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(Introduction] The practicable and effective methods for residual risk assessment on
transfusion-transmitted disease was to establish the mathematic models. Based on the characteristics of
the repeat donors which donated their blood on a regular base, a model of sero-conversion during the
interval of donations was established to assess the incidence of the repeat donors. Based on the
characteristics of the prevalence in the population, a model of ‘prevalence increased with the age of
the donor’ was established to assess the incidence of those first-time donors. And based on the impact
of the windows period through blood screening program, a model of residual risk associated with the
incidence and the length of the windows period was established to assess the residual risk of blood
transfusion. In this paper, above said 3 kinds of mathematic models were jointly applied to assess the
residual risk of hepatitis C virus (HCV) which was transmitted through blood transfusion in Shanghai,
based on data from the routine blood collection and screening program. All the anti-HCV unqualified
blood donations were confirmed before assessment. Results showed that the residual risk of
HCV transmitted through blood transfusion during Jan. 1%, 2007 to Dec. 31%, 2008 in Shanghai
was 1 : 101 000. Data showed that the results of residual risk assessment with mathematic models was
valuable. The residual risk of transfusion-transmitted HCV in Shanghai was at a safe level, according
to the results in this paper.

[Key words] Hepatitis C virus; Transfusion-transmitted disease; Residual risk; Mathematic
models

6 10 £ 28 MR % 5 B R, B KBS PRl R 46
fe g BB M B SR B R s IEIRE, Rk
HXPR M ERAORENRCRED /107 E

DOI:10.3760/cma.j.issn.0254—6450.2011.09.020
XL H : 8T A RS (10ZR1428400)
fE& 2147:200051 L iH WP s

H(FfE%: TR, Email: wangxun_11@hotmail.com

V100 AT, REMKR FTEXRAMBER
(EIA) B E O E 58T R 7 6 K8
BE 0 & SR %t (immunosilent infection ) LA & A T
BEKLIRY, FIRAEERITHRERE T EIAR#HR
B R 2 F R Bk, il o R
Y X 4 1 7% B LB AT 1A 2 B AT LA BTy
#o WHO F 20004 [n] 22K s Il ARt 55 DLHIHERE T



FAEFITIREAE 2011 5E9 ASB 32 %5 9#  Chin J Epidemiol, September 2011, Vol. 32,No. 9 + 937 -

KA EEERS LR E(NRL) HEELO+FELR R
HBBEEERL . JRTH 10 BAEK XA RIL
BEREERWIEH, B RERTERAHRE, £
B RE X e E R P LARIKER &0 AR
RRBRE RS XEEBRBIRRGAF,
FILFR—LEF R B AR, 5051 2 B8 SR 4F i
AR B4R ), (6 48 X0 UK I B R B KB
BTV ATRE . D9 T % b1 b X e i A 4B TR A
RF 3¢ 8 (HCV ) B 5% B8 KUK , A B 55 78 XoF R L A B
PEATA R AATIR DT SRR b, IR GiE H 3
AMBEAAR R 0248 HOV ISR B XU .

&R

L BB : mBHEGLR ISR IR
R EBEHERARTEABORRE, RMRESR
M AFEAF s LA B A% B WLATHEAE , BTHE AR i 22 4R 1%
BRMRBOHFT K TRRMEES TR ER
Hik o & AR I B R R

(1)FE &2k I & AR I B0 P 300 5 PR A AR o100 3
BAXEHBROERERRERTREFRR /NS
(REDS) B Fe i , % 1991 — 1993 4E & [ 5 4~ [l ¥k
F.0586 507 REEMM ENAREREH, 4t
2 H 4 I 1% 4% HBV .HCV # HIV i 7% 8 KUK 43 3
A71:63000.1:125000F11: 676 000, Bfi/5ixiERY
EREERPBAZER, ZERNF A AR
M m R HE AR, HEARE. h FTEERM
FEWSINER 0, BT — U8R A4S AR L, FOR
BR BT , A 5 e P bt PR, #E 30 B BT 6 = 78 9 AR
o B N AR e, Gt B A E A R i &
RS 47k . ) R K ot A R DA B B PR 38, B T AR 48
AR (I )ITEEEER N E K RIREEH 95%CI,

S
N-I

KB AEERMEFWRFE, S HEHRALR, N AW
ZHNMEERD ARID AR, L VEEROEH
BRI B R (ASE B0y ) . (8 RTZ R B AT o
O A W E S #k 5 395 Wik Sk i ; @EIA #8bR
4 RA e R7EMR m BRI BRI &

(2)FIUHR L& B A2 R AE 4 S AL RS 6 X
BRI F 2R RS R, 36 F 2% Zou
Bz R I A LA VEAE 3% E 2001 — 2006 4F 5 R M
SR U R I A R B AR . IR B R R
OFEFRERSE B & SR bmE Y B AR
KIAETE, R & ;@ #7125 7 8 AR il i 77 &

= (1

R4 BT ; Ok i ARER RSB ABE
%5~ 10 ENEREFFRE  KFHRITRE
RS~ 10FERRREHBEN, FiRBILERM
E ABRBREHETHREKTA S, BERE 5K
FIHI B R EM BERETREKFBRLEEN
FER, i AR B AR (2) B Rk & R RE,
HAE BB R 95%CT B RIFHE 95%CI,

Pi—P,
I=——
Di—D, (2)

K IR ER M HE KRR E, P& ERHART
R, PCARERARITER,D. IR ERAFIESR,
D RHRERA FHESR, Bid b, BERAMEKSE
BAFHABBE, ST RERE AR NMERA
BIABEART LA IR ,

2. RERRAITE: NRRENRENRSE
WEME OB EHXHER-™ i REDSEH,
HBREG4R OF OHRA R R EEAH MR E
BB ; @k tfiL 2 B & 9 % 76 A\ B¥ o Bl B 8] S 2 43
. EMER L, A TFRUECOHAMFERET
BETC B g0 Lh A AR M R 2 . B, A
R (3) 4 H3 5 1 5 ik 1fn & 590 YR i o 98 % 68
BB

RR=WP -1 (3)
KXPFRRABEBRKE, WP BT OB KE (DIE KA
1), IRERE, 8 3H-HCV B %Ak 7 6 i
& O34 66 d B 0.18 £E(66/365)),

R4 E 5 R o 2 00990 UK R o 2 7 B A R i AR
o R R L L DA R EGPE AR ZR 3, TH B R B R
M A BB R 2T Mk A SRR, BIAR(4), R
FIABE RO R B XUR I BBt , Al F AR AR IER
FABE BRI B LE AT AR S o

RR:=W,%-RR,+W:%-RR; (4)
R A RR; Jg 430 101 K B9 5. 5% 68 KU , W,% 0 E ik
i & B R EE , RR, S B 52 K o 25 1 480 ) 328 R XL
W% 3901 UK K ML B ¥4 B LE , RR, A3 YR R 1L 25 o 9
HIF B R

BB 54

1. BEARBER R F Lm0 RAEMmF
BASK., 20072008 EFTAAE L BT XBERE
I AR L E R TR 8 . TERF ST W ialak i 2 ksl LA
EemayEkinE R hrEERLE, REEE 1KY
R I & A PR AR LA

(1) MR & — A1 O - B ST 1 R 364 565 321



- 938 - PR ITR R 201149 A 32 58 o

Chin J Epidemiol, September 2011, Vol. 32,No. 9

gk E k621 721 8 &l ., HPERE KM E
48 335 A\ (8.55% ) , 18 HK I & B2 {7 (K 104 735
(16.85%) ; B ERIMLE 516 986 A (91.45%) , FBERHY
I 9 o S BT B0 83.15% . & WK i SE Y ER
324, ek e fRat Bl 337 4, Batslith
1:0.69; ¥ KAk & 58275, B LA
1:0.60,

(2) Ifin ¥ 7% 2 %%k - A< BF 33 15 FH Ortho 1 Murex
9 Fb gk O 70 X L B AT L -HCV i &, 45 R A
2784 BAARSHE MM, A EHERN045%, HPEER
BRI A 194%(0.018%) AAHE , H AW UKHK i &
HBERA I, A BN 0.53%,

(3)HI-HCV F & 45 R MBI . T EIA KA
B, FEXE D ER-HCV FRE RN,
B $i-HCV &R A #EH A, ¥ 53 A Ortho #
Murex FiFi-HCV EIA AT ERK , & R 23
SR N HEREAS , BRI B PR s X LR — i)
B R PR A, i R 4 2% EDE (WB) Btk ik
3% (HCV Blot 3.0 Western Blot Assay, GENELABS®
DIAGNOSTICS, $iini ) #E47#a 1A, tn ok Al B, WIxF
ZRE A 4k 42 3 47 HCV RNA & ) (€ 3| IT 3 HCV
RNA 3258 B AWK 50 & ) , RNA B I 4 B4 a9
EEEETARYE, R EEEMRE, RSP
A WAk A B A i A LA HCV B8
R, BRI PIREHEESD {UH 13676 8 EH
L8N ER N 49.10% , Bk I P HCV B FE K
022%, BEEMMEPNA2HERYE, BARN
10.53% ,HCV 3158 %4 0.0019% ; FWHR 11 & Bl 3
3749.37% ,HCV BLEZ H 0.26%,

(4)FIUKHR & A9 A BEGS 18 S S R R AT 1A
B PWER I E LA 18 ~ 31 5 ABERE(75%) , B S
62.34% , Lt Ky 37.66% , T L PE Mk I & B EH7E 21
SUTERHA, NE 10 REKEkiH HCV A
REMERE KM EE, Bat PR
BBEHHE.

2. KA M B R R W XURS 1A -

(1) F 5 AR 0 5 A9 2 95 38 B L i e A 52 B LB -
BB R il 49 28k i (8] Bk 337 d(0.924F ) , &8
WA 2B H-HCVER, BREAX(DHEHERE

1.001 &it

090}

0.80 | =5
~ 070}
¥ 060}
® 050
B 040
B o3zl ..

0.20 o Latrard

0.10}

0.00 )
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
FR B

1 2007 —20084E A 8 5
VIR I E HCV RSB K

37 2.07/10 71 (95%CI: 1.78/10 7 ~2.36/10 7)), LA R
BWHEARCHIHEHRERK R 1 : 270 000(95%CI:
1:240 000~ 1:310000),

(2) AU K L 25 P 20 2 B L I ok Py 522 B XU «
5% F Rk i A BEfE 5 53 A R HBT-HCV BHEE R M =
5, B R HMERBEEE TR KRR,

B P RERIE A, 18~20 % (RERH)M
24 ~29 % (B H ) ABEM M B L4 71 R 24.42%
F124.13% , FIAERS A F S AR . ZotERT IR R &
1,18 ~ 20 % (RAEH ) FI 22 ~ 32 5 (BFEBRA)A
BEAH L H 43 9 2K 32.59% 1 32.77% , B 4E S 4R 0 AR,
A, BHERKER M E K R RER 5.24/10 77,
LHERIRER & N EFRE R 7.88/10 7, BLERR
RHEER, BRARRTE, HBARXG)HHHE
5B Lo kA UK R 1L A L Y A% HCV 3R B8 XU , 3
FREAXKATHHN1:106 000F1:70 000(F1), &
AU R I R B KR B T B

5 5B M AL PE R KK I B 3R BR XURS IR B T
wiR i 5 6 B A R (4) AL S, 78 T B 90 Ik k1L
F B AL HE HCV B 5% 88 KUK A 1 : 89 000(95%CI:
1:78 000~ 1:104 000), ¥JYKHR I A& A I & 1545
HCVHZRBNREE TFESEMRM A

(3) 5 M f53% HCV #95R 8 XU - IRIE AR (4) %%
5 R & AT UK L A5k B XU A B AL &,
28 i s X FrA Rk A Rl B A5 1% HCV R 8
KU A1 : 101 000(95%CI: 1 : 88 000 ~ 1 : 120 000),

15 B -
BF BRI ABEE NHE RRY BGIE DL K KX IE

F1 20072008 5F | M5 s A 5 #E AT ORI & A R R R B AR

HERA A

Ew% RENE REAR: ~)

©H

HMERGI07) FHFEHCY) WBAEJI107)

FHSERP)

(10 77) (107)

B 23051(227.55~23347) 2601
. 260.07(256.67 ~ 26347)  25.65

195.09(192.32 ~ 197.86)
209.38(206.21 ~ 212.55)

19.25
19.21

5.24(4.39 ~ 6.09) 0.94(0.79 ~ 1.10) 106 000(91 000 ~ 130 000)
7.88(6.85 ~ 8.89) 1.42(1.23 ~ 1.60) 70 000(62 000 ~ 81 000)

T FHSREIB N 95%CH; ZRERKIBELARQ)HHE



FEERITRFZE 2011 4£9 A5 32489  Chin J Epidemiol, September 2011, Vol. 32,No. 9 + 939 .

TAERBUAERITE AR PR FRIATIR , LR A%
SRR R R R BRI RE R 638
SRR A A RIS N YRR R, BN R TESP E
HIRENEBPER, NREARFENRITHE
AR AR R EEMRY, ATRREL
¥ b X R 11 A B AOHE A LA R HOV FLATHE A BB
43 R B R I 2 N KR I , ZE R KR 1 & P iR
Xt 5B 5 FFIEAE , 188 ABEHIRE T R R R
W&, 7EE R AR 2 R i [6] B8 3 54 PH A B R o
AHFFRAFIITE TEREERMEME X, BIEFEH
5] S ki =2 R AR, X —& X5 R4tm A
B IENEXEHEHRR. BELZEXL WK%
W ) EEH BN L EESS M —KER ML, XK
PESMERRMWEEMKMENY, BHEIETES
R 2 Xk B R R & KK R A B B
B TE bR PR &SR0T BE 2 78 Hik i (8] R P R e A 1R
Vo X TN AR ML 3 B 2R 3B AE w14 A R,
AR EFEHCVIENHFTI SR, B TFRE S
XHCVEABSTHRTBTEE, X5~ 104EH
BRI A B AR B AR K, Bk A BE-HCV Fe 4R 2
R ES ~ 10FNBA TREKF, H4E R
WER & B R R LR HCVRERBEEE
PHAE R KT AR AMAE(EL), Bk, AZHRHH
PR ER i ABERF S S R AR, AT A A i R
VEAR BTV AR 2 A4 1l VA5 +& HCV B3 B XS .
A5 (6 FH B 3 5 iR o 255 R o ) B S0 7% FEIASE R
PIUCHK I 5 B AR 2R B AE e 1 ISR LA K i MR A Y
e B8 XUBS 5 8 SRR B DA B M AR, FE K 3%
E R A LAV 58 63 XUBS: O 8 BB R U B i 45 51
FRIGE 5, A FT R FH SR, PP LS X
ML 15 4% HCV MR B KB 24 1 : 101 000, Z BB S
2002—2003 4F |- 5 #h X BRI (NAT) 45 SRAREF Y,
BARXERFHEEENVHEREA B
ifi 4% #% HBV .HCV FI HIV B K& B 2 4 9 B4 2
1:280000.1:1 149 00011 : 1467 000", {H;X — X
R NAT MR ER MR RETRH, NATHESR
(K EIA, # 5 BH-HCV M 725 A9 &1 3RV,
% bt 3 B 7E 90 FE /0K JF B NAT i 4 % 2 Z BT B 2%
X NAT Bk B EREZREANR, &
B FT VR4 15 b 8 b X 46 i £54% HCV RO 7% B8 IXURS:
271 :101 000, E 3L M b F R LMK,
ARRERLRY, REFHNREGAHS
3, BT AR A B 16.85% B0 R I SRS R O
BRI A B , 48 dk % 9815 3 HCV B 58 BE XUR

1: 270 000, T 83.15% B4 HAth A B 48 ki ¥ 0 5% B2
KBS B A 1 : 89 000, E & ki h T EH S M
ki , & HA R A QR RiCY TR E R, 2 R &
WK, ZABRMB-HCV HMER—ESETHEA
B, XRIZABE R BRI E R 88 AR
B FERE, 8775 B3R X680 48 35 R e, B
EE B0 E ZHR M, 38 5 E S & AT A R A
BRWIs), B — P REBNEES.
$ X X W

[1] Holland PV. Post-transfusion hepatitis: current risks and causes.
Vox Sang,1998,74 Suppl 2:S135-141.

[2] Dodd RY, Notari EP, Stramer SL. Current prevalence and incidence
of infectious disease markers and estimated window-period risk
in the American Red Cross blood donor population. Transfusion,
2002,42(8):975-979.

[3] Soldan K, Barbara JAJ, Ramsay ME, et al. Estimation of the risk
of hepatitis B virus, hepatitis C virus and human immunodeficiency
virus infectious donations entering the blood supply in England,
1993-2001. Vox Sang,2003,84(4):274-286.

(4] Zou S, Dorsey KA, Notari EP, et al. Prevalence, incidence, and
residual risk of human immunodeficiency virus and hepatitis C
virus infections among United States blood donors since the
introduction of nucleic acid testing. Transfusion, 2010, 50(7) :
1495-1504.

{5] Gallarda JL, Dragon E. Blood screening by nucleic acid amplification
technology: current issues, future challenges. Mol Diag, 2000, 5
(1):11-22,

[6] Seed CR, Cheng A, Ismay SL, et al. Assessing the accuracy of three
viral risk models in predicting the outcome of implementing HIV
and HCV NAT donor screening in Australia and the implications for
future HBV NAT. Transfusion,2002,42(10) : 1365-1372.

{7] AuBuchon JP, Birkmeyer JD, Busch MP. Safety of the blood supply
in the United States: opportunities and controversies. Ann Intern
Med, 1997,127(10) :904-909.

[8] Zou S, Fang CT. Dodd RY. On residual risk assessment for first-
time donations. Transfusion,2007,47(12):2348-2349,

[9] Zou S, Fang CT, Dodd RY. A method for estimating incidence rate
of infectious disecases among first-time blood donors.
Transfusion,2008,48(9):1827-1832.

[10] Schreiber GB, Busch MP,, Kleinman SH., et al. The risk of transfusion-
transmitted viral infections. The Retrovirus Epidemiology Donor
Study. N Engl J] Med, 1996,334(26) : 1685-1690.

[11] Lackritz EM, Satten GA, Aberle-Grasse J, et al. Estimated risk of
transmission of the human immunodeficiency virus by screened blood
in the United States. N Engl J Med, 1995,333(26):1721-1725.

[12] Glynn SA, Kleinman SH, Wright DJ, et al. International application
of the Incidence Rate/Window Period model. Transfusion, 2002,
42(8):966-972.

(13] Barrera JM, Francis B,Ercilla G, et al. Improved detection of
anti-HCV in post-transfusion hepatitis by a third-generation
ELISA. Vox Sang, 1995,68(1):15-18.

[14] Wang X, Liu YN, JiaY,et al. The study on the confirmatory
protocol for the reactive results of hepatitis C viral antibody
blood screening test. Chin J Blood Transfus, 2008, 21(4) : 255-
258. (in Chinese)

FERXPT, RS, AR R BHATE R RWIE
FrRABIT. o (54 M A&, 2008, 21 (4):255-258.

(15] Wang X, Zheng L, Zhang X, et al. Preliminary experiences of
nucleic acid testing in blood screening in Shanghai, Chin J Blood
Transfus,2003,16(5):157-160. (in Chinese)

ER ALKl W MY NS AR LS R AR
R, o 5% h 48, 2003, 16(5) : 157-160.

{161 Wang X. Nucleic acid testing (NAT) and its application in blood
screening. Chin J Blood Transfus, 2004, 17(6) : 465-468. (in Chinese)
Tk, BRI LR R (NAT) BOILZE B A e LA, o (248
11 %, 2004,17(6) : 465-468.

(1558 H 41 : 2011-05-08)
(F SComl: TKARAR)



