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Abstract

Project Code: RSA5680030

Project Title: Correlation between mosquito midgut microbiota and mosquito vector
competence for Chikungunya virus

Investigator: Associate Professor Dr. Sonthaya Tiawsirisup

Parasitology Unit, Department of Pathology, Faculty of Veterinary Science, Chulalongkorn
University

E-mail Address: sonthaya.t@chula.ac.th, sonthayatiaw@hotmail.com

Project Period: 17 June 2013 - 16 June 2016

The correlation between mosquito midgut microbiota and mosquito vector competence
for Chikungunya virus (CHIKV) were investigated. Midgut microbiota of laboratory rearing and
field collected Aedes albopictus were identified by using bacteriological and molecular
techniques. Agrobacterium, Klebsiella, Micrococcus, Pandoraea, Pseudomonas, and
Staphylococcus were identified from laboratory rearing Ae. albopictus. Different bacterial genera
were also identified from filed collected mosquitoes from Singha, Chumphon, and Yala province.
CHIKYV infection in Ae. albopictus were conducted in this study. Percent infection, dissemination,
and transmission in Ae. albopictus were 83, 71, and 42%, respectively after taking the blood
meal with 102 CIDgo/ml of CHIKV. Percent infection, dissemination, and transmission in Ae.
albopictus were 90, 87, and 70%, respectively after taking the blood meal with 10 CIDsy/ml of
CHIKV. Percent infection, dissemination, and transmission in Ae. albopictus were 100, 100, and
100%, respectively after taking the blood meal with 10* CIDsy/ml of CHIKV. Percent infection,
dissemination, and transmission in Ae. albopictus were 100, 90, and 90%, respectively after
taking the blood meal with 10° CIDg/ml of CHIKV. Percent infection, dissemination, and
transmission in Ae. albopictus were 100, 100, and 100%, respectively after taking the blood
meal with 10° CIDso/ml of CHIKV. The differences of bacteria diversity between infected and
non-infected Ae. albopictus were studied. After taking the blood meal with 10? CIDsy/ml of
CHIKV, the midgut bacteria found in infected mosquitoes were Arthrobacter, Corynebacterium,
and Staphylococcus and the midgut bacteria found in non-infected mosquitoes was
Staphylococcus. After taking the blood meal with 10° CIDsy/ml of CHIKV, the midgut bacteria
found in infected mosquitoes was Acinetobacter and no midgut bacteria was found in non-
infected mosquitoes. After taking the blood meal with 10* CIDs/ml of CHIKV, the midgut
bacteria found in infected mosquitoes was Staphylococcus and no midgut bacteria was found in

non-infected mosquitoes. After taking the blood meal with 10° CIDsy/ml of CHIKV, no midgut
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bacteria was found in infected mosquitoes and the midgut bacteria found in non-infected
mosquitoes were Corynebacterium and Staphylococcus. After taking the blood meal with 10°
CIDso/ml of CHIKV, the midgut bacteria found in infected mosquitoes were Moraxella,
Sinomonas, and Staphylococcus and the midgut bacteria found in non-infected mosquitoes were

Actinomyces, Brachybacterium, and Staphylococcus.

Keywords: Mosquito vector, Migut microbiota, Chikungunya virus
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13010 uiangunndadnien 4 ssrmLoaLdus LLa:m"h'ﬂqm%nﬂmuumﬂmﬂumammmwsﬁ
813 (PCR product)

WHRAA U N DI A NHFNNL loading buffer (Blueduice™ Gel Loading Buffer,
Invitrogen, USA) 3111 6 u1ATAAT WAz uNaNainanflaswin 10 tulasaas udw
A3TUIUMT electrophoresis N3eauln®n 120 Tayt (Juszeziian 40 w1 laslt agarose
(Ultrapure agarose, Invitrogen, USA) Afiszauanuntusanay 2 lu TAE buffer lasil
NRAADUINTNSN A UUIa 1.5 kilobase pairs waztinlUAnmfedauiua (DNA sequencing)

A & a A,
LWEUG%“E%@TEGLLU@%L?H@]QVM
25 PCR Upn3an 2

Primer ‘ﬁi“ﬁ'ﬁ 8 forward primer 63f 5-CAG GCC TAA CAC ATG CAA GTC-3 la¢
reverse primer 1387r 5-GGG CGG WGT GTA CAA GGC-3' (Marchesi et al., 1998) Taslu
UfATedsznevludrndrad1aaIwugnIsu (template DNA) 31131 1.5 lulasdas Tag DNA

polymerase (Platinum Taq DNA polymerase high fidelity, Invitrogen) 371%2% 0.2 lulasdas 10X
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PCR buffer $143% 2.5 lulasdas 10 mM dNTP $112% 0.5 lulasdaas 50 mM MgSO, $117% 1
lula38@s Forward primer 1% 1 lulasdas %38 10 UM Reverse primer $1%2% 1 lulasdas
W30 10 UM uazthnawiiwin 17.3 lulasdas
=3 -jf 7 & e . (2 a =

nsanenisznavulddlruduaan initial denaturation msflmaqmvmﬂw 94 DIANLTRLTE &
Wszazi3a0 2 w1fl I%I% 1 580 Wazaua8auaaw PCR amplification G9azudatdun13via
mﬂlﬁqmﬂgﬁﬁmmmﬁ'u 3 AUnU Aa mﬂléfqmugﬁ 95 AIANLTRLDHF LIULIAT 1 U WA
ﬁaLﬂﬁﬂuLﬂuﬁqm%Qﬁ 55 a9ANLTALTUR bDUIZHZLIRT 1 U LLﬂ:ﬁﬂﬁﬂl@Tqm%Qﬁ 72 29dn

= = ~ a = & g o w o & &
AL LTWIZ 287 1 W7 30 FuA lasluiuaauhacyindranuninua 30 301 TwAa%
@ . . A ° @ a o

ﬁg@mﬂﬁa final extension ma:mmmlmqm%gu 72 29 TR TUR LTWITHLIaN 5 W I1WI 1

v & a A A = oo A Y & o ) A A &
soU Ui sangnndadnian 4 asrmLoalfos LLazmvhmqmﬁn“wuum:Vl,@Lﬂuwa@mmmweﬁmi
(PCR product)

° a o & A A AV o (% . . .

BN AN AT 15N ld N INaNAY loading buffer (BluedJuice™ Gel Loading Buffer,
Invitrogen, USA) 31%3% 6 TulaT8aT waztaIuNauaananif tas1win 10 tulasaas undn
ASTUIUANT electrophoresis N152a U TWWA 110 eyt 1D uszoziian 40 w1l lasld agarose
(Ultrapure agarose, Invitrogen, USA) fi52@uaINNtduduIasas 2 b TAE buffer lasf
NAAA AN NDD13N ba A U119 1.3 kilobase pairs Waz#1 lUANB1AIR1GULLE (DNA sequencing)

A 4 a A A
WWaLTTRaUasLLanTada 1y
2. M3AnsINMIaaze satawnwe lunilutnia BALB/c uaznie ICR

A va o A o A o = ' & A =2
Luaamnﬂmz;ﬂnawmwmaamimzlm%%w@aauﬂmmawaommwalﬂummnm
Lﬁmﬁ'uﬁ'ﬂymwmaaqammm’tumnﬂuwwmmau%a"b%’a%ququm 9 larinnsAnE 9T aU
& oA = o A LA o a & ' &
°11aaLmalu%w@aanmmmLﬂu"l,ﬂ"l,@ma"l,umxlwkmmaa@mlfnaLflul,mawaamalumimaaa
na b miﬁﬂmﬁ"lﬁmumiﬁmsmwaaﬂm:mmmsmuqugLLamiLﬁmLLa:mﬂ‘fﬁm‘Lﬁ'amu

a & % & & a o A
NINGIFENT ATZFAIUNNEANESS JaINTHlaMINGIAD 1a7l 13310043
ﬂ” w a
2.1 FalrsaBannuen

L%avh%'a%@;uqumﬁa:m s lFlumsanuniliiwdelhsadle unangioludsznalnely
izﬁdnﬁlLﬁ@mﬁwﬂ@“u aal,%alufl W.¢. 2553 (Thailand 2010 strain Chikungunya virus) wazla
11’1&1’1LWﬂngﬂdiuﬁa\‘]ﬂﬁﬁaﬂﬁma\‘mﬁ,’lUﬂiﬁ@]’?“nEI’] NMAITINENTINGT ATUSFAIUNNDANFAT
@wwaaﬂ‘srﬁu%ﬁwmﬁs I@zlvlﬁﬁ'ummaguﬂ‘mzﬁl,%a"l’ﬁa%@;uqummnﬂmzuwnﬂma@rf

gwwaamzﬁwﬁﬂmﬁ'ﬂ
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2.2 dninaaag

‘V‘hmiﬁ@L%a"b?a%ququmlﬁﬁu%El,vlwsﬁmﬁ@ BALB/c ULazTHha ICR WRIINIH I LARZ I
VL@Tﬁ'mﬁLmzLﬁa@mﬂ%wm:maammiﬁ@L%aLLa:ﬂ%mmmau%alum:umﬁamamg Taad

NUAzLBuAaIAD L%

AsANENT 1

v‘i'm'ﬁﬁ@L%ﬂ'a%’ﬁ%ququmﬂ%mm 0.2 IaBAAT Lﬁwﬁaqﬁawamﬁlwﬁmﬁ@ BALB/c Uaz
5% ICR laganududuveadadiliae 105 CIDso/ml wasvnsasIanBalunssumianues
winnin tluen 4 9w Wuaniuiaaide lasasiantiodiu5% RT-PCR uasy

immunocytochemistry

= a
AIAN®IN 2
rmsfeae liiadqununyinnm 0.2 Saddas htesriasvesny ludaiia BALBC lay
anudutuvanganlifa 10°° CiDs/ml uazvitnsaanudalunzusmfonvainynnin u

VIR 4 3% HUMIUNAALTe lasaTianibaalsdd RT-PCR waz Immunocytochemistry

ns@nvN 3

o = 1 a A’l/ “ A 6 A ai

¥NSANEINATAY dexamethasone @lamm@mavhmmuqumlwkﬂwmu@ ICR lagn
utiswuludeny 4 flaw sanidusesngy wungud 1 azldTuiunda (normal saline) $113% 0.1
T88807 2att1Tadv a9 tdwtaan 14 Turnawnazlasuida ﬁ?%%kbﬂﬁ\j&lﬁ 2 2z le Ty
dexamethasone 31431 100 lulasnsy (0.1 Fafaas) AawiTesviad iuiian 14 Tunaunas
ldsuime nasnuuwihnsdade hiadquousdIanm 0.2 Gadfas htesriosvesmylud las
anuNTuadTanldha 107 CIDs/ml uazvinmIasrandalunizusmfanvasnunnin iu

AN 7 % BUNMIUNAaTe lasaTianliadiedd RT-PCR uay immunocytochemistry
dy a s o A
2.3 n1asunsalagIdn1elasaine

v‘hnﬁmaﬁmn%a"h%'aslwﬁﬁlmamkﬂwﬂ@ﬂmiﬁwﬁashoﬁ"l,ﬁmmﬂugﬂﬁu Vero cell
wazvinnIfauimasiieaanIn1saade luimasaiss immunocytochemistry NM3&aNLTAR
fu1Tar lalasyinnis fix Loaaal8 4 % formaldehyde ulianatnias 25 u1fi wazadeae
PBS-tween 0.5% 31%43% 3 ﬂ‘%& YMNIIN&Y mouse monoclonal anti-chikungunya virus antibody

AU 1% BSA (bovine serum albumin azanaly PBS-tween 0.5%) 148@35187% 1:100 Lazifa
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antibody a4l 96 well ﬁ'ﬁmaﬁaq Fuwunguar 50 lulaidas LLﬁaLﬁuVLfﬁaqm%QﬁﬁaoLﬂunm
1-2 $2lug RasINNTHAZ AN TaENLEIE9eY PBS-tween 0.5% $112% 3 033

W& conjugate mouse anti- IgG AU 1% BSA luaadau 1:300 uadtduad b luioasln
96 well S1wIunguaz 50 lulasias LLa:Lﬁuvlﬁ”ﬁqm%nuﬁﬁaoLﬂunm 1 52 la9 wasaniuasia
fT00NUEIR 1Y PBS-tween 0.5% $1%43% 3 A33

W& substrate AEC D913znavlUdrsa138za18 AEC $1%I% 0.25 S85a05 81382878
acetate buffer 3143% 4.75 TARANT WA 30% H,050 3114 5 +ulasaas uaznoaadluluwas b
96 well $1uaunguaz 50 lulasias uaz incubate ﬁqm%nﬂﬁﬁauﬂunm 1 52109 Ba991NIEH
grtiamIazat0an uiaeetilaswan 3 a%a axawanudaninlu sl ‘ﬁn"lﬂm’mg
muldndasganyad

2.4 miaanisalisala #IEN 19 TN

v‘hmwmamL%avlﬁ'alu%%"mawﬂwﬂ@mmiﬁm"‘;aai'm Alerunwizidsslu Vero cell
ﬂé’dﬁrmifuﬁ’lmsaﬁ'@miw‘”ugmmmﬂé'aaﬂﬁdﬁﬁLgﬂaLsﬁaﬁﬁaUg@aﬁ’@miw”uqmiwaﬂﬁ'a
E%’]L%ilgﬂ (viral nucleic acid extraction kit, Geneaid, Taiwan) Lﬁll@ﬁE]Eh\i‘nadmiwyuqmmﬁvlﬂul’m
gOAnNH -80 BIFLTAL TR auﬂ'jwzﬁnmm’mmL%ﬂ"l:;%’ﬁ’ﬁququmluﬁ'sasmﬁan”mvléfﬁﬂmw
75 reverse transcription polymerase chain reaction (RT-PCR)

Primer 71191un 158N #7188 DVRChk-R 5GGGCGGGTAGTCCATGTTGTAGA3' WA
DVRChk-F 5’ACCGGCGTCTACCCATTCATGT3' (Naresh Kumar et al., 2007) laslui fA5an
Usznavlddrodratnaarswugnisudiuiu (template RNA) 1.5 lulasfias 2X reaction mix
(dNTP 0.4 mM, MgSO4 3.2 mM) (Invitrogen, USA) $1%2% 12.5 tulasans Binansiuinu 8
laulas8a3 SuperScript Il RT/Platinum Taq Mix (Invitrogen, USA) d1u3% 1 lulasias Forward
uaz Reverse primer agisazduwan 1 lulasdas (10 pM) gaunpiivaslfizen RT-PCR ldnwamn
2 n35va9 Naresh Kumar Laza e (2007) a8z Theamboonlers LiazA e (2009) ﬂ’lﬁﬁﬂ‘i:}’l‘i
UsznavlUdrs iuaaw cDNA synthesis muldgunnd 48 asanioaifos uszuziaan 30 wifl
$199% 1 30U Nt uinaat denaturation muldamnnd 94 aseioaifos uszoziim 5
W $199% 1 500 UazaNEDuAa PCR amplification %aﬁ]zuu’aLflumsﬁwmﬂlﬁqmﬂgﬁﬁ
LANENSHH 3 TUA% AD muldgmnnid 94 asemaifos fuian 45 Jundl ufr 3 Anwing
aoannil 56 asaiTaldoa uwszoziaan 45 Jufl LLazﬁmﬂl@Tqmﬂgﬁ 72 avenioalGas 10w
sez0a 1 Wit Tasluduaeuitesvidrsnunimue 35 sau mgu@auq@ﬁwﬁa final extension 94
aimoldaunnd 72 avaioaiBos Wuszaziia 7 kil 1uan 1 300 udI9nngUNRYIN

whaf 4 asenafos wazas lingumpduuiaz|didunionusinga1s (PCR product)
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HAAA MR AT o9 n ld i u NENR Y loading buffer (BlueJuice™ Gel Loading Buffer,
Invitrogen, USA) $1u1% 6 lulasaas uazindiunauasns1nfilasiuwin 10 lulasdas wdin
N32UIWN13 electrophoresis N3zau' WA 90 Taav 1luszoziaan 40 i lawld agarose
(Ultrapure agarose, Invitrogen, USA) ﬁﬁiz@”umwmmiu%“am: 2 14 TAE buffer I@Uﬁl

NAAADMNNTENTN e H2UIa 330 base pairs

a o a a
3. ﬂ'ﬁﬁﬂﬂ"‘lﬂ’]']Nﬁ&JW%S‘IIEJ\‘i“Ii%ﬂ“BB\?LL‘.IJ@'I‘?IL%El‘l%‘JZIJ‘iJYI'NLﬂ%a']ﬁ']‘HIBO zgamﬂmmtax

o [ $ o A
ANSNTNVDY E!G ag ﬁ')%i%ﬂ']ilﬂ%ﬂ']ﬁz’ﬂ a4y L%?ﬂ;')iﬁ‘ﬁ Q%Q%ﬂ']

3.1 FalsaBawnuan

L%@"h%’ﬁ%@;uqumﬁm:ﬁwmlﬂumsﬁnmﬂﬂm%@%%’amﬁmmnQﬂ’;Uiuﬂs:mﬂvlmﬂu
seninsfiAiansszunauesidalul w.a. 2553 (Thailand 2010 strain Chikungunya virus) waz'le
ﬁnmwangﬂdluﬁaaﬂﬁu"'ﬁﬂﬁimammUﬂsﬁeﬁ‘nm NMAITINDITINGT ATKEAAILNNLANFAT
INIINTHRURITNERY T,mﬂ"l,@fﬁ'ummagl,l,mw:ﬁl,%”a"h%’a%quqummnﬂm:u,wwﬂmam‘

waaamzﬁmﬁﬂmﬁ'ﬂ

3.2 @ag9 19

MsAnsANENTWBRILIAEFIU (Aedes albopictus) lumnﬂuwwmmau%avl,ﬁ'a%qu
nuen TasldgsmemuiiimamnzidoslwiosU fiamsvesmasdsiainm madsweniinen
ATUTAILNNUANRAT qummniwﬁwmé’u ‘V‘hmiﬂa'aﬂﬁqamﬂmuﬁﬁmqﬂs:mm 7-10 %
65U ar w4 artificial membrane feeder T,@ﬂmUluqﬂﬂmifrazﬁmaammﬁﬂsznau"l,ﬂﬁasl

\RaqlNE 20% fetal bovine serum 1% sucrose LLa:L%avh%'a%ququm (Eﬂﬁ 1)

i

zﬂ‘ﬁ 1 LRAIANB VDY artificial membrane feeder
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nIaranmidaidalugdluiui 14 mendinnnslaige lasvinmaiudiadng
el gHERHN (gﬂﬁ 2) RRINNBUEINTEUARLLOFIUSIAUAZHINVID NN N DTININITATIIN
e 3w wazvimsdunaziondiuzesszuunaiduaInidiunaizadgaanyn (JU1 3) uaz
o dld v v v o a =3 L 1 dl
Hanualuasazans glycerol NfaNuduTuIaeaz 60 1121 300 lulashas LaziAua8819N

oA A ' o @ AN o ° =2 & A A a

16139 -80 aveiaafur auninazaragen launvinmsansnridanuaiise luniaaue1mis
dia'ld

mIasndaludiuid due1 uaziaesedgs mansaldlasniuasgiudingn
lu 2% FBS-MEM 31131 500 lulasdas waznadsannsuinlunsasiiufaasnidawia 0.45
Tulaswas waziirluaslu Vero cell ﬁﬁﬁn’mwmﬁmayjmﬂ‘lu 96-well plate #RIINNHWIINT
aanstasusdasneluiwas (cytopathic effect; CPE) nnelu 72-96 371u9 uazfinsnisaa

tj/ waa | . ad a a
o luiradlasld3% immunocytochemistry (ICC) waziivnaamdaine

gﬂﬁ 2 LLﬁ@Gﬂ’]SLﬁ‘U@haﬂﬁdﬁﬁmﬂ'ﬂ’mq\j

zﬂ‘ﬁ 3 LRAINNITILNRAZLATRIUDDITEUUN WA B IAITRIBNANYDY Elq(‘lé]ﬂﬂ&n
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3.3 1130329 T lagIBN19 13FIN

‘ﬁ’mﬁimaﬁ]mL%ﬂvlﬁ'a%@;uqumlumuﬁmﬁ AU LLazﬁwmwaaqd lagnsiaetng
Alerurnrziassle Vero cell LaziIN15Ha NI TasIA 003199 IN1TRALIT 0 U TARa2853
immunocytochemistry (ICC) G9anan3n¥inlalasyinms fix Loasaay 4 % formaldehyde s
08i19t¥08 25 W7 UAZE19628 PBS-tween 0.5% $1%7% 3 A9 ¥IN1SHEL mouse monoclonal
anti-chikungunya virus antibody AU 1% BSA (bovine serum albumin azan8lu PBS-tween 0.5%)
luaadI% 1:100 waztdn antibody adlu 96 well ﬁﬁwnaa‘agj Fuaunguaz 50 lwlasdas uda
Lﬁuvﬁﬁqnmnuﬁﬁauﬂunm 1-2 $2lug nasaNtwasAaNT0aNUEIa196 8 PBS-tween 0.5%
$19% 3 959

W& conjugate mouse anti- IgG AU 1% BSA luaada% 1:300 uadduad b luioasln
96 well S1wIunguaz 50 wlasdias LLazLﬁu"l,i”ﬁqmwnuﬁﬁauflunm 1 52 la9 wasaniuasia
fNTR0NULEIF 9 PBS-tween 0.5% $1%42% 3 033

W& substrate AEC G91sznavlUdrna13aza1s AEC $1%Iw 0.25 Sa5aA5 81382818
acetate buffer 3143% 4.75 TARANT WA 30% H,0, 311 5 tulasaas uaznoaadlUluioas Ly
96 well $1uIunguaz 50 lulasias uaz incubate ﬁqm%nﬂﬁﬁauﬂunm 1 52109 Ba991NIwH
gtiamIazau0an uiasetladwan 3 a%a axawanudanin Ul i llanag

¥ v 4 ' eaa a & a A a
ﬂqﬂiﬁﬂﬂﬂd’gﬂﬂiiﬂ% I@]EJ‘W‘]J’J’]L‘Iiﬂﬁﬂllﬂ’]i@]@L‘Hﬂﬁ]Z@@ﬁLL@]\‘] (E‘LIY] 4)

Vero cell N Lifdin13@aLTa Vero cell ﬁﬁmﬁm%a"h%’aﬂ?jququm

311 4 ugaIAN BRI Vero cell ﬁvl,ajﬁmsamL%aLLazﬁmi@@L%a"Lﬁa%@]uqum
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3.4 M3ATR T salagIBnvamiaine,

vnsaangelsalusingidn §un LLazﬁﬁmwaaqa Tagnssaaadned lawn
iwnztaeslu Vero cell ‘ﬁé’amnf?uﬁﬁmsaﬁ@a’]sw"'u‘gﬂﬁmnﬂm”aasz:'u.gmlfnaa‘ﬁ's DYARNART
Wﬁ‘gﬂ‘iiu‘uadvl,ﬁ'aﬁ’n%ilgﬂ (viral nucleic acid extraction kit, Geneaid, Taiwan) LiUA28 819U 84
msw”uﬁqmmﬁvlmfﬁqmﬂgﬁ -80 aaFLTALT o ® auﬂ’jwzﬁﬁmmnmL%avbéva%ququm‘lu
@”’Jasiwﬁaﬁ'@"lﬁﬁﬂmlﬁ% reverse transcription polymerase chain reaction (RT-PCR)

Primer ﬁl%i%ﬂ’]iﬁﬂﬂ’]ﬁ@ DVRChk-R 5GGGCGGGTAGTCCATGTTGTAGA3 hay
DVRChk-F 5ACCGGCGTCTACCCATTCATGTS' (Naresh Kumar et al., 2007) laslui Assn
Usznavlddrodratniarswugnisuiiuiu (template RNA) 1.5 lulasfias 2X reaction mix
(ANTP 0.4 mM, MgSO4 3.2 mM) (Invitrogen, USA) §142% 12.5 lulasaas dinaudiuim 8
13ula58a3 SuperScript Il RT/Platinum Taq Mix (Invitrogen, USA) §113% 1 lulas8as Forward
uaz Reverse primer atigazdnuwin 1 lulasdas (10 uM) gunndvasljisun RT-PCR lawamn
91n20U049 Naresh Kumar Laza e (2007) waz Theamboonlers Lazathe (2009) ﬂ’]iﬁﬂ‘kﬂ‘i{
UsznaulUdas iuaaw cDNA synthesis muldamunnil 48 asaaaifus (uszuzioa 30 wifl
$1u9% 1 30U ntuduinaan denaturation muldamnnd 94 aseoaifos uszoziim 5
W 1A% 1 391 UATANNGIBTI AL PCR amplification %oa:uﬂaLﬂumsﬁwmulﬁqm%n“ﬁﬁ'
LANEIT% 3 Tuaaw Ao muldamungdll 94 aseoaidos iuian 45 Jwd i3 siapmdnd
gD i 56 asetmatdos uszaziian 45 3w LLa:ﬁmﬂléTqm%Qﬁ 72 agAnaalTaa 1w
sezna 1 Wit Tasluduaeuitesvidrsnurnimue 35 sau mzu@auq@ﬁmﬁa final extension @9
ainoldaunnd 72 asaaados iluszaziaan 7 widl Swou 1 700 udrTaagmngiiag
Waoh 4 avenaides LLazm"li”ﬁqm%gﬁfuﬁa:vlﬁl,ﬂuw§@m°'mﬁﬁ%m§ (PCR product)

HRAA A ANT o190 ld i TN aN Ry loading buffer (Blueluice™ Gel Loading Buffer,
Invitrogen, USA) $1u1% 6 lulasaas uazingiunauainanfibasiuim 10 lulasaas srin
N32UIHN1T electrophoresis fi3za D IWH1 90 Taav 1Tuszoziaan 40 w1l lagld agarose
(Ultrapure agarose, Invitrogen, USA) ‘ﬁﬁix@”umw Wutusauas 2 i TAE buffer la El‘ﬁl

NAAADMNNTEIN e RUIa 330 base pairs

ﬂ” S A a 1 ada
3.5 N19A9331%LDd LL‘]Jﬂ‘YlLiﬂ‘l%iz‘ﬂ‘ﬂ“{l’l\‘iL@]%B’lﬂ’liﬂ')%ﬂa'l\ﬂla\‘l E‘!\‘]Tﬂ gIBNIY

A A A
LUANLIBINET

1iana zmzqmmﬁﬂm wuaN Syl uITUUNIEBAIRITEIUNA NG BTN LLA TS TN e

I@ Uﬂﬂi“ﬁ’]LL%ﬂZLa’lﬁl’J%“Uﬂ\‘]izﬂﬂﬂ’]\‘]Lauﬂ’]%’ﬁﬁ’)%ﬂa’]d?}ﬂdq&ﬁ]ﬁ]ﬂN’]LLﬂZﬁ’]ﬁJWU@I%&’]Sﬂzﬂ’IU
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glycerol AN NTUToua: 60 $1%3% 300 lulaTAaT WATLALA28EIN LA 137 -80 847N
~ ' o s [l AN o o = ]
WwaLBus awnInaziialatef laurinnsdnseely
idagmaanaImIzaInsdiwan 100 lulasdas infduatuuatuewisiisagesiie
TSA NNENMIULAALNTIDHAT 5 LATINWENWTALILTaTRA McConkey waan lUuun 37 agen
A = < o < =& [ o & Aa AL
WraLGoR LIWaN 24 TN RAIINUUANBIANHULLAZINUINV BT B UL ATHIONTULUINY
X & & o A X Aa A A A o A A = P
21y TRaTe Nunsmsdageuuafisemdulalafiiden g sanindaufiNadnmsiaunsy
& A A ..
VDILTBLUANLIE (gram staining)
o A o & Aa A A A A v o
msiuitwImdanuaiiisen lalagnisdsanlalaidme 9 ussinluiheasuuais
21MITLAL I TaTAA TSA it lUNf 37 asanaaiGos Wwiian 24 32109 KaINNUUALINY
X X A A = A o & AA A & A A @
21PNTLANITEN 4 admTAEyR wandInMTANIwIBTauLATiSodnasNataSonlUanaans
wWugn3sa (DNA) lasmadislalafliden g Suau 1 lalaiildadluemindoadesiama (LB
broth) $117% 2 Aaffas usatinluuludiue (shaker incubator) iuiaan 24 Falas nasNuu
ipaaInan? lanamInugnIsn uaziniwIudisIinseniine (PCR) deluinarinld

mmsmzq‘*ﬁﬁmammﬁﬁﬂﬁa amgﬂéfa@

3.6 n'l‘sm'aam'u%mmﬂﬁL'%'ﬂfﬂsﬁa%'maa%%fmm‘luswummaummswaoqa

A a

AN1IUBNEIIRUENTIN (DNA) ndratiuuaflilolasnisdy lasiunafiSofiiy
Usunmlu LB broth anfuin3sedi 14,000 pm iuian 15 wft shaznaudilaandrsludinauuss
i lUiTundssf 14,000 pm twaan 10 Wt wasaninisazasaznewluiinauwiiwin 40
laulasdas LLazﬁwVLﬂﬂwﬁQM%n“ﬁ 100 a9anatGas tTuaan 10 wii warvinliidulaswslu

wudsuazin lunie s 14,000 rpm fuiian 10 w17 wasanuugaivdiuladiuun (313

WWINTIN) UAZIAUAIBE1898NIWUTNIINT |6 HiNg unndl -80 avaoaiBoa aundnaziiun

9 U

a dql’ a A
AIIRITUAVBILTALLLATILIE

o ad

NI I TRAVBILTaLLATILSY (16 s rRNA) 31na28819&Na bae83T polymerase

o a

. . 6 va o Aaaa A 2 . { ° ' a
chain reaction (PCR) lag ki35 PCR 413w 2 UfAsen @9l primer Nd§1auiusnuand1ans

a

U 2 @J’ LLa:V‘hmiLﬁwﬂ’%mmmaamiw”uﬁqﬂﬁuﬁqm%ﬂwﬁl,mﬂ@i'mﬁ'u

U
25 PCR Un3an 1

Primer 71148 16 s-F 5-AGT TTG ATC CTG GCT CAG-3' 4a% 16 s-R 5-GCT ACC
TTG TTA CGA CTT C-3' (Dinparast Djadid et al., 2011) lagluil §Assilsznavlddrsarasng
msw"'uqmm (template DNA) 37%73% 1.5 lulasiasg Taq DNA polymerase (Platinum Tag DNA

polymerase high fidelity, Invitrogen) 3111 0.2 lulas8a3 10X PCR buffer 31143% 2.5 laulasans
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10 mM dNTP $113% 0.5 lulasaas 50 mM MgSO, 311w 1 lulasaas Forward primer 3143%
1 lulasdas w358 10 UM Reverse primer $1u7% 1 lulasdas Wia 10 UM uaztnauitwin 17.3
lulasaas
=3 -jlj 7 & e . (2 a =
nsanenisznavulddlruduaan initial denaturation mﬂsl,@aqmvmuw 94 DIANLTRLTE &
= ° @ & o . 2 L °
WUITHLIAT 2 UIN $1%IU 1 T8V WATANNA8UUABK PCR amplification T93zuUdtdun13¥in
msﬂﬁqm%gﬁﬁmmﬁaﬁu 3 Auaa% Ad msﬂﬁqmﬁgﬁ 94 AIANLTRLTUR LWLIRT 30 AU
LLﬁaﬁoLﬂﬁyuLﬂuﬁqm%Qﬁ 55 a9ALTALTHE LWIZHZLIAT 30 IWIN LLa:ﬁmyl@Tqm%Qﬁ 68
= = = a = & g o v o & &
AIANTALTOR LTWITHZII81 1 WA 30 3w lasluTuaauikazyine 1o uNIKEa 35 301 IUAa%
9 . . = ° @ a o
ﬁg@mﬂﬁa final extension Sﬁaa:mmﬂlmqnmgu 72 a9ANTRLTOR L UIZHLLIAT 10 WIN AU
v & a A A = oA A @ v P €A
1 70U Ui Tanmnndadinien 4 ssmioaldus u,a:mvl'mqm%nﬂuuumﬂmﬂuwamnmmwm
a5 (PCR product)

NRAADMHMANDa1S (PCR product) NG 1uNaNAY loading buffer (BlueJuice™ Gel
Loading Buffer, Invitrogen, USA) $1%47% 6 lu1as8as Lz @i unauadIna1nfn lasiuin 10
1alas8as WHIUNITUINANT electrophoresis NTzaU Wi 120 Taavt Wuszuziaan 40 wii law
It agarose (Ultrapure agarose, Invitrogen, USA) Ndszauanuntuiosas 2 1u TAE buffer
lauNNAAA N NI SN LaRuU1a 1.5 kilobase pairs wazi1ldAns109810UIUA (DNA

. A & a A A
sequencing) \Watdriavanuafiisodaly
25 PCR Up)n3e1 2

Primer 1 1@ @ forward primer 63f 5-CAG GCC TAA CAC ATG CAA GTC-3 laz¢
reverse primer 1387r 5-GGG CGG WGT GTA CAA GGC-3' (Marchesi et al., 1998) Taolu
UffsendsznavludindradnmsnugnIsu (template DNA) $113u 1.5 lulasdias Tag DNA
polymerase (Platinum Taq DNA polymerase high fidelity, Invitrogen) 41131 0.2 lulasdas 10X
PCR buffer $143% 2.5 lulasdas 10 mM dNTP §1u2% 0.5 lulasdaas 50 mM MgSO, 311w 1
Tulavaay uaztiinan

= dg’ v oq: v e . v a a

nsaneBilsznavlidraawaan initial denaturation ﬂ’]ﬂl@]@fuﬂﬂ“&l 94 DIALTALTF
Wszazi387 2 w19 91%I% 1 38U WazaNa8a%waaw PCR amplification T9azudatdun1svia
mﬂﬁqm%gﬁﬁmmﬁoﬁ‘u 3 AUAU Ad mﬂlﬁqmugﬁ 95 AIALTRLTHF b ULIAT 1 U WA
?idl,ﬂﬁﬂmﬂuﬁaqm%gﬁ 55 a3ALTALDYR L UIZHZIR 1 W LLazﬁmu‘L@Tqm%Qﬁ 72 296

~ & a a ~ < & 0w o & &

WAL R L1 WIZ L8 1 W7 30 Fu lasluiuaauhazind 1N wndnua 30 301 TWAD%
ﬁg@ﬁ’mﬁa final extension %aazﬁwmﬂﬁqmﬁgﬁ 72 29 LTRLTUR LTWITHZIAT 5 WA U 1

o & A A A = oA Al o A o eAaa &
soU uAsangnndadinian 4 asrLoalbos LLazvamqmmguuumva@Lﬂuwa@nmmwsﬁmi
(PCR product)
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HRAADUHMNDTa13 (PCR product) NG 1NNENAY loading buffer (BlueJuice™ Gel
Loading Buffer, Invitrogen, USA) $1%47% 6 lu1asias wazi @i unauadIna1nn lasnuin 10
lalasias uHIwnIzuIUNT electrophoresis N3eaU WA 110 Taart iuszaziian 40 w1l lae
It agarose (Ultrapure agarose, Invitrogen, USA) Nlszauanuntuiasas 2 1w TAE buffer
lauNNAAA RN NTaSN LR Ua 1.3 kilobase pairs wazi1lUAn#109810 VLU (DNA

. A, X a A A
sequencing) \WatdrRavadiuafiisoda |

Q
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AaNIINaadd

1. MIANEITRAVaINUAN LS8 T IZTULNIILABDIRITEIBNAIIV DY B9AEAIN sgomm.’hu

wazegIINAwY

ARAaINUANS 8l HITUUNILABAIRITEIRNAIV DY NEREE I

o = a A a ' i A
‘Yl’m’li?lm&’]l,l,imwLiﬂiuiZUU‘Yl’NL@ua’]%’limuﬂmwa\‘iqm’l{lmu Aedes albopictus N

a € A o

a‘i’ummnﬁ'wi’mmqs FUI% 10 928879 WANITANBILALINUAN BT qmawﬂ'ﬁ LRZITIN

a A

A A A
TalaftasuuaiiSunny LRaIANIIIN 1

M99 1 mﬁ@madLLUﬂﬁL’%‘UﬁmmwﬂumaLaummimuﬂmwaaqamymu Aedes

a ¢ A

albopictus NILNIINNIIRIATIRLI

9

R LERNEN) anwulalanzasuuaiisy Fwwlalaih | ¥Rhawa9 ZHAVDIULANLIE
s A
BIUUANLIY wnIN
(n229)
No.1 Circular rough pulvinate and 3 N Bacillus subtilis
stringy
Circular smooth transparency 3 - -

(lisansa subculture)

Circular smooth opaque 3 ay Serratia marcescens

Circular smooth transparency 6 - -

(liaansa subculture)

No.2 Tiwuiie - - -

No.3 liwuide - - -

No.4 Circular smooth translucent 66 auy Staphylococcus hominis

No.5 linwuide - - -

No.6 Circular smooth transparency 294 A -
Circular smooth opaque 249 uan -
Circular smooth translucent 3 N -

No.7 Tiwuiite - - -

No.8 Tiwuiite - - -

No.9 liwuide - - -

No.10 Circular smooth opaque 1 N Bacillus spp.
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o 2 a A a . , ai
HMIAN B LU AN ISy I RITUUNIILA %D IMITRIBN AN 8989AURIU Aedes albopictus 7
AUNNNNE NN 5’0%5’@°qmws F1UIU 16 G189 NAMIANBUALINUAN S Qmauﬁ'ﬁ RS

FwInlalativadnuafSaNwy LaadlwanI19n 2

A15791N 2 mﬁ@maaLmﬂﬁﬁmﬁm'sawulumaLaummimuﬂmwaaqamﬂmu Aedes

albopictus MIIUANNNE LAY TIWIATUNT

sradys | lalakzasuuaiite | Suwulalaitaas rRauasnuaiize
uuAii3y (Aags)
No.1 Type 1.2 15 -
Type 1.3 120 -
Type 1.4 114 -
Type 1.5 12 -
No.2 Type 2.1 3 -
Type 2.3 87 -
No.3 Type 3.1 >2,000 -
Type 3.2 >2,000 -
No.4 Type 4.1 15 -
Type 4.1 12 -
Type 4.3 438 -
Type 4.4 756 -
Type 4.5 12 -
No.5 Type 5.1 246 -
Type 5.1 18 -
Type 5.3 3 -
No.6 Type 6.2 15 Microbacterium spp.
No.7 Type 7.1 156 -
No.8 - - -
No.9 Type 9.1 3 -
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@139 2 (619) TiavIuUATToNATIINLlUNIEREIMITFIUNAIVBILIALRIU

Aedes albopictus NAVINIINTIRIATUNT

CRLERREE Taladbwasuuaiiss | Swulalativas FRaVDILUANIIY
uuaiiIe (Gags)
No.10 Type 10.1 279 -
Type 10.2 273 -
Type 10.3 3,336 -
No.11 Type 11.1 51 -
Type 11.2 9 -
No.12 Type 12.1 3 -
Type 12.2 96 -
No.13 - - -
No.14 - - _
No.15 - - -
No.16 Type 16.1 3 -
Type 16.2 2,391 -
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o 2 A a a ' i A
MmN san LU an syl uIzuuN19L e %aIMITRIUNANIY 8989AURIU Aedes albopictus 7
AUNIANNBNNARRIFIN 5’0%5’@?3;11/\15 F1UIU 18 A28 NANITANWIALINUAN DA qmauﬂ'ﬁ

LazFIWINlala it uaInuaNSUANY LEAIIANTIN 3

M15791 3 mﬁ@maaLmﬂﬁﬁmﬁmmwulumaLaummiﬁ’mﬂmwaaqamﬂmu Aedes

albopictus NAUININEUNBAITIH JIWIATUNT

A28 Taladiaas wulalafivas | swavas rRauasnuAiize
89 wuaNse uuAi3y (Aag) NN

No.1 Type 1.1 3 |y Acinetobacter spp.
Type 1.2 3 |y Chryseobacterium spp.
Type 1.3 9 |y Providencia spp.

No.2 Type 3.1 3 |y Providencia spp.
Type 3.2 3 uan Micrococcus spp.
Type 3.3 6 N -

No.3 Type 3.1 3 auy Pantoea dispersa
Type 3.2 3 ay Providencia spp.

No.4 Type 4.1 3 ay Erwinia spp.

No.5 Type 5.1 135 - -
Type 5.2 228 ay -

No.6 Type 6.1 - - -

No.7 Type 7.1 - - -

No.8 Type 8.1 3 u3an Microbacterium spp.

No.9 Type 9.1 - - -

No.10 Type 101 12 |y -

No.11 Type 11.1 18 |y Psuedomonas spp.

No.12 Type 121 3 |y Acinetobacter spp.
Type 12.2 6 u3an Staphylococcus epidermidis

No.13 Type 13.1 3 |y Psuedomonas spp.
Type 13.2 9 A -

No.14 Type 14.1 6 A Psuedomonas spp.

No.15 Type 15.1 - - -




@139 3 (619) TiavIuUATTENATIINLIUNIERINITHIUNAIVBILIALRIU

Aedes albopictus NAVINIINSUNDRAIFI TIWIATUNT

A10819 Taladtuas Imanlalattvas | shavas FRaVDILUANILIY
29 wuaitsg uuanie (Aags) wAsH

No.16 Type 16.1 3 |y -
Type 16.2 24 au -
Type 16.3 24 ay -

No.17 Type 171 15 |y Providencia spp.

Type 17.2 15 uan Micrococcus spp.

No.18 Type 18.1 3 uan Micrococcus spp.
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o = a A a ' i A
‘V]’m’ﬁ?lm:r%l,‘].lﬂ“nLSUI%‘J:‘U‘].I“H’NL@um%ﬁmuﬂmwa\‘lq\‘ia’ma’m Aedes albopictus 7

AVNIINIIRIALULAT 31WI% 28 628819 NAVNIINNTIRIALLAT WANITANBILALINUA N T

AARNLIA URZFIWINLA la T uaInuANISANY LEAIIANTIN 4

M1579N 4 mﬁ@maaLmﬂﬁﬁmﬁm'sawulumaLaummiﬁi’mﬂmwaaqamﬂmu Aedes

albopictus NALNIINIIRIALLAN

sradgs | lalafzasuuaiiy mmlalaft | sdeuas rRauasnuAiize
2BIUVATILSE wN3N
(GEED)
No.1 Type 1.1 5 ay Rahnella aquatilis
Type 1.2 546 au Pectobacterium carotovorum
No.2 - - - -
No.3 Type 3.1 3 ay Agrobacterium spp.
Type 3.2 3 ay Sphingomonas sanguinis
No.4 Type 4.1 6 ay Agrobacterium tumefaciens
Type 4.2 9 uIn Brachybacterium nesterenkovii
No.5 Type 5.1 3 au Rhizobium pusense
No.6 - - - -
No.7 Type 7.1 3 ay Agrobacterium spp.
Type 7.2 6 au Pseudomonas oleovorans
Type 7.3 3 UIn Microbacterium aoyamense
Type 7.4 3 Ay Acinetobacter radioresisten
No.8 - - -
No.9 Type 9.1 3 ay Burkholderia cenocepacia
No.10 Type 10.1 3 au Brevundimonas aurantiaca
No.11 Type 11.1 3 UIn Bacillus pumilus
No.12 - - - -
No.13 Type 13.1 9 au Rhizobium pusense
No.14 Type 14.1 3 au Agrobacterium tumefaciens
No.15 Type 15.1 3 au Agrobacterium tumefaciens
No.16 - - - -
No.17 Type 7.1 3 au Agrobacterium tumefaciens
No.18 Type 18.1 3 uIn Micrococcus luteus
Type 18.2 3 ay Sphingomonas sanguinis
No.19 Type 19.1 18 au Massilia oculi
Type 19.2 3 au Agrobacterium tumefaciens
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@13191 4 (d0) THaveIuLATITENATIINUIUNIILAEUDIMITFIUNAITVBILIALRIU

Aedes albopictus NAUNINNIIRIALZAN

A081g Talafizasuuaiise wmwlalaft | s%aze9 “hADINLANILTE
29 2aInUANLIY NN
(AD29)

No.20 Type 20.1 6 au Agrobacterium tumefaciens
Type 20.2 3 ay Acinetobacter radioresistens

No.21 Type 21.1 3 au Agrobacterium tumefaciens
Type 21.2 9 ay Rhizobium pusense
Type 21.3 3 uIn Nocardioides zeae

No.22 Type 22.1 3 Ay Burkholderia anthina
Type 22.2 3 ay -

No.23 - - -

No.24 Type 241 9 ay Agrobacterium tumefaciens

No.25 - - - -

No.26 - - - -

No.27 - - - -

No.28 - - - -
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o 2 A a a ' i A

rnsansuuafisoluszuuniaduemmIEIunanIeILIa18aIL Aedes albopictus 11
nmawnziassluiasd JUdnng uau 28 dradne wansdnsiioinuansme quaNdd uas
Swnlalafivasuuaiizanwy asuaaslua1snen 5

M1579N 5 mﬁ@maaLmﬂﬁﬁmﬁm'sawulumqLﬁummsmuﬂmwaaqamﬂmu Aedes

albopictus N¥maWIzLRssluwial fidns

aradwgs | lalaflzasuvaiise Fmnlalaiizas HRAVDIULANLTY
uuaiie (Gags)

No.1 Type 1.1 92 Micrococcus spp.
Type 1.2 130 -
Type 1.3 12 Staphylococcus hominis

No.2 Type 2.1 86 Staphylococcus spp.
Type 2.2 32 Micrococcus spp.

No.3 Type 3.1 292 Micrococcus spp.
Type 3.2 14 Micrococcus spp.

No.4 Type 4.1 38 Staphylococcus hominis
Type 4.2 12 Micrococcus spp.

No.5 Type 5.1 16 Micrococcus spp.
Type 5.2 10 Pandoraea spp.

No.6 Type 6.1 24 Micrococcus spp.

No.7 Type 7.1 16 Staphylococcus hominis
Type 7.2 10 Micrococcus spp.

No.8 Type 8.1 14 Staphylococcus spp.
Type 8.2 2 Staphylococcus hominis

No.9 Type 9.1 12 Pseudomonas spp.
Type 9.2 4 Klebsiella pneumonia

No.10 - - -

No.11 - - -

No.12 Type 12.1 36 Agrobacterium tumefaciens
Type 12.2 57 Staphylococcus epidermidis
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@13199 5 (d2) THavaIunafiTeNa T INLIUNILEUIMITIIUNAITVBILIRLRIU

Aedes albopictus N¥matwzLassluiasl fiiams

aradwgs | lalaflzasuuaiise Fmnlalaiizas HRAVDIULANLTY
uuaiie (Gags)
No.13 Type 13.1 57 -
Type 13.2 717 -
No.14 Type 14.1 21 -
No.15 - - -
No.16 Type 16.1 9 Staphylococcus epidermidis
Type 16.2 3 Staphylococcus spp.
No.17 - - -
No.18 - - -
No.19 - - -
No.20 - - -
No.21 - - -
No.22 Type 22.1 333 -
Type 22.2 60 -
No.23 - - -
No.24 Type 24.1 234 -
Type 24.2 66 -
No.25 Type 25.1 189 -
Type 25.2 93 -
Type 25.3 63 -
No.26 Type 26.1 180 Staphylococcus spp.
Type 26.2 3 -
No.27 Type 27.2 66 -
No.28 Type 28.2 513 -
Type 28.3 3 -
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wnaVaINUANLIS IIZUUNIABDIRITEIRNAD DI sgamﬂﬂ"m

ﬁﬂwwﬁ@LLa:ﬁ‘i’]mumaaLLUﬂﬁL?UluﬂﬁaLﬁuaﬁ%ﬁsdauﬂawamaaqaawﬁ’m (Aedes
= v o 1 =} dl d‘v v a wa dl 1 Q
aegupti) miﬂﬂmﬂs:ﬂauvlﬂmﬂqammu 2 nau ﬂaqommuamlwaoﬂgmms EINFUILAN
a’mﬁ'uﬁluﬂymwumumrﬁﬂmu 2 NN QD LUARIURIIILALUARANE LLa:qamﬂﬁuﬁﬁ'\mf@
TUNT YnIaTandanuanisavadusazaatnglas It snianuanisean mua:mﬁfmm
& A A o A g o A ea ° o '
muwwummwmmﬂ‘nmeﬂqamﬂmu‘nL‘W’]:Lamlu%aaﬂgummimmu 16 20819
WULTauUATLIuNInaa 12 aNa baun Acinetobacter, Agrobacterium, Bacillus, Cellulomonas,
Chryseomicrobium, Dietzia, Enterobacter, Klebsiella, Microbacterium, Pantoea, Pseudomonas
& A A A P Y A 3 Y A on A
Wae Staphylococcus mau,mﬂLm'ﬂwumﬂ'ﬂq@luqomﬂmumwmamiwaoﬂgmms Ao ana
Microbacterium
& A A 9 Y & A
msmwuwﬂLmal,wﬂ‘nLsmnﬂqamﬂmu‘nqmummnwu‘nluﬂgamwwmumm@mu
RRIITIUIN 5 §20819 WULTOWUANLIINIRNG 3 GHE @ Bacillus, Micrococcus W8
& A A A P 'y A @ & A
Staphylococcus Lmau,'Uﬂ“nstwumﬂ'ﬂq@luqoawﬂmvmqmummﬂwuwlummmuﬂma
NINWURIUAT Ao &na Micrococcus LA Staphylococcus
msmnzusm%aLLU@ﬁL’%UmﬂqamUﬁﬂ%ﬁﬁiuﬁuma’mﬁuﬁluﬂgamwwmumwwé’nﬁ
FIUIU 7 A20819 NULTaLUANLIUNIRNG 7 §NA l@wn Cellulomonas, Microbacterium,
Micrococcus, Moraxella, Neisseria, Staphylococcus W8s Streptococcus Wauuan L?Uﬁwumﬂﬁq@
Tugeansthunguivananiunluluanan n3unwanIuaT Aa ana Staphylococcus
mnwmmm%aLLUﬂ'ﬁ'L%'mmqomyﬁmﬁf{fm”ummﬂﬁ'uﬁéﬂLﬂaﬂzﬁa aa”mi'@"g&JW§
FAUIU 2 G288 WULTALLANLIINIANG 1 ana A8 Moraxella
milﬁmzu,amL%aLmﬂﬁl,’%'zmﬂqdawﬂmﬁzﬁuﬁummnﬁuﬁéﬂma%é’amu RIATUNT

WU 4 e WuLTaLUANISENIRNG 2 &N Aa Providencia Laz Pseudomonas
nsdnsuuafiseluszuunadueamIEIuNaITa LRI Aedes aegypti N1Yi1N13

wnziapsluiasl fudinie $1uau 16 dratne wamdnsisinuansue quauld uazdiuiu

~ Aaa A A
IﬂIauTa@LLUﬂ‘ﬂLiUWWU LLamlu@ni’ldﬂ 6
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A139N 6 mﬁ@maaLmﬂﬁﬁﬂﬁm’mwulumaLﬁummsmuﬂmwaoqammﬁm Aedes

. d o X o a an
aegyptl ‘Yl“/l’]ﬂ’]iLW’]‘:Laﬂdlu%ﬂﬂﬂgUQﬂﬁi

CRLERNIY ansmlalatzasnuanisy Frwnlalak ARAVDI FRAVBILLANLIE
2DIULANLIY wAsH

No.1 8717 fArauw vauiFoylaius 8 N Microbacterium imperiale
iU guENa1d 2 WA,

No.2 717 fArauw vauFoy i 1 N Enterobacter hormaechei
\durgena1a 1 W,

No.3 117 fAragw veuiFoy i 2 au Pantoea agglomerans
\durguena1g 3 wal.
#2717 B3 auiSoy L 3 el Klebsiella pneumoniae
\dusguena1g 1 W,
&U717 Ad U 284145y 2 ] Acinetobacter radioresistens
RSN Lﬁumﬁuﬁﬂmd 3 3.
FR3N H1IMuw YauiToy L 3 ldsunsn Iktaay
\durngugnang 1w, sy ler
#1717 1w aauiSou i 2 N Agrobacterium tumefaciens
i guena1g 3 W,

No.4 la Armauu veuToulaud 4 laizansn Taay
\durngudnang 1w, ey ler

No.5 MARDY N1 Uw Pauisuy ) 2 UIn Bacillus spp.
wel LU gwINa1 1 uw.

No.6 findas A2muu vauFoyull 3 17N Microbacterium imperiale
wel LU guINa1g 1 au.
8217 A3 YauiSou L 3 el Microbacterium laevaniformans
\@usguena1g 1 W,

No.7 #2717 A3 YauiSou i 1 el Dietzia cinnamea
idushgudnataiesnii 0.5
N,

No.8 fa3u Aruw veuiToulaiud 14 N Microbacterium laevaniformans
iU guena1g 1.5 WA,
#1171 H1mun 2auiSoy L 5 au Pseudomonas plecoglossicida
\durguena1g 4 W,
MNRDI 112U aauisaulal 1 au Chryseomicrobium imtechense

W Lﬁumguﬁnma 1 Wy,
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Ci 1 a a A
M99 6 (A1) TUAVDILUANLIY

1 v

NAIIINUY

=)

i

Aedes aegypti MM stwziaesluiasl juans

‘lumuﬁummsa’mﬂmw GOE‘!G&’W 2101

(ﬁ"aashosgo ansawlalakvasuuaiisy wanlalai LAV ZHAVBILLANLIY
S A
YaInuAnLSy WASN
No.9 Mndad FeN PpULTHY 2 UIn -
laur tdurngudng1e 2 wa.
la Armuw vouiTouliud 3 9N -
No.10 | la Ay veuFoulius 3 N Bacillus weihenstephanensis
L?Tumgluﬁﬂmo 1 9y,
No.11 la Armuw veuTouliud 12 UIn Cellulomonas hominis
2 1 6
LuRNEugNang 0.1 WA,
No.12 | la A1y veuFoulius 29 laigunn -
v 1 6 v 1 v
idwigudnanatasndn 0.1 s:qvl,@
e
&1 Aadwius vausay 'l 1 AU -
wel LFWRNAnINaN9 0.5 1.
No.13 fA3 ﬁ’a’s’l’a‘hm fauisouly 2 1IN Staphylococcus aureus
1 U 1 6 A
wel LEWFNEUENANY 1.2 W, §
Tu'lags
A =) a 2 1 '
fnRed Areuuun vauly 1 laigunsn -
Souwaz b sy le
Lﬁumguﬁﬂma 1 Y.
MARDI 122U aauouli 17 N Staphylococcus aureus
' U 1 6
Wl LEWHNEENATY 0.5 11N,
MNADI AIAULLY VOV 1 N Pseudomonas luteola
J U 1
LRZENU Laumgmﬂ‘ﬂma 5
e
No.14 Mnand A% gausouly 142 N Microbacterium laevaniformans
wel LR AnINaN9 0.5 U,
No.15 #1171 H1mun vauisoulyl 18 N Staphylococcus hominis
wel LU gwINa1 1 uu.
Fu'lads
No.16 #1171 H1mun vauisoulyl 13 N Staphylococcus haemolyticus

W Lﬁumguﬁnma 1 Wy,
Fa'lada
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nAnsuuafiTe sz unaduaImIIFIUNANVRILINEEIU Aedes aegypti NHNTL

mmnﬁuﬁlum@mu%ma ﬂEGLﬂWN%W%ﬂi U 5 20819 NANITANBILNLINUAN B IS

AARNLIA URZI1WINIA LA TUaILUANISUANY LEAIIWANTIN 7

@3N 7 mﬁ@maaLmﬂﬁﬁﬂﬁm’mwulumaLﬁumm‘sﬁ’mﬂmwaoqamsﬁm Aedes

aegypti NFUILANIMNAUAUVATIUARN NTUNNURIUAT

Qs 1 Qs I s A o I a a S A
Gl')'élEl'l\‘lE!\‘l anwmfﬂfaumamuﬂmw mwm‘[ﬂfau THAVDI THAVdILUANLIY
S A
VaBILUANLIE LLNIdN
a a v = 1
No.1 SEalp! mmu‘@u ?JBUL?EIUVLN 1 uIn -

[l v [l 6
bbN Lﬁ%N’IfJI%EJﬂ@’N 10 V.

No.2 #1717 1w 2autSey b 1 UIn Staphylococcus spp.
iU gueENa1g 2 WA,

No.3 laﬁﬁgﬂﬁmaagmanmmjmmz 0 AU -
Paula Armuu Pauisou 'l

WEd La”mhgms]‘nmo 2 Wy,

#1717 1w aauiSou i 1 UIN Staphylococcus epidermidis

Lﬁumguﬁﬂma 1 9y,

& ﬁ’nnkm aauiSouluun 2 17N Micrococcus chenggongense

Lﬁumguﬁﬂma 1 9y,

No.4 §117 Arduuun vauliSoy 28 au Bacillus spp.
] ' v ' 3
wazldun 1EURNgUINA19 5

yu. Flalads

#2717 A1 2au Sy 1 N Bacillus licheniformis
LAZLLA Lé’umquﬁﬂma 8 wal.

Flulads

§17 Arduuun vauluiSoy 4 N Bacillus safensis

1 i v i 6
wazldun 1EuRNAnINA19 4
yu. Flu'lads

No.5 Mnaad Tp LU Pauisouly 1 7N Micrococcus luteus

Wi L?Tmhgluﬁﬂma 1 Wy,
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nAnsuuafiTe sz unaduaImIIFIUNANVRILINEEIU Aedes aegypti NHNTL
mmnﬁuﬁ‘lungomwumum LUAVRANR 31WI% 7 §10819 HANISANEILALINUAN IS qmauﬂ'&

LazFIWINlAla i uaInuANISHANY LEAIIANTIN 8

A13519N 8 mﬁ@maaLmﬂﬁl,%'ﬂﬁm’mwulumaLﬁumm‘sﬁ’mﬂmwaoqamsﬁm Aedes

aegypti NFUILANNAUALTUVANANT NFNNURIUAT

CRLERRIE ansmlalatizasuuaiiss Fwwlalak ROV AnaVaILUANLIY
2DIULANLTY WAIN

No.1 MAR0I AU 2aulii50y 5 UIN Micrococcus spp.
laur LdurNgUing19 0.5 .
1717 fArauw vauiFoylaiu 11 au Moraxella osloensis
\durgUENa19 0.5 WA,

No.2 MARDI 121U vauuy'lyl 1 N Microbacterium spp.
wel LU guINa1g 1 au.
8217 022173 vauiuy laus 2 N Staphylococcus spp.
\durgueEnNa19 0.3 wal.

No.3 8217 A% auisoy L 1 N Cellulomonas hominis
\dusguena1g 1 W,

No.4 8217 A% auisoy L 2 N Staphylococcus epidermidis
iU guena1g 1 W,

No.5 117 fArauw vauFoy i 2,500 17N Staphylococcus warneri
\durguena1g 1 W,
findas A2muu vauFoyull 700 17N Neisseria flavescens
wel LR AnINaN9 0.5 U,
& fiuun vauisoulaiun 2,900 17N Streptococcus pneumoniae
WU gueENa19 0.1 WA,
Fu'lads

No.6 fa3u Arnauu vauiSeula 1 ldsansa -
Ui Lﬁumf}uﬁﬂma 0.8 yu. S:qvl,@i”

No.7 8112 ﬁnn}}u aauiToy L 15 17N Staphylococcus haemolyticus
\EuRgUENA19 1 38
Flu'ladga
#1171 H1mun 2auiSoy L 26 N Staphylococcus hominis

v [l 6
Lﬁ%N"Iﬂ%Uﬂa']\‘l 0.8 .
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nadnsuuafiiieluzuuniadueniszesgiaiotinn Aedes aegypti NIIUNNMNELNE
1Je9in 5’0%'3’@11;&11»13 F1UIU 2 @188 HANTANEUNLINUAN TS Qmauﬂ'ﬁ uazswInlalativas
Aa A A
BUATLSONWY Laadlua1319n 9

A139N 9 mﬁ@maaLLmﬁL‘%'ﬂﬁm’mwulumaLﬁumm‘sﬁ’mﬂmwaoqamsﬁm Aedes

aegypti NFNIVINNNNBNENNDUAI TIWIATUNT

ﬁmsi'mqa ansawlalakvag wanlalaih | snavas ZHAVBILLANLIY
S A S A
wuANLIY PaIuuaNLIY WNSN
No.1 Type 1.1 12 Uan -
No.2 Type 2.1 6 ay Moraxella spp.

nsAnsuLaRiTeluIzUUNILEREIMITEIUNAIVBILINBEIN Aedes aegypti 1T
NNBNNORAIRIN fﬁ'mi’wgwws FIUIN 4 20819 NANITANBUNDINUAN B DAS Qmauﬂ'ﬁ LR
FwnlaladuasuuaiiSonny waaslua1en 10

®1519N 10 mﬁ@mammﬁﬁﬂﬁmaawulumaLﬁummsdmﬂmwaaqdmumu Aedes

albopictus NIUININENNBRAITIH IIWIATUNT

A29819 Taladtuas Immlalattvas | shavas BRAVDILUANITE
29 wuaisg uuAi3y (Aag) N3N
No.1 Type 1.1 12 ay Psuedomonas spp.
No.2 Type 2.1 6 u3n Providencia spp.
Type 2.2 6 N Providencia rettgeri
No.3 Type 3.1 - - -
No.4 Type 4.1 3 ay -
Type 4.2 237 ay -
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ruazasuuaiiieluszuunisianemisainnatszasgs I

dnsirdauazitwiuuuaiiTolun1audueimisdiunaiivesgaiiang (Culex
quinquefasciatus) lasdsznavludrogsduain 2 ngy Aegsiwiziiedluie sl Judine uazeen
FUAVNNIMARNUNTINANURIUATIIUIL 2 AU fo LUATIURAIIUAZIZARANT lasvinng

ﬁq‘ a A 1 Qs 1 ua A A A a a a
arInigauuafissveudazdmainilaslfiimanuafiisinsuazauiine

& A a o A = @ A wa o @ |

mMIaknzuenigauuafisaangehagiwziassluiesd Jidinsswau 11 daee19 wu

WawUANLIHNIRNQ 5 8N\ loun Microbacterium, Micrococcus, Paenibacillus, Pseudomonas
& AAa A A o A g o A wa A
W8z Staphylococcus Wuingauuafiisuinannfigalugshanyniwiziioluiesd jidng de
§na Staphylococcus
& A A o A o & 4

INMIRNIzLEnTauuafiiseIngIay AguiunnanAuiluuaaIunai
NINWURINAT 31U 10 628819 WuLTauuAfliTunanue 6 ana leun Chryseobacterium,
Microbacterium, Micrococcus, Pantoea, Providencia W8s Staphylococcus I@U‘WU’J"]L% ALUANLIE
awuannfgalugshamanduauinanAwiuaaIunad fa ana Micrococcus

MMM ARNIUINTOUDANITENEP A YNFUIVINNNUNLYARANT NTIANNUNIBAT
Fun 11 @867 wuLTauuafiiToNInaa 11 ana laun Acinetobacter, Actinomyces, Bacillus,

Kocuria, Microbacterium,  Micrococcus,  Novosphingobium, Pantoea, Pseudomonas,

A o

Rhodococcus W8z Staphylococcus Wuindauuaflisainuuinfigalugsirangynguivenain

@ 9

dql' ai [ ni A
WUNLUARANE AB 8N\ Staphylococcus
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mydnsuuaiIeluIzDUMIAUaIMIEINNAIBIBI AN Culex quinquefasciatus 1
nmawziassluiasd JUdnis suau 11 dredne wansdnsiioinuansme quaNdd uas

FwnlalativasuuanSanwy Laasluansen 11

@1391 11 silevasuuafiSofiananulunauduermisiunanzesssiinig Culex

quinquefasciatus NYNIWzLRL9 B[RS

fradge | ansalalaizasuuaiiity Funlalaih BRAVDI FRAVDIRLATITY
S A
2aInuANSY NI
No.1 f§1 Huw 3oy luue 70 AU -

(2 [l 6
Lﬁquﬂuﬂﬂﬂ’]\‘l 0.2 V.

No.2 17 Aragw veuiFoylius 35 STl Micrococcus spp.

Lﬁumguﬁﬂma 1 9y,

No.3 f211 Ao vauissula 11 STl Staphylococcus spp.
Wl LU EwINA1 4 1.
Flu'lads

A =) a a

R11A809 ALK VLS Y 2 19N -
Laius \durnguinans 3 aw.
Fu'lads

MRy 111U Ve 1 UIn Micrococcus spp.
Souluue Lﬁuﬂﬂguﬁﬂawo 2

ENENR

#2717 A3 vauioy laus 40 N Microbacterium spp.

(2 [l 6
Lﬁ%N']fJIuEJﬂEﬂ'N 0.5 V.

No.4 17 frmayw veuFoy i 9 17N Microbacterium spp.

Lﬁumguﬁﬂma 1 Y.

MARDI 121U aauouli 1 TN Staphylococcus spp.
wel LU gwINa1 3 W,

No.5 12 Ay vavliFoula 1 7N Staphylococcus spp.
wel LU gwINa1 1 U,

No.6 &7 Aruun vauSauly 2 7N Paenibacillus spp.
wel LR AnINaN9 1.5 1.

findas A1muu vauFoull 140 7N Microbacterium spp.

' [ ' 6
LN Lﬁquﬂuﬂﬂﬂ%‘] 1.5 V.

No.7 717 A2217uu veuiToy i 1 N Microbacterium spp.

v ' 6
Laumgumﬂma 0.5 yu.
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Culex quinquefasciatus NivnnstwzLassluiasl fiidns

@1391 11 (d0) TilevasuuafiTofiananulunmauduamisiunanizesgsiinigy

CRLERRIE ansmlalatizasuuaiiss Fwwlalak ROV ARaVaILUANLIY
2DIULANLTY WAIH

No.8 f211 Ao vauissula 3 STl Paenibacillus spp.
wel LFuRguINaNg 1.5 .
#9717 H1un veuuuLe: 62 UIN Microbacterium spp.
wel LU EwINa1S 1 U,

No.9 §017 Aruuw vauSauly 5 N Staphylococcus spp.
Wl LFUHgwINa1 3 W,
Flulada
AUy AduuL 2aujaiiSoy 0 au Pseudomonas spp.
laur idurnguinas 2 wa.

No.10 8217 022173 auisoy L 2 N Staphylococcus spp.
\durguena1g 2 .

No.11 8217 02213 vauluy laus 3 N Staphylococcus hominis

Lﬁumguﬁﬂma 2 V.
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ﬁwmiﬁnwmmﬂﬁL%‘ﬂlui:uuwﬂat,ﬁuawwmauﬂmwaoqﬁﬂmry Culex
quinquefasciatus ﬁa;mﬁ'ummnﬁuﬁlum@mumma NIANNUAIBAT 31U2% 10 928819 WA

= A o o an o = Aa A A
NIFNEILNLINUIN TS Qmawﬂ(ﬂ LLaz"ﬂququﬂIﬂuﬂJaﬂLL‘]JﬂV]LiEW]W]J LLﬁ@]ﬂu@l’]i’Nﬂ 12

@1391 12 silevasuuafiTofiananulunmauduenmisiunanszesssiinigy Culex

quinquefasciatus ﬁﬁiuﬁummﬂﬁuﬁiuﬂgdm‘wumum LUARIBAR

ﬁ"msi'nga ansalaladvasuuanisy Fuanlala ZWHAVDY ZHAVBIRLANLIY
o A
PaInuantIy WA
No.1 8712 Aaauw veuFoylaiud 18,800 AU Providencia rettgeri

Léfumgmﬁnma 0.2 UY.

5‘11111\1“ Q’J’JW’JLLuuLLazHuma 0 |y Pantoea spp.

a9 Vau biiSUULATIH
v 1 6

LEWRNGUENENY 2-3 W,

fla A2317uu vauiFulius 0 AL Providencia rettgeri

(2 [l 6
Lﬁquﬂuﬂﬂﬂ’]\‘l 0.5 V.

?I"ﬁuw“ ﬁ’nnuuuua:kmma 0 ay Pantoea spp.
nand vauliisyuLazLN

(2 [l 6
Lﬁquﬂuﬂﬂﬂ’]\‘l 2-3 J4.

No.2 MARDI HIdNuUATYY VoUITHY 7 7N Micrococcus spp.

Taiun \usguana1g 1w,

No.3 i ﬁm”mnlm:km PYULILY 56 U -
laud idusguednans 5 aw.
A a a Il Il
AW H1u0 Paursou e 0 AU -
Lé{"umguﬁnma 9 Wy,
No.4 #1171 Hmun aauiSou i 1 AU Chryseobacterium
Léfumgmﬁnma 1 93, taklimakanense
No.5 f§1 Amun aulsou luue 1,420 AU -

Léfumgmﬁnma 1 93,

Iaﬁﬁmﬁmaayj@‘imm\ﬂimm: 0 U -
aula ﬁmn}},u PauLSyU L wk

v ' 6
L?('H:N']gluf_lﬂﬂ'h‘] 1.5 4.

No.6 717 Arduun vauiFoulaiud 268,000 AL -
\@usguena1g 1 W,
Flu'ladga
YuilaFNegasinaiLaz ey 0 au Pantoea spp.

& A Pauisouluwe

La”umgmﬁnma 1-1.5 Y.
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@1391 12 (da) sllavesuuafiToNaanulumaduemsdunasvedg ey

Culex quinquefasciatus N Egimﬁ“ummﬂﬁuﬁluﬂjlamwwmum LUARIBARI

A20819 89 ansalalatvasuuanisy Fuanlala ZWHAVDY ZHAVBILLANLIY
IS
PaInuantIy WA
No.7 fasanadnazaauly #2317 84 UIn -

Ui v laiiSounas s
LéTumglmTﬂma 3 Wy,

Mndad AU Pauisouly 1 UIn Micrococcus luteus

W Lﬁumguﬁﬂmo 1 Wy,

No.8 1717 fAragw veuiFoylius 1 7N Staphylococcus spp.

Lﬁumguﬁﬂma 6 Wy.

&03u A wun vauliisyy 1 uIn Microbacterium arborescens

' ' v ' 6
LLRZVLNLLN Lﬁquﬂuﬂﬂaﬁd 5 .

No.9 ERRYY A1Mun fausouluue 1 UIn Micrococcus luteus

Léfumgmﬁnma 2 3.

fasInadnazzavla 82177 1 uIn Microbacterium imperiale
Kb%@liﬂﬂﬂ’ld’ﬂ ULLUY mauﬁw

Laius Wurngudnans 1 aw.

No.10 f§1 T LgVAN fauliiSyuuas 1 AU -

Laiusd Wurnguinans 3 aw.
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ArnsfneiuuafiTeluszuuniaduen1IdIunanivedgIinaiy Culex

quinquefasciatus NENIVUINAUNTUNTUNNURIUAT LUARANE I1UIU 11 6208879 WA

2 a o o e o a A A A o A
NIFNEILNLINUIN TS Qmawﬂ(ﬂ LLaz"ﬂququﬂIﬂuﬂJaﬂLL‘]JﬂV]LiUY]Wl] @]GLLa@]Gluﬂqiqﬁﬂ 13

quinquefasciatus ﬁﬁiuﬁummﬂﬁuﬁiuﬂgdm‘wumum UARANT

@1391 13 silavasuuafiSofiananulunmauduenmisiunanszesnsiinig Culex

ﬁ"msi'nga ansalaladvasuuanisy Fuanlala ZWHAVDY ZHAVDIRUANLIY
o A
PaInuantIy WA
No.1 §A3N AITUVTVITUR YL VOL 1 AU Pseudomonas spp.
A 1 1 2 1 6
Ty ldun idurgudnan 4
eV
No.2 #9717 HeNU% VOUITIUUAS 2 AU Acinetobacter spp.
wel LFRNEnINaN9 3.5 1.
A a a Il 1
8277 NIUH 2autSey b 9 uan Staphylococcus spp.
v 1 6 a a
wurngudnans 3 aw. fluladas
§A3N HENUITVITUAT YUY VB 1 AU Pseudomonas spp.
TG ldun idurnguinag 2
e
§217 TR PRI fautsouuuk 1 AU -
\dusguena1g 2 W,
No.3 &1 Aadwius vausay 'l 8 UIn -
LLE Lﬁumugﬁuﬁnma 2 .
Fu'lads
A =) a a 1
MARDY N1 Uw Pauiseuly 5 AU -
wel LU EwINA1 2 1.
1717 fArauw vauFoy i 1 12N Actinomyces oris
iU guenNa1d 1 WA,
A a a ] 1
#1717 H1un aulsouluwe 1 UIn -
2 1 6
LduRNEugnang 1.5 .
No.4 fnRaddan ALK VAU 17 N Staphylococcus spp.
Soulaud idurngudnang 2-3
vy, Flulads
No.5 fndad ﬁnn}}u aauiIaylyl 2 |y Novosphingobium panipatense

L L?Tmhgluﬁﬂma 1.5 44,
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@1391 13 (da) TilavasuuafiTofiananulunmauduamisiunanizesgsiinigy

=

Culex quinquefasciatus ﬁquﬁuuﬂmﬂﬁuﬁluﬂ;amwumum UARANK

Q 1 Qs = o A o I a a S A
fat19g ansmlalatzasnuaiisy Fwwlalak AHAVDI FRAVBILLATILTY
S A
2aInuaiitsy wnsa
No.6 A3 ANeUUL TaUIHLLAE 82 N Pantoea dispersa

W Lﬁumguﬁﬂmo 3 Wy,

f§1 Hmun YBULTHULAZILK 26 AU -

LéTumglmTﬂma 4 3.

No.7 #1717 H1un aauiTou i 1 N Staphylococcus epidermidis
v [ 6 a a
wdurhgudnang 3 ww. Fluladas

Mndad Auw Pauisouly 1 UIn Kocuria marina

W La”mhgms]‘nmo 1.5 Wy.

f§1 Hmun 3oy luwe 4 UIn Micrococcus luteus

v [l 6 v '
Laumgummmaﬁm’] 0.5 V.

No.8 fasu Aaduuun veuldi5ay 1 7N Bacillus spp.

' ' v ' 6
LLRZVLNLLN Lﬁquﬂuﬂﬂaﬁd 6 Vu.

No.9 MARDI 121U aauisoulyl 9 el Kocuria marina
wel LU guINa1g 1 au.
FR3N H11uw YauiToy L 1 AU -
\durguena1g 8 wal.
#1171 Hmun aauiSou i 6 N Pantoea dispersa
iU guena1g 2.5 WA,
findas A2muu vauFoyull 2 AU Pantoea stewartii
wel LR AnINaNg 2.5 1.
§017 Arduuun vauisoula 0 ldisunn -
WK Lﬁumgmﬁnma 1 Wil ifzqvl,@i”

No.10 findas A2muu vauFoyull 1 12N Microbacterium imperiale

WK Lﬁumf}uﬁﬂma 1 Wy,

Mnand H1Muw ausauly 1 UIn Bacillus licheniformis

[l v [l 6 v '
BN BTN ﬂ%ﬂﬂﬂﬂx‘]%a gni1 0.5

D
No.11 &1 R auiSou luwe 1 N Rhodococcus
Lﬁ'umgluﬁﬂma 0.5 Ju. corynebacterioides
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2. MIRNHINMIAAITe TaTaunwe lunilusnia BALB/c uasnia ICR

= P
MIFANEIN 1

v‘i'm'ﬁﬁ@L%avl,'a%'aﬁququmﬂ%mm 0.2 8RANT Lﬁwﬁaqﬁawamﬁlwﬁmﬁ@ BALB/C WLz

3@ ICR lasUSunmuadanldaa 10°° CIDg/ml n3adardn 10*° CIDg/mouse Waz¥inny

d? A a & ot a o Aa d? 2{ ¥ ada
m’mmmalummmaa@“uam‘mmu 187 4 1% NAINIBNHALTD I@]El@]i’l"ﬂﬂ%?i@ﬂ’lﬂ?ﬁ

RT-PCR Lag immunocytochemistry NAMIANELRAIIUANT19N 14

A13191 14 msﬁ@L%avh%'a%@;uqumslu%ﬂwﬁ%ﬁ@ BALB/c Lazu#a ICR #adann eIy

@

Wanduuna 10%° CIDgy/mouse

“HAVDINY mqtﬁaiﬁ%’m%ya Swiiihmsasaawda | RT-PCR Immunocytochemistry
CHER) (PI) (CID,/ml)
No.1 BALB/c 6 Day 1 B 1075
No.2 BALBY/c 6 Day 1 B 1075
No.3 BALBY/c 6 Day 2 . 10'5
No.4 BALB/c 6 Day 2 . 1075
No.5 ICR 7 Day 2 ] 10'5
No.6 ICR 7 Day 2 ) 10'5
No.7 BALBY/c 6 Day 3 ) 105
No.8 BALBY/c 6 Day 3 ) 1075
No.9 BALBY/c 6 Day 4 ) 10°5
No.10 BALB/c 6 Day 4 ] 10°9
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= P
MIFANBIN 2

‘V‘hmiﬁ@L%avl,’s%va%@;uqumﬂ?mm 0.2 A8RAaT Liﬁﬁaaﬁawamﬁlwfﬁﬁ@ BALB/c lag
YSunaaadanltaa 107 CIDg/ml wiadaLdu 1082 ClDs/mouse wazvinmIasianidalunssus
Lﬁa@mawk&nnfu 11981 4 7% ®WaIINNIUNAALTD lasaT1anITaa1835 RT-PCR Lay

Immunocytochemistry NAMIANELEAILUAN TN 15

A19199 15 msﬁ@L%avh%'a%@;uqumslu%ﬂwﬁ%ﬁ@ BALB/c #adann lasuttaniySuos

10%2 CIDsy/mouse

THAVDING mqw‘javlﬁ%'m?;a Swiiihmsasranda | RT-PCR Immunocytochemistry
CHER) (PI) (CIDy/ml)
No.1 BALB/c 4 Day 1 N 10%0
No.2 BALB/c 4 Day 1 N 1025
No.3 BALB/c 4 Day 2 + 105
No.4 BALB/c 4 Day 2 + 105
No.5 BALB/c 4 Day 3 _ 10%°
No.6 BALB/c 4 Day 3 N 105
No.7 BALB/c 4 Day 3 N 1025
No.8 BALB/c 4 Day 4 + 1040
No.9 BALB/c 4 Day 4 ] 105
No.10 BALB/c 4 Day 4 ] 10"

n3ANEIN 3

ANENaUaY dexamethasone @iamsﬁ@L%avlﬁa%@;uqumlu%kﬂwfﬁﬁ@ ICR Taefiid
ﬂkl,vl,wﬁmq 4 g1t saniiuzasngy PUNFUN 1 2zld5usinae (normal saline) $1473% 0.1
a aa a EZ 1 v [ s 1 dl U 21/ 1 1 dl U o
T88807 2aLi1Tadv 09 tdwt21a1 14 Turnawnazlasuida FAIURBNFUN 2 a:'ld 5y
dexamethasone 37%% 100 lulasnsu w3aUSunm 0.1 I888a3 SanTasvias twiaan 14 7%
' = v A
naunazlasuiga

o & o = 2!/ > A a a aa v ) v [

mamnuummm@ma"hsamuqumﬂimm 0.2 iafAAT meawawamﬁlm Tag
USuauaadTanldae 1070 CIDg/ml nIadatdu 102 CIDg/mouse WaT¥inA1TATIIR LT LY
ﬂi:LLaLﬁa@mamHnﬂi’u WA 7 % HAIINIWNRALTE lasaT1arITaa835 RT-PCR LAz

. . 2 A
immunocytochemistry NAMSANHUEAIIUAT197 16
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A19191 16 ms@@L%avlﬁ'aﬁququmlwﬁlwﬁmﬁ@ ICR #8391n7 1631 dexamethasone

(Dexa) w3awtnaa (NSS) tuwiian 4 % uazeual8iTaniUsuna 10%° CIDs/mouse

THAVDING ssnlasu msgl,fiavlé'ﬁn Sufiriin13@579 | RT-PCR | Immunocytochemistry
e (fan¥) wide (PI) (CID,,/ml)
No.1 ICR Dexa 6 Day 1 + 10275
No.2 ICR Dexa 6 Day 1 + 1025
No.3 ICR NSS 6 Day 1 + 105
No.4 ICR NSS 6 Day 1 + 1025
No.5 ICR Dexa 6 Day 2 + 1025
No.6 ICR Dexa 6 Day 2 + 1035
No.7 ICR NSS 6 Day 2 + 1020
No.8 ICR NSS 6 Day 2 - -
No.9 ICR Dexa 6 Day 3 + 10325
No.10 ICR Dexa 6 Day 3 + 1080
No.11 ICR NSS 6 Day 3 _ 10225
No.12 ICR NSS 6 Day 3 _ 1025
No.13 ICR Dexa 6 Day 4 + 1035
No.14 ICR Dexa 6 Day 4 + 1035
No.15 ICR NSS 6 Day 4 + 1035
No.16 ICR NSS 6 Day 4 - 1035
No.17 ICR Dexa 6 Day 5 + 1025
No.18 ICR Dexa 6 Day 5 + 1030
No.19 ICR NSS 6 Day 5 3 1025
No.20 ICR NSS 6 Day 5 3 1035
No.21 ICR Dexa 6 Day 6 + 1025
No.22 ICR Dexa 6 Day 6 - 1035
No.23 ICR NSS 6 Day 6 - 10275
No.24 ICR NSS 6 Day 6 - 1025
No.25 ICR Dexa 6 Day 7 - 1025
No.26 ICR Dexa 6 Day 7 - 1025
No.27 ICR NSS 6 Day 7 - -
No.28 ICR NSS 6 Day 7 . 3
No.29 ICR NSS 6 Day 7 . 1030
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%) %] & a a
3. ﬂ']‘iﬁﬂisﬂﬂ')’l“?l&lﬂ%ﬁ?.la\‘lﬁ%ﬂﬂEl\i ttﬂﬂﬁt%ﬂsl%‘izﬂﬂﬂ’l\‘l LAWBINIIUBY qamﬂmuuaz

o [ $ o A
FANgATNVDI Ecl.d an Elﬁ')%i%ﬂ’litﬂ%‘ﬂ']‘ﬁ cUaI L%Qv[')iﬁ?iﬂ.%q%ﬂn
= A
NIANYIN 1

ﬁﬂmﬁ'ﬂmmwmaaqamslmulumnfluwwmmau%a"h%’a%ququm Tag@nwmsaaide
‘lu@ﬁqa (infection) @830 Immunocytochemistry (ICC) WU’J"]%U@Uazmadﬂ’liaﬂL%aluqoa’lﬂaiu
I 30, 43.33, 23.33, 50 uaz 73.33 n1enasandlasuidaludSunm 102 10° 10%, 10° uaz10°
CIDsy/ml @108 1A U sﬁﬁ:qmiam%ﬂ@ 835 Immunocytochemistry 89433 RT-PCR WURIN15D
szqmia@L%@quamﬁ%’m%ﬂmm@ 10° CIDsy/ml LYt LL&ZWUT’]’]%’@@]L%&%QG%&U&Z 80 ¢4
waasluanTef 14

@13191 17 nidadalugaasaiunasainlasuige lhiialuszaudna g laun 10% 10

10*, 10° uaz10° CIDg/ml lapzyn13daiTad163% RT-PCR wazAT Immunocytochemistry (ICC)

ﬂ'%mmwaa 5’1%’3%2!\‘]‘?; ai’ﬁ%auqa‘ﬁm'mwu 5']%’3%2!0‘?; %SHQZﬂadﬂﬂi
13%’&?;210161’%% ¥imsAnmn | 13e@1838 RT-PCR | asawuide | fadeadsds
(CIDsy/ml) A2e75 ICC IcC
10° 30 0 9 30
10° 30 0 13 43.33
10* 30 0 7 23.33
10° 30 0 15 50
10° 30 24 22 73.33
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= P
MIFANBIN 2

ﬁﬂmﬁ'ﬂsjm‘wmaaqamamu’tumilﬂuwmwau%avlﬁ'a%ququm IG] BAN®INIAALTE

lugad83% Immunocytochemistry (ICC) Wudinena1nf lasuiraluil3auns 10° CIDs/ml o

WUﬂ’]ia@lL%alu@”’Jq\‘l (infection) Jouaz 100 ﬁhumwaoqo (dissemination) Jauay 95 uazlu

1aNBVeILM (transmission) Tauaz 57 aduaadluann 18

@19191 18 nsfadalugsasaiunainnlasudalifaluszay 10° CIDs/ml lanszy

NM3AALTaa2835 Immunocytochemistry (ICC)

MUnIINLNTRAIDE ai’ﬁuauqa‘ﬁ 51uauqaﬁmaawu SauaraaIn1san
vimsdnen | @ededd icc \Hoaned3 ICC
@284 (infection) 21 21 100
U1 (dissemination) 21 20 95
‘L{’l 818 (transmission) 21 12 57
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= P
NIANYIN 3

ﬁﬂmﬁ'ﬂﬂmwmaaqm’mmﬂumnﬂuwmwau%a%%’aiququm I@Uﬁﬂ‘l&ﬂﬂ?ia@lfﬁa
Iu@hﬂq\i (infection) a”mmwaaqa (dissemination) wazluiinan BUaIE (transmission) 2835
Immunocytochemistry (ICC) #a431n7 basuLTalulIum 102 10°, 10% 10° waz10° CIDsy/ml

o o A a & Aad . o A
ANIAL sﬁai:qmmmmai@mﬁ Immunocytochemistry AILRAILUANTI9N 19

@13191 19 nidaralugiasaiunasainldsuige hiialuszaudnag laun 10% 10

10, 10° uaz10° CIDs/ml lanszymIfaLTadiu3T Immunocytochemistry (ICC)

Wanmaaslisa | wonegsit | Fowazuesms | Sesazvasmsia | Seuazzasnis
ﬁzga19’1’%’u HINSANEN am%basluéhqa Foludwan | aadaluiiane
(CIDgo/ml)

102 24 83 (20/24) 71 (17/24) 42 (10/24)
10° 30 90 (27/30) 87 (26/30) 70 (21/30)
10* 30 100 (30/30) 100 (30/30) 100 (30/30)
10° 30 100 (30/30) 90 (27/30) 90 (27/30)
10° 30 100 (30/30) 100 (30/30) 100 (30/30)
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= P
MIFANEYIN 4

ﬁm&wﬁ@LLazmm‘mmﬂvxmwaol,mﬂﬁl,%'sﬂmzuumaLﬁummimunmwaoqamUmu
ﬁwuLLa:"lﬂwumia@L%ﬁ]vl';%f'a%ququmluﬁ’mw Monasnnilesuigalulsunm 102 10° 104
10° Waz10° CIDsy/ml 9NEI1AL

msﬁﬂmﬁwumﬁ@LLazmm‘ﬁmﬂvﬁmwaaLmﬂﬁﬁﬂmzuumaLaummwaaqamymu
ﬁwuLLa:"l&iwumiﬁ@L%ﬂvlﬁ'a%ququmluﬁ’]mm%aqaﬁ'ﬁﬁnmmwiumsdmwa@L%‘Da AURRT
ndlasigaluSunn 102 10%, 10, 10° Waz10° CIDgy/mI ANEGU S35

mowasannfilasuidolutsuna 102 CIDg/m q\majuﬁLﬁ@mia@L%@Vl,ﬁaifumwwm%a
LLUﬂﬁL%UI%E:UU‘n’NLﬁuaﬂﬂﬁsmaaqdaﬁﬂaau leun Staphylococcus hominis, Staphylococcus
epidermidis, Arthrobacter tumbae Wax Corynebacterium spp. ﬁ’quﬂtﬂuﬁvlaiwums@ atelsw
HWATIANULD 8 LmﬂﬁﬁulmzuumaLﬁummwaaqamﬂmu &ur Staphylococcus epidermidis,
Staphylococcus capitis Wz Staphylococcus hominis

Menasani lesuidolulsunm 103 CIDg/ml slqamiuﬁ'Lﬁ@miﬁ@L%ﬂvl,’ﬁ'mfum'mwm%a
LLUﬂﬁL’%U’LmzuumaLﬁummwaaqm’mmu |@wn Acinetobacter radioresistens quaﬂﬁiuﬁ"l,zj
wumsﬁ@L%a"h%’aifumwvlﬂwuL%ﬂLLmﬁﬁﬂmzuumaLaummwaaqdmymu

mMewnasani lesuidolutsunm 10* CIDg/ml slqamiuﬁ'Lﬁ@miﬁ@L%ﬂvl,’ﬁ'mfum'mwm%a
LLUﬂﬁL’%‘ﬂ%izU‘U‘ﬂNLaua’m’li"nadqaa’mmu laun Staphylococcus haemolyticus d’mqamjuﬁ
"L&iwumsﬁﬂL%a"h%’aifumw"l,&iwm%aLLmﬁL’%ﬂIm:uumaLﬁummwaaqammmu

monasanfilesuidelusunm 10° CDym qamjuﬁlﬁ@msﬁ@L%ﬂﬁ'ﬁf%@ﬁﬁ"[&iWU
L%@LLuﬂﬁL%'uluizuumoL@?uawmimaaﬂqaawaau muqamjwﬁvl,;iwumiﬁ@L%a"h%'mfumnwu
L%a LLUﬂﬁL%‘Ului:UU‘Y}NLﬁua’m’lﬁladq&mﬂa’m leun Staphylococcus haemolyticus W<
Corynebacterium spp.

mMewnasani Lo luysunm 10° CIDg/ml alqamg:uﬁLﬁ@miﬁ@L%ﬂvl,’a%'aifummwuﬁ?a
wuaniSoluszuuniadueinise BILINERIU léun Sinomonas mesophila, Staphylococcus
epidermidis W8s Moraxella osloensis ﬁimqomjwﬁ"lajwumiﬁ@L%ﬂ"lﬁaifmmawm%a LuaNLIY
luszuunia@uernisvedsydaoaIu tdun Actinomyces naeslundi, Brachybacterium

paraconglomeratum Wae Staphylococcus hominis AILEAITILALALA L UAIT19N 20
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A13519% 20 T LLﬂZﬂ’)’]&J%ﬂ’mV\a’]El‘llE'NLLUﬂﬁL%UI%izUUVl’NLa%a’]%’]iéﬂ%ﬂa’]\ﬂla\?

4 . Y A e o v e daee & r
qdawyaauvnNuua31NWUﬂWS@@Lmaqaiamququmﬁ1uuﬁaﬂﬂ AURAINNNA LaTULTa lnanw1aN

LANAIIN
Ysanm | msaedie | daedhs | Talatiuas | swaulalait | siezas rhauasuuaiise
vaolasadt | Insihane 89 wuaiiize | zasuuaiitzy | wnIw
galasy GEER)
(CID,,/ml)
102 Negative No.1 - - - -
No.2 21 3 u3n Staphylococcus epidermidis
No.3 - - - -
No.4 4.1 3 u3an Staphylococcus capitis
4.2 1,149 - -
No.5 5.1 6 u3n Staphylococcus hominis
5.2 24 - -
Positive No.6 - - - -
No.7 71 3 N Staphylococcus hominis
No.8 - - - -
No.9 9.1 42 u3an Staphylococcus epidermidis
9.2 33 N Arthrobacter tumbae
9.3 27 u3n Corynebacterium spp.
No.10 - - - -
10° Negative No.11 - - - -
No.12 - - - -
No.13 - - - -
No.14 - - - -
No.15 - - - -
Positive No.16 - - - -
No.17 - - - -
No.18 - - - -
No.19 - - - -
No.20 20.1 3 au Acinetobacter radioresistens
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15199 20 (da) TRALAZANRAINRA1EVRILUATISEUITLUNIIAREIRITEINNANS

A . a & o~ A S Y A vo & -
°na<1qamymuwwmmz"l,wwun’mmLmavbmmuqmﬂuu’m’m mmmmnﬂmumdwmww

LANAIIN
Punawwas | msaaa | daeths | Taladiuas | swoulalaih | wiezas BRAVDILUANIIE
Tasad 29 Tusinane 89 HWUATISY | DOIUUANISY | wnIN
AU (Aag)
(CID50/ml)
10* Negative No.21 - - - -
No.22 - - - -
Positive No.23 231 36 u3n Staphylococcus
haemolyticus
23.2 3 - -
No.24 - - - -
10° Negative No.25 - - - -
No.26 261 12 N Staphylococcus
haemolyticus
26.2 3 uan Corynebacterium spp.
Positive No.27 - - - -
No.28 - - - -
10° Negative No.29 291 3 u3an Staphylococcus hominis
29.2 3 u3n Brachybacterium
paraconglomeratum
29.3 3 N Actinomyces naeslundii
Positive No. 30 301 6 u3an Sinomonas mesophila
Positive No. 31 31.1 3 ay Moraxella osloensis
Positive No.32 321 3 u3an Staphylococcus epidermidis
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a & v A & wn o Aa = o A o
Ijﬂ@](ﬂLﬁaqjia“ﬁﬂuquﬂﬁlLﬂuiiﬂQ‘U(ﬂqﬂ‘ﬂ&lﬁ‘!ﬂLﬂuLLNaﬂW’]%Z%’]Tiﬂﬂa’]ﬂmaﬁlcﬁillﬂjzlaﬂﬂ

72
12

Tnousznans g Uszine aganinistienaavaddohlusssumdineitasnuaudaiba saiaaite

©

=

LLazqawm:fmIﬁﬂ qdmyﬁ’mﬁ’]ﬁlﬂuwmzﬁﬂiﬂm%’m“’tyLﬁaomﬂLﬁa‘lﬁL%aﬁﬂwLﬁuf{i’m’mLLaz
1 g v v L a g w A v
dreneaidald uddrluditunsszunevedlsadade hiiadqupunludszinalnoazaaiasas
& o oA o & v o = av A (% X oA A a o o o
wangsdanudndudasrinmsaneisoinelnuliahasnidaiiiadNalasauanuns s nsumy
& A a & =2 Aao ¢ A = ~
weveddafiantnfetuluewaa nmdnmidiaglszasdinednmanunannaouazsiia
posupafiTsluzuumaduarmssiunaiizedgaaemnuazdnoninvadgamulunindu
winzthia iadaunuen uenanianzdisodilddnsanunainnansuszsfiavasuuaiiiy
luszuumaduaimissiunanizedgsnsinuuazesinayandis asnnginszesriaiind
A o [ ) ;l/ 1 & @R a d? “ A
ununidmaglunmaingadeg ludsimalng swnslddnsndadeliiadqupuonluny
6 A b | > 6 % = a dq( A o a dq( 5
ludinenswan ldidugainasasauuuulunsansinmsfadsnaswendifiavasde s
TAUNUEN
sruUnadseImIEIRnazatgduduniarainaduaimisnazinnidaisedng
Tmezedns uazlupInaddududunbinfisaunafiSoaigidvlasgishldluduniiaz
a A 1 4 =) 1 d v 1 1
fjfisnnaeuauatszniiadalin uwafiolumaduains uaeiamozesdadiuazsinada
nMInauAkeddaliazadrd aAnunannassasuuailiselumaduaimiionsazdinadasnsme
A o ° ¥ A o A A, v a \
nEInmvesgiLazAnsmwuesgslumaiige svanvezidulinilefinaliifannuuands
. & A o o & A & W va = =
129NITENaaTavadganIadnsnwadglumsigelia Aruinnuldadndnstiany
wanwaIBuAzANNFNNUTTe I TauDai T e lumBdueImIITRILId anIdaTauazn LT
lavgalutszinadng g wdadslifianadayamar fdslidnsdnmludzmalneg amedidnld
=3 =3 = o (3 o [ (2 = A [ 1 nq( A [ % Aly
WaintsanudrdgindudasdnmluiFosdindaninadudoysiugusasdszinalnouazaz
ldvhantisaTunsisunumvesgeziiadni g lunsihgeludszinalng
nultpiladnmanuduiuivesuuafilelusznuniiduemissiunanizagiuaz
dnonwzasgslunmndunwinzvaadeliiadqunusn lasdnsuuaiisoluniaduainis
§IUNAIVRILIAEFIN BanoIn uazgsiiany Ahmawziassludasd Jodnisuazgenduan
& Ao o A =& A A A v aa A A A A
NNAUNIINIAG 9 TadnwzfiavesuvaiiSolasarduitnauuafiTouszansdrinm
A A A . A o =g Y PN o
wuafliSonwulugiaiaaIu Aedes albopictus N nIwzLdBdluRa sl Jodnas laun
8N & Agrobacterium, Klebsiella, Micrococcus, Pandoraea, Pseudomonas W& < Staphylococcus
v o oA & ao a A , ,
BIANURIBINNIINITATIRYTURUA AN ULUANLTIENS Bacillus, Serratia WAz Staphylococcus
BINNERINNENNDUNI TIRIATUNT HUATIIWLLLATLTERNA Microbacterium gaANEFIRAN
§UNDVAINI WINIATUNT UUATIIWLLUANIIEN Acinetobacter, Chryseobacterium, Erwinia,

Microbacterium, Micrococcus, Pantoea, Providencia, Pseudomonas W8 ¢ Staphylococcus L8 ¢
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BI818RIBINNTINIADZANRBATIIWLUUATNITIANS Acinetobacter, Agrobacterium, Bacillus,
Brachybacterium, Brevundimonas, Burkholderia, Massilia, Microbacterium, Micrococcus,
Nocardioides, Pectobacterium, Pseudomonas, Rahnella, Rhizobium Wwa& Sphingomonas
a A n:i v . dl o dw v a wva v 1
LUAN Liﬂwwuluqoaﬁﬂuwu Ae. aegypti NN T WzLR s lwia U JUAn1s Taun
Acinetobacter, Agrobacterium, Bacillus, Cellulomonas, Chryseomicrobium, Dietzia, Enterobacter,
Klebsiella, Microbacterium, Pantoea, Pseudomonas \.&s Staphylococcus qx‘la’m‘ﬂu’l BINNLVARIW
WA NTILNNY NUATITNLLLAN L’%‘yaqa Bacillus, Micrococcus W8 Staphylococcus 84818115
IMNUARANE N FINWY UUATIANULUA L3y &na Cellulomonas, Microbacterium, Micrococcus,
Moraxella, Neisseria, Staphylococcus W8 Streptococcus AR giuINEILNalsa ﬁﬁ%’i’@@ NI
ﬁumnwmmﬂﬁﬁyaqa Moraxella L8gE98" HUIWINNE N ORAIR I 50%?v@°gNW§ﬁu@i?%WU
LUATLSE 8N& Providencia Waz Pseudomonas
wuafiFofiwulugssiai Culex quinguefasciatus N TwnzLansluiasd Juans
VL@T LN Microbacterium, Micrococcus, Paenibacillus, Pseudomonas W82 Staphylococcus q\ﬁ"l a1l
IMNITVATIBUAII NJILNNY BUATIINDLUANLIE 8N8 Chryseobacterium, Microbacterium,
Micrococcus, Pantoea, Providencia &% Staphylococcus LLazﬂqﬁﬁmmﬂ’mLm@%ﬁ' n& NN T
ASIANVBUANLIY A na Acinetobacter, Actinomyces, Bacillus, Kocuria, Microbacterium,
Micrococcus, Novosphingobium, Pantoea, Pseudomonas, Rhodococcus Wae Staphylococcus
NNIANBIANVAIINRAN wau%aLmﬂﬁﬁ'ﬂumaLﬁummsmunmwaagomﬂvxmal 9
mjmaaﬂiz"mmﬂqm'm%mﬂﬁuﬁ Lﬁaamﬂﬁaamsﬁﬁ]:m%ﬁaﬁwfwamaaﬁdLn@]z\i’amﬁﬂqamﬁ'ﬂagj
FOTAA AMURAINTRANY BATTIWINYDILUATIIOIUNIILARDIRITRIWAANIY 0984 AIANEIVDI
Chandel WasA DL (2013) LNBINU LT B LL'1_|ﬂﬁL?ﬂiuﬂwlﬁum%nmaaqa%wmmu Cx.
. . a 02 o a n& o [ 1
quinquefasciatus luilizinaduastunuuuafiiToduiu 83 sia Gidnaglu 31 ana uazwui
Aaa Aao A A Ao 2 A . Aaa A
wuafiisediuwinuInfigadaana Staphylococcus Tagdd1wiuninds 11 sha FAukUafisen
wulunamedununfigadauuailiuluans Enterobacter uanani Chandel UazAmiz (2015) H1
(Y oA A a A - ° a v A a P
ldavawudfiuuafiSosfia Vagococeus fluvialis Tugsirany dnduduuafiSooiafazwyldlu
A o & 4 o A4 A A A A A & & 4 v
AURIDFATLYINY TITWNITLITIWLANLTERANY Qﬁu@ﬂmwwﬂuqmmﬂumawsqm"l,mu N1
% o Aa o ' ' = =< i q ' A A A
WTaunUaIm1INAw 1 weagrslsnarvannisanwiiludssinalne ldwuwueiiSusia
Vagococcus fluvialis
MIANENVBY Valiente Moro uazamhe (2013) wuinwuafiiSaAwulnlunmadua1risved
H981887% Ae. albopictus iweLlnaziduuuaiiiiolunga Proteobacteria, Firmicutes uaz
Actinobacteria N8O ﬁhusl,usqmmUmmwmjfﬁfmmﬂﬁL‘%‘ﬂﬁwumm:Lf’luﬂéu Actinobacteria
Proteobacteria a2 Firmicutes @Nua1AU LLUﬂﬁﬁﬂﬁwumﬂﬁq@ﬁ'ﬂuﬂqomejl,l,a:l,wmﬁﬂﬁaaqa
Pantoea 31nn13An 1 a9 AW UL LANLSY 8N8 Pantoea Tudszinalnoruidoinn laowuln

gannotuiinzass luksl JUdne gemsmuuazgshinynsuananiun anmsdnsilaz
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Lﬁuvl,éﬁﬁLLUﬂﬁL’%‘ﬂ‘ﬁmaﬁ]wﬂumaLﬁummimadqofmzﬁmﬁwmmﬁmuLLa:LL@m@haﬁ'umr]
EHINUETINIVaILIUAazNY G'fjdmiﬂa%y'hLmﬂﬁﬁwﬁ@lm:ﬁm@iamsﬁm%yamﬁ@@ms] U
mqaﬂguﬁhLﬂuﬁaaﬁfm'ﬁﬁnmlmﬁmauﬁﬂ@@iav[ﬂ

a%m%”umiﬁﬂmmia@L%avb%“a%@;uqumlmkﬂwfmﬁ@ BALB/c Uzt ICR tintsznay
lude 3 msdnm miﬁﬂmﬁﬁf@qﬂizmﬁlﬁaﬁﬂrnmmLﬂuvlﬂvlé'l,umiﬁmkm&aaawﬁ@ﬁm
sl,%l,fluﬁ@fmaaa@'fw,l,uulumsﬁﬂmlﬁmﬁ'umiﬁm%yaLLazwm%ﬁ']Lﬁ@mau%a"l,ﬁa%ququm Tu
MIANEN 1 wuludoiia BALB/C uaz ICR VL@T%“UL%a"L’J%“a%QuqumImm@ 10*° CIDg/mouse
LLa:ﬁﬁmim’mmL%alumzumﬁamamkmﬂfu {waan 4 5% wasaniuiidaite lagwuin
s:@”umau%alu%%;mamkﬂlusﬁmﬁ@ BALB/c ﬁmmﬁﬂayj’ﬁ 10%%, 102, 10>° uaz 10> CIDgy/ml 11
Sufl 1 89 4 audeu dam:d’maaL%aslwdﬁ%;mamkl,vlwﬁmﬁ@ ICR ﬁ@hmﬁlmagﬁ 10" CIDgy/ml
Tuind 2 wazlun1sdnusi 2 wiludrfia BALB/C la3u L%@"Lafa%@juqumlumum 1082
CIDsy/mouse LLa:ﬁwmwnamL%asl,ummmﬁamaaﬂhw]'m”u {waan 4 39 wasaniniianise
I@ywm’mﬁwau%alu%%;mawhavlwfﬁﬁ@ BALB/c ﬁ@hmﬁmgj’ﬁ 10*3, 10"%, 102 waz 10?3
CIDgy/ml Twitfi 1 &9 4 enwdau

a

lun13f@ne1N 3 AN¥INATEY dexamethasone @iamiaﬂL%avh%'a%ququmelu%kﬂwfﬁm
ICR I@ﬂﬁuﬂmﬂwﬁaamﬂuaaamju WUNENN 1 (NGUAIUAN) lasusinnae gaunungun 2
QU as = % ] ni s d‘i/ >3 nq: 6 Qs d‘i/ e A
163U dexamethasone 1%tIa1 14 Twrawnaz lasuLTa mamﬂuu%kﬂlwmﬂmuLﬁavlﬁamu
qum‘lumm@ 10 CIDsy/mouse LLazﬁﬂmimwmL%alummmﬁa@mawgnm"’u e 7 %
% % nid gl’ 1 L dql’ 1 ni U o a ci |ni 2‘7
PRIINIUNAALTD wmwz@umaomalumgnagm"lmm dexamethasone fidLadzagn 10°7,
10°°, 10*7, 10°%, 10°%, 10°° uaz 10*° CIDg/ml luiuf 1 814 7 arud1ay dmiunulungs
AuquiIzaUvaTaluniidaiuagn 1070, 10", 1074, 10°%, 10°°, 10*” uaz 10"°CIDs/ml
Tuaun 1 09 7 eudau lu%hmaj:uﬁvl,ﬁ%'u dexamethasone ﬁuwudm&azﬁﬁmﬁhﬁaﬂndm}jﬂu
N§NAILAN a;J'Nvliﬁmuwudﬂﬁmiﬁ@L%alu%hm”maamjuLL@iiz@”ﬁJmau%aluﬂhmzj;uﬁvlﬁfu
dexamethasone ﬁlzﬁ@hq@ﬂdﬁﬂéjwmqu ua linuamsiaUn@any Iuﬁkmymadmju NI
A & ' A & & e ' v oA
@1@1LmaluﬂmzmnmmﬁzmmaaL%aluﬂszmﬂ"l,muuwmwgﬂamzu,ammmsmd 9 'loun &
19 draauda uazauasaniay (Chusri et al., 2011; Nakkhara et al., 2013; Appassakij et al.,
2013) LLa:quwaﬂniﬁﬂw’lLﬁmﬁ"umsﬁ@L%alu%ktﬁfuwmmwmmmmwﬁaa%w LAWEILIN AT
ANLEUAVDITD Lazintnaa (Gardner et al., 2010; Ziegler et al., 2008)
a & o & a A v A o o oA & o &
mm@Lmavlaialuﬂqauua:Lim"mms“nqavl,mu ol WTouNULAaAUaILIFE KRIDNIL
& . - - . 4 He. A o & o
Lﬂjaﬁmmvl,ﬂwmﬂumqL@ummsmunmwaaqa mﬁ):mﬂﬁvl,mwm@mm@maqua (infection)
%é’dﬁnﬂﬁfm%aazmﬁauﬁmﬁ;ﬁaafmlu‘inmmlaaqa 2392097 I AaNINIZN 8L 891N
N19LA%BIMIINETa991938991908 (dissemination) WaTWAIINNRBLTEILLARE NN GO

¥ ~ A o \ b A A = \ & o
‘mmal“ua\‘l&Iq\‘lLLﬂ:ﬂJﬂﬁiL‘wN%ﬂuiuslumauuﬂmﬂ Luaqdvlﬂ@@Laa@ﬁlﬁﬂIaamﬂﬁlzﬂaaﬂLﬁaLmﬂgﬂizLLa

\Hon2adlawe Lo (transmission)
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fniundnsndada hiadqununlugaaomuiunuiiosazyeinifaitalue
89 (infection) luﬁaa'j’]waai'wﬂ'mqa (dissemination) LLazlummwaaqa (transmission) 13w
83%, 71% WAz 42% w8490 lasuiTaludIunm 10> CIDsy/ml Tasazvasn1sdaialudass
TOIINVBITHNVYS URSUIABVDIYI v 90%, 87% uaz 70% wadann lasuidaludSua 10°
CIDso/ml %aﬂa:maamiam%a‘lmﬁqa TOIIWVBIINNMYYY URSUIAILVDILY 1 100%, 100%
WAz 100% WA N tasuiTaludIum 10° CIDs/ml Sasazvasnsdaidaludns tasinsvad
F19megs wazinaovasns u 100%, 90% uaz 90% nad9nldsuigaludiuim 10° CIDg/m
LLazi?asmwaamiﬁm%aluéﬁqd TOITWVBITWNUYI UATIIALVDIEY 1w 100%, 100% ua
100% 89370 basuLBalud3unm 10° CIDgy/m

nIdnsanuuandasdanuafiisalumaduemissunanivesgendarausslida
d? ‘v d' o d? > A a dl 1 [ =S ] [ ni Qs
\TanunaInf lauge hisfaunuonludiinafiuand19nu nsdnswuinaanniyslesu
\aludTuam 10? CIDsy/ml wuwudngsndnisdagaliszazwuiiiunafiisuana Arthrobacter,
Corynebacterium U8z Staphylococcus #1ug3f lifin13@aiga lisaiuszwuinduuafisoana
Staphylococcus Tugalasuigaludiunm 10° CIDgy/ml suwuingsndnisdaisalifaazwudng

A A . ! A A a & o & ' A A A v A
wuafiiSuana Acinetobacter daugdn lin1sdara lidasuwlinuifiuuafise lugeldiuizelu
U3 10* CIDs/ml duwudngsndnisdiadaliszzwuiriunafiiSoana Staphylococcus 84
gaft lidinsdage hissmulinuihdunafite lugdldsuisaludiunm 10° CIDs/ml wuwudngef
a A & o & | A a A \ A A a & o & A A A
finsdagahianuldwudiduuefisy augenliinndate liiziunwudrduuafiSoana
Corynebacterium W8z Staphylococcus lugdlasuifalutlunm 10° CIDs/ml huwuingfiniséa
e lhirazwudniiuuafiisuana Moraxella, Sinomonas uaz Staphylococcus 8autsft Liifin3dia
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Abstract
Aedes albopictus is an important mosquito vector for many infectious diseases in humans and

| animals worldwide including Thailand. Bacteria in midgut or midgut microbiota of mosquitoes
| are factors that might be involved in vector competency of the mosquitoes. Bacteria in the

midguts of laboratory rearing and ficld collected Aedes albopictus were investigated in this

| study. Midguts were dissected under aseptic condition and tested for bacteria by using

I bacteriological and molecular techniques. Twenty-cight mosquitoes from laboratory rearing
. were cxamined and the bacterial isolates found in these mosquitoes were Agrobacterium
| tumefaciens, Klebsiella pnemoniae, Micrococcus spp., Pandoraea spp., Pseudomonas spp.,

Staphylococcus  spp., Staphylococcusepidermidis, and  Staphylococcus hominis. Sixteen
mosquitoes from Patew district, Chumphon province were examined and the bacterial isolate
found in this mosquito was Microbacterium spp. Eighteen mosquitoes from Lang Suan district,
Chumphon province were examined and the bacterial isolates found in these mosquitoes were
Acinetobacter spp., Chryseobacterium spp., Erwinia spp., Microbacterium spp., Micrococcus
Spp., Pantoea dispersa, Providencia spp., Pseudomonas spp., and Staphylococcusepidermidis.
Ten mosquitoes from Singha Buri province were examined and the bacterial isolates found in
these mosquitoes were Bacillus spp., Bacillussubtilis, Serratia marcescens, and Staphylococcus
hominis. These findings indicate the variation and biodiversity of bacteria in the midguts of
Aedes albopictus mosquitoes from various geographical areas. However, further studies need to
be undertaken to determine the relation between midgut microbiota and disease infection in
mosquitoes.
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hikungunya virus (CHIKV) infection is an emerging or re-emerging infectious

disease in several countries including Thailand. The ecology of this virus

involves human-mosquito-human and animal-mosquito-animal transmission
cycles. CHIKV infection in ICR mice and that in immunosuppressed ICR mice were
examined in this study. The first group or control group, 4-week-old mice were injected
with 0.1 ml of normal saline by intraperitoneal route for 14 days. In the second group
or immunosuppressed group, 4-week-old mice were injected with 0.1 ml or 100 mg of
dexamethasone by intraperitoneal route for 14 days. All mice were then inoculated with
0.2 ml of CHIKV (107 CIDgy/ml). Blood samples were collected and tested for CHIKV
infection by using immunocytochemistry (ICC) and reverse transcription polymerase
reaction (RT-PCR) for seven days post infection. For the control group, the average
CHIKYV levels in mice were 102°, 10", 1024, 103%, 103, 1027, and 10"% CID,;/ml of serum
on day 1 to day 7 post infection (Pl). However, only the serum samples of day 1,
2, and 4 Pl were positive for CHIKV by using RT-PCR. For the immunosuppressed
group, the average CHIKV levels in mice were 1027, 103, 1047, 1033, 1028 10%°, and
1025 CID,y/ml of serum on day 1 to day 7 post infection (PI), respectively. However,
only the serum samples of day 1 to day 6 Pl were positive for CHIKV by using RT-
PCR. Dexamethasone might affect CHIKV infection in ICR mice. Nevertheless, further
studies are needed to confirm this finding. £5

Keywords: Chikungunya virus, Immunosuppression, ICR mice
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Introduction

Chikungunya virus (CHIKV) is a re-emerging
infectious mosquito borne virus found in several
countries including Thailand. CHIKV belongs to
Togaviridae family. It can be divided into four
lineages: West Africa, East Central and South
Africa, Asian, and Indian Ocean lineage (IOL).
CHIKV of Asian lineage was previously circulated in
Thailand but the virus of IOL has been responsible
for the recent outbreak in Thailand.

Infected humans, animals, and mosquitoes play
important roles in the CHIKV transmission cycle.
Human and animal immunity status might be a
factor involved in the outbreak of this virus.

This study was conducted to explore the
possible role of immunosuppressant on virus
replication in animal hosts. CHIKV infection in ICR
mice and that in immunosuppressed ICR mice were
examined in this study.

Materials and Methods

Virus and cell culture: Thailand 2010 strain of
Chikungunya virus (CHIKV) used in this study was
propagated and assayed in Vero-76 cells.

Virus assay: CHIKV and mice serum samples were
assayed for an amount of virus in Vero-76 cells by
using immunocytochemistry (ICC) staining. Virus
titers were expressed as CID,,/ml.

Viral nucleic acid extraction: Viral nucleic acid was
extracted from an individual serum sample by using
viral nucleic acid extraction kit Il (Geneaid, Taiwan).

Reverse transcription polymerase chain reaction
(RT-PCR): Each extracted viral nucleic acid sample
was tested for CHIKV by using RT-PCR according to
Naresh Kumar et al. (2007) and Theamboonlers et

Experiment animals and design: All mice were then
inoculated with 0.2 ml of CHIKV (107 CID,,/ml). Blood
samples were collected and tested for CHIKV infection
by using ICC staining and RT-PCR for seven days post
inoculation.

Results and Conclusions

For the control group, the average CHIKV levels
in mice were 1029, 1010, 1024, 1035, 103, 1027, and
10'5 CID;y/ml of serum on day 1 to day 7 post
infection (PI), respectively. However, only the serum
samples of day 1, 2, and 4 Pl were positive for
CHIKV by using RT-PCR.

For the immunosuppressed group, the average
CHIKV levels in mice were 1027, 1039, 1047, 1033,
1028, 1039, and 102* CID ,/ml of serum on day 1 to
day 7 post infection (PI), respectively. However, only
the serum samples of day 1 to day 6 Pl were positive
for CHIKV by using RT-PCR.

Virus titer (107 CID50/m)

Day (Post Inoculatior,

Dexamethasone might affect CHIKV infection in ICR

mice. Nevertheless, further studies are needed to

confirm this finding.
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osquitoes are important vectors in the fransmission of various

diseases including malaria, dengue fever, and chikungunya. These

particular diseases pose a great challenge to public health in many
countries. Insects exhibit a broad range of relationships with symbiotic organisms. The
mosquifo and its microbiota are involved in complex mutual interactions such as host
reproduction, survival, and protection against pathogens. This research aims to identify
the microbiota present in the midgut of Aedes albopictus. The midgut bacteria in field
caught and laboratory rearing of female Aedes albopictus mosquitoes were studied.
The midgut from non-fed Aedes albopictus was dissected under aseptic conditions,
homogenized and plated on blood agar. Microorganisms were first screened based
on colony characteristics, morphology, arrangement of isolates, and Gram staining.
The bacterial colonies were then identified by using polymerase chain reaction and
16S rRNA sequencing. The bacterial isolates found in field caught mosquitoes were
Bacillus spp., Bacillus subtilis, Serratia marcescens, and Staphylococcus hominis.
On the other hand, the bacterial isolates found in laboratory reared mosquitoes were
Klebsiella pneumonia, Micrococcus spp., Pandoraea spp., Staphylococcus spp., and
Staphylococcus hominis. It has also been observed that individual mosquitoes have
a variety of bacteria in the midgut. These findings indicate that the variation in midgut
microbiota may be one of the factors responsible for variation in disease transmission
rates or vector competence within mosquito populations. However, further studies
need to be undertaken to determine the mechanism of disease transmission. £5

Keywords: Aedes albopictus, midgut, microbiota, vector, transmission
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Introduction

Mosquitoes are important vectors in the
transmission of various diseases including malaria,
dengue fever, and chikungunya. These particular
diseases pose a great challenge to public health in
many countries. Insects exhibit a broad range of
relationships with symbiotic organisms.  Mosquito
and its microbiota are involved in such complex
mutual interactions as host reproduction, survival,
and protection against pathogens.
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The objective of this study was to identify the

‘rnicrobiota present in the midgut of Aedes albopictus. :
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Materials and Methods

Sample collection

The midgut bacteria in field caugt (Singha Buri
and Chumphon Province) and laboratory rearing of
female Aedes albopictus mosquitoes were studied.

The Bacteria identfication

The midgut from non-red Aedes albopicius was
dissected under aseptic conditions, homogenized
and plated on blood agar. Microorganisms were first
screened based on colony characteristics,
morphology, arrangement of isolates, and Gram
staining. The bacterial colonies were then identified
by using polymerase chain reaction and 16S rRNA
sequencing.

L8 & & 5 5 B8 8 § § § §
Comparison of the Bacterial genus identification \
from different sampling locality
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Result, Conclusion, and Discussion

Fifty-eight female adult mosquitoes were
randomly collected from the following locations in
Thailand: Singha Buri (10 samples), Chumphon (18
samples) and Laboratory (30 samples). The results
show that individual mosquitoes have a variety of
bacteria in the midgut. Moreover, the role of bacterial

interactions are important regulators of ecosystem
characteristics and species density. These findings
indicate that the variation in midgut microbiota may
be one of the factors responsible for variation in
disease transmission rates or vector competence
within mosquito population.
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MIDGUT MICROBIOTA DIVERSITY OF AEDES AEGYPTI
(LINNAEUS) AND CULEX QUINQUEFASCIATUS (SAY)

woypti and Culex quinquefasciatus are important mosquito
ATl ()[ / ()S vectors for many infectious diseases. A number of factors
affect vector competence of these mosquitoes for a specific pathogen. The
bacteria harbored in the midgut are known to influence the mosquito
physiology and can alter the response to various pathogens. Bacteria from
midgut of Ae. aegypti and Cx. quinquefasciatus were cultured and identified by
using bacteriological and molecular techniques in this study in which two groups
of mosquitoes were examined. The first group was field collected mosquitoes
from two areas of Bangkok: Suanluang and Laksi district. The second group
was laboratory rearing mosquitoes. Three bacterial genera (Bacillus, Micrococcus,
and Staphylococcus) were identified from field collected Ae. aegypti in Suanluang
district. Seven bacterial genera (Cellulomonas, Microbacterium, Micrococcus,
Moraxella, Neisseria, Staphylococcus, and Streptococcus) were identified from field
collected Ae. aegypti in Laksi district. Twelve bacterial genera (Acinetobacter,
Agrobacterium, Bacillus, Cellulomonas, Chryseomicrobium, Dietzia, Enterobacter,
Klebsiella, Microbacterium, Pantoea, Pseudomonas, and Staphylococcus) were identified
from laboratory rearing Ae. aegypti. Six bacterial genera (Chryseobacterium,
Microbacterium, M cus, Pantoea, Providencia, and Staphylococcus) were identified
from field collected Cx. quinquefasciatus in Suanluang district. Eleven bacterial

genera (Acinetobacter, Actinomyces, Bacillus, Kocuria, Microbacterium, Micrococcus,
Novosphingobium, Pantoea, Pseudomonas, Rhodococcus, and Staphylococcus) were
identified from field collected Cx. quinquefasciatus in Laksi district. Five bacterial
genera (Microbacterium, Micrococcus, Paentbacillus, Pseudomonas, and Staphylococcus)
were identified from laboratory rearing Cx. quinquefasciatus. The variation of
these midgut microbiota may influence mosquito vector competence for a
specific pathogen. However, further studies need to be performed to indicate

Y

this relationship. >€

Keywords: bacteria, Aedes aegypti, Culex quinquefasciatus

65



miﬁ,’nauaNa\‘l’mluﬁﬂiz"gﬁ“ﬁ’m’]i Joint International Tropical Medicine Meeting 2015
U3 I199UN 2-4 TUINAN 2558 B4 Amari Watergate Hotel

- Midgut microbiota diversity of Aedes aegypti (Linnaeus) and Culex quinquefasciatus

(Say)

Midgut microbiota diversity of Aedes aegypti (Linnaeus) and

Culex quinquefasciatus (Say)

Sonthaya Tiawsirisup?’, Jirinut Sirijutaluk!, Mananya Sondang?, Manunya Supol?,
Nut Ansusinha?, Ranida Tuanudom, R.> 3, Channarong Rodkum?

1Animal Vector-Borne Diseases Research Group, Parasitology Unit, Department of Veterinary Pathology,
Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand
2Department of Veterinary Microbiology, Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand
3Interdisciplinary Program of Biomedical Science, Faculty of Graduate School, Chulalongkorn University, Bangkok, Thailand

Aedes aegypti and Culex quinquefasciatus are
important mosquito vectors for many infectious
diseases. A number of factors affect vector competence
of these mosquitoes for a specific pathogen.

The bacteria harbored in the midgut are known to
infl the juito physiology and can alter the
response to various pathogens. However, the
knowledge of the microorganism diversity within

juito vector is limited,
A better | ding of midgut microbiota
diversity and the hanisms that are involved in the

process of pathogen propagation and the maintenance
of these in the mosquitoes are required.

Materials and Methods

Mosquitoes: Laboratory rearing and field collected

Aedes aegypti and Culex quinquefasciatus were Midgut microbiota in each mosquito group showed
ined. Field Juitoes were collected from Lak Si in the following figures
and Suan Luang district, Bangkok, Thailand. prE— e preemrer ey
Midgut dissecting: After washing in 70% ethanol and et
PBS, the midgut was dissected from each mosquito. The o
midgut then was kept in 60% glycerol and ground by Rinse
using sterile plastic pestle. et
Acdes oegypt! (Lak SO Culex quinguefasciats (Lak S g Acimetadocter

Bacteria isolation and identification from mosquito
midgut: Bacteria from the midgut were cultured and
identified by using bacteriological and molecular

techniques.
Acdes ocgypti(Suan Lusng)
Bacteriological technique : The midg ple was
examined by using pour plate and spread plate #Becis
technique. Pure bacterial colonies were then ined St
by using gram staining and molecul hniq

Molecul hnique: Bacterial DNA was extracted
using boiling method and examined by using PCR
technique. Two universal primers for 16s rRNA gene of
bacteria were used in this study (Marchesi et al. 1998;
Dinparast Djadid et al. 2011). The PCR product was
purified, sequenced, analysed, and blasted with the
data in GenBank.

These findings indicate the variation of midgut
microbiota. These variation may influence mosquito
vector I H , further studies need to
be performed to indicate this relationship.
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Abstract. Chikungunya virus (CHIKV) infection is an emerging or re-emerging infectious
disease found in several countries. The ecology of this virus involves humans, reservoir
animals, and mosquito vectors. Two experiments were conducted in this study. For the first
experiment, BALB/c mice were inoculated with 1052 CIDso/mouse and blood samples were
collected and tested for CHIKV infection by using immunocytochemistry (ICC) and reverse
transcription polymerase reaction (RT-PCR). The mean CHIKYV titers in BALB/c mice were
1033, 10'%, 1023, and 10?3 CIDso/ml of serum on day 1 to day 4 post inoculation (P),
respectively. All serum samples of day 1 and day 2 Pl were positive for CHIKV by using RT-
PCR. For the second experiment, there were two groups of ICR mice. In the first group or
immunosuppressed ICR group, mice were injected with 100 ug of dexamethasone for 14
days. In the second group or control ICR group, mice were injected with 0.1 ml of normal
saline for 14 days. All mice were then inoculated with 1083 ClDso/mouse. Blood samples

were collected and tested for CHIKV infection by using ICC and RT-PCR. For the
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immunosuppressed ICR group, the mean CHIKV titers in mice were 10%7, 10*°, 10*7, 103%,
1028, 10%9, and 10%° CIDso/ml of serum on day 1 to day 7 PI, respectively. All serum samples
of day 1 to day 5 Pl were positive for CHIKV by using RT-PCR. For the control ICR group,
the mean CHIKYV titers in mice were 102, 101°, 1024, 10%°, 1039, 10?7, and 10%° CIDso/ml of
serum on day 1 to day 7 PI, respectively. All serum samples of day 1 Pl were positive for

CHIKYV by using RT-PCR.

INTRODUCTION

Chikungunya virus (CHIKV) is an emerging or re-emerging mosquito-borne virus
belonging to Alphavirus genus of the Togaviridae family which was first discovered in
Tanzania in 1952. It is an enveloped, single-stranded, positive-sense RNA virus. CHIKV can
be classified into four lineages: West Africa, East Central and South Africa, Asian, and
Indian Ocean lineage. The large outbreak of this virus occurred in different geographic
regions including Africa and the Indian Ocean basin (Thaikruea et al., 1997; Kishishita et al.,
2015; Sasayama et al., 2014; Duong et al., 2012). Lately, this virus has emerged and spread
throughout the Americas (Alpuche Aranda & Lopez-Gatell, 2015; Donalisio & Freitas, 2015;
Diaz et al., 2015; de Figueiredo & Figueiredo, 2014). CHIKV was first identified in Thailand
in 1958 and was re-emerged in Thailand in 2008. The virus of Asian lineage was circulated in
the past but the virus that was responsible for the recent outbreak in Thailand had different
genome sequences (Theamboonlers et al., 2009). The Asian lineage was the virus strain that
respond for the outbreak in the past in Thailand but the Indian Ocean lineage (IOL) was
responsible for the outbreak in the present in Thailand. There are the differences between E1
envelope glycoprotein sequences. The present study also indicated an alanine-to-valine

substitution at the position 226 of the E1 envelope glycoprotein (E1-A226V) on an IOL.
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Transmission cycle of CHIKV might be divided into two cycles: urban and sylvatic
life cycle. Infected humans and mosquitoes play an important role in the transmission in an
urban cycle, but infected animals and mosquitoes are responsible for the transmission in a
sylvatic cycle (Jupp & Kemp, 1996; Vourc'h et al., 2014). Mice and nonhuman primates have
been used as animal models for studying CHIKV infection, pathogenesis, immune response,
and treatment (Dhanwani et al., 2014; Ziegler et al., 2008; Tretyakova et al., 2014; Long et
al., 2013; Teo et al., 2013; Higgs & Ziegler, 2010; Chen et al., 2010; Labadie et al., 2010).
However, the roles of animals in the epidemiology of CHIKV are poorly understood.

There were few studies of animal infections and the virus strain that were responsible
for the current outbreak in Thailand (Tiawsirisup et al., 2012). More studies need to be
performed to address the role and relationship between animals and mosquitoes in the
ecology of this virus in Thailand. This study was conducted to explore the possible role of
mice as animal models for CHIKV infection. CHIKYV infections in BALB/c and ICR mice

were examined in this study.

MATERIALS AND METHODS

Virus and cell culture

Thailand 2010 strain of Chikungunya virus (CHIKV) was used in this study. This virus was
originally isolated from an infected patient during the outbreak in southern Thailand in 2010.
It is in the Indian Ocean lineage (IOL) with an alanine-to-valine substitution at the position
226 of the E1 envelope glycoprotein (E1-A226V). It was kindly provided by the Faculty of
Medicine, Chulalongkorn University, Thailand. CHIKV was propagated and assayed in

Vero-76 cells.
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Virus assay

Ten-fold dilution of CHIKV in mice inoculum and inoculated mice serum samples were
assayed for an amount of virus in Vero-76 cells by using immunocytochemistry (ICC)
staining. Samples were inoculated in VVero-76 cells in 96-well-plate for three days. Inoculated
cells were then fixed with 4% formaldehyde at room temperature for 25 minutes and washed
three times with 0.5% tween in Phosphate Buffer Saline (PBS). Mouse monoclonal antibody
to CHIKV (abcam®, USA) was added and incubated at room temperature for two hours. The
plate was then washed with 0.5% tween in PBS for three times. Polyclonal rabbit anti- mouse
immunoglobulins/HRP (Dako, Denmark) was added and incubated at room temperature for
two hours. The plate was then washed with 0.5% tween in PBS for three times. AEC (3-
amino-9-ethylcarbazole) substrate (Sigma-Aldrich, USA) was added and incubated at room
temperature for one hour. The plate was then washed with distilled water, dried at room
temperature, and examined under light microscope. Single measurement with four wells of
inoculated cells was used for virus titer examination by using ICC. Infected cells indicated by
the red brown color in the cells. Virus titers of CHIKV in mice inoculum and inoculated mice

serum samples were expressed as CIDso/ml (Reed & Muench, 1938).

Viral nucleic acid extraction
Viral nucleic acid was extracted from mice inoculum and individual mouse serum sample by
using viral nucleic acid extraction kit I (Geneaid, Taiwan) following the manufacturer’s

instructions. The extracted nucleic acid was kept at -80°C until tested.

Reverse transcription polymerase chain reaction
Each extracted viral nucleic acid sample was tested for CHIKV by using reverse transcription

polymerase chain reaction (RT-PCR), which was adapted from CV et al. (2007) and
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Theamboonlers et al. (2009) with slight modification. The primers used in this study were
DVRChk-Reverse 5’GGGCGGGTAGTCCATGTTGTAGA3” and DVRChk-Forward
5’ACCGGCGTCTACCCATTCATGT3’ (CV et al., 2007). The PCR product was analyzed

in 2% agarose gel with expected 330 base pair band.

Experiment animals and design

CHIKYV infection in BALB/c (Mus musculus) and ICR (Mus musculus) mice were examined
in this study. This study was approved by the Chulalongkorn University Animal Care and
Use Committee (Animal Use Protocol and Approval No.1031038). BALB/c and ICR mice
used in this study were provided by the National Laboratory Animal Center, Thailand. They
were colonized in the close system and free from the pathogens. There were 10 BALB/c mice
and 28 ICR mice used in this study. There were two experiments conducted in this study.

For the first experiment, four-week-old BALB/c mice were inoculated with 0.2 ml of
CHIKV (107 CIDso/ml) by intraperitoneal (IP) route. Two to three mice were sampled daily
for four days post inoculation (PI). Blood was collected from sampled mice and tested for
CHIKYV infection by using immunocytochemistry (ICC) staining and reverse transcription
polymerase reaction (RT-PCR). The mice were then euthanized after blood collection.

For the second experiment, two groups of ICR mice were used. In the first group or
immunosuppressed group, four-week-old ICR mice were injected with 0.1 ml or 100 pg of
dexamethasone by IP route for 14 days. In the second group or control group, four-week-old
mice were injected with 0.1 ml of normal saline by IP route for 14 days. All mice were then
inoculated with 0.2 ml of CHIKV (107 CIDso/ml) by IP route. Two mice from each group
were sampled daily for seven days PI. Blood was collected from sampled mice and tested for
CHIKYV infection by using ICC staining and RT-PCR. The mice were then euthanized after

blood collection.
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The inoculated mice were also observed for the joint pain and walking difficulty to

indicated the symptoms of Chikungunya virus infection.

RESULTS

Chikungunya virus (CHIKV) infection in BALB/c and ICR mice were examined in this
study. BALB/c mice were intraperitoneal (IP) inoculated with CHIKV by needle injection.
CHIKV viremia developed in all 10 BALB/c mice, which was indicated by using
immunocytochemistry (ICC) staining. The blood samples were collected after inoculation by
using heart puncture. The virus recovered from the blood samples were the virus that was
replicated in the mice. If the virus cannot replicate in the mice, it will not be detected in the
blood circulation. Immunohistochemistry also indicated live virus in the mice. If the virus
cannot replicate in the virus, it will be died shortly and cannot be detected by using
immunocytochemistry (ICC). Infected cells indicated by the red brown color in the cells
(Figure 1).

Viremia titers in BALB/c mice peaked on day 1 and day 4 post inoculation (PI) with
the titer of 10*° CIDso/ml of serum. The mean CHIKV levels in BALB/c mice were 1033,
105, 1023, and 10?2 CIDso/ml of serum on day 1 to day 4 post inoculation (P1), respectively,
which was indicated by using ICC staining. All serum samples of day 1 and day 2 Pl were
positive for CHIKV but only two serum samples (2/3) of day 3 and one serum sample (1/3)
of day 4 PI were positive for CHIKV by using reverse transcription polymerase chain
reaction (RT-PCR) (Table 1 and Figure 2).

There were two groups of ICR mice in this study. Mice in the immunosuppressed
group were injected with dexamethasone and mice in the control group were injected with

normal saline by IP route for 14 days before virus inoculation. Mice in both
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immunosuppressed and control group were IP inoculated with CHIKV by needle injection.
CHIKYV viremia developed in all 14 mice in the immunosuppressed group and 12 mice in the
control group, which was indicated by using ICC staining. Viremia titers in mice in the
immunosuppressed group peaked on day 3 PI with the titer of 10%° CIDso/ml of serum but
viremia titers in mice in the control group peaked on day 4 and day 5 PI with the titer of 103°
CIDso/ml of serum.

The mean CHIKYV titers in mice in the immunosuppressed group were 1027, 103,
10*7,10%°, 10?8, 1039, and 10%° CIDso/ml of serum on day 1 to day 7 PI, respectively, which
was indicated by using ICC staining. All serum samples of day 1 to day 5 P1 were positive for
CHIKYV, but only one serum sample (1/2) of day 6 Pl was positive for CHIKV by using RT-
PCR. The mean CHIKYV titers in mice in the control group were 10%°, 1010, 1024, 103, 103,
1027, and 10%° CIDso/ml of serum on day 1 to day 7 PI, respectively, which was indicated by
using ICC staining. All serum samples of day 1 Pl were positive for CHIKV, but only one
serum sample (1/2) of day 2 Pl and one serum sample (1/2) of day 4 Pl were positive for
CHIKV by using RT-PCR (Table 2 and Figure 1). No signs of illness were observed in all

CHIKV-infected BALB/c and ICR mice during the study period.

DISCUSSION

This study was conducted to examine the possibility of using BALB/c (inbred) and
ICR (outbred) mice as animal models for studying Thailand strain of Chikungunya virus
(CHIKYV) infection and pathogenesis. Infected animal models were also needed as sources of
infected blood meal for vector competence study. CHIKV used in this study was isolated
from an infected patient during the outbreak of CHIKV in Thailand in 2010. The study by

Theamboonlers et al. (2009) indicated that the genome sequences of CHIKYV isolated from
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the outbreak in Thailand in 2008 were different from the virus isolated from the outbreak in
Thailand in 1988 and during 1995-1996. Thailand 2010 strain of CHIKV used in this study is
in the Indian Ocean lineage (IOL) with an alanine-to-valine substitution at the position 226 of
the E1 envelope glycoprotein (E1-A226V). It is in the same lineage as 2008 Thailand strain
but it is difference from 1995 Thailand strain. There are 94% similarity between 2008
Thailand and1995 Thailand strain. Chikungunya virus Thailand 2008 were also closely
related to the strains isolated from the outbreaks in Singapore in 2008 and in India in 2007
(99-100%).

The study on mosquito vector competence of CHIKV indicated that the mosquito
species that were responsible for the current outbreak included Aedes albopictus whereas Ae.
aegypti were responsible for the previous outbreak in Thailand (Thavara et al., 2009).
Tsetsarkin et al. (2007) also specified that Ae. albopictus were more potential vectors for
CHIKYV than Ae. aegypti due to the mutation of the virus which allowed them to adapt to
different mosquito vectors in the past.

One group of BALB/c mice and two groups of ICR mice were examined in this study.
All mice in this study were intraperitoneal (IP) inoculated with 0.2 ml of 107 CIDso/ml of
CHIKV or 10%3 CIDsp of CHIKV/mouse. Mice in the immunosuppressed ICR group were
injected with dexamethasone and mice in the control ICR group were injected with normal
saline. Having been injected with dexamethasone for two weeks, the immunosuppressed ICR
mice showed signs of reduced weight gain when compared with the control ICR mice.
CHIKV viremia developed in all BALB/c and immunosuppressed ICR mice, which was
indicated by using immunocytochemistry (ICC) staining. However, the highest viremia titers
were found in the immunosuppressed ICR mice.

Dexamethasone used in the immunosuppressed ICR mice might affect CHIKV

infection in ICR mice. Nevertheless, further studies are needed to confirm this finding. Other
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factors such as inoculum doses and routes of infection might be involved in animal
infections. In this study, the mice were only inoculated with virus by IP route. Mice
inoculation by using other routes such as intramuscular, intravenous, and subcutaneous
should be examined for the investigation of the effect of inoculum route on duration of
infection, peak of viremia, and pathogenesis. There was only one mouse in the
immunosuppressed group whose virus titer reached 10%° CIDso/ml of serum. More virus in
mouse inoculum might be needed to gain higher viremia in inoculated mice. However,
additional studies need to be undertaken to evaluate this possibility.

Clinical signs and symptoms found in infected patients during the outbreak of CHIKV
in Thailand ranged from no clinical sign, fever, joint pain, polyarthritis, meningoencephalitis
to myeloneuropathy (Chusri et al., 2011; Nakkhara et al., 2013; Appassakij et al., 2013). The
study on infection and pathogenesis of other CHIKV isolates and mice models indicated
lethargy, walking difficulty, hind limb dragging, arthritis, and reduced weight gain (Gardner
et al., 2010; Ziegler et al., 2008). However, no signs of illness were observed in any of the
CHIKV-infected BALB/c and ICR mice in this study. CHIKV infections in wild mice in
Thailand also need to be studied to understand the roles of wild mice in the epidemiology of

CHIKYV in Thailand.
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Table 1. Chikungunya virus (CHIKV) viremia in BALB/c mice on day 1 to day 4 post
inoculation (PI1) by using immunocytochemistry (ICC) staining and reverse transcription

polymerase chain reaction (RT-PCR).

Day (PI) BALB/c mice
Mean virus titers RT-PCR
(10" CIDso/ml)
1 3.3(2.5, 4.0 ++
2 1.5 (1.5, 1.5) ++
3 2.3 (1.5, 2.5, 3.0) +/+-
4 2.3(1.5, 1.5, 4.0) -1+
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Table 2. The comparison of Chikungunya virus (CHIKV) viremia between
immunosuppressed ICR and control ICR group of mice on day 1 to day 7 post inoculation
(P1) by using immunocytochemistry (ICC) staining and reverse transcription polymerase

chain reaction (RT-PCR).

Day (PI) Immunosuppressed ICR mice group Control ICR mice group
Mean virus titers RT-PCR Mean virus titers RT-PCR
(10" CIDso/ml) (10" CIDso/ml)
1 2.7 (2.5, 2.8) ++ 2.0 (1.5, 2.5) +/+
2 3.0 (2.5, 3.5) ++ 1.0 (0, 2.0) J+
3 4.7 (3.3,6.0) ++ 2.4 (2.3,2.5) /-
4 3.5 (3.5, 3.5) ++ 3.5 (3.5, 3.5) I+
5 2.8 (2.5, 3.0) ++ 3.0 (2.5, 3.5) /-
6 3.0(25, 3.5) +/- 2.7(25,2.8) -/-
7 2.5 (2.5, 2.5) /- 1.5 (0, 3.0) /-
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Figure 1. Comparison between negative control and Chikungunya virus infected Vero

cell indicated by using immunocytochemistry (ICC)
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Fugure 2. The comparison of Chikungunya virus (CHIKV) viremia among BALBI/c,

immunosuppressed ICR, and control ICR group of mice on day 1 to day 7 post inoculation

(P1) by using immunocytochemistry (ICC) staining.
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Abstract Aedes aegypti and Culex quinquefasciatus are important mosquito vectors for many
infectious diseases. A number of factors affect vector competence of these mosquitoes for a
specific pathogen. The bacteria harbored in the midgut are known to influence the mosquito
physiology and can alter the response to various pathogens. Bacteria from midgut of Ae.
aegypti and Cx. quinquefasciatus were isolated and identified by using bacteriological and
molecular techniques in this study in which two groups of mosquitoes were examined. The
first group was field collected mosquitoes from two areas of Bangkok: Suanluang and Laksi
district. The second group was laboratory rearing mosquitoes. Three bacterial genera (i.e.,
Bacillus, Micrococcus, and Staphylococcus) were identified from field collected Ae. aegypti

from Suanluang district. Seven bacterial genera (i.e., Cellulomonas, Microbacterium,
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Micrococcus, Moraxella, Neisseria, Staphylococcus, and Streptococcus) were identified from
field collected Ae. aegypti from Laksi district. Twelve bacterial genera (i.e., Acinetobacter,
Agrobacterium, Bacillus, Cellulomonas, Chryseomicrobium, Dietzia, Enterobacter,
Klebsiella, Microbacterium, Pantoea, Pseudomonas, and Staphylococcus) were identified
from laboratory rearing Ae. aegypti. Six bacterial genera (i.e., Chryseobacterium,
Microbacterium, Micrococcus, Pantoea, Providencia, and Staphylococcus) were identified
from field collected Cx. quinquefasciatus from Suanluang district. Eleven bacterial genera
(i.e., Acinetobacter, Actinomyces, Bacillus, Kocuria, Microbacterium, Micrococcus,
Novosphingobium, Pantoea, Pseudomonas, Rhodococcus, and Staphylococcus) were
identified from field collected Cx. quinquefasciatus from Laksi district. Five bacterial genera
(i.e., Microbacterium, Micrococcus, Paenibacillus, Pseudomonas, and Staphylococcus) were
identified from laboratory rearing Cx. quinquefasciatus. The variation of these midgut
microbiota may influence mosquito vector competence for a specific pathogen. However,

further studies need to be performed to indicate this relationship.

Keywords: bacteria, biodiversity, midgut, Aedes aegypti, Culex quinquefasciatus, Thailand

Introduction

Aedes aegypti (Linnaeus) and Culex quinquefasciatus (Say) are important mosquito
vectors that can be found worldwide and throughout Thailand. They are nuisance insects and
important vectors for many infectious diseases. Ae. aegypti play important roles as vectors for
many filarial nematodes and viruses particularly Zika and dengue virus (Ariani et al. 2015; da
Moura et al. 2015; Diallo et al. 2008; Monaghan et al. 2016; Richard et al. 2016; Tiawsirisup
and Nithiuthai 2006; Watson and Kay 1999). Cx. quinquefasciatus are also important vectors

for filarial nematodes, protozoa, and many viruses such as canine heartworm caused by
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Dirofilaria immitis, avain malaria caused by Plasmodium gallinaceum, West Nile virus, and
Rift Valley fever virus (Ahid et al. 2000; Sudeep et al. 2015; Tiawsirisup and Nithiuthai
2006; Turell et al. 2007; Vargas and Beltran 1941).

Vertebrate host, pathogen, and mosquito vector factors affect vector competence of
mosquitoes for a specific pathogen. Pathogen infection in mosquito can occur only in the
mosquito’s midgut since the structure of the midgut is different from foregut and hindgut.
The midgut of mosquito vector contains not only pathogens, but also a diverse microbiota
(Dennison et al. 2014). Midgut microbiota are the bacteria that have co-evolved and
developed symbiotic relationships with mosquitoes or the bacteria that are acquired from the
mosquito’s breeding water or nectar sources, and they have adapted to persist within the
mosquitoes.

These bacteria influence the mosquito physiology, the susceptibility of the mosquitoes
to specific pathogens, the response to various pathogens, and ability to transmit the pathogen.
Midgut microbiota in the mosquitoes are also diverse depend on species, sex of the mosquito,
developmental stage of the mosquito, ecological factors, and geographic locations. However,
the reduction in bacteria diversity can be found during the metamorphosis (Kim et al. 2015).

Some studies have suggested a potential role of microbiota in the biology and vector
competence of mosquitoes. The mosquito’s midgut microbiota can modulate the mosquito
immune response and affect vector competence to pathogens. The microbiota can also
manipulate mosquito competence by impairing pathogen infection through resource
competition or antipathogen molecule secretion. These observations have encouraged the
recent development of new mosquito control methods based on the use of symbiotically-
modified mosquitoes to interfere with pathogen transmission or reduce the host reproduction

and life span (Minard et al. 2013).
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Studying about the diversity of the midgut microbiota will be the basic knowledge for
the advance study of the relationship between midgut microbiota and specific pathogen
infection and transmission in the mosquito vectors. Understanding of the role of the mosquito
microbiota in modulating infections with pathogen is importance. However, the information
about midgut microbiota of mosquitoes from Thailand is limited. This study was conducted
to access the diversity of midgut microbiota of Ae. aegypti and Cx. quinquefasciatus from
Thailand. This is the basic and important information for the advance research on mosquito

vector competence and mosquito control in Thailand.

Materials and methods

Mosquitoes

Laboratory rearing and field collected Aedes aegypti and Culex quinquefasciatus were
examined in this study. Laboratory mosquitoes were reared and maintained at the
parasitology laboratory, Parasitology Unit, Department of Veterinary Pathology, Faculty of
Veterinary Science, Chulalongkorn University. Field mosquitoes were collected from Suan
Luang and Lak Si district, Bangkok, Thailand by using BG-Sentinel mosquito trap
(Biogents®, Germany).

The mosquitoes were then kept at 4°C for 20 minutes and identified under a light
microscope. Only female mosquitoes were examined in this study. The sampling mosquitoes
were washed in 70% ethanol for 5 minutes and phosphate buffer saline (PBS). After washing,
the midgut was dissected from each mosquito under a light microscope. The midguts then
were kept in 300 microliters of 60% glycerol in PBS, ground by using sterile plastic pestle,

and kept at -80°C until tested.
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Bacteria isolation and identification from mosquito midgut

Bacteria from midgut of Ae. aegypti and Cx. quinquefasciatus were isolated and identified by

using bacteriological and molecular techniques.

Bacteriological technique

The ground midgut from each mosquito was separated into three parts. The first part, 50
microliters of the ground midgut were examined for the total colonies by using pour plate
technique. The sample was mixed with plate count agar (PCA) and poured into a plastic petri
dish. The petri dish was kept at 37°C for 24-48 hours and counted for bacterial colonies. If
the total colonies of bacteria were higher than 250 colonies, the ground midgut was diluted
and the total colonies were examined again by using pour plate.

The second part, 50 microliters of the ground midgut were examined for the bacterial
colonies by using spread plate technique. Trypticase soy agar (TCA) with 5% sheep blood
was used in this technique. The midgut was streaked over an agar surface by four-way cross
streak method. The streaked plate then was kept at 37°C for 24-48 hours and counted for
bacterial colonies.

The third part, 50 microliters of the ground midgut were examined for the bacterial
colonies by using spread plate technique. MacConkey agar (MAC) with 5% sheep blood was
used in this technique. The midgut was streaked over an agar surface by four-way cross
streak method. The streaked plate then was kept at 37°C for 24-48 hours and counted for
bacterial colonies. The bacterial colonies were indicated as colony forming unit (CFU) per
mosquito.

Each bacterial colony from spread plate technique was subcultured over TCA with
5% sheep blood by four-way cross streak method. The streaked plate then was kept at 37°C

for 24-48 hours. Pure bacterial colonies were examined by using gram staining and molecular
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techniques. Before examination by molecular technique, the pure bacterial colony was
cultured in Luria-Bertani (LB) broth. Stock of the pure colony was kept in stock media at

37°C for 24 hours and transferred to room temperature.

Molecular technique

Bacterial DNA was extracted by using boiling method. The pure bacterial colony was
cultured in two milliliters of LB broth at 37°C for 24-48 hours. It was centrifuged at 14,000
rpm for 15 minutes and the bacterial pellet was washed one time in distilled water. Forty
microliters of distilled water were added into the bacterial pellet. It was kept at 100°C for 10
minutes, cooled down in the ice basket, and centrifuged at 14,000 rpm for 10 minutes. The
supernatant (extracted DNA) was kept at -80°C until tested by using polymerase chain

reaction and sequencing.

Polymerase chain reaction technique

The extracted bacterial DNA was examined by using polymerase chain reaction (PCR)
technique. Two universal primers for 16s rRNA gene of bacteria were used in this study. The
first pair of primer were 16 s Forward 5’-AGT TTG ATC CTG GCT CAG-3’ and 16 s
Reverse 5°-GCT ACC TTG TTA CGA CTT C-3’ (Dinparast Djadid et al. 2011) and the
second pair of primer were 63F 5’-CAG GCC TAA CAC ATG CAA GTC-3’ and 1387R 5’-
GGG CGG WGT GTA CAA GGC-3’ (Marchesi et al. 1998). PCRs were performed in 25 pl-
reaction. The PCR consisted of 1.5 ul of DNA template, 0.2 ul of Tag DNA polymerase
(Platinum Tag DNA polymerase high fidelity, Invitrogen, USA), 2.5 ul of 10x PCR buffer,
0.5 pl of 10mM dNTP, 1 ul of 50 mM MgSOs4, 10 pM of forward primer, 10 uM of reverse
primer, and 17.3 ul of distilled water. DNA was amplified by using thermocycler (Perkin
Elmer Cetus 9600, Perkin Elmer, Waltham, MA).
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Reaction for the first primer consisted of the initial denaturation at 94°C for 2 min, the
amplification was carried out for 35 cycles with the following temperature cycling
parameters: 94°C for 30 sec of denaturation, 55°C for 30 sec of annealing, and 68°C for 1
min 30 sec of extension. The final amplification cycle included an addition of 10 min
extension at 72°C. The PCR product was mixed with loading buffer (BlueJuice™ Gel
Loading Buffer, Invitrogen, USA) and analyzed in 1.5% agarose gel (UltraPure™,
Invitrogen, Carlsbad, CA) with expected 1.5 kilobase pair band.

Reaction for the second primer consisted of the initial denaturation at 94°C for 2 min,
the amplification was carried out for 30 cycles with the following temperature cycling
parameters: 95°C for 1 min of denaturation, 55°C for 1 min of annealing, and 72°C for 1 min
30 sec of extension. The final amplification cycle included an addition of 5 min extension at
72°C. The PCR product was mixed with loading buffer (BlueJuice™ Gel Loading Buffer,
Invitrogen, USA) and analyzed in 1.5% agarose gel (UltraPure™, Invitrogen, Carlsbad, CA)

with expected 1.3 kilobase pair band.

Bacterial DNA sequencing

After DNA amplification, the PCR product in agarose gel was purified by using Gel/PCR
DNA Fragments Extraction Kit (Geneaid, Taiwan) according to the manufacturer’s
recommendation. The purified DNA was sequenced (First BASE Laboratories, Singapore),
analysed by using Molecular Evolution Genetics Analysis (MEGA) 5.1, and blasted with the

data in GenBank.
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Results

This study was conducted to examine genera and diversity of bacteria in the midguts of Aedes
aegypti and Culex quinquefasciatus mosquitoes. Laboratory rearing and field collected
mosquitoes were examined in this study. The field mosquitoes were collected from
Suanluang and Laksi district, Bangkok, Thailand by using BG-Sentinel mosquito traps.
Bacteria in the mosquito midguts were cultured and identified by using bacteriological and
molecular techniques.

Sixteen laboratory rearing Ae. aegypti were examined and twelve bacterial genera
(i.e., Acinetobacter, Agrobacterium, Bacillus, Cellulomonas, Chryseomicrobium, Dietzia,
Enterobacter, Klebsiella, Microbacterium, Pantoea, Pseudomonas, and Staphylococcus) were
identified from this mosquito group (13/16). Three mosquitoes were free from the culturable
bacteria in the midguts (3/16). The most common bacteria found in this mosquito group were
Microbacterium (4/13).

Five field collected Ae. aegypti from Suanluang district were examined and three
bacterial genera (i.e., Bacillus, Micrococcus, and Staphylococcus) were identified from this
mosquito group (4/5). One mosquito was free from the culturable bacteria in the midgut (1/5).
The most common bacteria found in this mosquito group were Micrococcus (2/4) and
Staphylococcus (2/4).

Seven field collected Ae. aegypti from Laksi district were examined and seven
bacterial genera (i.e., Cellulomonas, Microbacterium, Micrococcus, Moraxella, Neisseria,
Staphylococcus, and Streptococcus) were identified from this mosquito group (6/7). One
mosquito was free from the culturable bacteria in the midgut (1/7). The most common
bacteria found in this mosquito group were Staphylococcus (4/6) (Table 1 and 2).

Eleven laboratory rearing Cx. quinquefasciatus were examined and five bacterial
genera  (i.e.,, Microbacterium, Micrococcus, Paenibacillus, Pseudomonas, and
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Staphylococcus) were identified from this mosquito group (10/11). One mosquito was free
from the culturable bacteria in the midgut (1/11). The most common bacteria found in this
mosquito group were Staphylococcus (6/10).

Ten field collected Cx. quinquefasciatus from Suanluang district were examined and
six bacterial genera (i.e., Chryseobacterium, Microbacterium, Micrococcus, Pantoea,
Providencia, and Staphylococcus) were identified from this mosquito group (7/10). Three
mosquitoes were free from the culturable bacteria in the midgut (3/10). The most common
bacteria found in this mosquito group were Micrococcus (3/7).

Eleven field collected Cx. quinquefasciatus from Laksi district were examined and
eleven bacterial genera (i.e., Acinetobacter, Actinomyces, Bacillus, Kocuria, Microbacterium,
Micrococcus, Novosphingobium, Pantoea, Pseudomonas, Rhodococcus, and Staphylococcus)
were identified from this mosquito group (11/11). The most common bacteria found in this

mosquito group were Staphylococcus (4/11) (Table 1 and 3).

Discussion

Mosquito midgut is a site of complex interactions among mosquito, pathogens, and
resident microbiota. The variation of these bacteria may influence mosquito biology and
vector competence for a specific pathogen. It may be one of the factors responsible for the
difference in disease transmission rates or vector competence within mosquito population.
The previous studies from various countries indicate the role and relation between mosquito
midgut microbiota and vector competence for specific pathogen. However, the information
about mosquito midgut microbiota and the relation between these bacteria and pathogens
from Thailand is limited.

This study was performed to initiate the basic information about midgut microbiota

from Thailand’s mosquitoes. They were collected from two different areas in Bangkok,
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Thailand to indicate the effect of environment conditions on the variation of mosquito midgut
microbiota. Three bacterial genera were identified from field collected Ae. aegypti from
Suanluang district. Seven bacterial genera were identified from field collected Ae. aegypti
from Laksi district. Twelve bacterial genera were identified from laboratory rearing Ae.
aegypti. Six bacterial genera were identified from field collected Cx. quinquefasciatus from
Suanluang district. Eleven bacterial genera were identified from field collected Cx.
quinquefasciatus from Laksi district. Five bacterial genera were identified from laboratory
rearing Cx. quinquefasciatus.

The study by Chandel et al. (2013) indicated the midgut microbiota of female Cx.
quinquefasciatus mosquitoes collected from India. They examined 16S ribosomal DNA from
culturable microflora and revealed the presence of 83 bacterial species belonging to 31
bacterial genera. Phylum Proteobacteria was the most dominant phylum (37 species),
followed by Firmicutes (33 species) and Actinobacteria (13 species). The genus
Staphylococcus was the largest genus represented by 11 species whereas Enterobacter was
the most prevalent genus and recovered from most field stations. They found individual
mosquito harbor extremely diverse gut bacteria and have very small overlap bacterial taxa in
their gut.

Another study by Chandel et al. (2015) also indicated the isolation of Vagococcus
fluvialis from Cx. quinquefasciatus mosquito midgut collected from India. This bacteria
species was known from domestic animals and human sources only. This finding might
confirm the hypothesis that microbiota are acquired from the mosquito’s food sources. It is
the first report of V. fluvialis from the midgut of Cx. quinquefasciatus mosquito collected
from Arabian Sea coastal of India. However, this genus of bacteria was not isolated from our

present study from Thailand.
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The study by Valiente Moro et al. (2013) indicated that bacterial isolates from female
Ae. albopictus mosquitoes were mostly Proteobacteria followed by Firmicutes and
Actinobacteria. On the other hand, Actinobacteria was the most abundant phylum in male Ae.
albopictus followed by Proteobacteria and Firmicutes. Pantoea was the most common genus
in both females and males from all sampling sites. In our present study, Pantoea was isolated
from laboratory rearing femlae Ae. aegypti and field collected female Cx. quinquefasciatus
from Thailand.

For the midgut microbiota of Anopheles mosquitoes, the majority of the identified
bacteria from An. stephensi and An. maculipennis from Iran were belonged to the gamma-
proteobacteria class, including Pseudomonas and Aeromonas. The other bacteria found in
these mosquitoes were Pantoea, Acinetobacter, Brevundimonas, Bacillus, Sphingomonas,
Lysinibacillus and Rahnella (Dinparast Djadid et al. 2011). Acinetobacter, Bacillus, and
Pseudomonas are also found in the mosquitoes from Thailand which indicated by this present
observation.

Another important bacterial endosymbiont in mosquitoes is Wolbachia. This
bacterium blocks the transmission of dengue virus by Ae. aegypti. It is currently being
evaluated for control of dengue outbreaks. Wolbachia induces cytoplasmic incompatibility
that results in the developmental failure of offspring. However, only agar-culturable bacteria
were examined in this study. Wolbachia infection in Ae. aegypti and Cx. quinquefasciatus
cannot be indicated by the methodology used in this study.

In addition, the presence of antibiotics in the blood of infected people is a new risk of
disease transmission increasing. For examples, antibiotics in malaria-infected people
enhances the susceptibility of An. gambiae mosquitoes to malaria infection by disturbing
their midgut microbiota. Antibiotics exposure also increases mosquito survival and fecundity,

which are known to increase vector competency (Gendrin et al. 2015).
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Future studies of the role of culturable bacteria in the biological role in the
invasiveness of Ae. aegypti and Cx. quinquefasciatus need to be performed. Isolated bacteria
will be characterized to better understand its genetic contents and any possible to influence on

Ae. aegypti and Cx. quinquefasciatus vector competence.

Conclusion

The recent finding in this study indicates the diversity and variation of midgut microbiota of
laboratory rearing and filed collected Aedes aegypti and Culex quinquefasciatus from
Thailand. However, further investigations to verify the potential role of the detected bacteria

in mosquitoes for the transmission of various pathogens are needed.
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Table 1 Species, source, and number of tested mosquitoes

Mosquito species Source of Number of tested Number of
mosquitoes mosquitoes mosquitoes with
midgut microbiota

Aedes aegypti Laboratory 16 13
Suanluang district 5 4
Laksi district 7 6
Culex quinquefasciatus Laboratory 11 10
Suanluang district 10 7
Laksi district 11 11

98




Table 2 Genera of midgut microbiota found in laboratory rearing and field collected

Aedes aegypti from Thailand

Midgut microbiota
1S
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2 Aedes | Laboratory .
3 Aedes | Laboratory o | o . .
4 Aedes | Laboratory | e
5 Aedes | Laboratory .
6 Aedes | Laboratory .
7 Aedes | Laboratory .
8 Aedes | Laboratory . . o
9 Aedes | Laboratory | e
10 | Aedes | Laboratory .
11 | Aedes | Laboratory .
12 | Aedes | Laboratory | e
13 Aedes | Laboratory o | o
14 Aedes | Laboratory .
15 Aedes | Laboratory o
16 Aedes | Laboratory o
17 | Aedes | Suanluang | e
18 | Aedes | Suanluang o
19 | Aedes | Suanluang . o
20 | Aedes | Suanluang .
21 Aedes Suanluang .
22 Aedes Laksi o | o
23 Aedes Laksi . o
24 Aedes Laksi .
25 | Aedes Laksi o
26 | Aedes Laksi o o o
27 | Aedes Laksi .
28 | Aedes Laksi o
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Table 3 Genera of midgut microbiota found in laboratory rearing and field collected

Culex quinquefasciatus from Thailand

Midgut microbiota
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22 Culex Laksi o
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31 Culex Laksi . o
32 Culex Laksi o
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Figure 1. Map of Bangkok indicated Lak Si and Suan Luang district of Bangkok which the

field mosquitoes were collected
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Chikungunya virus transmission by Aedes albopictus (Skuse)
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Abstract Chikungunya virus (CHIKV) is an emerging or re-emerging mosquito-borne virus.
It belongs to Alphavirus genus of the Togaviridae family and can be classified into four
lineages. The Asian lineage was the virus that responds for the outbreak in the past but the
Indian Ocean lineage was responsible for the current outbreak in Thailand. Transmission
cycle of CHIKV involves mosquito-human-mosquito. However, the studies about vector
competence for this virus in Thailand are limited. This study was performed to examine the
vector competence of Aedes albopictus mosquitoes for CHIKV. Ae. albopictus were allowed
to feed on different levels of Thailand 2010 strain CHIKV in blood meal in an artificial
membrane feeder. Saliva samples from blood-fed mosquitoes were assayed for the present of
CHIKV by using immunocytochemistry staining. There were four groups of blood fed Ae.
albopictus in this study. They were tested for virus transmission on day 14 post blood
feeding. Percent transmission defined as the percent blood-fed mosquitoes with virus in
saliva. The percent transmissions were 41.67% (10/24), 70% (21/30), 100% (30/30), 90%
(27/30), and 100% (30/30) after fed on 102, 10°, 10% 10° and 10° CIDso/ml of CHIKV,

respectively. The presence of CHIKV in the blood-fed mosquito saliva indicated that Ae.
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albopictus are competent vector for CHIKV. They might play an important role in the

transmission cycle of CHIKV in Thailand.
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Thailand

Introduction

Chikungunya virus (CHIKV) is an emerging or re-emerging mosquito-borne virus belonging
to Alphavirus genus of the Togaviridae family which was first discovered in Tanzania in
1952. It is an enveloped, single-stranded, positive-sense RNA virus. CHIKYV can be classified
into four lineages: West Africa, East Central and South Africa, Asian, and Indian Ocean
lineage. The large outbreak of this virus occurred in different geographic regions including
Africa and the Indian Ocean basin (Thaikruea et al., 1997; Kishishita et al., 2015; Sasayama
et al., 2014; Duong et al., 2012). Lately, this virus has emerged and spread throughout the
Americas (Alpuche Aranda & Lopez-Gatell, 2015; Donalisio & Freitas, 2015; Diaz et al.,
2015; de Figueiredo & Figueiredo, 2014).

CHIKYV was first identified in Thailand in 1958 and was re-emerged in Thailand in
2008. The virus of Asian lineage was circulated in the past but the virus that was responsible
for the recent outbreak in Thailand had different genome sequences (Theamboonlers et al.,
2009). The Asian lineage was the virus strain that respond for the outbreak in the past in
Thailand but the Indian Ocean lineage (IOL) was responsible for the outbreak in the present
in Thailand. There are the differences between E1 envelope glycoprotein sequences. The
present study also indicated an alanine-to-valine substitution at the position 226 of the E1

envelope glycoprotein (E1-A226V) on an IOL.
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Transmission cycle of CHIKV might be divided into two cycles: urban and sylvatic
life cycle. Infected humans and mosquitoes play an important role in the transmission in an
urban cycle, but infected animals and mosquitoes are responsible for the transmission in a
sylvatic cycle (Jupp & Kemp, 1996; Vourc'h et al., 2014).

There were few studies of mosquito infections, dissemination, and transmission with
virus strain that were responsible for the current outbreak in Thailand. More studies need to
be performed to address the role and relationship between mosquitoes and CHIKYV. This
study was conducted to explore the possible role of Ae. albopictus as potential vector for

CHIKYV in Thailand.

Materials and methods

Mosquito infection

Laboratory rearing Aedes albopictus were used in this study. They were allowed to feed on
different levels of CHIKV (Thailand 2010 strain) in blood meal in an artificial membrane
feeder. Saliva samples from blood-fed mosquitoes were assayed for the present of CHIKV
by using immunocytochemistry staining. There were five groups of blood fed Ae. albopictus
in this study. They were tested for virus transmission on day 14 post blood feeding. Percent

transmission defined as the percent blood-fed mosquitoes with virus in saliva.

Virus and cell culture

Thailand 2010 strain of Chikungunya virus (CHIKV) was used in this study. This virus was
originally isolated from an infected patient during the outbreak in southern Thailand in 2010.
It is in the Indian Ocean lineage (IOL) with an alanine-to-valine substitution at the position

226 of the E1 envelope glycoprotein (E1-A226V). It was kindly provided by the Faculty of

104



Medicine, Chulalongkorn University, Thailand. CHIKV was propagated and assayed in

Vero-76 cells.

Virus assay

Ten-fold dilution of CHIKV in mosquito blood meal was assayed for an amount of virus in
Vero-76 cells by using immunocytochemistry (ICC) staining. Samples were inoculated in
Vero-76 cells in 96-well-plate for three days. Inoculated cells were then fixed with 4%
formaldehyde at room temperature for 25 minutes and washed three times with 0.5% tween
in Phosphate Buffer Saline (PBS). Mouse monoclonal antibody to CHIKV (abcam®, USA)
was added and incubated at room temperature for two hours.

The plate was then washed with 0.5% tween in PBS for three times. Polyclonal rabbit
anti- mouse immunoglobulins/HRP (Dako, Denmark) was added and incubated at room
temperature for two hours. The plate was then washed with 0.5% tween in PBS for three
times. AEC (3-amino-9-ethylcarbazole) substrate (Sigma-Aldrich, USA) was added and
incubated at room temperature for one hour. The plate was then washed with distilled water,
dried at room temperature, and examined under light microscope. Single measurement with
four wells of inoculated cells was used for virus titer examination by using ICC. Infected
cells indicated by the red brown color in the cells. Virus titers of CHIKV in mosquito blood

meal were expressed as CIDso/ml (Reed & Muench, 1938).

Results

There were five groups of blood fed Ae. albopictus in this study. They were allowed to feed
on 102, 103, 10%, 10°, and 108 CIDso/ml of CHIKYV. The blood-fed mosquitoes were tested for

virus infection, dissemination, and transmission on day 14 post blood feeding.
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The transmission rate was indicated by the present of CHIKV in the mosquito saliva.
The transmission rate was 41.67% (10/24), 70% (21/30), 100% (30/30), 90% (27/30), and

100% (30/30) after fed on 102, 103, 10%, 10°, and 10° CIDso/ml of CHIKYV, respectively.

Discussion

This study was conducted to examine the possibility role of Aedes albopictus as competent
vector for Thailand strain of Chikungunya virus (CHIKV). CHIKV used in this study was
isolated from an infected patient during the outbreak of CHIKV in Thailand in 2010.

The study by Theamboonlers et al. (2009) indicated that the genome sequences of
CHIKYV isolated from the outbreak in Thailand in 2008 were different from the virus isolated
from the outbreak in Thailand in 1988 and during 1995-1996. Thailand 2010 strain of
CHIKYV used in this study is in the Indian Ocean lineage (IOL) with an alanine-to-valine
substitution at the position 226 of the E1 envelope glycoprotein (E1-A226V). It is in the same
lineage as 2008 Thailand strain but it is difference from 1995 Thailand strain. There are 94%
similarity between 2008 Thailand and 1995 Thailand strain. CHIKV Thailand 2008 were also
closely related to the strains isolated from the outbreaks in Singapore in 2008 and in India in
2007 (99-100%)).

The study on mosquito vector competence of CHIKV indicated that the mosquito
species that were responsible for the current outbreak included Ae. albopictus whereas Ae.
aegypti were responsible for the previous outbreak in Thailand (Thavara et al., 2009).
Tsetsarkin et al. (2007) also specified that Ae. albopictus were more potential vectors for
CHIKYV than Ae. aegypti due to the mutation of the virus which allowed them to adapt to
different mosquito vectors in the past.

The study by Chompoosri et al. (2016) demonstrated that Ae. aegypti and Ae.

albopictus mosquitoes from Thailand are capable of transmitting CHIKV 10OL vertically in
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the laboratory. They also showed that Ae. albopictus is more susceptible and has a greater
ability to transmit the virus vertically than Ae. aegypti.

This present study would be useful for understanding of the ecology of CHIKV in
nature in Thailand. It is importance for disease surveillance, vector control, and the

prevention of CHIKV outbreak in Thailand.

Conclusion

The presence of Chikungunya virus in the blood-fed mosquito saliva indicated that Aedes
albopictus mosquitoes are the competent vector for CHIKV. They might play an important

role in the transmission cycle of CHIKV in the outbreak of this virus in Thailand.
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