L
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have 2 mare stabilizing effect on the IRE.BP
than dircct iron starvation or administra-
‘tion. Finally, treaunent of RD4 cells with
puromycin at doses that complerely Inhibic
protein synthesis has no effect on the induc.

tion of IRE-binding activity in response to’

negs).

We therefore propose that chelation of *

iron by Df results in the activation of the
*IRE-BP by leading to the reduction of an
intramolecular disulfide in the IRE-BP, Ac
least one of the nuw free cysteinyl residues is
required for a high affinity intcraction be-
tween the protein and the IRE which, in
turn, is responsible for the repression of
ferritin mRNA transtation. In cssence, alter-
stion in cellular iron status operates a “sulf-
hydryl switch” by reversible oxidation or
reduction of critical sulthydryl group or
groups in the IRE-BP. This hypothesis
raiscs the question of whether such a switch
could be physiologically relevant in the re-
duclng environment of the cytosol. The

wjor redox buffer in the cytosol is the

glutathione system. The vast excess of re- -
- duced over oxidized glutathione is fargely

responsible for the reducing potential of the
cytosol. A study on the reversible oxidation-
reduction o' 3-hydroxy-3-methylglutary co-
enzyme A reductase demonstrates that oxi-
dized sulfhydryls can exist and even predom-
inate within the cytosolic glutathione redox
butfer system (23). Two factots can deter-

/ mine the redox state of a protein sulthydryl

within the cprosal. One is the ratio of
reduced to oxidized glutathione, which ¢an
change significantly wnder physiologic con-
ditions (23). The second is the oxidation
equlibrium constant (K.,) for a particular

- sulthydryl group within a protein. Equilibri-
" um vonstants tor prorcin sulfhydryls can

vary over many orders of magnitude, reflect-
ing the cffects of the local environment
around the cystcinyl mwicty on its Koy (29).

acse local cffects may reflect dhe stabiliza-
tion or destabilization of the thiolate anion.
Conformational changes that alter this local
environment can thercfore affect the K,y of
a particular cysteine sulthydryl group. In
this way allosteric cffectors can perturb the
Kox of sulliydryls on specific proteins and
thereby alter the redox state of the protein,
even in the presence of 2 constant cytosolic
redox buffer. Our data on the IRE-BP pro-
vide an example of the wiility of oxidation-

‘teduction as a reversible covalent modifica-

tion in the regulation of cellular protein
function.
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Isolation of a cDNA Clone Derived from a Blood-
Borne Non-A, Non-B Viral Hepatitis Genome

Qur-Lv CHoo, GEORGE Kuo, AMY ], WEINER, Lacy R, Oversy,
DANIEL W. BRADLEY, MicHAEL HOUGHTON - .

A random-primed complementary DNA library was constructed from plasma containing
the uncharacterized non-A, non-B hepatitls (NANBH) agent and screened with serom
from a patient diagnosed with NANBH, A complementary DNA clone was isolated that
was shown to encode an antigen associated specifically with NANBH infections. This
clone is not derived from host DNA but from an KNA molecule present in NANBH
infections that consists of at least 10,000 nucleotides and that is positive.stranded with
respect to the encoded NANBH antigen. These data Indicate that this clone is derived

from the genome of the NANBH agent and are consistent with the agent

similar to

the togaviridae or flaviviridae. ‘This molecular approach should be of great value in the
Isolation and characterization of other unidentified infoctious sgents.

. ITH THE DEVELOPMENT OF SPE-
cific diagnostics for the hepatitis
A virus (HAV) and the hepadris

B virus (HBV) in the 1970s, it became clear
thar most cases of heparitis arising from
bload transfusion were not caused by infee-
tions with these or other known viral agents
(1-4). Duspite over a decade of rescarch, the
agent or agents responsible for this so-called
non-A, non-B hepatitis (NANBH) remains
unidentificd (5, 6), although there is cvie
denee thar ane blood-borne NANBH agent
may be a small, enveloped virus thae is

readily transmissible to chimpanzees (7, 8).
A major impediment to progress in studics
of this virus has been that despite intensive
work, conventional immunological methods
have consistently failed to identify specific
viral antibodies and antigens (5, 6). Al
though this failure ¢ould be interpreted in
terms of 2 lack of viral antibody, we consid.

8--1.. Clxoo.a G‘. Kua, A. J. de‘:gb!..o % ngs;rbq\l A;.
oughton, Chiron Corpuration. tn Strect,
¥ vitle, CA 94608, .

D. W, Brﬁ?. Hepavitis Branch, Centers for Discasc
Control, 1 Clifton Road NE, Adama, GA 30333.
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cred it t6 be due more likely o insufficient
concentrations of viral antigen in NANBH
infections.

Therefore, in order to increase viral and.
gen concentrations, 2 ¢DNA library derived
from infectious material was construcred in
the bacteriophage Agtl 1. This vector allows
the efficient cxpression of ¢<DNA-encoded
polypeptides and was designed originally to
facilitate the isolation of cDNA clones by
means of well-characrerized antibodics that
bind 1o clones synthesizing the polypeptide
of interest (), This library was then
screencd for rare clones expressing viral anti-
gen with scrum from a chronic NANBH
patient as a presumed source of viral anti-
bodies. To increase the probability of detect-
ing viral clones, the cDNA library was de-
rived from chimpanzee plasma conraining a

" relatively high infectious titer (10). This
plasma was subjected to extensive ultracen-
trifugation in order to ensure the pelleting

of a small virus; and mucleic acid was recov-

cred from the pellet. Since the nature of the
genome was unknown, the recovered nucle-
ic acid was completely denatured -before
synthesizing ¢DNA from both RNA and
DNA with random primers of reverse tran-
scriprase. Screening ~10° of the resulting
recombinant Agt11 phage led to the identifi-
cation of positive ¢cDNA clone §-1-1.

To investigate its potential viral origin, a
larger overlapping clone (clone 81) was firse
isolated from the same library, and the

- ¢DNA was hybridized to human and chim-
panzee DNA by Southern blot analyses.
This cDNA did not hybridize cither to
control human DNA or to DNA derived
from two chimpanzees with NANBH infec-
tions (Fig. 1A). In a control experiment, the
single-copy interferon gene from human

Fig. 1. Hybridization analy-
sis of clone 81 ¢cDNA with
host DNA. (A) Southcm !
blor containing 10 pg of - Coedn
DNA extracted cither gom .-

a human placenta (lanes 7 10
9) or from: proven infoctious ..
liver samples vbnained from
chimpuanzees 1002 (lanes 1 L W
10 3) and 910 {lancs 4 10 6) '
during acuts or chronic in.

fection, respectively, with

the NAN Blfi:cm contam-.

ipating 2 human factor VIII !
coneentrate (10, 17). Each .
DNA was digested with ci-
ther Hinc II, Mbo I, ur Eco
RI before Southem blot

4

o~ s

fibroblasts yickded clear hybridization sig-
nals under identical conditions (Fig. 1B).
This proves that clones 5-1-1 and 81 are non
derived from dhe host genome and thar
DNA replication intermediates ‘refated to
these sequences were underectable. N

Whereas homologous DNA  sequences
were widetectable, total RNA extracted
from infectious chimpanzee liver hybridized
specifically to the cloned ¢cONA but not
toral RNA derived from control, uninfecred
chimpanzee livers (Fig. 2A). The abundance
of homdlogous RNA in total liver RNA
from the infected animal was estimated to be
~0.00001% (w/w). Furthermore, total nue
cleic acid- extracted from ultracentrifuged
pellets of the high-titer NANRH chimpan-
zee plasma hybridized to these clones, but
this hybridization signal was lost afier treat-
ment with ribonuclease but not deoxyribo-
nuclease (Fig. 2B), Hence, it appears that
these clones are derived from an cxogenous
RNA molecule associated with NANBH
infection. This RNA from infectious plasma
appears to be single-stranded since only one
of the strands in clonc §1 ¢DNA could
hybridize 10 it even though both strands
hybridized with equal efiiciency to the dou-
ble-stranded clone (Fig. 2C). To analyze the

sizz of the RNA homologous to these. .

cDNA clones, we separated RNA derived
from infectious chimpanace liver by electro-
phoresis through a denairing formalde-
hyde agarose gel, transferred it to nitrocellu-
lose, and hybridized it with clone 81 cDNA.
Although the hybridizarion signal obtained

with toral RNA was weak, there was strong

hybridization to 2 heterogencous papula-
tion of RNA molecules that bound to oli-
go(dT)-cellulose (Fig. 2D). The approxi-
mare size of this RNA was estimated to be

analysis (19) with ¥P.labefed nick-translared clone 81 cl')NA as the hybridization probe (20). M
represents DNA standards of berween 0.1 and 23.1 kbp. (B) Cantrol blot of 10 uf of human placental
h

. DNA restricted with either Mbo I (lane 1) or Fco RI (lane 2) and hybridized wich 221-Jabwled human

Bl-interferon cDNA (0.6 kbp) (21). Clunc 81 was derived (22, 23) trom an infectious plasma pool

{=10° chimp infectious doses e‘Sx:r milliliter). This
from inoculation o

chronic infection, which result

| was prepared from chimpanzee 910 during

Fgl?ronic-ph:sc plasma from chimpanzee 771, The

lastee animal was inoculated with 2 human facror VITE concentrate previously implicated in NANBH

transmission (10, 18),

360

between 5,000 to 10,000 nuclentides,
observed smear may reflect degradation di
ing. preparation”and the maximum size
the original RNA may be at least|
nucleotides. The binding to oligo(d?) ...
lose indicates thar there is cither a 3’ rorr
nal polyadenylate sequence ‘or an A.r
tract elsewhere in the molecule.

The nucleotide sequence of clone 5.1
indicared thae the ¢cDNA strand encadi
the immunoreactive polypeptide passess
one continuous, translational open readi
frame (ORF) (the sequence of the genar
Is being completed and will be deposited
the GenBank database shortly). To inves
gate the redation of this polypeptide w.
NANBH, this ORF was expressed in bac
riz 23 @ fusion polypeptide with hum
superoxide dismucase (SOD) and immur
blot analyses wert performed on toral bi
terial lysates. The chronic NANBH pate
serum used originally to detect clot’” 1
reacts specifically with this SOD/S:z-1

Fig. 2, Hybridizadon of .
donc 81 cDNAe RNA. G
(A) Spot hybridizaton - . - N
(20 of 2,4, 01 12 pg of potal livee RNA “mt
(25) from vither chronic NANBH-infectc. _iir
910 (al to a3) ur from two congol, uninfect
anirmals (bl to b3 and ¢} to ¢3) with 33P-labcl
nick-translaced clone 81 cONA. (B) Spot hybridis
tion of nucleie acid extracted from viral plast
pellets (22) before (sgt 1) or afier sreatment wi
either exoess deoxyribonudease 1 (spot 2) o rib
nuckasc A (spoe 3). Hybridization probc as in (2
(C) Each strand of clonc 81 ¢cDNA was sulxiun
im0 phage M13mp) 8 and then labeled by incubs
ing with Kknow Escherichia coli DNA polynwerasc
in the presence of hybridization probe primer (N
England Bivlbs) and |a-32PIdCTI (23). Ea
prgcwndmhybﬁdiuduxdotﬂmmuinh
<ither idetical portions of viral RNA deriwd fro
infoctious plasma (al and bl) oc 2 pg of purifi
clone 81 fe-stranded cDNA (22 and b2). 1
Norliern blot enalysis (26) of 30 pg of 1oral RN
{track 1), 30 ug of tnbound RNA (wrack 2), snd ©
g of bound RNA (track 3) afier chromatugranl
on oligo(dT)<cllulose (Collaboradve Rer
RNA was derived from the liver of ini
chimpanzee 910. Arrows indicate the relative o

ton of 285 and 188 riboeomal RNA. %
abekd fick-translated clane 81 cDNA was uscd
the hybridization prob. .
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sion polypeptide (DSS), whereas there was
no reaction with control lysates expressing
SOD zalone (Fig, 3A). Similar results were
obtained with sequm from 7 other NANBH
patients of 11 tested, whereas serum from
10 normal donors were all negative (1), In
addition, four chimpanzees experimentally
infected with the NANBH agent all sero-
converted to PS5 antibudy afrer acure Infec-
tion, whereas seven animals infected with
cither HAV or HBV showed no such sero-
conversion (se¢ Fig. 3B for representative
examples). Sera from these animals were
also assayed with 2 radicimmunoassay con-
taining purified IS5 to capture and measure

" teactive antbodies. Only those animals ex.

perimentally infected with the NANBH
agent developed PSS antibodies (Table 1),
These data along with results from a large
study of well-characterized patients (12)
demonstrate that: the polypeptide encoded
by the dotie 511 ORFis closely associated
with NANEH infeftions. Ftirthetmore, the
DNA strand that hybridized with plasma-
derived RNA (Fig. 2C) was complementary
to the strand encoding this 5-1-1 ORF,
indicating therefore that this RNA s posi-

Flg. 3. Immunoblor asmay for -~ A B
PS5 andbodies. (A) Incuba-
tion of the chronic NANBI{
patient serum used ro-isolate
done §-1-1 (22) with bl of
total bacterial lysates (16)
containing eicher PSS (lane
(lé or conm)l"l SOD (lane 2).
) Sequential serum gamy
from experimentally infcqp{g
chimpanzees  were  reacted
with identical strips cut from
& preparadve blot of total ly-

1
 tivesstranded with respect w translation of
this apparent viral antigen.

Thus, our data indicate thac clones §.]-1
and 81 are derived from the genome of a
blood-borme NANBH virus thar we now
term the hepatitis C virus (HCV). Previous
filtration studics have indicated that this

*virus is less than 80 nm in-diameter and
from its proven sensitivity to organic sol-
vents, it would appear to possess an enve-
lope made up of cssential lipid (7, 8). These
observations led to the suggestion that the
agent may be togavirusslike (13). Our pres.
ent data showing that the virus contains a
positivestranded RNA molecule of at least
10,000 nucleotides is consistent with ic bes
ing related ro the togaviridac or flavivitidae.
The latter used to represent a genus in the
togaviridae family bue were recently elevated
to their own family (14). The ¢DNA clones

" reported here were obeained in the absence -
- of prior knowledge concerning the virus, the -

“viral genome, and the presence of circulating
viral amtibodics. As such, this represents
cloning without prior characterization of
the infectious agent. This approach should
be relevant to studies of other diseases in

sate contdining PS5 (16) to which exngenous SO was added a5 an intemal control. Duay O represcnts the
day of virus inoculation. Infections were monltored by scrum ALT concentrations (intemational wits per
liter). Strip C war incubated with the same patient serum used in (A). The arrow and bar indicate the
positians to which IS5 and SOD migrate, respectively.

-able 1. Incidence of I'SS antibodics in experimentally infected chimpanzees. Radioimmunoasays
were performed as described (15, 16) on four serial scrum samples obrained (rom each animal beginning
with 2 sample obtained immediately prior to intravenious administration of virus (day 0). The mean of

quadruplicate assays at cach time point is shown (counts per minute). Valucs above

¢jn (mean of

uninfected controls plus three standaed deviations) are considercd positive, Animals 1, 7, and 8 were the

same as used in Fig, 3. Animals 1 to 4

resent the third, scoond, fith, and third chimpatizee passages,

tespectively, of the human factor VIlI—derived NANBH agent (12, 18). The serum alanine aminotrans-
ferasze (ALT) fevels on the four sampling days are shown. Sampling timey arc represented as the rumber

of days after inoculation of virus. nd, not done.

3

Chimp Agent . Sampling times ALT Counts per minute
1 NANBH 0, 76, 118, 154 9,71,19,17 250, 306, 5664, 8301
2 NANBH 0, 21, 73, 138 5,52,13,13 294, 398, 2133, 8632
3 NANBH 0, 43, 53, 159 8,205, 14, 6 152, 349, 392, 3738
4 NANBH 0,55, 83, 140 11,132,7,7 349, 267, 392, 2397
5 HBV 0, 359, 450 12,nd, 6 -~ 804, 660, 656
6 HBV - 0, 115, 205, 240 9,126,9, 13 618, 606, 514, 790
7 HBvy 0, 42, 169, 223\ 11,54, 9,10 454, 231, 272, 198
8 HAV 0. 15, 41, 129 + 18, 106, 10, 22 256, §97, 266, 295 -
-9 HAV 0, 22, 115, 139 7, 83,5, 10 218, 176, 214, 341
10 HAvV 0, 26, 74, 205 15,130, 8, 5 162, 219, 554, 284
11 HAV 0, 25, 40, 268 4, 147,18, 5 333, 453, 419, 358
21 APRIL 1989
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which an unknown infectious agent (viral or
otherwise) might be involved.
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An Assay for Circulating Antibodies to a Major

.

Etiologic Virus of Human Non-A, Non-B Hepatitis

G. Kuo, Q.-L. CHoo, H. J. ALTRR, G. L. GITNICK, A. G. REDEKER,

R. H. PURCELL, T. MIYAMURA, J. L. DIENSTAG, M. J. ALTER, C. E. STEVENS,
G. E. TEGTMEIER, F. BoNIno, M. CoromBo, W.-S. Le, C. Kuvo, K. BERGER,
J. R. SHUSTER, L. R, Ovsrsy, D. W. BrabLey, M, HOUGHTON :

"A specific assay has been developed for a blood-borne non-A, non-B hepadtis

{NANBH) virus in which 2 polypeptide synthesized in recombinant yeast-clones of the
hepatitis C virus (IHCV) is used to caprure circulating viral antibodies. HCV antibodics
were detected In six of seven human sera that were shown previously to transmit
NANBH to chimpanzees. Assays of ten blood transfusions in the United Statcs that
resulted in chronic NANBH revealed that there was at Jeast one positive blood donor
In ninc of these cases and that all ten recipients seroconverted during their itlnesses.
About 80 pereent of chronie, post-transfusion NANBH (PT-NANBH) paticats from
Italy and Japan had circulating HCV antibody; a much lower frequency (15 percent)
was obscrved in acuce, resolving infections. In addition, 58 percent of NANBH
paticnts from the United States with no {dentifiable source of parenteral exposure to
the virus were also positve for HCV antibody. Thesc data indicate that HCV is a major

cause of NANBH throughout the world.

IRAL HEPATITIS COMMONLY OC-

g ; curs in the absence of serologic
markers for such known hepatotro-

pic agents as heparitis A virus (HAV), hepa-
tidis B virus (HBV), cyromegalovirus (CMV),
and Epstein-Bar virus (EBY) (I-4). Termed
non-A, non-B hepatitis (NANBH), this entity
represents preater than 90% of transfsion-
assoared  heparitis cases in the United
States, and up to 10% of transfusions have
been estimated to result in NANBH (5, 6).
Mure recantly, the frequent oscurrence of
NANRI{ in the absence of any obvious
parenteral exposure has been well docu-

* mented (7-9). Whereas acure disease {s often

subiclinical, at least half of NANBH infec.
tions result in chronle hepatitis, which may
resulc in cirrhosis in approximatcly 20% of
<ases (70). A potential association with he-
parocellular carcinoma has also been pro.
posed (171). Beause of the frequency and

severity of NANBLI, there is an urgent need
to develop a direct diagnostic test for the
causative agent or agents, We have recently
cloned the genome of a NANBH agent
(12), designared the hepatitis C virus (11CV),
and now report the development and usc
of 3 recombinant-based assay for HCV
antibodics.

Three overlapping clones were isolated by

means of the ¢cDNA in HCV done 5-1-1, |

which was used as a hybridization probe 10
the original cYNA library (12), These clones
have one common open reading frame
(ORF) extending throughout them chat en-
codes part of a viral antigen associated with
NANBL{ (12). This continuous ORF was
reconstructed from these clones and then
expressed int yeast (13 as a fusion polypep-
tde with human superoxide dismutase
(SOD), which facilicates the eficient expres-
sion of fureign proteins in yeast and bacteria

Ci. Koy, Qool, Choo, WS, Lee; €. Kuo, Ko Bc(t;a, 1.
R. Shuster, L. R. Overby, M. Houghton, Chiran Corpa-
ration, 4560 1lorten Sueer, Enteryville, CA 94608.

{1, J. Alrer, Deparument of Transtusion Mediciue Clini-
;gzggmm. National Instinutes of Health, Bethesda, MD
0 L]

G. L. Gitnick, Department of Medicine, UCTLA School

of Madicine, Los Angeles, CA 90024.

A. G. Redeker, Deparmment of Medidine, University of
Southern Calitornia, Liver Unit, Rincha [0 Apsigas
Mcdical Cenrer, Dawney, CA 90243,

R. 1. Purecll, Labarstory of Infcctions Discases, Na-
tional Instiruge of Nkrm and Infcctious Discase, Na-
ticnal histicutes of' Llcalth, Bethesda, MD 20205,

T. Miyamurs, National Institute of 1lealth, 10-35, 2.

362

Chome, Kamiosakd, Shinagswa-Kw, Tokyo 141, Japan.
J. L Dienstag, Gastrointestinal Unit, Massachusetes
General Hospital, Roston, MA 02114,

M. J. Alter and D. W. Hradlcy, Centers for Disease
Control, 1600 Clifion Rasd NE, Adanea, GA 30333,
C. E. Spevens, l.ahur.muz of Epidrmisiogy, New York
Bload Center, 310 Rast 67 Streer, New York 10021,
G. L. Tegmeier, Coaununity Blxad Conter of Greater
Kansas Cicy, Kansas City, MO 64111,

¥. Bonino, Divisione 3& Guastewenterlugia, Ospedale
ﬁa“im: di §. Giovanni Battist, Mulincuire, Turina,
Hay. -

M.ndhmln. Insricutty di Medicina [ntema, Clinica
Madiva 3, Universia Jdi Milang, Via lax, 9, 20122,

" Milan, lealy.

4fal /89

(13-15). In this way, a SODAICV polyp
tide (C100-3) containing 363 viral am:
acids was synthesized ac high levels (~.
total protein) in recombinant yeast. Al
solubilization and purification, C100-3 +
used to coat the wells of microticer plates
that circufating HHCV _ antibodies in ble

. samples could be captured and measur

Datection of bound antibody was achier
with a radioactive scoond antibody.
Iniltially, to test the specificity and ser
tivity of this assay, sera of known NANE
infecrivity was assayed in 2 blind fashi
(Tuble 1), This panel of well-pedigreed a
well-characterized samples has been acce

- ed widely as a crucial test of the validity

putative specific assays fur NANBH (1
Of seven NANBH scrum samples shown’
be infectious in chimpanzees, all bue ¢

_gave very high signals in the assay as co

pared 1o the results obmined with sera fre
two control patients with alcoholic hepari
or primary biliary cirthosis and five nc
infecdous normal blood donors. These
sults were reproducible in quadeuplic:
analysis (Table 1). The only praven inf
tious sample that was negative in the as
was obtained from an individual in the act
phase of pust-transfusion NANBH (P
NANBH), although another scute-phase:
rum of unproven infectivity was simila.
negative. A blood donor implicared in tras
mission of NANBH but whose serum v
of cquivocal infectivity in chimpanzees w
also found negative in this assay. Thus, t
data from this panel of sera indicares a hi
sensitivity and specificity of the antibo
assay for blood-borne NANBH. No ot
assay evaluated by this panel has achiev
this degree of specificiry and sensitivity (1¢
Next, we assayed matched blood don
and prospectively abuined recipient s
frum ten well-characrerized cascs of chrot
PT-NANBH in the United States. The
sults of the HCV antibody assays of sequc
tial samples taken at 3-month intervals frc
cach recipient during the development
NANBH and in stored samples from t
corresponding donors are shown (Table !
Bach of the ten recipients seroconvert
against HCV during the course of disea:
although seraconversion in case 4 was m:
ginal and not apparent gntil 12 months af
transtuston. In  contrast, seroconversi
against HCV was not ebserved in prospe
tively studied individuals infected with oth
viral hepatitis agents. Antibody seroconve
sion .was gencrally detectable within
months of transfusion. The prolonged int
val to antibody devclopment may expls
the observed absence of HCV antibodics
the acurc-phase samples assayed in Table
With one exception, signiticant levels .
HCYV anribody were detected in ar least or
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Table 4. Detection of HCV antibodies in proven Infectious blood samples. Assays were performed (22)

under code and in quadiuplicate on a panel (16) containing sera from three patients with biopsy-proven
cheanic PT-NANBH, three implicated blood dunors, and one patient with scute I’T-NAI\F]‘B!'{ all of
which had been proven to rransmit NANBH 1o chimpanzecs. Also included were sera from a parient
with acute NANBH and a donor thrice implicated in NANBH, e2ch of which were equivocally
infectious in the chimpazee. Control sera were asnayed from five normal blood donars who had esch

donated blood on az least ren occasions without the development of NANBH in the recipients, from 2

patient with alcoholic hepatitis, and from an individual with primary biliary cirrhosis, Scra scoring
positive in these assays were negative when purified SOD was used to cvat wells instesd of C100.3,
Such samples were also positive in immunoblor analyses containing recambinant HHCV paiypeptide,
but noe SOD alone (12). v .

Serum

Cututs per minute

: Proven infectious (n chimp
Chronlc NANBH padeus
ANBH)

1(PT-N 31,962 32,107 22,121 23,584
2 (PT-NANBH) 22,871 17483 21,623 19,863
3 (IT-NANBH) 25,381 20,983 21,039 20,047
Acute IT-NANBH paticnt 909 726 767 580
lmf:limed blood donors .
. . 40,883 33,521 35.870 34,526
2 ) 25,812 23512 26476 23,7223 .
3 ) . 31,495 30,907 33,723 33,043
. Unproven infeetivity in chimp )
- Acute PT-NANBI{ patient . 1,207 740 1,786 1,489
Implicated blood donor 5§90 469 477 © 461
Pedi nonnal controls
Blood donors el :
1 998 775 647 6534
2 887 632 561 469
3 591 448 459 327
4 634 . 833 758 649
5 584 531 553 429
Disease controls
Alcoholic hepatitis 842 571 586 566
Primary billary clerhiosls 915 1,118 741 750

Table 2. Detection of HCV antibudics in the blood donors and recipicnts of ten cases of chronic PT-
NANBH from the United States. There were 138 blood donations of apparent negativity thar closcly
fallowed 2 normal distribution with 3 mean of 1536 cpm (range, 187 to 3097 cpim) 2nd 1 standard
deviation (SI)} of 671 cpmi. Samples >3549 ¢pm (wan + 3 SD) are cousidered posicve. All

prospectively studicd blood recipicnes developed chronic NANBH as diagnosed by the persistent -

clevation of s:nun ALT levels (>6 months) in the absence of immunoglobulin M antibody to HAV,
HBY surface antigen (HBsAg), antibody to HBisAg and HBcAg, and scrologic markers for CMV and
EDBV infection. Biopsies from all ten patients confirmed the diagnosis of chronicity. Recipient sera weee
assayed ar 3-month intervals (0 represents 2 sample obtained imunediately before transfusion). Control
szmples consisted of sera from a2 prospective study of male hotnosexuals (23) that were assayed for up to

1 year after the onset of hepatitis as a result of infection with cidier HAV (18 cases), HBV (20 cases), or -

CMY (S cascs), None of these discase controls showed positive seroconversion to anti-HCV. The
~esults of every positive dunor unit are shown. i .

— :
i Anti-HCV 2ssay (cpen)

~t

dontor to cach of the ten recipients with

NANBI{ (Table 2J- Case number 4 had no -

" positive donors and represented the recipi-

ent with the weakest seraconversion abe
served. Some of the positive donors had /7~
surrogate markers for NANBI [dcva&\“
scrum alanine aminotransferase (ALT) con-
centrations or the prasence of antibody to
the hepatiis B core antigen (HBcAg), or
both (6, 17-19)]. The prevalence of HCV
antibody In voluatary blood donors from
New York with normal ALT levels (<45
inwernacional unles per liter) and no anti-
body to [iBeAg was about 0.5% (2 of 412).
This frequency increased to 44% (16 of 36)
in donors with both clevated ALT levels and
antibody w HBcAg (20). .

These data from characterized NANKH
pancls combined with previous data (12)
indicate  specific associstion betweeny HCV
antibody and blood-borne NANBH. This
conclusion was also supported rom assays
of other chronic PT-NANBH patlents /™ -
ble 3). These cases differ from the NAN. 7
cases cited in Tables 1 and 2 in that they
were not prospectively monitored from the
time of transfusion and. in many cases, oaly
one serum sample was assayed. This may
account for the obscrved lower prevalence of
HCV antibody. .

Table 3. HCV antibody in NANBH patien-
from the United States.. !

feel Toeal Pcn:mtw
Transmission " patienst  positive
Blood transfusion 24 L
No ldentfiable source 59 £3¢
(community-scquired)

*Rerween ane and three seum samples auayed from
patients whio had peceived tramsfusions aad who were
diagnosed with chronic NANBIH vn the bays of clinicsl

clevations of serum ALT for >6 months,
m:lmkm of Infection with other agents (Table
2 ms the exclusion of other apparent causcs of )
inw. fsacqmnu:lp rmﬂn‘: samples ;:Hmﬁ Kvu -
dvely up o ars after the onser of ¢ epatitis
aswdlr i y‘demedurmALTlnﬂulbamcrof

of M;&m ?ﬁ:ﬂaﬂma (Table 2) tnd other
causes ury.
Case dunurs Revipicuts (months)
per Positive - . .
s, donors 0 3 P 12 Table 4. HCV wntibody in IT-NANBH cisxes
. fusion - . from ltaly and Japan.
1 T 3,910 1,870 3,220 13,120 26780 Coum  Number of ) Percent
2 1B ;:.29‘% 2,520 1170 11,400 20,750 "‘;" ;ft‘m‘;s Disease Sl
3 13 < 6,140 1,800 1,850 15,9%0 4720 laly 32 Chronle 84*
4 18 :, None 1,430 1,370 750 4,260 Japan 23 Clironic 78t
5 16 24,420 2,230 - 790 13,960 22,020 Japan 13 Acute, 15t
6 11 6,080 2,100 10,160* 21,490 24,900 : resolving
25,600 : . ;
7 15 15,970 2,120 2.0%0 10,470 16,140  *Serum samples (about three) assayed from each patiem
8 20 13,240 1.920 2,860 8.160 22810 with tranafusion- chrontic NA_NBH (di £
3 "8t 32,790 3,370 5.800" - 4,700 11,380  inTabes ’;g‘,‘,,’};,“,,;‘,,?;‘:"’“’*“ sudy Bt
10 15 20,430 1,530 5.830* 19,960 20580 st siter the oneet of acute NANBIH {disgronr
19,760 . In Tables 2 and 3). The serum ALT af acue, resolv

$These moderately high counts per minute were shawn in additional saudies to be due to passive transicr of amtibody
from danars who luﬂigh mtigidy grers.  tOnldy six of the eight donors were amyep;.
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patlkems rerumad ta nomnal and stable levels, wheree .
chronie patients displayed sbnormal kevels for at leist 6

montlu.
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Assays were also performed on a group of
paticnts with well-defined clinical NANBH
who were praspectively monitored for up to
3 years after onser of illness but who had no
identifiable souree of infection (9). More
than 50% of these individuals were either
pasitive for HCV antibody at the time of the
inidal consulradon with the physician or
scroconverted  subsequently  (Table  3).
Thus, it appears that HCV is a major cause
of communiry-acquired NANBH as well as
PT-NANBII.

To initiate investigations into the contri-
bution of HCV to global NANBH, a collec.
tori of sera from NANBH patieats from
Traly and Japan was assayed for HCV anti-
txody. The results indicare thar 84% of Inal-
ian paticnts diagnosed with chronic PT-
NANBH connained HCV antibody (Table
4). A similar frequency was observed in

- prospecrively siudied chironic FT-NANBH

cases from Japan, bur a much lower preva-
lence was scen in Japanese padents with
NANRBH that had resolved their acute infec-
tion witltour progression to chronic hepati-
tis (Table 4). The lower incidence of anti-
bady to HCV in acute, resolving NANBH
has also been observed in other human
studies (21) and may reflect a lower stimula-

tion of the immune system in these cases as

“compared with chronic, persistent infecs

tions. :

These data suggest thar HCV is a major
cause of chronic NANBH throughout the
world. The advenc of the specific, sensitive
test for HCV antibody described here
should improve the safery of the world’s
blood supply as well as provide an impartant
dlinical diagnosdc tool. With this assay and
the availability of HCV  hybridization
probes (12), it should also be possible to
address the issuc of whether other parenteral
NANBH agenes cxist.
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