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BLOOD DONORS: A 

ABSTRACT {{t
' l 

or 1O,b33 hl d dibnations te1ted in three regional blood 

transfusion ce*'1tres with two commercial first generation 

screening a$'sa .a or antibodies to the hepatitis C virus 

(HCV) , '65 (D.61 ) ware found to be repeatedly reactive in one 

or both assays'. Five of the 65 were confirmed positive by 

r.ecombi~nant'imiunoblot assay (ottho RIBA-2) and a further four 

were ji4dged Ln4sterMinate. All. 
I 
five RIBA-2 positive donations 

and one of the four RIBA-2 in leterminates were shown to be 

viraentc by. RV-RN polymeras1 chain reaction (PCR) assays 

perforzed at three' independents reference laboratories. The 

remaining 56 screen: test reacti.+e donations proved negative by 

both RtDA-2" asn4 PCR. We cenci de that while first generation 

an.ti-HCV scresfl .ng 'assays generote a high proportion of false 

reactions when screening low prevalence populations, results 

of they RI -2 coffirma.tory nest correlate well with PCR 

fi.ndin4s arid' thus indirectly s ith both hepatitis C viraemia 

and inkecti(vity.. 
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blood donor screening for 

1970's it became apparent 

t transfusion hepatitis (PTH) 

type. The agent responsible 

M 

remained un~cfto very of hepatitis C virus 

(HCV) by Coo 3 in 1989. Cloning and 

expression 'of nated 0100) of the non-

structsral. 1r^eg enome rapidly led to the 

devel.optnent of le assays for antibodies to 

the virus (E). rst generation' assays have 

proved to Abe when used to test high 

seropr~evaleiice philiacs, their specificity 

in the coint reva.lence populations has 

repeatsdly '~"e 1. Despite these doubts 

concerting -ape nsfusion services' in many 
i 

countries have s for screening donations. 

i 

Studied in ̀ th d Holland [6,7) have shown 

that tale corr een test reactivity (anti -

(:100) and in idual donations is poor, 

al.thoucib bette for "surrogate" markers of 
i . 

NA NS hepatitiS. merase chain reaction (PCR) 

techniques (5, of circulating HCV-RNA have 

been shown to entiating between infectious 

and noia-inf#ct ever, PCR. techniques are not 

currently suit screening and doubts have 

been r*iced; co lity and reproducibility of 

WITN4486065_0004 
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PCR res6its i bet*6en' different: l911oratories (9]. Altbough HCV-
i 

RNA Ca* be dettcte4k by dot blcbr. hybridization (10], in the 

absences of , a =*ftltore system r assay for circulating HCNr 

antigen, PCR is thee, only adequately sensitive means of direct 

viral detection. 

~4'{b A mUlticenti'e study was sr-t- up by the National Directorate of 

the Blood Transfusion Service ~» England and Wales and the 
i ~ I 

Scottish B3ood Transfusion Service as a prelude to the 

i.ntroduption of dorxor. screenings j.n the U.K. Three Regional 
! 

Transftr"sion Centres tested d.or ations with two commercially 

avai.lab;le first= generation ant -HCV assays. Donations that 

were 4epesatedly reactive. in either or both assays were 

referred tQ three independent reference laboratories for 

confirm'atery serology t13.] and ~CR analysis for the detection 

of vixaemia. IA this initial resort, we present. in detail the 

results of; the PCR analysi from the three reference 

laborathrie', 'together with In Outline of the relevant 

serological firdirgs. F.ull datta from the first generation 

anti.-HOV screening- testis, the' second generation screening 

tests 4ubse4!ueittly performed o' the same samples, and the 

results; of further Confirmatory serology, will be presented in 

a seco r*lpgrt`: j 

1 
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i 

Suer_im~is  I 

Slood ~donaiions were screene 

Transfusion ;Ce 3res' (North Londq 
' I 

Ortho and Abbott first a" 

01 636 8175 P.06 

at three Regional Blood 

, Glasgow and Newcastle) with 

ation anti-HCV tests, i.n 

accordahce W:ith`th.el manufacture 's instructions. Aliquots of 

each o~ the reputedly reactive samples were referred to three 

refere>c>ce f lab6ratdries (Vi.ru Reference Laboratory at 

Colindnle, GIRL; Un~versity Coljlege and Middlesex School of 

Medicine, ITCMSI ; i gi.onaI Virgq Laboratory, Glasgow, RVi,) . 

PCR analysis was :per. forwed fjr RVL by the Department of. 

Medicat Micrvbiblogy, Universit 
I 
of Edinburgh, UE. 

E 
Confir~atorV,S.etological Assay 

The referred specimens were testled with the Ortho RIBA-2 assay. 

[1.1.). Thl.s assay has 4 recombir€ant HCV antigens, 5-1-1, C100-

3, C3~c and C22-3 and a 4speci.ficity control antigen, f 
supero ide Aisrnxtase, SOD. According to the manufacturer's 

c-rit la, & 'ea*ple ` was judged "'Positive" i.f it was reactive 

with tv~o or' mo~F of the HCV ant-tgens and "indeterminate" if it 

reacte4 wit* h--orw HCV antigen on ; . 
I 

Viraemia Detection by Polymerasd C 

In each of the three independint reference laboratories PCR 

was Pakformed ".blind" by operat j rs who had. no knowledge of. the 

-result# of the 'coftfi.r-mato7 serological assay. Each 

laboratory 'used a' different 1protocol as described below. 

1 
I 
I 
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Nucleo-ide iIUMl-erinq of primers; and probes are given according 

to the system of Kato et. al 1121 unless otherwise stated. 

t 

At UCKiM, the ".;met2)ods employed for extraction of viral RNA 

from plasma'An4 fox cDNA synth"ais were exactly as previously 

described [ 13 3 -':but 'with random examers used for, priming cDNA 

synthe~is in.. place of anti.seise primer. Nested PCR was 

pe.rfornied with -the *85 region n4i.mer_ set [ 51 and also with the 

nonooding region,pri.mer set 41 as previously described. 

i f 

At VRL;- viral •RNA was extracted) from 50 pl aliquots of plasma 

by the method of Boom et al E1.5j and reverse transcribed using 

MuLV r¢vers6 t-sansdxiptase and 
t
trandom hexamer primers. PCR 

i 4 

was peOform6d with "the foliowin~ four sets of nested primers: 

1) the; N83 az~-P►er set (161 ith inner primers and probe 

deY!eIo&d at VRL [0); 2) the 453 primer set and probe [17) 

with infer pr• ia*rs 5' -AGA TGC GC TTC GCG CACT ( 3089, numbered 

accordinq to: Chiroh patent. [181) and 5'-CCA CAT TTG ATC CCA 
I 

MAT (3476, ;i4ritber4d according to (18]); 3) the S' noncoding 

region primtts {141  ̀with the ajdition of 5 1-AGT GGT CTG CGG 
F ~ 

AAC CGd-- TGA GTA".CAC CGG (130) as; an internal probe; 4) a novel. 

set of '5 1 nicmcodinq region pricers, outer 5' -GCG ACA CTC CAC 
t 

CAT AGAR ( 7) and 5' -CAC GGT CTA CZA GAG CTC CC (32r>),  inner 5' -
r ._ 

GTG AGO- AAC VAC-'TGT; CTT (35) and! 5 ' -C(;C AAG CAC CCT ATC AGG CA 

(217) itith ̀ the: same internal jprobe as in 3) above. The 

specifi.p lty of - the PCR produc s was confirmed by oligomer. 

hybridi*atidin [x.91. 
1 

t 
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At UE, the ANA PCR was nerformod as described previously LB). 
a 

Primer$ for thi 5'` noncoding r gion ;141 and new primers in 

NS3 wete uepdd. Tb4 sequence ofi the NS3 primers were based on 

compar6tive' se vAence data obtalined in the NS3 region with 

pr.imerg ED1 4 CeI. The sequenc s are: Ens (outer, 4991) 5'TCT 

TGA. ATT TTG GGA GGG CGT CTT, 976 (outer, 51.56) 5'CTT CCA CAT 

CTG GTC CCA CGA, TGG, ED7 (innet , 5013) 5 ' CAT ATA GAT GCC CAC 

TTC CTA TC and ..-IM (inter,, 5116 5'CTA GCG CAC ACG GTG GCT TGG 

TA. T~e ex&cfed Sizes of the PCR bands are 165 and 104 base 

pairs ior t~e triter.anti inner products respectively. 

I I• f ' 

RESULT-4 

( 
A rot-al of 10;, 33 :blood donat ohs were tested by the r. thee 

~Region~l) ]a 3.60d °;Transfusion Cea j es . Sixty five (0.61%) were 
} 

repeatddl•y t;eacti,vet in either o4 both of the commercial (anti- 

• C100) ~cree#ttd4 ' sseys and these were referred to each of the 
i 

three t efexftnaa' laboratories. I ive of. the 65 were confirmed 

positi4e on?1tIah-2 testing, 4 gave an indeterminate result and 

the retdainikfq 55 weie RIBA-2 ne tive (Table 1) . 
! r

i 

The 65i xeferrdd aamples were also tested by PCR for the 
i 

pres enje Ofd RC RNA;: The same samples were found to be PCR 

posititke ,a11 three reference laboratories working 

indepai#dent1gr jii►d ®stplt~ying di fereaL experimental protocols 

(Table ' 1) . Fiv, a of the 6 PCR! positive samples were RIBA-2 

positi*e ano' the other was RI81_2 indeterminate. All 6 PCR 

• il I 

i t 

WITN4486065_0008 
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ell 
i t 

t 

positive s*plgs *Ere reactive t in both the Abbott and the 

Qrtho >r Gree4ftlg; iassays. 

Sever4' different `•sets of n sted PCR primers amplifying 
, 

di.•f.fere~nt riogions of the HCV gnome were used in the study. 

The NS prim'er.a used by VRL (j2 sets) detected 4 of the 6 

Positives whereas the NS3 prim- set used by UE detected all 

6. The NSS primer: set «sed b UCMSM detected only 3. The 

most consistent result, were generated by the NS3 primers from 

UE andithe noncoding region primers which detected all 6 of 

the politivos stt V>R~, UE and WkM (Table 1) . In addition, a. 
__ 1 

furtheirt dodatiOn f__.GRO-A T le 1) was found to be PCR 
_ 

~._._._._._._. ._ ._._._. 
......

positisi;e With t11e UE DiS3 prime ~ 
I 

se+t only. Repeat testing at 

VE of tithe OE O"liqubt a.ncl of a; separate aliquot of the same 
! U.. 

don.atic6 seflt ftom VCMSM, confi MP d the NS3 primer set result. t.

eK3pari°ments d monstraai ed that the HCV genome titre 

of thet sample was -just at the cut-off level of the NS3 PCR 

. as-say. Sequencing Studies reveled that the NS3 sequence from 

donations GRO-A I aa quite di tinct from that of other HCV 

"i:sola es" pra ent' i.n the UE laboratory at that time. A 

repeat~donattion from the same donor given approximately nine 

months# late`r gloved negative try both RIBA-2 and PCR (with 

5 ' NCR and Na3 primer sets) when Itested at UCMSN and UE. 

l 
I 

I 

WITN4486065 0009 
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What d9es this''. studv tell us about the "true" prevalence of 

HCV iritecti'ba to t*.e U.K. bloof donor population' The 0.61% 

(65 of 1x,•6.33) '', crude" ser reval.ence observed here is 

consis ' nt 't~.•th a number of then reports of blood donor 

screen*ng IAsi.n* tt*6 fii:at generation Ortho anti -C100 ELISA 

(6,71. it i6 -:apparent however that the majority (56 of 65; 

• 865) ok scruen -reacki.ve donations identified by this test were 

false inCe ' >[i! t showed no reactivity in the RIBA-2 assay and 
t 

were, 11 gatiuio by PC-R. :f the calculation is based exclusively 

on coOti,rmod. RIBA-2 positive donations a seroprevalence of 

0.047$', (5 6f J"n,63~) is obtained. Although this figure is 

I. i ke ly to . • be more ar_curat than the 'crude' 0.65 
I 

seroprevalet C6 : it !is probabl.yf
tt 

an underestimate because_ at 

least 'some, RI$A-i*determi.nate 
, 

donations (e.g. ` GRO A of 
j ................. ..... -.1 

Table 1) ntAj~7
 

be from HCT•-infected individuals (20]. 

i 
• Furthea morey tho ait:i-C100 based first generation tests will 

miss ithos4 donori whose s~r.um contains antibodies to 
d, 

struct:v ra1 . iCV,yroteins only. Antibody assays will also fail 

to i.denti£y th6se donors in thi acute phase of HCV infection 

prior ito sezosonversion. Tho existence of infectious but 

anti-Cf00 ildiwtive donations `has been reported previously 

(21,22. 

1 i 

The pattern' of".'RJF3A-2 reactivi y (C22 band only) exhibited by 
i 

the PCP poaJtiVe donation 247021NL, suggests that the RIBA-2 

assay Day ttftt 'be sufficiently s~--nsitive to confirm all genuine 

anti- N V p6t Live 'Aonations. Antibodies against C100 were 

WITN4486065_0010 
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almost certaiqy present in this serum because it was 

is 

repeatetly fe'aetive:.in both the !Abbott and the Ortho anti.-0100 

screen.' a610.6 1-A, &$d •yet the ISA-2 C100 band was scored as 

non.-reaa~ctive by' all three ref4rence laboratories. Similar 

observOItionsi reblati*g to inadeglate sensitivity of the RIBA-2 

test hve Veen';mads previously U23]. RIBA-2 "indeterminate" 

dona.tlo~S, -.00p4cially those itith C22 only or C33 only 

patterns, shouli$ therefore be retxarded with due caution. 

The molt etirik g €inding of t1 a present study is the dear 
'r

associa-Lion :bet4sen - RI•BA-2 positlivity and PCR positivity. The 

association implies that most ! if not all RIBA-2 confirmed 

anti-IiV positive , donors ale viraemic and therefore 

potentially intfectious. Thito knowledge will undoubtedly 
I 

facilitate the "Donor counselling that will be necessitated by 

the iatroduetiofi of anti-HCV scz!eening. A similar association 

betweeriy con it sd inti-MCV positivity and viraemia has also 

been. observed A patients with 8ommunity acquired chronic NANS 

hepatitis ['J4] and: in patients) with. haemophilia [25] . if 

further, blood tenor studies con.irm that RIBA-2 positivity is 

inv.aria ly or aamost invariably accompanied by viraemia, then 

the re uirefient' foil' PCrR analylis of, blood donations should . 

declinti greotly. Studies are ~underwa.y to determine whether 

the clue essoOlation between IBA-2 positivity and viraemia 

also "istts 'w*,n cations are tested by second generation. 
e • 

screeniln9 aa87l1 ns, i.e. . .Ej'..T8As l incorporating both structural 

and no7j'-strdett&el OCV proteins. 

WITN4486065_0011 
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Ln vied+ of the:- coatplexity of he technique and doubts about 

the f asi•b* 1Li~y of avoiding f contamination, it is both 

remarkole :atdi.:.rcasauring to n~te that the three independent 

refereAce labor-atories, using d',if.ferent PCR protocols, agreed 

on the;same 6 PCR positive samples from a total of 65 tested. 
t 

These ~esulate suggest that PCRffor HCV-RNA is a reliable and 

reprodkicibi46-t- ~-iagndstic techni e particularly when primers 

from toe Mshly conterved 5' no'coding -region [26] are used. 

._._.__._._._--.-.-. ' 
Howeveif, onis" 4.natton I GRO-A wars found to be repeatedly -------------------------

PCR podiitivO (cam two separate afiquots) at UE when tested with 

the NS3 pritfter pet, although, .iri agreement with VRL and UCMSM, 

it pro-4ed t4 ••be: 'PCR; negative wi h 5' noncoding region primers. 

Since the t~tr•..e. '. of HCV-RNA in t is sample was just at the cut-

off 14vel of the N93 PCR ~it seems likely that minor 
s 

senditivi.•ty , •tits er4onces betwee the NS3 primer set and the 

other O•rimet siixs My have been responsible for the discordant 

• result.'„. S tegce -4nalysis of his sample appears to exclude 

the ssil i+liCy Hof contatnihation from previously or 

concurrently amplified PCR prod ct-s in the UE laboratory. The 

absence of ;both: HCV antibody aid HCV-RNA in a later donation 

from tie s-ane :` donfOr suggests (either that the donor had a 
f

transis'nt low > lev¢1 vira.emia I at the time of the first 
`t

don.ati.dn, at test the first ~ 
I 

contatnl~natiOff With iKCV at the_ 

du r i.ng ` aeporsl~ on of the 

referece labo tox'ies. 

ation had received low level, 

r_reening laboratory before or 

alo.quots for despatch to the 

t r 

,.. . 

t 
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Fol. l.ow Pp sl udi.ipe are planned toy determine whether the HCV-PCR 

ponitiv~ da6orti' identified hate have evidence of hepatic 
gj  ' 

dysfuncttion,oar Ovidence of other! blood borne viral infections. 

Attempt-* wiil a1.so be made to di{scover how these donors became 

infect ' with HCV and whether or- not they have transmitted the 

i.ntecti~n to of -her family member . 

I 
We con~lude 'th*t first gen.erat4on anti-HCV tests generate a 

1 
high psopor;kini,, of : false r.eacttons when used to screen U.K. 

blood donatlibht* VortunateJy, f the RIBA-2 Confirmatory test 

appear to.* di=f:~erentiate accu.raCely between true and false 

reactiVi.ty 06 judgeid. by the re4ults of PCR analysis for HCV-

RNA. lVinal9:y,~' frrAn the dat.a presented here it would seem 

prudeni to ` ftgard RIBA-2 11reactive donations, whether 

"positive" i0r. '.'ind*te.rmin.ate", as likely to be viraemic and 

therefgre c~pabs- a of transmittirit,  HCV infection. TA 

I . . 

s 

y j1. 
1 

r i a r • 

R f 

i

I 

t 

~r i is ~• • t 
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