiiinuaznisineveaveadenn
niangau waniiladumsnuauamamidelaioug
nsHARAutaRUSlaA

AnRnNssUUsENIA

YOUBUARL AW, HUMNLR 3325UA fldeavey
fuidelsednidnuazdnilvg Aldmusnwuusi
lun19vwidy veuam a3, It Auenis uay
an.qy. 5. T3 vinRenad ivaensramuudleduatiy
vougaintihiivesdiinauladaidminlunia
v Jupsnidsunilefivissiunufiuiogiaieln
smﬁy’aL%’]Mﬁwﬁ@ué%’aLLaw"v’@ummsé’muwwé
engusendesvilonauuy wazglamsulinig
Preimdeuazatiuayunnviuiiviliinisdnuadsd
Uszaunadnisa
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Abstract

Backgrounds: Rabies virus, a deadly virus infecting central nervous system, causing a disease that
has been a major public health concern in Thailand. Rabid dogs manifest a wide range of different
clinical signs. The aim of the study is to investigate the association between clinical findings and
diagnosis of rabies in dogs by direct fluorescent antibody (DFA) test.

Methods: This study was conducted in all regions of Thailand from January to May 2018. Clinical
characteristics and DFA results were obtained from 8 Department of Livestock Development (DLD)
laboratories, including 1228 rabies submitted cases. Univariable and multivariable logistic regression were
analyzed to define the association between clinical signs and DFA results.

Results: Among 650 DFA-confirmed rabid dogs (52.93%, 650/1228), most rabies cases were owned,
older than one year of age and unvaccinated. From ten variables, univariable logistic regression indicate
seven significant variables with p < 0.05. The multivariable logistic regression model showed four
variables associated with rabies including aggression (OR = 5.07, 95%C| = 3.82, 6.72), running without
apparent reason (OR = 2.63, 95%Cl = 1.89, 3.64), animal/human or cage biting (OR = 1.51, 95%Cl =1.00,
2.29) and abnormal barking (OR = 1.72, 95%CI = 1.04, 2.82).

Conclusions: Aggression, running without apparent reason, animal/human or cage biting and
abnormal barking are highly associated with positive DFA results. Nevertheless, other non-significant
clinical signs still need to be aware of the rabies. DLD officers should educate specimen collectors, dog
owners, small animal practitioners and other relevant persons to be aware of dogs with clinal signs
mentioned above. Further study should focus on experimental design with definite number of study
population to address the association between rabies clinical signs in dogs and DFA results more

precisely and completely.

Keywords: Clinical findings, Diagnosis of rabies, Direct fluorescent antibody test
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Introduction

Rabies is one of the most serious zoonotic
diseases that can potentially affect humans and
animals in many parts of the world. The etiologic
agent belongs to the genus Lyssavirus of the
family Rhabdoviridae. The transmission is
predominantly occurred when broken skin or
mucous membrane exposed with infected saliva
(Knobel et al., 2005; OIE, 2021). According to the
World Health Organization (WHO), rabies annually
causes one percent deaths. Up to 99% of rabies
human cases are caused by rabid dog exposure
(WHO, 2021). Dogs are defined as the main
reservoir of the disease, particularly in Asia and
Africa (Taylor, 2013). Therefore, controlling and
eliminating rabies in dogs, especially free-roaming
dogs, is important for rabies prevention in human
(WHO, 2013).

In Thailand, there were 16 human rabies
cases in 2018 (Department of Disease Control,
2019). Although the number of human rabies had
gradually declined, the trend of animal rabies had
been moderately increasing from 250 cases in
2014 to 1,105 cases in 2018 (Department of

Livestock Development, 2020). Canine rabies is



manifested in two clinical forms, furious and
paralytic forms (Shuangshoti et al., 2013). Furious
form is typically characterized by extreme
behavioral changes including aggression, depraved
appetite, and excitable behaviors. Paralytic rabies
involves weakness, loss of coordination, inability
to swallow and hypersalivation (OIE, 2009).
Paralytic rabies plays an important role in
misdiagnosis of rabies particularly when a history
of animal bites is not included. Observation of
clinical signs is essential as delay in diagnosis
causes increased numbers of contact patients or
animals and resulting in higher medical costs.
Previous studies have been conducted on the
clinical observation of rabies in animals. Association
was demonstrated between positive direct
fluorescent antibody test (DFA) results and biting
in dogs, which is one of the six criteria for early
presumptive diagnosis. The criteria help the
physician for prioritizing the treatment and
indicating appropriate laboratory examination
(Tepsumethanon et al., 2005, Minougou et al.,
2021, Tialla, 2021).

Multivariable logistic regression is a
statistical method for analyzing binary and
categorical data. The model can be used to assess
the association between factors and outcome and
to predict the probability of an outcome for
particular cases especially in medical and animal
research, for example influenza (Monto et al.,
2000), foot and mouth disease (Sansamur et al.,
2020). However, the association between clinical
findings and rabies diagnosis of dogs in Thailand
using variable logistic analysis has never been
reported. Therefore, the objective of this study is
to investigate the association between clinical

findings and diagnosis of rabies in dogs by DFA

test. The findings of this study could be used to
educate dog owners, specimen collectors, small
animal practitioners and other relevant persons

to be aware of rabies significant clinical signs.

Materials and Methods

Study area

This study was conducted in all regions of
Thailand from January to May 2018. Data was
retrospectively obtained from 8 Department of
Livestock Development (DLD) laboratories which
consist of National Institute of Animal Health
(NIAH), Bangkok and other 7 Regional Veterinary
Research and Development Centers located in
Eastern, Western, Upper Northeastern, Lower
Northeastern, Upper Northern, Lower Northern

and Upper Southern region.

Data collection

One thousand five hundred and seventy-six
rabies-suspected dogs were submitted for rabies
diagnosis during January to May 2018. Three
hundred and forty-eight cases were excluded due
to no clinical sign data recorded. This study
compiled clinical characteristics records of 1,228
rabies-suspected dogs in rabies submission forms
and DFA results (OIE, 2021). Positive DFA result
would be referred as positive case.

Specimens of dogs with suspicious behaviors
were submitted from provincial livestock officers
and sent to DLD laboratories. The information of
demographic and clinical characteristics were
retrieved. Demographic characteristics included
name and address of the owner or sender, sub-
mission date, species, breed, sex, age, ownership

status, vaccination status. Clinical characteristics



consisted of (1) drooping jaw, flaccid tongue, and
excessive salivation (2) aggression (3) paralysis (4)
muscle stiffness (5) running without apparent
reason (6) difficulty swallowing (7) animal,
human or cages biting (8) abnormal barking (9)
regurgitation (10) depression and hiding in the
dark place. The data was analyzed by Microsoft
Excel version 2019 (Microsoft Corporation, 2019).

Disease mapping

Rabies submitted cases and positive cases
in Thailand was illustrated in geographical
distribution map constructed using QGIS version
2.18.28 (Open Source Geospatial Foundation

Project, Switzerland).

Statistical analysis

Descriptive statistics was used to describe
demographic features of animals. The samples
were classified as positive or negative results using
DFA. Statistical analysis was examined in 2 steps
using Stata/IC Version 15.0, USA (Statacop, 2017).
Firstly, univariable logistic regression was used to
perform the relationship between clinical signs
and DFA results towards rabies. Furthermore,
categorical variables were expressed as odds ratio
(OR) with a 95% confidence interval (Cl) were
estimated. Clinical signs with a significance level
of p-value < 0.05 were selected and checked
intervariable correlations for multicollinearity
using the chi-square test. In the event of
multicollinearity (p-value<0.05) was retained for
multivariable logistic regression. Secondly, the

multivariable logistic regression with the remaining

P.
In(5=5) = Bo + Bua + -+ B

significant clinical signs was performed to use the
following equation:

where Piis the probability of a positive DFA
test in rabies-suspected case i (i = 1,.., 1228), Xk
is a set of clinical signs (Xk = 1,.., k) and Bk is the
estimated coefficient for the clinical signs
(Bk = 1,..,k).

The model was compared with the full
model using likelihood ratio test with the null
hypothesis being Bs of the dropped clinical signs
equal to 0. Accepting the null hypothesis means
the non-significant clinical signs from the full
model can be dropped without a dramatic loss
of fit. The quality of statistical model was
estimated for prediction error based on the Akaike
Information Criterion (AIC). The model with the
lowest AIC adjusted and included in final model
that was tested for model fitting by using the
Hosmer-Lemeshow test (Bewick et al., 2005).
Moreover, variables were expressed as adjusted
odd ratio with a 95% Cl. Clinical signs with a
significant level of p-value < 0.05 were highly
associated with positive DFA results. The
characteristic of the model to discriminate
between rabies and non-rabies was identified
using the Receiver Operating Characteristic (ROC)
method. The general rules of the area under the
ROC curve (AUC) were : AUC = 0.5 (no
discrimination), 0.5 < AUC < 0.6 (poor
discrimination), 0.6 < AUC < 0.7 (fair
discrimination), 0.7 < AUC < 0.8 (acceptable
discrimination), 0.8 < AUC < 0.9 (excellent
discrimination) and AUC > 0.9 (outstanding

discrimination) (Hosmer and Lemeshow, 2000).



Results and discussion

A total of 1,228 submitted cases was
analyzed in this study collected from 71
provinces of Thailand during January to May 2018
(Fig. 1). The highest number of submitted cases
was from Surin (n=107), followed by Nakhon
Ratchasima (n=102) and Songkhla province (n=73).
There was no submitted case from 6 provinces
including Ang Thong, Sa Kaeo, Mae Hong Son,
Phuket, Phangnga and Yala province. Top five
ranking provinces with the highest positive cases
were Surin (n=69), by Songkhla (n=50), Nakhon
Ratchasima (n=47), Yasothon (n=41), and Roi et
province (n=34), respectively (Table 15).

Study area

E%3 No submitted case
Submitted cases
Positive cases

=0

—1-10

. 11-20

. 21-30

. 31-40

. 41-69

50 100 150 200 km

Fig. 1 Geographic distribution of submitted cases,
rabies-positive cases in Thailand during
January-May 2018

Regarding rabies status, demographic
characteristics of rabid dogs were shown in Table 1.
Our study found that 52.93% (650/1228) of
samples were positive for rabies. Interestingly,
most of the rabies cases were owned. It was
possible that owners were more preferably to
confirm whether their dogs got rabies or not. Most
rabies cases were more than one year of age
(47.23%, 307/650) and unvaccinated (26.62%,
173/650). It was possible that owned dogs were
mostly vaccinated once but the vaccine were not
boosted annually. Moreover, some owned dogs
were not raised indoor that they had chances to
contact other dogs especially stray ones. The
World Health Organization recommended
vaccinating rabies in puppies especially less than
3 months old for rabies endemic countries (WHO,
2013). At least 70% of the dog population should
be vaccinated and continuously vaccinated to
prevent rabies outbreaks (Hampson et al., 2009;
Davlin and Vonville, 2012; WHO, 2018).

Some characteristics in this study were
recorded as unidentified such as age (20.31%,
132/650), dog ownership (15.85%, 103/650) and
rabies vaccination status (57.69%, 375/650)
because rabies submission forms were not filled
completely or DLD officers were carelessly
approved those forms. Therefore, DLD officers
should work with specimen collectors to
complete the forms carefully as this important

information is useful in rabies outbreak control.



Table 1 Demographic characteristics of rabid dogs diagnosed at DLD laboratories, during January to May 2018

Percentage
Characteristics (Proportion of rabid dogs)

Age

1-6 months old 21.23% (138/650)

6 months old to 1 year old 11.23% (73/650)

> 1 year old 47.23% (307/650)

Unidentified 20.31% (132/650)
Dog ownership

Owned 48.30% (314/650)

Ownerless 35.85% (233/650)

Unidentified 15.85% (103/650)
Rabies vaccination status

Vaccinated within 1 year 10.30% (67/650)

Vaccinated > 1 year 5.38% (35/650)

Unvaccinated 26.61% (173/650)

Unidentified 57.69% (375/650)
Contact history

Biting human 27.38% (178/650)

Biting animal 36.46% (237/650)

Contact saliva 16.15% (105/650)

Unidentified 20.00% (130/650)

Variables associated with rabies positive cases
Univariable logistic regression
Univariable logistic regression showed seven significant variables with p < 0.05 (Table 2).
All intervariable correlations between significant variables were showing no potential redundancies
(p < 0.05). All significant variables from univariable logistic regression were performed for multivariable

logistic regression.

Table 2 Variables with rabies positive case based on univariable logistic regression

No. Independent Variables Level  Positive Case  Negative Case p-value OR (95%Cl)

1 Aggression® \’(\‘eos ;zg 111(7? <0.001 6.9 (5.26, 9.10)
2 Drooping jaw, flaccid tongue, excessive salivation* T\leos 31;? iég 0.003 1.48 (1.12, 1.95)
3 Running without apparent reason* \’(\‘e; i;? 56180 <0.001 4.77 (3.51, 6.53)
4 Animal, human or cage biting* Leos égi 54335 <0.001 2.98 (2.05, 4.42)
5 Abnormal barking* Le; 56819 53426 0.01 1.76 (1.11, 2.84)
6 Regurgitation* Leos 6%73 56135 0.02 0.63 (0.41, 0.96)
7 Depression and hiding in the dark place® Le; ég; Lléz <0001 053(0.40,0.72)
8 Paralysis YNeOS 62219 51599 0.95 0.98 (0.49, 1.95)
9 Stiffness YNeOS })22 47999 0.15 1.25 (0.90, 1.74)
10 Difficulty swallowing Le; ;? 48971 0.26 1.18 (0.86, 1.63)

*

significant variable (p < 0.05)



Multivariable logistic regression

The final model was compared with the full
model using likelihood ratio test (p = 0.22). Based
on the AIC criteria, the final model included four
variables that shown in Table 3. The final model
achieved a good fit using Hosmer-Lemeshow test
(p = 0.28). The accuracy of the final model was
assessed by ROC and showed acceptable
discrimination (AUC = 0.7547, Fig. 2).

Our study found that aggression was the
most significant variables. The dogs with aggression
had 5.07 times higher odd of having a positive
DFA result than dogs without the sign of ageression
(OR = 5.07, 95%C| = 3.82, 6.72). Moreover, this
study showed that dog with running without
apparent reason (OR = 2.63, 95%C| = 1.89, 3.64),
animal, human or cage biting (OR = 1.51, 95%Cl
=1.00, 2.29) and abnormal barking (OR = 1.72,
95%C| = 1.04, 2.82) had higher odds of having a
positive DFA result than dogs without these
clinical signs. This finding was consistent with a
previous study by Thiptara et al. (2011) which
showed that aggressive dog had 11 times higher

odd more likely to be rabid than non-aggressive

Fig. 2 Predicted probabilities of final model based on the
ROC method
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dog. However, our study partially disagreed with
Thiptara et al. (2011) who found pharyngeal
paralysis and body paralysis were associated with
rabies. This disagreement is probably explained
by difference of sample size and duration of study.
However, our cases were clinical furious rabies,
possibly because the typical signs are simpler to
be observed compared to those in paralytic rabies.
Hence, in case of paralytic rabies, clinical cases
are more likely to be underreported. In terms of
the limitation of this study, as descriptive data
were obtained through rabies submission forms
filled by different specimen collectors who may
not be aware of abnormal changes in the animals,
thus the clinical signs in these dogs tend to be
under-recorded.

The result of this study would be useful in
public health information and bring awareness to
the person who closely contact with rabies
suspicious dogs with the significant clinical signs.
Moreover, veterinary authorities should focus on
regular rabies vaccination campaign and
encourage the specimen collectors to fill the

submission form completely.

Table 3 Variables from the final logistic regression model

for rabies
. Adjusted OR
No Variables p-value
(95%CI)
1 A i >07 <0.001
ression .
5 (3.82, 6.72)
) ) 2.63
2 Running without apparent reason <0.001
(1.89, 3.64)
) » 1.51
3 Animal, human or cage biting 0.047
(1.00, 2.29)
1.72
4 Abnormal barking 0.032
(1.04, 2.82)

Likelihood ratio test = 9.53 (p = 0.22), Hosmer-Lemeshow test = 5.05
(p =0.28), AIC = 1422.23 (df = 5)



Conclusion and suggestions

This analytical study investicated
association of clinical findings with rabies
diagnosis in dogs by DFA. The results of this study
suggested that aggression, running without
apparent reason, animal, human or cage biting
and abnormal barking were strongly associated
with rabies. Nevertheless, other non-significant
clinical signs still needed to be aware of the rabies.
DLD officers should educate specimen collectors,
dog owners, small animal practitioners and other
relevant persons to strengthen their awareness of
these clinical signs. Further study should focus on
experimental design with definite number of study
population to address the association between
rabies clinical signs in dogs and results from DFA

more precisely and completely.
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Annex 1

Table 1 S Positive DFA results in submitted cases by province of Thailand, January-May 2018

No. Province Positive cases Total submitted cases
1 Amnat Charoen 28 32
2 Bangkok 6 15
3 Bueng Kan 0 1
4 Buriram 5 10
5 Chachoengsao 24 48
6 Chai Nat 0 1
7 Chaiyaphum 14 38
8 Chanthaburi 6 13
9 Chiang Mai 0 10
10 Chiang Rai 6 17
11 Chonburi 39 71
12 Chumphon 0 2
13 Kalasin 17 37
14 Kamphaeng Phet 0 5
15 Kanchanaburi 1 7
16 Khon Kaen 8 21
17 Krabi 7 19




No. Provinces Positive cases Total submitted cases
18 Lampang 0 a4
19 Lamphun 0 2
20 Loei 0 2
21 Lopburi 0 1
22 Maha Sarakham 5 17
23 Mukdahan 9 13
24 Nakhon Nayok 0 1
25 Nakhon Pathom 0 12
26 Nakhon Phanom 1 8
27 Nakhon Ratchasima a7 102
28 Nakhon Sawan 0 il
29 Nakhon Si Thammarat 19 38
30 Nan 3 6
31 Narathiwat 0 5
32 Nong Bua Lam Phu 0 1
33 Nong Khai 3 a4
34 Nonthaburi 1 4
35 Pathum Thani 16 19
36 Pattani 0 1
37 Phatthalung 6 7
38 Phayao 0 3
39 Phetchabun 0 7
40 Phetchaburi 1 7
a1 Phichit 3 10
42 Phitsanulok 0 6
a3 Phra Nakhon Si Ayutthaya 9 11
a4 Phrae 0 3
45 Prachinburi 18 30
46 Prachuap Khiri Khan 13 26
ar Ranong 3 5
48 Ratchaburi 0 4
a9 Rayong 25 33
50 Roi Et 34 59
51 Sakon Nakhon 0 1
52 Samut Prakan 9 9
53 Samut Sakhon 3 7
54 Samut Songkhram 5 5
55 Saraburi 5 8
56 Satun 26 37
57 Sing Buri 0 1




No. Provinces Positive cases Total submitted cases
58 Sisaket 29 35
59 Songkhla 50 73
60 Sukhothai 0 3
61 Suphan Buri 3 19
62 Surat Thani 5 11
63 Surin 69 107
64 Tak 2 6
65 Trang 16 22
66 Trat 0 2
67 Ubon Ratchathani 10 16
68 Udon Thani 0 9
69 Uthai Thani 0 1
70 Uttaradit 0 4
71 Yasothon 41 50
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A review of Leptospira infections in humans and animals in Thailand

Part 2 Leptospirosis infections in animal
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Fabienne Sprissler*  Supol Luengyosluechakul** Katrin Hartmann*

Abstract

Leptospirosis is an important zoonotic disease with notiable impact on the health of humans and
animals globally. The risk factors of this disease are the occupation of patients, the farmers. The farmers
were spent almost all of the working times on rice fields, in the high level of water, lowland area and in
rainy season, while working. Studies of infection in animals were found both asymptomatic form and
mild symptom. Animal with asymptomatic form eg. rodents could act as reservoir hosts for infect the
others while other animals had mild symptoms such as cattle, buffaloes, goats, lambs, pigs, dogs, cats
and wildlife (elephants and monkeys). Nevertheless, we found the epidemiology relation between

humans, animals and environment in Thailand.
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