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ARHBTF. TR FEMF. M2E Rt RN, —FE3E, FOEHF, IERRE

(649 H 3 H%2M. 6410 H 30 HZH)

[TECHNICAL REPORT]
Preparation of recombinant anti-classical swine fever virus GPE™ monoclonal
antibody according to the National Veterinary Assay Laboratory regulation
for the distribution of standard products

Moeko KIDA, Maiko YAMASHITA , Mariko OCHIAI, Hajime SAKAKI, Nanase HIKICHI,
Masato YAMAZAKI, Natsumi Ichinohe, Mayuko NOGUCHI, Kinya YAMAMOTO

National Veterinary Assay Laboratory, Ministry of Agriculture, Forestry and Fisheries, 1-15-1
Tokura, Kokubunji-shi, Tokyo 185-8511, Japan
(Received: 3rd Sep 2024, Accepted: 30th Oct 2024)

Abstract

The monoclonal antibody 3D11 (3D11 MAb), which is reactive with the classical swine fever virus (CSFV) strain
GPE" is used as part of the indirect immunoperoxidase (IIP) method for virus content testing of classical swine
fever (CSF) live vaccines. In this study, we investigated whether the recombinant monoclonal antibody 3D11
(recombinant 3D11 MAD) could be used for the IIP method instead of 3D11 MAb. The gene analysis of 3D11
MAD and recombinant 3D11 MADb preparation were outsourced. The potency of the recombinant 3D11 MAb (Lot.
cAb8588-1.1) to detect cells infected with the CSFV strain GPE™ decreased progressively from x8, 000 dilution,
although it remained detectable at x64, 000 dilution. Dilutions up to x24, 000 did not affect the IIP method-based
virus content test results, and the absorbency of the infected cells with CSFV diluted from 107" to 10~ decreased
as the recombinant 3D11 MAD dilution decreased from x8, 000 to x64, 000. Therefore, we suggest that the
recombinant 3D11 MAb could be used for the virus content testing of CSF live vaccines such as 3D11 MAb (Lot.
2021.09.30).

25
PURER Y 4 VA GPE™E / 7 1 — Fuditfk (3D11 $iufk) (&, KRBT A )V 2 GPE RIS L. KEVE
TIFrDIANAGHBERBROMEA 2/ VA X5 —BiE [P ) I 5, 4E. 3D11
Pkt LT, Varyed oy Ve 2 a—F Bk () a4 2 b 3D1LHiK) ASIIP R
WA RED % Wi L 720 3D11 itk @& fE T AT K 05 2 > ¥4 > b 3D11 Stk o ESI MR EEE L 726
EB L 720 a2 €9~ b 3DILPUfR (Lot. cAb8588-1.1) 1 2,000 ~ 64, 000 f& A B £ TR Y £ L 2

VEMOKEERIEE - KRG KERSE R
Animal Products Safety Division, Food Safety and Consumer Affairs Bureau, Ministry of Agriculture, Forestry and Fisheries
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ARHEWE T IR T- EEHT s, RIEE, RN, —FESE, BOEfT. 1IARRE

GPE #RBE AL % Mt © & 7225, 8,000 B A 2 S 1345 4 ICHE A3 2 Puih s 25 L 720 24,000 545
METIIMPHEIC L2 NVAGEEERBRICHELY G2 ol £/20 R a3 F b 3DIL ik
7 8,000 f5~ 64, 000 FEAFUZ BT, 7 A IV AEGSHILOWSCEEE I, 7 A )V 2 OFAREESIZHE LT
KT L7 SHNODOEENS, SHEE L 727 2> Y9~ b 3D11 ikl 3D11 Hifk (Lot. 2021.09.30)
EFEZEOWIREZRL, CORBELTREET 7 F o0 A VAGHEERBICHEHTRTH L 2 EHVR
X N7z,

wE

By B 5 AR A T C U B R 8 i M AR I AR R B I AT B AR (IR 45 AR RARE &R 56 637 %) 10k
D&, BWHERENLOGEREOREEHED 2O 2 EENK SRR L, B HERN A —
F—EZEAT LT\ B PURENY 4 VX GPE £/ 7 1 — F)VHikIL, B n sk e CE
14 4 MK EAR SR 1567 770 BiEXIEEE) OEERKLET 7 F 2 (= Fay M) OFOIKE
BT F2 (= F) oA VAGHERE (MZEREVEF T F—+¥ (IIP) %) TSRk
HED—>TH b, £/ 7 a—FVHifkz w7 1IP FEEfEILS (1993) 12X o THESZ Sz, TIP
WCHWSE 7a—F iRz, FH5 (1994) 25GPE BROBETH 2 KE Y £ VA ALD # % Prli
LUTHE L7=3iRE Y £ )V A GPE™E 2 7 0 —Fuiifk (3D11 k) %A LTV 5,

FREVE T 7 F 3R 18 4E 3 Al eIk 2 MEHY 7 F v L LTHEM L oy MEE
WEGESNDLORE L ST ZD720, BREET 7 F 0 8aE XA — 7 — 1281 5 b BB UHE 12 fF
N5 3D11 Hifkid, PR 18 4EA S AT LT\ 5 3D11 Hifka v b (Lot. 2006.03.30) (F A S 2006)
POEFIN TRV, LA L, P 30HE 9 AICERAET26 R ITEBENFE L2 LI2E), 4
MICAE 10 A X WIRBAE T 7 F » OB S, FEMOKSED 7 F V8o v ML 72,
D) IR AT BFTIC BT 5 3D FLEOFREEA AR L. KEED 7 5 Bl X —J —
3DI1 RO EMBE S 720, HHi7zizay b (Lot. 2021.09.30) Z#FAE L7z (ORHS 2023).

D11 HifkiE. NA 7 F—~<flilaz~ 7 ZICEAE L, EAREHRIT 522 ETHERL, BAiLTw5
A BRET HEHEROME L Vo 2FIEIC L DN T R~ HlEER L T L E o A, (ER
B OBATAARU L 7 %o F72. BIRALOBLEAS . EBREWOBHZHIRT 5720120, L%
VISR EE BRI ARENH B, ) Ty EF MUK, FUROEET 2 BB ¥ -0
LN BFMEANEAT L ECHEAESNATETH S, COFETRERBWEHEHN T2 &2 Uk
REATE, TFELEICERDEA TS, 22T, ZRI3DILPEDO) Iy EF v ME/ 7 0—F )b
itk ()3 e k3D Fufk) 2R L, OPEICHEHTRETH 2 2 E L7z T, 2OBEICD
WTHRET %,

MERUOFE

1.1\ 7 R—=<#IROEEFHEMRS)IEF > b~ 3D11 fEADOIER

—80C TIRAF L T 7ehtfkiE AN A 7)) F—~#liffa (3D11 HifkEANA 7)) F—~<flfa) (FHS
1994) %, HARLOHP (2006) #BHEIZ LTy By AV AE TR AV ATK T 5 PRIPUEEE D4
JaFIiE (RS v 8y - NLF T —F 4) % 10% RN L 72 S-Clone SF-0O3 #5#h (Iwai North
America Inc.) TH:ZEL . g L 72885 o FR% 15 x 10°%ells/mL & LT 2~ 3 HHEFMT 15~ 30
x 10°cells/mL & 7 % & 9 1ZABL THEAR L 720 B85 L 72 3D11 Bk A N1 7)) F—~<#filg% 1.0 x
10°ells/mL Ll & 72 % & 912 RNA PRAEHICAERE L. funakoshi #aU&4EI2 %4 L. Absolute Antibody
BRI &R 3D1L PLik O Em TN (N4 7 K=< 25 QPRI EFHIR cDNA D> — 7 20> v 7

104



B RS ARSI R i RS AT BUAR |2 D S AT 5 A BUREN 7 A WAGPE £/ 7 0 —F VHifko ) 2 > ¥ v Mk ERORE

ZEY — ¥ A https//www .funakoshi.cojp/contents/64307) J Y1) 3 > ¥ 4 >~ b+ 3D11 Hifk o /8L
(HEXpress #H#f2 2 PLARB 2 — Y 2 https//www.funakoshi.cojp/contents/67292) % {KHE L 72
H o7 3D RO BETIERP OB TAREER L, BRIy —~Dr0u—=0 7, Th%
HEK293 MligIC N 9> A7 227 b9 42 L THI, SHITHRL, VarEe) b 3D (Lot
cAb8588-1.1) AMEH ENTze TOHETIET VT I U Y 1gC BRAET ., Bk sE T hzen
72O, EmERIEPEONL L SN T,

2.)a>EF> b 3D MAEDEET 1)L GPE HIERHRR

EL 720 a2 > ¥ 2k 3DILHUERIZ DWW TP I & 2 IRE Y A )V A GPE Mt BRAL % 5FAiffi L 72
MPHEICHWAEAZ ) == ZHPUR 7L — MILT O L) IS/ER L7z HiE 1213 3D11 Hiitk (Lot
2006.03.30) &l L 72 TIP #%:C 10* TCIDs/mL % 7~ L 72KEh 7 1 )V A GPE #k % 10 f5A R L TH 72,
PK15 Ml (A B B i FH B 28 (0.295% Tryptose Phosphate Broth (TPB) (Difco Laboratories) % &
HEHA =27V MEMEH [ =y A4 | (HAREEERSH) 120 10% 47 4V ZAETHI Y A v ZAHF]
PRI Tl RS Y v /8y - N F v —F L), 0105% RBERKFEF MU 7 4, 0.002mol/L
L-Z70Vv% 32, 100 A7 /mL AR =2 ) > GA Y7 A, Olmg/mLigA ML 7 h~A v v EEt
b D) T 1L0x10%ells/mL IZF#E L THW2, 96 X7 L— b (fEANX—2 74 Mkt MS-8096F)
D 1RIZDE, KB A )V A GPE ¥k 01mL & PK15 MifE 0.1mL % [ EREAE L CHURR MR E L7zs $T
Rz, MR E R 229 0.1mL & PK15 Mg 0.1mL % #24& L 7z, 37C. 5%CO, F T 6 HH%s
#fh, 7L — b& PBS(+) TEEH L. —30CISHAEIL 72 80vol% 7k F Y PBS(+) (7 F ¥ (BEE£7
AV A FDGREEERR R AE) ) CTREE L7,

a4 b 3D HifkE 10w/ v% 4:1miE 7 V7 3 >~ (BSA) oy 7 A ONv 7 A [= v
24 (1) (HRSEERREI) 120 LOw/VBBSA - 75 7 ¥ 3 > V pH70 (FIYG#i3E T3Erka &4t .
0105w/v% KERAKFEF M) A E &L L D) T2 000575 64,000 15 F THR L. AFEORE % T
JE 7L — N OPUERITER 5 R & BURBEMER 5 %12 0.05mL $2h 2 720 37C T 60 4 RGH%. PBS(+)
T L 055w/ vWBSA Moy > 27 A (10w/v%BSA fill/N > 7 A0 BSA % 055w/v9% (23 U7z
bo) THRLIZAV A X F— B~ AY ¥k u 7 » (CAPPEL#55563) % & C DK
12 0.05mL 2012, 37C T 60 7 BUG & ¥720 PBS(+) THEitR. 2E# (0.2mol/L V) > & —0.1mol/
L 7 = o (pH5.0) 20mL 12 0-7 = =L » U7 3 v ¥aEkE (Sigma-aldrich, Merck ) 10mg %
ORIk FEAK (B 7 A v 2 HehigEkaH) 0004mL 2Nz 726 @) % 01mL iz, #GL T
2 C 30 43ROt & 25mol/L BBk 0.05mL % i 2 TS & 5 1R €720 492nm K OF 630nm THOGREE
ZWI5E L. 492nm OWOGEE> 5 630nm OWOGEE & f U7zl &2 Bl LIOGE M & L7z, U ARRIZ BT
% 1P 1, FICREEDS R WREIZOW TR IO HEIE o 720 BIAEREREDO Y A VASHERRIZE
W, IREY AV A GPE MR Fa 1t 1 58 (X HUR B 14 7 O WG EE B ASHUR B 14 7R O OB o 2 £ DA
FOWSCEMEEZRT Z EDFRMTH D 72D, PR O GEE 2P B 7 O WG fE 0
2LV KREVEE B oo Hh. ZOHRPERIZBWT, )Ty ) v b 3D HUEIEIKEE Y 1 )L R
GPE #A MW RETH 5 & HIT L 720

3.032EF> b 3D11 faDiEEN

Jar s b 3D Bk R ZHERET 5720, KB 4 )V A GPE #k. HARRZEY 4 VA, K
ISVET A NVA, BIEREEHETIA VA, F—TAF =K A VA, RFRATHET R A VA, RESH -
MR EAEERE 7 A VA, R Y A VA, B —a T4 VA LB R —a 7 A4 )V A 2 BIR KA
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A4 b AFaT AN ZOREGMIIE T, 1,500 fEAR L7z 2> ¥ > b 3D Pk —kPifk & L,
T RPUEIZ Alexa FluorTM 488 goat ant-mouse 1gG(H+L) Hif& (invitrogen, A11001) % fHf L 72 [
PR (IFA ) 2L 720

4.1)a>EF> 3D RiFEHVEE#T AL GPE U 1L A EBERR

) a ¥ b 3D BUEDIKE Y A )L A GPE BRPUE 2 it C & 2 AMOFFHNIZOWT, BjEA]
HEDOKIAET 7572 (V= F) OTANVAGEREERRICEL 2P EEERKL, VarEF s b
DI MUARDEFAHIC BT 52 7 A VA GHEREORKRLY LB L 720 BB ROV Cld—IoRL & 53-8 i
T OF Tukey 12 & % 2 B HEHRIE & F\ CRGHIRIT 24T o 720 7 A )V A1% 3D11 #itfk (Lot. 2006.03.30)
xAE L7z TIP #:C 10 TCIDsy/mL % 7Rk L 72JKE 7 £ )V A GPE #% v 72,

EERRAE
1. 3D11 fLAEADEEFIBERR V) 2> EF > h 3D11 fufk
3D11 HifEKEEANA 7)) B — < file O BT 515 5 7z 3D Lk O #RF i % Fig 1 1R
L7z0 #5172 3D11 Uik O FESH K OEEH O 58 B I O #EIRFHLANIC D & 3D ko727 7 A
. B S (1993) OFEEF UL IgGlk) TH B ENRFES NI RIS aEF U b
3D11 PRI IgG &= % 1mg/mL IZFHAE S LTz,

2.)32EF> b 3D11 EDEKET 1 )L X GPE #I R HER T
IRER 7 A L A GPE™ R O F 2 I P 1 /R DO W SEFE A ASHUR BEVE R DI SEREfE o 2 f5 L)L E o

1. Heavy chain
Signal peptide of heavy chain (57bp)
ATG GGA TGG AGC TGG ATC TCT CTC TTT CTC CTG TCA GGA ACT GCA GGT GTC CTC TCT

Variabe region of heavy chain (360bp)
GAG GTC CAG CTG CAA CAG TCT GGA CCT GAG TTG GTG AAG CCT GGG GCT TCA GTG AAG ATA TCC TGC AGG GCT TCT GGT TAC TCA TTC ACT GGC

TAC TAC ATG CAC TGG GTG AAA CAA AGC CAT GTA AAG AGC CTT GAG TGG ATT GGA CGT ATT AAT CCT TAT GAT GGT GCT ATT TAC GAC AAC CAG
AAT TTC AAG GAC AAG GCC AGC TTG ACT GTA GAT AAG TCC TCC AGC ACA GCC TAC ATG GAG CTC CAC AGC CTG ACA TCT GAG GAC TCT TCA ATC
TAT TAC TGT GTA AGA AGC GGG GGT ATT AGG ATG CGT TCT TTG GAC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA

Constant region of heavy chain (972bp)
GCC AAA ACG ACA CCC CCA TCT GTC TAT CCA CTG GCC CCT GGA TCT GCT GCC CAA ACT AAC TCC ATG GTG ACC CTG GGA TGC CTG GTC AAG GGC
TAT TTC CCT GAG CCA GTG ACA GTG ACC TGG AAC TCT GGA TCC CTG TCC AGC GGT GTG CAC ACC TTC CCA GCT GTC CTG CAG TCT GAC CTC TAC
ACT CTG AGC AGC TCA GTG ACT GTC CCC TCC AGC ACC TGG CCC AGC GAG ACC GTC ACC TGC AAC GTT GCC CAC CCG GCC AGC AGC ACC AAG GTG
GAC AAG AAA ATT GTG CCC AGG GAT TGT GGT TGT AAG CCT TGC ATA TGT ACA GTC CCA GAA GTA TCA TCT GTC TTC ATC TTC CCC CCA AAG CCC
AAG GAT GTG CTC ACC ATT ACT CTG ACT CCT AAG GTC ACG TGT GTT GTG GTA GAC ATC AGC AAG GAT GAT CCC GAG GTC CAG TTC AGC TGG TTT
GTA GAT GAT GTG GAG GTG CAC ACA GCT CAG ACG CAA CCC CGG GAG GAG CAG TTC AAC AGC ACT TTC CGC TCA GTC AGT GAA CTT CCC ATC ATG
CAC CAG GAC TGG CTC AAT GGC AAG GAG TTC AAA TGC AGG GTC AAC AGT GCA GCT TTC CCT GCC CCC ATC GAG AAA ACC ATC TCC AAA ACC AAA
GGC AGA CCG AAG GCT CCA CAG GTG TAC ACC ATT CCA CCT CCC AAG GAG CAG ATG GCC AAG GAT AAA GTC AGT CTG ACC TGC ATG ATA ACA GAC
TTC TTC CCT GAA GAC ATT ACT GTG GAG TGG CAG TGG AAT GGG CAG CCA GCG GAG AAC TAC AAG AAC ACT CAG CCC ATC ATG GAC ACA GAT GGC
TCT TAC TTC GTC TAC AGC AAG CTC AAT GTG CAG AAG AGC AAC TGG GAG GCA GGA AAT ACT TTC ACC TGC TCT GTG TTA CAT GAG GGC CTG CAC

AAC CAC CAT ACT GAG AAG AGC CTC TCC CAC TCT CCT GGT AAA

58]

. Light chain
Signal peptide of light chain (57bp)
ATG AGT CCT GCC CAG TTC CTG TTT CTG TTA GTG CTC TGG ATT CGG GAA ACC AAC GGT

Variable region of light chain (336bp)
GAT GTT GTG ATG ACC CAG ACT CCA CTC ACT TTG TCG GTT ACC ATT GGA CAG CCA GCC TCC ATC TCT TGC AAG TCA AGT CAG AGC CTC TTA GAT
AGT GAT GGA AAG ACA TAT TTG AAT TGG TTC TTA CAG AGG CCA GGC CAG TCT CCA AAG CGC CTA ATC AAT CTG GTG TCT AGA CTG GAC TCT GGA
GTC CCT GAC AGG TTC ACT GGC AGT GGA TCA GGG ACA GAT TTC ACA CTG AAG ATC AGC AGA GTG GAG GCT GAG GAT TTG GGA ATT TAT TAT TGC

TGG CAA GGT ACA CAT TTT CCT CAG ACG TTC GGT GGA GGC ACC AAG CTG GAA ATC AAA

Constant region of light chain (321bp)
CGG GCT GAT GCT GCA CCA ACT GTA TCC ATC TTC CCA CCA TCC AGT GAG CAG TTA ACA TCT GGA GGT GCC TCA GTC GTG TGC TTC TTG AAC AAC

TTC TAC CCC AAA GAC ATC AAT GTC AAG TGG AAG ATT GAT GGC AGT GAA CGA CAA AAT GGC GTC CTG AAC AGT TGG ACT GAT CAG GAC AGC AAA
GAC AGC ACC TAC AGC ATG AGC AGC ACC CTC ACG TTG ACC AAG GAC GAG TAT GAA CGA CAT AAC AGC TAT ACC TGT GAG GCC ACT CAC AAG ACA

TCA ACT TCA CCC ATT GTC AAG AGC TTC AAC AGG AAT GAG TGT

Fig. 1 DNA sequences of 3D11 MADb.
Total mMRNA was extracted from 3D11 hybridoma and single stranded cDNA was synthesized.
Sequencing data was obtained by NGS (Next Generation Sequencing).
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Dilutions of recombinant 3D11 MAb

Fig. 2 Assessment of Mab titer in recombinant 3D11 MAb (Lot. cAb8588-1.1) using the IIP assay.
Absorbance values of recombinant 3D11 MAb diluted from x2, 000 to x64, 000 were plotted. The
solid line represents the absorbance of PK15 cells infected with CSF virus strain GPE- (mean of 5
wells). The dashed line represents the criterion for the antigen-positive value, which is the double
absorbance value of the mock-infected PK15 cells (mean of 5 wells).

W2 7R T 2 LR TH 2720, PURBEROWIEENE K OHUE R R OWSEEED 2 B ED %
NENDPIMEDHER & Fig.2 (2R L7zo PUEBMEROWIEEAEIZOWT, Va4 ¥ b 3D11 Hifk
DAFREEZRAT 2,000 ~ 6,000 5 £ TTIIW S WSRO T IE R S5 N> 7275, 8,000 ~ 64, 000
& X TOMNTIIABEREAT-095 Z7R L. ABEER & OB IC OB D bz §XTOH
BUZ BT, JUEBEEAROWBIEEED 2 2B 2 AW EEEEZ /R L7226, Jar ) b 3D
PukIZA 7% < &b 64,000 5 F TORMMTIKEY £ )V X GPE RO RETH 5 2 & DMER T E 720

3.Ja>EF> b 3D11 HiEDEEM

—RPUKIZY) 32 EF > b 3D1L HUAZE H\ 7z IFA 08 FR, KB £ )V A GPE™ BRIEGLHINL T34
BEGHOEDFRD HNT2AS, GPE RSO 7 1 v ARG B\ CREREEtIRBIE s T, Jay
Y > b 3D1L FURIEIRE Y 1 VA GPE RRISH L CHERMIZKIS T 5 2 & SR s Lz,

4.1)3>EF> 3D A ERWEBE# YA IILX GPE %71 IV ZAEEERR

)2y ¥F v b 3D PURDEAREERIZBIT LIKE Y A VA GPE MDY A )V A &4 = Ol 2G5
% Fig 31l L7z, V) a s » b 3D HfEOAm A% 64,000 f5 & L 72BE il fE 1. 2, 000 ~ 4, 000
f5. 12,000 ~ 24, 000 5 AR T OMIEM & i L THEEIEWEE 22 o 720 720 32,000 f5A7 T ol
EARIE, 12,000 AR CTOBEEM & I L THZIERWEE 2o 720 BLEOERED S, TP 2BV T
Jar ¥ b 3D PifE%E 24,000 f5F CORMCTHEH LA, V14 VAGHEERBOM R IEE
L Z W EAURE NI,

WIZ, TANVADOFRERL ) a2 ¥F v b 3D PURDOFHREROBRICOVWT, Y1 VAEGHE
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Titers of CSF virus (strain GPE")
(logloTCIDSO/mL)
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Dilutions of recombinant 3D11 MAb
Fig. 3 Assessment of virus content test with recombinant 3D11 MADb.

The titer of the CSF virus strain GPE™ stock was determined by using the IIP assay with the
recombinant 3D11 MAb at different dilutions. Virus-infected wells were identified by the antigen-
positive value criterion (described in Fig.1), and then TCIDs, was calculated. The data shows the
mean with a standard deviation of the IIP assay, which was carried out three times independently.
The titer of CSF virus strain GPE™ is 3.1 log;o,TCIDso,/mL as determined by the IIP assay using 3D11
MADb (Lot. 2006.03.30). *-**, +-++:p < 0.05

Fig. 4
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Dilutions of 10-1 102 103
CSFYV strain GPE-

02,000 @3,000 =4,000 6,000 @8,000 o12,000

Dilutions of recombinant 3D11 MAb
@16, 000 8524, 000 =32, 000 048, 000 @64, 000

Relationship of the absorbance value of recombinant 3D11 MAb dilution and PK15 cells
infected with various amounts of CSF virus strain GPE".

The absorbance value data was obtained from the assay carried out in Fig.2. The graph shows the
mean absorbance value of positive wells in PK15 cells infected with the same amount of the virus.
The titer of CSF virus strain GPE™ is 3.1 log;,TCIDso/mL as determined by the IIP assay using 3D11
MADb (Lot. 2006.03.30).

108



B RS ARSI R i RS AT BUAR |2 D S AT 5 A BUREN 7 A WAGPE £/ 7 0 —F VHifko ) 2 > ¥ v Mk ERORE

RERTE S N 2 X720 Figd lZ, B4 VAGPRERIZBOWCHMEE o727 2 VO
FEEIZOWTFEEZEHR L, Va5 2 b DI HEOGRELEOM T LR E Ry, 71
VATHUEHRAT 107 ~ 1072 KOV a2 » ¥F ~ b 3D11 LD A REEZDS 8,000 ~ 64, 000 5 F TOAM
IZBWTC, FU7 A VAFHHERIZB T 2BOEMHEAY) 2 2 EF > b 3D1 HuAO A HAEERICHE L C
BT LA SOZEnS, ML) arEF b 3D HUEOFRERIZB T 2WBEMEIE Y 1V A DO
FUAERICHBE L RT3 5 2 LAVRS Lz,

ER

L RES L 720 2 ¥~ b 3D1L HifF (Lot cAb8588-1.1) (&, 47 < & b 64,000 15 F TOAIUE
RTHIUIKEY A )V A GPE MO EETH 1) . KB A )V X GPE #RICKFRIZSUS L. 72,
24,000 AR FE TORMPUEETHIUL TP FEIC L BEE T 4 VA GPE MO 7 A )V A G HERBOREF
ICHBEZGZ W LR TE L, INLOKES, S, 3DI1HUE (Lot 2021.09.30) & FfEDPEIRAS
RBOENIZZ e, RBEYD 7 F v OEFRREZ D1 PuAORER L L AN TH L L E 2
SN7ze BAED 3D11 PUADEE T EEE, K28 L7z 3D HLikEE N1 7)) F—< il % ~ 7 A JEHEN
IZHAE T 5 2 & THIRAMFR L T 525, BIW~52 2 RO, ERE O MFHHIRNZ & B
FEBROFERIZ BT LHREDR D L. £720 N 7)) F=<HllgIconTH, ZHISHliao 2 > 74 A
WE M, RET A HEROME LR D) A7 038 ) . EHARIGHEE S L, —H., Jares
Y MNURE, PUROBEETIERESS 2 LB TEIUSEEDS TR 20, SHOBEICL) ., Thbo
EEASE R T X BT REMEASRIE X N7z BIIEY 2 v ¥ v MIEOEBIZ S TH 505, Sk &
D —RgE R AHEA, ZAMiC 7 duE 3D1L Prfk oM & LT, BEHERFISE & L COFERLDTTREIZ R S
LEZ LN,

5| 3k
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Study on testing mycoplasma contamination detection using applied
PCR techniques
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Abstract
Testing for the detection of mycoplasma contamination is stipulated in the General Rules in the Minimum
Requirements for Veterinary Biological Products. In addition, the formulation of the testing method has been in
process to prepare the guidelines based on the International Cooperation on Harmonization of Technical
Requirements for Veterinary Medicinal Products (VICH). Moreover, the testing method has taken a very important
role in ensuring live vaccine quality and safety. Currently, combined preculture in selective liquid medium and
identification on agar medium have been adopted for live mycoplasma detection. Since identification on an agar
medium is time-consuming, we have been studying a new method that replaces this identification step in the
current method with a PCR-based approach. Furthermore, we established a comparison between the new and
current methods in various aspects (e.g., specificity, sensitivity, examination length, and labor load). In this study,
we used 7 mycoplasma species. In confirming primer specificity, we performed high-resolution melting curve
analysis, which demonstrated that the primers were indeed Mycoplasma genus-specific. Furthermore, to confirm
the quantitative PCR (qPCR)-related detection limit, we described that this method could detect the genus
Mycoplasma at 10 CFU/0.1 mL, and the correlation between the qPCR and agar plate culture methods could be
observed at the DNA amount by qPCR and at the bacterial number by plate culture. In a comparison with the
changes in DNA amounts and culture time-associated bacterial numbers, the culture method could not detect
Mycoplasma contamination after the logarithmic growth phase, whereas qPCR could. We concluded that our new
approach could shorten the test period compared to the current method while yielding equivalent specificity and
sensitivity. Therefore, qPCR could be introduced as an official test method for mycoplasma contamination

detection in Veterinary Biological Products.
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Research Institute for Animal Science in Biochemistry and Toxicology
PR ST b — TSR
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25

XA 3T T A EHERBRTL B A R R iR L L CEO LN T h, F 72,
B R 3 i O AR R AR O TN B3 2 ) (VICH) 1SS EERT 204 K74 Y iZBw
THLRERFEOHREIHEATEY . T 7 F X OMER O ZEWHRO -0 ORERE L CTid CER
ALEDTICH 5 BRIETH 2o BUTHE TR, MAESUIEER T 2 REIRE T S 2721212, IR
FHIC & 5 a0 = —oREENREE X HAGDE 7 FEPRH SN Tn b, BREZEMEEIZHE F T2
HES 22025 Z b, Fexld, BUTHEORERBR TAEZ 28 PCREE (LLTF [qPCR#E:] w9 o) 12
X AR EE (DU [S8RE] Evoo) el fFRME, &E. SBHER T HEOB
S, BUTHRE OB AT o720 A TR TREO~Y A 37 XA~ w v, @il 7
TAX=INIA AT TATIBIHFRINTH S Z &, qPCR FETIIMHERAA 10 CFU/0ImL TH 5 Z
&, qPCR ¥ & ER PR B2 % R L 72 & & A qPCR #:12 & 5 DNA & &SP Rz L 5
EHUCAHBE AR b7z 2 &, DNA & & B2 RIEIICHERR L 72 & 2 A, 8538k Tl B % 8
XD EMIBTERVOIZH LT gPCR & TIE B DUE b Ml AT e T 5 2 L AR T & 720 Z
NHEOZ Ens, WRFEIBATEHEL HE L CTREEH B M TS, MED LOFRERORELH LT
B, KNEdE LTHRHATRZEREHT 2 LmoOT b,

de =
S-S

YA 3T T A TmE s, B A RS (LT TEAR] Lwv)o) 1Ix a7 I Axn
BALTWARWI EX2ERT H7200RBETH ) . BIAEROmE R OZEME LR 2 BEE 2 %E %
BLTWD, RRBEE, RO EN BB AW F AL (LU [BARREE] Lvn),)
Wbk e LTSN TB Y . BRI OB S TR RS EGORBE L L TGRESN TV A,
BAT OB AR IEHE TIE, ARRBREIC, AR IS X 2 B3 f OSSE TP LS X 2 H R E O sBR TS
WHEIN T2,

BT, R T ECI224 OB L2835 2130, 8 ORI RS O MEIC & b 5%
DA E % 2T 570, BRI O 55 & 057 1) OBREOBLE D S WED 72O ORED L\, <A
37T AT ERBEON R E % RS IIE, BT AV A, BiEERS% 0 PCR BUSIZHEEH %R
TBENDHLMWEPKREICEIN TV L, CNLOWMENPLORERE /202, MikEL ER
PCR (LL'F TgPCR] &\wvr9o) ZMlAEDLELUREDKE S, ARESREME, MBEESO#
HIZBWTHBATEE LD ETh ) . B H IS WEUL O DNA & 022 5 AW OB AT T
HbH T EDPMHERINI IBARS 2007, LUF TBEFE] Lo,

B
~A AT T ARBEBDBREOUR T HNE L-BEE 2SI 10 FLLE2%EE L, 2= PCR I2/RA
HBMAREHERLTWDLEI EDS, KRS TIE PCRIFZEDRBEMEICOVWTHEET A L EHI1C, &)
BRSO RIE L OFEBEE 2 27— 7 # IUE - T L, WERENBITELFESD LoMEEZ AT %
TERRT 5o
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1. MERUVAE
11 Y4375 X7k

AMETIEITHEEOYA 2T 7 A<Kr Mt L7z (Tablel)o Z DM, Mycoplasma fermentans.,
Mpycoplasma hyorhinis, Mycoplasma orale, Mycoplasma synoviae N U Acholeplasma laidlawii 1% VICH
GL34 ERURF 12 H ARPR A BE 2 M2 L 2B oS BKETH ), WMINER T EZE S (EDQM :
European Directorate of the Quality of Medicine) 7S G EI Nz~ A T2 75 AR TH D, Z DA,
B AR EEEIZIEO W~ A 27T A B ERBRICHV 255 ORI BV T R & 2 2 WAET

& B Mycoplasma hyopneumoniae ;. U8 Mycoplasma gallisepticum % L5 L 72,

Table 1 Mycoplasma strains used in this study

Strains

Origin

Mycoplasma fermentans BRP (Y0000692)

Cultured cell

Mycoplasma hyothinis BRP (Y0000690)

A fattening pig with arthritis

Mycoplasma orale BRP (Y0000691)

Vero cell

Mycoplasma synoviae BRP (Y0000689)

Trachea swab of a broiler chicken

Acholeplasma laidlawii RFS (Y0000693)

Keratin cultured cell

Mycoplasma hyopneumoniae ] (NCTC10110)

ATCC

Mpycoplasma gallisepticum C5PT

Livestock Hygiene Microbial Strains

Mycoplasma gallisepticum KP-13

Livestock Hygiene Microbial Strains

1.2 <4375 X <R
~A AT T ATHERFRIGE ~ A 277 A~ A, SiEFIEEo KRR~ a7
TARBERBEFEIHESI N0 ERHH L 720

1.3 RFEHIEEREEE

YA 3T T A HEAAEEM 1 mL H720) 10CFU LTNICHRE L2~ A 2 77 X~ iFilEl % 100 mL O
~A 37T A AR AR L 7o, 37CC 14 HBeREE L, 55480, 3. 7. 10 XU 14 HZIZ,
B o—#a B L 720 B 7285#d, gPCR Y~ 7v e LT -80C CHsRAT 52—, BT
FICH VD720, &5 2 TIVOBERERNICZO— % BEMAR L. SR % KA 01
mL #AE LT 37C. 5% CO, i T C 10 HHEE 2%, Bl s hcan = — e EwiHe LCEHllL 72,

14 w4375 X<DNADES
1) DNA i
100 uL O HE 25 QIAamp UCP DNA Micro Kit (QIAGEN) % Hi\v»C DNA $iHi %17 - 72,

2) T2 PCRRIt
Wong-Lee JG and Lovett (1993) 12X D g5 SNz 7T I 4 ~—% H\w iz,
Forward Primer : GGCGAATGGGTGAGTAACACG
Reverse Primer : CGGATAACGCTTGCGACCTATG

112



U7 NVE A LAPCREZISH L2~ A 275 X< Tt BE o mE

qPCR It i 225ul & DNA #fi i i 25ul = £ & L. Step One Plus (Applied Biosystems) T
qPCR #4175 720 qPCR JUBIZIE QuantiTect SYBR Green PCR (QIAGEN) % w7z, RIS,
95C 15 DR, 95C 16 #, 60T 30F, 72C 308 %2 194 7 vk L, 404 7 IVIZEEEL 72,
PCR #£1& 1% Step One Plus (ThermoFisher Scientific) % v 7z,

3) HEMEOHEDR
THREDO~ A 277 XRIZDOWT qPCR JUS M ORI BT 2 47 B o8 2 fEE2 L 72.

4) BHBEFROBE
THEO< A 275 ARIZOWT Table 1 IZ/R L72IEE ORI % 10CFU ¥ T 10 5B AR L .
BABHUZDOWT DNA OE=ZIT\V, MHERAZHE L 72,

5) BEXRFRIBHIEEE L (PCR & & DEE

BAEREEO —RHABREOH O~ A a7 7 A EEARIIB O THESRE LTHWLEN S
M. synoviae |22\ THERPAREE #iBE 381 TR S 17z CFU O # & rPCR TR 5 72 4Hxf DNA
EICL ) AREMRZ G & W OMBERARZ 7z,

6) EEICHES DNA E0RIENZT(LDBIE
I3 LAHECIVERELAIN LA 27 I A THBEOELEY 7 V6 CFU # &5 BT 5
LBz, BT NVo qPCR 21TV, KEI2HE 9 DNA & ORI EL 2 Hl%E L 72,

2. K&
21 T4 —DEEMDOME:S

TIAR—OREEE THREO~ A 377 A~ % HWTHERR L 72,

Step One Plus % F\> 7z @lfE AR 0T 12 & 2 B (Tm fH) &, Z-E M. fermentans 7% 83.3 ~
84.2 C. M. hyorhinis 7% 829 ~ 835 CT. M. orale 7% 82.8 ~ 838 T. M. synoviae 7% 825 ~ 833 C. A.
laidlawii 7% 84.0 ~ 84.5C . M. hyopneumoniae 7% 815 ~ 824°C . M. gallisepticum 7% 81.3 ~ 820C TH 1) .
THHEDO~YA 3T 7 A0 TmHZ, Y4377 AXBIHFARMEEZR L7z, EOMRNS, FEER
AW T I3 =34 a7 T AR TH 5 2 EDHER S LTz

2.2 gPCRIEIC L BH&HRA

qPCRICE D THHE DO~ A 277 X< 2 v TR 2 BE L 72 qPCR % Tid, 10 CFU/0.1mL
¥ THIEAFED b7z (Fig 1) o PCREEDHRIIRF L, 10 CFU/0.ImL TH ) . AT DIERFAREE
WEFELEII BV TR OMRE L L TR 545 100CFU &l /0.1mL & A5 Td - 72,

2.3 rPCR & EBRFAREHIZEFEDIERA

M. synoviae |Z2>\>TC, gPCR & R PHEE R ELEOMB % 14 D 5) IZfEVWHxze 2 A, En
HHEDERS b7z (FHBIFRE = 0.9973) (Fig.2) o qPCR £ Tld, FERPAREF B #2512 & 2 Wk & A
% DNA &I RECTH 5 2 L DR S L7z,
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104// 1 102/ 107 {10
//
/

10 10°m 10°m 10°m 102 10'm 10°g (CFUMmL)

Fig. 1 The amplification plot of real time-PCR analysis for Mycoplasma synoviae.
Preparation containing 10° CFU / mL was serially diluted by tenfold (10°
to 10° CFU / mL, respectively), and the extracted DNA from each diluent
was analyzed by real time-PCR method. A dotted line in the figure
represents the threshold.

R2=0.9973

rPCR{log([relative DNA content])
[~ ]

Mycoplasma agar plate (log{CFU/mL]))

Fig. 2 Regression analysis: Mycoplasma forming unit measured by agar plate
method and relative DNA content revealed by realtime-PCR method.
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VT NE A LAPCREZIGH L7z~ A 377 AT E Rk OGS

24 EEICH S DNA B L EHORIFAIZEIL

PO HTIEIAMIETH o725, HE3 HEA S 14 HiEE Tl it~ 277 X< FERD
auz =it EN, LAl SEEERZRE L LB TE 2w, BIBEDEA L2 —T5,
DNA S3#AH 0 HA2 5 7 HEEUIHME 10 HERICAHTT#mL ., 4 HRE TR L e o7 (Figd)s

M. synoviae M hvorhinis
. 8 s 10
= =
.E T——— -
: 4 E:
5~ Q7 4
o '_El # PCR o ___E‘
% 52 — 1 ® Agar plate % S 9
25 3s)
FZOm - . BEom -
0 5 10 15 0 9 10 15
Day post-innoculation Day post-innoculation
M. orale M. fermentance
5] 8 5 8
= =
g 6 g 6
< 4 Rl ML -3 4
22 22
g5~ £p ?
E b..- D i i E % D L i
g8 0 5 10 15 g 0 5 10 15
Day post-innoculation Day post-innoculation
A. laidlawii M. gallisepticumKP-13
E B & B i it R VS EL  PUE 1= ST TIY W APl o] BP0 ¥ P oy SR i S
% 2
§ V) R SR, TEE— 8 d gl TN
=y g _
£S5, °E 2
55 s
S u . ; . 20 n ¥ i 5
EE 0 5 10 15 g8 o 5 10 15
Day post-innoculation Day post-innoculation
M. gallisepticumC3PT M. hyopneumoniae
i g 7
£ 4 & E
8 8
g4 2
o E 53
252 2£
25 3 &
5% gs . .
£80 ' ' gg 0
0 5 10 15 =T 0 5 10 15
Day post=innoculation Day post=innoculation

Fig. 3 Fluctuation of DNA content of Mycoplasma measured by real time-PCR and a number of Mycoplasma
colony grown on an agar plate after the inoculation in pre-culture liquid media for Mycoplasmas.
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3. BE

HATH o203, B BESE G O KGREA G R O T3 % B /1 (VICH : International
Cooperation on Harmonization of Technical Requirements for Regulation of Veterinary Medicinal
Products) (25T, HA, KERVEU D= THR—ALINTVE YA 277 A HEABRED I A
74> (GL34: 2013) 2B 2 F-5HERETH L, GL3M IZBWTIE, fliIhAgIC DNA Jetaik b #
FESNTWD,

72 AL K O DNA Bt ki3 s8 H-ESuE H AR P 28 42 3 A 7 HIEEG A 15775 64 5o
DFT7R] £wvde) OBFBFERICBNT, N 4727 70— s HEHEG APk i f sk 3 5 o
BEICHV D MREMIIN T 5~ 277 A HBERBOTEL L TR EN T D, 17TRIZBWT
. B2 I EREETEE (NAT) 28GR s, NY) 77— a3 v 2% L 72 BT, § a8 3 DNA 44t
FEOREBEE LTHMTHWS 2 ERIRRE 720 o 720 BRINER S 10 i 267 MYCOPLASMAS (2
BWTH NAT SN TH Y 17T R ERRONFIZ LR > T b,

NAT OREN 2L PCRETH 5 A%, PCRIEIZ & BB MEHE IR, BRI R OIEEERCY DFTE %
RTLDTHY, T LEAEELIAITIAYOFAEEZERT2DDOTIE L Ve —F, BEEHIZBW
TIIFIFEE ATV, BEERIAE &% TR O DNA B8O 2179 2 L TEROMI 2T REE LT\ 5,
AME T, BEMGET & 1358 7% 5 77 4 ~—, DNA Hliti % v . qPCR JUGH M OF qPCR 21 & v T
R A RET L7 BT BERET X D b B K DO~ A 277 A& T, BEMGT & FARICS Rk
YT L FEORREER EETHL 2R L2, SO enb, #YLN) TF— a v &%
FTIUTEL S 7T 4 ~—, DNAHiHF v b, qPCR FUGHE K O qPCR % 1&E THME L T b [AIE DR %
BoONDZEAVRIE SNz, 72, BATOREE T, W8N A @B X% L~ A1 277 XX oiA
T& Lo 7295, qPCRETITH B LIE S LM L 72~ 1 275 X~ D DNA & ZEMICHIET %
CENUEETH D I EPH L7z BT, 0BG 2 8 S 720 TR I & 2 B IR
VAR RRIRS 22 2 PR H | AR S 2 LA D 5 b, PO ORE 12 10 HHMER S 2T Ed % 6 7%
WA, SLBEFETIE, AR S AR L T EEO 2 oo DNA 2 T IUE X <, PR o528
PAREEL 5 2 TEOGOREENMEM S NG, Lo T, ¥4 377 AEHERR T L RIETHEE
TAHZEILY, BUTEOFERINM TH 5 24 HEIZHAT 14 H B2 BBRIIH 238 S v, 5771 081K
2 D% 5 2 EWREmOT 5Nz,

Sirid, BRFZEEOTUIE AT T, BAEAORMBHBRZ E/m L, BEAMEEZHVWLZ LIk
TOBUTHE LRSI BEETYA I T I AT TE L 2 L 2 MR T D2 UEDNH 5,

5| A3k
AARTET, kAR, SO, aeHfE (2007) wiks#E L P C R A GbE/lz~v A 277 A< AR
O~ PCRIEZBEA L 72~ A 277 A MEBREORE ~. B E S R A £, 44, pp.13-20
Wong-Lee JG, Lovett M (1993). Rapid and sensitive PCR method for identification of Mycoplasma
species in tissue culture. Diagnostic Molecular Microbiology, pp.257-260
RMOKES (2002) Bpn A ARSI ALEE (PR 14 45 10 1 3 H BAMOKEEE 5756 1567 %)
VICH GL34 (2013) TESTING FOR THE DETECTION OF MYCOPLASMA CONTAMINATION
JZESEE (2016) %HEUUEHARER T CPE 28 4 3 H 7 HIEA 7B 4 SR 5% 285 )
EUROPEAN PHARMACOPOEIA 10.0 (2019) general chapter 2.6.7.
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2019 EICHATHBS W ZERFE 2.1 BT 1 L XDKICE T B REME

(Pathogenicity of genotype 2.1 classical swine fever virus isolated from Japan in 2019 in pigs)
WFRIKT - aARET L EamT IR B ZEBEINE VL SRR BRI
TEREBIA 2 L RBEC Y. KIS ft L KRBt IRl !

2018 4F, HART 26 R D ITIKBADIEE L. FRAT L TV b KRPATIZ, BRICFEAESRO S NI2E
EET ANV AL 2 DD TIE R, PREREEY A VAL o THERIIND Z LB L TW
LN ZOIREEBIIAHOTIETH L, AW TIE. UFTTHEEL 727 4V A%k % H\WwT. SPF K
(RS 2 8, 48R, 6 M OERBRIEGABR 21T o 70, BIEMIR P, BIRBIZE. AV Ak
N ORI 2 T L. 7 A VAR ERO SIS 1T 2 W2 b, REAR KL DN A b A R
PEDO A Z LI Lz TNE ORERZBENITINT L 72/ R. 7 A )V ABCER 4 B ) 086 38
FHEREERE TR 70% OIRDSETE L 720 AWFSEIE. SR OIRELS HRITHH 2 1EWR Td 2 P REREED
BIZFHL 21 DA NVADT 7 F 2 RFEHIRIZ BT BIREEOFEHZ I S 212 L7z,

(Microbiology and Immunology: Volume 68, Issue 8, August 2024 Page 267-280. DOI: 10.1111/1348-
0421.1316. 3£30)

b RRMOKEE A B I S iR A

© ISR SR N RS - A SE BT A WS AR B i AR W ST PN T R I R R
SOBRMOKEAEER

bR AR R LR B R IR A SRR e v 4 —
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[MbREIE RS DT 5k]

2019 FEICEIRNTHBES N B 1 L X IIXWHT 5 GPE #MEBEE7 7 F > R
CP7_E2alf i8RV v F > (R—H—T7F>2) ORMEE
Y —Hh—"77F >0 DIVA FERlgE
(Efficacy of GPE" strain live attenuated vaccine and CP7_E2alf strain recombinant live vaccine
(marker vaccine) against Japanese epidemic classical swine fever virus isolated in 2019 and DIVA
discrimination ability of the marker vaccine)
IR 22 AR a1 IS V. RICEEET . B
IMEABERY L Rie 0. RAEWO L kR k!

2018 4ELIFE, EINTHiiAT L T 2 K3 (Classical swine fever : CSF) (. AT A )V ADSiE#HE &
0 SIREMEIME <. BT NEE 2 pEEHETH 2 BRI 21 L RIE SN ENAEKIZIEE
BExtik e LC, GPE #MRE#HLEY 7 F > (GPE U7 F V) G- SN TWEA, 77 F CHAEKE it
B AV A EGR OB (DIVA) FEx A5 5 CP7_E2alf (Rl £ 7 F v (v—=H—"727F ) L.
WOAH (EFERESEFR) @ CSF G ERRIEIEF OO OB L 2 b & E 2 5N b, RBFFETIE,
RO EERE G XV RATHRICH T 2T 7 7 oFRMEZEHGd 5 & & b 12, 2 FEO PR I
ELISA ¥ v b2 HWT~Y—7—T 2 F YO DIVA D ZFHli§ 52 L2 HIWE Lz £OKA, GPE
Do FLER=T =TT F Y DOMPTHFATIRIN L TERTH B 2 LHVRENH, Hiikit ELISA
Xy MIEAY—H—T727FDODIVARHIZIEERAEDRH 5720 L72H > T, DIVAREZAET 5~ —
=" 27 F ¥ & F\WT CSF & ERRGE 2 BUS§ 5 720 121d, BB IEO RS SO Puiif it ELISA
F v b DKL RREON ESLETH S,
(Research in Veterinary Science: Volume 182, November 2024 105484. DOI: 10.1016/j.rvsc.2024.105484.
L)

b RMORREE B B R S A T

P EIRFFERR SR N RS - Ah R SEBURTAR A S A B AR SRR PN R I SR
OBMOKEEAE R

bORMOKEAEE - 7ER

LR N R LR b R B E R R A e o 8 —

g2t
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