N3N NTBLUATIB EABLSALUWNTANN 3 Farinualseindlne

W.A.W8N Y0l NIUTIY

(%

'3‘1/1EJﬂﬁwuﬁ‘ﬁLﬁudawﬁwaamiﬁmsnmwé’ﬂqmﬂ%zgzyﬁwmmammmﬁ’wﬁm
A19MYUTAAIMEM NN TANY nAUTARINYT
ANEUNVIEAIENT IRAINTUUNTING T
Un1s@nwn 2561

Eéuam%éuawmaaﬂiﬂimﬁwmé’fa



Detection of bacterial pathogens in cattle lice from three provinces of Thailand

Miss Chulaluk Promrangsee

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Medical Parasitology
Department of Parasitology
Faculty of Medicine
Chulalongkorn University
Academic Year 2018

Copyright of Chulalongkorn University



PR INYINUS

19g
A1V
9191597US NI DNUSUAN

2191589 NUS N INYIRNUSITIY

ARV NVBLUATISBNBLIALUMNLARIN 3 91T
Yp9UsEINAlNg
wa.anyal nsused

USARINYINIINITUNNE

3 =3 aa =

ANENI19158 AT UNBUNNEINAY A38giatys

Y]

AT, WILNNENUN WO AT

v g

AZUNNEAERNS UBINTAININGTA ulRliTuinendnusatuildudnuniises

NsANYIMUnANgRTUSYeINemansuUadin

AUAPE NN AENT

(FNEN319158 WILUNNEGNENIA Jv3dUT)

ALZNTTUNSADUINETNUS

U5¢51UnITUNNT

el =2 a a s o
9191958NUINW1INETUNUTNAN

(AERI19156 AT.UIBUNNENAD ASezianss)

el =2 a a 51
919158NUINB1INYTUNUTIIN

NITUNITANYUBNUNINY T

(FNEN512158 WEN AT, WILUNNIUATNG 3aDiu)



PANYA NIUTIY 1 MINTIINTeLUATISENalIAlLmLAIN 3 Faninves

Uszindlne. ( Detection of bacterial pathogens in cattle lice from three

al

provinces of Thailand) 8.AUSAwMaN : A AT.UNNAY FSeziafies, 8.1USnw

Y]

33U : AT, UN.NUN WERNTIRYEY

vy

wla (Cattle lice) Wuuuasgadentiantsdaduanvgnanvosdeymavnin
dodmilan nargnuidelalamedeyanisnmanuileluafiisunelsaluimilatazivile
pnadidnenniiansavhntnfiidunivgdilsasig q Aausofinselaem wagnsAny

yipvaamlalagltinatianisendineuaznsnsanidekuaiisenalsalulseinealng

[y

vy 1 s o &
galaifin1ssneanu e1uidedl

a v

¢ A & SN a °
fﬂﬁ]ﬂigﬁﬂﬂLW@G\?QQMWlej@LLUf’W]Liﬂﬂ@IﬁﬂIULW'ﬂﬂLLag":\nLLUﬂ

(% ]
~ I

YTAVIMNATILAUIINNUN 3 TainvesUsenalng lauding1amlaianun 109 fla89
zvunanafduelazlimatin PCR @nwiuuditnusdu 185 rANA Alavinniswaiun

X - & ,
aaﬂLLUUG{JuLwaizmumauwﬂﬂ LaERININYD Bartonella spp., Acinetobacter spp.

aa v

wag Rickettsia spp. IMNUuIIesimawuiiadlelnduazadawnugiidnuinis

nuaasuiindlelndvesdu 185 rANA wanslmiuisdavaanilalusnudsednyg
pantdu 2 ﬂﬁjm Ao Haematopinus quadripertusus W& ¥ Haematopinus spp. N4l

(%

ANUFURUSINATANY H. tuberculatus LagEINNTANTIINULD Bartonella spp. 71984
gltA uaz rpoB Visnue 25 @pe19a1n 109 Fa9e19 (22.93%) nuvitluszezliwazduinie

(% aa v IS

dl' o a ¢ o a a (3 =2
bNBIINTFILATIISVIAN ‘U‘Ll’)ﬂaIE]VL'VW]LL@%ﬂﬂ‘lﬁﬂLLNUQSJ’]’NJJ‘U'WW?U@Q‘EJU oltA way rpoB

[
a o

1 d’lj aa va (Y] v 6 . a o le’d
wuinge Bartonella spp. lwnwidviliiamulnadaiuaneiug 8. bovis nuideililuns
] & & & A [ [
T189UATIUINVBINITATIINULYE Bartonella spp. lumilamavainiiun 3 Jaminves
Uszinalny wazvinlvinsuisteyarsiiavesmialulsswmealnelasldnalianisea@ing,
= v & o v A [ =i o v o & o
Fetayamarilorniunldiveszydneninveanmilanagimimdunmeziilsauazes

fnenenaluaisenalsAmATHINgR NGy LY

AT USARINYININSENNE ANULDVORAN oo
Ynsdnwr 2561 ANe319%0 8. AUSAWIADN ooveeeee,

o A A e !
AN8UDVD BNUINYITI oo



# # 6074054830 : MAJOR MEDICAL PARASITOLOGY

KEYWORD:  Cattle louse, Bartonella spp., 18S rRNA, ¢ltA, rpoB, Thailand
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from three provinces of Thailand. Advisor: Prof. PADET SIRIYASATIEN,
M.D.,Ph.D. Co-advisor: Kanok Preativatanyou, M.D.,Ph.D.

Cattle lice are obligate blood-sucking parasites. The several studies have
revealed that pathogenic bacteria could be found in cattle lice.The data about
cattle lice identification and their pathogenic bacteria in Thailand have never been
evaluated. In this study, we aim to determine the presence of bacterial pathogens
and identify species of cattle lice collected from three provinces of Thailand. Total
genomic DNA was extracted from 109 cattle louse samples and PCR of 185 rRNA
was developed to identify the cattle louse. Moreover, PCR was used for screening
Bartonella spp., Acinetobacter spp., and Rickettsia spp. in cattle louse samples.
The phylogenetic tree based on the partial 185 rRNA sequences demonstrated that
cattle lice species in this study are classified into two groups; Haematopinus
quadripertusus and Haematopinus spp. closely related to H. tuberculatus. The
pathogen detection revealed that Bartonella spp. DNA of ¢ltA and rpoB were
detected in 25 of 109 samples (22.93%) both egg and adult stages.The Bartonella
spp. in this study related to B. bovis. This study is the first report of the Bartonella
spp. detected in cattle lice from 3 provinces of Thailand and to classify the species
of cattle lice using by molecular biology techniques. This information may be used
to determine whether the cattle lice can serve as a potential vector can be

transmitted pathogenic bacteria from these animals to humans.
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1.1 anudunuazanudrfgyveslem

o (Lice) Wuunasgaidenviiomdls Inedneglususu (order) Phthiraptera a1y
UsAnmeuenvesvadn iassgnineuuardnin (1) wnusiasatia (species) fleusunig
Aurieuaslaad  (host specificity) wazfalinnudnniziveioizvedlaaddnaiey  (site
specificity) nuiseanlu 4 duesmes (suborder) lawn Amblycera, Ischnocera,
Anoplura &z Rhynchophthirina tiludussinas Anoplura LT]ULW}@@ (sucking lice,
anopluran) @wdn 3 dueewmes dniudunidn (biting lice, chewing lice uag
mallophagan) (2) msmwnansasisaulsvialan wninsefuldielnensduda Wy s
TnédBadueuditinn msldnd wann dudam vieneuisiusiwduaudifin (3, 4) nsgn
sumuanmensiiulddaiian  fe  flemisfunazidnszaeifedinvils  enadea
nsgmusugunwneiilasniAnenadu Amidnay  wazinauAnuraUTMRmTYh
Tausainnsandeunsndeuld (5) wensnmazairerusaauasdunnedlsaly
Auudn Ssannsonuldludnifeuasladn unflordeeguuidnionaneliinsunsede
dnllanse Ao viliiAnlsermisludnd villidiennisdu Sanldauie uasiinunausiam
Rty ndeifunenduegdruuinnenyidailinnedald wazundsanunsadunive
Yndelsasa 9 ungdrilaliunu (6, 7)

Tudszmalnensviuadn iiduendnildsunnuionduegranlunnaayussme
o wzmsdedaiiesmeuazudlan msunsszunvedsaimisluladwmaduiym
vdninulgvuseine dalamminainnisgnusanmeuendauazgaidon wu ls W
wiswansafaseiuldhemndnsisdligniesmumdnanfviauarldfinsenuau
Hostulsrognagn™ Feazdswansznusoneldvoununsnsifedauaziarvsiiovesuszna
(8 wenaniinsdnlselulaotadwmadeiogunimesifes  ifesneradunsindod
ausadenenndnilugau

wnla (cattle lice) anansanwulduTnaifvuen wu e d ae wazdnmives
Tn dmegludusainns Anoplura uwngn (sucking lice) wnluduseinesiidnug)iulsan
meuenvesdnidssgniteuy  wnasgeiudenduemsanunsogadenlivizeyiaseuy
(nymph) uagdainde (adult) dwazerfveguuleadnanieastin lnead (Family) 7

anunsanulalula loun 1A Haematopinidae anaiifianuddey e Heamatopinus spp.



Usenause  H. tuberculatus wulunsgle H. eurysternus wululanaznsele  H.
quadripertusus WUUSAWNedla wazBneAnils fe Linognathidae Useneudewia
Linognathus vituli wuushiulua ae aiduedlauay Solenopotes capillatus Tuusgine
Tnenuitdrumtivedla fssnulusmsssmaaunsanuldiivinuseuiin ae lvd nda was
e mssuunmilasgndnuusduginerduwiildon deswnnlusdiiiumuses
yiafidnuarfideuinsndiondeiu  azdmnuunnsindluduresuinaiegendouazdnuas
Taswasransuenusaausintu (9, 10)
Fouuaiiefinelsalulranunsonsianulivareviauasiinuddymensunme

WU asewule Bartonella spp. lulan 5 Usamailanlnefisneay Wun e 10%
995138 57% MLeanan 20.6% mushuazfﬂﬂuhiwm%a wazLTe Bartonella spp. finsany
lulpfisneeu 3 anewug Ae B. bovis, B. schoenbuchensis Wag B. chomelii usidlvg
swuImUaETug 8 bovis WaglinnaniuanssiuluvossiazUssma Ao anigendni
50-89% NMBOIUN 70% H3uAA 36% Band 20% wazweninimeTusn 20% (11-21) lu
mMsAnwanUszmeAlUuaudTauynves B.bovis lulaimniussmaduin fe 6.8% (12)
o Bartonella spp. shazlsineliiAneinismaenainlula wianewug B. bovis auiendies
fudeyilasniaululaez, 23) wadimsinuieatuide Bartonella spp. wuindewiaill
Foivdaadunmeilse 1wy nilaviy vidauwy viianseene lau suESulosnse (24,
25) wavilseeun1snsaanuie  Bartonella  spp. TuwniAvsinanmgn  wagwuly
Rhipicephalus microplus fe wWiuiifiuldanTludsemealdniy (21) uonanildsduvadi
Aerdes Wu wuasTudn anewud Haematobia spp. Wag Stomoxys spp. anlAlu
waanasiily (26) wazuias Hippobosca equina nelsy (27) ade Bartonella spp. usiaz
aeuaenszneeglulaiuariuiinanfemansidarudune  Genadamuieadasiu
aradsslunstevondeandn fgau Tnglawzogsdslulsumafifiufduiusindde
F¥WINAUNUART (28)

]

Rickettsia spp. Wudauupiisenelsafiddgdnyliavianinszaneagilanumdnin

ginanudenelsauazaneiug anunsofndedndnidauldudunfasidudenifnnesening
dnifudnilaeangludaifegnieuy wu ddilune giv wn Wudu Jduaadu

o Ao w v ! 3 o a & v a d' Ao &
W’]M%U’]Iiﬂﬂ/lﬁ’]ﬂﬁy IWLLﬂ AT LU A LLEﬁ%‘li ﬂu%%ﬁ]ﬂLsﬁalﬁgﬁﬂﬁmﬁLBQJJLSJ@QﬂLL@JaQVINLGU@

=

(29-32) anmisanwnuIlulsemalnglilafiiiesdewuaditse Orentia tsutsugamushi 9

nelspansulnila (4lsU1) Aflsoowdunusvingu wadslidonslse Rickettsia spp. dn

sala ]

PAINVANYANYNUTNINTWNTSEUIRnalsAluaneNuNvesUsewmdineg (33, 34) Tulszwne

)



amnTRNUEe R felis Tuntiaiitnnds 76.6% wazasranuidely Boophilus spp. Gy
WiuiiAuannla (35) wenaniideiisnenunsasawuide Rickettsia spp. Tuinlaaneiug H.
eurysternus uay L. vituli slfslumunganowug L. stenopsis :nUszmagantd (36)
widdliifisenumsasanuideanunlaludsandlneuenaniiddinenunisasanuide

Acinetobacter spp. waMatsaeRugluafkazAs v TuIINAunlSNegende

] (%
] = a S

saluiinsananulumasveiiAvanidnSeululsasousns o Musemdlne Jaeviiai
= o o L ] v a . . . Y o @ o A =~ A
fpnuddgnanisiang Ae Asliiia nosocomial infection TuAuld Fadudniteniisi
aulaan@nw
JagduianAdendnwiieriveg@inewasdnyaenaiugnssuveanilalusiing
Usz-waiielfdugiudeyalunsfine i@l imums waziSeufisuanuwandsaisuilang
lolnavesaeiugmnlaluinuisng 9 Fanlaluidasiuietatidduilealelnaiuansdieiu
Tnefin1sAnwranduluiiiafeade Bu 18S ribosomal RNA (28) wazdulululnpouinie A
81 Cytochrome C oxidase subunit | (COI) (37) &luvauznussnalnedilifiveyanisfne
Qll v o u a o ¢ A YY a vy o v a o 13
WWenduaduindlelnsvssmlanainisaldensdsla Tnganuilnalelnavesmlaly
Uszinelvganalinnuuandinmladsenady waganenuguaamilaalinnudinizse
yipvaaouuaiisefinelsaniy msrasiun1sAinwinueiTinglasNsmIuteyadny
A a ¢ = = o o \a
hedlelndveamladsliaudAgee98s
= ‘:’{d o d’lj a a 1 Aa o w 6 o
nsAnwILAYINIITIIIReLUATIS unslATdANd A IN TN Lazdn)
wmdluwnlaiivanniiuf 3 dwminvesUsenelne  lnensiamide Bartonella spp.,
Rickettsia spp. Wwag Acinetobacter spp. tufegradiduenatnainuilamnieds
Polymerase Chain Reaction (PCR) iiiefinwanuilunivziilsanazdsiannuynuoie
a & A v Ho o =
wuarisslumlaluiuil - 3 Jwrinvesuszwdalvng usnanddinnisAnwanuainwang
menugnIsuvesmnlalaglitoyadsuiindlelvdieiseuiisuanuuansidlusdiumnisgu
18S rRNA uazdhunANUvaINTaelagn1sas 1 awugiITuInTs (Phylogenetic tree) Ll
Anwanuduiusliegadaaugu  elddudeyanugiulunuszusniver  nsaiuay

warnIsUaInulsAliusEansn st uluaunan



1.2 AU
1.2.1 @0150RNULRD Bartonella spp., Rickettsia spp. Wag Acinetobacter
spp. Fududeuuaiienelsalummlamiulaainiiug 3 Jmiavesussmdlneviold

1.2.2 wlpanniud 3 Janinvesusemealnelinnuvainnalenanugnssuianull

JndalelnauuswusEu 18S rRNA visaly

1.3 JngUsraAnisie

1.3.1 Lﬁamaw%%ja Bartonella spp., Rickettsia spp. wag Acinetobacter spp. Tu
wrlaiiiuldanniug 3 fimvessundlne

1.3.2 Wilefnwanuvannvatensiugnasuiiaduiionalelnduudumisiu 185

rRNA TuwnlafAuleainiiui 3 daninveslseinalne

1.4 FUNAFIUYDINITIY

1.4.1 mwwm%ja Bartonella spp., Rickettsia spp. Wa¥ Acinetobacter spp. Fadu
FowuaiiSerelsalumiaiiiuldaniiui 3 Soisvesdsemalngld

1.4.2 wrladiiuaniug 3 JmiavesUszmalneiianuviainvanonaiugnssi

A1PURIPALD MO UURILAUIEY 18S rRNA



1.5 NFAULUIANAANISTIVY
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wnlansszozla dananads wazduduiy
Anlalunui 3 Smiavasdsznelng J

A 4

wssadwihmanadiginaiaaniing Auungiaaaswinialaals

*  yhmisiadduenndrathaumla AnEuen At uE TN
&9
e wAndwaudu 18s rRNA dazinaila PCR

= = = o o & o <
msmmmﬂ'mmmwaﬁnmmﬂummfavlnﬂ
A o

andadultwanany Plasmid vector (DNA
ligation)

Taauduaiudn 18s rRNA (DNA cloning)

v

o o oA ¢ o - - P
. ) wiaauaalalng Wisuifsudreuiiiedlalnednu
FIWURARDINIWUINTT (Phylogenetic tree)

wlasifudenuuandrsasireuiiinila

o a A=
FNAWARUAALD WD

gua3a NCBI (GenBank)

. Coca o Wessymealddvasimle
Indmplumowufidoani .

fSeviindlalnedings
gsduaniimnaaag N
: 3 uv8Ya GenBank
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Mataiduenanausiveanilan
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WAuniud 3 santaludszinalne

l

*  @319.%8 Bartonella spp. (ﬁu gltA)
& a

®  @33LTD Rickettsia spp. (81 gltA)

.

av3L¥a Acinetobacter spp. (ﬁu rpoB)

@eas Polymerase Chain Reaction (PCR)

Positive

Waudaiiwiwanany Plasmid vector (DNA

ligation)
Taauduaiudnu (DNA cloning)

anananaiadiauia

!

[ manauaalalng ]

|

ai”w.muqﬁ?fwmmi (Phylogenetic tree)
¢ o ) e

wiasidudanunandsvesiauianile

Indmulumonufidoaiu
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= 3
AAINEHHNANTT

naaad

ayluanisnaaas
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1.6 A1dALY
Cattle louse
Bartonella spp.
oltA gene
rpoB gene
18S rRNA gene
Thailand

1.7 aannaanunldlunisive

1.7.1  Haematopinus fa  @naveuuaslududuges Anoplura  Fadumign

. I3 a A ¢ o Yo o Y & o &

Haematopinus \Juanaifigsiegluied Haematopinidae 3¥niulaevialuindumluding
Y a = 1 & A dAa o v [y 3 < 1 Ao A a
whiv  FeehulveJurlinndenudidgmsdmunvduazdundumnidunseiigaluusds
NPUBNTRIERIALRNAL LN asdRn E s nMeuLTA L 1uILLN SIuvala 1N
a1 nszle axls dhaty N9 Uavesg

1.7.2 Bartonella spp. Wunuaiiiawnsuaulungu Alpha-proteobacteria @131158
wulaludalidenmeunvateyssiansiuisauiiyg - wenannddmulaludniifesasdniv
wa1ewiin Bartonella spp. usazareugiianudziudaiininulsaiiuansieiu Jaane

v ¢ a | o & 1 j2 - o ca & . v a & I

aneiuganunsafnsoandaigaula (Zoonosis) dnimidu reservoir dindAnigenuuliuans

A A \ 2 v i & o ed & ¢ v & A o
p1msvisedionistredndey usaznuaNsuksannIuludainduleadaarne Fadlesu
Woudazldamsounsidieliundnidu nshieme Bartonella spp. 583N reservoir host
fiu accidental host ademmednandsivluudes (arthropod vector) v wiinvy niin
w10 naanszene lau wuasiurasslulng Melophagus ovinus (sheep ked) 5vISTuUNDY
379 a0 Bartonella spp. uiazsininlmanliALayaIN1TNNAAENLANAISAY

1.7.3 185 rRNA gene %39 18S ribosomal RNA gene Hudunilsres ribosomal
RNA @9 S Tu 185 uamsianiie Svedberg wag 185 rRNA ulassasns RNA dadu

AUUTENRUVUIAEN VDA eukaryotic cytoplasmic ribosomes wonanffadudiulsenau

[ i
A (3 o v

WuFIvBITARYATleVIavAA Yeyadiduluaangy 18S rANA gnianldiuegaunsvany

o

lumsliesgimauanaiiefnylinuinsvesddidinlaganizeg9ddludniniinsegndu

Y

=

PANLI9NTDNTIVBN TAUINITTIIVIN AR ILITOANEIAINULANFIINI TAUINT L LD AR

uislagiu



1.7.4 Phylogenetic tree Jun1sfinwideiiamunnislaeandenisasiaunugiaull
73 evolutionary tree I@AlAsIzMtINsIURAULUAaRIBUTelUSAunneliAnAIL
uwanF1avesdEllTInunnuuweantuanddidinviabesiu  Inglunsnwazditeyaves

dirinnileglutagtufnudeundulummnuwazanuduiusiiaeiluesn uenanilenavh

a

nsuamavesnsiaguwlammeiugnssunviiddiinusetingaiughl - viseddldin

a a a

nilsgnasuluidugslidindnviiania Farnuimaiiusglenidmiunisinwlsani

Y

LY o

WugNIIU warn1sUulTiuguesivkasda e lviiwsedn aulusuuuuiisdenisia

1.8 Uszlawdilldsu

1.8.1 annsnedueanumvaInvatemaiugnssuveawlatiion1siuunviaveim
Taftanunsanululals

1.8.2 M3nTIaNULTELUATISY Bartonella spp. luwnla mmaaﬁﬁlﬂu%;ﬂalﬁami
muaulsakaznistesiulsala

1.8.3 annsalfdugudeyafentumlauasuueiiSonolselumlafinoluiiui 3

FeminveaUsemaineiielguselovidluni1syinauidsinedaasa by



unii 2
LaﬂﬁqiLLagﬁquaﬁﬂﬁLﬁh?%@\‘l
2.1 dnwailuveamla (Cattle lice)
918419Nn73 (Kingdom): Animalia
&y (Phylum): Arthropoda
H41 (Class): Insecta
duAU (Order): Phthiraptera
Jusueiae (Suborder): Anoplura
297 (Family): Haematopinidae
Linognathidae
ana (Genus): Haematopinus
Linognathus
Solenopotes
wnladneglududu (order) Phthiraptera Susiuges (suborder) Anoplura tUwmign
(sucking  lice) dauimyjl,i‘]uﬂiﬁmmauaﬂmmé’migﬂqqﬂﬁwum (1) wazazganudoniu
pnsannsagadenliaszziseu (nymph) uasiuduty (adult) Suavendvoguilean
aaon9asTin wnlanulused Haematopinidae wazaad Linognathidae fvanewfiniialan
Fausazvidadinnudumnesdenisiinlsauazdnunrgivsemaiiunnsieiy  wnlaanusany
Tuusnadfivuen Wy vsnalumih nd Ao uazys dawulugnlauazlafifiguamlsd

.1

.. P el A e oA . -
A Haematoplnldae L'VTTV]@QWLU'N?]ULUULV"I@WV]INNW'] WHEA ocular point Su@@ﬂu’]aqa

o Cs

N NINIsIELazdnunng Ao Haematopinus spp. Usynausie H. tuberculatus

H. eurysternus wat H. quadripertusus wenantigailivlafdnegluied Linognathidae 3

A A

wliand1fey lawn Linognathus vituli way Solenopotes capillatus wntuwndAdlidinuaglal

[

§ ocular point FnsTwunmlaggINanyadug e iwileen  Wewinluied

LPEINUMLAATLUAN AN WU NADUTNPANEARINY  A8IANULANGS I UEILYRIUS TR

&l

DFULALAN WL IATIAS MNBUBNUNEIWNNUL (2, 9, 10)
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2.2 2993 INasdugIUINE1vRINI LA
wnladaduntasifivwadnaifeniuszann 1-4 Sadwuns fuuu (flat body)
fvn 2 W f1 3 ¢ Feildnuarfimwildinmevldmasiidu (claw) Badusu Snvae
Uiniunuuianzgn uusiasuia (species) innudnmeiveiinvesiead (host specificity)
wazdalanuinniziveieizvedlaandnsiy  (site  specificity) wnavedueguusilaad
nasaaliinarlusserlavesinas@infmuinimeguendilaaszdtineglaliuiuiasne
wagwnausarauiuglanaaniia (2, 9)
2.2.1 2995%InvaRUlA
1astinvesmlanladu 3 svey Ae svecly sveviseu wavszeyin
Wufe Treastindiauysaiisloagluannsimnzanuiuyszana 18 Ju inlamedefiiiuns
wasfusdrazndlinely 18-48 dalus wagnslyiuay 1 Wos IngUdesarsadneniaumilen
dieligenntulauduuilndduimdanniulszana 12 §Uai fgeuariinesnanly
Mnufsousasfariinisaennsius ads Famsaenasu 3 awrldnaiussna 10 Su
(?TuaQﬁUﬂaﬁmamgiiﬁmaanﬂﬂﬂimaiaULLazqquﬁﬁuaqﬂmﬂa) wazasimusaduszesn
Wude Fnsestinveamlafivanaisenin d-5dunminazmleazitineguszana 42 fu

winleneLiganunsanalelane 50 wWadlunasnvieTinuaiu (38)

ADULT

LIFE CYCLE TAKES
4 T0 5 WEEKS

JUT 1 29583nveamnla

(Fi: https://www.bimectin.com/disease-information-cdn/cattle/lice)
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2.2.2 529219 (egg %39 nit)
wnlamafloAldunsuaiusudnnsldiuag 1 Wes lngudesans
agenmiedadulusiulssaneessiuiieliliafasulaudusulndfiuions
Snwazvosldvnaziivionuduazinnuium Tide (operculum) Fadunisesnvassh
pounazaewmena 1 luagiideeu 1 i1 Jauiauszann 0.8-1 Jadluns SnwuenNIa

g1 Aveslunvzdidunyuiun vietmaseu avanunsaiulidadlefnediuiduuy

2.2.3 5282A18UNIDAINA1IY (nymph)
R unAdigNelilszin 12 dai deeuaviinesnanly
S o g /A S o .
MNUUIIBULAAAAEEn1TaeNATIU 3 AT BaNsaenasIu 3 Assatldaassua 10 Ju
@uegfiuanuauysalvesenielgseularamumniivesdvily)  waanisiineenanlidgeu

'
(2=

amsaganudenanleadlaviuiiszesiigeuariininaiayvesssuuduiugndallauysel
= [ 1 v v 1 i = 3 1a 1 S dl' =
Foazdeldannsoueninald  digeussesl 1 edlvwnidnuazegilirssiinsiefoudn
Y o < v 1 = = o W = o w A ¥
PnduimwLduiigeuszesi 2 wag 3 FeaellamvualrgTuaudwiu asnsandioudie

ldlsaddauliannmsduiaegrelnddn

2.2.4 s3pziinde (adult)

wnszagsiuievslisruvduiugiiauysaludsaunsousnin e
dele wnwadazdivunadidadnnimede wnusazededvunaunnasiudidinsiidnvae
PATULUUIINUUAIAN (dorsal-ventrally flattened) 819Use16d 0.5-10 Tadiuns lnguus

[ ] I | 3 ! ! 4 IS ! L e

gonilu 3 dw fe dwrd dwen wardiuvies vnanalimuivladnegluanailiiing
MIATvERdY 31U 3-5 Uaes wnlaaediunuuuge (stylet-like mouthpart) @unsava
dnldeglugeieguininia (stylet sac) Unazldeenuniseidovgldnuwintu  duen

wuasuudeslitaau uuenudesiiaes (mesothorax) Hginvasszuumela (spiracle) nilag

A
dwvieausoonidu 7 Udes wiazudesiigmelanigiuiusniiuudesannglsifismela
dmsurvesvsiueenuinnUdesenudasUdes wlawinreuidingUatsrvesnilad
Busuon 118U (claw) Tneagimundu tibiotarsal claw 3sldvaglunisBnneiudua
vodlgad drveamilarzunagulumeuu (seta) unwiinauinavesUdoviousazudeas
i1 paratergal plate Unegued uenNiFuawedFarilaswadieuds (sclerotized
plate) Hedasfiueierzduiuginay (senitalia) drlumadeNasadeiiSendn gonopod

v
=) o U 1

WA viseunna  sepgdgaueIalidniuniliuaziliegeiu

aa

Peelunisingdy  wnlaasild
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Bendfariiduas unldanunsansslaavieduldtzindeuiiognsdn o lilunuduey ey
anfueguuiilaadnasnaliinegluszeglavennstininudneguendilaanazidin
aglaliuuiagmewazmanunsanauiuglanasaiian (9, 39)
Anuuanavetlameaduazmadslusssrddutelaeglddnuauensduguive
wisuifsuiivnedii  Fanafeziivnadnniumadls  angnihweanadaziivuinlvg
nimadloioldlunsimgmaliotamnaniug  wazunudulaisvesdomiosiwes
USnnUaneviesazuy unedanussduesetorduiuiundodmnuinadae

(aedeagus) imailgusnulagadigonopod 1 A dnvugagsUsnysaullay (W shape)

138131 bilobe

2.3 wnlANdAMUFIAYNINITHNNG

Haematopinus tuberculatus i%easiayan buffalo louse natiadnulunsz e
Tn a5 905 envazdunamiunviatldennuuiinsedeliesnnddnfoudslndlfesiu us
dwsuszerlienadunaliiiendy d@mwwes thoracic stermal plate figusrafeuidugy
a & Ny ™ . X 3 ~ =~ a
dmdsuiiuruazlill antero-median projection JvuueeninanUIIed paratergal plate

&1 sternal pit 9gI9UUBNYDY thoracic sternal plate

sUN 2 dnwazvsaninszla Haematopinus tuberculatus

Y

fa; http://www.ces.csiro.au/aicn/system/c_4051.htm
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Haematopinus eurysternus Wualienaunsanulsuudvedanaznsele 7o
a1l5y31 Short nose cattle louse dnwalzwad thoracic sternal plate HauAue1ILINAI
dusuninauagil anteromedian projection Mifieud19MY du sternal pit BEIRIULENYDS

thoracic sternal plate

gﬂdﬁ 3 dnwazURla Haematopinus eurysternus

i http://www.zoologie.frasma.cz/mmp%200214%20sestinozi
/%C5%Alestinoz%C3%AD%20web.html

Haematopinus quadripertusus Wwngtiaddnnuusnuyneedla I¥eawly As
tail louse Fnulmaneluuszinalng anwauzues thoracic sternal plate Hdausuen?
WINNIEWAUNILALE anteromedian projection fideuiUMax du sternal pit g

AUUBNTDY thoracic sternal plate

SUN 4 anwazuauula Haematopinus quadripertusus

Y

Fi: http://dailyparasite.blogspot.com/2010/07/july-29-haematopinus-

quadripertusus.html
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Linognathus vituli §%eaniiey Ae long-nosed cattle louse wuusadlva Ao uay

'
a Aa 1

a1ivedlaaiiiianue1IUssau 2 Taduns lifinuwaglidll ocular point ¥1a1 2 wazed

a1 [

3 fuwavgindnngi 1 Yaneundiauiy (claw) lidl thoracic sternal plate w3agnTAds

U

wa3eylaid 1aidl paratergal plate wagliisl abdominal tubercle wnatintiausaneliiina

sunseralafianytios dunsulaeneuntiuenansenudonandnle

/0//‘\ \/\“\ W \
n/.\//);ﬂf? mm\ N
A NN )

\

JUT 5 dnwagveavnla Linognathus vituli

Fa: https://commons.wikimedia.org/wiki/File:Linognathus-vituli-louse. JPG

Solenopotes capillatus wwlatidzeaniigin little blue cattle louse Tuuszine
Inganusanuwnstadfusaluninveda Tud19usemals1g9uInuNUsINsaulIn Ao

78 Maaznng Y bAlALAADINISAULALIEANULPBIRNMTRATTvURafIUsENM 1.2-1.5

a

a a 3 A & A ' T . 1A |l
HAALURNT L‘UULM"]WNGU‘U']@LaﬂV]q@ISU@ﬂL‘VT']IV"I 13J3J9]']LL@313J3J ocular pOIﬂt T’W"]Vl 2 hagan 3 U

Y

Wegnwgi 1 Yanewifiduiy (claw) 8 thoracic sternal plate fiudn

abdominal tubercle fupanuLantiay

L= EEN _:\4M
SUN 6 anwazaanla Solenopotes capillatus

Y

fu: https://www.studyblue.com/notes/note/n/large-animal-lice/deck/1378319
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2.4 msﬁ]uwmzﬁﬁLs‘z"jai'sﬂ%ml,maa@ﬂl,ﬁaﬂiuiﬂ
lsefindulauetinanansafnlatudndian 9 wu nsele gns saudwunsvile
ansaunswelsaungauls Wy lseweuwnsnd  ynlifinnsdesiuenainliinnsuns

a

szun warAndedeulddelunisidedlafidugaamnssutiu wenandnududedingdegd

91MSA aeugandy Sweslinistdesiusnuwilsanfdniiy  insednindavanliauysel

goulvindnnaglails lsanreusdlula laud lsaurnuazivindes lsapeuin lsAuauwnsnd

¥
v A

lsausiwalada viselsawiinse lsauuanan Jailsa yananidineSdnanssiaiiu
Angsiogquanla Madsdiuuawng q Avidusselalilaense wazidunmeunsidelsadnie
WU WU N AU kuasTuuneete nnsdestuldliiinlsanenSuazuuasnveinsady

<

dadduign msrzenvdmanssnuiunandnuarersaziulsnfndendmigauld

1. Tsaldiu
a d’lj Qd' [} [ =] d‘ =1 r-:l'd dy & dy [
awmainanwenysiendvegluiula  Welagniiuiliwegadenaeazluiu
- v v oA & A o & ° 2 S o
angididudonuasdevgluiiiviuilufeniaediadenuns  lsadidn
zUIRlUT AU H LTI LNaIgAR AN YL
2. 1saldvuds
a d’lj U d‘ v 1 =)
Ananiiielasa Mdrdsnielalaguuasgaiien
3. 1SALBULNTNG
[~ A a d’lj a a 2 1 v 6 = a
Julsaiinuanaeiuaiiseidnds1ean1edn Imauiauna 39e19inInn1sgn
& ) v o a = a Aa & X S &
LUAINALERANALAIAY IN1AWAAWNE UTBNTsRuemnsNiewleulsalidalu
lspdunsenanunsafnseiidaulalagnisduiaionvesdnineaevsenu
dn, a
\Walaan 9 fiug
4. lsausannieusn
\Nnaniusapaienin i Wiu b Y ldRIsiaaiuiuestesasdinauy
WHUD1LAALNAINNNTNLAE AT N URIs ol A uLn I dunuaunens

eluyilvidn dguneuuaziivuneny

2.5 maunvzialsavaamnlunyed
wnlusiywd (Pediculus humanus) Agisuswaaeiumnluana Haematopinus
nuludnd uswnanatiaziniuazdl Paratersal plate wualu 3 sllandng auusiiniende

UUSNNNEUYYE e WAsYe (P. humanus capitis) e1fyeguLATYEIDMYYES WNa16 (P.
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humanus  corporis) WuUTnMEuTLULINBTesyuEviouwAeinTlanld  uaslau
(Pubis louse) aeftagmandusidie Toazausiug (9)
MnenumMsAinRsTunsdunmsihdelsavesmnuin wnanwnsadunme
videlsaldvaneslin Wy wnda (P. humanus corporis) Wuwmzihdels 3 vie fo 1.
Rickettsia prowazekii Lﬂummmaﬂiﬂ epidemic typhus 2. o Bartonella quintana
Lﬁummﬁmaﬂiﬂ trench fever 3. i@e Borrelia recurrentis %QLﬁua’lLWﬁ’lﬁiy%ﬂiﬂ louse-
borne relapsing fever (40) wonanFkdISmuUINMAswEiinnuansalunsiunmne
dwdelseld Wy We B quintana %Qﬁiwmumimmwm%LLiﬂIuLﬁﬂﬁaﬂﬁaagiuﬂ;u%u
wedauszmauia (41) uaznsrnudelultmiiuanyaealithulussmadSaea (@2,
43) {]ﬁ]ﬁ;ﬁ’uﬁiwammimwwm% Acinetobacter spp. luuuawaien WU wiasiy
(tsetse fly) FukpEmIE g9 MilA LY wazn (37) Seflnannuitersnuinaanude A
baumannii lumikavinasee (44) ludssmdlveisenunsasianude A baumanni,
A. radioresistens ua A. schindleri {unSausnlumisvrveadntinideunnmanedoriai
Usuna (85) @adle A baumannii Senuddmnanisunndrelmiaalsn  nosocomial
infection yhliAne N slivaednuny 1wy o1nsveaun Heviuaessniay wieidoru

ladnLay

2.6 L%aLmﬂﬁL’%'sfiaiiﬂﬁﬁLmaa@mﬁamﬂuwms
1saRnsansalsAfnaLAnINEBlsATLTuATInaNeTn TaTANULANAITY
Mun JUTeanualr anusulsslunsiliinensveddsa SUNINITUNSNTEANENT
wilalugdnivils  Weuuailisedugdursdvisedelsaidnegludminiivwadies 013
a a a [ 1 = al v A 9 1 Y] I~ dy d'd
WSAule N13ANeINNS Tusevedeiuudeiuing veneiuglaenisuusduduielsnid
yundninauliasnsanesiuldmenUafeiendeanssaundmameeussuno

1,500 111

= A o & A a0 A A v € P & ° ~
INNSANW NNV ILUATIHIENDLSA WUINTLUASDAR I Uaaudunvzunlsai
drfgyraneviin wu 15adesl (Lyme disease) filiuna19 (Deer Tick) Wunmsduinanie
WuA?IL3e Borrelia spp. Way B. burgdorferi sensu lato, lsaunilviualada (Bartonellosis)
fingde (Fleas) 1a1da (Body Louse) Sunaemsne (Sand Fly) v (Tick) uazed (Mosquito)
Juwme Ineiieannsiadieuuaiiiie Bartonella spp. waglsaldsanade (Rickettsial

Fever) fiwdlauaziiuldunme \Anannsiolienuafiiss  Rickettsia spp. uenaniifs
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SBNUNMIATINULTS Acinetobacter spp. Tuusasgaiden Wi uuasiuin (tsetse flies) 3u
o ge il i uasm Sedivaneaddesenuinsanude A baumanni Tuwni
wagAswy Wudu (44-47)

Tumiddeilauladnunietunisnsamide Bartonella spp. Way Rickettsia spp.
Turlaflerndudeiiinenuhawnsardelsaluay (8143) wanfuwuafiSeviawnsy
au FamsshwasnniuueiiBounsuuinmsetnieresuiiue weeilloniafitorsuns
TWunszuaden danndenmuanly e Bartonella spp. uuuadiBediiisusaduuvis

Y

= a ! dg’QJ o Y a a a 901 a va ¥
FawuaiisegusitdnyiliAsalsalumaiuens madulaane b guid wagldas Qsald
Y i S a o a A < o 1 < g =

Aegniau) wenantiiens 2 viedallutasgaionduniveiilsn wu wn v win Jam
anunsafnliielnensduiaeddlndda Inedidedesasdanulnddaduladulssdmniu

= a A ) & ° Aa o &1 o
f\NiJﬂ’J’]ﬂJLﬁEJ\‘WH]zQﬂm’mﬂ LL@SL‘VI’]IﬂE]’F\]LUUW’]‘I/TS‘IJ’]Iiﬂ‘I/IGImmaﬁ]’]ﬂaﬁl’@ﬂiﬂ@

2.6.1 Bartonella spp.
Junuaiieunsuaulungy Alpha-proteobacteria gUsnaduuis suauszann 1-
U o’r.:sl/ ¥ = ¥ t-:gllcu v 6
1.7 umanasanulaludndidegnmsuavaigdssiansuieaunig uenaniidamulaludng
d’j v 61 a 1 v o v o ea & .
WeauwazdniUmanewila Bartonella spp. wiazangiugiannudnnziudnindu reservoir
Puanseiu Jsvaneaneiugaunsafaneaindnidgeuls (Zoonosis) &y reservoir iin
a & 1 A 1 < v 1 X o ca & 13
AUt liwaniainisuselienisthednies usagnuain1sgussnnYuludn indulaad
4 = ) ‘3 1% I [} d’i’ % UK o‘dl‘ a ! 1
gaving Fudlesueusivzlianunsaunsiieiundnidu nmsinde Bartonella spp. 5¥%ing
reservoir host ffu accidental host e fenmedmandnivnduudes (arthropod vector)
iy videny wiiauan vilensedne Tauw wiasiuwdedluung Melophagus ovinus (sheep
ked) T99SSUNBENTIY Bartonella spp. whazsiavinliAnlsALazeINITNINAATALANANY
Ml Wi W B. bacilliformis Yilviinlsa oraya fever e B. quintana tuanwsvadlsa
19n&U (trench fever) \We B. hensalae aguan®IN15909L5ALILNIYII cat-scratch disease
(CSD) wazidio B. bovis \urdafiilalu reservoir host
)~ & Y ~ =
151897UNTN TNV Bartonella spp. TulAain 5 Uszinanalanlaedlsiesunny
loun ne 10% 2958 57% fuaunan 20.6% Leugavdglulinuauazie Bartonella
spp. inanululadisienu 3 @1ewug Ae B. bovis, B. schoenbuchensis W B. chomelii
widlvsenuimuaeiug 8 bovis uarlianuyniiuandiuluresusazUssinease
ANSFOIISNT 50-89% N1BBIWT 70% W3uAd 36% 8918 24% wazuan3ningiunn 20% Tu

NsANIIINUsEIWAlULAUALIANUYNTDY B. bovis TulafidnninUsemeduiin fe 6.8% Lo
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Bartonella spp. dnvzliineWiAnainismadtinlule usanewus 8. bovis aufendasiuiie
yiladniavlule (11-21) LaziinsenwAeiude Bartonella spp. wuindevsiediiidn v
Udoulunmziilsn wu vilnny wilaun winnszene lau sufissuesnsne wardseny
MsnsINUEe  Bartonella  spp. TuLmﬁLﬁummﬂwﬂw wagnulu  Rhipicephalus
microplus fewiufiiiuldanlulsunmaliniu venandddliuwadifioate Wy uwasiy
finaneug Haematobia spp. wag Stomoxys spp. ntaluupdnlesily  uazuias
Hippobosca equina anglsy Fade Bartonella spp. Wiaraneugaznsyaweglulead
wariiuiinendemansfidanudime  Gendanuidestummdsdumsdensnido

ndnigaulag wngegnidulsemaniiujduiusindtaseninauiudnd (21, 26, 28)

2.6.2 Rickettsia spp.

v
< a = N

= A < & o 1 o = =
Jugdursdviagelsaiiivuinidnnineiuaiizeuslugningelsadanmia
o v A a ] Y i v o "y o a a ¢ aada
wuaisenshsa Aeliguislavangegnadewunfieusrotoduiasaiulaluead 15T
wdoufndunsuay JUSWNAINAUAG (coccobadillary forms) 138 Rickettsia spp. @131156)
@ vy 1Y ¢ o " U A Ada  a A < & | ]
weaiuldsendeqanssal dnendvegsiunvdditinviindudadunmevedsa Wy Wiy
w wile udu (29-32) anusanulannnivilanuaznisuanseanvedsafiwanaieiuly
munsiaite wudleilu 3 nqu Ae nqu spotted fever leiun 15 Rocky mountain spotted
fever (RMSF), 157 Rickettsial pox wazlsm Boutonneuse fever ngu typhus laud 1A
Louse-borne (epidemic) typhus, 1@ Brill-Zinsser disease (14U relapsing louse-borne
typhus) #ag murine (endemic or flea-borne) typhus wazngal scrub typhus 9In15%
°o v a & a & oa av v A (5 v aa C
drfnyvesrunRngelsaviing Ao HlUas dAuuawudd nusesutasindmtaluwaveu
a a @ a o a 1 = dy . . [ 1 [ e‘dy

gNAuAT NaslNedrInsana1e 158NN eschar Fude Rickettsia spp. o dvagludniidesgn
mguilazdnifiuumg Wy nydu vyun nsesen (29-34) lseRnle Rickettsia spp. il
sealulsemelng lawn 1sa scrub typhus, 15 murine typhus wag lsalungy spotted
fever (48) wnhilasunissnwienaliennisunsndouunsadeundda o9l azhngely
nsvualafin fue lonne Jendniau \HeviNanessnay esnnwenenenSaninvinl
waeadendniay (Vasculitis) 19va319anie vsianuguuseslsatived furlinaneiuguas
dy ! ! Ya dy (%
\Wonalsa an1nIaNIeVBIRAMTBLAENTINY (49)

Rickettsia spp. Wuawsvedlsananesiin saudenquuadldsnanivguazlsald

sal

was Fanulalunglienansivarnvaty Inelaneiusineitesiu deil

9

o lsaldsnanalvejstinszuin (Rickettsia prowazekii) — vialan
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o saldsnanslnajannmy (Rickettsia typhi) — silan

o TsAldwneuileninn3end (Rickettsia rickettsii) — Snlanmgfumn

o lsaldiuiauensiu (Rickettsia africae) — wensnla

o lsaldsnaalvaaniiuledie (Rickettsia sibirica) — lati3e wedlnides Jupeuld

o lsnlUwAmesisiiou (Rickettsia conorii) — UsgmAnaumARasIsIHEY Lonsn
odenzIunnidesle dulme

o lsaldsnaalvaainiivesanside (Rickettsia australis) — ooaLATLAY

o lsaltwnesnuidn (Rickettsia felis) — awsnmilowarls glsunauls seawnsife

o lsnldnwasnsTueen (Rickettsia japonica) — iﬂﬂu

o lsrsainBuanand (Rickettsia akari) — ansgewisn Saude guasu wensnild

NE waznauUsEmAUaaTIu

ludsuinelneiiio Rickettsia spp. falamilsassuinlunmsnaienss iAansayde
o w A o I~ o A o =
Mamaundied wa. 2545 T51897UN1358UIAT0ILIALUNGNMAINANIIANGUIINNITHN
Meaud Tuiun e.Usves 29803 n1saeuaulsAnusessessingelsaldansulvilaly
H = S v ¢ % = a & A4 Yy o
UNLUWADIBIVIMTNIIRNAAEUIL $o8as 9.8 NTAUAIUNIINTAATOTILABITOIAULNAIY)
Udosadeniilunmeiilsn  wazdniftuuveiasiiunumdudnisilsn  wudiluiiuiin
meawsinanldniluungifnmenelsalilstn fedevay 46.4 Faludnsnshaeias
Y a a ) ' - o calce vy 1 & °
wagnULIaIIUdRInaien fie falsdeu (Chigger) aeugnAnymsukarIlunIveih
15AN1581929v9En 1WA AR ASUNVEIT (@) Tul 2547-2550 wultenelsa
Rickettsia spp. VaNgaNeRUGLNI sz U NI URNTN MM IAURITIERA LAY
wisludsemalne laun funnewaulne-deouns Tuwedmindesdnl wigesaou an
NRYAUYS NsUS ums wasiuimeweulneduyn Twesdminasuns Alasiny uay
Us3uus salutisnuiignenuuieniwilve sadununiiifesetumnesnulneiuyyneu
wilo (33, 34) WANINUGWINLUNIATIINUWS Rickettsia spp. luwlpaneiug H.

eurysternus wag L. vituli S3lUBsluwinunganeiug L. stenopsis 31nUseinAganTg (36)

2.6.3 Acinetobacter spp.
W Acinetobacter spp. daidunuaiiiSaunsuay JUsmsIMe AlANuEFLN
d%’ a g ai{l 1 a Yo .éf o ) dy d.dg‘, 1 ad
ulugrusnidugenslsalulsmenuiannulavssiuwasiinduiennesies U jiausvany

wila Acinetobacter spp. \Juanvguetlsavenuin  (pneumonia) wiln ventilator-
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associated ﬁwuﬂaaﬁqm’twaﬁﬂawﬁﬂ (Intensive Care Unit, ICU; Intermediate Care
Unit) vesdlsemenuta (50) uenannisdeiisnenunsnuidetunntulunats 9 Usuina tnedu
Tngpdunsfaidelulsmenia whaednenunsfinde Acnetobacter 9ngumy uifll
wnthilefisuiunsindelulsmeuia AMNEARYYOY Acinetobacter spp. A Fowmanis
fnaghesoenUifousndon 9 Auvaewda  lasawwedisBenishososlung
Carbapenems Tnaiieiinasie Carbapenems ﬁmz?iuaﬁiamﬂﬁ%auwmmﬁﬂummLamﬁ’u
ﬁﬂﬁﬁmmmﬂé’ﬂmﬂiumiLﬁafﬂ%’aﬂﬂﬁ%auﬂumﬁ%’ﬂmmazamL%@ Acinetobacter spp.
Fale Acinetobacter Baumannii Juaneiuginutesiian Taswuunds 80% wewnishn
LG‘%JJEJ Acinetobacter ﬁ’jwmiuaw%’gam‘%m 5N§<ﬁﬂﬂ@uéﬂadﬁmmzﬂ’m@ﬂiﬂ (Centers for
Disease Control and Prevention — CDC) (51)

ANLLEBIRBNNSAALTE Acinetobacter spp. @3 CDC lananainaundavninudausadl

q
[ [

a a & a A8 o w1 = a a a & o e
Anudsstunisinweviaiinn  Jadudwielulasiuanudesdunisinideansiugilunn
dy v I A ayY o 1 < :-:’l’ (% [~ a
Ju loud dgifuiugeuns, Wulsavensesy, Wuuwvny, weulsangiuiaui 9, 1Ay
< 1 v ¥ a 1 = a Ay [ v Y] [ ~
Wuthefsedldasestiemels, Junadandessnululsameiuia  wasdaabasunissnwi
14 1% dl‘ = 3 1 4" dy 1 QQIJQ 1 Y} LY r.tslj 1 .«.&J a
padldinTaaiionenisunnd wu arvaulaaniy JavenguilinmelnensdulavenILnuR,
daves vieimthvesieniuuleue Acinetobacter Baumannii

o X . ¥ Xa X o o0y

DINTVDINITAALTD  Acinetobacter spp. WWollilluwealsloniananunsavinliia
lsalauanelsawazviangalnis  welsanatusaintuainnisiandaviaidusenoune  Yan
BNy, N1SANBIUNTTLALRDN, WONLANBIBNEU, NMIAATBTIUNAVISOUNANTIAR N15ARLYE
lumafudagny F95UNITRARRLUATISBTUTULSINSENIY necrotizing fasciitis N3
Shwinsheutie Acinetobacter Baumannii wasieaeiugines COC lananaindengy

Acinetobacter #432044%® Acinetobacter Baumannii L‘f]‘uﬁig%ﬁmﬂaﬂﬁﬁmqmﬁgw,lﬁﬂ

\Heanwenquiliiniinishesisevaned Inenuindengu Acinetobacter &9 63% wWuany

"
v faa

Wughnedeevateviin I518911lusa13 Clinical Microbiology Reviews lananyin Tugag
! | dy 1 dy o L S ad a 1 ! . .
euemd 1970 Weonaulanunsasnwlamesufdugvateila 1y nau aminoglycosides,
beta-lactams wag tetracyclines wlullagtu e Acinetobacter Baumannii UNdaneiug
a & . ad = ° v ' Ry Y @ ° v v
anshesieeUTusildluddiunsn 9 uasngu carbapenems 7sinldduadugnvng
N3SNINSAAYD Acinetobacter Baumannii 3uindadldnisnaaeun1sheeveiafig
gdlvudianunsasnunisinedinaniliegnadiussdniam  lTuddieunseeilungy
sulbactam waz polymyxin famsamnsaldsnwinisanlaie Acinetobacter Baumannii il

n3Resee1fidu 9 L9 (52)
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=

a & = o = r-f ' ¢
2.7 N1INALYBDLLUANL ﬂﬂuLLﬁJaﬂ@ﬂLaaﬂLﬂquﬁgLLa zﬂ']ﬁﬂaiiﬂaluquﬂ

Hospital

RPF AT
T, A D e
Ungulates !‘_@
/ Imago (Adult)

) N
e
N LN
§ A JD  TICKCYCLE
Nymph

\ .o~/

Larva

Small mammals, birds

PN al = &
E‘U‘Vl J/ 'Nﬂﬁﬂ'ﬁﬁ]ﬂﬁ]@LLWiL‘?I@Iﬁﬂﬁ]']ﬂL‘Vi‘U

i https://kathleenhalme.com/explore/fever-clipart-non-infectious-disease/

lsARnsiaandmigau (Zoonosis) Aelsavesdninaunsainsiesndsauld Fesauds

v ¢ & o v o e | ) - No sd °
AR FRUU azdn Ul Lyu Un ‘qulj ?ju“u Ll IﬂﬂﬁgU@LUu@u 919UARNLUUNINLUN

4 1
v &a

15AYSaRNANNNNSAUNAGITAANAY NSEUNAUIALEG  113831NNN5TUUTEMNULDER INRALSA

TnsiansAnelsnandaifesiiuiasgadendunme wu wiv vl v uezdidesiod
Ya v o € lej < ) 1 a a a A & v a [y

Analnadadudniiiondulsedn dendnnudsganazgnuuasiilunveindenisfu wag

i lAAnuIakKEe 81avinlnlasuielsaigsanela

2.7.1 nsAnlla Bartonella spp. waznsnalsn

Bartonellosis Lﬂuﬂa:miiﬂamL%@ﬁLﬁ@ﬁ]ﬂﬂLLUﬂﬁL% Bartonella spp. Usznaunig
wafi3eedstion 22 wila Fedulngjazindelnefumasgadendunive ldun viin 1
wavsuleanende Bartonella spp. awnsanlluiiludnidedulsemauasdniilng
wvzant ﬁmjm%a Bartonella spp. a8tios 14 wiafinuiidrufeadedlulsafianise
Ainslea1ndin igauls (zoonotic disease) lsamaniasfnlussauldandniFesiiienslndde
ffueu Filuuasgaidenfifunmzedvey Tasunfasiidessosnisgninanisasiefindeo

PNGUINLNAUSEIURINTY (53)
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. Bartonella”
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Dermis :
— — Dendritic cells
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Dermal niche
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Invasome formation
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{Bovr | (Bap | Borc |

Inhibition of apoptosis

gﬂﬁ 8 WAIN13RALT Bartonella spp.
‘17%34’1: Siamer S, Dehio C. New insights into the role of Bartonella effector proteins in

pathogenesis. Current opinion in microbiology. 2015;23:80-5.

wasnsindeiinulaevialuveside Bartonella spp. 313U 8 wansliliiuianishin
g _ o & 4 4 s dd & d
\Wolu reservoir host ffulde Bartonella spp. B9azgndssalaguiasnaideniilunive 1ed
agluntisdldvesuuairzgniuesnuinseuiugaveduuas  3ntuTezd1dsmelagny
MIUIARAUTHINAL dlaeasidiRmdedu dermis wasiadeudheluiindivaeniion
wazgnuuddlldudauneluremaenidentsy lnewauiuaisessdinsegnilugadiniey
dndnszuaden antudessndidgliadesuatiaziinisiindiuusuuindnegnieludie
= = & 9 1 = i ) = @
Hoauns Faversdinsegneluvasniieniu nirvzgnadeenlulneuwiagaioniidunmey
(54)

lsAiliinane Bartonella spp. uA e B. bacilliformis vlvialsa oraya
fever 1¥® B. quintana \Juanunvadlsaldndu (trench fever) wazi@io B. hensalae Azuans
9IN1589 cat-scratch disease (CSD) lsalduunviu uenaniiie Bartonella spp. Ssiidu
a v ) a o a a & o .. . P )
Neteeiulsaimts  anuRaunfvewaendentogludiu (peliosis hepatis) Loyl
8niau (endocarditis) F0UsEAMASNLEY  (neuroretinis) AgRdkuAfiSelunTELaon
(bacteremia) waziimnuRnUnfvesaues (encephalopathy) A1sAnwIUIULNlATNTg
nyauannemdtnluaunuinfinanisesnsdundeineduuinseded dmsunisin

Y v

Wonldsuusadnduunliunsmetatlalagliiinigsnw (self-limiting) d@wluauiiigifuriu

unnses Wi JUhelsausse duieiildsunisugnanesdens duieifndie HIV/AIDS $indl

wltuazdulsansensiuazduns e din (55)
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2.7.2 MSAALYD Rickettsia spp. Wazn1snalsa

T e o Umhalovied Addudl Permnle Uniscind 1= B Send
P av.apuoris e —

| Tafened
—— Prissary Houke Al c
= aedeqondary Route |

JUTN 9 293NSARAEUWNSIYe Rickettsia spp.
" https://ntangakeneth.blogspot.com/2017/05/rickettsiae.html

1995lusTINMATeND Rickettsia spp. Ir@1ftadMelutaiveLaaLdon LU

Y ] T Y] . ¢ a a
niin Wiy win Tau bs Bedednduns reservoir kag vector lgafsnusssuyIRvedLuatnadon
wulaludaimily  Wegnuuasningeiudeneeglutaieviselugadsidiginanieniu
MElmle  uwaswerlladinisaeneaveninsuwiludsuaniiumndly (transovarian
transmission) Ineaulugruasiiuleailnedaudey (accidental host) avaansafnmdeliiile

& A & o A & v v a o v oA Y a
gnunasgaieailunveindlowaitidsunieasiiluneuniadudondos  waidinig
wusmeget ¢ Tulelwai@uusenia 8-12 talus wmniwelasydulalanavyinanssadiag

ssuuiifuiuvatlead Wy vharewdsdudeadeglunedsir  invesvaindsluaues

! Y a ] & & A a Ay o o & aa %
ﬂ@IMLﬂﬂaqﬂqiﬁﬂJ@ﬁ@ﬂLa‘U ‘Vii@Lu@ﬂ@ﬂcl/lLﬂ@"ﬂ’]ﬂigﬁU‘UQNﬂﬂJﬂquaqﬂLGUE)LL‘UV’]V]LiﬁJ \Wunu
Y A

A o a & & oA av v Y Y d' Y] a
@’]ﬂ’ﬁwaqﬂm"l}@\‘lﬂuwm@L%@Iﬁﬂﬂq&lu Q)] QJ"LSUQQ NRUNIEU L1 D8N ﬂa‘lﬂa RRINIINY!

o

1

Uandlosndnuiile fluyuuasnuafmusuniosas 30 wusesluasgadeniafinmviady
a = @ a o a ' a dy 1 [ 14
wHavUENALANllasiNndaInsina1e  1Sendn  eschar  wnfsutoliguusainsnsnwlv
wevalameeUftaugnauenasleadiu weaurwamnlidlasunisinweiationnisunsn
FOUFULSITWATI WU Aneiawelunseuaidon dune g Jendniay 1Hevinaues
LAY Wasantenanensan nvinlvviasndensniau (Vasculitis) loiignanie (55, 56)
2.7.3 M35AALY Acinetobacter spp. Lazn15nalsA
& . v & A a Ao o o Y a
\e Acinetobacter spp. datlunuaiiissunsuauniinnudfguin wuldmufuuay
waanusssuYf dnegluanunerviadudontslania (Opportunistic pathogen) wag
nelsAfadalulssneIuia (Nosocomial infection) siniludeiineneaufjrugnaieviln

(%

ALABIRENSARLYe Acinetobacter spp. fitadedwioluil laun dpfiduiudeuus, Wulsa

9
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Uoniseds, iuummy, uedlsmenuiauy 4, Senudulhefigeddniesmaemela, e
Jnfidessnwlulsmenuna uazdatldsunssnundiseddiedesiionanisunmg wu aeain
Haanny Fadonduilinrolnsmsduiadonuiuiifmes ‘m‘%aﬁ'mﬁwaﬁﬂwﬁﬂwﬁauﬁa
Acinetobacter Baumannii ﬁi’l&lﬂ’luﬂ’lim’ﬁlwuL%a“ljﬁmﬁuL‘mﬁ%‘wﬁlﬁumﬂlﬁﬂﬁﬂﬁ&ﬂu

s

LsaSeusing 9 Usemelng (45) wagiin13nsaanuide Acinetobacter spp. luwnlaaneiug

L. vituli wag S. capillatus nUszinaedlely (37) Fanmlaenadiunumédinlunisdu

v & [y ! [ o & v ¢ ] (%
wiasinnulsaazovisie i dunmedngelsnandnungauln

2.8 MIANINBNTIIMEIVRIMILA
\wIswaneAdule  (DNA  marker)  @wnsaldanwnlansdiundudu  (coding
| A e A . v A = o
sequence) kagaunluligu (non-coding sequence) Lazasnsaldlilan1sAne1n15dnIEes
AweswluiinsfnwmiurainaienneiugnssukasAnwmuduiusnad iuins
a Aaa = o Ao A A Y N a 1Y) o
Yodudldin - Faludagluiinuiienfnwiieiiuend inguasanyae N aRUgNTTNYDIM
TalussUszmadielddugudeyalunisfine@diaunnmsSeudisuanuuandsdiu
a 3 I & A = & A No U oa o s
wdlelndvesaneiugmlalunuiin 9 Funilaluwiaziuiionddduindlelnai
wansinany Tnesinisfinwainguluiiawdea Ais 8u 18S ribosomal RNA  uazgulululnpau
W38 Ae 8u Cytochrome C oxidase subunit | (COI) (28-37) TuvnuzNuseinalnedslud
1 = a v o v A =t (3 d‘ v v a 14
Toyan1sAnwieiuaviuiisndlelndvesmlafiannsaliansdela
nsAnwfeiveineveanlafnuuuiumidy - 185 RNA  lunis
Wiguweudwuihedlelng  Wesndulunguves ribosomal DNA  dneglunguiteslu
o A 1 a a o I [ . [ [
sunisiwiuouuulasiuley Tnedulianwazidunseuada (gene family) Sruiusnnlazidu
o adao g = 5 v 9 A = Y - =
gunldnuiuyndgn Sesseiueglufiamafediunasn (tandem repeat) Lil9and
ANUABINITNANARNAINEUAINAIUUTIIUGIN B9 ribosomal RNA (rRNA)  viwmitii
d‘ ¥ (% (7 a = 1 ] ] o ] . .
WNetpsiunsdunsieilusiu 8u rRNA diulvgjeguusiiuvis nuclear organizer region
(NOR) vulpslulaunimizuasiivsinamatesosiamateiugn  uiazynusenaunie dud
ponsiaLdy 18s, 5.8s uay 28s rRNA azdinadugaiunasn wananlgmuingungu rRNA
Juusnueysny (conserved genes) TAnunamnuaneyaiugnssugasluddiuiuauas
a4 o = = U A ada a o o A a v a a ° v
AnugvailiethunUseuiguivaddinviinneiunsedssiniu nedanudeutunld
Tun1sAn¥ITuINSreddlddiniagn 59 wunAslidin Aaueuddeitaldgy 185 mNA Tu

nsAnwsueIng1vewnlakayldiwunylinvesle
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M7 1 Wanan1sAnwIneeninine1vede Bartonella spp.
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gu YLD COREAN Author (ref.)
B. bovis donla Dahmani et al. (2016)
iuln Kho et al. (2015)
(Haemaphysalis
bispinosa)
) BRI )
oltA B. schoenbuchensis 2ot Dahmani et al. (2016)
wonla
(Citrate synthase)  B. henselae e Gutierrez et al. (2014)

Uncultured Bartonella sp.

(H. quadripertusus)

Gutierrez et al. (2014)

\Henla
B. chomelii Bai et al. (2013)
rpoB B. bovis \Gonln Dahmani et al. (2016)
winle

(Beta subunit of

RNA polymerase)

Uncultured Bartonella sp.

(H. quadripertusus)

Gutierrez et al. (2014)

ITS B. bovis \Genla Dahmani et al. (2016)
(Internal transcribed  B. chomelii
spacer)
ftsz Bartonella spp. \Gonln Dahmani et al. (2016)
(Filamenting B. bovis
temperature-
sensitive mutant 2)
165rRNA B. bovis denla Dahmani et al. (2016)

(165 ribosomal RNA)

B. schoenbuchensis
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M7 2 WaRnINSANBINNeNTINEWBUTe Rickettsia spp.

gu silaveute §79E19 Author (ref.)
gltA Rickettsia spp. wnla (H. eurysternus) Hornok et al. (2010)
(Citrate synthase) R. felis G Hornok et al. (2018)
23s rRNA R. helvetica wla (Linognathus vituli) Hornok et al. (2010)

(23s ribosomal RNA)

ompA R. felis G Hornok et al. (2018)
(Outer membrane

protein A)

% A = A 9 & N a
Qﬂﬂ%a%awuiﬁﬂﬂﬁuﬂﬂiﬁﬂw’]Lﬂﬂ’JﬂUﬂ’]iGli’Jf\]‘lﬁ’lL‘U@LLUﬂVlLiEJ Bartonella Spp.
Rickettsia spp. wag Acinetobacter spp. lulauazUsdnniouenuedla vilwauladnmw
d’lj a al 1 A 4’.’ ~ [ [ o a
mi’gﬁ]“qu@LL‘UﬂmLiEJﬂ@IiﬁﬂLULMr]IﬁWLﬂUQr]ﬂWUW 3 QQVU@%@QUigLWﬁVLVIEJ IﬂEJEﬂﬂEJLVlﬂuﬂ
Y N a & a A = A o | A &
Vl?ﬂ(ﬂ’lua%l“lj’s’mEJﬂumiG]i%]L“U@LLUﬂV\LiSﬁ]SﬁﬂH’mmLmuwu glfA Lhale rpOB VDILTVDH I 6]
= & N g Y & N a Ay S Qo a & N a Y va
L‘L!ENﬁﬂﬂLUHEJHVII?JG]TJR]L?IEJLLU@VIL?Ui‘LAMﬁ’]EJ\‘]’]‘LDR]EJ “ENI%‘\]’]LLHﬂ‘U‘NWEJENL“ZJEJLLUﬂVlLiEJlG]@LL@%
ﬁﬁNWiﬂﬁi?ﬁ]‘W‘UL%@lﬁ‘lﬁa’]ﬂ‘ma’]SﬁﬂﬂﬁuﬁLLazﬂﬂﬂﬁu%zﬁﬁmﬁLﬂiﬂ%ﬁﬂﬂmﬂmﬂﬂa’]ﬁﬂw

v

1 ) =~ v v av A
‘UﬁqﬂiillﬁnﬂLLNUQ@J??WUWﬂ']iLW@I%LUu;@WU%@NvaﬁLUQqUQQEJ@UG]@VL‘U
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unil 3
F/NTANTUIU
3.1 3ULUUN15IRY
A EdumHToBamssann (descriptive study) @eldrunisinnsanasesssy
Tudniuagldsunmsondi@lsiduiunadeuaddddn ifenumsineimans 2mnanenssunis

F3TITU AMZWNVEAANT PNAINTAINVINGTTe 1aviluTuses 005/2562

3.2 nguuszynsiivang
o aw S My Y 1 P 1 Y [ v o8 v
nsindeasslllanuieiumilalunnsses A segld dinanedy wasdauuly

dy d‘ v LY E4 I Y = 1 = I~
INNUN 3 Jninvesusending lawn darninwedlud, 1We9s1y wazuassIvdun

3.2.1 NISAUIUVUIAYUTEVING
YuInFRegaRtuN T luN1sANEIANNRULUS YR8 185 rRNA Tuwinlawaznis
d’lj a a r-:l' 1 % %3 ¥ = Ql‘ U d’lj
AN LTBLUANISENADLSA lenfgtdoyaanmsfineieriumilauazanuynveie
a a 1 a o 1 v z.g r-:! 1 U LY} 1 ‘:4' b4
WUATISENBLSAIANNIIWITLABUNUNT AN 10% VUINVBIUTEINNTF0E19HBINS

= gj dyo ¥ U r.:’lj
Anwiltupsslliwinlanngns Asil

n = 2720 /2P(1-P)
)

n = 34.95

IngagiNuilpg N ulABgataY 35 fagia
Filunsinuadstlifudegnamlasimun 109 g Seihlvnansidefiauiniede
N = YUIAFIDY
O = ANANURANAINIUNNTATUNAD 1989 INFBE 19 UTE NS
7 = confidence coefficient l¢nsesuanudesufirnun (1-Q)
fuunAIANILTauT 95% e oL = 0.05 (zAL /2 = 1.96)

P = AdmdIuaInnNsAnETHILIN
e = AAnuAmALAABUgIanTiBeNsUldsEinsdadnlulsEung

AMuualst e = 0.1 (vausulminAnurataadauls 10 %)
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3.3 BN1IATUNITIY

3.3.1 Msuieg1umnila

33.1.1 Aesorhflauanidwedaiiovemiusuiiolumsfivfegamla 9t
dwilsdedugenlitudveda  udsnldifuoygrauduanienasiieuisiieaiuisns
fufegauwasiuunesunisnsendeya nsiushegneasyhnsdiuiiuil 3 Sorilulsume
Ty Tawn Fenindiossie, Weslnd wazuassvdun

3.3.1.2 mafiumegiamladivedleagdierihnsdisaguinae ae lvd uas
vinaluntwedahiifavnredltumeguudurunielsl andudlewudumadld forceps
Audmeonin Tneasfunesvesly fioeu wasdudinde wonldwasm microcentrifuge
219 1.5 ml 1ag 1 wasn azlduwiainia 1 ﬁﬂuﬂiﬁﬁﬂﬂs&hmﬁamg Yulduruazlansslng
éfmél’umuﬁﬁiﬁdmwam&ﬂﬁ microcentrifuge LUuAY mﬂﬁ?uﬁuﬁﬂ%;ﬂaﬁ’]mumﬂﬂLLazﬁi’mu
dAuldanituiith 4

3.3.1.3 \fudegrailaldlunasn microcentrifuge wwm 1.5 ml fifasazans
70% ethanol iflefnwianmvesvilafeuthdwiesfiinsmieaginer melvdsan
W ANSUNNEANENT JHIBINTAUNNIINGRE

3.3.2 MIuUNMeduguInervasmla
thiegamlafiivlilusseridusumundeninlagldndesganssml  Lilenly
AnvSeuiisuiunibsdeaiiensiwunylinvewn (57, 58)
3.3.3 n1sananouLe (DNA extraction)

Freghamlaivivlu 70% ethanol festiuuenldvasn microcentrifuge Masnay
1 ¢ lunsaduldmnlddenldiishoeudshifinlnouusldnasn anndufivans 1X PBS
(phosphate-buffered saline) {98948 70% ethanol aen

3.3.3.1 nsanadduemnlalngldynaindnsaguan Invisorb® Spin Tissue Mini kit
(Invitek Gmbh, Useineeasuil)

1. n§991n&73 70% ethanol panuda tiin Lysis buffer G U3ums 200 pl anthld
ldupsegnamauaziden wadu Lysis buffer G 8n 200 ul wag proteinase K U3uns 20
ul ilUnanlidnfudeedes Vortex antiutuitgumgl 52°C Uszana 3-4 Falus

2. dloasunaniundunennzneuiieruss 13,000 rpm e 2 wift dedu
& (supernatant) Taluwasn microcentrifuge Twal mﬂﬁ?u“ldmiazma Binding buffer A

UTues 200 pl (waulmanduiu «)
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3. Seldlunaondifiyaminges (spin filter) udusiioamgiviosszanas 1 uiil
nduthunndnernimida 11,000 rom Wunan 2 wiit ihdulaituandis

4. ldansazane Wash buffer Usu1ms 550 pl wdatudnadaeninuds 11,000 rpm
Hunan 1 udt thaulafiduaniis

5. Jughenuds 11,000 rpm WJuan 5 wiiiieren Ethanol san

6. Sruynsiansesiuldluvaen microcentrifuge 9ntaild elution buffer U3ias 40
ul (¥1n13 prewarm elution buffer igaumgdl 52°C rputhunld) vuilgumniiviesussun 5
it anduiiudheenuda 11,000 rom 2 wiit theyansesiia Mnduiviegwasazany

Aueiigamgll 20 °C neuhAdweluldlutuneusely

3.3.4 N1599NUUY Primer aldlun1sifiusauaudu 18S ribosomal RNA (185
rRNA)

NSANWIEU 18S rRNA weamlalageantuy primer WUU Degenerate primer lag
miaauinalelnaangiudea GenBank (http://www.ncbi.nlm.nih.gov/genbank/) Lien
asutiandlalnavesdiu 185 rANA veawnlaudazaeug A H. quadripertusus Accession
number KJ522491.1 Linognathus vituli Accession number AYO77774.1 H. tuberculatus
Accession number GU569180.1 H. eurysterunus Accession number HM171381.1
Mndmseiasuianalelnsselusunsy BioEdit Sequence Alisnment Editor Version
7.2.6 vms alignment auihralelvsuaiten3euiteuanumilouvesinadlelng
uiaziduantunuinaifenumiioufuinniigraiadu forward way reverse primer
PWINUTTUI 18-30 Lud IN13AIUIUNT Tm (Melting temperature) a1nLdU primer 1ag
Tgns Tm = 20A+T) + 4(G+Q) e Tm vis 2 1dumsogsswing 5565 °C wagalias
fiefuLAY 5°C mmi’uisﬁﬂmﬂm Oligocal Wiensram self-complementary Hkagn13LAA
Hairpin ¥1n1501599A8 nzveady primer fleonwuufulusunsy primer-blast Lite
nagouidanudinglunisduiudu 185 rAVA vesnlaldvioll wazlawiadurils e
IFgsuauddvinisasdfuiuares primer WUAUSEM Bioneer Corporation Usewe
98 Tnefiu3ev Prime Scientific $1iia Wudunudnds ievinisdauasiedt primer ield

Tunsiuawuduluduneu PCR sall
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M1597 3 uaasanauiiandlelvaves primer AU WEAUBY 185 rRANA

Primer Sequences (5’-3")
18s-F CCGCGAAAGGCTCATTAAATCAG
18s-R CCTKCAATGGATACTCGTTAAATG

BN K Wnuud G/T

3.3.5 msindudhanedaewaia Polymerase Chain Reaction (PCR)
3.3.5.1 NsnTIRLUnTiaIlA
nsiiusuRuduianalelndusnaby 185 rRNA Tasendundnnisyineusauiu
primer fidmnzsiouinn 185 rANA nsldasazagludndufivansauuasUizeveis
PCR meldianmivnzay iewiaGeuiesuduhlunsaaoug PCR Product 1ngs cel

electrophoresis

31971 4 wanstumew PCR (Thermal cycle condition) Tunisifiud uiuBu 185 rANA

Jupau PCR 9aunAA(C) nanwd)  91iuseu(cycle)
1.Initial denaturation 95 3 1
2. PCR step

- Denaturation 95 1

- Annealing 58 1 35

- Extension 72 1.30

3. Final extension 72 7 1
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M15799 5 dulsenauvesasazatefldlulfizen PCR Tunisiiindnwiugu 185 rRNA

duusznau Usuag (u)
10X PCR Buffer 25
25 mM MgCl2 25
2.5 mM dNTPs 2
10 pM Primer 18s-F 0.4
10 pM Primer 18s-R 0.4
Taq polymerase (5U/ul) 0.2
DNA template 2
ddH,0 15
33U 25

3,3.6 nsasravtenunadidenslsaluwnla
3.3.6.1 N3AsIAWIEe Bartonella spp. Twanla (B ¢ltA)
nMsasaeuuafiGelngldfisweriatinanisdadu Tnevhnsiausiuiu
Fudwihedlelnddy eltA Falu Housekeeping gene #8738 PCR Tngld Primer fisumny
(Norman et al.,1995)

a o0 YU Aa ¢ (3 - A o v a
BTN 6 LLﬂG’N@W’IUH’Jﬂ@I@IVIWU@Q primer NaNIzNUYY oltA

Primer Sequences (5’-3")
BhCS(¢ltA)781-F GGGGACCAGCTCATGGTGG
BhCS(¢ltA)1137-R AATGCAAAAAGAACAGTAAACA

91971 7 wanadumeu PCR (Thermal cycle condition) Tunnsifiudiuiudu olta

Funou PCR 9aunni(C) LAl 91iuseu(cycle)
1.Initial denaturation 95 3 1
2. PCR step
- Denaturation 95 30 w1
- Annealing 57 30 U 35
- Extension 72 1

3. Final extension 72 7 1
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M13799 8 diulsznauvesasazatefldluufizen PCR Tunsifind uiudu gl

druuszneu Usuns (ul)
10X PCR Buffer 2.5

25 mM MgCl, 2.5

2.5 mM dNTPs 2

10 UM Primer BhCS(¢(tA)781-F 0.5

10 UM Primer BhCS(¢(tA)1137-R 0.5
Taq polymerase (5U/ul) 0.2
DNA template 5
ddH,O 11.8
334 25

3.3.6.2 NMIATIANND Bartonella spp. Tuwla (B rpoB)
& o | Y o ] A g & o
N3G Bartonella spp. Tusegramlagidnass ietdun1studu
nan153deligndes Inevhmsiiudaududmiedlelnddu o8 Fulu Housekeeping

gene Ao PCR lngld Primer 7517z (Yvonne et al,, 2019)

a o0 Y Aa ¢ (3 - A o v a
$H19°99 9 LLﬂﬂQﬁ?@UH’Jﬂ@I@IVI@%@Q primer NINNI1ENUEU rpoB

Primer Sequences (5’-3")
Barto-rpoBF GATGTGCATCCTACGCATTATGG
Barto-rpoBR AATGGTGCCTCAGCACGTATAAG

AN37971 10 wanstume PCR (Thermal cycle condition) Tunsifius uiudu mos

funou PCR 9aunAA(C) LAl 91iuseu(cycle)
1.Initial denaturation 95 3 1
2. PCR step
- Denaturation 95 30 U
- Annealing 55 30 AU 35
- Extension 72 1

3. Final extension 72 7 1
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M15°99 11 drdsznevvesansazaelgluu)isen PCR Tunsiiuduiugu rpoB

duszneu Usuns (ul)
10X PCR Buffer 2.5

25 mM MgCl, 2.5

2.5 mM dNTPs 2

10 uM Primer Barto-rpoBF 0.5

10 uM Primer Barto-rpoBR 0.5
Taq polymerase (5U/ul) 0.2
DNA template 5
ddH,0O 11.8
33U 25

3.3.6.3 NIATIANNLD Rickettsia spp. Tulnila
& N a v & o PN ] A  a 3
nsaanewuaiiielagldfioueslagvinnisiindruiutuduinglelng
gu gltA Fadu Housekeeping gene #1e3s PCR 1eld Primer 919wz (Rolain et

al.,2002)

a o0 YU Aa aX¢ 3 - P v
BITNN 12 LLﬁG’Ix‘]ﬁW’IUH’JﬂﬁI@IVIﬂ‘U@Q primer NaWIeNuUyU oltA

Primer Sequences (5’-3")
CS87TF GGGGGCCTGCTCACGGLGG
CS1258R ATTGCAAAAAGTACAGTGAACA

91971 13 wansdumeu PCR (Thermal cycle condition) Tunsifiud uiuBu olta

funou PCR 9aunAA(C) LAl 91iuseu(cycle)
1.Initial denaturation 95 2 1
2. PCR step
- Denaturation 95 15 ¥l
- Annealing 54 8 I 40
- Extension 72 15 31l

3. Final extension 72 7 1




M15°99 14 drlsznevvatansasaelgluu)isen PCR Tunsiiuduiugu gltA

druuszneu Usuns (ul)
10X PCR Buffer 2.5

25 mM MgCl, 2.5

2.5 mM dNTPs 2

10 pM Primer CS87T7F 0.5
10pM Primer CS1258R 0.5
Taq polymerase (5U/ul) 0.2
DNA template 5
ddH,0 11.8
33U 25

33.64 mim%ﬁm%%a Acinetobacter spp. e (8u rpoB)

34

NSRS Acinetobacter spp. Tudegramila lagyinnsiingiuau

Fuauinalelnasu rpoB Ty Housekeeping gene 61835 PCR Tagld Primer Aigimg

(Kempf et al., 2012)

a o0 WY Aa ¢ 3 - P v
M1TNN 15 LLﬂﬂQﬁ?@UH’JﬂﬁI@IVIﬂ‘U@Q primer NYNNI1ENVEU rpoB

Primer Sequences (5’-3")
rpoB-F TACTCATATACCGAAAAGAAACGG
rpoB-R GGYTTACCAAGRCTATACAC

AN37971 16 wanstume PCR (Thermal cycle condition) Tunsifius uiudu mos

funou PCR 9aunAA(C) LAl 91iuseu(cycle)
1.Initial denaturation 95 3 1
2. PCR step
- Denaturation 95 30 w1
- Annealing 62 30 AU 35
- Extension 72 1
3. Final extension 72 7 1
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M15°99 17 dlsznevvetansazaelgluuisen PCR Tunisiuduiugu rpoB

duusznau Usuag (u)
10X PCR Buffer 2.5

25 mM MgCl, 2.5

2.5 mM dNTPs 2

10 uM Primer rpoB-F 0.5

10 uM Primer rpoB-R 0.5
Taq polymerase (5U/ul) 0.2
DNA template 5
ddH,0 11.8
33U 25

3.3.7 N15A52988U PCR product 1ng351aadianlnslnsda (Agarose gel
electrophoresis)
wispuuHuaadusulflunssuRduelagl¥u Agarose Anuidiudu 1.5% antui
PCR product finauiyu loading buffer veanastudesiuauasuyniosnmdantuild
negative control, positive control kag DNA marker aﬂuﬁ@ﬁuﬁmﬁ@mméﬁu Fulaase
Tdhenushedng 100 Thad WaaUszanar 30-40 undl ndentuieadilgluudly
asazay ethidium bromide Wuan 5wl udathludreeiussana 20 Wit wazih

Ay v v d' ' Y v Ao o .
Wwanlaasssmenineanlessdoanitlilelan (gel documentation)

3.3.8 MsiaunanduaiduneufldulewIng (DNA ligation)

I a 1 a [ L3 Y v a 3 = a [ a A
WJunswensondedug  PCR  dunatalianmaes  Hoiuduuduiie
aulasme® PCR wdn ihdunaulau@eudiuiduenive (vector) ¥lia plasmid 138n71
Uuna DNA ligation agld pGEM®-T Easy (Promega® Usziaanigawsni) u vector Tu
Tunaun1sni ligation ldyavadeudniaguainu3sn Promega Ussweanigowsniile
a a o Y & vl a o = ca' a v I3 Y P
wissnasnauseussuawuliNaamall 4 °C viseraamgivieadunial 2 wilug Lite

iluvihselutuneudinluviui lnvddseneuildlulfiseuansds a1 18
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M1397 18 drulsznavvasasazateiililuufizenisdousnsfdue

druuszneu Usuws (ul)
2x Rapid ligation buffer 2.5
PGEM® T easy vector (50 ng/ul) 0.5
T4 ligase enzyme (5 U/pl) 0.5
PCR product (50 ng/pl) 1.5
33U 5

3.3.9 nsdelounaradinfduiegnuauidng competent cells #2833 Heat shock
(Transformation)
unsdmanadedduegnuaunielowdng competent cell Ingisnszduiieniu
50U (heat shock) Twiiléde Escherichia coli DH5QL Ju competent cell lngin
competent cell mlilutudaiielfazaneUszanas 10wl ileavaneudades 9 an
competent cell U3ums 30 ul ldasluvaen microcentrifuge fisnanadindiduognuaset
wdrdduiudaduna 30 wifl devhlimanadefduegnuanniedl permeable site
Uinuntagadues competent cell udmniuiifiduognuauselowdng competent
cell Tnenszduseeuieu (heat shock) flgampil 42 °C Wuan 50 Junit wdwilibuas
ogsmandlasmatilunsudinds 2 uit Wersuaudniluifn SOC medium Usanas
200 pl udnilUtukuUEITrmE7 170 rpm gaumgll 37 °C Wunan 90 wiit vianiiy
1nasazaenn spread ULITUWIEiTe LB agar A unaves Ampicillin 100 pg/ml,
Isopropyl-B-D  thiogalactoside (IPTG) 40 pl wag 5-bromo-4-chloro-3-indolyl-B-D-

galactoside (X-gal) 40 pl mﬂﬁfuﬁﬂmumwL%alﬂﬂmﬁqquﬁ 37 °C \Juian 16-18 4lus

3.3.10 n1sAaLaanlaaundivududulngds colony PCR
Wumatianldlunisiiusiuiuwes DNA wWhwune ensiaasulalatiiisidaning
L a & a o ' ° =~ PRpRpap X X '
Fudup-duemsiaulaunsnagvseld Tngvinnsiaantaladndaduniluanudsdonnas
foegns TnelaenUszunu 5-10 lalatise 1 A981931m519d0UMAI8735 Colony PCR nglssuu
drudsgnaulutunou PCR dwansnldlulfiiseuazaniie PCR Mwngavldivilouludunou
nsiududuinanudtsduantulglituiudslaladndenl ludlnasuu plate

AULUU (master plate) uazldlumaen PCR 71 master mix ves PCR o naslvidnfiuue
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Pluldiedesin PCR antiudlorh PCR @daudannnsandeusieds sel electrophoresis
Fenudiudu 1.5 % Lﬁa@’jflﬁﬁﬁumumaﬁuﬁLiﬂausl,w%alaj du master plate tluundi 37
°C \itosorhlaladflliina?idu Positive 91738 colony PCR lUidssluomsiasade Tnenis
Fomanainsisdunaen 15 ml Buanldomisdeade LB Usuas 7 ml wazlden
Ampicilin Usues 7 pl 9nthildliRuitudelalaidiidalily master plate udldliduiiuas
Wluvaenemsiiwioaly ihluwerfigumad 37 °C anada 170 pm unan 16-20

SRR

3.3.11 psanananaila

Idynarindnsaguresuien Invisorb® Spin Plasmid Mini Two (Invitek Gmbh,
UseinAlyasudl)

1. tddeuuaiide (£ coli strain DH5Q) Thassliludusisaiionnnznou e
257 11,000 rpm vadsyanes 5 wiit e msdeadodis

2. Tdas Solution A Usuas 250 pl wazilu Vortex titevhnisazanemznoulmdu
deuieni

3. ldans Solution B U3a1ms 250 mauﬁwﬂLﬂmamﬁuaqwﬂﬂizmm 4-6 As

4. Tdans Solution C Usums 250 pl waulaglddiondnuasaluuiung (invert)
i lutusiesennuiEa 11,000 rpm Wuian 5 und

5. $rwdndlaldadluinsanges (Spin filtter) daidlifigampiossana 1 wd
Nt ludusiseiinnasa 11,000 rpm 1381 1 W WA mdlans

6. ¥nsananznouwes DNA Plasmid Tagld Wash solution U3uas 750 ul 91nd
Judremznouseauida 11,000 rpm 1381 1 W W manlaita

7. Jugheannunda 12,000 rpm Wwaan 3 wift Wiiewen ethanol en

8. $reinsesldaslunasnelute 91ntuld elution solution USRS 40 pl SeRelsT
QaUNNIVBIUTEIM 5 W idlonsuan Juseanuida 11,000 rom Hunan 1 undl

9. 1h Plasmid DNA TUfaanududuvesiiduesdiownias Nanodrop 2000
(Thermo Scientific, USA) uUs Plasmid DNA U311¢5 20 pl dsliuseniiedsmnansuiieg

1olns (Sequencing)
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3.3.12 mMsmarauiianalelng (Nucleotide Sequencing)
lurudeliazlasunsiinsendeyaainuien Macrogen (Useinainvad)ingilusum

BUR edlaa duwane 3798 Wudunulunisandesesng

3.3.13 nMyiAszRanauiianalalne
yhmsSsuiiisudiduiaedlelndfugiutoya NCBI shelusunsy BLASTN  Fsay
wansrnesnuduosiduimnumiiou(percentage identities) anndumidediduiausiig
vasdnuihndlelnaneluaeiugifediu (intraspecific divergence) wagsenineaneniug
(interspecific divergence) Tusazfegemelusunsy BioEdit Sequence Alignment
Editor Program Version 7 lagiden sequence identity matrix azliA1 % identity Wwan

o o I & @ 2 1 0o W a =¥ I3
wnAwaAdesidudauivesdruiiapdlelng angns
WosiFuAnIuaIg = 100 — iesidudanumilauvasdisuiinalelng

3.3.14 N198319UAZIATILAUNURIIAUINTT (Phylogenetic tree)

aunugiTimunisiegldlusunsuesulad IQ-TREE (http./igtree.cibiv.univie
ac.at/) Fstmuauuusaesueansunuiidiuiiedlelnduuy maximum-likelinood wazld
bootstrap test U 1,000 T9U mmfuwamia%ﬁqLquQ:ﬁéfulﬂ%LTJ@I%I%’IUSLLﬂi@J
FigTree version 1.4.4  iaguazyUuguiuvveanugiinmiifeans  wagld references

sequences gIvaITURAREEUNYIINISIWSBUWIEU Wieludiegennguivegedaau
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° ) ' E 2 W ' - =
4.1 97UUAIBEAZNUNIUNSIAUABg 0 Lan Tg lun1sAnEn

39

aw A vo [ Y 1 o & Y 1 1 I 1o
MAedlavinsinuMeg 1 ladiuIuymdn 109 fegne wuslussegladuiu

Y 1 v & & o Y 1 o < Y 1 & A
11 F9819 UazssagiANIEIIIL 98 @19818 lAeyiNISiAUAMBEIuUnIlAINAUN 3

Faintulsemaing lawn 39rindiealng 91U 99 79819 WWEes1Y U 7 FR98N9 LAY

YATIIVALT 91U 3 F981999LaRI LRSI 19

ANS97 19 me%’a;ﬂaiﬁaﬁaasmLLazﬁi’m’;uLm‘IﬂﬁLﬁﬂuﬁuﬁ 3 J9ipanUsemelne

9NN

S GEPRIAN Yoy

U

(n=109)

Wealnd

HEE1-1, HEE1-2, HEE1-3, HEE1-4, HEF1-5,
HEE1-6, HKE4-1, HKE4-2, HKF4-3, HKFd4-4, 4
HKE4-5

11

PS1-1, PS1-2, PS1-3, PS1-4, PS1-5, PS1-6, PS1-
7, PS1-8, PS1-9, PS1-10, PS2-1, PS2-2, PS2-3,
PS2-4, PS2-5, PS2-6, PS2-T, PS2-8, PS2-9, PS2-
10, PS2-11, PS3-1, PS3-2, PS3-3, PS3-4, PS3-5,
PS3-6, HE1-1, HE1-2, HE1-3, HE2-1, HE2-2,
HE2-3, HE2-4, HE2-5, HE2-6, HE2-7, HE3-1,
HE3-2, HE3-3, HE4-1, HE4-2, HE4-3, HE4-4,
HEA4-5, HE4-6, HK1-1, HK1-2, HK1-3, HK1-4, @ufude
HK1-5, HK1-6, HK1-7, HK1-8, HK1-9, HK1-10,
HK1-11, HK2-1, HK2-2, HK2-3, HK2-4, HK2-5,
HK2-6, HK2-7, HK2-8, HK2-9, HK2-10, HK2-11,
HK2-12, HK2-13, HK2-14, HK3-1, HK3-2, HK3-
3, HK3-4, HK3-5, HK3-6, HK3-7, HK3-8, HK3-9,
HK3-10, HK3-11, HK3-12, HKd4-1, HK4-2, HK4-
3, HK4-4, HK4-5

88

\TE9518

CR1, CR2, CR3, CR4, CR5, CR6, CR7 FLAuTe

7

YATIIVEUN

CL1,CL2, CL3 FLAuTe

3
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4.2 #an133UNYLAYaIMIlANAAFIUINGILALNITATIVAITINIRTIING
4.2.1 uamsduunviinvasmlalagldinwauzdugiuine,
fhoghamleduauionan 109 fegn Fwvafu ssegldduau 11
fhog wasvesiufuiediuou 98 Wedn Tnssveglivesmilatulsiansodiuunae
AN wUEN g IIMele dauegeszezifuivaunsodwunyiaandnuae
Sugnianetld  lnewuhdedramladimuesau 98 g aunsaduunduana
(Genus)  Haematopinus Fanudrsveanlafdnuaruuuainuuasans  (dorsal
ventrally flattened) Ingutspanidu 3 @ fe @i duen wavduvios @rwusiiinuam 2
W dnwazUinduuuunizge (stylet-like mouthpart) dwenuusduldeslidaau vuen
U&esfians (mesothorax) fgiliavesszuumiela (spiracle) wilsg drwviosudseenidu 7
U&es uazddestigmelavilegiiuiusniiudesgavielaidsmela fudnnu 3 4 Afvua
winfuyng  dwsurveamaziusonaintdosenusazUdes wdvunereuidvguanenn
yoaumlafiduiliaumvandiuon 1 18U (claw) o 1 4ha iilelilunsBainziduruvestaan
Srdhveavlasunaguludeny  (seta)  uenanifuaswesdimazilassadinouds

(sclerotized plate) Yretosiuaiorduiuginey (genitalia) dwlunadedlassasned

a 1
L38N31 gonopod

JUT 10 wansanwenduguineveslaana Haematopinus

Pnulunui 3 Saninvesdseinalne
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4.2.2 nansauunvdaveanilalagldimaiia PCR

nsanwsuunadamlagomaida PCR ainfegramlasiuauiemn 109
froga Afuniiudl 3 Smiavesussmedlne Taevihnisadn DNA vesnlalngldyaaring
Buedusagy st SR ue Ay 185 rANA demeda PCR

lngldel Primer NieonuuvdusnegwImnzievinvennila A Forward Primer Ao 18s-F

!

5'CCGCGAAAGGCTCATTAAATCAG 3 uaz  Reverse Primer #® 18s-R
5/ CCTKCAATGGATACTCGTTAAATG 3’ anduiiievhnisnsasaeuruinues PCR product
101438 Gel electrophoresis iiladfousg ethidium bromide wazgmelduas UV azwuin
PCR product 038U 185 rANA flwweussanas 746 bp lesSsuiisuiuwauiidue

UINIFIUVUIN 100 bp (gﬂﬁl 11)

1000 bp
el & F_F T ET™M— 746 bp

E‘Uﬁ 11 NANSATIEOUTUEILEY 185 rANA Freda Gel electrophoresis (1.5% agarose
gel) malamasivl 100 Taad

- Lane M fi® AL8WLex1913g11 (DNA marker) 100 bp, Lane P f Positive control (wana
finfuevaamlafifidu 185 rRNA), Lane N 8 Negative control (Wndw), Lane 1-9 Ao

PCR product U481 185 rRNA 18308 19L11la



a2

4.2.2.1 nan1snsiadeulaauvaswanadinmdule lnewmaia Colony PCR
MNTuRpuMSiLS LR weuus Wy 185 rRNVA Tnewmadla PCR wasn1snsnaaoy
nalneds Gel electrophoresis n&ntswihnsideusetudwdu 185 rRNA Wiy
OGEM-T easy vector TngiSenindunou DNA ligation 91ntuvhnisenelounanadamsuie
g competent cell Fsnsldmudou (Heat shock) waziiiounluidssuuauiifiomis
Foadesdiudy colony vewuaRiSeduLazddh ('gﬂﬁ 12) FihnsAniden colony @
adeUsEmAdia colony PCR waznsiadausie™s Gel electrophoresis @9qsnuna
994 PCR product fifluunalszann 746 bp leswSeuifisuiuuaufidueinnsgiuaun
100 bp (3U71 13)

A o aa o = & &
E‘U‘V] 12 L@ANANYUSUDY COLOﬂy GU'ENLLUﬂVlLﬁEJa‘U']'JLLa%aﬁqUu‘ﬂquaqﬂqiLaﬂﬂLsﬁ@
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a7 47 516171819 110 11

1000 bp

700 bp
500 bp

- == == LW Je— 746 bp

Ul 13 wansmseaeulrauvemanalinfiduelasimaiin colony PCR #e38 Gel
electrophoresis (1.5% agarose gel) Melanasivl 100 Taad
: Lane M fia fduen1nsgIu (DNA marker) 100 bp, Lane P fia Positive control (wana

famidueveawnlafitiu 185 rANA), Lane N fip Negative control (1ndw), Lane 1-11 f

colony PCR product vesiagnslnauiifitudiniu 185 rRNA

4.2.2.2 nansiaszvainuianalalnaussniegiaumnila
A o ) a ag v v o & v a 1Y)
disvihnsananaadeaduelagldynanindsaguuaginusunannutudy
a a & o [ ] A a ¢ o v a a sa a o
Y99NaNalaflouLe 91NUUINTdIAI g 1uiedAT1IzinIatauiiiadlelnanusen
Macrogen (Usgnein1ud) laeflusem ouil taflnea dnwane drie iudunulunisdngs
A0g19 uazienstudunnugniesvesaiduiiandlelndavyinisdediiegnme 2 laau wle
lotayadauiipdlolnaainuieniviinis sequencing Wi vinsiaTeiiduasuiing
Tolualazyinnsinminasinevowduy lieAnd1uues insert gene Way vector 88 WATWUI

A‘IQJ

navesanuilndlolnanAnusudeIiIeg 1M laisrunsiiauInALET 745-746 bp



250 260 27 250 290 300 310 320 330 340 350 360
GTTTTAMAGAACTAAATATT CAAGATGATCCACTT CTTGACAT TGCTATGGAGCTT GAAAAAAT TGCCCTGAGTGAT GAATATTTT AT TGAAAAAAAGCT CTATCCTAAT GTGGAT TTCTATT CT

j’lﬁf‘.,‘\x \ I ‘.‘ Wy i ’;M‘;.

a7 380 390 400 410 420 430 440 430 460 47 480 490
GGAATTGOAT TAAAAGCT CT AGGCT TTCCTACCGAAATGITTACTGTT CTT TTTGCATTAAT CACT AGT GAAT T CGCGGECGCOTGUAGGTOGACCATATGGGAGAGC TCCCAACGCGTTGGATG

f f i I fod Aaafa afh At A i Nl [
gl sl oot el e et ot

500 510 520 530 540 550 360 570 580 590 600 610
CATAGCTTGAGTATTCTATAGTGT CACCTAAAT AGETTGGCGTAAT CATGGTCATAGETGTTTCCTGTGTGAAATTGTTATCCGOTCACAATTCCACACAACAT ACGAGCCAGGAAGCAT AAAGTG

Y

i

O

A A

‘ f
0o “'V"\“"fu Wi

g

aa

JUN 14 uwananaandumeu sequencing luguveansml chromatogram 8u 185 rRNA ves

WNlA (WEANAUTAIL)

sUN
Y

TTITTITCESTICTITTCTS
(TTITTTTCETICTITICTCT
TTITTTITCESTICTITIC
'ITTTT'I’IEGT'IETTT'IETCE

TTCET SATTGATTTC
TTICGICGRGATTGATITCIC
TTCGICEACGATTGATTITC
TTCGICGAGATTGRATTTIC

TTTITTITCETICTITIC
CTT
CTT
CTT

TTCCICERCGATTGATTITCIC
TTCCTCERCGATTCGATTTC
TTCGICEACGATTGRATTITC
TTCGICEAGATTGATTITC

TICGRARC 400

GTTCGRRRCBACGE 400

BRARRCCCRCAGTAC TTCCRRRCE. G ARRRRRCRRCCGTCTL 400
BRRRCCCRGRCTAC EEEEEEIiACG STETE 400
BRBRBACBACGGCIGTGCGC 400

BRRRCCCRGAGTRTAC BRRRRRCRRCCGTICTL 400
BRRRCGERGAGTRATAC BRBRRRGCRRCGGTGETL 399
[BRARBRCCCRCGACTATRCGE BRRRRRCBACCCTICIG 400
BERBRCCCRGRC TTCCARRCE BERCTT BRRRRRCRA 400
CRARCCATCCGTTCCRARCE BRRCTTC 400

15 wanawa multiple sequence alignment 9 naauiiipalelnAgu 185 rANA vaun

1A (ARINAUNIEIY)

4.2.2.3 nan1ssiSeutiisuainutionalainavasty 18S rRNA YoM lanu
gudaya NCBI

anuihndlalvanvinnmsdausassueswmastnnliouiisuganuaaendeiu

Toyaauiindlolnansuniagu 185 rRNA veawnlauuguteya NCBI (GenBank) lagld

Tsunsu BLASTN (https://blast.ncbi.nlm.nih.gov/Blast.cg) FIUINTUILUARIAIAIY

witlawduUesidud Tnenuinansiag1amlasnuiuyiavug 109 fegie dimilasiuiu 98

Y 1 1o Y 1 v o2 v Y 1 Aa = LY
MDY (58881‘0%’]14’314 7 AIDYNLALITYTA AN 88 FI9819) NANuUtauiuwlade
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Wuﬁ: Haematopinus quadripertusus AAUSEINFADETILEA (Accession no. KJ522491) &4l
Alesidudanumiioustsening 99.06-100% druwiladndiuau 11 dweds (sveely 4
fvENe Lagssugidnde 7 med1s) anumileutumila Haematopinus sp. 31nUszIne

U (Accession no. JQ309927) IneiiAtuasifuiainuinilousening 99.46-99.87%

A1 20 LAAINANITIILUNVTAVD WA NATLAUIINHUN 3 Taninueslseinelne

AN5AMUNVUAVBUWIALAEINALA PCR

Y. AUIUAIDE1S (185 rRNA)
I

(n) H. quadripertusus (n)  Haematopinus spp. (n)
19 fafude 19 fLANe

el 99 7 88 q -

L9518 7 \ . - 7

YATTIVAUN 3 p 3 - -

7 91 4 7

324 109
98 11
- linusiegn

4.2.2.4 namstunsideuveneavaduiianalelnddu 185 rRNA vas
wila
suihedlelndvesdy 185 rRNA weamila  ldvhnistuvevneautunzden
(accession  number)  wauulavndegl  legldlusunsuesulall  Bankit
(https://www.ncbi.nlm.nih.gov/WebSub/)  tilensendeyauavimeunsdoyadduiinale
nddu 185 rANA voamlaiivaniiui 3 fwinvesustmalveadugudoyaaina NCBI
(GenBank) lnenansvemneiaeiunzideuvosiiogsianun 109 fegha e MK734185-
MK734293
4.2.2.5 uamsainauazdiaseiununiauliidnuinis (Phylogenetic
tree) vouulA
NsafIuNugITTauINsIIndeyadinuiiandlatnaaingu 185 rANA Y89
wlanievan neldlusunsuseulat] IQ-TREE (http:/igtree.cibiv.univie.ac.at/) Fsi1muun
LuUSIaeveInIsenuiisfudiedlelnduuy maximum-likelihood wazld bootstrap test

FIuu 1,000 50U MnUuRaNMIasauruinuliasdalagldlusunsy FigTree version 1.4.4
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WeguarUsusULuUYetLnu)inunfe s lagazvinn1siuseulileuiu reference

6 1 =S

sequence YD AL LAE T W U 39139 A8 Haematopinus sp. (acc no. JQ309927),
Haematopinus quadripertusus (acc no. KJ522491), Solenopotes capillatus (acc no.
MH377327), Linognathus vituli (acc no. JX401573), Haematopinus tuberculatus (acc
no. GU569180), Haematopinus eurysterunus (acc no. HM171381), Haematopinus suis
(acc no. HM171379), Haematopinus pacochoeri (acc no. AF385058), Linognathoides
marnotae (acc no. AY630465), Neohaematopinus neotomae (acc no. HM171414),
Bovicola bovis (acc no. JX184911) uag Pediculus humanus capitis (acc no. AF139484)

NnuNLgTITamsveamlafiuaaslunmil 17 awnsadesesiiinmnisyeam
Tald dlefioushogranleavia 109 freg1eiu reference sequence sumiisEu 185 rRVA
youmlaaeiuging q annsousnsregiamlasendu 2 ndu edwdaau fo nguil 1 3
wnla 98 feee dneglungy Haematopinus quadripertusus (Accession no. KJ522491)
winuidiwla 1 feg1e code  HK2-5  wgnNeanaNnguves  Haematopinus
quadripertusus \eldvinnsiitsuidudifuiiandlelnddusediadulungudetuuds wui
finruuanisindegnaduluvisdiwniava  uagiidilusunsy  BLASTN  wuihiiaona
Wilauiu Haematopinus quadripertusus (Accession no. KJ522491) 99.06% LLazﬂchuﬁ 2
fmla 11 feg1e Ineglunay Haematopinus sp. (Accession no. JQ309927) uazinilaly

nqun 2 denuiertesinaddniuatenug Haematopinus tuberculatus (Accession no.

GU569180)



Haematopinus_sp_code_HEE1-6_isolate_from_Chiang MMai MET731288_
Haematopinus_sp__code_HKEL-5_isolate_from Chiang Mai  MEF34293_
289_

Haematopinus_sp__code_HKEL-1_isolate_from_Chiang Mai_ MET3
JQ309927_1_Haematopinus_sp_

Hasmatopinus_sp__code_CR?_isolate_from_Chiang Rai_MET34189_
| Haematopinus_sp_code_CR1_isolate_from_Chiang Rai_ MET34188_
Haematopinus_sp__code_CR5_isolate_from_Chiang_Rai_ME734192_
Haematopirms_sp__code_CR4_isolate_from_Chiang Rai WEF34191_
Haematopinus_sp__code_CR3_isolate_from_Chiang Rai MK734190_
Haematopirms_sp__code_CR7_isolate_from_Chiang Rai WEF34194_
Hasmatopinus_sp__code_CR6_isolate_from_Chiang Rai_MET34193_

Haematopinus_sp__code_HEE1-3_isolate_from_Chiang Mai_ MET34285_
GUBs9180_1_Haematopinus_tuberculatus_
Haematopinus_quadvipertusus_code_HES-3_isolate_from_Chiang IMai MEF34234_
Haematopinus_quadripertusus_code_HK1-11_isolate_from_Chiang_Mai_ WMK731251_

B faematopinus_quadripertusus_code_HIK4-1_isolate_from_Chiang Mai_MET34378_
& Haematopinus_quadiipertusus_code HE2-4_iselate_from Chiang Mai MK734228_
|- Haematopinus_quadripertusus_code_HK4-3_iselate_from_Chiang Mai_MK734280_
{~ Haematopinus_quadvipertusus_code_PS1-4_isolate_from_Chiang Mai_ MK734198_

Haematopinus_quadripertusus_code PS1-7_isolate_from Chiang Mai_MKT31201_

Haematopinus_quadripertusus_code_HE2-6_isolate_from_Chiang Mai_ MK734230_
Haematopinus_quadripertusus_code_HE4-5_isolate_from_Chiang Mai_MIT34239_
% Haematopins_quadripertusus_code_HE4-6_isolate_from_Chiang Mai WMEF34240_
- Haematopius_quadripertusus_cods PS1-5_isolate_from_Chiang Mai MEK734199
{  Haematopinus_quadripertusus_code_HK2-14_isolate_from_Chiang Mai_ MK731265_
# Haematopinus_quadripertusus_code_P52-9_isolate_from_Chiang Mai_ MK7T34213_
— Haematopinus_gquadiipertusus_code_HE3-5_isolate_from_Chiang Mai_ MK734270_
s Haematopinus_quadiipertusus_code_HE3-1_jsolate_from_Chiang IMai_ MK734232_
i Haematopinus_quadripertusus_code_FS3-3_isolate_from_Chiang Mai_ ME734218_
P Haematopinus_quadiipertusus_code_HE3-2_isolate_from_Cldang_hai_ MK734233_

by Haematopins_quadripertusus_code HIO-7 isolate_from Chiang Wai_ MK734258
3 Haematopinus_quadripertusus_cods HE2-8 isclate_from_Chiang Mai_ MK734259
§ Haematopinus_quadvipertusus_code_PS2-3_isolate_from_Chiang IMai_ MKT34207_
fr Haematopinus_quadripertusus_code_PS3-4_isolate_from_Chiang Mai_ ME734219_
Haematopinus_quadriperhisus_cods_PS1-1_isolate_from_Chiang Mai_ MK7T34195_

b Haematopinus_quadripertusus_code_P51-2_isolate_from_Chiang Mai_ MKT3419%6_
L Haematopinus_quadripertusus_code_HEK2-2_isolate_from_Cliang Mai_MET34253_
b Haematopinus_quadrip ertusus_code_P52-2_isolate_from_Chiang Mai_ MKZ34206_

Haematopinus_quadripertusus_code HE4-2 isolate_from_Chiang Mai WK734236_
Haematopirs_quadripertusus_code_PS53-6_isolate_from_Chiang Wai_ MKF34221_
% Haematopinus_quadiipertusus_code HE4-1_isolate_from_Chiang IMai MK734235
L. Haematopinus_quadripertusus_cods_HK3-10_isolate_from_Chiang Mai_ MK73

[ Haematopimus_quadiipertusus_code_HE4-3_isolate_from_Chiang Mai_ MET34237_
- Haematopinus_quadvipertusus_code_F52-10_isolate_from_Chiang Mai MEF34214_

Haematopinus_quadripertusus_code_HE3-2_isolate_from_Chiang WMai_ WME734267_
3 P qt p -

Haematopinus_quadripertusus_code_HK3-7_isolate_from_Chiang Mai_MET34372_
? Haematopinus_quadripertusus_code_HEL-1_isolate_from_Chiang Mai_ MK734222_
Haematopinus_quadripertusus_code_HE1-2_isolate_from_Chiang Mai_MK734223_
M Haematopinus_quadripertusus_code_PS2-1_isolate_from_Cliang Iai_ MKF34205_
Haematopinus_quadriperbusus_code_PS2-11_isolate_from_Chiang Mai_ MKT34215_
F Haematopinus_quadvipertusus_code_HK1-2_isolate_from_Chiang Mai_ MEF34242_
; Haematopinus_quadripertusus_code HK2-10_isolate_from_Chiang Mai_MET34261_

Haematopinus_quadripertusus_code_HK2-11_isolate_from_Chiang Mai_ME734262_
L Haematopinus_quadripertusus_code_HE1-3_isolate_from_Chiang Mai_ MKT34224_
Haematopinus_quadvipertusus_code_HE2-7_isolate_from_Chiang IMai  WEF34231_
Haematopims_quadiipertusus_cods HK3-1_isolate_from Chiang IMai  MKF34266_
34238_

Haematopinus_quadripertusus_code_P52-6_isolate_from_Chiang Mai_ MK734210_

* Haematopirs_quadripertusus_code_HEE1-4_izolate_from_Chiang Mai  ME734286_

i Haematopinus_quadripertusus_code_HE4-1 isolate_from_Chiang Mai_ VK.

Haematopinus_quadripertusus_code_HKBA-2_isolate_from_Chiang Mai_ ME734290_
Haematopirs_quadripertusus_code_HEEL-b_izolate_from_Chiang Mai MEF34287_
Haematopinus_quadripertusus_code_HK2-1_isolate_from_Cliang Mai_ MKF31252_

Haematopinus_quadripertusus_code HK1-2 isolate_from_Chiang Mai_MIKF34279_

Haematopinus_quadvipertusus_code_HE2-2_isolate_from_Chiang Mai__ME734226_
Haematopinus_quadripertusus_code_HE2-12_isolate_from_Chiang IMai WEF34263_
| Haematopinus_quadvipertusus_code HK3-1_isolate_from_Chiang Mai_ MKT34276_

ﬁ Haematopinus_quadripertusus_code HE2L isolate_from Chiang Mai_MET34225_

Haematopinus_quadripertusus_code_P52-5_isolate_from_Cliang Mai_MKT34209_

5

Haematopirms_gquadripertusus_code_HE2-5_isolate_from_Cliang Mai_ ME734256_

HMI171379_1_Haematopinus_suis_woucher GLA_MI2_
AF385058_1_Haematopinus_pacochoeri_
5 TX184911_1_Bovicola_bovis_

]

WH377327_1_Solenopotes_capillatus_
TX401573_1_Linognathus_vindi_

HMI171414_1_Meohaematopinus neotomae_voucher Neneod 16_2008 6_

ar

Haematopinus spp.
- closely related to
H. tuberculatus

Haematopinus_quadripertusus_code_CL3_isolate_from_MakhonRatchasima_ MEF34187_
g~ Haematopinus_quadvipertusus_code_CL1_isolate_from_MakhonRatchasima_ WEZ34185_

Haematepinus_quadipertusus_code_F§1-6_isolate_from_Chiang Mai_ MET34200_

AY236413_1_Pedioulus_nmmanus_capitis_ Out_group_
|- AY630465_1_Linognathoides_marmotae_voucher_Lomar_2_4_2002_5_

[

JUN 16 uanamadnseiuugiiduliiinuinisvesnialunisnwiassilanndiegiaumia

MR 109 fege Ineliguiu reference sequence AMNAUAUIEU 185 rRNA YoamlA

ARUSHN 9
9



a8

4.3 mansnsreuuaiiSenolsa uas Tudegnamnlalaewmaiin PCR
¥msasamdouuailiienelsaiie Bartonella spp,, Rickettsia spp. was
Acinetobacter spp. 210679879 DNA yaamlasuauimun 109 fegh evunasiam
L%au:umﬁL%&Jﬂ'ai'mimai%’ﬂlwama%ﬁaﬁ"anwiavﬁaLwiamjﬁm dwsuie Rickettsia spp. finw
vusumtsiu oltA Tunsasiawide Acinetobacter spp. ¥msAneuuswmatsi rpoB
Fanui llansoasianudens 2 viailusietis DNA vaumila dmiunsnsianite
Bartonella spp. 93¥n150 99U 2 funs wagldlwiwes 2 4 ainduvedu oltA T
Naue9 PCR product Juuiausenn 379 bp (gﬂﬁ 17) wagiiioidunisBusunadaldvinnis
A379@e Bartonella spp. VuBudnnileiiumis Aoty rmoB dawawes PCR product Sauna
Uszuned 406 bp (E‘Uﬁ 18) Tnewudnnaila PCRANNNSaRTIINULTD Bartonella spp. u
A10819 DNA 989mla 91uu 25 §10819 (Szezlusiuiu 3 fede wagssuzdnfuie
$1uau 22 fee1a) andaegaimun 109 fege FsRnlu 22.93% Tngaunsonsany

dy U 1 = LY gj =
Wolumegruneaiung 2 u

10879 DNA 983ilATNRTanuULe Bartonella spp. 31U 25 A19818 @111TONY
o Bartonella spp. lwwnlaanewug H. quadripertusus 311U 22 #1979 1MNFIBENTN
seyidumnlaaneiug H. quadripertusus 3auau 98 fege Ay 22.45% Faiu
Y ' A & [ v A 1 I o Y 1 U @ & o
fgninuandwiadeding  (sregludung 2 fedlasszezduduisdiuau 17
f8E19) warandaninuasTvdun (ssegdifuiadiuiy 3 fleene) wazaunsanudeluwn

s

Tpaneug Haematopinus spp. 91U 3 feg anfegeiiszydndumlaanenug
Haematopinus spp. 1w 11 @aeene Aalu 27.27% leeidumegrsinuaindamin
a 1 1o Y 1 [ v A Y @ @ o Y 1

Wedlud (szezlidiuau 1 Mwg1e) wagandanindesss (Szuzdufuisdiuiu 2 feg)

AILAAIIURITIN 21
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M1597 21 WARINANIIASIANWTE Bartonella spp. Tudidueimlauusiiunusdu oltA uay

rooB lngldnatin PCR

H. quadripertusus (n) Haematopinus spp. (n)
5’\1‘“'3’9] ] o < [ 1 £ < s
1o ANANY 1o ANAUIE

el 2/7 17/88 1/4 -

L9518 - - - 2/7
UATFIVAUN - 3/3 - -

22/98 3/11
594
25/109

U TIUIUAIDYTINULYD/TNUIUFIBE NTINUATINGID; - 1 BINUAIDE

MPN12 3 4 5 6 7 8 9 10 11 12 13

1000 bp
700 bp

500 bp
400 bp
300 bp

JUT 17 HaN15RTIn N0 Bartonella spp. Tufiee1e DNA vaamnlauusumnidagu gltA

lnewalian PCR
- Lane M @@ aLﬁmammgm (DNA marker) 100 bp, Lane P A Positive control, Lane N

Ao Negative control (ﬁﬂﬂﬁ"u), Lane 1-13 fia PCR product 1838u ¢ltA veL¥e Bartonella

spp. Tus9819 DNA voamila
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1000 bp

700 bp
ettt & — 406 bp

gﬂﬁ 18 nam3AsI9MAe Bartonella spp. Tufee19 DNA 283 lAauuaILmnlsEU rooB
Ineiaila PCR

:Lane M A® aLﬁuLammgm (DNA marker) 100 bp, Lane P i@ Positive control, Lane N
A9 Negative control (ﬁﬂﬂgu), Lane 1-8 Ao PCR product Y848 rpoB ¥eade Bartonella

spp. Tt DNA va4unla

4.3.1 n1sasavdaulaauvananaiafoule laewaila Colony PCR

MndumsunE s RS wouw Uy oltA uay rpoB me3s PCR
LazN1IRTIEEUNaledE Gel electrophoresis ndwnntdwhnsideusedudniy oltA
4% rpoB WU pGEM-T easy vector Tnaidenintuman DNA ligation 1niuviinnsane
Tounanadinfiuiaiing competent cell fronislémudou (Heat shock) uandlorluides
vuauitemsasatessiiudu  colony vewusiiBeEvnardi  Swhnisdaden
colony AunaumadausemAla colony PCR wazns19aausieds gel electrophoresis 34
Naad PCR product 1038U gltA taz rpoB Jvunuszunu 379 bp way 406 bp muafu

IngSeudisuivuaumduennsgIuawin 100 bp

4.3.2 wamailseuiiisuaauiinnalalnavasdu gltA uae rpoB fugiudaya NCBI

o WY a

a sal o o I a o 1 ] o - =
ﬁ’]@l'Uu’JﬂaIal‘V]fﬂ‘VWl']ﬂ'ﬁﬁ]ﬂLLWﬂLiEJ'UﬁE’]EJLLaUQWﬂUUQSUWNWLﬂﬁﬁJULWEJUQF’]'J’]N

pdnefuteyadduiiandlolnasiunusdy oltA wag rpoB wedte Bartonella spp. Uu
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1%

gudeya NCBI (GenBank) Tagldlusunsa BLASTN @alusunsuazuansamumiiomdy
Wosldua

wuidhegramlavianun 25 fregne (szeglisinu 3 feduarsves
FarSe 22 fegng) Aimsranuide Bartonella spp. Fanudelusonadoatui 2 Bu Taed
duwmisiu  eltd  WethlunBsudisuduaduinnalolndlugiudeya GenBank A
willounu Uncultured Bartonella spp. (Accession no. KJ522487) Fafanvesiduinnu
Willouagsening  99.21-99.74% wasfid By rpo8  fiamuwmiloutu  Uncultured
Bartonella spp. (Accession no. KJ522489) laedlanUssidudmnumiousswing 99.78-
100% Fadugreuianalelndvende Bartonella spp. finsaanulumilaiiiuanrisulauy

Tulszmedasea

4.3.3 namsvunzdevvanuneiavuaauiandlelnddu sltA uas rpoB veude
Bartonella spp.
dmdudsuiaalolvsuesdu eltA uaz rpoB veaie Bartonella spp. 169
nsBuveneiavtunzifou (accession numben) nndats Tagllusuunsuoeulal
Bankit Lleweunsdoyadiiuinadlelnddu el uas rpoB ¥00.80 Bartonella spp. T
Tafliuanniudl 3 Samdavesussmalneadlugiudoya NCBI (GenBank) Tngnan1sve
wineaviunsilouresinagieanun fie MK748474-MK748498 dm3uiu oltA uas

MK762880-MK762904 d@13UBU rpoB ssaIsiu

4.3.4 Han13a3uazIAsiuNugiaulidTauams (Phylogenetic tree) 20980
Bartonella spp. finsranuludaagns DNA wla
dmsunisaiauwnugiiaunisandeyadiduiiadlolnavesdiegns DNA
vaunilafinsanuide Bartonella spp. e oltA waz rpoB Tagldlusunsuseulal IQ-
TREE (http://igtree.cibiv.univie.ac.at/) Feinunwuusiasavaansunuiiaiduiiandlelnd
WUU maximum-likelihood wagld bootstrap test 47u2u 1,000 $9U nTunanisadig

4

uwnundauliiasUnlagldlsunsy FigTree version 1.4.4 aguazUSuULuUUv AL

[y

A v o = a o oA & ' ~
FIUNABINTT Iﬂ&JVl']ﬂ']iLUﬁEJ‘UL‘VIEJ‘UG']'J'E]EJ'NVW]?]‘UWUL%@IULLW@%EJHﬂU reference sequence
Y99 Bartonella spp. @18WUTHI
9
davsudrunusdu oltA leun Uncultured Bartonella sp. (acc no.

KJ522487), Bartonella melophagi (acc no. AY724769), Bartonella capreoli (acc no.
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HM167503), Bartonella clarridgeiae (acc no. MG384320), Bartonella rochalimae (acc
no. KU292571), Bartonella vinsonii (acc no. FJ946841), Bartonella koehlerae (acc no.
FJ832088), Bartonella grahamii (acc no. KC633099), Bartonella quintana (acc no.
HQO014627), Bartonella bovis (acc no. KR733183), Bartonella chomelii (acc no.
KM215692), Bartonella henselae (acc no. KX001762) wagBartonella bacilliformis (acc
no. DQ452939)

d15Sudtunudadu rpoB laun Uncultured Bartonella sp. (acc no.
KJ5224879), Bartonella alsatica (acc no. AF165987), Bartonella bacilliformis (acc no.
AF165988), Bartonella bovis (acc no. KF218224), Bartonella capreoli (acc no.
MH598362), Bartonella chomelii (acc no. KM215710), Bartonella schoenbuchensis
(acc no. AY167409), Bartonella melophagi (acc no. EF605288), Bartonella rochalimae
(acc no. DQ676489), Bartonella clarridgeiae (acc no. HQ012586), Bartonella henselae
(acc no. EF196806), Bartonella koehlerae (acc no. AY166580), Bartonella vinsonii
subsp. (acc no. EF196805), Bartonella e¢rahamii (acc no. KC633098), Bartonella
tribocorum (acc no. MH547335), Bartonella elizabethae (acc no. JF766249) i a ¥
Bartonella quintana (acc no. LC031778)

mﬂLLNuQﬁ‘iﬁ’wmmi%mL%a Bartonella spp. ﬁLLaﬂﬂugﬂ‘ﬁ 19 @198
Jnsziaduitaunislin  dedleushesamlafinnanudens 25 fegeiu
reference sequence TIRUVLSBY oltA uaz o8B 489 Bartonella spp. @18UgHN 9
wuhusugiAtaninsvesis 2 Bu anunsadnsogadu 1 nau egsdiaau fo fegram
Tafinraanuidorts 25 degns dneglundmientiu Uncultured Bartonella sp. du
reference sequence Uedustazil waziegney 2 Buferuduiudlnddatuaneius
Bartonella bovis Tagiduviisdu eltA Wuaneiusinsamiludealannussmmniaide

o

(acc no. KR733183) uasiisumiigu rpoB \uaeiugimuludennsedoandszmelne

(acc no. KF218224)
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K]522487 1Uncultured_Bartonella_sp._cloneHq
Uneultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolateHEE]-5_MET48197
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolateHE2-7_ME748484_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolateHE4-4_MET48488_
Uneulture d_Bartonella_sp._of_Haematopinus_sp._isolateHKE4-1_IVE748495_
Uncultured_Bartonella_sp._of Haematopinus_quadripertusus_isclateHK1-9_MK748492
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolateHE1-1_ME748482_
Uneulture d_Bartonella_sp._of_Haematopinus_quadripertusus_isolateHEEL-1_ME748496_
Uneultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolateHE2-4_ME748183_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolateHE3-3_ME748485_
Unculured_Bartonella_sp_of Haematopinus_sp _isolate CR5_MET48478_

Uneulture d_Bartonella_sp._of_Haematopinus_quadripertusus_isolateHK4-1_ME748495_
Uncultured_Bartonella_sp._of_Haematopinus_quadripertusus_isclateHE4-1_ME748486_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolateHE4-2_MET48487_
Unculhured_Bartonella_sp _of Haematopinus_quadripertusus_isolate CL2_MK748475_
Uneulture d_Bartonella_sp._of Haematopinus_quadripertusus_isolate CL1_MK748474_
Uncultured Bartonella_sp._of Haematopinus_quadripertusus_isclateHK1-6_MK748489
Uncultured Bartonella_sp_of Haematopinus_quadripertusus_isolateHIK1-8_MKT48491
Uneculhured_Bartonella_sp._of_Haematopinus_quadripertusus_isolateHE2-3_WE748494_
Uncultured_Bartonella_sp. _of_ Haematopinus_quadripertusus_isclateHK2-2_MK748493_
. Unculured Bartonella_sp_of Haematopinus_quadripertusus_isolateHK1-7_MK748490_

s, Uncultured_Bartonella_sp _of Haematopinus_sp _isolate CR3_MI7484
Uneultured_Eartonella_sp._of_Haematopinus_quadripertusus_isolatePS1-4_MET748479_
Uncultured Bartonella_sp._of Haematopinus_quadripertusus_isclateCL3_MK748476_
E *

Unculhured Bartonella_sp_of Haematopinus_quadripertusus_isolatePS:
Unculhured_Bartonella_sp._of_Haematopinus_quadripertusus_isolateP S
KI:733183 1Bartonella_bovis

AY724769 1Bartonella_melophagi
HIM167503 1Bartonella_capreol
KIV215692 1 Bartonella_chomelii

ar MG384320 1Bartonella_clarridgeiae
™ K2(001762 1Bartonella_henselae
= L Ku292s7liBartonelarochalmae
o F]832088 1Bartonella_koehlerae
i HQO014627 1Bartonella_quintana
KC633099 1Bartonella_grahamii
_+—; JF5234141
F]946841 1Bartonella_vinsoni A
DQ452939 1Bartonella_bacilliformis
002
KJ5224891_Uncultured_Bartonella_sp.
Uncultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_HE3-3_ME762891_
Uneulture d_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_P! |_IMKZ 62887 _
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolate_HK1-6_MK762895_
Uneulture d_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_HK1-9_ME762898_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolate_PS1-4 762885
Uncultured_Bartonella_sp._of Haematopinus_quadripertusus_isolate HKE4-1_MK762904_
Uneulture d_Bartonella_sp._of_Haematopinus_sp _isolate_CR3_MEFa2883_
¥ Uncultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_HE27_ME762890_
Uneulture d_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_CL3_WE762882_
%, Uncultured Bartomella_sp_of Hasmatopinus_sp._isolate_CR5_MET62881_
¥ Uncultured Bartonella_sp_of Haematopinus_quadripertusus_isolate_HE4-2_MET62893_
B Uncultured Bartonella_sp._of Haematopinus_quadripertusus_isolate_HE2-4_ME762889_
& Uncultured Bartonella_sp._of Haematopimus_quadipertusus_isolate_HE4-4_MET62894_
& Unculfured Bartonella_sp._of Haematopinus_quadripertusus_isolate_HE4-1_ME762392_
E Uncultared Bartonella_sp_of Haematopinus_quadripertusus_iselate HE23_ME762900_
4— Uncoultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_HK1-8_IVMKF62897 _
[ Uncultuwed Bartonella_sp _of_Haematopimis_quadripertusus_isolate_HK2-2_MK762899_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolate_HE1-7_MK762896_
Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolate HEEI-l_ME7E2902_
[ Unculiwed Bartonella_sp_of Haematopinus_quadripertusus_isolate_HE1-l_ME762888_
- s, Uncultired_Bartonella_sp._of Haematopinus_quadripertusus_isolate_CL1_MK762980_
Uncultred_Bartonella_sp._of_Hasmatopinus_quadripertusus_isolate HI4-1_WMKZ62901_
= (- Uncultured_Bartonella_sp._of_Haematopinus_quadripertusus_isolate_CL2_MEFe2881_
Uncultured_Bartonella_sp_of Haematopinus_quadripertisus_isolate_PS1-6_MK762886_
. Uncultured_Bartonella_sp_of Haematopinus_quadripertusus_isolate HEE1-5_ME7&2903_
L KF2182241 Bartonella bovis
MH598362 1_Bartonella_capreoli
= AY167409.1_Bartonella_schoenbuchensis
L K215710.1_Bartonella_chomeli
EFs05288.1_Bartonella_melophagi
a1 IH547335.1_Bartonella_tribocorum
1w l—: JF7662491_Bartonella_elizabethae
L KC6330981 Bartonella_grahami
AF165987 1_Bartonella_alsatica
EF196805.1_Bartonella_vinsonii_subsp
EF196806.1_Bartonella_henselae
-1 & AY166580 1_Bartonella_koehlerae

Y

NELNUIBU gltA (A)

LC031778.1_Bartonella_quintana

£ DQe76489 1_Bartonella rochalimae
_t HQ012585.1_Bartonella_clarridgeiae

AF165988.1_Bartonella_bacilliformis

al' a ¢ AY Y uaw & =
JUN 19 uanamadn s ugiiduliiinuinisveade Bartonella spp. insianulumila

wazdu rpoB (B) lneniiuuriu reference sequence ve4L¥e Bartonella

spp. @N8WUEHN 9 YeusazwILaEY
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a
unn 5
a ¢
d5UNauazITANAN1TINADY

PNMIFnwFvAtedadine o eatusiiaveslaidisanululsswmelnely
Fudeyaainanud Ussinalnelreiisganiinisiuunsiiavesmilaaniuisn 9 lag
AnYIUTEUMEUANUMTDUAIINANYDISN BN WANIWINGWBLUILA FIN15TMUNTTR
voumlalpglidnwarduginengndesuasudugiuduegivladern 9 Widy Wu
SYYLUDIAIDYIINLA, mmauyaaﬂmaaaifemha 5 Younila LarUszaunIsalALTIUILY
YaunAYINYT %qm'1ﬂ%é’ﬂwmzwmﬁmgmimﬂﬂumiﬁi’wLLuﬂ%ﬁmmLmiﬂiuswzéffgtﬁmi’a
finaganusaduunlddieniuwasianugndeminnitmilalussesdy q Wewinmilasses
é\’aLﬁmi’mzﬁé’ﬂwngUiNLLazImﬂa%’wumafmwi’N o NALU  wAN1SANYILNDTILUN
megramlaluszegly, sveviidou suludsmegamlanidnuaeusidliauysel Wy
o19lianunsaldanwasndugiuineilunisduunld  Weswnulalussezliuasssessn
I 1 a v a v 1 z.:l' 1 % % [ =3 1 = o 1
gouluisazyiindniidnuaesuianeuenireudameiuluegannivililiaiunse
o a [ dy < Ly} 1 o < F S Y] a
FIUNTRA L yonandnsiuegiamilaasyinnisinulaeluilafemiaonainusia
Amtiawada Fweravihlidegunuisdaiinnnudenietne Wy duvan wsedsiu
daiuenveniule dwavilivnlalusiegnaiu o ddnvaesuidliauysel 9139g
sodldrmudingdusgraunnlunsiunduuneiavieanvezliaunseduunsiialaeg
NdnuazdugIneld  aninautEuinlnsIuieyanisiwunsiiavesmilaly
Uszinalnediisan1sfinulagliniswSouiieuanvaemadugnuianenindy o9l
Aadgymuasiintediasng o lunistuunsdaveamilald wsismeiiahludnsdne
Puunviavesnlamfuainiiuiiine o vessenalnglagldnaianeiueningily
ez iedunisBudunnugnsesawaslinanisduunatiavesmiafiuiuggaduy Ty
AT lenanslm AUt unauLar NS IEmATA PCR UANWuusIwAlesy 18S rRNA

d' [V d' @ dy d' 1 cl' o d' I
Yol teszuaenuguelaliiuniuiine q lulsswelneigndesign wasilu
Ao o v a A a ° a

NATsusnldmaliansea@iimetunisdwunslinvesmnialulsemealne

Naa NS suLRsua1nuTiieale Insvassiagamlatudsuinealalnauy
g1udeya GenBank wud1 ndegamlanmitn 109 e ansanumnlald 2 ane

o a

Wug fie H. quadripertusus wag Haematopinus sp. FINMTAATIEVHANITIMUNYTHAWLA

sal o 1

INUHUNTIIANUINIG  (Phylogenetic tree) Wasranaduilipdlalnavidumisdy 185

a v

rRNA wuddduiiandlelnavesdieeganlaaneiug H. quadrpertusus Ainuluaided &
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ANUARIBARSTU  H.  quadripertusus  Miuanialulseinedasioa (Accession no.
KJ522491) (28) uawdeenamlaaneug Haematopinus sp. Minulunudded daw

ARNUARNNU Haematopinus sp. fivivanlalulssnadu (Accession no. JQ309927) (59)

v
s (%

& [y . = a v o 1 a [
wenanidlaanesiug  Haematopinus  sp.  Mnulunuddeildedneglunduimeiu
reference sequence vowwlAEIBWUS H. tuberculatus  iunlAluUsTInAgUY
(Accession no. GU569180) (60) &ve1aazanunsausuanladnmlalungy Haematopinus
a o dydqv al'al v v Y v Y 4 d! I3
sp. TwanAdeliniaunsndanuduiusinddaiuanenug H. tuberculatus F99NNSAY
mogaluueiuinuigiveshiulaiinmsdedeawaenssloliswiy  waswnaneiug H.
tuberculatus dwanndnagnulunszdoninnitla winaunsanululaliguiu Fedeyaves
¢ a ) ° a A a a '

A15ANBILNEINUNNTIIMUNTRAI TN VN AkaE NS TaluUsemalne Tn191897U731 WU
4 a’lﬂﬁuﬁ: lAuA H. quadripertusus, H. eurysternus, L. vituli, Waz S. capillatus Faduns
) a Py [ a d" a o dy < a =
Juunviinlpgldanvusnsdugiuinemenm (61, 62)  Funadeilduiienisfnw
4911 £ r-:l' [y aa v :.’1 Y] 1 :’/ ] Y] =3 (v d‘
Weswuigiuwugiiiawnsveamilanmun 109 megnissesliuasssessinauion
< d’lj ~ [ [ ~ v 1Y)
Auniui - 3 JadnvesUsewelng  WelinIuaunaINaIeNIeiugNIINYeLALe
agdlsfimuandedidnsng o Mnedesiuitannmssyaven@iivevesnnlalulssne
Inendaldneinsnenudduizndlolndveamilalilugiy  doyaseivaina  Faviluly

° v v A A P = o Aav A v
annsadmanlaanauideiluisuiisuiunavesnuidedu 9 Tuuszmalnela

& e ° A Y1 P v o = N v v a )

nsdendnwdurtsuvemilatunuidetd  Welmihnsfnwdududeyaieiu
mAdenTwunviavesmlalagldinaianieainet  wuiiivarganddenlavinisiin
wazesuenuInusumdsBululilapewfe Ao Bu Cytochrome C oxidase subunit | (CO/)
(63) wazbulutuadiea A 8u 185 rRNA waz EF-10 (37, 63) Nlagnuuildlunisdiuun
yiawazfnwanuanratenIsiugnIsussnInaeiuguesmle  Jduaideillaiben
ALY 18S rRNA 11 lunNSAEN®ITLUNTRA L1B9ANNHAIIWIFENINITTIBNUNBUNTNT
Ipszyidumisduliansaliiiuaiaadolunsduunaiisveanilalasgafiusz@vsnmn
(63) wavanusauansliiudiamnnisveanlald (64) wenanillugiu Jeua GenBank
Fanundd1euieale e laNeIwALagy 18S rRNA nvatgNuNlantkasdsnuiuy

I A o A P ~ o w a a o =
nnBuRunUdY 9 wlviinisifnugnivesaisuluannauiazinluAnwiain
a‘d‘ o 1

wanuateniugnssule Feluanwideilihasuiedlelnafidiunusdy 185 rRNA vaq

wnleaneiuging 9 lugiudeyamnldlunisesnuuulnswesglnindanuinnesdeviinues

(%
[y [y o

Y Y
winlAungatuieldluawidedl wasnaannnisAnwvesulsetyinlilonaaisuiiindlelng
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TisdumisBu 185 rRNVA veshethamlaiivaniiugl 3 Swtaluusandlneviomn 109
foga deldtungdoul udlugiudoya GenBank
nsasamdeuuaiiienelsalushognamla cuiseildnulneldineda PCR e
ﬁfmfﬁmaawu,%a Bartonella spp., Rickettsia spp. Wwa¢ Acinetobacter spp. %QL%@%& 3
fuﬁmfﬁmmﬁﬁagmqmiwa]éLﬂuasmmﬂLLazmmsaﬁmiaImmumqLme@ijﬁaﬂﬁLﬁu
W Wy Wi o daduusanmeueniinulddesuusshveda naannsanwuiige
Rickettsia spp. Wag Acinetobacter spp. Lignansansranuluineganlaaneidded us
nsAnuASiEnsansanuEe Bartonella spp. lushegnamila 25 §eghe anmwila
Wan 109 faeehs Ingldlwswesisime 2 g louA fumisdu eltA uay rpoB 1iesanndl
enunsaTanuderiailumlauasienvedanneiddeiu q nuhisumidu 2

suwntsilannsainunldfnwanuvainiaievesteriinilaananuazaiunsnssustinues

a

X vy ~ av e A P Ao ° oA & Y a v
Wolavannvanedign  WIdetiladendnwingy 2 sundsieidunistudunanuide
Y o 1 a av X & ) |
gneieednAss Fude Bartonella spp. MnsyanuluanAdell awnsanunsluimegralaany
Wuﬁ: H. quadripertusus Wwag Haematopinus sp. ﬁﬁmmﬁuﬁuﬂﬂﬁmﬁumﬂﬁuﬁ: H.
tuberculatus yililanaaauilndlolnavesdu oltA wag rpoB vee Bartonella spp.
A o P ~ U o v a p ¢ Y] ' a & A aou X
disvhnsilSeuisuivaduiiedlemauugiudeya wuhalisveaeinmanuluanided
fPnumdnendaiu  Uncultured  Bartonella —spp.  wmessianuluwnlaaieiug  H,
quadripertusus  AiuaInUSINYLUTIBdlAluTsUlAuLUsTInAdasea By oltA
Accession no. KJ522487 wazdu rpoB Accession no. KJ522489) (28) uanainilafutiang
Tolnauesu gltA uag rpoB e Bartonella spp. lumuideidinnuduiusinadniu B.
bovis strain 1724598 dwensiranuluidenveslaanuseimanaide  (Accession  no.
KR733183) (11) naznuluidanvainszloanusemeing (Accession no. KF218224) (18) %4
& I Aa A ° Aa a a | I3
\We Bartonella spp. Juwupilisefiannsamsstinuaziasaaulalaluynadunieluwad

o

a ada . . 1 ! 3 dy b 1
Y993WWIn (Facultative intracellular) dyusnnulalungudnifesgnaeusiasnguves

Y
[

LUAIQALERN LU LAY, W, hiln wagSurleensne (65) Nswuide Bartonella spp. lulaweil
N133e9UIANTATRNUT 3 @rewug laun B. bovis, B. schoenbuchensis uag B.

chomelii wsipgnslsfimudlifisnenuingens 3 ateudlanunsanelsaluuyudld (66)

= 1 1 a & v a A [ ! & &
LAZHIIYIUNRIINTAALD Bartonella SpPp. mmmaa@maamﬂuwmxmamamsuaulﬂa

&

o

uywduazdnlfesgneieulld Wy We B henselae @nunsnfAnfoINMIALLIENEITS

ol

o

Ctenocephalides feli — wagiwe B. quintana NENWNTORARDNIUNINAIAIGIENINUG

ol

Pediculus humanus (67, 68) wazuenanidulinnuynveside Bartonella spp. N0
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AsANUINEenvamuiuInnkasnulaluvaeUsswalawe@eng Susaniduslasiuly

fawaUszme @ul. a1y 11.9%, e 11% uaziunwn 9.6% (69) Feluuszndalnedivane

' '
a v A =

mmf\]awﬁﬂmmmﬁ'uﬂmmmifiaiimau%a Bartonella spp. wunludevdaiaznoliin
lsaifosthe fildge swdsenmsifeysilasniau endocarditis) Tudniduleariuaz
Fnitndivlsa (70, 71) Fafisnenunsasanuide Bartonella spp. ELULa‘EJ@IﬂﬁfIE‘j‘Uﬂ’IW
wBeussiAndu 10% (S1uau 4 e 990 40 FaeE1s) wasaTwuTeaneus B. bovis 7

aunsainnziagelsandegrsdennsyielulsesmalng Aadu 6.8% (31U 7 fI9e1e 210

103 deg)  (18)  egwlstanudeyafingldszyinmlaiinnuiesdesiunisfinge

v a Y o

Bartonella  spp. lunyuddaiivednintumsfnuilulsunalve  Fannisfinwinaves

Y A a 1% A ~ S Ao =~
s 9 Mfeades wulwdie Bartonella spp. fimnugngluvansiiuiivalanuasdl
1y A vy ! % a a &
ﬂquﬁaqﬂﬁaqUWqQWUﬁqﬂiﬁu LN@l@@JﬂqigﬁT‘ﬂW‘UIUﬂQNGU@QLLﬂJaQGU']Ua@QﬂmLa@@WLUUWWVW
Y ) | | & \ = P
mlananfeggy anuynreatie B, bovis lulaliseaumsasranulumanedszimea leun

59Na 24.2% (13), dSued 59% (72), uazluuaus 6.8% (12) %aluaw%’gam‘%mﬁiwmu’h B.

[ a

bovis fidnsnsaaenunndniuluusiaziunginig uaglusguadneifedidnsinisinigess

o«

fal & a

B9 81-96%, SgAlsdun  824% (73) wariiszvemadesionsnishneniign Andu

41% (17) dnluniveriBmsingewuaiiieluniasariddiduimsuiuuiuen  ued
av A AN v & <) v a & da v s & Y Ay A
MATedy 9 Neliutenudululeaninisiaeninunandn imduuassilsaviednlay
nsUuleuludwindeu (37) Faveuuafisenslialiena wauisaaenenluduuasidu
TP UMNIRUENTINAINTUMIEIUgNMau (vertical transmission), N1swawg, n15AuY
9IMNIIWAY Uarn15duiagan1se Twanddetianunsansianue Bartonella spp. MSlumn
lnszezlivazszeziniudy  onaunsoldilunadeyaid A ieativayuainulululeng

Worllataunsasenendssieainiuuiligiuanaiuesuuasla
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Afugamgll 20°C

n1SWIENENTazane TB (Transformation Buffer) Y3815 100 ml

10mM HEPES 0.2383 g
15mM CaCl, 0.1665 g
250mM KCl 1.8637 ¢
55mM MnCl, 1.0880 ¢

Fo38Y T SNmNAlElLTINLAT VWM 100 ml (BnLIl MnCl, 8LANANaT) avaneaien
nAUNHIUNSIE oA wazinluusu pH Tilaawwindu 6.7 waideld MnClL, N199l7 W@

nauliAsuUSLI®S 100 ml 91nUUYINNSE b EsaraeNauiuf kagyinn1snIaakudlaly

a

yaaaAnatadmn vuin 50 ml Iaeld Sterilized filter LAUNMLEUaUMARN 4°C

Y 9 Y
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17. n15w38u Competent cell I1nuuAL3e E. coli
Houuaiiide E. coli anesug DH5OL
LB agar plate (liildyn Ampicillin)
SOC
TB solution
Dimethyl sulfoxide (DMSO)
WinTeu
1. thidouuediSe £ coli aeWug DH5OL a1 streak UuesABIte LB agar #illlden
Ampicillin itelsilslelaiiien q valug incubator figaumgdl 37°C 1uian 16-18 dalug
2. yhnsdpued starter Tnodorlalathiien q s1uu 1 leladl WRuiiudedenndedy
SOC U3ims 4 mi Tnsidedumaesunn 15 mt shludufigamad 37°C lunfounen Tng
EFIEAIET 170 rpm 481087 16-18 Halus
3. w3guYIngUsNy (Erlenmeyer flask) wwin 500 ml friunstissindouds vhmsuvamed
starter U3ums 500 pl anidiedlu SOC Usims 100 ml wilutsdtoamafi 17°C Tuedes
e Taglwgndoanuida 170 rpm e 6-12 2l eosdanamnugu MNeNSIEL

odtlaanusausuanusalunisiwgudy 180-200 rpm wazusugamaiiilu 18-19°C 1a
4. Yaen Optical Density (OD) liildFuszanas 0.4-0.6 Fsagldinalunisunussana 1-2 Ju

5. ialeA OD Nidean1s Tinewadumwudlarasnnaiain au1n 50 ml 31U 2 1asn wan

lvdunnezneuiigamall 4°C musy 4,000 rpm Wuan 8 wiil Weasunanbih
29NNNULTNWISIUA 31NTUNeMNSRELTRReMEANIS AN UATNBUTBATAR LS

6. Wuansavaty TB USums 16 ml aslunaesiiiingneuwaduavnauiulagldUiungauasun
9 egnTIAsIieiwadnzaed ntuilllusnazneunaamgll 4°C Ausa 4,000

I a oA v &

rom tJuan 8 w1l Weasuanlimansazaisiis

7. Wuasarate TB Usums 4 ml waskaniulaglitiungaiuasun o sgnsasuieliead
NT¥ANUA7

8. Auansazaly DMSO  Uswims 280 ul ldthiUmauiun 9  ududswadiilaldvasn

microcentrifuge iaanay 200 ul hiusnwigugamall - 80°C

N8R TUABUT 5 — 8 FRSENUULILTIINABALIAT g1 UTanassInsn
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Code Stage Organism Province Accession no.
CL1 Adult Haematopinus quadripertusus Nakhon Ratchasima MK734185
CL2 Adult Haematopinus quadripertusus Nakhon Ratchasima MK734186
CL3 Adult Haematopinus quadripertusus Nakhon Ratchasima MK734187
CR1 Adult Haematopinus sp. Chiang Rai MK734188
CR2 Adult Haematopinus sp. Chiang Rai MK734189
CR3 Adult Haematopinus sp. Chiang Rai MK734190
CR4 Adult Haematopinus sp. Chiang Rai MK734191
CR5 Adult Haematopinus sp. Chiang Rai MK734192
CR6 Adult Haematopinus sp. Chiang Rai MK734193
CR7 Adult Haematopinus sp. Chiang Rai MK734194

PS1-1 Adult Haematopinus quadripertusus Chiang Mai MK734195

PS1-2 Adult Haematopinus quadripertusus Chiang Mai MK734196

PS1-3 Adult Haematopinus quadripertusus Chiang Mai MK734197

PS1-4 Adult Haematopinus quadripertusus Chiang Mai MK734198

PS1-5 Adult Haematopinus quadripertusus Chiang Mai MK734199

PS1-6 Adult Haematopinus quadripertusus Chiang Mai MK734200

PS1-7 Adult Haematopinus quadripertusus Chiang Mai MK734201

PS1-8 Adult Haematopinus quadripertusus Chiang Mai MK734202

PS1-9 Adult Haematopinus quadripertusus Chiang Mai MK734203

PS1-10 Adult Haematopinus quadripertusus Chiang Mai MK734204

PS2-1 Adult Haematopinus quadripertusus Chiang Mai MK734205

PS2-2 Adult Haematopinus quadripertusus Chiang Mai MK734206

PS2-3 Adult Haematopinus quadripertusus Chiang Mai MK734207

PS2-4 Adult Haematopinus quadripertusus Chiang Mai MK734208

PS2-5 Adult Haematopinus quadripertusus Chiang Mai MK734209

PS2-6 Adult Haematopinus quadripertusus Chiang Mai MK734210

PS2-7 Adult Haematopinus quadripertusus Chiang Mai MK734211

PS2-8 Adult Haematopinus quadripertusus Chiang Mai MK734212

PS2-9 Adult Haematopinus quadripertusus Chiang Mai MK734213

PS2-10 Adult Haematopinus quadripertusus Chiang Mai MK734214

PS2-11 Adult Haematopinus quadripertusus Chiang Mai MK734215
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PS3-1 Adult Haematopinus quadripertusus Chiang Mai MK734216
PS3-2 Adult Haematopinus quadripertusus Chiang Mai MK734217
PS3-3 Adult Haematopinus quadripertusus Chiang Mai MK734218
PS3-4 Adult Haematopinus quadripertusus Chiang Mai MK734219
PS3-5 Adult Haematopinus quadripertusus Chiang Mai MK734220
PS3-6 Adult Haematopinus quadripertusus Chiang Mai MK734221
HE1-1 Adult Haematopinus quadripertusus Chiang Mai MK734222
HE1-2 Adult Haematopinus quadripertusus Chiang Mai MK734223
HE1-3 Adult Haematopinus quadripertusus Chiang Mai MK734224
HE2-1 Adult Haematopinus quadripertusus Chiang Mai MK734225
HE2-2 Adult Haematopinus quadripertusus Chiang Mai MK734226
HE2-3 Adult Haematopinus quadripertusus Chiang Mai MK734227
HE2-4 Adult Haematopinus quadripertusus Chiang Mai MK734228
HE2-5 Adult Haematopinus quadripertusus Chiang Mai MK734229
HE2-6 Adult Haematopinus quadripertusus Chiang Mai MK734230
HE2-7 Adult Haematopinus quadripertusus Chiang Mai MK734231
HE3-1 Adult Haematopinus quadripertusus Chiang Mai MK734232
HE3-2 Adult Haematopinus quadripertusus Chiang Mai MK734233
HE3-3 Adult Haematopinus quadripertusus Chiang Mai MK734234
HE4-1 Adult Haematopinus quadripertusus Chiang Mai MK734235
HE4-2 Adult Haematopinus quadripertusus Chiang Mai MK734236
HE4-3 Adult Haematopinus quadripertusus Chiang Mai MK734237
HE4-4 Adult Haematopinus quadripertusus Chiang Mai MK734238
HE4-5 Adult Haematopinus quadripertusus Chiang Mai MK734239
HE4-6 Adult Haematopinus quadripertusus Chiang Mai MK734240
HK1-1 Adult Haematopinus quadripertusus Chiang Mai MK734241
HK1-2 Adult Haematopinus quadripertusus Chiang Mai MK734242
HK1-3 Adult Haematopinus quadripertusus Chiang Mai MK734243
HK1-4 Adult Haematopinus quadripertusus Chiang Mai MK734244
HK1-5 Adult Haematopinus quadripertusus Chiang Mai MK734245
HK1-6 Adult Haematopinus quadripertusus Chiang Mai MK734246
HK1-7 Adult Haematopinus quadripertusus Chiang Mai MK734247
HK1-8 Adult Haematopinus quadripertusus Chiang Mai MK734248
HK1-9 Adult Haematopinus quadripertusus Chiang Mai MK734249
HK1-10 Adult Haematopinus quadripertusus Chiang Mai MK734250
HK1-11 Adult Haematopinus quadripertusus Chiang Mai MK734251
HK2-1 Adult Haematopinus quadripertusus Chiang Mai MK734252
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HK2-2 Adult Haematopinus quadripertusus Chiang Mai MK734253
HK2-3 Adult Haematopinus quadripertusus Chiang Mai MK734254
HK2-4 Adult Haematopinus quadripertusus Chiang Mai MK734255
HK2-5 Adult Haematopinus quadripertusus Chiang Mai MK734256
HK2-6 Adult Haematopinus quadripertusus Chiang Mai MK734257
HK2-7 Adult Haematopinus quadripertusus Chiang Mai MK734258
HK2-8 Adult Haematopinus quadripertusus Chiang Mai MK734259
HK2-9 Adult Haematopinus quadripertusus Chiang Mai MK734260
HK2-10 Adult Haematopinus quadripertusus Chiang Mai MK734261
HK2-11 Adult Haematopinus quadripertusus Chiang Mai MK734262
HK2-12 Adult Haematopinus quadripertusus Chiang Mai MK734263
HK2-13 Adult Haematopinus quadripertusus Chiang Mai MK734264
HK2-14 Adult Haematopinus quadripertusus Chiang Mai MK734265
HK3-1 Adult Haematopinus quadripertusus Chiang Mai MK734266
HK3-2 Adult Haematopinus quadripertusus Chiang Mai MK734267
HK3-3 Adult Haematopinus quadripertusus Chiang Mai MK734268
HK3-4 Adult Haematopinus quadripertusus Chiang Mai MK734269
HK3-5 Adult Haematopinus quadripertusus Chiang Mai MK734270
HK3-6 Adult Haematopinus quadripertusus Chiang Mai MK734271
HK3-7 Adult Haematopinus quadripertusus Chiang Mai MK734272
HK3-8 Adult Haematopinus quadripertusus Chiang Mai MK734273
HK3-9 Adult Haematopinus quadripertusus Chiang Mai MK734274
HK3-10 Adult Haematopinus quadripertusus Chiang Mai MK734275
HK3-11 Adult Haematopinus quadripertusus Chiang Mai MK734276
HK3-12 Adult Haematopinus quadripertusus Chiang Mai MK734277
HK4-1 Adult Haematopinus quadripertusus Chiang Mai MK734278
HK4-2 Adult Haematopinus quadripertusus Chiang Mai MK734279
HK4-3 Adult Haematopinus quadripertusus Chiang Mai MK734280
HKd-4 Adult Haematopinus quadripertusus Chiang Mai MK734281
HK4-5 Adult Haematopinus quadripertusus Chiang Mai MK734282
HEE1-1 Egg Haematopinus quadripertusus Chiang Mai MK734283
HEE1-2 Egg Haematopinus quadripertusus Chiang Mai MK734284
HEE1-3 Egg Haematopinus sp. Chiang Mai MK734285
HEE1-4 Egg Haematopinus quadripertusus Chiang Mai MK734286
HEE1-5 Egg Haematopinus quadripertusus Chiang Mai MK734287
HEE1-6 Egg Haematopinus sp. Chiang Mai MK734288
HKE4-1 Egg Haematopinus sp. Chiang Mai MK734289
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HKE4-2 Egg Haematopinus quadripertusus Chiang Mai MK734290
HKE4-3 Egg Haematopinus quadripertusus Chiang Mai MK734291
HKE4-4 Egg Haematopinus quadripertusus Chiang Mai MK734292
HKE4-5 Egg Haematopinus sp. Chiang Mai MK734293

M1597 23 ToyafiegNNNTIINULe Bartonella spp. warsiadunzidgudu oltA Vs

25 10819
Code Stage Host Organism Province Accession no.
CL1 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK748474
CL2 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK748475
CL3 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK748476
CR3 Adult Haematopinus sp. Uncultured bartonella sp. Chiang Rai MK748477
CR5 Adult Haematopinus sp. Uncultured bartonella sp. Chiang Rai MK748478
PS1-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748479
PS1-6 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748480
pS2-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748481
HE1-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748482
HE2-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748483
HE2-7 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748484
HE3-3 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748485
HE4-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748486
HE4-2 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748487
HE4-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748488
HK1-6 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748489
HK1-7 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748490
HK1-8 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748491
HK1-9 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748492
HK4-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748493
HK2-2 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748494
HK2-3 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748495
HEE1-1 Egg H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748496
HEE1-5 Egg H. quadripertusus Uncultured bartonella sp. Chiang Mai MK748497
HKE4-1 Egg Haematopinus sp. Uncultured bartonella sp. Chiang Mai MK748498
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M5 24 YeyafiegNnTIANULTe Bartonella spp. Waysiatunzileudu rpoB Nvun

25 1819
Code Stage Host Organism Province Accession no.
CL1 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK762880
CL2 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK762881
CL3 Adult H. quadripertusus Uncultured bartonella sp. Nakhon Ratchasima MK762882
CR3 Adult Haematopinus sp. Uncultured bartonella sp. Chiang Rai MK762883
CR5 Adult Haematopinus sp. Uncultured bartonella sp. Chiang Rai MK762884
pS1-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762885
PS1-6 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762886
pS2-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762887
HE1-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762888
HE2-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762889
HE2-7 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762890
HE3-3 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762891
HE4-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762892
HE4-2 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762893
HE4-4 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762894
HK1-6 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762895
HK1-7 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762896
HK1-8 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762897
HK1-9 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762898
HK4-1 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762899
HK2-2 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762900
HK2-3 Adult H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762901
HEE1-1 Egg H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762902
HEE1-5 Egg H. quadripertusus Uncultured bartonella sp. Chiang Mai MK762903
HKE4-1 Egg Haematopinus sp. Uncultured bartonella sp. Chiang Mai MK762904
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Abstract: Cattle lice are obligatory blood-sucking parasites, which is the cause of animal health
problems worldwide. Recently, several studies have revealed that pathogenic bacteria could be
found in cattle lice, and it can act as a potential vector for transmitting louse-bome diseases.
However, the cattle lice and their pathogenic bacteria in Thailand have never been evaluated. In the
present study, we aim to determine the presence of bacterial pathogens in cattle lice collected from
three localities of Thailand. Total genomic DINA was extracted from 109 cattle louse samples and
the Polymerase Chain Reaction (PCR) of 185 rRNA was developed to identify the cattle louse
Mareover, PCR was used for screening Bartonella spp., Acnetobacter spp., and Rickettsiaz spp. in cattle
lonse samples. The positive PFCR products were doned and sequenced. The phylogenetic tree based
an the partial 185 rRNA sequences demonstrated that cattle lice species in this study are classified
into two groups according to reference sequences; Hasmatopines quadriperfusus and Haematopirs
spp. closely related to H. tuberculatus. The pathogen detection revealed that Bartonella spp. DN A of
gltA and rpeB were detected in 25 of 109 samples (Z293%) both egg and adult stages, whereas
Acinetobacter spp. and Rickeftsia spp. were not detected in all cattle lice DM A samples. The gltA and
rpob sequences showed that the Bartomells spp. DNA was found in both H. quedripertusus and
Haewratopinus spp. closely related to H. tuberculstus. This study is the first report of the Barfonella
spp. detected in cattle lice from Thailand. The finding obtained from this study could be used to
determine whether the cattle lice can serve as a potential vector to transmit these pathogenic bacteria
among cattle and may affect animal to human health.

ords: cattle louse; Barfonella spp.; 185 rRNA; oltA; rpoB; Thailand
Spp g Fpo
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L Introduction

Cattle lice are obligatory blood-sucking ectoparasites, which is an obstade in the health and
product performance of livestock [1]. Two major families of lice have been found on cattle;
Haematopinidae family, including Haematopinus enrysternus, H. quadripertusus, H. tuberculafus and
Linognatidae family; Linognathus vitull and Solenopotes capillatus [2]. Espedally, the cattle tail blood-
sucking louse, H. guadripertusus, is commonly found to infest on the cattle tail hair and is widespread
in tropical and subtropical regions [3]. Lice infestation are a common cause of animal health and they
can be responsible for economic losses by inducdng pathophysiological changes in their hosts,
including weight loss, skin infections and damage, loss of wool or hair due to scratching, and can
cause mild to severe anemia [4]. In Thailand, the domestic cattle and buffaloes lice were reported in
15 provinces of central, eastern, northeastern and southern regions, which were identified as H.
enrysternus, H. quadripertusus and L. vituls [3]. 5. capillaties was first reported in Tak Provinee, Thailand
by Changbunjong et al_ (2009) [6]. The relevant information on pathogens in association with cattle
lice, their hosts, geographic distribution, seasonality, and assodation with human or veterinary
diseases is limited. Currently, several reports suggested that cattle lice are potentially vector of
bacterial pathogens, including Bartonella spp. [7-9], Acimetobacter spp. [10], Bicettsia spp. [10,11], and
Coxdella burmetii [11]. A study reported by Gutiérrez et al. (2014) demonstrated that Barforells spp.
infection in cattle lice; H. quadripertusis, and cattle blood from Israel Moreover, B. boris infection has
been reported as a pathogen which causes endocarditis and bacteremia in cattle, and the 5. hemselas
infection is the most common cause of cat scratch disease and presents systemic infection and with
possible skin lesions in human [12]. The previous studies revealed that Rickettsia spp. were detected
in Linognathus spp.and H. surystermus from ruminants in Hungary [13,14]. Kumsa et al. (2012) showed
that difterent Acinefobacter spp. could be found in L oftell of cattle from the Oromia Regional State,
Ethiopia [10]. Acimetobacter spp. in human head lice collected from school children in Thailand was
also reported [13]. However, molecular techniques of cattle lice spedies and their pathogenic bacteria
in Thailand have never been investizated. In this study, we demonstrated the use of molecular
techniques for cattle lice spedes identification and detection of the potential bacterial pathogens in
cattle louse samples collected from different areas of Thailand. Information obtained from the study
provides fundamental data for the epidemiological study as well as the potential of cattle lice as a
vector of zoonotic disease in Thailand.

2. Materials and Methods

2.1. Collection of Lice from Beef Catfle

The study was approved by the animal research ethics committee of Chulalongkom University
Animal Care and Use Protocol (CU-ACUP), Faculty of Medidne, Chulalongkorn University,
Bangkok, Thailand (Mo. 005,2562). A total of 109 cattle lice samples consisted of 98 adults and 11 eggs.
The collections were conducted in three different areas of Thailand, including Chiang Kai, Chiang
Mai, and Makhon Ratchasima provinces. Lice were manually collected from the hair tail and arocund
the face of each cow. All spedimens were preserved and surface decontaminated in 7% ethanol and
transported to the Vector Biology and Vector Borme Disease Research Unit, Department of
Parasitology, Faculty of Medicine, Chulalongkorn University. They were then dlassified to the genus
level by morphological feature key [16,17].

232, DNA Exfraction from Cattle Louse

Cenomic DMNA was extracted from individual cattle louse, as follows. First, the louse was
washed once in 1 mL of sterile 1X phosphate-buffer saline (PBS) for 5 min for removing the 70%
ethanol, and then an individual cattle louse of each sample was homogenized in 200 pl of lysis buffer
G and 20 pL of proteinase K. The genomic DMNA was extracted using a DNA extraction kit, Invisorb®
spin tissue mini kit (STRATEC molecular GmbH, Berlin, Germany) following the manufacturer’s
instructions. Finally, the extracted cattle lice DMNA was obtained in 50 pl of elution buffer. The
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genomic DA was stored for long term at —20 *C until use in Polymerase Chain Beaction (PCR)
amplification.

23. PCR for Cattle Louse Idenfification

Conventional PCR was used for amplifving 155 rENA of the cattle louse. Degenerate
olignnncleatide primers were designed based on 185 rRNA sequences of the cattle lice obtained from
GenBank database (GenBank: KJ322491 for H. gquodrpertusus, GUS69180 for H. tuberculatus,
HAM171381 for H. ewrysterunns, and AY0FT774 for Limogmathus vitulf) as forward primer 5%
CCCCCAAAGCCTCATTAAATCAG-S, and the degenerate reverse primer sequences were 3-
CCTECAATCGATACTCGTTAAATG-3. The primers were synthesized by Bioneer Oligo Synthesis
Report Company (Bioneer Corporation, Daejeon, Korea). PCR reaction was set up in the final volume
of 25 pl containing approximately 50 ngful of extracted DRA, 10 pM of each primer, 10X Tag buffer,
25 mM of dNTPs, 25 mM of MzCland 1 unit of Tag DNA polymerase (Thermo scentific, Waltham,
MA, USA); double distilled water was as a negative control. PCE were performed under the
following thermal cycling conditions: An initial denaturation step of 95 °C for 3 min, followed by 35
cycles of 95°C for 1 min, 58 *C for 1 min, and 72 *C 1.30 min, with the final step of 72 *C for 7 min
{Figure 51). The PCR amplicons were determined by 1.3% agarose gel electrophoresis, stained with
ethidium bromide. The specific of PCR product were imaged under ultraviolet light with Cuantity
Cne Quantification Analysis Software version 452 (Gel DocEQ) Svstem; Bin-Fad, Hercules, CTA,
USA).

24 Detectiom of Bacterial Pathogens tn Cattle Louse DNA

The cattle lice DN A were used to detect bacterial pathogens by using the PCR assay. The PCHEs
were pertormed using previously reported primers targeting the gltA of Bartonedls spp. [18], the rpoB
of Acmetobacter spp. [19]. and the gitA of Rickettsia spp. [20]. For the PCR reaction, 5 pl of DNA
template was used in a total volume of 25 pl; the reaction mixture contained 10X Tag buffer, 2.5 mM
of dNTPs, 2.5 mM of MgCl, 10 ph of each primer, and 1 unit of Teg DMA polvmerase (Thermo
scientific, Lithuania, ELT). The PCR cycling conditions were as follows: Initial dematuration at 93 *C
for 3 min; 35 cycles of 93 °C for 30 s, 537, 60, and 55 *C for Bartonells spp., Acmetobacter spp., and
Rickettsia spp., for 30 s respectively, and 72 °C for 1 min; and the final extension at 72 *C for 7 min
{Figure 52). Positive and negative controls were induded in each experiment. The PCR amplicons
were confirmed by gel electrophoresis described above for louse. In order to confirm the species of
the Barfomella bacteria, all DMA samples were detected by using conventional PCR amplification
targeting a 406 bp fragment of RMN.A polymerase (rpoB) gene [21].

25 DNA Cloning and Sequencing

The positive PCR products were ligated into pGEM-T Easy Vector (Promega, Madison, WL
USA) using T4 DMA ligase. The DMA ligation was transformed into Escherichio coli DH3a and
screened using the blue-white colony selection system. The suspected positive colonies were
cultured, and the plasmid DMNA contained with the insert gene was isolated using the Invisorb® Spin
Plasmid Mini Kit (STRATEC molecular GmbH, Berlin, Germany) following the manufacturer’s
instructions. Sequencng was performed by a commerdal service in MACROGEN, Korea using a
universal forward T7 primer.

2 6. Sequence Analysis and Pliplogenetic Tree Construction

The nucleotide sequences were analyzed using the BioEdit Sequence Alignment Editor Version
725 [X]. The consensus sequences were analyzed by comparison with the nucdeotide sequence in
the GenBank database using BLAST search (httpsy//blast ncbinlm nih gov/Blastcgi) and all the
nucleotide sequences from this study were submitted to the GenBank database. The phylogenetic
trees were constructed using the maximum-likelihood method with IQ-TREE on the IQ-TREE web
server (httpy/figtree.dbiv.univie.ac.at/) with 1000 ultrafast bootstrap replicates. The best-fit model of
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substitution was found vsing the auto function on the IQ-TREE web server [23]. The phylogenetic
tree was finally viewed and edited with the FigTree v1.4.4 software.

3. Results

3.1, Morphology ard Molecular Ldentification of Caftle Lice

A total of 109 (11 eggs, 98 adults) cattle lice samples were collected from Chiang Mai (11 eggs,
88 adults), Chiang Rai (7 adults) and Makhon Ratchasima (3 adults). The morphological characters to
identity the species of adult stage cattle lice, showed H. guadripertusns (n =495) and Hesmatopinms spp.
(i1 = 3); whereas, the spedes of cattle louse egg was unable to be morphologically identified. The
molecular technique, PCK based on the partial 185 rENA was developed to identify the cattle louse
in Thailand. The portion of 125 rENA sequence was 7453746 bp. The results found 98 (7 eggs, 91
adults) samples clustered together with H. guadripertusus and 11 (4 eggs, 7 adults) samples of
Haematapinus spp. closely related to H. tuberculaties with short branch lengths, which were identitied
by the phylogenetic tree base on the 185 rRNA. (Table 1 and Figure 1). Sequence divergence was 01.2—
29% between H. quadripertusus and Hesmatopinus spp. cosely related to H. tuberculatus and 008-1.5%
between Harmatopinus spp. closely melated to H. tuberculafus and H. tuberculafus. The nucleotide
sequences of 185 rANA of cattle lice were submitted to the GenBank database, accession numbers
MEK734185-MK734293 (Table 51).

Table 1. Cattle Lice samples collected from theee diffecent arsas of Thailand.
Molecular identification of Cattle lice

Sample No. (n) (155 rRNA)
. i Hasmatopinus spp.
Frovinces . duls H. quﬂd;lfertusrﬁ closely related to
55 n H. tuberculatns (n)
Egz Adult Ezz Adult
C]‘Iiang Miai 11 55 7 HE 4 NA
Chi.a.ng Eai MNA 7 MA MA MNA 7
Makhon Ratchasima WA 3 NA 3 Ma A
Total 11 a8 7 91 4 7
109 a8 11

MNA: Mot available.
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Figure L. Phylogenstic tree of cattle lice comstructed from partial 125 rRNA sequences. The maxdmiem
likeliheod was constructed with IQ-TREE by using the maximum-likelihood method with 1000
ultrafast bootstrap replicates. The best-fit mode] of substitution was found using the auto function an
the IQ-TREE web server. The sequences from this study are indicated with a red colos.

32 Detection of Bactertal Pathoger i Eggs and Adults Cattle Lowse

In this study, we investigated the PCR of all 109 cattle lice DMA for Barfonells spp., Aciretobacter
spp- and Rickettsia spp. Only Bartonells spp. DMNA was detected in 25 of 109 (22.93%) samples. The
positive samples including three egg samples and 22 adult samples. Bartomells spp. DMNA was
detected by PCR targeting the gltA in 22 of 98 (22 45%) of H. quadripertusus collected from Chiang Mai
{2 eggs, 17 adults) and Makhon Ratchasima (3 adults). The Haemutopinus spp. cdosely related to H.
tuberculatns was detected in three of 11 (27 27%) Barfonella spp. DMNA from Chiang Mai (one ega) and
Chiang Rai (two adults). One hundred and nine of cattle lice were also confirmed by PCR using
primers targeting a 406 bp fragment of the rroB. The results showed 23 samples were positive for the
Bartonella spp. DMNA, which were the same samples positive for gitA (Table 2). The phylogenetic of
Bartonella spp. of gitA (Figure 2A) and rpoB (Figure 2B) from cattle louse were closely related to the
B. bovis. The partial nucleotide sequence of the gltA and rpoS obtained in this study was deposited in
the GenBank under accession number: MET48473-MET48498 and MEF6ZE50-MET6IHM, respectively
{Table 52).
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Table 2 Molecular detection of Bartonella spp. DNA of gltA and rpoB from cattle lice samples collected
from three different areas of Thailand.

Haematopinus spp. closely

. H. quadripertusus (n) related to

P RSt H. tuberculatus (n)
Egg Adult Egg Adult

Chiang Mai 27 17/88 1/4 NA

Chiang Rai NA NA NA 2/7

Nakhon Ratchasima NA 3/3 NA NA

27 2091 1/4 2/7

Total 25109

Number: Positive/Total sample tested; NA: Not available.

L T
L L el
(R —-

o it B B gt 30O
Bt Rerawaie 5 W qorguem 0 ol

s et § Y g VA -
Dttt Benrs A s v V3
s Brnnde 3 4 grgers 0N

(s by P a4
bt Sovmls 9 4 qubgeveme 1EWCET

Figure 2. Phylogenetic tree of Bartonella spp. from cattle lice based on partial gltA (A) and rpoB (B)
regions. The maximum likelihood was constructed with IQ-TREE by using the maximum-likelihood
method with 1000 ultrafast bootstrap replicates. The best-fit model of substitution was found using
the auto function on the [Q-TREE web server. The sequences from this study are indicated with a red
color.



Irarcts 2019, 14, 152 7 of 11

4. Discussion

In Thailand, the identification of cattle louse is based on morphological characters. The predise
identification depends on varous factors such as stage of the louse samples and the experience of
entomaologist. Adult stages can be identified more accurately by morphology. However, it may lead
to misidentification in case of immature stages such as eggs and nymphs of the cattle lice. As
previously mentioned, the identification of cattle lice in Thailand has been based only on
morphological characters which could be quite problematic. In order to solve this problem, we
demonstrated the wse of 185 rENA-FCR to identify the cattle lice spedes. To the best of our
knowledge, this is the first molecular identification of cattle lice in Thailand. The phylegenetic
analysis of 185 rRNA sequence of cattle louse revealed that H. quadripertusus was similar to the H.
quadripertusus from Istael (Accession no. KJ522491) [12]. The Haematopinus spp. in this study showed
similar to Hasmatopinus sp. NKU-011 from China { Accession no. JQ309927) [24] and dustered together
with H. tuberculafus from Japan (Accession no. GUS69180) [25]. Thereby, we assumed that the
Harmatopinus spp. in this study were Heemalopmus spp. closely related to H. fuberculatus. The
previous studies of domestic cattle and butfaloes lice in Thailand reported that H. enrysternus, H.
quadripertusus, L vituli, and 5. capiflafus were found by wsing taxonomic identification [5,6]. This
preliminary study of phylogenetic tree of 109 cattle louse samples in three regions of Thailand
revealed the genetic diversity among the louse samples. However, according to the limitation of
information on the molecular evolution as well as sequences data for cattle lice in Thailand, we are
not able to compare our results with other studies within the country. Several studies described that
both mitochondral {Cytochrome C oxidase subunit I: COH) [26] and nodear genes (185 rENA and EF-
1) [10,26] have been used to study the genetic diversity among cattle lice spedies. In this present
study, the 185 rRNA was selected because this gene has been previously used as an effective tool to
demonstrate the evolution [26] and phylogeny of sucking lice [27]. Moreover, there are 185 rRNA
reference sequences of cattle lice available in GenBank more than other gene regions, which are also
used for designing new primers in our study. As a result of this study, data of the 185 rRNA sequences
of the 109 cattle louse samples from Thailand are already deposited in the GenBank.

In order to determine whether pathogenic bacterdia could be found in the cattle lice, we
performed the PCR assays for Bartonells spp., Acinetobacter spp., and Ricketfsio spp. detections. The
results showed that Actmetobacter spp. and Rickettsiz spp. DMA were not detected in this study.
Interestingly, 25 of 109 Barfomells spp. DMA was detected by both primer sets which annealed
spedally to the gitA and rpob genes. Bartonells spp. DNA was found in both H. quadripertusus and
dosely related to H. tuberculafus. The gltA and rpeB sequences of Bartonella spp. are dosely related to
uncultured Bertonells spp. done Hg in the cattle tail louse, H. guadripertusus Accession no. K]522457
and EJ52245% from Israeli dairy farms, respectively [12]. In addition, gltA and rpoB sequences of
Bartonella spp. closely relate to the B. boris strain [724598 from cattle blood in Malaysia { Accession no.
KR733183) [28] and water buffalo blood in Thailand [Accession no. KF218224) [29]. The Bartonella
bacteria are facultative intracellular bacteria that can be found in a wide range of mammalian and
arthropods such as ticks, lice, fleas, and sand flies [30]. Cattle are currently dlaimed to be reservoirs
of three Bartonella spedies including 8. bowis, B. scohoenbuchensis, and B. chometii, however, none of these
has been reported as causative agent in humans [31]. There are some reports that the infected
arthropods could transmit Barfomella bacteria to human and other mammalian hosts such as B
hemselae from cat fleas (Clenoceplualides felis) and B. guinfana from human body lice (Pediculus fomanns)
[32,33]. The prevalence of Barfonella spp. isolated from a large number of rodents and shrews blood
were found in several countries in Southeast Asia including Lao PDR (11.9%), followed by Thailand
{11%) and Cambodia (9.6%) [34]. [n Thailand, many studies suggested the Barfonells spp. were
detected in a febrile illness as well as endocarditis in patients and their potential animal reservoirs
[35.36]. Bai et al. (2013) revealed that the Barfonells spp. was isolated from 10% (4/40) of the healthy
cattle and 5. bovés were cultured in 68% (7/103) from water buffaloes blood in Thailand [29].
However, data on cattle associated with the Bartorellz infection in humans is still limited in Thailand.
In the literature, high prevalence of Barfonells DNA and genotvpe diversity have been detected
among arthropod vectors around the world. For example, the prevalence of B. boris in cattle has
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shown variability, with reports from [taly (24.2%) [37], France (399%) [38], and Poland (6.8%) [39]. In
the United States, the B. horis infection rates in cattle varied across the regions studied, being as high
as A1-94%, in Califomia [7], 82 4%, in Morth Caralina [400] and less l'll‘ﬁ'l'lmll'll‘ﬂl'] in f‘.ﬂnrg'i.a (4750 [41]

In terms of how these arthropods got infected with the bacterial pathogens remains unknown
Some authors suggested the possibility of either acquired infection from animal reservoirs or
environmental contamination [10]. The bacterial pathogens could be transmitted among the
arthropods through vertical transmission, mating, co-feeding, and fecal exposure. The finding of
Bartonella spp. in both eggs and adult cattle lice in our study emphasized the possibility of vertical
transmission of bacterial pathogen among these arthropods.

This is the first evidence of the discovery of the Bartonedls spp. DB A in cattle lice in Thailand and
detection of the Bartomella spp. DMA in eggs of the lice suggested that the vertical transmission of the
bacteria in arthropods may ooour. Despite the previous negative relation of cattle-associated
Bartonella spp. causing diseases in human, there is still the feasibility that these bacteria might play a
role in zoonotic infection among humans through the bite of blood-sucking insects in the ranch, or
accidental contact with infected animals blood via skin abrasion Further studies are needed to
confirm the aforementioned hypothesis. Other blood -sucking arthropods in dairy farms should be
targeted in future studies to darify the potential role of these arthropods as the vectors in the life
cycle of the cattle-assodiated Bartonells spp. Regarding the limitations of the study, the number of
collected cattle lice were guite low in some regions of Thailand. This could be due to the increased
use of insectiddes in modemn dairy farms to get rid of the cattle lice in order to keep the cattle healthy
and hygienic.

5. Conclusions

Chur findings demonstrated the first use of molecular techniques for the identification of cattle

lice species and also showed that Bartonella spedes can be found in cattle lice collected from three
regions of Thailand. Both H. quadripertusus and Haemafopinus spp. closely related to H. tuberculatus
could be the vectors of Bartonella spp. Further studies including extensive surveys and more precise
studies of cattle lice covering more areas and larger sample sizes must be performed in order to
understand the geographical distribution of cattle lice in the country. Moreover, the Bartonella spp.
prevalence from cattle lice and cattle blood in other locations in Thailand should be investigated to
determine the role of domestic animals as the potential sources for human and animal bartonellosis
in Thailand.
Supplementary Materials: The following are available online ab www_mdpi comyoogs1. Figuee 51: 185 fENA-
PCRs for catthe louse identification; Flgure 52 PCRs for Barfonslla spp. Detection; Table 51- Accession numbers
of DNA sequences deposited in GenBank for the 155 rENA of cattle lice detected in this study; Table 52
Accession numbers of DMNA sequences deposited in GenBank for the gltA and rpoB of Bartoneils sp. detected in
this sbudy
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