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[ Abstract] Objective: To establish a real-time fluorescence quantitative polymerase chain reaction (PCR)
nucleic acid detection method of human parvovirus B19 and validate the method systematically. Methods: Specific
primers and probes for the highly conserved regions of the three genotypes of B19 virus were designed, recombinant
vectors were constructed to prepare reference-grade plasmids, and B19 quantitative amplification standard curves
were established. The linear range, accuracy, precision (repeatability and intermediate precision), detection limit,
specificity, genotyping and anti-interference ability of this method were verified. Results: When the quantitative
reference range for B19 virus was 1 x 10" ~ 1 x 10° IU - mL~", a double logarithmic regression analysis was
performed between the measured values and the theoretical values, and the regression equation R> =0.980 0
showed good linear correlation. The deviation between the detection values of B19 standard substances at two
concentration levels of sample 1 and sample 2 and the target values was< 0.5 lg value. The CV values of B19

positive sample 1 and sample 2 for intra-batch, inter-batch precision confirmation and continuous repeated detection
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precision confirmation were both <5% . The detection limits of NSI and VPI genes were 57.8 and 5.78 IU-mL ",
respectively, with a detection rate =95% . Three genotypes of B19 virus samples can be effectively detected. The
plasma of seven non B19 pathogens, including hepatitis A virus, hepatitis B virus, hepatitis C virus, human immuno-
deficiency virus, human cytomegalovirus, hepatitis E virus and Treponema pallidum, was non-reactive and had
good species specificity. At the same time, in the presence of seven other concurrent pathogens, the positive samples
were stably detected, and the B19 nucleic acid testing method was not interfered with. This method was non-reactive
to common plasma interfering substances, including hemoglobin, triglycerides and conjugated bilirubin. Meanwhile,
in the presence of the above three common plasma interfering substances, B19-positive specimens were stably
detected, and the B19 nucleic acid detection method was not affected. Conclusion: This method has strong

specificity, high sensitivity, wide linear range, good stability and reliability, and high accuracy, and can be used

for the detection of human parvovirus B19 nucleic acid in plasma.
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Ct /copies-mL ™! Xt AUE Xt A (E /IU-mL ™! Xt A (E VIR R X {22 (E
PC3-1 21.049 676 26 2.47 x10° 8.391 819 237  4.889 380 877 7.75 x 10* 4.761 927 838 -0.127
PC3-2 21.062 036 51 2.43 x 10* 8.386 111 695 4.886 604 728 7.70 x 10* 4.761 927 838 -0.125
PC3-3 21.006 547 93 2.58 x10° 8.411 734 426 4.899 067 625 7.93 x 10* 4.761 927 838 -0.137
PC34 20.980 890 91 2.65 x10° 8.423 581 959  4.904 830 265 8.03 x 10* 4.761 927 838 -0.143
PC3-5 21.028 944 02 2.52 x10° 8.401 392 678  4.894 037 399 7.83 x 10* 4.761 927 838 -0.132
PC3-6 22.731 405 89 4.12 x 107 7.615 254 02 4.511 659 555 3.25 x 10* 4.761 927 838 0.250
PC4-1 24.688 816 07 5.15 x 10° 6.711 388 959  4.072 019 59 1.18 x 10* 3.761 927 838 -0.310
PC4-2 24.821 120 58 4.47 x10° 6.650 295 262 4.042 303 616 1.10 x 10* 3.761 927 838 -0.280
PC4-3 23.255 099 61 2.36 x 107 7.373 430 174 4.394 036 437 2.48 x 10* 3.761 927 838 -0.374
PC44 24.402 278 26 6.98 x 10° 6.843 702 316 4.136 376 807 1.37 x 10* 3.761 927 838 0.028
PC4-5 26.192 444 48 1.04 x10° 6.017 064 793 3.734 300 316 5.42 x10° 3.761 927 838 -0.310
PC4-6 24.689 894 99 5.14 x10° 6.710 890 749 4.071 777 26 1.18 x 10* 4.761 927 838 -0.127

R 10 VP AERE R UEEE

o ERIOE S| [ERNE- SISk NG QN E NIV B 5SEz AR 4 9o B T TS T R PRI REE B SO v S R

Ctff /copies+-mL ™! POREIEN X EUE /IU-mL ! MR S B 25
PC3-1 20.131 392 16 5.02 x 10" 10.701 132 97 4.978 974 116 9.53 x 10* 4.761 927 838 -0.217
PC3-2 20.286 828 36 4.45 x 10" 10. 648 372 98 4.947 581 924 8.86 x 10* 4.761 927 838 -0.186
PC3-3 20.031 112 04 5.43 x10" 10.735 171 23 4.999 226 883 9.98 x 10* 4.761 927 838 -0.237
PC34 20.105 386 73 5.13 x10" 10.709 960 04  4.984 226 222 9.64 x 10* 4.761 927 838 -0.222
PC3-5 20.247 932 43 4.59 x 10" 10.661 575 5 4.955 437 42 9.02 x 10* 4.761 927 838 -0.194
PC3-6 21.562 917 07 1.64 x10" 10.215 227 9 4.689 860 603 4.90 x 10* 4.761 927 838 0.072
PC4-1 23.782 943 73 2.90 x 10° 9.461 680 281  4.241 499 767 1.74 x 10* 3.761 927 838 -0.480
PC4-2 23.859 225 59 2.73 x 10° 9.43578779  4.226 093 735 1.68 x10* 3.761 927 838 -0.464
PC4-3 23.451 447 17 3.75 x 10° 9.574 200 75 4.308 449 447 2.03 x 10* 3.761 927 838 -0.547
PC44 25.534 872 69 7.36 x 10° 8.867 019 894  3.887 676 837 7.72 x10° 3.761 927 838 -0.126
PC4-5 23.746 981 3 2.98 x 10’ 9.473 887 07  4.248 762 807 1.77 x 10* 3.761 927 838 -0.487

5 REERIE

NZEGH/INFRE B19 BHYE bR #E 9 IR FHEREA 1 0
FHPEREAS 2 ff B NST 5L R 5| 4 Fn ¥ 41 5 2 4G I 6
WLHEN CV B KAE K 2.597% , k1) CV fix KAE 4
K 3.221% F1 3.586% , 39 <5% , f5 & 3R (WL 3+

11) . ffiffl VPI SR 51 9 MR EF | EZ KM 5 %, Mt
P CV 5 K AE R 0.723% , L 18] CV 5 K {H 4 3
2.704% M1 3.550% , ) <5% FF & FR (WLFE 12),
Wi BRI ok A A R
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R 11 NSI K% 5 56 0F 5

FE S Kz Ci g R G
ErRe 11878 gL 2 FE3dM HAME #ityy SO Ht N RSD/% it (A fitla] SD - #it[a] RSD/%
BIMEAEA T S 13%  21.076  21.087 20.986  21.050 0.055 0.262 21.310 0.686 3.221
2% 21.115  21.084  20.987  21.062 0.067 0.318
3% 21.014  20.993  21.012  21.007 0.012 0.055
4% 21.025 20.999  20.919  20.981 0.055 0.264
5% 21.083  21.025  20.979  21.029 0.052 0.246
6 22.050 23.072 23.072  22.731 0.590 2.597
BIPEREAS 2 45 1% 24.629  24.651 24.786  24.689 0.085 0.345 24.675 0.885 3.586
2y 24.806  24.955  24.702  24.821 0.127 0.512
3 23.228  23.301  23.236  23.255 0.040 0.172
Hayk  24.356  24.485  24.366  24.402 0.072 0.294
5 26.194  26.225  26.158  26.192 0.033 0.127
6 24.706  24.701  24.663  24.690 0.023 0.094
F 12 VPI K% B S ik B
FE i S K Cufl 45 g3t
%5 EiiR/N U4 2t 3 Mg M SD b RSD/%  EMIIME JE SD d[E] RSD/%
BIPEREA T #5139 20.084  20.258  20.052  20.131 0.111 0.551 20.394 0.552 2.704
2% 20.452  20.240  20.169  20.287 0.147 0.725
3% 20.072  20.041 19.980  20.031 0.047 0.236
4% 20.140  20.131  20.045  20.105 0.053 0.263
5 20.411  20.205 20.128  20.248 0.146 0.723
$6%  21.541  21.566 21.582  21.563 0.021 0.096
BIMEAEA 2 813k 23.922  23.695 23.732  23.783 0.121 0.511 24.075 0.831 3.550
2% 23.952  23.818  23.808  23.859 0.080 0.337
3% 23.486  23.477  23.391  23.451 0.052 0.223
547 25.555  25.610 25.439  25.535 0.087 0.340
5% 23.673  23.850 23.718  23.747 0.092 0.387
6 EESRWIE R 13 NSI HLH 5 B BGAIE 45
NZE 20/ 95 B B19 9 8 40 B L A1 AU Cufl
PRA G5 FH G CV/%
2 A 3 RUH MM SRR A (BRAS 1 AR 2 FEAS 3) H I W2 B3I
2807 1R W0 0 I e R B AR T A JPLLAL 25931 26,540 26320 26466 1,920
. ~ . JEM 2 28.139  26.990  27.195  27.441 2.232
W3 %o AR 1 H.2 A3 B LR b A 5 JEH 3 27.958  27.409  26.961  27.442 1.820
TEB Ry SO iR NST 51 ) FREE R, 3 A 3 [
TSR Co fH A CV 55005 1.926% .2.232% | X
1.820% , ¥ <5% (W3 13) ;i VP1 5] ¥ FR £t il ij fﬁﬂ%ﬁ%
Kol 3 R E IR SR D CV ARSIy RS o el v
0.816% .0.504% .0.871% , ¥ <5% ( W3 14) , i JEB 1A 27.743  27.295  27.549  27.529 0.816
IH A G I J7 v |] DA IE A 0 N 25 4l /N % B B19 JEE 2 W 27.683  27.836  27.557  27.692 0.504
By 3 Ff L A JE 3 28.193  28.262  27.808  28.088 0.871
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16 ) BR 38 1E

K B e BE N 4n/ik 5 B19 R s E W) o
HEAT R F B (R PCL ~ PCB) ANk K- H &
R 3 U, PLKAE Jg 25 Bk IR, B9 B 1M ¢ A5 A
BAPE X I8, B AR A5 5 55 BT i 3R 0, AR A
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I B2 K- 43 i A ] NST VPL 51 W) Fl AR £ 8 52 A
20 ¥k, NST EEPR K 28k 95% (19/20) , e i B
H75.78 x 10" TU-mL ™" ( WL32 15 132 16) ; VPI L
HE N 95% (19/20) , KM BR H 5. 78 x 10” TU - mL™'
(W17 F%E 18),

R 15 NST KGN BR %6 UE 45

H 11 35 R 45 D15 ERIUE- ek AT ) 993 T 11 B2
FE o4l Hi3HE Cufa . 993 74 0 B 4 U
/copies-mL’l o BU(E /IU-mL !
PCI 16.324 578 6 6.38 x 10" 11.804 633 89 6.761 927 838 5.78 x 10°
PC2 18.990 847 91 8.63 x10'" 10.935 859 27 5.761 927 838 5.78 x 10°
PC3 20.233 669 28 3.40 x 10" 10. 530 899 55 4.761 927 838 5.78 x 10*
pC4 21.736 396 79 1.10 x 10" 10. 041 252 27 3.761 927 838 5.78 x 10°
PC5 23.876 764 3 2.21 x10° 9.343 836 984 2.761 927 838 5.78 x 10?
PC6 29.183 668 77 4.12 x 107 7.614 640 348 1.761 927 838 5.78 x 10"
pPC7 30.630 723 95 1.39 x 107 7.143 133 283 0.761 927 838 5.78 x 10°
PC8 28.992 684 05 4.75 x 107 7.676 870 627 -0.238 072 162 5.78 x 107"
7K 1 —
K2 —
B 1 2% 1 30.369 720 46
B 1L 3 2 29.275 857 93
— A Y BHPE B S
F 16 NS il R &2 A% S uk 45 51
i H 1 2w H3IW H4 W %5 %56 K TR
) &5 R + + + + + + +
WHE/ R 8 9 10 11 12 13 14
LRSS + + + + + + +
WL/ K 15 16 17 18 19 20
o ) & SR + + + + + _
+ o AT LUK B B R 5 — < AR Kt B R
Fz 17 VPI K PR 56 IE 2
B Hi3H CufA FI B4 3 [ # DU/ copies - mL ™! ERSE- SR AN SOp ¢ 5 5 T B X U (E 973 7 1 2
PCl1 16.200 642 9 3.09 x10" 13.489 367 78 6.761 927 838 5.78 x 10°
PC2 18.850 355 15 3.33x10" 12.522 672 33 5.761 927 838 5.78 x 10°
PC3 19.996 558 51 1.27 x10" 12.104 502 55 4.761 927 838 5.78 x 10*
pc4 21.498 957 95 3.60 x 10" 11.556 381 63 3.761 927 838 5.78 x 10°
PC5 23.570 610 68 6.32x10" 10. 800 579 83 2.761 927 838 5.78 x 10?
PC6 28.268 590 29 1.22 x10° 9.086 614 268 1.761 927 838 5.78 x 10"
pC7 37.723 958 33 4.34 x10° 5.637 008 999 0.761 927 838 5.78 x 10°
PC8 35.161 117 55 3.73 x 10° 6.572 011 108 -0.238 072 162 5.78 x10 !
7K 1 —
K2 —
B3Pk I35 1 36. 174 336 75
B 1l 3 2 38.626 015 98
— A th B R
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F 18 VPI K5I R 52 A% 40 ik 45
e HFIW H2l 3l £ RN S %6 %W
0 25 + + + + + + +
WKL/ IR 8 9 10 11 12 13 14
G ) &4 SR + + + + + + +
WL IR 15 16 17 18 19 20
76 I 45 + + + + + —

+ o AT LU Y BH P 1 R 5 — < o A Y BH At T 0 R i

8 HRMMMTFMEENRIE
8.1 #¥IEALA/NFE B HmEREHFFFIEFR
B 45 R AR T B BR 7 FpEE B19 i
PR 18 Ry A R e, B e e R TR HA 7
Foft o S AR [] If A7 AR IS, 6] VST F VPT 51 AT K
I, B19 BHPE bR A REAS S At , B19 B A I J7 3%
AZZ A, H A5 B2 A Lo, A6 I 45 2R i 22 0 ) R
0.005 1 0.043, )< 0.5 x X HH , FFHEK,
8.2 stX¥MAER.=ZBHMB. IFEFSHBILER
FHENHHR

S5 WIR 1R 3 FE WL K e T AR R
I i< O i N € S B U 1 R 7 7/ 2 4 O
NSI F1 VPI 51946 K, 55 B19 BHEARAS RIS A2 e
Kt BI9 AZ BRI 7 A 52 T4, 5 x5 AL AH HE K
W45 F w2243 54 0. 115 F10. 032, < 0.5 x X7 4%
B FF G 20K,
8.3 XHR4A

B19 PHM:ARA 3 YR & E AT 455 Co fHiY CV 4y
WK 1.535% Fil 1.546% 5 <5% ,f5F & 8k, 45 R
UL2% 19 F15% 20,

R 19 NSIFe s PEFGTTPLRE J) B0 TESS R
. F Ct fi R 45 S
55 1A %24t %34t CV/% 5514 55 2 it 534t ¥MH
it 4 18.313 18. 858 18. 444 1.535 3.52x10°  2.95x10°  3.38x10°  3.28 x 10°
i 4 41 - 0
A1 18.567 3.25 x10° 0.005
T B4l — 0
K 2 19.346 2.52x10° 0.115
— A PR 8 R
F 20 VPI R YEFIPLTPLRE S B UESS R
A ] ] Hori ] ] ] Kz 5 ) —
ERE 24t 55341t CV/% ERE 24t 55341t ¥ fE
X B4 19.135 19.717 19.304 1.546 2.31x10*  1.82x10* 2.16x10*  2.10 x 10*
i 841 - 0
FA AL 1 19.130 2.31 x 10* 0.043
P40 49 i 20 — 0
A4 2 19.552 1.95 x 10* 0.032
— AR BB R R
- i A o 2H A 4 275 OB, 8 2o A ORI A bR

AHESEEE X GenBank X4 2 B19 il 7% 3 Fff Bk
DR 7R £ i B O < DX BT e 1k 5 | A0 G R B
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FUEbRDRE % BE ) R BR R S v P TR EE 0 DL R
SR R UEAT R Go vk I, 56 UE 45 SR A A KR
UE B A HIF 5% 57 19 N 28 40 /N0 B B19 A% R A I &R
SRy Sk RO R MR )T AR R A M
FEE AT T JRORE I NSS4 /N B B19 A% R Ko
W55 A PR 20 B 2 T R AR & 9 B S A
B ASBIE S SR LS AR 4 W, A kR TR
— AR By DR B A O AR S B R T 51 Ak TR R AR
A ATl R AL, AT R R I N 2 4 )N
W EE B19 A% R 0 K DU 75 5K, W) B Oy IRk I 3R rh
B19 i A 4 it 7 — & B F ik itk 7T =%
f 4 A B

A PRAZH F ) 2 58 iR A R & B19 AR
o ) Ty ik 2 0 UE K i B Il R B9 i A F
%'10_1” JUESE T A% PR /6 B AR (nucleic acid testing,
NAT) 7€ B19 ki il o i) W] 5 M, (B AR 2ok
FHE—BEFR Y1 BT, B19 ik 35 76 H AR 1% 55 A1 E 1k
iof A P AT & AR TR R B B (g s e
B PR 22 5 108 38 28 A8 A s5 A T 9 1 XS A 0, T B
S B0 i T A SR 0 R A% AU JERL I K i A A
AU SRR AT A R T e AR L S Bl
VBT i )9 T A A AU, X AR B R R B b A UE T B
RISV IRIE R B19 Rk 2> TR PR BT 5 R A% 4k i
e ) e 0 1 AT 25 B1O e v R BRI B e R
NEFEEZE SIS

MR R 5| PR T 4 B BT A 52 0 200 B
M2 — o ARBRIEAE R 5 S RE T LS8 N I
il b A7 B 52 B O 2 T SR O R B R A AR R A,
B 1 b 3E 2ok 2R W AE R A% 4 B O 2 B19 R IR 40
NSI VPI 3% 2 A~ Sy 0 s BE AR ST X, B SR AR 47
HER R SEEL T X8 A% R B SR 1S 5 Bk B
— PR TE TR R AR, N BR 2 1H A R IR
T EEMR 2 AE 51 & Y T R KRS, 3 B v R AR R Y
RoE ER AT SEPE . AR I RGP 1.0 x 10 ~
1.0 x10° TU-mL ™" NSI VPI JLH A HZ R 435
ik 0.987.0.995 2, ¥ = 0.980 0; # Ml BR 43 51 K
57.8.5.78 IU-mL ™", EL# R ¥ =95% ; #i 1 £
22< +0.5 x XFHCE, W ALK % CV (A
<5% , AT LAl i J5ORE I 5 I AR 0 A 1) i R 2K
AKG I 2R G0 0 R Sk 5 BT AL RE e R A T R il
T3 S % (R 52 B A I 37 S, X H R g8 L 2 AL
g N RUIT 9 55 7 Fwy UL 28 i A% 15 0 JER TE A8 R
NE 5 7E 5 b A A K e v B AT AR L
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45 G VMR LR 45 3% T 404 o A7 i, 4 B e
i it B19 BHPEARAS , 5% BEZH fi 22 88 < £ 0.5 x X
B, AT A RO S B BRSPS R . TR AR R S
Al AERG R B19 R 1.2 .3 & FE AL Co {H AH X
i 2% < 5% , BE I URE I % H 00T 2 1599 75 5 R 7
W B AR TR, A B19 P AT B AR AR S B AR AL
AR R AR R b [ 24 0 A e BiF 5T B 4
A B19 5 35 A% 2 A Ik ) B K 275 0 5 bR UE
SEIROT v 2 B UE T R I 4 SR T S B [ B 47 3
T8, S e I 235 S A A o Ak S 0 5 (R) 25 R A T L v R
HET LB, R B [ B19 5 2 A8 0 AR G b oE /9 1
PR T HE 0 SE I O

ARAFAE—ERR T, O BIEHEA EZE
o ERR M, XA L | e g B AR A Il R %
YL bR A (1 R 00 35 17 M AT A aE — 2B 96 IE 5 @ H ik PR
— R BRI, O A RCRA A R T A A, ROk AT R
FEAR AR 5 P TF J Z vboC i PR 38 3E , 5 i 399 7
AR BRI 25 SR AT R AR A LT, i — 2B 58 K
F G RIS FPE . AT 2 T A B 5% CHE b 12 3 S
SE AT PCR AR TF & 46 % 5 fe 4G I AR &R, 42 711G
B FEAS A R TUDORS B2 W] B T & 2 8 qPCR R R, 52
M B19 5 2 BRI R 9% 35 N BU R 5 N S s
R 9 2 55 R DL 28 I A% 1% s B 1Y [R) 25 O A, B2 T D
BRI i A Y AR AR R £ o AR, PR B19 %
T A O A 2 1% P T L9 T A 7 A B AR R, T e
BRI T B19 i 2 KX HUBL 0 £ 5 7428 S I, oy 3%
B19 55 2 W 48 V5 ML AR UE ] 2 B G2 Wik ) IR 9T
2 W A R S A
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