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Preparation of qualitative reference material for positive serum
specific for genotype II African swine fever virus strain HLJ/18
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Abstract: [Objective] To prepare reference material (RM) for positive serum specific for genotype
I African swine fever virus (ASFV) for serological detection, quality control, and proficiency
testing (PT). [Methods] The anti-serum collected from specific pathogen-free (SPF) swine
immunized with inactivated genotype Il ASFV was used as raw material for the preparation of RM.
Indirect enzyme-linked immunosorbent assay (iIELISA) was employed to evaluate the purity,
specificity, homogeneity, and stability of RM. In addition, RM was characterized by nine
laboratories and applied in clinical trials by three laboratories. [Results] A total of five hundred
bottles of RM for positive serum specific for genotype Il ASFV strain HLJ/18 were successfully
prepared. The results indicated that the RM we prepared was pure, homogenous, and free of
exogenous virus contamination, showing good specificity, homogeneity, and stability. The RM was
stable for at least 18 months when it was stored at —20 °C and for at least 7 days at 4 °C, 25 °C, and
37 °C. The characterization by the nine laboratories showed that the RM was positive for antibodies
against genotype Il ASFV.[Conclusion] The positive serum specific for genotype II ASFV strain
HLIJ/18 has successfully been prepared, providing critical material for ASF detection and diagnosis.

Keywords: genotype II African swine fever virus; reference material; positive serum,;
homogeneity; stability; characterization

AEPNIEIE (African swine fever, ASF)J& i1 AR
FE IR B (African swine fever virus, ASFV)EYL 5
FEFERE D R —Fh e . B S EE R
FE PR 1 A5 e, HC TR R AU A8 R ] ik
100%!"21, 25 % 3 151 7% &8 H 5 35 0l 1 3 i
K, HiGARER FZERI R Em, KR8
ar B DG I U i R L A il R
A4, ASF gt R 3h ¥ TR 41 41 (World
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FUEFAR, HA EEA AT A5
EM BT, A T A R ASF
RO ALEE R, PITE ASF B0 2 v i 3 22 48
TRk 9 TR JE e B R LA T A R P38 ¥ G B T A 4
FEREE, HARECTR B B 5 R I 45 R 1Y
HERRPE . PTEEME . — B RRR R, BRI
T 257 A GB/T 18648—2020 (AEVHNIE L2 W%
A MRS Wi R bR, IR
& 18] 42 W 5K Ao 9 W B ik 5% (enzyme-linked
immunosorbent assay, ELISA). 354+ ELISA %%
FE N 19 2R LT 24 AR 0 7 i, (ELAE SE BRI H
5T I R IR Bk %, BBk = 538 E ASFV
T AT B AR AH VT BC A0 BH P 75 R AERE B o X 3L
T—ZRBN A, . A [E] S 06 2 A P
Xof R SR SOREANTE] L S S22 R5%; 1
IR St BE PR B = 45— i BRI S s 56
25 (6] K6 BE 7 HE X A6 TIE 45 e = W] 58 A 174K
P, MELUBRAE R DA I D 1 ) R
FURe M. DUAh, SEYbRHER B = BEAS T Lk
] R b M B SO b o B SR AN, X —
[F) 0 2y ) 240 2 36 %5 ASF A S ARG I i
PRI EEREZ —.

AT T 16 BOHE F [ 730 ASF RE 1 h BAT G
FerERY LA 11 % ASFV HLJ/18 #RAE RAFFEX 4
Foz ) AR AL S I A DG R R, T o I
Rl ASFV (HLJI/18 k) BH 4 I 37 o P A 1
i, DABRTRIR B 9050 % ASF 2 Wikl i i
P bR AL IR K, kX e TR E ASF £
A REHEARR R A TSR L.

1 M5

1.1 EZRFIFLE

A A A BT B9 & A IR ASFV
(HLJ/18 #k)H Hh E A b B2 B e SR B B A B
O3 MEIMRAT, X EEHRIY GenBank SRS
1 MK333180.1; 40 H % Jo 5 2 9 LA (specific
pathogen free, SPF)& 14 7 [ 4l B2 Bt i R

TS BRI T g sh ) B 5 A% i k4 i
(bone marrow-derived macrophages, BMDMs)F14%
fitiy S ELIf(porcine alveolar macrophages, PAMs)
B15r85 B Lk SPF 3% AL ASFV p72 Z il
PO i H RO A7 B R - BT il o

5+ i &R 9¢ )t K (fluorescein isothiocyanate,
FITCO)#nic B LI *EHT K & 1gG, Millipore Sigma
Awl; TG R FREE, TTNGEGFAEYHARARA
Al TSB BigRdk, JUatiRAS AR ITRHCAT IR A A
JEPNAEIE T BE ELISA BTkl o) & (gl
MK FF R F L ASFV p30 EALE ), Jbit
i A B EYHEARABR A

R AL, Christ 2 w5 EEAR A4, Bio-
Tek A7) ; BIEFOCRME, tkREBMAGEE
1) A AIRA T,
1.2 FREMH RS
121 REEF

¥4 SPF J& 2 SR E 5 BCH DU -k, B il
# BMDMs, JHi% 40 g £ 7 5 1 1l #4 ASFV
(HLI/18 #%), £3%%E 3 AU EwNEE, K
GB/T 18648—2020 ' {4 )t PCR J5 ik #EAT 48
SEM I BE . ASBF ST T AT IR AR
IR FEARAE A SORE DG 3l ) 52 95 24 A vh [ Al
P2 6 e 7K U655 BE I 5 T ] 2 0 0 2 s B 4% v
GO EY) & S % e . AR AR INSE
S B 1 S5 R AL ARV B O B R R AL
JIT AT Bl 52 56 AR AT B A O B e 2R T
BEHESE i A W) 22 DL o WA iE, ol
220113-04-GT,
122 HEBENE

R 1A ASFV (HLJ/18 #R)#E4T 10 5 %
IR RS 47T 96 FLiR T HE 5= 11 PAMs, 14>
Wi BE AP 8 £L, WP B2 I iR 4R S
Hig® 7d, RHSEDOERE (immunofluorescence
assay, IFA)EATRGIN, WEEETFIC 5%t BRER (.
AUFLEL, M4 Reed-Muench 3315 25 1071 £
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123 RmERFSRERT

7£ 100 mL iR FEA 1T % ASFV (HLJ/18 #)
SR M B-TH N R, AR A Bk )
0.1%, BT 4°CKIE 72 ho HURE BRI,
FEARTU BN 1.0% $:F7 PAMs, 7F 37 °C. 5%
CO, i Fefih iE 3% 5 d IR WE I IR 371, kdal
1 W B 310 WU 1% 70 PAMSs,
1E 37 °C. 5% CO, JiF4tirh 1535 7 d J5 47 1IFA
R, DAL B KOG S8 4. Rl B iR K et
ASFV p72 ZFiBebiiik, —Hik FITC #ric Ayl
Fhie 1gGo
124 G R i

B ER I AL 1T ASFV (HLI/18 ¥k) 5
I R TE AR (R IR A UL 45 e i
SN SRR %8s 2 3k SPF ¥, 2mLsk,
BE 3R, FRRIE 3 JE . e —kerE 1 )G,
AT IR M, B . SR GB/T
18648—2020 (AEMIEIEIZWIEA) ik H] 4% 4
P& ¢ 96 iR B (indirect immunofluorescence assay,
IIFA) Fil ] 4% ELISA J7 &5 i skt pra
Bl S5 A T E AN B2 B v IR IS BT S
RIL7/ oM ARSI e
125 foEMNmBEIE

PR AR A T A ASFV (HLI/18 ¥k) 14
I35 5 5 A /N LE RIS 25 40 00 1 R O
P 1:9 (RFLEL) W LI FE AR A, 432 2P
AT HE M, 0.5 mLAR. KAESR e E T
-80 °CYKF TR 2 h J5, AR B RTHLT,
P BOE TR TR P AT R T o B Tl & o b
FEAE T =20 °CORFE T ZRAE &
1.3 foEMmAYRRLIEFIEG
1.3.1 MRS

DA R X2 i) 4 T A B E R i 1140 S UL 4 B
K, SRIFREMLAER 3 9, AT NA 0.5 mL
PBS (pH 7.2), BRI, IHWE
SRR

P4 actamicro@im.ac.cn, 7 010-64807516

1.3.2 SSMH8Ls

W LA A B AR AR i A B R T T.G
Rigrdhrp, 7E 25 °CHI 37 °CA&AF TR 3%, TRl
£ TSB #5373 b F 25 °«CAF T 532 7d, B H
WSS A WA, FRF, % (hEEZ
HL) (2020 ) H 3308 S SRS 56 75 HE AT S IR
N
1.3.3 35 M

K BEHLA Z A0, IR 15 T il &
PIFRERE S, R E Z AR iE GB/T 18648—2020
) )42 ELISA Jy ik bt AR R A6
W2, SRR R 7 22 50 B e AR AR S i 2
SIVESEFTA3HT
1.3.4 FREMIEMAITE

X5F JUT o) 28 P b TR A o A AN [i) 3 3 A s ] 2%
R AR e MDA T W AN DA . S f R e
PO R e M) AR ERE & 4 B E-20. 4.
25, 37 °CHRAT, A 9IAE-20. 4. 25 °CH&AMFE
7T RELK 3T CHEMTEH 1. 3. 5. 7 Rtk
Do A T8 RS [R5 S A TORE 3 R, AR
RGN 2 Yk, XERGINSE R T KRR
PE: BARFET-20 °CIRAE, 7E5E 0. 2. 6. 12,
18 H BEHLIHARE 3 JHuR] BRI, AR A 2 Uk,
Wo—AE LA b, XA IS SR AT AT . R AR
EME: BEHLRIE 3 HbRERE S BEAT 0L 5. 10K
ARG, FHREEAI 2 %, THEME,
TR e AT o Ao Mk W BT FH B 5 24 GB/T
18648—2020 [ 4% ELISA Jik!".
1.4 FREHRMEEE

KRR N EA — RO 9T 4514
1) 9 KL EHATUMER, H%HE 3 KL
FHATIAH . AL E YR S —HUE 1 E
5 BtATUMERE, ZoRA 2 4k 2 APk
SEE AN G ST AT A, B AT A AN
A A ER e 5« BE AR FH GB/T 18648—2020 H7
FIARBYIEE ELISA F1 IIFA 31X 2 Fhorsar st 5 44y
B AR R AT DM (AT S H s 2 4
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oA R P RE (A A Ay, AR (]
ARG HEA TR BT o

2 ERGH

2.1 FREMRRVHIE
2.1.1  MEAHIE RN E

AW FER 1T ASFV (HLI/18 ¥R7E 10 2
Y T R TR R, 2R 2 2 000 mL 4
JL 5% 7795 B K . 966 R & PCR A 45 5k
ASFV B, I PSUEIER, 5 HLI/AS ¥k
K FE)—% . F M IFA % ASFV (HLJ/18 #§)
20 i 8% 0 B WA TR EE T R, 5 R R
B0 ASFV #:44 107° TCIDse/mL.
212 REBRESKE

Bt 100 mL |3& ASFV (HLJ/18 #R) 85 =% ,
A B-II N, B-TN N BRTEIZIG R iA &R
IR BGR R 0.1%, KHZIREGWE T 4 °C%
7 KG 72 he KIGALPRSE G, ¥ FE 5 7E

100 pm

100 pm

E1 NFARNZER
Figure 1
1:51 200; I: Negative control; J: Positive control.

PAMs 53R FELEE 1% 3 10, BfiJERH] IFA J5
B E ARG RS TR, S5 I, R
WL H e DO, KX ASFV (HLY/18 1)
C e A K o

2.1.3 IIFA F[a#z ELISA SN IE

¥ bk K36 B ASFV (HLI/18 )5 9 [ 58
AEFIFET AL S SPE J%, 3 IR m KAk
WM, A3 B - RRSCSE LTS R F 1IFA 64T
K, 459 EoR, 1:400-1:12 800 £ 5 Fi B i
T RE SR 2 A S SR B, M 1:25 600
i TR %) ML 975 B AP R Ty S 9 e (D 1), &
B T i 45 B9 JE PR I 2 ASFV (HLI/18 k) ifi 7
IIFA 22k 1:12 800,

W IR I35 R B4 ELISA J5 i BEATRG
gk T /R BT 25 1) 3 R 1T A ASFV (HLJ/18 F£)
PR IR ELISA 204 R 1:6 400 (55 1)

2.14 FREMERAHE

PR TR R RS S, R

100 um

100 um 100 pm

Results of IIFA. A: 1:400; B: 1:800; C: 1:1 600; D: 1:3 200; E: 1:6 400; F: 1:12 800; G: 1:25 600; H:

http://journals.im.ac.cn/actamicrocn
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®1 (BEELISARMER
Table 1 Result of indirect ELISA
Number Dilution Value (ODys50) Value (S/P)
Well 1 Well2 Well 1 Well 2
1 Positive control 1.7 1.7 0.7 1.2
2 Negative control 0.1 0.1 0.0 0.0
3 1:100 2.4 2.8 1.8 2.1
4 1:200 2.5 2.7 1.9 2.0
5 1:400 2.2 2.4 1.6 1.7
6 1:800 2.2 2.4 1.6 1.7
7 1:1 600 1.8 1.9 1.3 1.4
8 1:3200 1.3 14 0.9 0.9
9 1:6 400 0.8 0.8 0.5 0.5
10 1:12 800 0.5 0.5 0.2 0.2

2 PHETRFHTET, It 500 HARERE
ftne RERT A RO ERE AL T-20 CCUKH TP ERAT,
JREEFE 2.2 WRRERE R R IR AP T i, X
YIRS SRR A T I E , B R
JIr il BB IRERE i 5 A

2.2 FREMRAEIE AT
221 HEMRNEBKINER

ZET G BB ERE S AN T 5. RS . B
RPI(K 2A), A PBS (pH 7.2)J5 , ZFrUERE
M AR, BIERRARET, BRa6, TE
MNUTYE (B 2B). S5 ARRE, BTl a8 0 AR A
i AN AN R R SERIBERER T8
i £ 500 JRIZPRERE (A 2C).
222 @EMRIGER

B LR i G AR HERE AL TR T.G 5 R 3P
S35 F 25 °CHI 37 °CE1F FHE3%, [RIRTAE TSB
KRB P IE 25 ) C A& F R 9 7 d, B H WS IR
BHEEEK, SRTHEESAK. A, R
PRAG DN 285 5 R B o 25 5K 3% B 9 1 45 i B v A
A G 3 SR A B A A S e
223 BHEMITHER

¥ B8 GB/T 15000.3—2023 (hrERE S TAE

x2 ATER

Table 2 Program of lyophilization

Step Phase t/min Shelf temperature/°C ~ Vacuum/mbar Safety pressure/mbar
1 Load - -40 - -

2 Freeze 360 -40 - -

3 Primary drying 30 =20 0.100 Off
4 Primary drying 360 -10 0.100 1.650
5 Primary drying 360 -5 0.100 1.650
6 Primary drying 360 4 0.060 1.650
7 Final drying 120 4 0.001 1.650
8 Final drying 600 4 0.001 1.650

- represents that this parameter does not need to be set at this stage.

E2 fREFRIELE

Figure 2 Examination of the RM prepared in this study. A: Assessed by exterior observation; B: RM solved in

PBS (pH 7.2); C: The packaged RM.

P4 actamicro@im.ac.cn, & 010-64807516
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S B 3Ry ARUERE S E A S e
PEVEAL ) DR AR v B A (0 2 S0P R TG 50
K BUBENL A2 7 B 15 bR RS, R
GB/T 18648—2020!" "7 () [] 22 ELISA J7 k47
el , AR E R 2 K, RARRET
ZE TR R 25 R AT AT . A Z5 SR & 50
TMT, Z5R Nk 3 Bin, P=0.146>0.05, %W
PR AT Z M E B E 2 5. RIS A h
[ (degree of freedom, df) 2\ & /K-, AR
A A ER FH, B8 F<Fa [Foes (14,15)=
2.46], RHANSHMER LG I2#RE L, #F
e I
224 FEEARREMEITML

BIFRERE S TE-20. 4. 25, 37°C &M4FF,
PFE-20, 4, 25°CH 7 KK 37°C R4 1. 3.
5.7 RFATHRE NI o A B RN (] 5 55
S WORE 30, FHMEE R 2 ), XTI 2,
ST ¢ KeB gt e, S5 o, ARiERE S
TE-20, 4. 25. 37 CCHRIE H 2R I A0 X G 45
Rt gt adra, 4% PE¥RT 0.05, £
AR WA i 7 A TR) IR B8 B I R 258 7 T W 3 2

®3 ERFRSMNER T ES R

S, BETH L SEERI A T oK o AR AR ERE AL AE
=20, 4. 25. 37 °C F¥RRERAT 7d (36 4).
225 KHARRE MR

ARWFFEWAE AR =20 °C, FE S S BOR
SERSRTI 25 18 AN, KBRS 0, 2. 6.
12, 18 AH, AEASBFE] S BEALFE 3 bR AERE
d, FRRE RGN 2 vk, THEME, HTRE
PRI, R EHR GB/T 18648—2020 H A ] 42
ELISA J5 ik o 47 4 U, %4 frr il £ A9 ASFV
(HLI/18 ) BH M i 7 72 PEAR AR S e -20 °CIE A
ZAF N RE ARG I 45 SR A T — e e M R H 430 #T
A RNRERBN N 0.008, fhos3%s (B1)=3.182x
0.007=0.022, K4k £ [81 U 20 b 4455 S8 40 T 44K i
BI|<tooszxs(Bl), INARIZFTC E XS, Helke
PR T B GRS, B 3). 45REM, A
HERE S TE-20 °CRTRRUERAE 2 /0 18 M, bt
FOKG RS W AP Z AR TR R e 7 o
22,6 REFRMREM

W 2 56 41 5 % B 20 [R) 14T AN (] 4 1) ok 7 R
A e K% VRRl O SRR 10 G (R 6), HE
T3 SC 2 FIPER S, 24 P (H>0.05 Af, #

Table 3 Result of analysis of variance for homogeneity of the reference material

Source of difference  Sum of squared differences Degree of freedom  Variance F-statistic P-value
Between group 0.026 14 0.001 9 1.680 0.146
Within group 0.017 15 0.001 1

Total 0.043 29

=4 AOERRERREMENERAC G T

Table 4 Student’s ¢-test statistical analysis of testing results of short-term stability for the reference material

Storage t/d Number of indirect ELISA tests and results (S/P value) Mean Standard P-value Judgement
condition/°C 1-1 1-2 2-1 2. 3-1 32 value deviation

4 7 0.708  0.662 0.743  0.643  0.681 0.629  0.678 0.042 0.788  Positive
25 7 0.633 0.583 0.744 0.736  0.752 0.680  0.688 0.069 0.254  Positive
=20 7 0.830 0.828 0.756 0.749 0.674 0.636  0.746 0.079 0.267  Positive
37 1 0.796  0.751 0.745 0.738  0.694 0.656  0.730 0.049 1.000  Positive
3 0.786  0.747  0.679 0.733  0.666  0.659  0.712 0.051 0.582  Positive
5 0.726  0.731 0.711  0.690 0.698 0.679  0.706 0.020 0.085  Positive
7 0.763  0.832 0.757 0.773  0.765 0.805  0.783 0.030 0.284  Positive

http://journals.im.ac.cn/actamicrocn
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x5 tnEFRKHREMRENER —TtR)T

VKl
Table 5 Result of univariate linear regression
analysis of long-term stability of the reference
material

[tem Results

Slope 0.008

Intercept 0.634

S(B1) 0.007

t0.95,3%s(B1) 0.022

Conclusion Stable

MW ITT ZEZRARE, I EFE, =

-1.556, HHBEE@N=10, P=0.151>0.05, ik
R SRR B 10 W, IR ERE S A
DA 55 68 BEZH A Bm AR ol (84S DU AN A A
225, WA ARPRAERE BB 2 10 YO I VRl
e,
2.3 tMEEESHH

4 BB B AR A il A IR AR + KA Y
iz 7 AFE 9 FKEAT — s K B o [ 40 2 e it

o [ G A% TT o B 2K A AT Z% Bt 23 (China National
Accreditation Service for Conformity Assessment,
CNAS) A A 3 & 3K 1% v & 1 5 A iE (China
Metrology Accreditation, CMA) % it ] i) 5 56 &= 1
FIPMEENE . 9 SRS 2 R 25 24 S A S
TRTEDURBAYE, MAFRYZ I 1:6 400, 5
S TS Y R — B MR AR S bR
W R R S, TR R R
Jo e P ol AAS E P I . AT HRUAY 3 XS0 8
IR 25 2R W, AT A 28 B9 AR TR il 3K
FAR AN 244 1:6 400, T IR MERE i A 2
—VERGS, PR AR E , AT B S B A
TR

3 55w

] 55 B¢ BN & R E i R LA (2013-2020 4F)
WA, B A B R AR EY T, BTk
Ho bR e s A BT H Rk E R
HZ ASFV AP LI BRE o (r R i BbR i
Wy 50 ) I AN (] 552 0 2. W) A 000 73 0 396 TE AR L Xof

5070
< [ ]
>
[ ]
[a W)
S 0.65 _//’4.
o [ ]
£ 060 |
8
3 0.55
2
() 050 1 1 1 1 1 ]
~ 0 2 4 6 10 12 14 16 18

E3 20 °)CIARAEE M MM 5 RiEEHE

t/month

Figure 3 Trend chart of =20 °C environmental stability monitoring results.

*/6 HEROR510REAGIEEER

Table 6 Result of #-test for the RM undergone zero and ten freeze-thaw cycles

Number of freeze-thaw ~ Averaged Standard Levene’s test for t-test for mean equality
cycles value deviation homogeneity of variances

F-statistic ~ Significance t-test Degree of freedom Significance
Freeze-thaw 0 time 0.644 0.063 1.450 0.256 1.556 10 0.151
Freeze-thaw 10 times 0.689 0.033

P4 actamicro@im.ac.cn, 7 010-64807516
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S5 T AR XE LA J DL K AH S A I S A HEXE LA
RS AT LS R RN SE PRT oK, AR YE GB/
T 15000—2023 (HRifERES TAESM) U GB/
T 18648—2020 (IEPHILZWIHA) MAEE K
PR, BCEBIR] 1B X0 56 A I 20 A Y0 8 0 7
ASFV (HLJ/18 ) FEE: L7 12 PEFRHERE i o 1%
FE SIS T ASFV LT 27 Al v i s S P 4
TN SEM B ERPERE T AN BE T %
WESEZ I TAERRY, J& H A E N S 2 [ PRy
B AN BT REREDR T ASFV H. L 45 1 6 5 1
SRR R ) FH A VS AR AR o

W, AR E0 5 A i OC (B R G R)
SR L) A A A3 I A T AR U i B
p72 £ 5L (B646L) Bk i, I A HH TR
TS R A% BRASI RE 1 96 UE TR, SRT, %0
FRUEY) RALER X BodoL JEH, ok T ASFV
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