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Leucocytozoon inulunsassusl andrurudisuianalelvsvesdu oyt b 44 sheehs Suunld
16 haplotypes LU%EJ‘ULﬁaué']é’uﬁ’mﬁialwﬁﬁﬁmmmiugm%auﬂa GenBank wu11 11
haplotypes wiloufuniandiendsiuanniu Leucocytozoon figlinsau addddamulula
Hufloe 8n 4 haplotypes 1MNUARIBATNUNIINUTATTUAY L. schoutedeni Wag 1 haplotype i
AELANAanduiiAalelReUY Bgen Nan1sAnwdtliTuiuassui 2 4074
(Simulium asakoae complex, S. chumpornense) SLuaqasJa&J Gomphostilbia Tuuszmelneaia
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ABSTRACT

Information regarding vector-parasite association is necessary for fully
understanding epidemiology of the vector borne disease. This information is lacking in the
case of Leucocytozoonosis in Oriental region despite high incidence of the disease. In this
study, molecular approach based on mitochondrial cytochrome b (cyt b) sequence was
used to examine the diversity and prevalence of the parasite, Leucocytozoon in black flies
from Thailand. A total of 404 wild caught black flies represented six morphological species
of the two subgenera including Gomphostilbia (Simulium —asakoae complex, S.
chumpornense) and Simulium (S. chamlongi, S. doipuiense complex, S. nodosum, S.
nigrogilvum) were examined. Forty-four black fly specimens from two species of the
Gomphostilbia were positive for Leucocytozoon. Most (35) of these are found in village
where high numbers of domestic chicken are keeping suggest the possibility that they are
host of Leucocytozoon species found in black flies. Sixteen haplotypes were identified
among 44 cyt b sequences. Comparisons of the sequences with previously reports in
GenBank database revealed that 11 haplotypes obtained in this study is identical or very
similar_to an_unknown  Leucocytozoon that'found infected domestic chickens. Four
haplotypes are genetically similar to L. schoutedeni and one haplotype is genetically very
different from others. The results indicated that two black fly species of the subgenus
Gomphostilbia: in' Thailand is possible vectors of Leucocytozoon transmitted among

domestic chickens and wild birds.in the country.

Keyword : Leucocytozoon, Gomphostilbia, Simulium, Thailand



AnRNssuUsznne

enfinusianillasunisatvauuatnuissangudanududanuanunainvay
N19%301% (Center of Excellence on Biodiversity) WagA31191811A08819g989310
AE7 5197158 A5.IN5lsaU Useuaa UsesnunssunisnuaAuing 1dnus vsvaunsean

FNERIIA1TY AT, DAINAA WILDDUNBY AEINYIFNEAT UNTINYIEYOULNY UTEEIUNTIUAT

a o [y Y] [

oUINYTINUS  F0IANEATINTY AT, 35878 @189UNT @n1UUATYIRYINVIY URIINYIRY

9

WANTANY JPAans19158 A3, YeeBan finniite AugIngimans umine1deumansay
NITUNNTERUINYITNUS
YOUNIEAM Dr. Adrian Plant N@9dLa3uN15I98UATUSNAITIVINGG UNITINYFY

WNAITAIN NYIBLALUNTHITINGWUDIUNAIINITELNDANUILHEWNT YDUANANALNTY 39ANT

A {HIBMERIINTTTY WINALA A3, IINT WelATy A3, ¥a5Y1 YuNsH wazAudyn doum

¢ a

i Alinstaewmdslunisiiudiegeuaznsvihaunaediy o YerauAMynn3 Ates was

)

a =

PANN1ATIVITNING AEINEAIERS NUBUTATAN wariddlalun1sfnwl rewmaslunisiiy

Meg1e Jayanimawiy wazvihanulunesdfianislumsinu uagddy

1510508 97U



UNARen1y Ing
UNANYONTHIDING Y

naanssulsene

A13UYM151
asUynn
- °
uni 1 un
1.1 #enNISHAgIRNS
1.2 InUsgaIRvaen1Ide
1.3 AUEIRYURINITINY

1.4 Y9ULIAUDINITINY

a D o L4 14
unn 2 Yaviaulanasvaya

2.1 IV Leucocytozoon

2.2 mmﬁ’lﬁigsuaﬂl,%la Leucocytozoon

2.3 Wass U

2.4 mméﬁﬁ’aujsuammaéuﬁw

2.5 wassuslulsgmelng

2.6 AudNTUSsEWIUsA T U Leucocytozoon
und 3 B uduniy

3.1 Mfiufegnaazmssuunylauuadsus

3.2 NMsfnyiugmansluana




3.3 MITIATIEMUBUR wovvvvvrrrreeesnnmnerrreeeessssmsessssssesssssssssssss s ssseseeees 20
UNT & BANNTANE 1ot 26
4.1 ANUYNUBS Lecocytozoon IULLiJaﬂ‘%JuGTW ....................................................................... 26
4.2 m’mwa’m‘mmBWWQﬁuQﬂiiu%aﬂ LOUCOCYTOZOON .viiivueiieseiinesieieiessiesiesseseesssassenens 28
UNITE 5 DRUTTING oot et 33
5.1 AR Leucocytozoon TuaEURTIUUSENAING. ..o 33
5.2 AUNAINNANENIINUTNTIUVDA Leucocytozoon TunasuiiluUsemelng ... 34
5.3 ATUNANITANG oo sssssssssss e sssssssssesssssssssssss st 36
DT TOUTUITN et et eesssssnsseseee 37
D UPBU I et e e e e seeeee s eesee e et eeseeeee st ees e eeseeeees e eeseeeeseeee et seeaees s ees s ees s eeesesessees 44
AARUIN N HASTURNUN UNAMUITELUIITANTIVINTG v seetesseeet e eeeeereeeeee e 45
A1PRWIN B TUSUT0I93 55 TGRSO U NITENT oo 53

UTETARITOU .ot s ettt 56



UV MR

AN597 1 aUTduuassumdunviyyed Leucocytozoon

A1599 2 aUTAVDIUNAITUAN A0IUTLAUFIDENN LaTINLIUAIDEN IuasSUa Ul TEIelng

PElun1sAnen

M15991 4 Waues NCBI BLAST 983 Leucocytozoon Wag host NLAMNARIARIUDIEIAUT

I 3 (% d' Qy o
nalelnAadnniu Leucocytozoon NnululiastuianUseinalney




GUEITATR Y

A9 1 1WINYeY Lelcocytozoon

= aa Ay o
ANN 2 VIRVBILLUAITUR




Ui 1

N

1.1 NENNITUALINANE

Leucocytozoon tulustadaluidan dneglulnau (Phylum) Apicomplexa Susiu
(order) Haemosporida i’]EJQ’]‘umiWUﬂ%;\‘iLLiﬂiULﬁ@(ﬂuﬂgﬂ (owl) 19 Vasily Danilewsky Tu
U p.e. 1884 %wmsﬁ?ué’ﬂlaﬂﬁiwﬁuaqa (genus) Leucocytozoon (Valkiunas, 1999)
JaqUuilsneaunisny Leucocytozoon aeatiay 41 aUdid (spedies) kin1sAnwisunug
mansluananyitdrnuvatevansvesaldduinninfisienuliuin (Valkiunas et al,
2010; Freund et al., 2016; Galen et al., 2018) @na Leucocytozoon wUadu 2 ﬁanJEJEJ
(subgenus) 8 Leucocytozoon way Akiba BIANAIIAUINSNBAZAISTINFIVDS exo-
erythrocytic kagn1ug (vector) Imaﬁaiuaqaaiaa Leucocytozoon Ausassus (Diptera:
Simuliidae) Wuwme uazanatdes Akiba dutasluana Culicoides (Diptera:
Ceratopogonidae) Junv FeanunsavdeldifleselTdine fo Leucocytozoon (Akiba)

caulleryi (Valkiunas, 2005)

Leucocytozoon \Wulusladhfinelsa Leucocytozoonosis damuludniUnvarewia
w1 e 19 viu wazun Weweliingnszuaden Weazasgludadonunivie
& & o g v ° Y 2 A = & & ° ° iada &
diaFennd ilvmsvihmihivesliaidenids U waslindengnviiate nlilnidngeuans
a = [~ a (B a 90J U a
91M151a#%ne8 A7 gansuvandudiden vliduss Sundnvauzwileisenunaniin uas
awm&ﬂuﬁqm (Fallis and Desser, 1977; Kaufmann, 1996; Springer, 1997) Tuuszwmelng
137 Leucocytozoonosis fgbinnANLgadsmMuasYgRalugaavnssunisiaedliegiauin
Inglniliaazianteinistae uasllonsinismegeielevay 25 (aula wavany, 2518) voied
lnullesdldnsnnsnegedieionas 40 (Prasittirat et al,, 1997) UaraHANTENUNLATYSAY

Tunasulaly Tnednsinnsuanlvanassesas 40 ons1N15UE508aY 10 WALEASINITAESDE

[
Y

az 1.5 (Worasing et al., 2000) lsptiginnuszunnluyitgguu (Kaufmann, 1996) luuseina
Inefisne91un1IWU Leucocytozoon 31uau 2 aUdd lngldanwardugiuineilunisin

dwun laun L. sabrazesi Wag L. caulleryi @ilauagaeig, 2518; Wongwatcharadamrong
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et al,, 1980; Nakamura et al,, 1990) oghdlsfinuaudawaridsldfissnuiefunmees
o Leucocytozoon sliafananlulssmelinesndandouturemiviode

wassus (black flies) LffJuLmaﬂﬁ:ﬁmmﬁﬁﬁymaﬁmﬂmwémnﬁqmﬁwﬁq
iosanifunmzaoslsa Onchocerciasis 3o River blindness (Adler et al., 2010) Faudu
TsafiAnanwe3fanag filarial nematode aU%d Onchocerea volvulus Taofiuuassusn
welsuaaldd@dunve 1wy Simulium damnosum complex, S. naveavie, S. exiguum
(Crosskey, 1990) Isa Onchocerciasis Wuluvavwansni o13n1nane wagolsnile oy
aen1saineziiauldsiindt 100 upulinnudesiasinlsa Onchocerciasis wazlusuiy
fuszann
18 &uaufinide Tag 500,000 AL aneaEouas 270,000 AL AUBAIINASAAILE
Onchocerca volvulus (Richards et al., 2000) waNAINNSIUNINEVB9lsA Onchocerciasis
LL:i,Jaﬁyuoﬁ’wgadwawamiﬂsim%’aiuaqa Trypanosoma wae Leucocytozoon usnaniuuassy
Mdsannsamenenli3auiswila uaveslulada (aboviruses) Fauduamaesnsiialsasng

9 Tudarinaneuils wulsa myxomatosis lunsgae (Richards et al., 2000; Mead et al.,

1999)

Hagtufinsfnwnsdunmethlsaves Leucocytozoon Mnutassus (Diptera:
Simuliidae) shgdsmeiugaansluanadsmuanivainvansvedlusladaludondinelsaly
S Unld Wy nsfnvusassudluiteninnfent Ussinaavsgeuisni lneldaduianile
6 va38u cytochrome b (cytb) NUIUAUAT S, silvestre wag S. exulatum uwme
U89 Leucocytozoon (Murdock et al., 2015) IuﬂizmmﬁﬂuﬁmimmmwuLLuaa%?uﬁflLfJu
WInzes L. lovati IuLLmaﬂé’uﬁ’l 3 @U3d lown S. Jjaponicum, S. uchidai Wag Prosimulium
hirtipes (Sato et al., 2009) wagluansnsausgiin WUIUNATIURT S, securiforme Wuwine
Y4 Leucocytozoon (Synek et al., 2013) LL@SLL&I@Q%UGT’] S. vernum Junvyves

Leucocytozoon ?3&LﬂuaﬂLmﬁﬂﬁlﬁ@Iﬁﬂiaﬁmmﬂuuﬂgﬂ (Synek et al,, 2016)

Tudszinalnedslddnissiganunisanwiunun LLa%ﬁﬂEJﬂﬂW“UENLLNﬁQ%UGﬁWIUﬂWiL%U

$1d eucocytozoon Wil eucocytozoon MudniUneg
WIN u’]IiﬂGUE]Q L yf LLHIHNTITTNYNUNITNUY L yf IUﬂm?UﬂaEﬂﬂ

' v
oA v

mallios mMsAnwasilidusienunsnifeaiuanuduiussening Leucocytozoon fuulas

v
a [

Sustulsewalnesiuduelons Jusandedla



1.2 IngUseaeAvan1sivy

Lo ldIaMaiugAan SlLeNanTIRFRUANUNAINTAULALAINYN VDY

Leucocytozoon Tuuuassumainusginelineg

1.3 ANUEAYUBINITIAY

NTTUAUVAINVANLUAZAIINYN YD Leucocytozoon TukiasTUAINUsEmeAlneg

1.4 YAUWAYBINITIVY

Ausgauuassumluginieeng 9 vessznelng Iagldaisduuuas inudiogns
Tuemueanamdindu 80 % wasnnuudanusluduiduiigamall 20 e iwaides

Wasnwanmnauinluyiin1sAne

sryalidvasuuassuiednuaen NdugIWIve MNUUaNaRSwe wazLiy
USunamiduenisufise1ii@ens (Polymerase Chain Reaction, PCR) mu33aes Hellgren
et al. (2004) ngld8u cytochrome b (eyt b) TunsiiuswudwevelUsnga

a L3 o v a =\ I3 a 6 a 1
Leucocytozoon ApszvmaIsuiinalelua uaziiasizvinalaeldlusunsumauiiomes

d1593U lnawlSeuiiisurnupanendswasasuindlalnalugiudeya NCBI GenBank
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2.1 Y2IN81V04 Leucocytozoon

Leucocytozoon \ulustadaluidenngy Haemosporozoa dnaglu Phylum
Apicomplexa Wuwanassnluungn (owl) Ing Vasily Danilewsky Wl a.71.1884
(Valkiunas, 1999) Leucocytozoon Tutlaqduiisieaustneies 41 aad usinsdnw

IPUNUGATEAS LaNaNUINLANUVAN 8NV TANINNTINTIBNUAIENITAN Y

[

amgmi‘wm (Valkiunas et al., 2010; Freund et al., 2016; Galen et al,, 2018)

[ [
v v

A1AUTUNNIOYNIUIFTIUVBY Leucocytozoon aunsadndkunlanail
Domain: Eukaryota
Phylum: Apicomplexa
Class: Aconoidasida
Subclass: Haemosporidiasina
Order: Haemosporida
Suborder: Theileriina
Family: Leucocytozoidae

Genus: Leucocytozoon

(Valkiunas, 1999)



2.1.179%90999 Leucocytozoon
1983984 Leucocytozoon (A il 1) wuadu 2 szey il

1. 299533 lunuaswing dn1sduiuguuuenfeine vise sporogony

2. 2995830 ludndtn fnsdviuguuultendeome 3e schizogony Fawuadu

2.1 szegiiegluadene e exo-erythrocytic schizogony

a & A = . .
2.2 swzwag‘lummaa@ 138 erythrocytic schizogony

A. Infected insect #1 bites bird #1

Infective sporozoites
present in salivary glands
of infected insect vector.
Sporozoites gain

entry at site of bite

Sporozoites invade
tissues and reproduce

as schizonts to produce
numerous merozoites

Infected insect #2 bites
a different bird

New vector
(insect #2)
feads on bird
and becomes
infected

Qocysts rupture and
sporozoites invade
salivary gland

¢ Gametocytes mature;
= ; undergo sexual

Merozoites penetrate
red blcod cells and
mature into infectious

gametocytes
reproduction
in midgut pee £y
Oocysts become o B. Stages within bird
encapsulated on :.ﬁ
the outer midgut

wall

C. Stages within insect

AN 1 21FINVBN Leucocytozoon
(A) WUAMAAD bA5UBIINANSTAAUNNILTE (B) Syazdanmuiluun (C) sTasidpnmunly

LIS

(‘17'llm: Atkinson, 1999)



1. 29 InlunuaINIug

d' N =1 a Aa I3 v

ilauuasveindnIUnAne Leucocytozoon ulasazaLaoANIigadINeAY
(microgametocyte) Lagiadineitie (macrogametocyte) 1l Tnsaulng

= < 2o 9 . t ¢ P =
Leucocytozoon AN MUULNAIIUAIENE Simulium 8AU L. caulleryi IW1%E ABLLAY
ana Culicoides ¥8% gamont MdNguuasgaLion (midgut) Y8emnveazisusnnaudu uag
sanNaddadenlaen1snseauIINANNTLTUYIsandal kg suaulneanlydly
Fuwndenasuudasly Inessey microgamont WUdwaale 8 microgametes FuAaY
wadazduvalmady (flagellum) 1 1du &amnsamaounlun macrogamete 16 lagi
macrogamete 1 aauna1nnsiUasuLUasues macrogamont Wenguiuazla zygote
ManunsaLnaeuiils (ookinete) svey zygote MnLANNTFUTIINANIWRsULUAITFUSS
waveITUTREladgnTwes midsut wagiudsuulasluilu oocyst niatuuenves
midgut @4 oocyst Azaglavtu basal lamina lag oocyst vwnananda 25 luaseu
WAEMSU L. simondi oocyst fuunn 10 — 12 lulasiuns sporogony Aelu oocyst awLin
N3¥UIUN1T sporogony AU vilvin1elu oocyst 31 sporozoite BEIMINLN UaABUINI
oocyst eANBBNLAYUFDY sporozoite 1NEYRITNA13 (hemocoel) Vosmvy a9z
dll ‘:{I £ U g ¥ I 1 ’é b4 d' ¥ 1 6l £ d‘ d‘

indeuiludweutnanglaeidilUagludeminanguas niauiaziingdnitndduiiousas
WneRALEEAFRIUNAIBU LIaTldase sporozoite agldiiayUseaI 6 - 7 U sporozoite
Tusiuinangazdn1sWauIved apical complex W3gYANIU cocyst kazdisus1aTeInid

v o e v

Y
dlonvigvesarinindniUn sporozoite NeglusiuinangaviigdniUnniouiuiianeves

o v

TGN RVEA TG IR el

2. 2% ludnUn

2.1 ssuziegluadeay WalammenndniUnizuday sporozoite [NIELALTRA

91N sporozoite AgnsEatelUStedyay loun Lo g du dugeu nauiile ald Slu Aeu
& al I v a dy ¥ 1 .

nNle vaonay LazaNes lnulgaannulinsinazhinte lawn hepatic parenchymal cell,
renal epithelial cell wag reticuloendothelial cell Tagianzlusinnazasutngos
8niu L. caulleryi 91 sporozoite ﬂm%’ng endothelial cell U84 visceral organ g
merogony LB gL AdAINEINANTEUIUATT primary merogony #uiliile meront
daurnsue 20 - 40 lupseu (4 - 5 Junashaite) nuluil merozoite Aflaunn 1

luasouUszunu 1,000 Wwaa uanandllu primary meront U89 L. simondi a¥dtudiuidn 9



(syncytia) Atliawnasasusaessuily 9g37uu merozoite dlowils meront umneeanas
Udoe merozoite Way syncytia (NS48 L. simondli) 80031 primary merozoite U84

L. caulleryi %L%ﬂftj endothelial cell waznanawlu secondary meront Way
megalomeront 71a313 merozoite ﬁw%amzLﬁilj’lgil,ﬁmﬁaﬂLLﬂﬂﬁialﬂﬁauﬂiaj primary
meront 493 L. simondi tiuidlertis meront usneen merozoite wihguinideauauile
\WasuuUadluliu eametocyte Wufl udl syncytia fioenunazdinasadna secondary meront
Tu hepatic parenchymal cell #50 vascular endothelial cell faly 3 meront 9N
syncytia 3¥iln1svenevuiafsudiasl dvun 100 — 200 lulasiums Senin
megalomeront 58 megaloschizont Fanwluil merozoite Aiflvuna 1 Tuasousiuau
11NNT1 1 AMUAR 5288 merozoite 910 megaloschizont azgddliadonuiuaznatewdu

elongate gametocyte faly

2.2 szsilegluiiiaidan iile merozaite fidnguindanaziivun 1 - 2 lulasins
Iﬂaazaq%ﬂaﬂﬁuﬁamﬁaaﬁuaaLﬁmLaam primary merozoite U84 L. simondi kag secondary
merozoite U84 L. caulleryi %Lsﬁ’lgil,ﬁmﬁaml,mﬁgwﬁm erythrocyte wag erythroblast lag
agnaneiu round gametocyte malusvey prepatent peroid veude L. caulleryi
Useanas 16 Ju dhuszevnanfiil parasitemia Useangs 1 dUanii MdeINTLaENY gamont
anasSes 9 aumelunnnsuiaden Gartomaussana 14 Ju) lunsdlvesuniinnide
Leucocytozoon Mhinelsnsuuss dnwaizaeilsaazifuuuy chronic infection iflszdiu
parasitemia Aeudsmuazinasnufunady 9 tenaniuliviedaiiddinseasinnis
Aadesransanduiniidelunsiuadenlmidaly Tnailudefiunanszes meront Tu
visceral organ (recurrence) Fadunisuanudes merozoite 910 megalomeront SN
JULUUYBY parasitemia Tusgee chronic stage InNiUuwu irregular parasitemia fio 9¢dl
;:;ULLUUmstls']ﬂgsumL%aiuﬂizLLaLﬁaﬂLLUUI@JLLﬂuauﬁgﬁ‘i’]u'JuLéﬁaLLaz yegla7 ouLUUNAN

nanulinuueured host immunity tegsinuulalugas nseenla N15859959 N1SUEINUT

anfiguarnIsenNgN BaiavanazneiinaMATendralszauginuiulusanIganas



2.2 AMUFIAYVBUYD Leucocytozoon

Leucocytozoon \Juannnvaslsa Leucocytozoonosis ulsanensludendiddsy
Yasbnwazdmitn Fevilalnthewazanels mnlulavinnisshw Tu diUndnge
Leucocytozoon 2 liuanse1n15U28dnaunisaunanIaInIskuuLdeunau iy laknaie Ju
v = & A A a . .
viouds 9Tz ludAlyd neeulasniladn 0nuanseInIsnesEuUYsEam (Krimahakim
et al,, 1975; Nakamura et al., 1990; Wongwatcharadamrong et al.;1980) dnweugaslnf
LaneInN3tuntl weuwmilesdn a1aifnldainraeame uidmilandanuieades fAe
Jaymifeniumsyhanuvesszuunsasadndenuns wsedgymnneliianisiaiedin
& PRPSRY) a a a X < v a a = | v oA <
\HonunIndaneugRaUN A iuEWUINN SRR lAN N1Izion N BrdawaliuSunads
donuwadlunsehadeniUsunaana Indwania1nistn tnewemeludiuvesedonei
[ =] U 1 v a [~ 4 [~ & Aa oy a a 1
Funawiulade wu lunri meuwavwiles Wusy Wadeawnsnidnwaeanuiaundveddn

1 Ao w 1 ~ Ao [~ o A Y a a a <D & = a

wuiramaidAgeermiendnidudatenneliiinanuiinunfveddinidenuas fie n15An
\Wenesluiaden (Wongwatcharadamrong et al., 1980)

Uszmalneiisnsauniswulsa Leucocytozoonosis ATdLIALAE Campbell (1954)
157 Leucocytozoonosis Tuuseinelneiinainidie 2 siinfe L. caulleryi wag L. sabrazesi
15U (midge) way uuassue (back fly) (Culicoides sp., Simulium sp.) lunwziilsai
@Aty 9IN13204ksA Leucocytozoonosis g inn1elaindne du 99a7seimad NdeIUy
Y77 vieeULaBllesTn §ns1ldanas SnsINIINeeNTE B 25% (aula wazmae, 2518)
TulnfudiesidnsinsmegedisTosas 40 (Prasittirat et al, 1997) UagaINANTENUN
wsugialursulnlilaednsinisudnlvanadsosas 40 8n31N1T wagdnIININeTosa 1.5
Fadunsialsasiutuldeniaselula (Worasing et al,2000) Infiudiosludmingeslv
WUFRLYE L. sabrazesi g8 73% wae L. caulleryi 0.47% (Takang et-al., 2017) lnwuiiloq
Tudminuu finlde Leucocytozoon gdfia 74% (Jaijan et al., 2012) Tl w.a. 2554 Wuun
Uniagnilimnzidesdndvnidde Jmdnmesysal Anda Leucocytozoon 29% (Singlam and
Ruksachat, 2011) uwazlunialiveding nun13seuinvedlsn Leucocytozoonosis g4ia 60%

TudwmiauasAIsssUsIw (Worasing et al., 2001)



2.3 WA

LLmaaéjmﬁ’ﬁJmmaqsuumﬁﬂifmasﬂulvda”u (phylum) Arthropoda 94 (class) Insecta
duAU (order) Diptera dunUeae (suborder) Nemathocera Infraorder Culicomorpha
Superfamily Chironomidae 29 Simulidae Walanfisnganumnusiaau 2,328 wiin Tusuand

HuatTdfgapiuglund 18 aU3d (Adler, 2019)

STULRIAURUN
(terrestrial ecosystem) ﬁq;;‘mﬁ'ﬂ (adult)

-l

y f9a% (larva)
STUURIIAULRRINT (WA

(lotic ecosystem)

AN 2 FIRVDILNAITUMN
s30x19 (egg) SyuvMvau (larva) Szuzanua (pupa) odeluunasiilua (lotic ecosystem)
syuziuAnie (adult) @rfeuwun (terrestrial ecosystem)

(fiun: wlsail Useana, 2557)

naBusinggin Yszneudie 4 svay 18un ssevly (cog) szueddou (larva) svos
Fnust (pupa) uazszasiine (adult) (il 2) Fesgeela oo uasdnud 91fzagly
wiasilva svogailumaiaiaanlluaudsiasfouanieiutuegifualdd uay
samniveni sheeuuianeiuavluliuafunuundailnaduumasedelneld

9 Y

lassaiefiegdiuringvesddinisendn posterior circlet szgynsiuvemsuuunses
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(filter- feeding) Ingltlassai1afiisunin cephalic fan %30 labral fan &aaguudIuTDIf

gousdfuTserfuaguuun

1 v Ao a Yo v & v M ¥ a (%
szeglY (egg) vdsnAdlglasunnaRsiuguaazeldlinnulundiu awian
! o v =) A %,’ = [ I Z’ adl ! ! 1 v 1
#1199 muasuvseluvesigiegluwani nasssuyAlaeusaznguvedluusenausiely
Uszanad 150 - 600 Wes Tnensnlvegsaudulunguiliinliosandvsnavesilsluuvesdn
R LYo < =~ o ' a a
dlenvaseenunvaizdely Falvfivuaaniuin wariiniuendnaud 0.18 - 0.46 Jadluns
Y & A A Ao v v ~ 5 2 v 2 1
anwarvadlulugUaumdens Tanvae asegdlaiduniddaueenuidntesUioniiy
Taroutnassvdveslinduionadmiqdudvreundasrserssdududiinassezai
lvvesusazal@ditndusisautiuunnaaiusus 4-30 Ju Fuivaniswindey wu gamall
29911 wagemausevagldauunilu alddnladesnusyegin (diapauses) lun
ornasou lWazilnduiesunislul se 2 Juwiniu wu ldvessusngy aldddudou S.

damnosum Tuwensni e 1-3 Ju ualvresuiassumngualdddutou S. damnosum

Tuenininans lafiaan 3-20 Fu (Davies and Crosskey, 1991)

¥

S283A299U (larva) A20aUlANWMLLIEI817 kATIAUAIIYBIAIRINI A TUUUA?
DOUVDILUAITUANLAALTLUALAINULIILANAWNNAY HIL6 5-15 LAAIAT A1FLEUINNAY
U g daurivasniiu 91 1 ¢ wazdl cephalic fan 1 @ FedlduunuInuIumae
nanedu wagdlidudn q du 9 unneesnanniduwnududiuiuinn l@uwAuaInsavee

] = 9 ) ° v A I3 H v Y
saniusunienauafieia vimtifinsaensvuindn | aniilnaliiduindigeuves

| A

wuassua Jodeazdaniy 2 dunis Ao proleg LTudiundusenunanUdoiusnuosdiuen
a | % vy & Ao v = &

Ushadmlateuss proleg Ussnaumelduians Alanvuzadunzde (hook) Iseadu
29NaUBENI1 anterior circlet ¥nud TuniseamniziuiauRursansdwioldlun1sweaaun

& o v w A | . Aoy @ Y a & '
wanaINHUMegnvesd1sia 48 posterior circlet Niliduian 9 amensvaiseslulinau 9y
= d‘ dl 1 2 > 1 o a a ’Ol 1 }% = dl a
gannznisindeutuiu s usidsLazias yiulaluilve aguaseidulumisnnanain
meniageanulunvie Aanuneuiursediviuiels posterior circlet 8awniy Tl
foaudnfnlilvaludunssuall desuliszaznsisyduln 6- 9 528 udwwratdd wazlu
wiazaUldo1998d5888n15195 098 D ULANAINAUUIASIHIBIUNDT Y LANTILAI9Y

= . A Ao VY 1 ) A oa v P | Y
aunsaiu gill spot 1 ¢ HyndMlieg 9 TnINRUSRAMIUINTENINe Uaeed 1 uas 2
nelu gill spot 9zt histoblasts vesvwazUnAinduaseyuui desinvesdiuen Lag
\Ju histoblasts &diuwes pupal gill Fadusiegdiglunismela dasszeznainis

6 o

WIAulnvegeuTuegiuaumall Wy uiasSuinaualTddudeou S. damnosum Tu
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weninneueeniidgamgilanii 30 e o1aldiiaiies 4 Juwindi lngn1saenasiuyn

e

)
% 1 d‘d a a
Fulurendnisiaigiavle

sEEAnuA (pupa) Mgauiasaiulnlussezgavineg TdnatUseuna 1 Tiluslunis

a £ b I

as1suaenvudnud (cocoon) fagasnastuidsuusafnugesgnielulasniuniu dnwoe
sUswwasUaensiudnudmunsoliitadenenatfdueuundiudlé duv uazanvosdnud
sundunilufeatiusen cephalothorax $azdl pupal gills 1 A fiusznousedwan o 149
Hueteawtiemela fdunuious 2 Futul 1un Snvie $1090 wasuuULmELN9 3o

994 pupal gills @1313alduenngy wazlinouiassumlaog1uiug 99T InveInnudll

SyyzUseaned 2-17 U

A WA 3 UWasius Simulium asakoae complex syagduante (Amanelag Dr. Adrian

Plant)

a

v o2 v [y U v Y a <3 v < v B o
ALANdy (adult) nS1RNAIRNEMISRLNageanaINUaenyy LUuiau iy

A v & U

9331981NAN9TY B9z TUNULAEIIIRAZANIT Fufuibvautassumivuiaan

Y

JUSNBMAY nfinnueafaws 1.2 - 5.5 fadwns daeule wedsdunsaienaanain
wier lalngdunaanvasasmniivunalug a2 419vesiilisazeguenlidiFoinfniu

witlouludag uazndn (facets) NiiTaumndUszneuiuduniivgvesiidedvung

(%
Y Y v a

wiriu lurasfindndsey suasevuveasn vguessigiuazdivuaivgnimaniiegnig

Y Y

ASIEN MInvasfLaNTETidn vz wazaTt wiasuImgsiuanginmuTewenll
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Juemnsdnuwiasuiiifiovwiinasgadonau uazdaidonguiieldlusfiuandenty

= 1

MsRsYAUTRIvely adeegn (proboscis) vasiallisAautnedy wananidiusng 9

Ao

PN Y i a d' = ¥ o o
%@Qﬂqﬂﬂﬂigﬂ@‘UﬂﬂEJGU']ﬂiibLﬂTUu LLaxmﬂiﬂﬂimwmaﬂ‘wmzLMN@UWUL@@BLW@I%W%‘U

' v <

ARRINTY Uazgaionfout W TIussluva Ndune o vesUnvedhuassumviinnlion

v (% v ¢

HonuaziuasTuiIzdnLUasd niugAIULLATUA iR LazgaiienAY Lasdn]

Qe .

Tur91 waziuvnty

2.4 AMUFIARYVBILUATUAN

LUANAITUA N AT BT ANAIF A UNMTLNVELAZIATYFY NP UNITUNNE

2 o = < °o w a
wuassusnnelgllunvigdfyveanegns Onchocerca volvulus @uRvedlsa
Onchoerciasis 13813A River Blindness Fanuunsssuinluvivuansng aiusninans uae
aLiENe AIAAIUTEYINTUINNTY 100 AuAY bEeewalsA Onchoerciasis WoNANUUTEYINS
Uszanas 18 anuau dnedileglusiame Usyynsuseann 800,000 Aulanenide way
270,000 AUAIUBA (Richards et al.,, 2000) FudunaranmsviargiiaiBousnamvesi
doureINed fvouvamesdilinavitliseniniosuin Sniau andu wazoraiadulse
WNtaUsEnmits §1AIgouteanens aevsinavinlmiafivusnings nefinein1shu
1IN UaETIMIRGANHIITRTanas AUdiunIsuIaIniiue Raviidsgaideniseavguvinlid
Y 1% & = 2 o o a [V v v A vy =
dnuazAmglsAlsou AUNNULAGEANRNIN 9 aziine1n1sui LOUlY Uinvediuld uasd
A A ] ) a @ = 2 o w gy

21N UHAR 138031 L1U5UM (black fly fever) Rty VDIAUNYNLURITUAINAITUAN YUY

YILLAI DNLEAU BALAY TUSI8UDIAUNTDINTEN LA UAT RIVTIDLUILLAY WALDNLEULIN

Ao UNULNNENINITSNEN
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AN 4 S NWUTVDILHATEAULIAISUANG

£
1o

unagsumssrnemaames Onchoecerca windu 1 Tugdndiieauasdnivn wu 12
ae 1Ua 1A 1 nane wazrydn wazanenealusiadaana Trypanosoma uaw
Leucocytozoon 5¥#ined@mitn wiu un wagln YiliAnlsa Leucocytozoonosis Tudmitn
wazifusadienenlhia wazelulaa (Aboviruses) Fuluavnvosnisinlsasis o Tudnd

nanevila U 15A Myxomatosis tunszaie (Kettle,1990)

Uspimalnoudidslaifisesnunisialsn Onchoerciasis uianmsAnyluuaasE s
wiln Simulium nodosum;'S. asakoae waz S. nigrogilvum Tudawindeslninsiageuny
o Onchoecerca sp. lufiilsresusadiudig 3 elnudsliausoseysiinuames
Fandalé (Fukuda et al., 2003;Takaoka et al., 2003) uenamniigsmuusasuinomau
Sranafiviinviesfietluwnasiendienididanalouis Wy vinamesdunuwidmia
Fesln USntesdugveuniey fud 1913mInuAsEIssA wageneuwiaYIRgaen
fingmsdind lnon1sinvesuunsiudo1ailfifinonn iU mussuasiioinisfuegrasfu
feoniing uiruueiiliiAnensUILuAeETLLS (AW 4) Lavenaiinetnsly

a o

wananAudAglunsunvzvedsa wuassumdaiamuddysessuuineiosnin

2 o @& o A ! YA o v a v Y a o & Y a o v a =
LLNﬁQiU@’]‘USLUU@’JL‘U@Nﬁ@iBM’JNE‘J’UﬂﬂﬂaWWUV} 2 AuAnandatlunuslaaaisuinis Tu

Y

&
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wiasin mallasanuuassusdiusunasnnlussuuinawasilrasaiudadussfusenoun

AAnasssuuinavaswiasinbia

o

AruddyveLavIuiiuATYRa IHinsmsnulasfidnfddaoyuuadud
Tuglinimsing 9 vedlanfeliiaaaudemeniiasegnegiaun wulia wazdaiady
15A Leucocytozoonosis aumetludnuauannluanigeluinikasauin (Adler et
al.,2008) wonANEETediel 1974 Tustmmooansids AinslavfvosusasascY

o a o

HuavilmimunT warn1suanuiunanad (Kettle, 1990)

2.5 uuassumiuszmdlng

nsenwLasusluUssmAlnesudswsd a.a 1911 Tag Summer (1911) ¢
SNEUMINURIATI UswEin Simulium nigrogitvum Tudszmndlneg sealud e.e. 1928
Edwards (1984) l¢51691unnswu S .hackeri wae S. digramicum msAn¥uvassusly
Usznalngldvgaue naunsendlull am. 1984 sreunsnULLasusinddy 19 &b
T4 (Takaoka and Suzuki, 1984) eunléd fin1ssearunisnusiinddindn 7 aUTd (Takaoka
and Saito, 1996)

tatulussmalveiinssonunuiiadusiiomn 107 aU8d Suunedlu 6 ana
goe lawn Asiosimulium 911U 3 @UTE Daviesellum 311U 2 @UTd Gomphostilbia
WU 34 dUTE Nevermannia 31u3u 11 @U3d Montisimulium 37113 6 &0 uay

Simutium 32U 51 aU3d anuednegluana Simulium (Adler, 2019)

2.6 AMUFUNUSTENRINWUNAISUAINY Leucocytozoon
Haguunsinwmnasilunmeilsnes Leucocytozoon 91NULLASIUATG BTN
WugAmanshuana Mlinuaamainvateveddslediludennnelsaludnidnls was
It L o da =
a3 AT RIaIT U MU unmgYes Leucocytozoon (113199 1)

=

lulsymAaiinunisnymudiusiassus 5 aU34 fa S transiens
Metacnephia lyra, S. usovae, S. annulus Wag-S. silvestre Wunnzag Leucocytozoon
Tnemushansindefenaitluusasiusiigais 62% (Hellgren et al., 2008) Tudtuiinns
senumsinwlngisiugmanslaana wuiuwassus 3 2938 dud S. bicolotatum, S.

muiscorum wa¥ Gigantodax misitu Wunwgyes Leucocytozoon (Sato et al., 2009)
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= [ < 1 Qy o a6 .
ﬂﬁ'ﬁﬂﬂwﬂua’lﬁﬁmigwﬂwm’lLLuaﬂium 2 alvd S. vernum wag S. securiforme
Junmeved Leucocytozoon way Faduanuaiiiliungnidulsalaingi ann1siny
#u13058Yvia (Synek et al., 2016; Synek et al., 2013)

nsdnw Tuiflenwideni YsswAanigowsn nuliuuassudn 3 alTd laun

S. silvestre S. exulatum Wag Greniera denaria {unve vas Leucocytozoon (Murdock

g &

et al,, 2015)lutsznalaauly wuulassuadunislunuasnivetiige Leucocytozoon

[ 1

anusaszyrdautassumdunmeld 3 a3d laun S. bicolotatum, S. muiscorum ua

Gigantodax misitu (Lotta et al., 2016)



A15199 1 aUTduuassuy

o

a &
MUUNMEVBS Leucocytozoon

16

AN
dUTduuassua dU%d Leucocytozoon  Uszne 91999
S. vernum Leucocytozoon sp. mﬁﬁm%ﬁl,%ﬂ Synek et al., 2016
S. securiforme Leucocytozoon sp. mﬁﬁm%@:ﬁﬂ Synek et al., 2013

S. uchidai

S. japonicum
Prosimulium hirtipes
S. bicolotatum

S. muiscorum
Gigantodax misitu
S. silvestre

S. exulatum
Greniera denaria
S. transiens
Metacnephia lyra
S. usovae

S. annulus

S. silvestre

Leucocytozoon lovati
Leucocytozoon lovati

Leucocytozoon lovati

Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon
Leucocytozoon

Leucocytozoon

sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.
sp.

_ _Di_

of

2D 2D 2D
=

A
>
e -
2
(aid)}
ce

-
=

Tadude
Tadude
aAn3geLsng
An3geLsn
An3gelsn
=
Gl
=l
Gl
Gela!
Gela

ANAU

Sato et al., 2009
Sato et al., 2009
Sato et al., 2009
Lotta et al,, 2016
Lotta et al,, 2016
Lotta et al,, 2016
Murdock et al., 2015
Murdock et al.,2015
Murdock et al., 2015
Hellgren et al., 2008
Hellgren et al., 2008
Hellgren et al., 2008
Hellgren et al., 2008
Hellgren et al., 2008
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unN 3

A5andun159Y

3.1 ANSAUAIBLIIHAZNITIUNVTALUATTUAN

é”ma}LLazLﬁuéhaai'mLL:JﬁéM'}é’f'JLﬁui’amﬂLma'qmﬁammisummu{]ﬁmmﬁq 9
vosUsunalng $9uan 28 fufl seriadoudiunay wa. 2560 fudeuiiuiau w.a. 2561
(113797 1 wagamil 5 - 6) fegrsunsdanlinnmsAnunouniintinda Turasnaisewing
WounuAUS w.e. 2557 fadeunainu w.a. 2558 (Pramual et al. 2016) Wiusegdlag 3
3 (1) fumeganastuisuLged (2) 1aisduiadsuiannsssuvd (3) v
fhoghautassususiinizeg fuits 1uaushosns uagiininfusheghauanduy adi 2
Mniunpioedlu 80% ethanol udnfusmludunibuiigamgdl 20 ssriwaldoa
Fuunviavesiaassudilaslidnundnguine sudshesuednunsvouuadsudily
Usewnrlne warlugiinialeide (Takaoka and Suzuki,1984; Takaoka and

Choochote,2004; Tangkawanit et al., 2009)

AW 5 LnasedusnusIsUYIRTeLLassumdnGltslulsemelne
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100°E 105° E

20° N+ L20° N

{508 Vietnam

15° N~ X 150
N Thailand 15°N

Cambodia

10° N+ F10° N

0 3060 120 180 240 Km
[ = = —

Malaysia
1 1
100° E 105°E

o A ) v ' 2 ° v & o
ANN 6 ﬁﬂ’]‘u‘VlLﬂ‘UGl’J@EJ’NLLN@Q?U@’]@’JLG]SJ’JEJIUUiSLV]ﬂIV]EJ
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3.2 msAnwmiugaanslaana

annaduendduielaeld GF-1 Tissue DNA Extraction Kit (Vivantis, Malaysia)
mﬂﬁ?wﬁu%’ﬂmﬁaasmﬁLﬁul,aﬁqmmﬁ -20 perALTEA LisUTanuaN TGN SAY
wAdlA nested PCR w8481 mitochondrial cytochrome b (cyt b) Aglnsiuesduny
d3U Leucocytozoon mnaian15ue4 Hellgren et al. (2004) dwsunisAinwndu cyt b &
AmEUszaNM 478 bp Hlnswesassglunisiiinyiinaansiugnssy Tasnsdaudas
TBn13vee Hellgren et al. (2004) Twsiuesausn Ao HaemNFI (5’
CATATATTAAGAGAAITATGGAG-3’) wag HaemNR3 (5’-ATAGAAAGATAAGAAATACCATTC-
3°) WinUTiaesugnssusomaia PCR Tuudunssia 15 ul flesduszneuldun 10x
PCR buffer 1.5 lalasans, MgCl, (50 mM) 0.36 lulasans, dNTP mixture (2.5 mM) 0.75
lulasans, Iwswes (10 uM) eg1say 0.9 lulasans, Tag DNA polymerase 0.066 lilasans
(TaKaRa, Ohtsu, Japan) auftdutewdiuu (DNA template) 1.5 lulasans wagidn ddH,0
TriasuUianas 15 lilasans 14lusunsunmniidwieluil denaturation 7 94 ssmwaifea
3 W 9UeRY 20 9UVBY 94 BaARLTEE 30 TUIW 53 derwallivd 30 IUNT way 72
osLeaLia 45 3l uardunougainegmngli 72 ssmigaldea 10 Wi

vhwanan PCR TunsiisiUinaanswugnssusouusnielnsiuesgusn HaemNF-
HaemNR3) MfinUSsnaasiugnssuselnsiuesaidosie HaemFL (5'-ATGGTGTTTTA
GATACTTACATT-3’) itz HaemR2L (5’-CATTATCTGGATGAGATAAT GGIGC-3’) (Hellgren
et al, 2004) Mmgwmaida PCR Usuns 50 hulasams fearusynaulawn 10x PCR buffer 5
lalasans, MeCl, (50 mM) 1 lslasans, dNTP mixture (2.5 mM) 3 lalasans, luswes (10
uM) o819 2 ul, Tag DNA polymerase 0.25 lulasans (TakaRa, Ohtsu, Japan) WAufLou
LOLUWUU (DNA template) 5 lalasans waziin ddH,0 Tasuusanas 50 lulasans 14
TUsunsueamgilivilaumsvinufisen PCR 50ulsN uAiaEmauseUlumsinuFAzenan
20 souLu 36 59U ATI9@BU PCR product Al agarose gel electrophoresis AU
1% 21n1uvi1 PCR product IﬁU%E‘j%%‘Iﬂﬂii’f HiYield Gel/PCR DNA Fragmets Extraction Kit
(RBC BIOSCIENCE) 1h PCR product fivinlviuigriudaluimesivdiduinndlelndlagld
Insiues HaemFL-HaemR2L lunisyiuisenseuaeseas PCR 1asIeimanau

Thndlolvalaguiag sequencing service 03U 1% BASE (Malaysia)
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3.3 ANSIASITATaUA

v

nsAnwasilllaasuiiamalelnaves Leucocytozoon anun 44 grauiindlalng
PNAIDLUUAITUAT 404 F1881d AnTIaeU annuiaindlelnaues Leucocytozoon Tu
nsfnwAsalidludsgiutena NCBI GenBank n1elaiay accession numbers: MK066336 -

MK066379

A1 haplotype diversity (h) 989 Leucocytozoon aawlusunsu Arlequin ver.
3.5.1.2 (Excoffier and Lischer, 2010) AaszviAnAnuuwans1an1siugnssulagldlung
Kimura’s 2-parameter model (K2P) selUsinsy MEGA 6 (Tamura et al,, 2013) 3LAS1¥9
aedunusNEl Taunsserinsasuianalelnaves Leucocytozoon Mnmsanends
dtuasuinaalelndiinseaeulisuiieuudsuianalelndues Leucocytozoon #a 44
frogaitldannisinuasel ﬁwuﬂ’]ﬁﬁﬁﬂﬂﬂﬂéj’lﬂﬂﬁﬂqmﬂmﬁ% NCBI BLAST ag a1auil
wndlelnaved L. caulleryi wag L. sabrazesi (accession no. KT290929 — KT290935) Fadu
Leucocytozoon fifisnaaunsnuludszmelne adaeduiusnaifaunns Tngld 3
75115 lauA (1) 38 Neighbor-joining (NJ) Iagld Kimura’s 2-parameter model (K2P) ¢ae
TUsunsu MEGA 6 (Tamura et al. 2013) AIusaAatuAYUY BRI NEBdURLENII TAUINTS
A835n13 bootstrap 911U 1,000 %1 (2) 38 Maximum likelihood (ML) Stas1zvians
Funsee TUsinsy RAXML (https://embnet.vital-it.ch/raxml-bb/) (Stamatakis et al.,
2008) (3) 75 Bayesian analysis (BA) malusinsa MrBayes 3.04b (Huelsenbeck and
Ronquist 2001) Il 2,000,000 generations kag sampling tree 9N € 100 generations

nATzEsduRus T IaINsltaduinndlelnauss Haemoproteus sp. (accession

no. KT290922 — KT290924) 18u outgroup
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9z1 x3)dWod 2D0YDSD 'S PR(USERYIEUBALLRRLYIECLE
1% 199¢2/¢0/1¢ 1.9 3.C0.99010T / N.6D.C0oLT pO1 RUTE MG G a@mﬁﬁnmcgrﬁ
POEALRMIE
1 196¢/€0/v¢ 0cé 3.9¢.100101 / N.bD.6€091 dd CULRIC ULCRBLMLNSATLEE]
¢ 195¢/10/1¢ cclL 1.09.£€000T / N.1T.12061 NN BLALEC LUliber @
[4BRRIE BUIREREY @
8 195¢/10/¢¢ 0G0°T 3.£2.0¢ 66 / N.0C.65 81 gD BABLAMLALAIBL
RUIPRLIE
0L 195¢/10/¢¢ 066 3.£0.0¢,66 / N.£0.65 81 ZND BUIRERCY'E (Z) BARLANLY
[EMIMRLIE
01 199¢/10/¢¢ 066 3.£0.0¢ 66 / N.£0.65 8T TWD BUIZBRRI'C (T) BBLAMLA
v 0962/50/.¢ ¢ll 1.£2.92.101 / N.ET.1Z.LT €0 Rere eeile nevberuuL
¢ 0952/50/52 AR 3.01.02_10T / N.65.6Z_L1 408 gere egle MBEIULLE xorduon
4 096¢/¢0/¢¢ 189 3.09.£¢,101 / N.8¢.1¢ L1 107 REIC @mm.@ MEUYRERMLA  SD0YDSD 'S
BLRELY (W)
fefLt Kaw uolleAa)q 9pN}SUOT /apniieT 9p0) vrmmn\m_;mﬁagm rn@:wv@_,nj

LRLUBELUM) L] L RIA ARSI LYTLEREIEN BLRELWMEMLERET wr.@@ﬂmpm,ﬁr?rﬁm LYMERCIENRCREL[LE ¢ WBLELY



9 096¢/¢0/¢¢ LY/ 3.80.5C.101 / N .10.LC.LT 901 Rt @E@.@ BLERLMAMLIL

01 094¢/v0/10
1 094¢/20/1¢
¢l 095¢/20/¢cc
RETC
) 695¢/01/6¢ Lve 3.LT9%.101 / N..beedoll GOl ;\Smﬂx.@ ununLn asuawiodwnyd s
61 ISUOJIOYD 'S BRLESACRUIEUBIANLRCEIELS
[TA]RBRRTE BUIREREL G
4 196¢/10/¢¢ 066 3.£0.0¢,66 / N.£0.65 8T ¢AND BOBLAFLALRIBLL
[EARRIE
LT 199¢/10/¢¢ 066 3.£0.0¢ 66 / N.£0.65.81  ZWND BUIRERRY'C DABLAMLY [suo) YD S
BLREELY (w)
memLe Kﬁw uoI}eAS)] apniISuoT /apniije EYelep) vr.m@n\_mpmﬁﬁram r%:wv@nj

(Cw) ¢ ABLELY



ec

POLARMIE

4 1952/€0/v¢C 0¢6  3.92.10.101 / Nubb,6€.91 dad GULRTG UEEBEMENLINLL]
095¢2/01/v1 6/¢  3.C£50086 / N.LT.1€061 TSW FLEKDGRIEI'E BITC ARBIENHLA
1 195¢/v0/10
a1 196¢/¢0/1¢
T 1952/80/vC ¢l EThZ I0T/N.LLIT LT ¢OT Rere eeile nevteuLL
14 195¢/¢0/1¢
14 0952/01/91 1,9  3.¢0.50o10T / N.6Y.C0oLT pO1 REYTE MLDGIK G ;@K?nmcgr\@
¢ 0952/£0/€2 1617 3.91.02.10T /N.£0.0¢:2T 0107 etk @il ‘e (z) esilr
Gl 095¢/e0/¢¢ ANAR 3.65.02,10T / N.0T.0€oLT 6071 REI'L @M_W ‘B (1) @@:@
6 095¢/20/c¢ 189  3.06.¢C.10T / N .8€.1¢.L1 801 RBEIE @WJ@.Q TLEYRCRILA
¢ 095¢/e0/¢¢ 6v9  3.01.CC.101 / N .81.eCoL1 LOT RLI'L @mw.m r_pr@?carmr
BLRELY (w)
fenLe We uoljeAanq 9pN}SUOT /apniieT Clele)p) vrmmo‘@:mﬁ:gm rn@:wv@_,nj

(Gw) ¢ ABLELY



09

WNA)I504381U °S BA[LELCRUIEKELELRREBIEELE

EMINRRI T
0¢ 199¢/1/2¢ 066 3.£0.0¢ 66 / N.£0.65 81 TWD BUIZBREI'C BABLAMLA
%92 8G52/01/.2 6851 3.81.65.00T / N.2T.bp L1 an BIBYEIE & UL e eLYREKE
My L55¢/¢/0C 9121 3.92.90,66 / N.£6.50,91 M ERMIBMIILY & MBIBCR WnA)SoISIU °S
1< x2)dwod asuaindiop ‘s %m@m%aan;ﬂf%aﬁ;g
x9)dwod
x1¢ 8496¢/01/.¢ 68G°T 3.81.65,00T / N.cl.bv LT an mg@mgw © @r:rmr ‘@ eLRest asuaindiop ‘s
G0T asuaulodwnyd s BR[LBERUTUEILLLACLYIELE
et egilr e
14 194¢/v0/10 0¢6 3 .11.0¢.10T / NuDC.LCoLT ¢107 @@@%Kmaﬁc#@@@_\rmr%
A4 195¢/v0/10 124 3.¢.vC0101 / N.£G.9C0/1 11071 RET L @E@ Kc!
BLRELY (w)
nenLe w:m uoljeAs)] 9pN}SUOT /apniieT 9poD vrmmo\@pmﬁ:rgm r%:wv@nj

ve

(Gw) ¢ ABLELY



G¢

(9102) e 39 1enweld ULLRINEIYBLRGLY «

17407 GEUBIATEL S
€9 WiNsOpoU 'S BR{USSERUIEABABLRCLYILE
x£¢ 8GG2/1/L1 8bg 1.£1.92,86 / N.£1.52 61 ¢SW PLCEDCRII E BLILG MYILILIEN
PMEEPCRRN &
WA 8GG2/1/11 698 3.L1.6C,86 / N.C1.9¢ 61 ¢S LML @ URTIBLNILLA
xe 1 895¢/1/11 6l% 1.¢2.50.86 / N.L1.1¢ 61 ISW FLERDGRIEN G BIT'E AREIENHLA wnsopou s
BLRGLY (w)
remnLe Kﬁw uolleAs)] 9pNn}USUOT /apnieT 9poD) vrm@o\@pmﬁ?ram r%:wv@nj

(Gw) ¢ ABLELY



26

Ui 4

NAN1SANEI

o

4.1 AIUYNVBY Lecocytozoon °1mmaa“%'um
ogsiaBuF AT TiFnvASe Suueiua 404 fheths Suunviinves
wuasiusild $1uau 6 add Tu 2 anades fle Gomphostilbia uag Simulium Uszneudie
Simulium asakoae complex (@nagay Gomphostilbia) 31U 126 MIvEN (31.2%) S.
chamlongi (@n@agee Simulium) 37U 19 7I8E14 (4.7%) S. chumpornense (@nagey
Gomphostilbia) 31U 105 39819 (26%) S. doipuiense complex (@nagey Simulium)
311U 31§98 (7.7%) S. nigrogilvum (@nages Simulium) 311U 60 FI9E1e (14.8%)
ua S. nodosum (anages Simulium) $1UIU 63 FeENe (15.6%) (AFNsT 3)
MNMIATIRAEUN Leucocytozoon luwiassusnsuau 404 shagha Tnelddy
mitochondrial cytochrome b (cyt b) #539WU Leucocytozoon U 44 F9ga
(10.89%) (137197 3) luusassuseddd S. asakoae complex $1uay 37 fegns uazmsaa

v
a oA v '1

S = A o (Y ' = : [ & | 1
wuluatad S. chumpornense IUIU 7 AIBYN YILUAITUAINY 2 ﬁﬂ“ﬁﬁu%ﬂ@ﬁﬁl Udnagay

Gomphostilbia wuas3umaldd S. asakoae complex MUunmgdnd® Leucocytozoon

A & Y 1 =Y 1 ) £ o <
LNBUYNYANA (35 9710 37 MI8819) LNUAIDYIUAITUAIINUIUUNUS BILNDADYATLNA

% v

Jowiaeslun wa S. asakoae complex BnduaU 2 Med1e WumeensluvusuasEum

1Y

Mastuseuuyed Tudminee wassiiegiuuadsumaldd S. chumpornense 31w 7

'
a o W

g1 wentu 5 frege nulurasindsiuneuuywd wasdn 2 fegns ivvazwiadsy

f
asmzuusuld iy Leucocytozoon Tuuuassusanadas Simulium



6801 1% 128 reee
0 €9 wnsopou s
0 09 WNA)SOISIU S
0 1¢ x2)dwod asuaindiop -
£9°9 L 501 BSUBLIOAWNYD °S BR[LEPCRUIEANANLBCEYITLS
4 (607) BeTE egilr ‘e (1) eeilt
z (LO7) BeTE eLile LLenUeL
¢ (GOT) BET'E dieENL @ UNUURLA asuawioduwinys s
0 61 isuoyuoyd g
Xx91dwod
9¢°6¢ A% 91 oDOXDSD °S %WFGv@P@RSﬂ%?@@P\@RPw
G¢ (TND) NEAIPRRIE BUIRERRY'R (Z) BRBLAMLA
1 (€07) BEIE @m@.@ MEULERULLT
15 (TO1) BT @E@.@ PRULNEEALN X2)dWod a00)DSD °§
BLRGLY
(%) 9)el SAIUSOJ aAlIsod H¥od Jo 'ON PLEFLL (9POD) BLRELYNYIANLEL LYrLeberen

LC

LWPLEMEIENTL] U00Z01AD00N3T bERMMELURLRRLRTLAUBILLNENEIBLBRLYNENLE € UDLELY

o =
I3



28

4.2 mqwmn‘wmaMﬁaﬁuqniiu%aa Leucocytozoon

nauianalelnddu cyt b ved Leucocytozoon $1uau 44 drduinmdlelng
wuluuuadssus 2 @034 Sruunls 16 haplotypes (15197 4) Usznaudae 11 haplotypes
(@nvavan 37 srduianalels) luusiassus s. asakoge complex Way 5 haplotypes
(@i 7 gruiinnalelns) luuiassush s. chumporense aghslsnulsinunnsi
haplotypes $3ufues Leucocytozoon sewinesagnauuassus 2 alid

NTAATIERAEFURUTNITAUUINITETS neighbor-joining (NJ) (Aaw#l 7) Tagld

o W a o a &

Seunalelnsuesdu cyt b S1uau 44 Srsudanalelns wonanuuass Ui dunme
Ansziuiuswuiinalelndues Leucocytozoon Aiflaurdendavesdiduinmg
Tolnsigaan (10 foehs) wazarduinedlelndves L. sabrazesi f L. caulleryi iwulul
fudladulsumelng (7 fhogr) nuiutssendu 2 clades (clade I, 1) Clade | wuaidu
4 subclades (I-1-4) Ing subclade I-1 Usznaunie 11 haplotypes 184 Leucocytozoon
oA LEUCOTH 2, LEUCOTH 3, LEUCOTH 4, LEUCOTH 6, LEUCOTH 7, LEUCOTH 8,
LEUCOTH 9, LEUCOTH 10, LEUCOTH 11, LEUCOTH 12 wag LEUCOTH 15 %Qﬁ’l@&hﬂﬁ’]ﬁu
thadlolvaves Leucocytozoon dulngilu subclade I-1 wuluuiasdush S. asakoae
complex (33 $19819) kay S. chumpornense (5 A79814) 1NNaYBY NCBI BLAST Wun
diu Thedlelnduesdu cyt b feglu subclade -1 dAnuadoadsfumaiugnsugs
(99%) fuaauindlelnaves Leucocytozoon sp. ﬁwuimuifiﬂwéjmgt,lm (Gallus eallus
spadiceus) Musanaunaie warlnmadies (Gallus gallus) luussmndlve sniiuguil

qndlelng LEUCOTH 7 ﬁﬂ?ﬂﬂﬂﬁ’]&lﬂﬁﬂ%ﬂﬂﬁUﬁqﬂﬁiuﬁ?ﬂ (96%) (A15797 4)

Tu subclade 1-2 Usznoumae 4 haplotypes 184 Leucocytozoon Ao LEUCOTH 1,

LEUCOTH 5, LEUCOTH 14 way LEUCOTH 16 WUIULLEJ@Q%W?WO’I S. asakoae complex (3

Y

19819) Wag S. chumpornense (2 §39819) 3ANaYDY NCBI BLAST %84 subclade 1-2

v a

wuhildwivihndlelnalndipgafiu L. schoutendeni Twulatulnunduyuas (Gallus sallus

o [y

spadiceus) TuUssinmniady uagliiudas (Gallus Gallus) anssausgeiua lugiae

WANININLIUDDN LAYTYIIAINUARIEATINUYDIFIRUTIAA LD INAAILE 98- 100% (151991 4)
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subclade I-3 Usznausie 1 haplotype 184 Leucocytozoon Ao LEUCOTH 13 Wu

Tuuuassus S. asakoae complex (1 A788149) Nauas NCBI BLAST 983 subclade -3 Wu11
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LEUCOTH 11 AS

LEUCOTH 16 AS
LEUCOTH 12 AS

LEUCOTH 6 AS

LEUCOTH 7 AS
LEUCOTH 8 AS
LEUCOTH 10 AS
KT290943 Leucocytozoon sp.
[l |LEUCOTH3CP

|_| KT290944 Leucocytozoon sp.

KX950737 Leucocytozoon sp.
93/52/0.94 _I- LEUCOTH 2 CP
KX950741 Leucocytozoon sp.

[ LEUCOTH 4 CP

KT290940 Leucocytozoon sp. Clade |
— LEUCOTH 9 AS
LEUCOTH 1 CP
KT290936 Leucocytozoon sp.
LEUCOTH 5 CP
99/100/1.0] LEUCOTH 16 AS -2
DQB76823 Leucocytozoon schoutedeni
LEUCOTH 14 AS
KT290937 Leucocytozoon schoutedeni
DQE76824 Leucocytozoon schoutedeni

M|—— LEUCOTH 13 AS |I-3
KT376976 Leucocytozoon sp.

100/85/1.0 | — KT290929 Leucocytozoon sabrazesi -4
L— KT290930 Leucocytozoon sabrazesi

KT290933 Leucocytozoon caulleryi
—— KT290931 Leucocytozoon caulleryi

97/63/0.93

98/96/1.0

89/94/1.0

100/100/1.0

79/-10.62

KT290935 Leucocytozoon caulleryi | Clade ||
_EQDQBZ Leucocytozoon caulleryi
KT290934 Leucocytozoon caulleryi
KT290923 Haemoproteus sp.
soonoono | KT290922 Haemoproteus sp. | Qutgroup
KT290924 Haemoproteus sp.
T

AT T aneduiusnI I aun15a51962835 neishbor — joining (NJ)
MnaTUTRalelng Leucocytozoon vestu cyt b finuluuyasusludsemealne (faoun
i LEUCOTH) Simsngwisaududsiuiinalemlnguss Leucocytozoon fiflanuadneads
mﬂﬁqmmﬂ NCBI BLAST wazaputiaadlelnaves Leucocytozoon 2 &Uad
(Leucocytozoon caulleryi-wag L. sabrazesi) @1 bootstrap U84 neighbor-joining (NJ)
maximum likelihood (ML) tiag bayesian analysis (BA) WaRIUULYUUDIEILITAIUINIT

AINAIRU (AS AB Simulium asaokae complex, CP Ao S. chumpornense)



33

unN 5

ORIEREIAG

5.1 AYNUYNVAY Leucocytozoon lunsassumluuszmealne

Leucocytozoon fianudnisavianugunniulinuiedulssmelng uazgiinie
s [y a 4 .. I < a v
owdeny Iuoan@edla (Morii et al., 1981; Papera et al., 2005) ag1dlsAnuiiieds
fuilugumusienunsAnulugiinindu § Tuuassum LLaz'%ug]mLﬁamamﬂuwmmm
Leucocytozoon @wamsfnwinuinuaasumluanages Gomphostilbia  Ainuly
Uszindlny aeetlos 2 aldd Ae S. asakoae complex Way S. chumpornense Junme
& = =] ] = o = val
Y949 Leucocytozoon wan1sAnwluasstiiussnuassnluedens fusenidedlan
wuwassumetadumuzves Leucocytozoon eenslsinu ilesanduuassumunsad
N eaa v = o [y S v 2 @ = ]
FaNlauaaIeABIAULINAULLAIIUM S. asakoae complex Tusgegsinauiomweiile 1y
S. udomi, S. myanmarense wa¢ S. monglaense (Saeung et al,, 2017 ; Takaoka et al,,

[
Y]

2017) ssdugraduldlsindegautdiuninuniedagiivetu S. asakoae complex

¥
a6 I aa £

mmﬁuaﬂ%ammwﬁmmﬂéﬁaﬂﬁwmé’ﬂwmmmmu%m mauluouAnAIsEnTg

9

v
P A

ATIRERUTEAUNUGANansluanaienTIaeualTdmant

wanaAnyfinuiilifiesusassusanatos Gomphostilbia Safuuuassusanad
@mﬁamﬂﬂﬁmfﬂﬂ (ornithophilic black fly) Wunaugaes Leucocytozoon aanndesiu
msfnyilugiinindy 1 dwuhusassusidnisysuslaed basal tooth U3 claw dude
dwLﬁué’ﬂwmzé’mgmﬁﬂhsiuﬂ1§LLwaﬂéuuﬂJaqé’m5?JﬂLﬁ@lﬁi’h@mﬁam (Adler et al., 2004)
oedlsfinuisaduiad®d S. asakoae complex lalltusinsiumifigaidenainds Unifios
pEhLfEa w1 S, asakoge complex Sinadandniiassgnieituy safeyud
(Choochote et al., 2005) LLﬁ’jﬂmiﬁﬂmﬂ%&ﬁé’ﬂgjwwé’ﬂgmmmqﬁ'LLam‘LﬁLﬁu'jWLLuaéu
svisdesatiidfingIany Leucocytozoon gaidenliiuiioduusemalne ualimesuly
nilmAdug gaslanditausniinuduuassudigaidondnitn (EL Bashir et al, 1976; Adler
et al,, 2004) uenantanudiaralelndtiu cyt b vas Leucocytozoon finuluuyassus
$runnnt 30 drduiaadlelnd Adaanmsfnuadiifianuadiendsgen @nm

v o w

99% ) Auasuiindlelnaves Leucocytozoon Mnululniudinsluuseinalne Usging
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audululdgunniiuuassudmg 2 aldddazilumngues Leucocytozoon Mnululn

Nudlaslutsemelne

PNADYNULAITUANIANA 44 F198W8ANY. Leucocytozoon HANMUIU 35 Foe 9
d' @ U 1 1 =4 ) < [ (v = 1 dy d' @ U 1 @
MAUAIB819NLAaRREIlUE LNERDYAZLNA JINIAIGLY tagNuMLAUAI881%AUIN
1 = lﬂl 1 a v lﬂgl dl U ﬁgj dl 1
WVRIYUYY HANISANEINNUINIENTININY Leucocytozoon Tuuigusugen It tuiuid
1y a 1 a Qy o < a a v v A
atuaYULWIAAGT Leucocytozoon Minsyanuluuassudtulsemalnedusinfedfiuiui
wululnnuwdes iesnnluvgdulunuivuunvesUssmalnedesdeslndiu (Gallus gallus
domesticus) An1sUseiiiunludsemelnedlniuiiosssunal 100 - 120 a1ush Axa#le
1nd (Choprakarn and Wongpichet, 2008) fisuulnnuilosanianunsaiulsaddmsu
= 1Y a2 U 1 Qy o :.I/ dy ::l' aa 1 ’oj =
Leucocytozoon s nunyUnuiliudregiassumasegluiunginduaanilnads
ula e eI AN 0I5 DULNAIS UM F9TTF0aULNAITUM aZUIAISUANG ALY

[ [
a o

wuan seluluiundinene (Wiassua) Usdn (Leucocytozoon) waglean (In

Wudles) FeaamsneSureANuiveINInTIany Leucocytozoon figunnilieilseuifiguiu

e

=)

A
UNBY 9

5.2 ANURAINAANENIINUINITUYBY Leucocytozoon Tunuassumluuszmealng

(%
[

NANISANYIASIH

[

wun haplotyps a1nainuihadlolvavesdu cyt b w93
Leucocytozoon \@waaa 16 haplotypes anasuiiandlelng 44 fhegha fnuluuiassy
7

2 &3 lusuauil 11 haplotypes wuluuuass s s, asakoae complex (37 fheenq) uas
5 haplotypes Wulu S, chumpornense (7 #18e19)-8814lsNAIUNITILATIEIEN8 FURLENS
Fauams wuin haplotypes ves Leucocytozoon iinuluutiassusis 2 addd lauvauen
y91tugnTIL wazTmnduegaely clade ABafutaziAs fuABLAN S 9TiUgNFTLAN
(0.9 -11.5 %) @eandesiunisinuitugiandug 1w luwneuSnmilenageiinild wui
Leucocytozoon lifirmusamnz fuadfdueusassusa (Murdock et al, 2015; Lotta et

al., 2016)

Tuusewnalneisneunsnu Leucocytozoon 2 a@U3id lngdndiuunaiuanveg

maéfmgm’imm Usenaumie L. sabrazesi wae L. caulleryi (Morii et al., 1981; Takang et



35

al,, 2017) S5189unsAnLEe Leucocytozoon i 2 adddulifiudlodludmindodu
agnalsfmulsiiisenudduianalomsvesdu cyt b ¥os Leucocytozoon v 2 adddly
Uszelng dafuriter3sundiouin Leucocytozoon fmuluusassusiannmsinuasd
FualTdiRoniuiu L sabrazesi wag L. caulleryi Pisiesululifuiioslulsvmndlne
videlal 3dldauiandlelndvos L. sabrazesi uay L. caulleryi fiisneenilulifiudiosly
UsenANlal@guninsziUseuiieu nansinsginuinainuianalelne cyt b ves
L. sabrazesi Wag L. caulleryi Wan@19In Leucocytozoon ﬁwuimmaa'%uﬁﬂuﬂszmvﬂm
Tunsenwilupfitiann wazuenesnaniuainnisiassiansduiugmaTmunnsegng
oLy IneTEAUANULANANNINILENTTU Seniedwuilindlelnaves Leucocytozoon lu
nsenulunSeil fiu L. sabrazesi waz L. caulleryi Snszming 13.28 fis 23.23% luvasd
JEAUANNRANA1N LGN TTUNelualTdves Leucocytozoon Afsenudmsuiy oyt b
fiAnszming 0.89 -7.90% (Outlaw and Ricklefs, 2014) ANLUANAIINIETUFATIUTFsN
SR IHAINMTIATIZIMNSEN T TN SU Leucocytozoon Fiasranuluuyassus
nUseinalnglitiasdualad L. sabrazesi wag L. caulleryi

wa NCBI BLAST ansiuilanalelnsivestu cyt b vas Leucocytozoon lumsanunnds
wuindl 2 haplotypes wiiloufu L. schoutedeni (rundiends 100%) danululdiiuiios
(Gallus gallus) nnUsznegiunn (Sehgal et al., 2006) Lagdn 2 haplotypes 1A
AdoAdefueg1sann (Anuwiiou 98%) AU L. schoutedeni Mluldthdumuas (Gallus
gallus spadiceus) TuUszinauLaLTse waglulafudlos (Gallus gallus) NUszInAgiUAT

MNMTAATIEHENET SAMAERs neighboroining (NJ) Wudndlogramaniisn
oglu subclade I-2 109 clade | fefuismua friudduinnalelng Leucocytozoon N
Hinuludaasiush S. asakoae complex waz S. chumpormense Tudssmelneenaifu
L. schoutedeni ag1slsinugsunmang uiaiiis W dnunisnadusivenves
Leucocytozoon Wunu Lﬁamwaavaumagmﬁ

vnasuihnalelndieue R unisdusuionalelng finuedondeiu
1N (AuAdBads 99%) Auaiuiianalendves Leucocytozoon TmululAvagimung
(Gallus gallus spadiceus) anUssmmniaide wazliituies (Gatllus eallus) Tulsznelne
dudnnilsdvuindlelndfuandnaainddiuiandlolnsdu anmsssuiiisulugudeya
NCBI BLAST wandlidiuingrduiindlelnailndides (anuediends 93%)
U Leucocytozoon fiwuluununwiuniur (Zosterops senegalensis) anninizdleln

Usemedianesgani (Loiseau et al,, 2017)
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Information regarding vector-parasite iation is y for fully und ding the of vector
borne diseases yet, this information is lacking in the case of lzucocytozoonosls in the Oriental mgion. despite a
high incidence of the disease. In this study, we used a molecul h based on mitochondrial cytoch b
(cyt b) sequence to detect the parasite, Leucocytozoon, in potential blad( fly (Simuliidae) vectors in Thailand. A
total ol’ 404 wﬂd caught black flies reprsen(mg six morphological species of two subgenera were examined.-
[¢ asakoae lex, S. ) and ium (8. S. nod S. ni-
grogilvum). Forty-four black fly specimens from two speqes of the Gomphostilbia were positive for Leucocytozoon.
Most (35) of these were found in a village where high numbers of domestic chicken were kept, consistent with
the possibility that chickens are a host of Leucocytozoon species found in black flies. Sixteen haplotypes were
identified among 44 cyt b C of the with p reports led that the 11
haplotypes obtained in this study were identical or very similar to unknown Leucocytozoon found in infected
domestic chickens. Four haplotypes are genetically similar to L. schoutedeni and one haplotype is genetically very
different from existing cyt b sequences in public database. Our results indicate that two black fly species of the
subgenus Gomphostilbia in Thailand are possible vectors of Leucocytozoon transmitted among poultry and wild

birds in the country.

1. Introduction

Leucocytozoon is a genus of haemosporidian blood parasite that in-
fects many avian taxa (Valkiiinas, 2005; Lotta et al., 2016). There are at
least 41 morphospecies of this genus described so far (Lotta et al., 2016)
but recent molecular investigations suggested that there could be much
more diversity (Valkiinas et al., 2010; Freund et al., 2016; Galen et al.,
2018). Two groups of insects have been reported as vectors of Leuco-
cytozoon, black flies (Diptera, Simuliidae) and biting midges in the
genus Culicoides (Diptera, Ceratopogonidae) (Valkiiinas, 2005;
Forrester and Greiner, 2008).

In Thailand, infections of Leucocytozoon spp. in both domestic
chickens and wild bird species have been reported in several areas with
infection rates varying from 29% in captive wild birds to 74% in do-
mestic chicken (Worasing et al., 2000; Singjam and Ruksachat, 2011;
Jaijan et al., 2012; Takang et al., 2017). There are two Leucocytozoon
morphological species reported in Thailand.- Leucocytozoon sabrazesi
and L. caulleryi (Morii et al., 1981; Takang et al., 2017). However, thus

* Corresponding author.
E-mail address: pairot.p@msu.ac.th (P. Pramual).
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far there is no report for the vectors species of these haemosporidian
parasites in Thailand or in other tropical Asian countries.

According to the latest world list of the black flies, there are 96
morphological species of Simuliidae in Thailand (Adler and Crosskey,
2018). However, many species that have been described more recently
(Takaoka et al., 2017a, a, b, ¢, d, ¢; Tangkawanit et al., 2018) were not
included in the world black fly inventory and there are actually 108
species recorded in Thailand. These species are assigned into six sub-
genera of the genus Simulium including, Asiosimulium Takaoka and
Choochote, Daviesellum Takaoka and Adler, Gomphostilbia Enderlein,
Montisimulium Rubtsov, Nevermannia Enderlein and Simulium Latrelllc s.
str. Among these sub bers of the subg A
(five species), Gomphostilbia (34 species), Montisimulium (six species)
and Nevermannia (11 species) are prime candidates as the vectors of
Leucocytozoon because females possess bifid claws with a thumblike
lobe adapted to grasp feather barbules and hence feeding on avian
species (i.e. ornithophilic species) (Crosskey, 1990; Adler et al., 2004).

Recent study in black flies using molecular approaches have proved
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Table 1
Sampling locations, number of black fly specimens and number of positive for PCR of cyt b gene of Leucocytozoon in Thailand.
Black fly species Location Code latitude/ Elevation (m) Collection Date No. of No. positive PCR
Longitude specimen (%)
S. asakoae complex Wat Pa Song Khon, Phu Ruea District, Loei  LO1  17°21'38"N/ 681 22/03/2017 2 1(50)
Province 101°23'50"E
Lert Phop Waterfall, Phu Ruea District, Loei LO2  17°29'59"N/ 1,134 23/03/2017 3 0
Province 101°2010"E.
Song Khon Waterfall, Phu Ruea District, Loei  LO3  17°21’13"N/ 773 27/05/2017 25 14
Province 101°24"23°E
Ban Pang Bong 1, Doi Saket District, Chiang CM1  18°59'03"N/ 990 22/01/2018 10 0
Mai Province 99°20'07"E
Ban Pang Bong 2, Doi Saket District, Chiang CM2  18°59'03"N/ 990 22/01/2018 70 35 (50)
Mai Province 99°20'07"E
Road to Ban Pang Bong, Doi Saket District, CM3  18°59'20"N/ 1,050 22/01/2018 8 0
Chiang Mai Province 99°20'23"E
Song Khwae District, Nan Province NN 19°21'11"N/ 722 21/01/2018 3 0
100°33"44°E
Rai Chanram Resort, Khao Kho District, PB 16°39'44"N/ 920 24/03/2018 1 0
Phetchabun Province 101°0126"E
Suan Hom Waterfall, Nong Hin District, Loei  1LO4  17°02'49"N/ 671 31/03/2018 4 0
Province 101°45'42"F.
Total for S. asakoae complex 126 37 (29.36)
Attracted to human but not biting 45 2(1.59)
Swept from vegetation 1 0
Captured while resting on vegetation 70 35 (27.78)
S. chamlongi Ban Pang Bong 2, Doi Saket District, Chiang CM2  18°59'03"N/ 990 22/01/2018 17 0
Mai Province 99°20'07"E
Road to Ban Pang Bong, Doi Saket District, CM3  18°59'03"N/ 990 22/01/2018 2 0
Chiang Mai Province 99°20'07"E
Total for S. chamlongi 19 0
Human biting 2 0
Captured while resting on vegetation 17 0
. chumpornense Ban Kok Bok, Wang Saphung District, 105  17°2334" N/ 247 29/10/2016 5 0
Loei Province 101°34'17” E 22/03/2017 12 2(16.67)
27/03/2017 1 1]
01/04/2018 10 1(10)
Ban Huai Lat, Phu Ruea District, Loei LO6 17°2701"N/101'2548"E 747 22/03/2017 6
Province
Pla Ba Waterfall, Phu Ruea District, Loei LO7 17°2318"N/101'22'10"E 649 22/03/2017 2 2 (100)
Province
Ban Song Khon, Phu Ruea District, Loei LO8  17°21'38" N/ 101°23'50” 681 22/03/2017 9 0
Province E
Phu Ruea 1, Phu Ruea District, Loei Province  LO9  17°30'10'N/ 1,214 23/03/2017 15 2(13.33)
101°20'59"E
Phu Ruea 2, Phu Ruea District, Loei Province  LO10  17°30'03" N/ 101°20'16"E 1,151 23/03/2017 3 0
Suan Hom Waterfall, Loei Province LO4  17°02'49"N/ 671 14/10/2017 2 0
101°4542"E 21/03/2018 2 0
Song Khon Waterfall, Phu Ruea District, L03  17°2113"N/ 773 24/03/2018 1 0
Loei Province 101°24"23"E 31/03/2018 15 0
01/04/2018 4 0
Ban Mae Su Ya Mai, Mae Hong Son Province MS1  18°38'44'N/ 410 31/03/2017 2 0
97°5624"E.
Rai Chanram Resort, Khao Kho District, PB 16"39'44" N/ 101°01'26” 920 24/03/2018 2 0
Phetchabun Province E
Ban Phu Ruea, Phu Ruea District, Loei 1011 17°2653"N/ 624 01/04/2018 12 0
Province 101°24'23" E
Phu Ruea Highland Agricultural Experiment 1012 17°1753'N/ 101°24'37”E 920 01/04/2018 2 0
Station, Loei Province
Total for S. chumpornense 105 7 (6.67)
Attracted to human but not biting 89 5 (4.76)
Swept from vegetation 16 2(1.90)
S. doipuiense complex  Phu Soi Dao, Uttaradit Province un 17°4412"N/ 1,589 27/10/2015 31 0
100'59"18"E
S. nigrogilyum Chong Yen, Kamphaeng Phet Province KP  16°0553"N/ 1,276 20/2/2014 4 0
99°06"24"E
Phu Soi Dao, Uttaradit Province uD 17°44°12"N/ 1,589 27/10/2015 26 0
100°59'18"E
Ban Pang Bong, Doi Saket District, CM1  18°5903"N/ 990 22/01/2018 30 0
Chiang Mai Province 99°20'07"E
Total for S. nigrogilvum 60 0
S. nodosum Ban Mae Su Ya Mai, MS1  19°31’17”N/ 98'05'32"E 379 17/01/2015 18" 0
Mae Hong Son Province
Ban Pang Peak, Pang Mapha District, MS2  19°26'12"N/ 849 17/01/2015 17" 0
Mae Hong Son Province 98°29'17"E
Mae Na Teng, Pai District, MS3  19°2513"N/ 548 17/01/2015 33 0
Mae Hong Son Province 98°2413"E

(continued on next page)
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Table 1 (continued)
Black fly species Location Code Latitude/ Elevation (m) Collection Date  No. of No. positive PCR
Longitude specimen %)
Total for S. nodosum 63 [
Total 404 44 (10.89)
* Specimens obtained from Pramual et al. (2016) and all are human biting.
l(p'! lqve
20° N+ -20° N
15° N+ FI1S°N
10° N+ F10°N
03060 120 180 240 Km
N —

100° E 105°E
Fig. 1. Collection sites for wild adult black flies species in Thailand used in this study. Details of collection sites are given in Table 1.
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to be very useful for detection of the L in these dip Phyl i 1 were conducted based on neighbor-joining (NJ),
vectors (Sato et al., 2009; Murdock et al., 2015; Lotta et al., 2016). In maximum llkchhood (ML) and Bayesi lysis (BA) hods. The NJ
this study, we use a molecular method to detect and to evaluate genetic tree analysis was implemented in MEGA 6 (Tamura et al., 2013) based

diversity of Leucocytozoon in wild caught black flies from Thailand. Our
results, presented in this study, are the first report from tropical Asia for
an association between Leucocytozoon and black fly species.

2. Materials and methods
2.1. Sample collection and identification

Adult black flies were collected from 28 locations in Thailand be-
tween February 2014 and March 2018 (Table 1 and Fig. 1.). Specimens
were collected using three methods; (i) collected from human bait (ii)
swept from vegetation and (iii) captured while resting on vegetation.
The bers of specil llected by the different methods are shown
in Table 1. Specimens were preserved in 80% ethanol and were kept at
—20°C until processed. Black fly species were morphologically iden-
tified using keys and descriptions of black flies in Thailand and nearby
geographic regions (e.g., Takaoka and Suzuki,1984; Takaoka and
Choochote, 2004; Tangkawanit et al., 2009).

2.2. DNA extraction, amplification and sequencing

Prior to processing for DNA extraction, adult fly specimens were
carefully checked for host blood in the abdomens. No host blood was
found in any specimen except for those collected while biting human
bait, Genomic DNA was extracted from adult specimen using the GF-1
Tissue DNA Extraction Kit (Vivantis, Malaysia). All DNA samples of S.

d and S. doipui lex and some of S. nigrogilvum were
obtained from a previous study (Pramual et al., 2016), The primers

on Kimura 2-parameter (K2P) model. Branch support was calculated
using the bootstrapping method with 1000 replicates. Maximum like-
lihood tree analysis was performed in the RAxML web server version
(https://embnet.vital-it.ch/raxml-bb/) (Stamatakis et al., 2008). Baye-
sian analysis was performed with MrBayes 3.04b (Huelsenbeck and
Ronquist, 2001), and was run for 2,000 000 generations with sampling
sequences of 100 generations. For all phylog:

of Haemoproteus sp. (accession no. KT290922 — K129()924) were used
as the outgroups.

3. Results

3.1. Molecular d

of L Y in wild caught black flies

A total of 404 wild caught black flies were screened for
Leucocytozoon. These black flies were morphologically identified into
six species.- S. asakoae complex (n = 126), S. chamlongi (n = 19), S.
chumpornense (n = 105), S. doipuiense complex (n = 31), S. nigrogilvum
(n = 60) and S. nodosum (n = 63). Propomons of specimens collected
with different hods for S. asaki plex, S. chumpornense and S.
chamlongi are shown in Table 1. All of the S. doij
complex, S. nodosum and S. nigrogilvum were collected from human bait.

Among 404 black fly specimens, 44 (10.89%) were positive for
Leucocytozoon. Of these, 37 were detected in the S. asakoae complex
that are included in the subg ( hostilbia. Almost (35 of 37) all of
the S. asak 1 i infected with L were
captured while resting on vesetauon in a village in Chiang Mai
Provmv:e. northern Thailand. Additi , tWO S of S. k

specific for Leucocytozoon were used to amplify an app ly 500
bp fragment of the mitochondrial cytochrome b (cyt b) gene (Hellgren
et al., 2004). PCR reaction followed the method described in Hellgren
et al. (2004) with some modifications. Amplification of the cyt b using
the specific primers for Leucocytozoon requires use of nested PCR. The
first PCR was performed in a total volume of 15 pl containing 1.5 pl of
10X PCR buffer, 0.36ul MgCl, (50mM), 0.75ul of dNTP mixture
(2.5mM), 0.9l of each primer (10uM) (HaemNFI and HaemNR3)
(Hellgren et al., 2004), 0.066 ul of Tag DNA polymerase (TaKaRa,
Ohtsu, Japan) (5 U/ul) and 1.5l of DNA template. Temperature pro-
files were as follows: 94 °C for 3 min followed by 20 cycles of 94 °C for
30s, 53°C for 30s, and 72 °C for 45 s, with final extension at 72 °C for
10 min. The second PCR was carried out in a total volume of 50 pL
containing 5 pl of 10X PCR buffer, 1 ul MgCl, (50 mM), 3 ul of dNTPs
(2.5mM), 2pl of each primer (10uM) (HaemFL and HaemR2L)
(Hellgren et al., 2004)), 0.25ul of Tag DNA polymerase (5 U/ul) and
5yl of the product from the first PCR reaction. The thermal profile of
the PCR was identical to the initial PCR but performed for 36 cycles.
PCR prod were checked with a 1% ag; gel and purified using
HlYlEld Gel/PCR DNA Extraction Kit (RBC Bioscience, Taiwan) fol-
lowing the manufacturer’s instructions. DNA sequencing was performed
at 1st BASE (Malaysia) DNA sequencing service, using the same primers
as in the second round PCR.

2.3. Data analysis

‘The mitochondrial cyt b of Leucocytozoon obtained in this
study were deposited in the NCBI GenBank under accession numbers
MK066336 — MK066379. Genetic diversity based on Kimura 2-para-
meter among cyt b sequences was calculated in MEGA 6 (Tamura et al.,
2013). To ine phyl: lationships between Leucocytozoon
cyt b sequences obtained in this study with those previously reported,
the 10 closest sequences based on NCBI BLAST analysis and seven se-
quences of the Leucocytozoon species (L. caulleryi and L. sabrazesi) found
in infected domestic chicken in Thailand were also included.
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infected with Leucocytozoon were collected while attract to

human from Loei Province, northeastern Thailand (Table 1). Seven

of S. chump , also bel to the subg Gom-

phosl'llbla, were found to be infec!ed with Leucocytozoon (Table 1). Five

specimens were collected while attract to humans and two were swept

from vegetation (Table 1). None of the black fly species of the subgenus
Simulium was positive for Leucocytozoon.

3.2. Genetic diversity of Leucocytozoon

Sixteen haplotypes were identified from 44 cyt b sequences of
Leucocytozoon. Of these, 11 haplotypes were unique and five haplotypes
were shared by at least two individuals (Table 2). A total of 11 hap-
lotypes were identified among 37 seq of L Y found in
the S. asakoae complex and five haplotypes were detected among seven
Leucocytozoon sequences found in S. chumpornense. None of these hap-
lotypes were shared between black fly species.

The neighbor-joining tree (Fig. 2) based on the 44 cyt b sequences of
Leucocytozoon obtained from black flies in Thailand plus 10 closest
sequences and seven of the L. sabrazesi and L. caulleryi that were found
in infected chickens in Thailand revealed two major clades. Clade I
could be further divided into four subclades (I-1- 4). Most of the spe-

cimens bel d to subclade I-1 that ined Leucocytozoon from
both S. asak plex and S. chi . The NCBI BLAST results
led that cyt b seq belonging to this subclade are geneticall

identical or very similar (99%) to Leucocytozoon sp. found in red jungle
fowl (Gallus gallus spadiceus) from Malaysia and d ic chick

(Gallus gallus) from Thailand (Table 2) with only one exception (LEU-
COTH 7) where the genetic similarity was low (96%). Subclade I-2 was
compnsed of the cyt b haplotypes of Leucocytozoon obtained from both
S. lex and S. chumpornense. Based on the NCBI BLAST
results, the haplotypes of this subclade are closest to L. schoutendeni
with the sequence similarity range from 98 to 100%. Only one specimen
of Leucocytozoon from the S. asakoae complex formed clade I-3 with
Leucocytozoon sp. reported from the African yellow white-eye bird,
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Table 2
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Haplotype list and best NCBI BLAST hits sequences for Leucocytozoon haplotypes found in black flies from Thailand.

Haplotype (n) Black fly species Closest sequence in NCBI GenBank (% similarity) Host / Country NCBI GenBank Accession
LEUCOTHI (1) S L (98%) Gallus gallus spadiceus/Malaysia K1290936
Leucocytozoon sp. (98%) Gallus gallus spadiceus /Malaysia KT290944
LEUCOTH2 (1) S, P L sp. (99%) Gallus gallus / Thailand KX950741
LEUCOTH3 (3) S. chump L sp. (100%) Gallus gallus spadiceus/Malaysia KT290944
LEUCOTHA4 (1) S L sp. (99%) Gallus gallus spadiceus/Malaysia KT290940
LEUCOTHS (1) S. chump L deni (98%) Gallus gallus/Uganda DQ676824
LEUCOTHS (22) S. asakoae Leucocytozoon sp. (99%) Gallus gallus spadiceus/Malaysia KT290943
Leucocytozoon sp. (99%) Gallus gallus / Thailand KX950737
LEUCOTH? (1) . asakoae Leucocytozoon sp. (96%) Gallus gallus / Thailand KX950741
LEUCOTHS (3) Leucocytozoon sp. (100%) Gallus gallus spadiceus/Malaysia KT290943
Leucocytozoon sp. (99%) Gallus gallus / Thailand KX950737
LEUCOTH9 (1) S. asakoae Leucocytozoon sp. (99%) Gallus gallus spadiceus/Malaysia KT290943
Leucocytozoon sp. (99%) Gallus gallus / Thailand KX950737
LEUCOTHI10 (3) S. asakoae Leucocytozoon sp. (100%) Gallus gallus spadiceus/Malaysia KT290943
Leucocytozoon sp. (99%) Gallus gallus / Thailand KX950737
LEUCOTH11 (1) S. asakoae Leucocytozoon sp. (99%) Gallus gallus spadiceus/Malaysia KT290943
LEUCOTHI2 (1) S. asakoae Leucocytozoon sp. (99%) Gallus gallus spadiceus/Malaysia KT290943
LEUCOTHI3 (1) . asakoae Leucocytozoon sp. (99%) Zosterops senegalensis/ KT376976
Equatorial Guinea: Bioko Island
LEUCOTH14 (2) S. asakoae Leucocytozoon schoutedeni (100%) Gallus gallus/Uganda DQ676824
LEUCOTHI1S (1) S. asakoae Leucocytozoon sp. (99%) Gallus gallus spadiceus/Malaysia KT290943
LEUCOTH16 (1) S. asakoae Leucocytozoon schoutedeni (100%) Gallus gallus/Uganda DQ676823
n, number of sharing the haplotyp

Zosterops senegalensis from Bioko Island of Equatorial Guinea, albeit
with low genetic similarity (93%). Two sequences of L. sabrazesi formed
clade 1-4 and five sequences of L. caulleryi comprised clade II.

4. Discussion

L Y has been di d at high fr in
chickens in Thailand and from other tropical regions of Southeast Asia
(Morii et al., 1981; Paperna et al., 2005). However, there is only a
suspicion based on reports from other geographic regions that black

1.0-1.5kg) produced annually (Choprakarn and Wongpichet, 2008).
Therefore, these domestic chickens could be the host for Leucocytozoon.
Because the village (Pang Bong, Doisaket District, Chiangmai Province)
from where we collected black fly specimens is situated in a mountai-
nous areas where suitable habitats for i black flies are plen-
tiful, it was possible to find large numbers of both immature and adult
black flies. Th this area is ble for both potential vectors
(black flies) and parasites (Leucocytozoon).

A total of 16 haplotypes were identified among 44 cyt b sequences
obtained from two black fly species. Most of these (11) were found in
the S. asak Haplotypes seem to be species specific as none

flies and biting midges are potential vectors of this h idian
parasite. Our results have found that at least two ornithophilic black fly
species (S. asak lex and S. chumpornense) were infected with
Leucocytozoon and this is the first report from tropical Asia that black
flies are potentially the vectors of Leuocytozoon in this region. Note that,
for S. asakoae complex, we cannot rule out the possible involvement of
other closely related species such as S. udomi, S. myanmarense and .
monglaense because females of these species are morphologically very
similar (Saeung et al., 2017; Takaoka et al., 2017b). Further molecular
investigation could help to clarify this.

of them were shared between black fly species. However, phylogenetic
analysis revealed no indication of lineage divergence between haplo-
types from different black fly species as Leucocytozoon haplotypes from
both black fly species were clustered together with a low level of ge-
netic divergence. Previous reports in other geographic regions in-
cluding North America (Murdock et al., 2015) and South America
(Lotta et al., 2016) also found no species specificity between Leucocy-
tozoon and black fly vectors.

Two specls of the Leucocytozoon were reported in Thailand based
on ical ch. - L. sab and L. caulleryi (Morii et al.,

The finding that only ornithophilic black fly species are p ial
vectors of Leucocytozoon is consistent with the typical trend that vectors
of this heamosporidian parasite are restrict to black fly species pos-
sessing a bifid claw (Adler et al., 2004). Interestingly, the S. asakoae

lex is not ab y ornithophilic b this species is also
known to bite mammals such as humans (Choochote et al., 2005). Al-
though, we have not yet found any direct evidence that these black flies
bite domestic chickens in Thailand, black fly biting of poultry has been
reported in many other locations (El Bashir et al., 1976; Adler et al.,
2004). In addition, many (30) Leucocytozoon cyt b sequences from black
flies obtained in the present study are highly similar (> 99% similarity)
to those reported from domestic chicken in Thailand.

Among 44 specimens that were positive for Leucocytozoon, 35 were
from a single location in northern Thailand. Interestingly, these 35
black fly specimens were collected from a village. The high incidence of
the Leucocytozoon in the village rather than in the forest also supports
the above speculation that the Leucocytozoon detected in the black flies
in Thailand are likely to be infecting domestic chickens. It is very
common practice in rural areas of Thailand for villagers to keep do-
mestic chickens in their backyard. It has been estimated that there are
100-120 million chickens of marketable size (approximately
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1981; Takang et al., 2017). Both species were found infecting domestic
chicken in Chiangmai Province, northern Thailand. There is no report
on !he oyt b of these L species from Thailand but
we d from Malaysia which were also from infected
chicken. The cyt b sequences of these species are very different from our
specimens and formed distinct clades in the NJ tree. The levels of ge-
netic differentiation based on the K2P model between our sequences
and L. sabrazesi and L. caulleryi are 13.28%-23.23% while within these
species they are 0.89%-7.90%. Although there is no clear level for cyt b
genetic diffe between L species (Outlaw and
Ricklefs, 2014) the high degree of genetic differentiations plus results
from phylogenetic analyses suggest that Leucocytozoon detected in black
flies from Thailand is unlikely to be L. sabrazesi and L. caulleryi.

Based on the NCBI BLAST results of our Leucocytozoon cyt b se-
quences, two haplotypes were perfectly matched with L. schoutedeni
from Uganda that was infecting domestic chicken (Sehgal et al., 2006).
Two more haplolypes were also highly snmxlar (98% sequence simi-
larity) to L. sch from ia infecting red jungle
fowl (Gallus gallus spadxceus) and from Uganda that mfected domestic
chicken. All of these sequences formed subclade (I-2) of clade 1
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LEUCOTH 11 AS
LEUCOTH 15 AS
LEUCOTH 12 AS
LEUCOTH 6 AS
LEUCOTH 7 AS
LEUCOTH 8 AS
LEUCOTH 10 AS
IKT290943 Leucocytozoon sp. 11
LEUCOTH 3 CP
KT290944 Leucocytozoon sp.
KX950737 Leucocytozoon sp.
93/52/0.94 LEUCOTH 2CP
KX950741 Leucocytozoon sp.
LEUCOTH 4 CP
K KT290940 Leucocytozoon sp. Clade |
LEUCOTH 9 AS
LEUCOTH 1 CP
KT290936 Leucocytozoon sp.
LEUCOTH 5 CP
98/96/1.0 99/100/1.0] LEUCOTH 16 AS -2
DQ676823 Leucocytozoon schoutedeni
LEUCOTH 14 AS
KT290937 Leucocytozoon schoutedeni
99/94/1.0
Loon,o'— LEUCOTH 13 AS ||_3
00/110011.0 S x5
- - Jooeeto [ KT290029 L i I -4
KT290930 Leucocytozoon sabrazesi
KT290933 L caulleryi
701062 KT290931 Leucocytozoon caulleryi
KT290835 Leucocytozoon caulleryi | Clade I
KT290932 Leucocytozoon caulleryi
KT290934 Leucocytozoon caulleryi
KT290923 Haemoproteus sp.
100/100/1.0 r KT200022 Haemop ».| Outgroup
KT290924 Haemoproteus sp.
!
Fig. 2. Nei; -joining tree of of L cyth btained from black flies species in Thailand (indicated as LEUCOTH) their best NCBI BLAST match
and sequences of two species that were reported infected domestic chicken in Thailand (Leucocytozoon caulleryi and L. sab: i). p values for neighb
joining, maximum likelihood and posterior probability of Bayesian analysis are shown above or near the b hes. AS, Simulium asaokae lex; CP, S. chum-

pornense.

according to the NJ analysis. Therefore, these Leucocytozoon sequences
found in black flies, S. asakoae complex and S. chumpornense in Thai-
land could be L. schoutedeni. However, further evidence such as mor-
phological characters of the Leucocytozoon are needed to support this
hypothesis.

All remaining sequences (except one) were identical or very similar
(99% similarity) to sequences of an unknown Leucocytozoon found in-
fecting red jungle fowl from Malaysia and domestic chicken from
Thailand. The one remaining sequence is very different from the others.
Comparisons with sequences in the NCBI database revealed that its
closest sequence (93% similarity) is an unknown Leucocytozoon in-
fecting the African yellow white-eye bird (Zosterops senegalensis) from
Bioko Island of Equatorial Guinea (Loiseau et al., 2017).

In conclusion, our results revealed that at least two ornithophilic
black fly species, S. asak plex and S. ipornense of the sub-
genus Gomphostilbia are potential vectors of Leucocytozoon in Thailand.

Closely related cyt b sequences of Leucocytozoon sp. found in black flies
and in domestic chickens along with the high incidence of these para-
sites in the village area where many domestic chickens are kept in-
dicates that the Leucocytozoon could be the same species. However,
more evidence is needed before firm conclusion can be made.
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