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@13 cryoprotectant Uiy 2 Uszinnamguaviamsiiau 1dun 1) eengninieluaad
=< [ Y 1 S Y @ a =2 5’ [ = J [
Z’f’]ll']ﬁﬂCIﬁJW']uLSU'IZIﬂ'IEJGI,uL“]fﬂallﬂ ﬁﬂﬂﬂuﬂ’lﬁlﬂﬂﬂﬂﬂu’llﬂ]ﬁ lLﬂ$ﬂ'liﬂﬂﬂ]'lﬂ"]]@\?!,“]faﬁﬁnﬂﬂ']ﬂiu YU

< = 4 ] ]
DMSO, Glycerol (G) 118 Ethylene glycol (EG) 1iludu 2) oongninisusnaas hiduwnsodumiudng
' ' o o 2 J & da -
ﬂ1ﬂclu!,“1fﬁ'guli°2|} Llﬁﬂzsﬁjﬂﬂﬂﬁﬂufﬂﬁ°Vna1fJL°Baé’inﬂl,ﬂaﬂu?u‘lN‘lMﬂﬂiﬂﬂﬂﬁ%‘]J'Juﬂ1§LLGIfLL‘lJ\1 uag
=} a1 @ A [ a 1 1% [ J [~
Nﬂﬂ!ﬁiJ‘]Jﬁ“])"JﬂﬂﬂﬂﬂuﬂWilﬂﬁﬂuﬂ??uﬂuﬂﬂE‘TTN"MT (Osmotic pressure) DYNAUNAUTSHININTITHUYLUS
g’ < [} =t 1] & dy A o
vazazaeimde1d 1w glasa 3o Tad wazian Tasa udu Feasdszanil S1ldRe9 i ld
duda ] g & 3 o ¢ 0w
IFAANUFINNAIATANYUDY (Janz er al., 2012) MU Gll!ﬂTiLﬂ‘]JiﬂBH“]fﬁﬂ ”CTWTTT]JL‘IJ‘H seed A% stock
Honlda1s cryoprotectant N3n0gIulsziand 1 fio DMSO, G 18z EG (Pegg, 2007; Matsumura ef al.,
2009; Francis et al., 2002; Critser and Woods, 2001; Kato et al., 2009) it DMSO ﬁﬂmauﬁﬁéﬁmm
a @ A < ) 1 9 a va = 9 o ¥ @ @
WNINUI QQZJ'?]fﬂﬂl!’ﬂglﬂuﬁﬁlﬂ1ﬂ$fﬂﬂ?ﬂi§nﬂﬂ ll@] ﬂ131]a1]9]\1TLl“l]\1Wﬂﬂ‘Vﬂﬂ’Jﬂﬂ’ﬂNi$3Jﬂ§$’NLlﬁ$
< A4 qu Y v o Aa va & ' < A a
ERIZIPRe TﬂﬂlﬂWngll’t’]Glclf DMSO Lﬂuﬁ?ﬂ1ﬁ$a1ﬂﬁ?ﬁﬂuﬂﬂlﬁﬂﬂﬂiuﬂ1ﬂﬂuﬁ15ﬂ’t’]llgl,ﬁ\? NIDAITNY
1 1 @ dy 1 A <3
A199) (NA199737Y, 2556; Freshney, 2000) HON1INH DMSO Salinaumiiu semefiosayniazal 1511
4 = o 4 1 = I a [l
UNOABUN AT cryoprotectant U4 LAY Katkov ef al. (2011) 31841131 DMSO Tanuiluiuae
o 1
19590 Induced pluripotent stem cells (iPSCs) (ta¢ Human embryonic stem cells (hESC) §4n11 EG,
= 3 a ' o A @ 3 = A
Propylene glycol llag G Tae G ummzﬂuwwamaﬁmmqw ANUUNINUEATT cryoprotectant NAIUITD
R Ao 3 o N Y A ' A A 1 ax a o v
‘V]@]LlﬂullﬂgﬂﬂﬂigﬁuﬁﬂWM‘lﬂIﬂfJ‘V]ﬂ\iﬁnﬂiﬂlﬂﬂiﬂﬂucﬁﬁﬂllﬂLWfJ‘]JWﬂTii'f]ﬂﬂ’JTJ‘ﬁlﬂiJ §]$1’111ﬁ

@ 1Y (Aawua Y S o s a0 A 4
anduaseaedlinau tazandunulumsinusnyuradngungidissen 1

v
~ o

A A A 9y 9 9 Jd a o g 9
M3LE0NYHANT DA NI NYUVDIET cryoprotectant Nz 113N ¥l Madunazsiiaduiudos
Iimsnageunowinnldauie 19 laas iz auiiga Kato ef al. (2009) 19 G naz EG anududu
a g ' oA o AqyY 1 & 4
10% Tagsu1a5 Tumsuaudasad myeloma P3UT 15UIABINY Katkov ef al. (2011) R 1%uaud ssad
hESC @9 Janz ef al. (2012) 1% G anududu 5% Taed3uias usuda Amniotic fluid mesenchymal
stem cells (AFSCs) 12 Akuta ef al. (2013) 19 EG anududy 2-10% Tag1/511a3 uaiudia stem cell
4 4 v
mMsanasatitlumsnaaeulseAnFa1wueaas cryoprotectant 2 %A Ao G uag EG NANUANTY

[} =3 =1 @ 9 9 Aa <3 o 4
7199 158N UAY DMSO ANWINTY 10% TagdTuias Tunmisiiusnyusad BHK,C,,
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HiagUsyasdivetiunldmauny DMSO 11na1s cryoprotectant 2 ¥ilatiiilsz@nTamfouninge
§4n31 DMSO
d as
gunsainazIEms
d
raa
wag BHK,,C,; ¥HUALVIUADY passage 20
a A
Taen
v v
NiRsudmsumgRsusad Uszneudie GMS N3 5% FCS
IS5
F3U

1

FCS
13 cryoprotectant
2 3 4
DMSO’, G iag EG
A VA = ¢ ) 5
NIV IDNUVITAQ (cryogenlc freezer)

a

HunFesnugumsmianududieluTasoumad (iquid nitrogen) Hl¥amsnangaigi
1ded19320157 Tavangaingiasludaii 2 °c/auni audegaungil -40 °C uazanasludnsi s ccuni
DNl -80 °C
nsnageundufivvesals cryoprotectant Avtwad BHK,,C,,

Yuwad BHK,C,, ¥ilauvivassfimnzidenny 48 $11ua luviamnzideusaduin 2 ans
wuBANe A 3t ldvia vuia 30 Tadans vInaz 2x10° @ad AN GMS 1ag @13 cryoprotectant
Usinasaen e dTianduduveadts cryoprotectant @199 fu mua1eit 1 $1191 2 vaa/ngu
tufigungl 37 °C utawadnguag 1 VAU uILEAdANEIA wadas asvgdnyuzvewad
fnumnlediFudmsisin uaznlesifudanuilufivsowad # 30 it naz 1 $21us Frd1dn
30
msivinyurad BHK,,C,,

Y J 4 a a
(MZALAYAA BHK,,C,, THUWIAMIZI¥AALUY 3 AB Y1U1AY 2 AasuuaueIne Tuliingy

4 [
dmsumnzi@oasad U5es 1,000 Taaans Hgaungil 37 °C Mudlounamiandonusi

" JR Scientific cat no. 43640, United States ’ Sigma Aldrich cat no. D2650, United States
’ MP biomedicals cat no. 800687, France * Merck Milipore batch no. K45905921, Belgium

* Nicool plus PC Air Liquidm, France



nses¥wandaai Ui 24 ariun 12 d.a-ne 2558 10 J. Vet. Biol. Vol. 24 No.1-2 Mar-Sep 2015

400 5O UANT 11 48 F2 109 AsrvTRURUMINVBUTAdIa ARSI IMTagIIAN IS BTy

2.4x10° wad/Aadans (@ninmaTuladisusidas, 25550) hiwad BHK, C,, 114 Tihumiosdae

nTourua3 T AT 1,000 SOUANT (290 xg) WM 10 WIT Hemugil 4 °C Thuwadiman

24x10" 1508 M1IV19A8 GMS 1A FCS 20% 1Az a3 cryoprotectant 1105 1FUARII A1

§a91519% 2 1 1dUTinasqaiie 24 iadans (anududu 1x10” wad/iaaans) Hudaedie’lal
o s 14

ATNAOUAUNNYBIUTAA 1aUA WU WILHad ATI99aNHUZYOUFAd IUILARHTIA [wada1e

o I 4 Aaa 9 ] o ] < 4 A aa
AUIUHUYBTIFUANTHTIA umummaaslﬁwaeﬂmm%aa (slll‘ﬂﬂ‘]_lﬁﬁi] 4.5 U000N7) viaoaay

e

1
a a

a 1 @ o 1 < s a <]
3 iadaas nguaz 5 nasa ntiuth ldidinTesumdenuiusadau lagurgi -80 °C uadelainy

v
= a

[ @ [l < o 3’ QBJI
5ﬂ‘H11uﬂQlluT@§L‘ﬂuWiﬁ’J@fJNi’JﬂLﬁ’J NYUNYy -196 °C 'I/nclﬂaﬂ 3 A33
% a [ a a ¢ o [y
mim‘Jc‘n’aam)m1mﬁ'e)ﬂ§‘muazammﬁmsqgmuimmwaaﬁmmsaﬁmnm
o < % = a o 7 o s 3 v
W9 UIEaa BHK,,C,, gl -196 °C wiu 1 dlam dusadinu Burazarelu

E4 1
810111AIUANgUMANT 37 °C uazaIenua WU 3 11T 119919998 GMS U31as 150 Haaans/ngu

U
v 1 v o

<] J @ J o A J o I3 J
INUAIVYINUIUVIUIULTAD ATIGANHUSVDUYAA TUIULGAUFIA LFaan1y AU Y95 1FUA

A

I I J o a J o g [~ @ QBJI @
NITUFIN Llaglﬂ'ﬂﬁLcﬂu@]@ﬁﬁTﬂ’]ﬁ5’t’:lﬂ"]df?@]T@Qlcﬂﬂﬂﬂa\uﬂﬂll‘lﬂl‘ﬂq NN UUNATDUHIDAT

m3niyan TaTasrh lumdssdonToausuaIiag a3 1,000 500/417 (180 xg) WU 10 W1

a <

Mgl 4 °C NuAznoUwASHANRUTIREN (GMS+10% FCS) pH 7.2 31103 200 Tadans Tasld

U

Y AaA

wadTuduiiFialundazviaduaumify 0.5x10° wad/ladans luviamiziyad vuiag

Y _ o a Y

A aa Y { ' ' I <
500 Waaans LLa’Jm'lﬂLWWLafNﬁqmﬁﬂu 37 °C DIUAWYUNIUNINANAIINLTITOU 400 ﬁ't’]‘]_l/u']ﬁ HIU

LY

o 2 o 1 do A aa y o o s o 7 o s
48 ‘If’JTiN INUAIDYIUFANIIUIU 2 UaaanT Lﬁﬂuummuwaa A33QANHUSVBILTAN TUIULYAD
Ana o [ Ana @ a a v g
UYIN waﬁmﬂ mmmmtﬂaimuﬁmimm uazamwmmimumuTmmmaﬁwmmmwmq
mﬁmnqmmwwaﬁ

1) MM

9

Wdeguwadilsiag 0.4 Nadans eudiwadals Trypan blue Y5103 0.4 Hadaas 1

P ' J o v o g A N . . Yy 9 P
wadu laa landmsuiiudiaden (Hemocytometer) ¥U@A Spencer bright line mﬂ“l@mami;amfmu

1 £

Adeve10 20 1911 Tuswgadieguinusesveuidyuuea lasiavua FaliUTuiag Hesaz

U

J

4 A aa o o A o Y o Yy 9 a aa .
110 Uaaaag mmu’mmaawuﬂ@"lﬂmmmmmmmmwumwaa/uaaam (Cell concentration)
(Bird and Forrester, 1981) Iﬂﬂsl%}q{ﬂi C=nyx 10" ad/iaaang

4

d A Aaa % [l
C Ao ANUTNTUVRIYAA/Uadans y A0 dilution factor Y94AI9E14

o /a1 a ' o A ¢ o
n ‘ﬁ@ inu'Ju&%aﬂﬁ@f‘.‘l‘]_lﬁL’Jm‘]f’t]\iall@‘lwm?ﬁﬁﬁl]ﬂ\iﬁllﬂﬂcﬂ\iﬁllﬂ

a

® Jouan KR 4-22 P60, France ’ Tomy Seiko model RB-18TS, Japan
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v d
2) NIATIVaNHUSUDIBaa

Ma91ndoNAIBaaAIY Trypan blue  uazdnyasm ldaladdmsuiviiaiden
(Hemocytometer) ¥1@ Spencer bright line A35299A1UNADIYANTIAY MAIVL1D 20 911 1¥AALT 0
Tenmaiznaula minwadiey dusadaorzAadingy mivsad G oy

3) esidunnmuiufivaeasad (%Cytotoxicity) (faL/asann Katkov ef al., 2011)

o L a ' o J. a ]
= HUIUEAANFINVDINGUAIUAY — IUIUFAANFIAVBINGUNATDL) x 100

Purad i InueInguAILa

ﬂtjllﬂ’mﬂu Ao ﬂfjuﬁ‘lﬂiﬁ'mi cryoprotectant

v
1 =)

v
nauNATDU Ao ngunldeans cryoprotectant 99 nauy

a

AQaa

4) oS 1B UAMINTIN (% Viability) (Bird and Forrester, 1981)

o A
= VTUIULFAAUYIN x 100

IMIUFAATTIN + SIUIUTAEAY

5) 1la3 1T UADNIINITIOATINVD UBAAHAUAVUBITI (YSurvival rate) (Kato ef al., 2009)

= U AANFINNAIO VTS x 100
S adNFINe WA VLB

[ a a Jd . .
6) 'e)m1n1‘;mtitym‘uimmaawaaﬁmaﬁuwﬁwﬁa (Growth rate of cells) (Oliver and Ellington,

2003)
o JAAAa [ dy A o
= IRV TIANAUNIZIAIN 48 F2 T4

E4
ﬁWH’JHL“Kﬂﬁﬁ‘B’Mﬂ@HLWWlﬁﬂQ

a =)

4 &
7) mmﬂmumﬁﬂuﬁlaumm HNI

Q

Ra

e

g o ' o A aa Y
UADU 1AINUAIDEIIIUIU 2 aaanT Y UWIZaed Iy

e

dy dy a =~ J
nadeunsdualoudagaunidnn

. o a aa . A dy zﬂy = J
Tryptic soy agar LALI1UIU 3 Uadaas I Thioglycollate broth tWenageunsdulowde deaa 31

1Y Jdo o

aerobic LAY anaerobic bacteria (Izadyar et al., 2014) U1 7 M (ﬁmfﬂmﬂiuiaﬁ%mmmma, 25550)
a d
NI AUAFITHNA
U L T | e & a s /3 & Ada s o & g
lfl_lﬁEJ‘]_ILmﬂﬂﬂ1lﬂﬂﬂLﬂ@iL%u@ﬂ?’lNLﬂuW‘Hﬁ@L“}fﬂa Lﬂmmmmmimnmamaaﬂmmmmmm
S 2 &% aa J o I 1 3 o a a S o I 1 3
Lﬂﬂﬁl“ﬁu@@@5']ﬂ']ﬁ5’&]ﬂ"]§3@]ﬂlﬂﬂleﬂﬂaﬁﬂﬂlﬂﬂu"lﬂl‘ﬂﬂ Lla$@@5']ﬂ']ﬁlﬁ]iﬂJuLGI‘UI@ﬂlﬂﬂlcﬂﬂaﬁﬂﬂlﬂ‘ﬂu"]ﬂﬂ]\1

Taals One-way ANOVA (multiple comparison 411 Scheffe) #el1lsunsu SPSS 1esHu 11.5°

*SPSS Inc., United States
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Wa

dy dy a ~ [} dy dy ~ 4 A A 3
minadeumsudlowdogaunid lunumstdudlowdedad 51 uazuuaiiGe Tunnvuaou
d d a d
wesiiuannilunivneiwsaa (% Cytotoxicity)
! .. ! I A ' ' v o w
NI %Cytotoxicity NI 30 1N 10% DMSO UANUIUNBFINI 5% EG odniiad Ay

(p<0.05) wontiu lutianuuanawedaditiodian (p>0.05) (U7 1) 1ag %Cytotoxicity MIa1 1 F2 109

o

Y
10% DMSO  fianufuiiugenii 5% EG ed1eiiiodifny (p<0.05) uentiulifinnuuandisedie
Ieddny (p>0.05) (31N 1)
¢ & d AAa ¢ v g L . .
wesibuamsiizInve uradnaufuNTIT (% Viability)
MM 19 G uaz EG ilonfTeufioununs1é DMSO Wi %Viability ¥9angu 5% G, 5% EG

1az 10% EG UA1gand1 10% DMSO agniiiad Ay (p<0.05) on/3suiienssning G uag EG Wy

o v

2.5% G UMAININ 5% G, 5% EG tag 10% EG 0 1UHsdAY (p<0.05) 7.5% G NA1@1011 5% EG

o w

pg 19N AYy (p<0.05) 10% G TAIMININNNguUREINNTedIRY (p<0.05) Uag 2.5% EG NA1EINI

o

1 S o o v QBJI = 1 L} S o o v d‘
5% EG og1litiod1Any (p<0.05) woniu hilinnuuanasedisiitiodngy (p>0.05) (310 2)
¢ & do Aa Jd v L .
1WosIFuADNIINITTOATINVOABAATIAUN VLTIV (%Survival rate)
Y & = = o 9 ' . '
Wanms 1% G uag EG Worlseuneununs 1% DMSO WU %Survival rate U8340QN 5% G,

5% EG wag 10% EG UA1gand1 10% DMSO agniiiad Ay (p<0.05) tion/iouiisnssning G uas

o v

EG WU 2.5% G UAIAINI 5% G, 5% EG tiag 10% EG 0819N1ied1fny (p<0.05) 7.5% G UAIAIN

o o w

5% EG 081018d 1A ey (p<0.05) 10% G UA1dnmnnguedaltisdinn (p<0.05) uaz 2.5% EG UA1

bg

o

' Y v
AN 5% EG egneliedinny (p<0.05) weniu lulinnuuanasedaiiieddny (p>0.05) (U7 3)
danmansaAvinveuraanaufuuuda (Growth rate of cells)

v v
WU 10% DMSO az 10% G Himidinimnnauedniivedinn (p<0.05) uontiulll

[

ANUUANAINEINITERTY (p>0.05) (319 4)

D.

3 a 1 d I = ~ | a
msnageuanuiunvaowan dumsdTouneunnundunyve9a1s cryoprotectant 91
o o s o v < £ 1 o A I a1 o 1 VA 2 A
Margwissgaduazinlisaans damdanianuiuivdessaddr Amgalanianuiluiiy

Aolyadg 1INMINARBINLD et 30 Wi uaz 1 H2Tus Inawdoadu fe 10% DMSO Ianu

[ o

1] a 1 1 A o o 3 (=) 1 [} A o o =2 9
Lﬂuquqmw 5% EG 98190 Uad 1wy (p<0.05) uﬂﬂuu"lwmmamﬂmmmmuﬂmmy (p>0.05) DaLLdl



nses¥wandaai Ui 24 ariun 12 d.a-ne 2558 13 J. Vet. Biol. Vol. 24 No.1-2 Mar-Sep 2015

I a A 1 1 = o W ] g $ [
10% DMSO wiinnuiluiisgengauatianiies 3.87% 1oz 5.34% AWaIAD ITU FANAIIN
A = < a ' . QBJI dy
Katkov ef al. (2011) #i 10% DMSO tinnuniluiinaeiasas iPSCs t1az hESC gan3 30% MaHo1NI1Y
a P 1 ] 4 g a I Q‘{ 4
yHAve U NUANA1NY LaziilosnIna1sne 3 sHalluasdsenneengninieluwas szezarlu
v o = 1 a 4 ] os/‘ dy
MIFUAAaNTITNaADANNTTINVDAUYAA (Szurek and Eroglu, 2011) @9ARA0INUAITNAADIATIH
& o v A & A P 1 Ao o oy <
Fatuun TdunaNuluNyae s IINNAIUAINT L ez A NdURa a5 Hon1nl lanadeuanuily
a 1 o M 1 1 o A A o 4
AwdoaauIu 24 911w wunasynngui lfisadlizinanas Tasmnz DMSO M ldaadae
3 1 3 <3 o ~ v o v 1 o [~ " Aa =%
manua ualuduaeumsdusnyuyadanasdudadiuadnowiit lusuda lafdy 30 win
I a 1 IR A = [ Y
ANV UNEABI AN NALNUa N DY
' - - s AAa S w3 Vg /il o Aa s
Ao I FUANTHIINVDUFAANAUN VLSS 1A oTIFUADATINITTOATINVDILLAA
v [~ % 1 1 [l A v o W
naunuusude Iwamioun i 5% G, 5% EG uaz 10% EG 1if1gani1 10% DMSO sg1aiivedinny
v Y
(p<0.05) 10% G UAIAINNNNAUBENNNNBAIAY (p<0.05) UBANUTLAIANAIIIIN 10% DMSO
] 1A v o @ [} =1 o ~ [~
ad14 liTliTodAny (p>0.05) ImariuAedIfY Akuta ef al. (2013) NAW501% 2-10% EG 11194 stem
YR ' A ' P-4 AAa o v g T 2 Y
cell 1§ uaAuANA1991A Janz ez al. (2012) NN oFIFUAMTHFInVOUYAS AFSCs HAUNVUFLUIA Y
] 1 ~ 1 < o aa
10% DMSO §4n115% G UaganA1991n Kato et al. (2009) Anunlesifudonsimsseniinves
4 v [~} a = ] 1 a c; 1
(28 myeloma P3UT HaunULBLTIAY 10% G UA11ndiReary 10% DMSO a3 10% EG JA1d1n
Y Y ' v v v Y
10% DMSO fistionuiiesunninlfigadaasiiady uenainiinsiingu 10% G Iadinimanguiiv
A Yy 9 & ° Y a o o Y A s o
21911199910 G ANUTNTUE 39 G i ldmnailymiuanudueed Tusdvousad IaummenaIng
o Y A
aza1w M ldraalyInanad (Ryan, 2011)
1 [ a a o v [~ 1 a c; 1
AR 1M IDTYAD TAYDUTAANAUNVUFUUL WD 10% DMSO tag 10% G UA1dInn
nnnguediitiedfny (p<0.05) M5 10% DMSO AL 919AAIN DMSO a1WNTaFURIUITG
< a Y =2 o 9 P ' v A s '
1wad BHK,,C,, sHauviuaoy 19ani G wag EG 3o ldiwadsouueuinni uaillomiziaesae 1)
4 a a a 1 a o A
90 12 passage twaavzamsoIaanIaldnulnd dau 10% G URLAANNIIWILEARL TN
v Y = o Y d 1 A S a a Y & 1
nasazaretionies 51.99% i ldiwadooune diungudus wadnigaulalad Fuanaisein
A 1 a a v [~
Rahman et al. (2007) AWM 305AL 1nv09 adherent BHK-21 cell Haunuusuaialy 10% DMSO
¥ Y
An71 glycerol NAAMUITNAU 911TBININNANUUANANUDIFTHALAE LAZIUADUMNTNAADY
. < g & ¥ P o 2 o P
pg19lsnAwMInaaeInsiiinsrndouuazMIZi@euyan BHK, C , HA991INNUSNHIYAE
d' a o PR 2 o g = a 2 o ¢
Ngungil -196 °C W 1 dledt Fuilumanusaviszesdu 39n25 UM INAaIMIINUTAIY YA
4 =1 =% a a a [ o o 1] o
Tuszezenuon)souifiontlsz@nsnmueaais cryoprotectant wiiaa1ee drvsuldiudoyamiveayu
' A ' ' 3 o s Y 3 Y a
@011 11839910 Freshney (2000) na1391 MINUTABULAA A28 G Tuszeznaueniuiivae

ad 14
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a5

Q

a

M3NUSNYIYad BHK,C, Noungld -196 °C awnsald G finnududu 2.57.5%
Tagil51as waz EG Nanududy 2.5-10% Tawi3uas naununisly DMSO anududiu 10%

a dy A [} Y <] [ SN Yy A A A
Tﬂﬂﬂﬁlﬂﬁﬁ u@ﬂi]']ﬂuﬁ’]ﬁVILﬂiJ’lgﬁulLﬂzGlf'Jﬂaﬂ@unuﬂ'ﬁLﬂ‘]_liﬂ‘H’lL“]fﬁallﬂﬂVIq@ A0 EG N

ANUTUTY 5% TalFuas

afanssudszma

o ] a 4 1 a o A 9 A A 9 ] A
VDUBUAYU NUNNUNUIIHNAALL DA 1 thonaninaulsathnuaziindes Alvanuyiowiae

=2 3 dy @ a o w A Joy o Aq Yo )
1uﬂ15ﬁﬂ‘ﬂ1ﬂ§\1u UAagAMSNITUNTITIWAUIIYING amﬂmﬂiuiaﬂmnmmam mslwmu,uzumag

Y 9 @
uf luduniiy
Y Aa
1PNA15919949

nanviay A3V 2556 MmIusuFusaduazmitnngdansauznmzveusadlad lu dszans dud
Sann UssaNENs nénMsuazmATiaf UMz Asusadda s Tniaied 2 To.ea.
W3R e ngamma wih 107-114

dnfnmaluladidusidad 25550 L%émmmgm?’%ﬂﬁﬁ’ﬁqmmimnaaumiﬂmﬁammmi
wnzideurad BHK,,C,, (SOP-FCSC-014) 111 1-3

dninmaTuladdidmaidad 25559 ﬁ'eqmmgmﬁ%’ﬂﬁﬁﬁqmﬂmwwzﬁymmaﬁ BHK,,C,, %A
nvavassluduvlesunes vuna 50 aa3 (SOP-FCSM-030) 11 3

Akuta, T., Imaizumi, K. and Nishikawa, S. I. 2013. Stem cell preservation medium, stem cell preservation
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Comparison of the efficacy of different cryoprotectants in BHK, C . cells storage

Sukit Prathumchai1 Thanarat Janukit1

Abstract

The efficacy of two cryoprotectants : Glycerol (G) and Ethylene glycol (EG) at concentrations of
2.5%, 5%, 7.5% and 10% v/v, in comparison with 10% concentration of Dimethyl sulfoxide (DMSO) in
BHK, C,, suspension cells storage at -196 °C were studied. The objective of this study was to find an
alternative cryoprotectant to replace DMSO. The cryoprotectants toxicity were assayed after mixing with
cells for 30 minutes and 1 hour. The viability, survival rate and growth rate of the frozen cells were
determined at one week post storage. The results showed that the mean toxicity of 10% DMSO was not
different from other groups but was significantly higher than 5% EG (p<0.05). For mean viability and
survival rate, cells stored in 10% G showed significantly less percentage than the other cryoprotectants
(p<0.05) whereas cells stored in 5% G, 5% EG and 10% EG showed significantly higher percentage than
10% DMSO (p<0.05). For growth or recovery rate, all cryoprotectants except 10% G showed significantly
higher recovery rate than 10% DMSO (p<0.05). This study concluded that using either G at concentration
ranging from 2.5% to 7.5% v/v or EG at concentration ranging from 2.5% to 10% v/v can replace
10% DMSO in BHK,,C,, suspension cells storage at -196 °C. Moreover, the storage with 5% EG is more

cost-effective and suitable than the others.

Key words: cryoprotectant agents, Dimetyl sulfoxide, Glycerol, Ethylene glycol, BHK,,C,, cells storage

' Bureau of Veterinary Biologic Pakchong Nakornratchasima 30130
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Serosurveillance of foot and mouth disease virus in elephants in Thailand

Dilok Ounpomma1 Wilai Linchongsubongkoch2 Kananut Bunmungmeepapha3

Patara Charoenphan4 Weerasak Pintawong4 Terdsak Yano'

Abstract

Serosurveillance of foot and mouth disease virus (FMDV) in elephants in Thailand during 2010-2012
was studied, totally 689 serum samples were collected from various parts of Thailand where elephant
camps were located and the elephants were used for working or tourist riding. In this study, elephant blood
samples were collected from 13 provinces as follows: Chon Buri, Surin, Chiang Mai, Chiang Rai, Mae
Hong Son, Kanchanaburi, Prachuap Khiri khan, Surat Thani, Krabi, Nakon Si Thamarat, Phang-nga, Trang
and Phatthalung provinces. The liquid phase blocking ELISA (LP ELISA) was used to determine antibody
to the structural protein of FMDYV type O, A and Asial in parallel with the detection of antibody to 3ABC
non structural protein of FMD (3ABC-NSP) by blocking ELISA and the detection of antibody to virus
infection associated antigen (VIAA) by agar gel immunodiffusion (AGID), both tests were useful in
differentiating between vaccinated and infected animals. The result of LP ELISA indicated that
no antibody titer to FMDV type O, A and Asial in all elephant serum samples were detected or 100%
sero-negative. Similarly results were found as 100% negative by 3ABC-NSP and 100% negative by
VIAA-AGID in the same samples. In conclusion, those elephants had not been infected with FMDV and
had never been vaccinated with FMD vaccine before. Interestingly, during the period of this study, there
was an accidental case of FMD infected in one elephant at an elephant camp in Chiang-Mai province by
the end of October 2010. The specimen from the trunk was submitted to the laboratory for FMD
diagnosis, the result was type O positive. An outbreak investigation was taken place for tracing back to the
source of infection, it was summarized that the transmission of FMDV was by oral route from the
congestion of contaminated feed from infected cattle excretion. Hence, the follow up FMD surveillance in
contacted elephants and cattle in the outbreak area were investigated, 25 elephant sera and 11 cattle sera
were taken at 14 days post infection. All elephant sera were 100% sero-negative (<1:40) by LP ELISA in

3 serotypes, 100% negative by 3ABC NSP and VIAA-AGID. Whereas the cattle sera was found 100%
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sero-positive (>1:40) to 3 serotypes, 2 of 11 (18.2%) of cattle sera were positive by 3ABC NSP and 5/11
(45.5%) were positive by VIAA-AGID. This investigation demonstrated that the elephant was not
considered as susceptible to FMD in natural condition. However, this information would be useful in

supporting the control and eradication of FMD in Thailand.

Keywords: Foot and mouth disease virus, Elephant, LP ELISA, non structural protein

: Veterinary Research and Development Center, Department of Livestock Development, Khon Kaen
> FMD Expert and Consultant of Department of Livestock Development, National Institute of Animal Health,
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* National Institute of Elephant Research and Health, Bureau of Disease Control, Department of Livestock
Development, Surin
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Introduction

Foot and mouth disease (FMD) is highly contagious viral disease in cloven-hoofed livestock and
wildlife, each species varies in its susceptibility to infection and clinical disease. Livestock susceptible to
FMD include cattle, buffalo, pigs, sheep, goats and wild animals. FMD can be destructive of wildlife as
occurred in South Africa, infection of wildlife with FMD results in relatively mild disease. Some wild
ruminants also have the potential to become carriers of the infection (Salt, 1993). Infections have been
reported in South African (Thomson et al., 2003) and Rahman ef al. (1988) reported the infection of FMD
type Asial in Asian elephants in zoological gardens, similar report of Pyakural et al. (1976) described an
outbreak of type O virus in elephant in Nepal. In Thailand, a single report of FMD in elephants (Sirivan
and Pemayothin, 1993) in which four of twenty elephants in the zoo developed lesions and FMD virus type
O was isolated. The infection spread from the neighboring pig farm and there was no evidence of the
transmission from elephant to elephant and it was not considered susceptible to FMD under natural
condition. Currently, FMD serotypes O and A are considered endemic in Thailand, causing significant
economic losses primarily due to lower production of affected animals and subsequent constrain of
international trading. FMD had reported in the most parts of the country in cattle, buffaloes, pigs and also
the vaccination campaign have been done in those animals twice a year. The Department of Livestock
Development (DLD) has national strategic plan to control and eradicate FMD for the establishment of
FMD free country with vaccination under the Southeast Asia and China FMD Control Campaign
(SEACFMD). Hence, the disease surveillance and monitoring of susceptible animals including elephants
were investigated. At present, many elephant camps are located in tourist attraction places over the country
and the elephants are mostly used for working or tourist riding, this activities might be a risk in receiving
FMD virus from other susceptible animals nearby.Therefore, the objective of this study was to investigate

the FMD serosurveillance in elephants in Thailand, due to no information was reported and studied.
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Materials and methods

Samples

Elephant bloods were collected from elephant camps in 13 provinces located in various parts of
Thailand during 2010-2012 (table 1).
Serological assays

Serological assays were carried out by liquid phase blocking ELISA (LP ELISA), 3ABC non
structural protein of FMDV by blocking ELISA (3ABC-NSP) and virus infection associated antigen agar
gel immunodiffusion (VIAA-AGID) as following:-
Liquid phase blocking ELISA (LP ELISA)

Elephant serum samples were used to determine antibody to structural protein of FMD by
LP ELISA, a quantified test of FMDYV antibodies to serotype O, A and Asial. Serum was diluted into two
fold dilution series and then reacted with a fixed concentration of reference antigen. The antibody titer was
determined at the highest dilution of serum which give 50% end point of Optical Density (OD) mean value
of control antigen (Ca) where the OD reading at range 1.0-1.5. The interpretation of serum was calculated
as percent inhibition (%PI) as described by Hamblin ez al. (1986), Linchongsubongkoch and Janukit (1994).
3ABC non structural protein of FMDYV assay

A commercial NS kit, PrioCHECK®, was used to detect antibody to 3ABC- NSP of FMDV by
indirect blocking ELISA method for differentiating infected from vaccinated animal, the test procedure
was described in the instruction manual of the manufacturer.
Virus infection associated antigen-agar gel immunodiffution (VIAA-AGID)

The test was used to detect antibody to virus infection associated antigen (VIAA) by agar gel
immunodiffusion (AGID) test for differentiating infected from vaccinated animal as the method described

by Pinto and Garland (1979), Linchongsubonkoch et al. (1993).

Result

A total of 689 elephant sera were used to determine antibodies to FMDV type O, A and Asial by

LP ELISA. The results indicated that all sera gave sero-negative (LP titer<1:40) to all 3 serotypes. Similar
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results were found 100% negative when tested by 3ABC NSP and VIAA-AGID (table 2). Interestingly,
there was an accidental case of FMD type O infected in one elephant at the elephant camp in Chiang Mai
province by the end of October 2010 during the period of study. When tracing back to the source of
infection, it was by ingesting the contaminated feed from excretion of infected cattle in that area. The FMD
surveillance of those elephants and infected cattle in the outbreak area were followed up and investigated,
25 elephant and 11 cattle sera were taken at 14 days post infection. Serosurveillance were carried out by

LP ELISA, 3ABC NSP and VIAA-AGID, the results were shown in table 3 and figure 2.

Conclusion and discussion

Serosurveillance of FMDYV in elephants in Thailand during 2010-2012 were studied, totally 689
serum samples were used to determine antibody to structural protein of FMDV type O, A and Asial by
LP ELISA. The results in table 2 and figure 1 demonstrated no antibody obtained in all elephant sera
(LP titer < 1:40) or 100% sero-negative to all serotypes. The detection of antibody to non structural protein
of FMDV to differentiate between vaccinated and infected animals indicated 100% negative to 3ABC NSP
of FMDV and 100% negative to VIAA-AGID. It was summarized that those elephants had not been
infected with FMDV and also had not been vaccinated with FMD vaccine before. Currently, the elephant
riding for tourist becomes a business in some tourist attraction places in various parts of Thailand as listed
in tablel, meanwhile elephants movements within or across provinces have been taken place regularly, this
incident might be a risk to receive FMD virus from other susceptible animals in the field. According to
no information on FMD surveillance in elephant has been documented or reported in Thailand, mostly
FMD was reported in cattle, buffaloes and pigs. However there was a single report of FMD type O infected
in Thai elephants around twenty years ago by Sirivan and Pemayothin (1993), it was found that four of
twenty elephants in a zoo in Nakhon Pathom province developed lesions. Infection had spread from the
neighbouring pig farm by oral route from contaminated or infected feed and there was no evidence of
FMD transmission from elephant to elephant or to other animals in that area. Similar report by Pyakural
et al. (1976) found FMD outbreak in Indian elephants (Elephas maximus) in Nepal, it was FMD type O by
virus isolation from the outbreak area. Interestingly, during the period of study, there was an accidental
case of FMD type O infection in one elephant at the elephant camp in Chiang Mai province by the end of

October 2010. The infected tissue from trunk was submitted to Regional Reference Laboratory at
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Pakchong, Nakhonratchasima for FMD diagnosis by antigen typing ELISA test and RT-PCR, the
diagnostic result was type O positive. An outbreak investigation of this incident was taken place for tracing
back to the source of infection, it was summarized that the transmission of FMDV was by ingestion of
contaminated feed from infected cattle excretion. There was no report of the dose of FMD virus required to
infect wildlife, but there were publication papers which were studied by Burrows et al. (1981) and Seller
(1971) reported that the minimum dose required for oral route infection in cattle and sheep was about
1x10° t0 2.5x10° TCID,/ml. However, a follow up of FMD surveillance in those elephants and infected
cattle in the outbreak area were conducted, blood samples from 25 elephants and 11cattle were taken at
14 days post infection. In table 3 and figure 2 demonstrated all elephants were sero-negative by LP ELISA
in 3 serotype, negative by 3ABC NSP and VIAA-AGID, whereas all cattle were sero-positive by
LP ELISA (>1:40) to 3 serotype, 2 of 11 or 18.2% was positive by 3ABC NSP and 5 of 11 or 45.5% was
positive by VIAA-AGID. Regarding to the history of vaccination in those animals, FMD trivalent vaccine
of O, A and Asial were vaccinated in cattle only but not in elephants. Hence, high antibody titers were
obtained in cattle sera as shown in table 2. The positive result of 3ABC NSP and VIAA-AGID indicated
that the cattle had been infected with FMDV. In addition, the VIAA-AGID positive was found in other
3 cattle, which might be false positive resulting from receiving multi-vaccination with inactivated vaccine
using binary ethyleneimnine (BEI) as an inactivant, (Pinto and Garland, 1979; Linchongsubonkoch
et al., 2004). In conclusion, this investigation demonstrated that elephant was not considered as susceptible
to FMD under the natural condition. However, the information from this study would be useful in

supporting the control and eradication of FMD in Thailand.
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Table 1. Detail of serum samples collecting from 13 provinces in various parts of Thailand where

elephant camps were located.

Region Map no/ province Total samplegs
2 {13) Chon Buri 199
3 (26) Surin 80
5 (39) Chiang Mai 42
5 (40) Chiang Rai 28
5 (44} Mae Hong Son 15
7 (57) Kanchanaburi 64
7 (58) Prachuap Khiri Khan 42
o *:';‘fl"-" Pegen 8 (63) Surat Thani 31
-'W:' 2 g (64) Krabi 9
[r—— .
—LEE 8 (65} Nakhon 5i Thammarat 45
- g (67) Phang nga 73
e 9 {71) Trang a9
T 9 (74) Patthalung 12

Table 2. Result of LP ELISA, 3ABC NSP and VIAA-ADIG test of 689 elephant sera from each elephant

camp in 13 provinces in Thailand.

Province MNo. of LP ELISA JABC NSP AGID
sample o] A Asial Positive MNegative Positive MNegative

Chon Buri 199 <1:40 <1:40 <1:40 - 199 - 199
Surin B0 <1:40 <1:40 <1:40 BO B0
Chiang Mai 42 <1:40 <1:40 <1:40 - 42 - 42
Chiang Rai 28 <1:40 <1:40 <1:40 - 238 - 28
Mae Hong Son 15 <1:40 <1:40 <1:40 - 15 - 15
Kanchanaburi 64 <1:40 <1:40 <1:40 - 64 - 64
Prachuap Khiri Khan 42 <1:40 <1:40 <1:40 - 42 - 42
Surat Thani 31 <1:40 <1:40 <1:40 - 31 - 31
Krabi 9 <1:40 <1:40 <1:40 - 9 - 9

Makhon 5i Thammarat 45 <1:40 <1:40 <1:40 - 45 - 45
Phang nga 73 <1:40 <1:40 <1:40 - 73 - 73
Trang 49 <1:40 <1:40 <1:40 - 49 - 49
Patthalung 12 <1:40 =1:40 <1:40 - 12 - 12

Total 689 0% 100% 0% 100%
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Table 3. Result of FMD surveillance in contacted elephants and cattle in outbreak by LP ELISA,

3ABC NSP and VIAA-AGID, serum samples were taken at 14 days post infection.

Species Total LP ELISA titer to FMDV O, A, Asial JABC NSP VIAA AGID
sample <1:40 >1:40 Positive /Total Positive /Total

Elephant 25 25 0 0/25 (0%) 0/25 (0%)
Cattle 11 0 25 2/11(18.2%) 5/11 (45.5%)

Figure 1. Number of elephant serum giving sero-positive by LP ELISA to FMDV
3 serotype, 3ABC-NSP negative and VIAA-AGID- negative,
demonstrated by provinces
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Figure 1. Result of sero-negative by LP ELISA to FMDYV type O, A and Asial, 3ABC NSP negative

and VIAA-AGID negative in elephant sera from 13 provinces.
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Figure 2. Result of LP ELISA titer to FMDV type O, A and Asial in
elephant and cattle sera in outbreak area
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> o Asial

2
0 n T T _| T T
<1:40 >1:40-1:160  >1:160-1:640  >1:640-1:2560
Elephant serum Cattle serum

Figure 2. Result of LP ELISA titer of elephants and cattle sera in the FMDV outbreak area, serum

samples were collected at 14 days post infection.
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1 o o

dninmalulagsd

@

a9 9.110%09 9. UATIIVFL 30130



nses¥wandaai Ui 24 ariun 12 d.a-ne 2558 33 J. Vet. Biol. Vol. 24 No.1-2 Mar-Sep 2015
o
YN

a o A a 9 = dy dy A a o A
lumswdaingunnriinazdoslimiasremsduiouveurodu lunszuirumsnaningu
o o A a ] 1 ] ¢ y o
dastaiwnaanlulnilnezdes uiimsdudlewdeis Tanaraut (mycoplasma)  lagmnie
& o
Mycoplasma gallisepticum (M. gallisepticum) Wag Mycoplasma synoviae (M. synoviae) cdﬁuﬂummsﬂ
a A A A Yy 1w o I ] a
voelsnaaroszuumuauniiels uaziveyneludededniauludaiiln asreanuderionia
9 v
wsgnelugaaunssumsiaesln dldihminaa n1seldasas uazdasinsaievesaisou

=

dy =3 Aa dy ] [ a a o a 1 [ o 9
qIvY W1ﬂllﬂ15@]ﬂl"]f@§’§lllﬂ‘llTiﬂuﬁ]ﬂ?ﬁl“ﬁa Wﬁ’ﬂiﬁﬂ'ﬁﬂ@ﬂauﬂﬂlﬁﬂﬁﬂﬁﬂiuqﬂﬂzﬂ'lslﬁ

AAaa 1

4 4
AMUTUUTIVOITTANINTY 15D mycoplasma A 1W1501FIA0E 1A 1-14 TU A1GUDN host UNTNTLY

U

Ay

[ 3’ dy 9 ] R} ] v A d' Yy a [] dy
Tasmsduia maiuvoveundd uazvinuy lng 1o wioudualuiagunluldndasinlilasase
MWz N13as9IHInede i ludeslfiamsdelinaredsAuana19iu (Stipkovits and Kempf,
1996)

o A o d o J dy g v A Yas

drinmalulagdinundnd (@n%.) as19msdutlou¥e mycoplasma vosindulaeldis

aaa = A X J I A a a a dy
asvURnsemedunll dudunsasiadu ladimaanniseiyauTaveude mycoplasma (Lonza,
b 9 9 2
2011) 14azA590UEWFD mycoplasma AeMIMIReslueIMITAsuTe MuITuIaTgulumsasn

& A a & a v = < &
mstuileunionisAaiie mycoplasma 1IAAIAIATIV (OIE, 2008) Laoed 13AAIWMTIINLIAEUTD
Y 9 =< @ s A dy = a a Y =\ dy A A a A
aoldnannude 3 dla esnneimaninau laduaziinimsduilounuanGoriiadu
"y ' & v A o oA )
5220 92 lia w15 01MILIFe mycoplasma 19 (Kleven,  2008) lumsasisguiusiaveusodos

' 4 [ Y v
mindSuande 1diTomaiioszuninszneganimadon Jegiiuiimaianiedr Tuanaiizoni
aaa 1 | a {
ﬂgﬂi Eﬂfg]ﬂT“IﬂL‘]JU real-time (real-time polymerase chain reaction; real-time PCR) Wumananaiugo

o dy 1o & 9 A a dy [

asuazdwunde Iae Lisuiudeunudsunaienou
1< A A w A a 09/’ a 1
real-time PCR 1iumatianwau1un91nnisiiulSuial DNA @28 PCR LUDAUAN 1A
a1503al5ua DNA Mieduese o namaualgnsonsuduaudugalgnser Tasnisasiaia
1131504U@ V04 Fluorescent reporter H481115008AA1NNLANA19UBUT U8 DNA lausiiyTunm

' Y

£
DNA uana1eiuidies 2 1 Ugaseinnadulinnudumizuazianuuiudige 19szeznadu uaz

'
a wva a

1o v A a L, ya o ] Y]
'lmmﬁuﬁmmuﬂsmmwa ‘wﬂﬁummﬂaeﬂﬂmm@ﬂg‘umﬂuuazﬁunﬂaeu (ﬂuﬂﬂ]ﬁﬁﬂl Uae

% IS)

Amz, 2006; 35¥ad, 2551) Tuilgfuiinsiunaiia PCR (aiaondl uazgnins, 2551; Algire et al.,
2009; Garcia et al., 1996; Zhao and Yamamoto, 1993) 11ai¢ real-time PCR (D1UA1 LaTAMUE, 2550;
Raviv and Kleven, 2009) n1Flunsasrvinde M gallisepticum W& M. synoviae Tagmn1zae1989

2
M3 1nALA real-time PCR 315 1un15A519M 140 M. gallisepticum 1Wag M. synoviae 14 allantoic



nses¥wandaai Ui 24 ariun 12 d.a-ne 2558 34 J. Vet. Biol. Vol. 24 No.1-2 Mar-Sep 2015

1 a 1o < a g
fluid vzg281dnMsaTIvfinnugndes niud 590157 LazA@IWITVENYTAVOUTD mycoplasma
~ i . . ' A a 4 & S o a
Mudlouly allantoic fluid 1dTae lideuiniSanse uiumsannnugadenouiilinde
I v A o = 1 & Y P £ 9
Wuiadu nazduilumsaannuidsaaemsnsznareganinuiadon 1adnnimileaie
S o s A = ax et £ . .
TumsnaaeatiiiagilseasdivodnyIsmansramstudlouveuse M. gallisepticum 1ag

M. synoviae W allantoic fluid N1Fd M5 unaaiaduiiimada inanlag any. #2833 real-time PCR

d ad
gUnsaiazisms

=

2 X a
1M ILaNLTDUVATILIY

E4 F4
= A

91115N121A04¥0  mycoplasma ¥HA modified Frey’s U52nouUAI8 PPLO broth w/o cv'

14.7 N3y glucose2 10 NI 1% phenol red’ 2.5 adans Noble agar4 1% luinau 710 Jaaaas v

= [ 2

g s o & A a o s 2
ﬂ51ﬁ§nﬂl%ﬂiﬂﬂﬂ1§ﬁ\1mu%@ﬁqmﬂgu 121°C aNuAU 15 ﬂﬂuﬂ/ﬁ151\1u3 HUIU 15 UIN NMINAINTITUN

Y 4 4 1
AT JUOIMITABUFRNYUNAN 56 °C NOUIAY 25% yeast extract 100 HAAAAT swine serum

a

(inactivated)6 150 ¥adan35 1% nicotinamide adenine dinucleotide (NAD)7 10 ¥aaaas 1% cysteine
hydrochloride’ 10 J0@8AT 1182 10% thallium acetate’ 2.5 Hagans mud1ey waulihiuneuimum

E4 E4
AVIUWIZIABIVUIA 60 Taauas UTuas 10 Jadans/Aumziaed ﬁm%’ummimmm%umﬁau

a

<] ] [ 1 [l [l y g a A aa I {
91111509916 1 ld Noble agar uisldviasameutselsuias 3 Jadans/maoa NUNaUNI 2-8 °C

E} U
Y

DIMITINIZIAL9TD  mycoplasma ¥iA Hayflick 103 UM UBUDIMITID0%0%¥HA modified

Frey’s 1A 1ugA3501%131/52n0UA8 PPLO broth”® 15.8 N34 1% phenol red 1.5 iiadians Noble agar 1%
g‘ o A Aan o Y zﬂy d! [} tg A a 1% 4
Tusihnau 750 Nadans Mlndsiaande Tasmstiaaingenguugil 121 °C anwau 15 Joud/

a 1

v 1 Y Y Y v
A5 WU 15 WA MerdIns ey queIMsifeuseigungil 56 °C NOUIAY 25% yeast

extract 100 UAaAA5 horse serum (inactivated)11 150 Yaaans 0.2% deoxyribonucleic acid (DNA)12
12 4a@aA5 Penicillin G (200,000 unit)” 5 UAAAAT 10% thallium acetate 2.0 UaAAAS LAz 10%
glucose 100 Hadans muawy 1U5u pH 1314 7.6-7.8 @28 IN NaOH'"*

onsEsuSIuATIEvYiia tryptose broth (TB) 1/5£A9UAWY tryptose broth'” 26 N3y azaelu

Y

v Y Y Y ¥
1nau 1,000 Taaans wialdvasa@euseilsuias 10 Nadaas/vaea i1 liisiaanie Tagnsile

' Difco, USA * IDP, UK ’ Sigma, USA
* Difco, USA * Lab M, United Kingdom °JRS, USA

’ Calbiochem, Germany 8Merck, Germany ’ Sigma, USA
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s i TunduluTnsans udhlassanusedioinsod real-time PCR Tae1% primer Asumzdoie
mycoplasma LAz ¥ IAMNAITIA 1 W 5 ase thanit 180/ e specificity Y94 primer RSN
dorie mycoplasma NULLATITBFUAN1

NINAGOUY accuracy

D.

accuracy 1HUAIAINAAIANUANTOVDA primer A nsoidihfAsn Idgndosdo DNA 7
fvamMInAaoL (Vaerman et al., 2004) 11111 accuracy Ta ﬂﬁn‘?;”f] mycoplasma a1 allantoic fluid 19
allantoic fluid 900 Ty TAsAAT 130 mycoplasma 100 luTasaas Tagvasad 1 A M. gallisepticum
W’dﬁlﬂ‘ﬁ 2 Wﬁm"]d;’t] M. synoviae ‘Ha’t]ﬂﬁ 3 Wﬁm"]d;’t] M. hyorhinis ‘Ha’t]ﬂﬁ 4 Wﬁm"]d;’t] M. gallisepticum +
M. synoviae ‘Haﬂﬂ‘ﬁ 5 wam%?a M. gallisepticum + M. hyorhinis ‘ﬁaﬂﬂ‘ﬁ 6 wam%?a M. synoviae +
M. hyorhinis uawaaﬂﬁ 7 Wﬁm%ﬁ] M. gallisepticum + M. synoviae + M. hyorhinis ﬁilsﬁlﬂﬁ”\i 7 viaoa |1
ana eDNA Jaanuyuduaziinmae1e eDNA Iaanuduty 5 i Tunsy/ lulnsans udanir 1y
AT IR S04 real-time PCR Tao1d primer fsumnzdoido mycoplasma HARZHIAAINAITIN 1

v £
o o o o

M 30 aserhmnla lddwaum accuracy U9 primer numzaoye mycoplasma HABZ YA
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MINATDVH precision
precision 1uA1ANUADS w%‘ammmju51Lﬁﬂmﬂﬂ1sﬁ1ﬂﬁﬁ§mc§mGluﬁmaz@mﬁu JEVES
RYINY (Vaerman et al., 2004) 1161 precision Tagii gDNA W1A7314 3 ¥ia (M. gallisepticum,
M. synoviae Wag M. hyorhinis) 1idoa1alfiiianudiudua199/ud183%5 10 fold serial dilution technique
(1-10% T i fRserdneinies real-time PCR ol g5 odiinlauasy 45 sou 9214 ct i
I

3 A59 1A CtugazANuduTuAIamImdulszansanuulslsi (%Cov) Taeldgaseail

%CoV = Al gAVUNINTIIU (Standard deviation; SD) x 100%

Aunae (Mean)

msmae‘ums#a mycoplasma 134 allantoic fluid

ﬁn“g’f} mycoplasma *ﬁ“lﬁmﬂmimm‘gﬂwauiu allantoic fluid NDL 15/57 14 allantoic fluid
1,800 luTlnsans o mycoplasma 200 TuTnsaas lagvaeni 1 HAIAD M. gallisepticum NapAT 2
WAWIED M. synoviae aoafi 3 Hawidfe M. hyorhinis 1HuyAAIUAN viaeaT 420 Wuiae1aly
m3nadoy Tasld allantoic fluid gamsk@aii 1-17 waoaag 2,000 lulnsdng miuiein 20 waea
pomiilu 2 @9 az 1,000 luTasans @ 1 e Eouio mycoplasma 114911311872 dudi 2
ih'lafia gDNA 11 gDNA fiardald115an10/5ia DNA tazsifAsen real-time PCR @38 primer
fsumnzeionie mycoplasma UAAZFTAANAITIIH 1 ilons 1M UAD mycoplasma 11A29814 allantoic

fluid
WNa

Standard curve tiag LOD
A o a o . . o aaa A Y Y
19U gDNA 910UTEN Minerva Biolabs GmbH ‘lﬂ‘mﬂaﬂim WO A3 standard curve taz 1%
1151105 U91MIAT 04 real-time PCR Auamiaianuiudunsaveanswinasgiu ®) nui R ves
1¥o M. gallisepticum, M. synoviae W& M. hyorhinis i 0.99831, 0.99794 114 0.99563 MUAAY AL
2
i1 LOD ¥041%0 M. gallisepticum, M. synoviae Wa¥ M. hyorhinis W 1073, 10" uay 10° WIerfoum
100, 10 uaz 100 tlulansu/lulnsdns awday gunginldlunisuendio cDNA  (melting

1 o P Y
temperature) Aduasz laveaie u. gallisepticum, M. synoviae W& M. hyorhinis szua 84.2 °C,

84.5 °C 1Az 86.8 °C AWAIAY aaaaralug i 1 uazm1san 2
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M3N59a0U cDNA IngdtezmlsavadanlnsiSda

et cDNA luasreereuTagitesmIsanadianlns T3 T wSewiouiu cDNA 1As g
WUAIDY cDNA TiFans i ldanide M. gallisepticum 18 M. synoviae ByU1A5ZU18 200 Frua
(bp) Ua M. hyorhinis Hyualszunas 300 bp ﬁmﬁmwa‘lugﬂﬁ 2
MINAaal specificity

Lﬁ'ﬂ‘ﬂﬂ’dﬁm specificity U89 primer MG, MS a2 MHr ﬁﬁsim%@ M. gallisepticum, M. synoviae
WAL M. hyorhinis WU primer Wa 3 ¥iiaf specificity 100% mmim‘i11J§ﬁ§m"ls?fﬁ‘iuw1wim§a
mycoplasma ez i unsailgisentunuaiicvriiaonld Suaamalumsd 3
NMINAADY accuracy

Lf}’fmﬂﬁ’fm accuracy U943 primer MG, MS (1ag MHr ﬁﬁ@iﬂl‘ﬁ”ﬂ M. gallisepticum, M. synoviae
wag M.  hyorhinis WU primer Wa 3 wiiad accuracy 100% mam'ﬂﬁmﬁﬁ?m'lﬁ’gﬂéfewimcﬁya
mycoplasma HAaz¥HA 115923 mycoplasma %ﬁ@éuﬂmﬁauﬁamsjﬁ’aﬂ Faaaanaluamsd 4
MINAADVY precision

Lﬁ’f]fﬂ gDNA 3 ¥ila (M. gallisepticum, M. synoviae WQs M. hyorhinis) ﬁﬂmmeﬁ'm’fwmq
(1-10®) lUnaeev precision Iﬂﬂﬁ1ﬂﬁﬁ?ﬂ1‘;§1 3 ﬂ% 111 Ct ﬁyq 3 ﬂﬁzwmueiagmmg%’u%’u gDNA 11
fUIUNT precision 3D %CoV WUIIMINAaDIANUI5U5IUTT00 3 precision g9 Aanaamaly
A15197 5
mwmramm%a mycoplasma 14 allantoic fluid

01120614 allantoic fluid $119% 17 FI0619 Wmadeumauilowmae mycoplasma 438
38 real-time PCR RTINS0 TAsTiae M, gallisepticum, M. synoviae 1
M. hyorhinis ‘uganIuaY Tinumstuiion v gallisepticum, M. synoviae Wag M. hyorhinis 1
allantoic fluid 1 17 #8614 inanTagthendnsadudaiiln dinmaTuladinsuaidad nsnladn’

AauENINa luA15199 6

a d
V1M
A A A (D= o J o YA ] ] ] =\ =3
mycoplasma tHunnaiisof lafimiugad 1519 limiven Gvua 03 89 0.8
luTnsiuas Tﬂiaﬁgﬂhlﬂima %@ﬂiﬂu class Mollicutes Order Mycoplasmatales §8TuUN Yu1A
v v
0.6-1.35 rwua (Mb) Uszaeudredudszuia 300 du wu'ldnaldialuau dad nazau

& o o & ¢ o ¢ . =
mycoplasma I(Juilymididglumsmzi@eusad nazlumslgdad (Willey e al., 2011) MsAnNy
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[l
Aaaa a

ANUHAINNABVDITINTINWAAI) HEUANYIINTU 16S ribosomal DNA (168 rDNA) &gl
A A
ﬂ’JHJﬂWQIJ’JZIQ (Janda and Abbott, 2007; Jill and Clarridge, 2004; Mangala et al., 2002) FIUNI%D
mycoplasma #e (qﬁ’amﬂ UazgNING, 2551; Garcia et al., 1996; Lauerman et al., 1993; Liu et al., 2012)
My l4 primer N UMIZADTU 16S rDNA VOUHD M. gallisepticum, M. synoviae W& M. hyorhinis (OIE,
[ 2 A
2008) Jadanummzaui lHdusudimumsasianuvenimuria Teazideadduiuaves
. (% A o aaa a o o Y A A o N Y
primer ataadlums1eh 1 lunmsilfnser PCR pnaiasududosnsi9dudiu cDNA Ndunsizi la
M3A5I9@0U cDNA 101U{N5e1 real-time PCR luninaasaldd SYBR green Hudisifoanas
(fluorophore) TuMIATIIAAA NN TINLUTUIA cDNA & SYBR green tijoogluaisazaisaziinsiios
uaalulSmadg uaddutualdueaey (dsDNA) nazszamewdsnueeninluglvealgossa
4 a 4 A dg‘ o d‘ A d? o 9 a a
wua TagdFunaudavlgoas sudazmuaua s UYL dsDNA Ay i ldausadaniunisine
cDNA ldnnsonvel§nser (e Tuie, 2549) nazainguantinvesd SYBR green 1 ldamisadi
melting curve analysis TagdinsizHanm melting temperature cdﬁuﬂumqmwgﬁﬁﬁﬂﬁ’ cDNA 1gna7
@ =) 1< = =] = A £ & a 4 @
pn9NNY Taslanmilundedgns milaazaeneInTInie (g5uns, 2543) MINENAIVDY dsDNA
winlflSnavesuasgeasdsudanatodanundu $11¥n310871 melting temperature U9

Y Y Y

4 '
dsDNA 1719 14 Tag dsDNA uaaziduaziian melting temperature NUANANAUNIHVUA VYA

4

o W I § 1 . { o
a1ﬂﬂlﬂﬁﬂ]ﬂﬂﬁ’]ﬂal@ul'ﬂ Eﬂ1ﬂNﬂﬂ1§°ﬂﬂa'ﬂﬂ@nN@1§’Nﬁ 2 11 melting temperature Y83 cDNA ﬁﬁ\ilﬂﬁ1$ﬁ

1@mde M. gallisepticum, M. synoviae W& M. hyorhinis Y 84.2, 84.5 1o 86.8 °C MIUAIAY

= [

2
fi1 melting temperature VYOO M. gallisepticum Wag M. synoviae N1 lndiAseiudaii cDNA 14

A voA g Y aq a aa ' A o 1 Y 4“‘
ﬁi’Jﬁ]ﬁ@ﬂﬂuﬂu@ﬂﬂiﬂﬂ?ﬂ?‘ﬁﬂ$ﬂ113ﬁLﬁ]ﬁﬂLﬂﬂI@iT‘V\li“ﬁﬁ WU cDNA V]ﬁﬁlﬂﬁWz‘ﬁhlﬂﬁﬂﬂH)"ﬂ
[ Y
M. gallisepticum 1% M. synoviae HUAUANA19RY 191 cDNA NFUATIZH 1d0de M. gallisepticum
~ g 1 Ao n Y & LA P 4 2
Hywa@nndn 200 bp uazAduATIZH IANINTO M. synoviae Huualnaindn 200 bp (319 2) ¥4
APANABINUUUIA cDNA AUAIT190 2 ua@nedn cDNA Adunsiz 1dilu cDNA Mnduniasna
4 S
16S rDNA U01%0 M. gallisepticum, M. synoviae W& M. hyorhinis u@ﬂ%1ﬂﬁ1uﬂﬁﬁ§ﬂ1 real-time PCR
4
asinsanm R iumnnuniluduns sues standard curve taaailsz@ninmmsiiliasoriniaiu

=

A [} a J = 1a aaa = aaa a d? = 1
ﬂ'i’iii’t]llll LUAITLHINO0-1 (0 Wiﬂﬂt‘lﬂnlllmﬂﬂg]ﬂﬁﬂW 1 ﬂﬂ1ﬂﬂﬂﬂ§]ﬂ§ﬂ1lﬂﬂﬂluﬂ) iagn1 LOD LAy

Y o

manudududrigaves gpNA Adunsoasranulalud§nser (Vaerman e al, 2004) 1nH@
1 H Y
M3NaaoIn NI 1 uaza13190 2 WU R® veue M. gallisepticum, M. synoviae Wag M. hyorhinis
Y
11 0.99831, 0.99794 1Az 0.99563 a1y gadeyalinl R* 911nd 1 uaasiimsignsonnadud
9 =1 [ d' A 9 A 9 d‘ [ a A A I
gadoyalinnuiusede minaaeeld gDNA masgu FuAUN 0.1 W1 Tuni/luTasaas nTenailu

U32379 100,000 158 (Zhao and Yamato, 1993) 1INHAMTNAABINUI gDNA V03 M. gallisepticum
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A A

= @ a 1< g
WAy M. hyorhinis 41 LOD 100 wuTansu/lulnsans wueaadulszans 100 t5ad aiu
= ~ [ a a <
M. synoviae e3n350a529N AUzl gDNA 1iiea 10 lulansu/lulnsdns wieaadudszinm
14
10 1¥@aa
A5 specificity, accuracy AL precision IINHANITNAABIAINAITINN 3 Lag 4 1ANTHIH
09.:/ 1 . o aaa Y o 9 1 dy 1
AT WU primer ﬁ13115ﬂ°|/l1ﬂ§]ﬂ§fJTllﬂLL‘]J‘]J‘NW‘Hg HagYNAoN 100% ©191%® mycoplasma LD
A Y a A A A A P ' ' . Aq ¥
A  udazire mycoplasma tazuuanFesiasuluilousy uaaddi primer Nldlunisnaaos
A & Yy A & & A A
mmm‘lﬂumamnmwa M. gallisepticum Q¢ M. synoviae L!,llilgllfﬂiﬂulﬂﬂulsﬁﬂuﬂﬂﬂﬁfJ
B. subtilis subsp. spizizenii, S. aureus, P. aeruginosa, S. enterica subsp. enteridis I\Q% S. enterica subsp.

2
typhimurium N301%0 mycoplasma ¥UA M. hyorhinis i’JiJ?JQ@S]}’JfJ NI1TH precision 6lI?N“]J;]ﬂf.iEJTI/\H]TJE‘LH

=

1 I~{ 1 % [ 1
1101 %CoV 1iuamansnnuulssivvesgadoya FasunAunua precision 11INHANITNAADY

U

Ay aaa '

v A
MUAITN 5 A1 %CoV  vownaazaNududuiiaies  uaawiimsiilgnseaazasall
Y = ..
ANuul5139meE Azl precision g4
dy tg aan

maasmstuileowse M. gallisepticum 1oz M. synoviae 11 allantoic fluid Tag1lA5en real-
. = = v ad a A dy dy ' dy dy
time PCR 1SouisunuIsmsasiaaunemsinedease lunumsdutloude M. gallisepticum uag

. . . 09/‘ o U A Y a o A ) v o g
M. synoviae 1 allantoic fluid N9 17 a08197 1¥lumswaninsudmsudaiiln
a5
Q

MIATINISE M. gallisepticum W M. synoviae A10U{N3019n 1BV real-time PCR Tu
allantoic fluid 91019 SPF 719 umskanSaduimadadofiumasuarlad wuizasd
precision q4 i specificity 11a¢ accuracy 100% e13130A390 gDNA V04 M. gallisepticum ianuidudu
f1qa 100 wluTansu/lulnsdas wSeihiu 100 wad dau M. synoviae ansansrony 1udoed
oDNA tfig 10 wlulanfu/luTnsans wiewiiy 10 wad nanzaudemsthl1siitedhss Suas

9 2
asoudumstdwtlewde M. gallisepticum g M. synoviae 1 allantoic fluid

afanssudszma

v A o

VOUDUAW AN QY. HYT NoIAIM  aW.Q.a1TA1 Dea¥un  gaiail quing nanfu
L

U bg

v [

v J 1 a o 4 a o A o aq Y 4
FUAMNFAWLVITIAN U AN FINANU La1IUY ndinma lulagyisundn) Wﬁlﬂﬂﬂnlﬁ)lglﬂﬁ']gﬁ

L)

Y
a va

A Y a s Y . . Y Y Ay A wa ' ~
1¥991999 91/nsaivea AN uag allantoic  fluid  VoVOUAMIIMIINYRARTANITNANIUR
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FroMaouazsIUIEANNAZAIN TUMIAUTUNIUITY HAZVDVOUAUAULNTTUMTHAMUIIFING

v
o [ 1 =

o o J o o o o/
dninma TuTassrdasidaimnmunldduugthuezud lvduniy
Y Aa
19NE1591999

v £
AUNITIN AT GAYY ANTIUAT HAzaiFoN N895351 2549 UHNTe1gn TrnoauoIT AU UAUAL
pazuUUNaTe NIns Inewndrmnansiazinemaguain 13): 254-262

Y

52 WaA QaAIUUN 2551 WUFIY real-time PCR  AMIZUWNIFNAAT UHIANOIGOVOUUAY LHAINN
http://microbio.md.kku.ac.th/site_data/mykku microbio/17/Real Time PCR.pdf 2 W{f MU
2555

[ = a a 9 an aaa 1 =3
qAaedl MWYBs uazgnIng ieus 2551 MalsziuanugnAeelslgnsegnls Indmwersaluy
dy dy % 4 dy a 4 4

msasrmmstudlowreslanarauluadmiziaes nsuINMAATNITUNNG 50(2):
87-102

a

@ o o & o a o 7 a a
gn1UAI ‘]_qlﬂJU‘IQI, ANl 05 1591 NIIANA INHIYV 'Jllﬂﬁﬁu IANTDINT llﬁguﬂluw%lﬂﬂ NALIVYINA

q oo

Y

2550 MIUENIYD Mycoplasma gallisepticum Ta® real-time polymerase chain reaction lszuna
4 a y @ 2 o 2 oA
FoemsizauInminedaiunndiazmsiaesdad aseh 33 i 157-158
a o Y Y A a g a o a

g3uns ez lrnanna 2543 Tassaduazrinnvesaoue Ty q5uns Jezlyauina ussansns
@ a § a 4 g { a @ J
WugIRINTsudosdu AuNAsIN 1 unIendeinbATAMaAT AN nil 10-12

ala1is TnA13N30] 2549 Introduction to real-time PCR and it’s applications AUZUNNIAANT

YH1IN mﬁﬂawmuﬂ?uw{ a9 http://gotoknow.org/blog/moleculartechnology/129105

3 18U 2555
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v v 2
M9 1 SIAVIUEVD primer NIWMICABIYD M. gallisepticum (MG), M. synoviae (MS) ag

M. hyorhinis (MHr)

Forward primer sequence Reverse primer sequence
primer
(5—3") (5—3)
MG GAGCTAATCTGTAAAGTTGGTC GCTTCCTTGCGGTTAGCAAC
MS GAGAAGCAAAATAGTGATATCA  CAGTCGTCTCCGAAGTTAACAA
MHr TGAGTAATAGAAAGGAGCTTCAC CGTCAAGATAAAATCATTTCCTATTCT

11: OIE, 2008

msui 2 manuiluduaswesnsvinaigiu ®) tazanudududige (LOD)

Qd‘ Y
wazguunNn 1y

Tumsuenaie cDNA (melting temperature) V9N M. gallisepticum, M. synoviae Q%

M. hyorhinis N@MNTOATIVND

LOD
amplicon size 5 . melting temperature

primer R sy Tansy/
(bp) - (°0)

luTnsdas )
M. gallisepticum 185* 0.99831 100 84.2
M. synoviae 207** 0.99794 10 84.5
M. hyorhinis 294%* 0.99563 100 86.8

*  .31: OIE, 2008

a 7.

A v A o o v o 1 a v o9 @ =
= Qg W3 nesdiga antugunmdaiuiena nsudsdad @oyadsluanum)
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(a) M. gallisepticum

)
i

.

Marm. Fluora.

I

10 12 20 22 a0 2z 40 2 Concentration

Morm. Fluoro
2.

0.4
02
0.0 I'W_.HG\U‘_ T T T T T T T T B E L z
LI 10 15 20 2 30 35 40 45 Concentration
Cycle
(¢c) M. hyorhinis
i i T T
= K E e T RCRCCCTCE e TR LR e ST TETPPPPEPPREPEPEREL B :
10 Hckine e A s st
g 1 0 SRR SRR . NS, TR
2 0.99563
§ o e R YL
“os g i e BT e s
.. iR R ER R R LR TR R L eI PR S P T LEEEEEER R
I i e e e st e e R
02 s
22t + 4 1
00 {Tireeran = - : 10 -1 10 10
5 10 1= 20 2 a0 3 P P Concentration

H A a v o 1
g‘ljﬁ 1 nslmsulsua DNA LL’dZﬂﬁTI/\I3JW]‘JﬁTLlﬂ’ZﬂllﬁiJWN‘ﬁiZ'Vi'JNﬂ’N?JLSIBJINSIBJ}u"lJ@Q gDNA Liag

A1 Ct 190 (a) M. gallisepticum, (b) M. synoviae Uag (c) M. hyorhinis
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M 1 2 3 4 5 6 7 8 M

400 b ——400bp

300 bg —300 bp

200 bp —200 bp

100 bp —100 bp
sz mMInsIdel cDNA TaedTezmIsdwacianIas IW3Ta veu¥o M. gallisepticum (lane 1),

M. synoviae (lane 2), M. hyorhinis (lane 3), B. subtilis subsp. spizizenii (lane 4), S. enterica
subsp. enteridis (lane 5), S. aureus (lane 6), P. aeruginosa (lane 7), S. enteric subsp.

typhimurium (lane 8) 148g cDNA 1193314 100 bp (lane M)

v Y Y
M319h 3 wan1snadou specificity U®Y primer AoL¥o mycoplasma me%mmﬂmiﬂﬁvu@mm

v A
Fuudeg19n 1nauIn/1uud 089N INLA)

primer
Mycoplasma species
MG MS MHr
M. gallisepticum (30/30) (0/30) (0/30)
M. synoviae (0/30) (30/30) (0/30)
M. hyorhinis (0/30) (0/30) (30/30)
M. gallisepticum + M. synoviae (30/30) (30/30) (0/30)
M. gallisepticum + M. hyorhinis (30/30) (0/30) (30/30)
M. synoviae + M. hyorhinis (0/30) (30/30) (30/30)
M. gallisepticum + M. synoviae+ M. hyorhinis (30/30) (30/30) (30/30)
B. subtilis subsp. spizizenii (0/30) (0/30) (0/30)
S. aureus (0/30) (0/30) (0/30)
P. aeruginosa (0/30) (0/30) (0/30)
S. enterica subsp. enteridis (0/30) (0/30) (0/30)

S. enterica subsp. typhimurium (0/30) (0/30) (0/30)
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M v Y v
M15199 4 HAMINATOL accuracy U®4 primer ﬁi]"uwwmz% mycoplasma (i]°1muﬁaeﬂwﬁslﬁ’wamﬂ/

A
PUIUAIDYNNIHUA)

primer
Mycoplasma species
MG MS MHr
M. gallisepticum (30/30) (0/30) (0/30)
M. synoviae (0/30) (30/30) (0/30)
M. hyorhinis (0/30) (0/30) (30/30)
M. gallisepticum + M. synoviae (30/30) (30/30) (0/30)
M. gallisepticum + M. hyorhinis (30/30) (0/30) (30/30)
M. synoviae + M. hyorhinis (0/30) (30/30) (30/30)
M. gallisepticum + M. synoviae+ M. hyorhinis (30/30) (30/30) (30/30)

o .. { D
M319h 5 M precision (%CoV) ﬁmmwmummmm M. gallisepticum, M. synoviae W& M. hyorhinis

AU
Mycoplasma species " 3 3 "
undilute 10 10 10 10
M. gallisepticum 0.1788 0.9465 1.1390 0.8832 -
M. synoviae 0.5070 0.3171 0.1637 0.0689 0.3801
M. hyorhinis 0.6216 0.6731 0.6452 1.6689 -
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v F4
M3 6 MINATOUN YD mycoplasma 14 allantoic fluid 11U 17 >A A167% real-time PCR 110

MIINZIAUTD
real-time PCR 22
allantoic fluid NITIWICLANUTD
MG MS MHr
allantoic fluid NDL 15/57 + M. gallisepticum + - - +
allantoic fluid NDL 15/57 + M. synoviae - + - +
allantoic fluid NDL 15/57 + M. hyorhinis - - + +

allantoic fluid 1 - - - -
allantoic fluid 2 - - - -
allantoic fluid 3 - - - -
allantoic fluid 4 - - - -
allantoic fluid 5 - - - -
allantoic fluid 6 - - - -
allantoic fluid 7 - - - -
allantoic fluid 8 - - - -
allantoic fluid 9 - - - -
allantoic fluid 10 - - - -
allantoic fluid 11 - - - -
allantoic fluid 12 - - - -
allantoic fluid 13 - - - -
allantoic fluid 14 - - - -
allantoic fluid 15 - - - -
allantoic fluid 16 - - - -

allantoic fluid 17 - - - -
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Detection of Mycoplasma gallisepticum and Mycoplasma synoviae in allantoic fluid using
for live Newcastle disease, La Sota strain, vaccine production by

real-time polymerase chain reaction (real-time PCR)

Saipin Khumsab' Anuruk Trakanrungsee1

Abstract

Mycoplasma gallisepticum and Mycoplasma synoviae are commonly recognized as poultry
pathogens. The avian mycoplasmas are associated with respiratory disease and synovitis. Many approaches
are used for the diagnosis of avian mycoplasmosis including molecular detection technique.
M. gallisepticum and M. synoviae in allantoic fluid for the production of Newcastle disease vaccine were
detected by real-time polymerase chain reaction. The specific primers for 16S ribosomal DNA
(16S tDNA) of M. gallisepticum, M. synoviae and Mycoplasma hyorhinis as control were designed and the
polymerase chain reaction performed with LightCycler 480 SYBR Green I Master. The result showed high
correlation of DNA amount and detection time as R’ of M. gallisepticum, M. synoviae and M. hyorhinis
(0.99831, 0.99794 and 0.99563, respectively). The lowest amount of detection of genomic DNA for
M. gallisepticum and M. synoviae were 100 fg/uland 10 fg/ul, respectively. The characteristics of
designed primers were highly specific, accuracy and precision. The detection was not interfered by
M. hyorhinis and other bacterial contaminations such as B. subtilis subsp. spizizenii, S. aureus,
P. aeruginosa, S. enterica subsp. enteridis and S. enterica subsp. typhimurium. From the result, real- time
polymerase chain reaction (real-time PCR) could be a method of choice to detect M. gallisepticum and

M. synoviae in order to monitor and confirm contamination test in allantoic fluid of chicken egg.

Key words: Mycoplasma gallisepticum, Mycoplasma synoviae, real-time PCR, allantoic fluid

'Bureau of Veterinary Biologics, Pakchong, Nakhonratchasima 30130
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MINMUIT indirect ELISA f1%SUATIUDUALDAND

hSatimasalulnlasaremmne

[

~ 4 3 a o ]
BITTIAU LWAUNI TN YUnIng
YN
Unnnee

MINAUIITATIM e UAveane ifaiimadalulnlasa¥emnie (Specific Pathogen-

= a

Y v
Free, SPF, chicken) @1¢73 indirect ELISA (NDV-ELISA)Iaaaseuusuaauainiilsanldan

nszuIuMsHaainFulindiFauinenuaziildusgniA107F sucrose density gradient

ultracentrifugation WU weudAnuANUGNIY 2 TuTasnsu/dadans munzanlumsinljiserd

' P
adAa o =2

9 v A
#F5u'ln199919 1:400 meldaniizveddTnwauvuilarvisalidnanisnaasvsinanielunan
(@827 (intra-assay) HAZAIUNAANY (inter-assay) 1A8A1 %CV 108N 12.30 1A 13.63 MUSIAL
M55 uls2anTn1MU0935 NDV-ELISA 196inatsidaay (cutoff ) Wan13naaouI1NA1 mean

OD .+ 3SD ¥93%5unaal Tasasisusudueane 15aiinmadanndsyla 149 1,015 19619

650

o w

amn = ~ @ o a 1 z amas o
A267% NDV-ELISA ilSsuiieuiuganssnduiegyl wuimsdeddtinnuaeandesluszaudiiy
(Kappa value=0.97;  p value<0.05) Taga13asaza11u laazanusuniziminy 100 uag 98.6

o w <3 1 as =1 a a Aa A = @ 0o
auday uaasldiiuinitnadeniidsz@niamhaifiouifsenuganaaeud szl nazimuz

Y
dnsuldasrvueudvedne lsaimagalulnlasayeomme 18

mdwe: himiiamasa ELISA ueuAved Iniasayermme

1

o [

o v 4 r'd [
#1inma Tulaganaundn) 8.010%09 2. 1UATIIFTN 30130
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o
YN

A a d y Fd oy & . . .
TsnmagailulsaseuianosnmsgunIwdad lan (World Organization for Animal Health

4
%30 Office International des Epizooties, OIE) Tadmuals 111!1:,@‘%15 adatlnuazmsfae (Avian diseases

1 E4
IS

. . =~ ' ] < - a = v A a
and infections) NNINszAw1TABENIIAGT Foauugnneliinalsatiae Tafatiiniada (Newcastle
. . 2 o T Y . . & Y o o o
disease virus, NDV) mmagiuﬂqu%ia Avian paramyxovirus (APMV) Vlg]ﬂuﬂﬂllﬂmﬂﬁﬂjﬂﬂ Tagduun
I = ] =2 v A a v Jdo [} 1 A =
pomiilu 12 @151l (APMV-1 © 12) hidmiihmaFannameiuiiaeglungu APMV-1 fioynindl
4 9 a . 3 v 3 =
WoruuazmelunssyasRUENIIUwiia single-stranded RNA  daazgnuilaswanilulusaulaseadhs
(structural protein) 6 wiia ldun hemagglutinin-neuraminidase (HN), fusion protein (F), matrix or membrane
protein (M), nucleocapsid protein (NP), nucleocapsid associated protein 130 phosphoprotein (NAP or P)
o A g v A a
18 large polymerase protein (L) (Das and Kumar, 2015) dadthenaade hiaiimasasiananierns
Y
= [ o [ 2 @ [l 1 <
Reundunazguusaouiliddaianegldnagdanielu 3-4 Ju wsee1n hinaasemsiheldiiu nazdes
p1aMInTININIRBuEUN R TiAMS
aa [ a a Y a wva o 9 dy @
fﬂﬁﬁﬁﬁzﬂ'ﬂﬁlﬂﬂiﬁﬂu?ﬂ1ﬁl“]§ﬂ'ﬂ?ﬂ'ﬁ@ﬂﬂ§]ﬂ@]ﬂ1§“ﬂ1VlﬂIﬂElfnﬁﬁﬁ'Ji]LW1$!.LEJﬂL"]5’t’]“],'Jﬁﬁi]1ﬂ

]
= A

17 Aa 1 1 tg A 14 dy A @ A i Y
olvzifisos Tsnluldlnlasadommzniolumadmizites suiluisngenuaz 14nauu uaz
Av Aa 1 amn . . . . % I ax 1 [
NMIATIININETUINGT ¥ U I5 Hemagglutination inhibition test (HI) fﬁqﬁmﬂmﬁmmj}m AADID1Y
anusnylumsudana wazdiTomaimanauinaia (false positive) A9 (Czifra ef al.,1996; Williams
et al., 1997; Xu et al., 1997) fagtiudelalimsiaunitasnane@suinerdromailn Enzyme-Linked
2 A q9 ax 2 A yYa q Y I
Immunosorbent Assay (ELISA) o ldmaunui® HI Fanareamive langeiilniviudl ELISA
=\ o ~ = v ad dyw Y ama < 1
Hau lazanudumzienifesduds 1 wennntdududThazalnuazsiasi amnsasiuna
9 A o va K I A [ a 2 Y a va QB/’ A o d? 9 A
Aoa30990 luld Juiluivensuuayionldlunenqianisngduuuinienninldomse
o .
LANATDUTUIVF 51 (Das and Kumar, 2015; Sahle and Burgess, 2002; Greiner and Gardner, 2000; Koch
et al., 1998; Srinivasan et al., 1992) WwReIRUMIATIININaaziEhszSamanalsaimadgaly
P - o o du o
vhsulniaeaiemme (specific pathogen-free, SPF, chicken) ¥edd1tinma Tulag¥idasdnd (ans.)
o < A o 1 1 1 = [
ldganadoudusagliniudiainaredszma udvzazaindemsldaunaiisininoudiegs
@ a v oA a 4 a o A ) % 1 3 a

Tuvazi@ednu any. naa hsaiimaFaie 1¥naaiadu vinth hfadnanunladuneudou

a0

A a a a é’ Y 4 I 9 o ¥ 0 <
lW@ﬁﬁ'ﬁn’i']U,ﬂu@Uﬂﬂﬁ@Iﬁﬂu'Jﬂ]ﬁl“]fasllucl(’]ﬂﬂ\iVlﬂﬂglﬂuﬂ']jaﬂﬁuv‘!Uﬂqﬁu“ﬂn%ﬂmﬂﬁﬂﬂﬁ“ﬁ%Eﬂ

4

[ Qsl‘ = g AR A
ANUU NMIANHINTIUII

@

anlszasdiiie 1¥uoudAnu whole virus 11ANTZUAIUMIHAR TAFUINRALTD

4
nageudmsuasmueuausdaae hiadimmdalugslnlasaommzdromaiin indirect ELISA
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d ax
gunsainazIEms

h¥athmada
4 ¥ oA a @ o ] 1 g
o lSatimaida droiugarladr lu allantoic fluid 910 4 lnfndasadommizery
2
9-10 3 TasRae lsadSuw 10° fifty percent embryo infective dose (EID,) 191114 allantoic cavity
' k4 v

Wosaz 0.1 Hanans Uundgungil 37 °C ANUFU 55-60% w1 72 F2Tu
Y | S
BRLARETREY

A o 1 dy ~ [} Yo dy A v A 1 o @ 1 Yo

F5u'lndaeadermmizn hime lds ui¥ensedndunineu $1uU 200 @20619 1AsuIn
thenagouguamindudaiiln any. elFdmiuswiamainada (cutoff)

A o 1 o [ a a A ) @ 1 [~ A o 1

F5u'lndmsunaaevudsziivdse@nsom $1uau 1,015 dred1e wieiudsuannihonagey
auamiadudaiiln any. §1u0u 699 daed1a  ngulaTadiner anniuguawdaiurend suu
101 #19619 waz¥eelfiianis lfaine quiidouaziauimsdaaunndainnz Jueen d1uau
215 A106719
manssueuAnyhiatmada

o v A a . . Py A A a A g

hsaimadaly allantoic fluid TTuwes 7,000 xg Ngungil 4 °C w15 WA 1w
daulaliiumies 98,000 xg A181AT0Y ultracentrifuge’ NYWMUYHN 4 °C WU 3 2119 30 WA 91NU

a A 4 a A 4 A A J
ATAATNOUAIY TNE buffer (50 Uaa 1uans Tris,100 Jad 1ua1s NaCl, 1 Jaa 1ua1s EDTA, pH 7.4)
wazidnluansazaiy 20-60% (w/v) sucrose gradient U189 98,000 xg gaIHnd 4 °C W 3 FI 114
4 '
30 Wi niwAudIe1a lyandrennududu 40-50% sucrose MDA TNE buffer 110
0 v Y v v ' '
TumIesdnnsai 98,000 xg Ngangil 4 °C W 3 %213 30 W17 azateaznoui 1dAI8 20% glycerol
lu TNE buffer saziimeudnui lauasinanuuignitazanusuwizveuouanuiudsulnild
A

naudnae Salimaisanie3s SDS-PAGE Liag Western blotting assay 9101uas193ad5mna T1s@u
&8 bicinchoninic acid (BCA) protein assay kit meﬁiﬁ AYWRUAIUN -20 °C
msmannzimanzanlumsnilfn3enves NDV-ELISA @ae38 checkerboard titration

A a d‘ Yy 9 1% 1 A 1% 1 A Aaa

0B UANUNANUTUTUTEAVA1Y 7D 0.5, 1, 2, 4, 6, 8, 12 TulasnTuasiiadans lu
coating buffer (0.05 Tuans carbonate bicarbonate buffer, pH 9.5) uazi@uadlu ELISA plate3 nauag

100 luTn58AT ﬁuﬁqmﬂ@_ﬁ 4°C 91UAY A1NaAAY PBST (phosphate buffered saline containing 0.05%

Y
@ a

tween 20, pH 7.2-7.4) 5 A5 1AW blocking buffer (1% skim milk 1u PBST) ®ynnaue az 200 lulnsaas

' Beckman coulter XL-1 00, USA ? Thermo Scientific Pierce, USA * Costar 3560 ™ 96 well, USA
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[ 4
LAIANFTUAIANTIID UL two-fold dilution A28 blocking buffer AguA 1:50 DI 1:1,600 HNAZ

v
a

100 luTasans Unngungil 37 °C w1 F2Tua Hramandao PBST 5 a¥a 910t conjugate (rabbit
anti-chicken Ig-HRPconjugate)4 199914 1:6,000 Tu blocking buffer NAHQN ag 100 luTnsans ‘]JliJﬂ
amgil 37°C 1 1 $2Tus dramandan PBST7A%e AITUAL TMB peroxidese substrate (3.3°,5,5™
tetramethylbenzidine peroxidese substrate)5 nauas 100 1ulasang ﬁnﬁqmw@‘ﬁ 37 °C Glu‘ﬁﬁﬂ WK 15 Wi
ngAf301820 TMB stop solution’ Nnvaue az 100 lulnsans Wi lUsuarganaunda (Optical density,
OD) i 650 1 T113IAT 326154 ELISA reader’

mavdesazinlszansuesnnumlstsi (Y%coefficient variation, CV)

1w

quied 1935 Ui InawInuazkaaunnganadeuds 131 BioChek” $1uan06 9z 5 F0619
NAABUAIETE NDV-ELISA Tnenadouisazd 1061981 § a5aneTumanidond (intra-assay) L1AZNATOU
ARz A BN L AR e AR AR (inter-assay) 31UIU 5 1WAA 1A OD UYBIMINATOUUN
SnsfitomAuiieuunnasg i (standard deviation, SD) tazAduszENF VeI IMITU5 U (4CV)
(Reed et al., 2002)
NISHIAYAAA (cutofh)

narouR0619551 InaoaEeimnIz s 200 §19619 @675 NDV-ELISA 1iagiiina OD
71 650 W TR AUIINAURGY (mean) nazmduiounnaTgIv (SD) e3ATIZHM cutoff
V0975 NDV-ELISA
msdszdivlszansmnvedds

1) asrmeuAveane hiaHmmFaludsulnae3s NDV-ELISA

MmsnaeumandoeuRnuANUISuTLR 18910311 checkerboard titration 11 ELISA plate
wauaz 100 uTasans Uigaivigii 4 °C Swdu damandae PBST 5 %1 1A blocking buffer Hauaz
200 'lulnsdas wazdndsulanaaen (=1,015) ianuitenamingan nquaz 100 Tulasdas vui
QNI 37 °C Wy 1 F2Tua Bramand s PBST 5 A%a Mm@y conjugate 1999719 1:6,000 11 blocking

a

1 ' v v
buffer ¥que a2 100 TuInsans Unhguugl 37 °C wiu 1 $21u9 dr1amand e PBST 7 A59 A

TMB substrate Hquaz 100 1uInsaas uungamgi 37 °C lufidla w15 i uazi@y TMB stop

solution viguaz 100 lulasans 1hlieruman oD 7 650 1 TuiwAs #201A509 ELISA reader

* Sigma, USA KPL", USA °KPL", USA " Tecan, USA
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2) A5%F5uNATRUAIYANATEUE U531 BioChek” (MINTUUZI1VBIIHEN)
@ 1 o . ] v {
99919A29619F5U (n=1,015) 1:500 §20 sample diluent reagent 8411 ELISA plate 15931 1iuf

qmwgﬁﬁ’m WU 30 U A1UNANAIY wash buffer 4 AT LAZIAY conjugate (anti-chicken IgG alkaline

[l
= a

Y 4
phosphatase) UNNUHYUF 09 U1 30 U1 A1UNAAAIY wash buffer 4 AT 1INTUAY substrate

(p-nitrophenyl phosphate, pNPP) ﬂuﬂ’qmﬁgﬁﬁ’m WK 15 Wi ﬂgﬂﬂﬁﬁ?ﬂﬁ’m stop solution LAZOIUNAAT

OD 9 405 W TUWAT A81A309 ELISA reader taziiiwania l@dundiuavian S/P ratio tazdaduwan
. I

S/P ratio=0.35 11luuan

S/P ratio = AURAY OD,,, AIDENNAABY - OD,,, YIAILANAL
OD

VNAIUANUIN - OD,, YBIAIUANAL

405 405
a Jd v
ﬂ1§3!ﬂ51$1’i"“93&a
a 4 aa A = = a A an o
AnIIzviHaN eI suneullss @n5n Muedds NDV-ELISA uazganaaauduiagll
® ° ' e ' ° . . ' o ..
BioChek” Tagmnamainnua (sensitivity) ATNITNINNIE (specificity) AWIINTUNAUIN (positive
predictive value, PPV) ANGINTRINAAL (negative predictive value, NPV) HAZAINTIONSTUNNADA

(Kappa value)

Wa
' a ¥ A a A Y a a‘{ 2 9 dgl
WU weuann hyaimada Anen laianuusgnivaziduduiu vnnisnadon
o tg 9 9 an Aaaa 1 = a v Ao 1A tg [

AT UNZITeIAUAI8IT western blot WuLEVURATTzn I T sAuEUARUAUFTL InAade T 5d
imasaldeddanu enadouian1igfmanzuneds NDV-ELISA 91001511 checkerboard
. . [ Yy 9 a A (% a Aan A A o I a
titration WU ANMTNTUVOWOUANUN 2 TuTATNTWATAdEARS HazANNTEINESY 1:400 1Wlwl5ia
Mg guansonenANULANA NI EHINGSuAIANDINIEzAugua IdFanuTasanlfnsern

Taisuwz e 1% skim milk

]
S

Tums¥esazdulszansanutls1ls1uuee3s NDV-ELISA Wi %CV 404 intra-assay
FAatumelumamdefureaduuan (n=5) DYILHIN 2.88-11.42 UATHFTUAY (n=5) DYILNIN
3.00-12.30 15U %CV Y0933 inter-assay HIAATUAIINAA (n=10, R=5) 0521319 0.37-13.63 39 %CV
6lI’tN‘Iflgjﬂ intra-assay Q¥ inter-assay ag:'"lummcﬁﬁﬂan%’u”lﬁ’ (Jacobson, 1998) ﬁmaﬂﬂumiwﬁ 1

wamim‘nc?i”umuamumﬂ'lfiﬂaamfff?amwwﬂﬁmu 200 @70613 1471 mean OD,,
Wiy 0.125 uaza1 SD Y 0.06 il 1uIUN19ARAYE93T NDV-ELISA #UT mean OD,, +

650

2SD 1M1 0.25 1aEN mean OD, . +3SD 11101 0.32

650
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@ ' 14

HANTNATOUFTUSIUIU 1,015 A10019 #2035 NDV-ELISA fsufuyanageuduiagll

BioChek” WU1M3A6A OD . >0.25 UFSUN 1HHaLINATINUIIUIU 316 A10819 HAAUATINY 31U

a 650

]
L=

662 #106719 wazdsuilinauinaeis NDV-ELISA udl¥naaudeyanaaouduiagil BioChek”

o =}

11U 37 §29619 Tasa1nu 110U 100% AIANUIUWIZINNY 94.7% VazNaada OD . >0.32 ¥

a 650

FSUN WAV INATIOUTIUIY 316 §I9819 LASHAAUATIDUTIUIU 687 A10819 TasdsunIinauInae

®

3% NDV-ELISA ual¥maaudeganaaendusagl BioChek” T81uau 12 @10819 frnawluviiy
100% MANUIUWIZINNY 94.7% HazHamseausu1un13ada (Kappa value) ¥03N9a099aaa1n 01

0.918 118 0.97 (p value<0.05) MUAIAD Awaadlua1319h 2

a J
Jasamazagima

4
=~

Y Y Y ax
FUASIVNUUAIIIT

4

Y Y
AMIANYINT A 1A 1AT suLOUALIUIN whole virus 111 VT g

o
~

m
ultracentrifugation HIANAIIINAITANB IV Miers et al. (1983) uonuaziuigns 1259910 allantoic

fluid Taemsanaznoudleasiall wunl¥ina@niin131y crude antigen YH Sahle 11AE Burgess

@ aa . ' a A ya o ' a =~ Yy ad

(2002) 1on 125818375 ultrafiltration WuImeUAIUD IATANNS Wz ILOUAUNLEN |AR187T
. . ] <] a A A o o an dyd a =

ultracentrifugation 8819 lsnautoUALIUNIATou]Fd1MTDIT NDV-ELISA iifianuuSgniuazidudu

BINBHFIANTOUINANUUANA NI ENINFS VIAazan Ideg1aFany

= Y

a a v A a 1 &L o 9 Y
mimnmuﬂumuaﬂm@%iﬁuammclfaclunlﬂﬂaem%amwwmzﬂuﬁm'lﬂNa‘naﬂ@muaz

a

1o = Yas aa o o KR 1 o < o o <
UUUY 'mimﬂﬂi“lﬂ‘ﬁgluﬂﬁﬁl’i’J‘"l]’J‘H‘"ﬂﬂﬂiiﬂﬂ’ﬁﬂTLNﬂ1ﬂ’Nllll’JLLﬂ%ﬂ’NlﬁﬂLWWHJuﬁﬂﬂiUu ?JEJNlliﬂﬁmll

1i53sas030anelan v nu lazanudumz 100%  eraRanaLINAI (false positive) LAY

v
2 9

HARLAN (false negative) 14 91nMInAaesiifitemiunisidennuai lumsdadunauinuazauyedis
' [ [ [ 4
NDV-ELISA tite1# lanaavaisiiosiga iilosnindesldasiadsinnasaninTsaiiamasansga

+3sD  TagA1 OD . 1ANIHS oMY 0.32 azutlanaluuinysonsrany

650 650

=< A o A
WiaonIaaan OD,

a 1 v A a 1 1 I ] a 1
ueuavedae hiaimada uaza1 0D, Hooni1 032 szwlawailluaunionsie lunvueuduedae

v A a A dy a a a ax A o d? Y
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+2SD 1182 OD, +3SD 110U 100% 11503 1LUN

0o . [ Y {
d15931 BioChek” wunaanulvesgadai oD, 50

Innaaeuniueuavedse hiaiimmda lanwua dauannusumnzvesgadai 0D, +3SD (98.3%)

650

¥479n11 0D +2SD (94.7%) L1AzA1MIBOUTUNEDA (kappa value=0.97, p value<0.05) og lutnaisd
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o ' J % @ 0o < .
oouTUTUBI9A 0.8-0.99 (Viera and Garrett, 2005) 4 1¥nadoandosnuganadouduiagl BioChek”
Seannsarinldlumsasnidieludealfidmsvesthonaaeuguamwindudaiinla

J 1 J P
msmuquizuuvhsulndasadommzvesany. Idiuldawmasguazdedimnsinlsn
a a A A o an d‘ o d? dy 9 Y] zﬂy 9
Wmenda megudumisilasalsaluge 35 NDV-ELISA fivannayutiamnsalsnsianansoauiioddn
. N o ' - < o 3’ = 3 v
(screening test) MInWaMsn329%5 1 Intasasommziuuin szdesiimsaiaddnasidieifaie
1 an aq g [ 3 9 1 3 Yaaa o 4? 1 Y 1 g
1 3% HI wazdTimnzuende e iudu ed1elsnaudisnianivezjadunadeu Indasaide
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INA# (intra-assay) HAZIEHIUNAA (inter-assay)

Intra-assay Inter-assay (R=5)
Mean OD+SD %CV Mean OD+SD %CV
1.76+0.110 6.30 1.3840.03 2.17
ao 1.260+0.144 11.42 1.40+0.12 0.85
YINVIN
1.83+0.164 8.96 1.40+0.09 6.42
(n=5)
1.72+0.131 7.61 1.35+0.05 0.37
1.99+0.057 2.88 1.37+0.04 2.91
0.10+0.003 3.00 0.09+0.007 7.7
o 0.13+£0.011 8.46 0.11+0.015 13.63
HINAU
0.15+0.009 6.00 0.14+0.009 6.42
(n=5)
0.13+£0.016 12.30 0.08+0.001 1.25
0.12+0.008 6.66 0.12+0.008 6.66

% CV = (SD/Mean OD)x100
n A0 NUIUAIBE

R A9 911UWan
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% A1NUIUNIZ(Specificity) 94.7 98.3
% ANEINTAHALIN 89.5 96.3
(% Positive predictive value; PPV)
% ANEINITBIHAAY 100 100

(% Negative predictive value; NPV)

Kappa value (p value<0.05) 0.918 0.97
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Development of indirect ELISA for the detection of antibodies against

Newcastle disease virus in specific pathogen-free (SPF) chicken

Areerat Pangpeng1 Saipin Khumsap1

Abstract

The Newcastle disease virus indirect enzyme linked immunosorbent assay (NDV-ELISA) was
developed to detect antibodies against Newcastle disease virus in specific pathogen-free (SPF) chicken.
The antigen was prepared from Newcastle disease virus infected allantoic fluid which obtained from
the vaccine production process. The whole virus was separated and purified by sucrose density gradient
ultracentrifugation. The optimal concentration of the antigen was found to be 2 pg/ml when reacted with
a 1:400 dilution of serum. The method was consistent according to the assessment of intra-assay and
inter-assay coefficient of variation (CV) which were less than 12.30 and 13.63%, respectively. For an
evaluation of the NDV-ELISA, the cutoff value between positive and negative was determined based on

the mean absorbance of negative controls plus 3 standard deviations (mean OD_ . +3SD). A total of

650
1,015 sera were tested by the in-house and the commercial kit in parallel. The results revealed that both
tests showed close agreement with each other (K=0.97; p value<0.05) and gave relatively high sensitivity

and specificity at 100 and 98.6%, respectively. Therefore, the NDV-ELISA can be used as a screening

test for the detection of Newcastle disease virus titer in SPF chicken.

Key Words: Newcastle disease virus, ELISA, antibody, specific pathogen-free (SPF) chicken
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