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P e r s o n s  w i t h  lion-A, l ion-B h e p a t i t i s  (cases )  i den t i f i ed  i n  5 
t r a n s f u s i o n  s t u d i e s  i n  t h e  ear ly  1 9 7 0 s  have  b e e n  f o l l o w e d  
ever  s ince  a n d  c o m p a r e d  f o r  o u t c o m e  w i t h  m a t c h e d ,  t r ans ­
f u s e d ,  n o n - h e p a t i t i s  c o n t r o l s  f r o m  t h e  s a m e  s t u d i e s .  Previ­
ous ly ,  w e  r e p o r t e d  n o  d i f f e r ence  i n  a l l -cause  mor ta l i t y  b u t  
s l i g h t h  i n c r e a s e d  l iver- re la ted  mor t a l i t y  b e t w e e n  t h e s e  co­
h o r t s  a f t e r  1 8  y e a r s  fo l low-up .  W e  n o w  p r e s e n t  mor ta l i ty  
a n d  motbidi ty  d a t a  a f t e r  a p p r o x i m a t e l y  2 5  y e a r s  of fo l low-
u p ,  r e s t r i c t ed  t o  t h e  3 s t u d i e s  w i t h  a r c h i v e d  original s e r a .  
Al l -cause mor ta l i ty  w a s  6 7 %  a m o n g  2 2 2  hepatit is  C- re la ted  
ca se s  a n d  6 5 %  a m o n g  3 7 7  c o n t r o l s  ( P  = NS) .  Liver-related 
mor ta l i t y  w a s  4 . 1 %  a n d  1 .3%,  respec t ive ly  (P = .05) .  Of  1 2 9  
l iv ing  p e r s o n s  w i t h  p rev ious ly  d i a g n o s e d  t r ans fus ion -as so ­
c i a t ed  h e p a t i t i s  ( T A H ) ,  9 0  ( 7 0 % )  h a d  p r o v e n  TAH-C,  a n d  3 9  
(30%) ,  non-A-G hepa t i t i s .  Fo l low-up  of t h e  9 0  T A H - C  case s  
r evea l ed  v i r emia  w i t h  ch ron ic  h e p a t i t i s  i n  3 8 % ,  U r e m i a  
w i t h o u t  c h r o n i c  h e p a t i t i s  i n  39%, anti-IK.Y w i t h o u t  v i r e m i a  
i n  17%,  a n d  n o  r e s idua l  HCV  m a r k e r s  i n  7%. Thir ty-f ive  
p e r c e n t  of 2 0  TAH-C p a t i e n t s  b i o p s i e d  f o r  biochemical ly 
de f ined  c h r o n i c  h e p a t i t i s  d i sp layed  c i r rhos i s ,  r e p r e s e n t i n g  
1 7 %  of a l l  t h o s e  or iginal ly  HCV-inlected.  C l i n i c a l h  e v i d e n t  
l iver  d i sease  w a s  o b s e r v e d  i n  8t>% w i t h  c i r r h o s i s  b u t  i n  only  
2 3 %  w i t h  c h r o n i c  h e p a t i t i s  a l o n e  Th i r ty  p e r c e n t  of  non-A,  
non-B  h e p a t i t i s  cases  w e r e  u n r e l a t e d  t o  h e p a t i t i s  v i r u s e s  
A.B.C.  a n d  G ,  sugges t i ng  a n o t h e r  u n i d e n t i f i e d  agen t .  In con­
c lus ion ,  a l l -cause  m o r t a l i t y  a p p r o x i m a t e l y  2 5  y e a r s  a f t e r  
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a c u t e  TAH-C  i s  h i g h  b u t  i s  n o  d i f f e r e n t  b e t w e e n  ca se s  a n d  
c o n t r o l s  Liver-related mor ta l i ty  a t t r i b u t a b l e  t o  c h r o n i c  h e p ­
a t i t i s  C ,  t h o u g h  l o w  ( < 3 % ) ,  i s  s igni f icant ly  h i g h e r  a m o n g  
t h e  cases .  A m o n g  l iv ing  p a t i e n t s  or ig ina l ly  HCV infected.  
2 3 %  h a v e  s p o n t a n e o u s l y  l o s t  H C V  RNA.  ( H E P A T O L O G V  2 0 0 1 ;  
3 3 : 4 5 5 - 4 6 3 . )  

Acute  non -A n o n - B  hepat i t i s  a t t r ibutable  p r e d o m i n a n t l y  
t o  hepat i t i s  C v i rus  (HCV^ infec t ion ,  i s  usua l ly  a m i l d  and  
asymptomat ic  illness  1 Nevertheless,  m o r e  t h a n  8 0 %  of such  
p e r s o n s  develop  pers i s ten t  infect ion  and m o s t  h a v e  b iochem­
ical evidence of c h r o n i c  hepat i t i s  A m o n g  those  biopsied,  
abou t  2 0 %  display c i r rhosis  w i th in  10 t o  2 0  years ,  s o m e  ol 
w h o m  deve lop  hepatocel lular  ca rc inoma  (.HCC)  1 "  

T h e  t r u e  f r equency  a n d  ra le  of progress ion  of H C V - r e l a t e d  
liver disease,  however ,  r e m a i n s  ill-clefined C u r r e n t  v iews o n  
o u t c o m e  derive largely f r o m  s tud ie s  ol p e r s o n s  w i t h  already 
established c h r o n i c  hepa t i t i s  C w h o s e  da tes  of initial infect ion 
a re  f r equen t ly  u n k n o w n  Th i s  approach  provides  in fo rmat ion  
o n l y  o n  t h o s e  w h o  c o m e  t o  medica l  a t ten t ion  and  fails t o  
de f ine  t h e  ful l  spec t rum of potent ia l  clinical o u t c o m e s  Such  a 
no i rowed  f o c u s  m a y  overes t imate  t h e  f i equency ,  r a te  of p r o ­
gress ion.  and  severi ty of associated liver disease T o  avoid th i s  
i n h e r e n t  bias,  it is  necessary  to  conduc t  long- te rm,  prospec­
tive s tud ies  that  involve large n u m b e r s  of pe r sons  evaluated 
f r o m  onset  of well-defined acu te  hepat i t i s  C 

Accordingly,  m 1987 ,  w e  began  a lo l low-up  study o l  p e r ­
s o n s  involved i n  t ransfus ion-associa ted hepat i t i s  s tud ies  per -
l o r m e d  i n  t h e  U n i t e d  States a p p r o x i m a t e h  2 decades  earlier,  
s tud ies  t ha t  h a d  b e e n  designed specifically t o  ident i ty  t he  o n ­
s e t  of acu te  hepat i t i s  7 T h e  goal  of t h e  followT-up s t u d y  w a s  t o  
c o m p a r e  l ong - t enn  mor ta l i ty  a n d  morb id i ty  be tween  those  
w h o  h a d  developed acu te  non -A ,  n o n - B  hepat i t is ,  a n d  
ma tched  t rans fused  pa t ien t s  f rom t h e  s a m e  s tud ies  w h o  had  
n o t  deve loped  hepati t is .  

W e  repor ted  prev iousl> t h a t  all-cause mortality d i d  n o t  di l -
ler be tween these  2 g r o u p s  a f te r  a n  average fo l low-up  interval  
of 18  years:  l iver-related morta l i ty ,  however ,  s h o w e d  a s l ight  
b u t  s ignif icant  increase a m o n g  t h e  hepat i t i s  cases W e  now 
present  upda t ed  m o r t a l l u  da ta  a n d  o u t c o m e  da ta  a m o n g  s u r ­
viving hepat i t i s  cases g r o u p e d  accord ing  t o  the i r  H C V  s ta tus  

P 4  I U N  I S  AND METHODS 

Selection of Study Cohorts 

The derivation of the study populations has been described 
Briefly, the cohort was assembled oii«mally from 1 piospective tians-
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fusion-associated hepatitis siudies 12 Veterans Allairs [VAJ i "oper­
ative .studies, tile National Institutes ol 1 Icalth [NI11J Blond Bank 
studv, the 1 ranstusion 1 ransmitted \ iruses [I IV] studv and the 
Waltei Reed [WR] Annv Hospital study) that had been conducted 
between W(>7 and 1<J80 e l n  Senal enzyme monitoring of blood re­
cipients had been peifoimcd m all 5 studies and, therefoie, uniform 
criteria could be employed to diagnose hepatitis, namely the devel­
opment of otherwise unexplained mci eases i n  alanine aminotrans­
ferases iALT* between 2 and 24 weeks after transfusion  7 The pa­
tients with acute hepatitis from the original studies, heieafter 
refened to as cases, weie combined lor current evaluation and lol-
low-up. 

hach case was matched with approximately 2 translused individ­
uals from the same studies who had not developed characteristic 
enzvine abnormalities Matching variables included initial treatment 
center, sex, race, use ol hepatitis immunoglobulin, a histor) ol alco­
holism, age, number oi units ol blood translused. and date ol trans­
fusion I he  matched ind iv iduals are hereafter referred to as controls 

The mortalit) data reported previous!) ' weic derived fiom all 5 
original studies Because the present report focuses on serologic and 
moleculai changes ovei time, as  vv ell as loim-term clinical outcomes, 
we confined the ami)  sis to the } studies m whn h the original seia 
had been maintained in  frozen stoiage These included the second 
VA cooperative study,1 the M H  study,10 and  the TTV study,11 sera 
from the other 2 studies had either not  been stored i Walter Reed 
study'! o r  had been exhausted or compromised by repeated earlier 
serologic testing Hirst \ A cooperative study). 

Criteria to Diagnose and Categorize the Original Cases of Acute 
Viral Hepatitis 

To assure uniformity among the ^ studies, subjects selected as 
hepatitis cases required the identification of raised ALT v allies on at 
least 2 oci asions, occurring betvv een2  and 24 weeks following trans­
fusion, at least I ol which had to exceed twice the upper limit of 
normal and the second, to exceed at least the upper limit of normal 
For all 3 studies, the development o( hepatitis B surface antigen 
(1 IBsAgi in temporal association with biochemical e\ idence ol hep­
atitis delined acute hepatitis B, the absence ol I IBsAg , and in 2 ol the 
studies,10 11 the absence ol IgM antibod) to hepatitis A delined 
non-A non-B hepatitis Subsequentlv when 11C~\' a.ssavs became 
available, repositoiv sera ol the original non-A, non-B hepatitis cases 
were tested for the presence of antibody to the hepatitis O virus 
'anti-HC\ ) A diagnosis of hepatitis C required the appealance and 
persistence ol a confirmed positive test foi anti-HCV temporally re­
lated to serum enzyme elevations. 

Serologic and Virologic Assays 

Tests for hepatitis A and I! were performed using routine radioim-
munoassa) methods i Abbott I aboratones, North ( hicago, II ) Anti-
HC V testing was done by enzvme-finked immunoassay (LIA 2 0, 
Abbott Laboratories), and all reat tive samples were t onhrmed by a 
supplemental") dot-blot iimnunc>assa) (Abbott Matrix Hi V) or a 
strip immunoblot assay (RIBA, I hiron Corp , Lmeiyville, I A; 

Serum HCV-RNA was quantified with standaids prepared from 
plasma from a single ITCV-RNA reactive blood donor The H O ­
RN A concentration of this specimen was initially determined bv the 
( hiron branc hed DI\ A assay arid b) c oamplificatioiiTuthHIV-1 RNA 
standards developed in the laboratory ol h 1511 Preparation of stan­
dards and studv specimens lor pol) mcrase chain reaction i. Pi ~R i was 
performed with guanidinium isothiocvanate-phenol-chloroform 
Pi R-based amplilication was done w ith pi imers homologous to se­
quences in the 5'-noncoding region, and coloromelric detection of 
PI R products was perlormed using a commercial k i t 1 ' 1 1  Hi V-RNA 
quabt) control materials were prepared from a sample of IK \ 
(strain H) with a concentration of 106-J CID^, per mL (gift of Dr. 
Robert Pure ell, Hepatitis Viruses section, Is IA1D) Assa) s of samples 
containing ?00 l ID-,, per mL 'about 5400 Hi V RNA copies per mL) 
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showed a between-run coefficient ol vanalion ol 11 5°o 1 he lower 
limit of detection of the assay tor this study was 1.000 copies per mL 
Assays were pel formed under code without knowledge ol clinical 
status Because virtually all untreated persons with chronic hepatitis 
Cbave lKX  RNA levels over 5,000 copies per ml in theirblood, ills 
extiemelv unlikely that there weie false-negativ e lesuJts given the 
sensiUvltv of the assav used in this study 

Hepatitis G v n u s  (HITV-RKA) levels M serum weie measured 
using reverse transcription PCR in the laboratory ol 11J A as previ­
ously described.1-' 

Original repository sera were not optimallv stored for minimizing 
loss of nucleic at id1" and, hence, were not examined lor HCV-RNA 
However, IICV-RNA testing was perlormed m the follow-up studv 
because the sera v\ ere sepaiated fiom the clot within 2 to 4 hours and 
stored at — W"C until tested. 

Sequent e of Evaluation of Living Cohort in the Follow-Up Study 

study subjects weie contacted for a n  initial health-directed inter­
view, physical examination, and phlebotom) tor livci-related bio­
chemical tests hepatitis serologies, and baseline alpha-teloprolem 
level measurement T he) were then requested to retui n o n  at least 2 
occasions, a t  3-month intervals, tor questioning regarding interven­
ing medical problems and toi repeat biochemical and seiologic 
screening All patients prov ided informed consent, and the studv was 
approved by the relevant Institutional Rev lew Boards 

Diagnostic Criteria for Chronic Hepatitis 

An elevated Al 1 in at least 2 of 3 blood samples obtained during 
the 6-month evaluation period defined chiome hepatitis; hepatitis C 
was held responsible il theie wasaccompanvingand pel si sting RIBA-
confirmed anti-TICV reactivity Persons with chronic hepatitis were 
requested to undergo a 1 iv er biopsv v\ henev er feasible Biopsies w ere­
examined at the Aimed Torees Institute ol Pathology, Washington, 
DC by Kt.il and/DCJ I h e  histologic diagnosis was reached bv con­
sensus. 

Statistical Analyses 

stiatified analyses were employed to adjust tor differences among 
the 5 original studies using the SAS computer program  17 Ihese 
included analvses ot vanance foi continuous data,1'" the Mantel-
1 laenszel statistic lor dichotomous data, '0  and stratified Kaplan-
Meier survival curves.20 

TABLE i .  ( ha iacte i i s l i c s  of Or ig ina l  s t u d v  C.ohoit bv Vnti-HC V S t a t u s  o f  

C a s t s  D u r i n g  t l ic  Or igm. i l  Lpiso t l t  of I ranshision  ASSIKI.IU d I k p i t i t i s  

Ant.i-HCY  —Positive A n t i - H C Y  —Neoat ive  

Cases and  Their  Cases a n d  T l i e i r  

Controls"  C o n t r o l s *  

C ases  Controls Cases Controls 
C haracteristic t \  = 2221 (X = ii'l t (N = 92)  ( N  = 1 6 8 )  

Male sex, % 66.7 6 5 . 8  6CJ.6 66.7 
A h i c  m - A m c i i c  i n  

race. % 15.8 1 3 . 8  17.4 17.3 
Anc at iianitusiont 40 ± 13 4 °  ± 1 ' 4 °  ± 14 4<J ± 14 
\ e a i  o t  u a n s t u s i o n "  1 u 7 3  ± 3 1,073 ± 2 1 ,<370 ± 3 1 Q7o ± 2 
Units of bloodt 8.2 ± 7 3  7 4 ± 7 "i 7.0 ± 7.3 6 4 ± 7 0 
^ 2  units of blood °o 75.2 67.4 64.1 70.2 
History of 

lltohollalll 5.0 3.2 5.4 3.6 

ANo significant differences between cases a n d  controls for  either I1CV-

po-vitivt. or IK \ - n t ^ i t r v e  cohort,  

"-"Mean ± 5.D. 
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TABLE 2. All-Cause and Liver-Related Mortality, b y  Anti-HCV Status of 
Cases During the  Original Episode ol Transfusion-Associated Hepatit is 

A n t i - H c \  —N c g a  t n  l 

Anti-HCY— Positive Cases Cases and S heir  
and thetr Controls Controls 

Cases Controls Cases Controls 
(N = 222) (N = 377) (N = 92) (N = 168) 

99(44 .6 )  174<4OL) 36 (39.1) 66(39 ,3 )  

All Deaths* 
At initial tracing 

80_ui, n (%i 
U of 12/3/19Q7, 

N R ; , I  1 4 9  ( 6 7 . 1 )  2 4 3 ( 6 3  0 )  4 7  ( 5 1 . 1 )  9 2 ( 3 4 . 8 )  

Lhn-kelatcd Deathst 
At initial tracing; 

80-U1, „ (S\,i 5 ( 2 . 3 )  5 ( 1 . 3 )  2 ( 2 . 2 )  1(0 .6)  

U of 12/3/19Q7, 
n i ' ) j  9 (4 .1)+  5 (1.3) t  3 ( 3 . 3 )  1 (0 .6 )  

N o  dilfcrcncc m all-causc raoitaliH between cases and controls for either 
the HCV—positive or the HCV—negative cohoit 

+P = 03  lor HCV-po-,iti\c cases as ol 1 2/3/97 

RESULTS 

C.omparison Between Entire ( ohort of Non-A, Non-B Jiansfiision-
Assodated Hepatitis ( ases and Thar C.ontroh 

Demographic and Historical C.omparisons. In t he  3 or iginal  
s tud ies ,  3 1 4  pe r sons  w e r e  diagnosed a s  hav ing  developed 
acu te  t ransfusion-associated hepa t i t i s  ( 95 ,  VA; 142,  TTV;  77,  
N I H )  In 222  (70.7%) of t hem (Table  I ) ,  t he  disease w a s  
a t t n b u t e d  t o  HCV infec t ion ,  t h e  cause  for  t h e  r e m a i n i n g  9 2  
cases b e i n g  unde t e rmined  T h e  222 HCY-pos i t ive  cases w e r e  
m a t c h e d  w i t h  3 7 7  cont ro ls ,  w h e r e a s  t h e  9 2  HCV-nega t ive  
cases \vere m a t c h e d  w ilh 1 6 8  con t ro l s  T h e r e  w e r e  14 addi ­
t ional  pa t ien t s  d iagnosed a s  acu te  hepat i t i s  ba sed  o n  charac­
terist ic e n z y m e  abnormal i t ies  w h o  w e r e  l o u n d  to  be ant i -

HCV-pos i t i ve  However ,  a p re t rans lus ion  s e r u m  spec imen  
w a s  also f o u n d  t o  b e  an t i -HCV-pos i t ive ,  ind ica t ing  t h a t  t h e  
infect ion h a d  p reda ted  t h e  t ransfus ion  Because the re  w a s  n o  
w a v  t o  de t e rmine  w h e t h e r  t he  hepat i t i s  observed in  these  in ­
dividuals  w a s  t h e  resu l t  of a f lare in the i r  pre-exis t ing  HCV 
infect ion o r  t o  super infec t ion  w i t h  a non-ABC agent ,  t h e y  
w e r e  exc luded  I rom subsequen t  analysis.  

A s  s h o w n  in  Table  1, compar i son  o l  t he  original  cases a n d  
con t ro l s  accord ing  t o  t h e  HCV s ta tus  revealed n o  s ignif icant  
d i f ferences  in t he  p r o p o r t i o n  of males ,  t h e  percent  \vho w ere  
Afr ican-American,  age at t h e  l i m e  til t r ans lus ion ,  t h e  ) ear  til 
t r ans fus ion ,  t h e  u n i t s  of b lood  received o r  a h i s to ry  of alco­
ho l i sm.  

AIl-( a use and Liver-Related Moitality. Al t h e  l i m e  o l  i he  Initial 
cal l-back be tween  I 9 8 9  a n d  1991, approximate ly  1H years  
af ter  t he  i n d e x  t ransfus ion ,  9 9  ( 4 4  6 % )  o l  t h e  HCY-pos i t ive  
g r o u p  a n d  174 (4r>. 1% i of the i r  con t ro l s  h a d  expi red ,  whereas  
mor ta l i ty  a m o n g  t h e  H C \ ' - n e g a t i v e  g r o u p  w a s  3 6  (39.1 %)  lo r  
t h e  cases a n d  6 h  ( 3 9  3%)  for  the i r  con t ro l s  ( T t b l c  2 )  Re-
evaluat ion o l  all-cause mortalilx approximate ly  2 5  years  alter 
t h e  index  t ransfus ion  (Decernbei 3 1, 1997) s h o w e d  a compa­
rable  increase  m all g r o u p s  Jn t h e  H C  V-pos i  t ive category,  
14<J ( 6 7  W O  o i  t h e  cases h a d  d ied  a s  compared  wi th  2 4 5  
( 6 5  0%)  of t h e  con t ro l s  w h e r e a s  in t h e  H C \ ' - n e g a t i v e  g r o u p ,  
4 7  (51 .1%)  o t  t h e  cases and  9 2  ( 5 4  8%'* of t h e  con t ro l s  had  
d i e d  (Table  2) N o n e  ol t h e  compar i sons  w e r e  s ignihcanl ly  
d i f ferent  

Sui viva! curves  over  a 20-year per iod  c o m p a r i n g  cases a n d  
con t ro l s  of bo th  t h e  HCY-pos i t i ve  a n d  HCV-nega t ive  g roups ,  
a re  s h o w n  in Fig I N o n e  o l  t h e  compar ison  curves  s h o w e d  a 
s ignif icant  d i f ference  

Dil lerences w e r e  l o u n d ,  however ,  i n  l iver-related causes  of 
d e a t h  (Table  2 )  At initial call-back, h \ e r  disease h a d  ac­
coun ted  for  5 dea ths  ( 2  3%)  a m o n g  t h e  222 H C  \ - p o s i t i v e  
cases a n d  lor  5 dea th s  ( 1  3%)  a m o n g  t h e  3 7 7  con t ro l s  T h e  
re-analysis  7 years  later tha t  inc luded  lo l low-up  t o  December  

CO 

o 

Flo 1 I lfc lablc sun iva l  c u n e s  
comparing survival rales between 
anti-HcV-positive hepatitis cases 
[n - 222, 40% (05% CI 34%,47%) 
al 20 yeais dashed line] and contiols 
for  anti-HCV-positive cases [n = 
377, 38% '05% CI 33%,43%) at 2 0  
years dashed and dotted line}, as well 
as between anti-HCV-ncgati\e cases 
[n = Q2, 32% (05% CI 42% 63%) at 
2 0  } e\i5»s dotted hneJ and controls for 
anti-HCV—negative cases [n = lt>8, 
48% (05% CI 40%,5f>%) at 20 }ears 
solid hne\. I h e  lines show n o  signif­
icant dillerences. 
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TABLE 3 .  S u c c e s s  i n  1 r a c i n g  a n d  i n t e r v i e w i n g  L i v m g  C o h o r t s ,  

by Anti-Fit V s ta tus  oi ( a s t s  During the Original Fpisodt  
of 1 lanstusion-VssouaU d Hepatit is 

Anti-HCV—Positive A n  t i - H c V — N e g a t i v e  

Cases  a n d  I he i r  C a s e s  a n d  The i r  

Controls  C o n t i o l s  

Cases C o n t r o l s  Cases  Controls 
( N  = 1 2 3 )  ( N  = 2 0 3 )  ( N  = 5 6 )  ( N  = 1 0 2 )  

Cannot  b e  l u c i d  n 1 %) 1 4 i l l  4 )  2 > 1 1 2  ;> 2 I 3 6 1  8 ( 7  8 /  

Refused Intel \ le\V n i°ol 1 6  11 3 0 1  37 ( 1 8  2 i  11 U C> 6 1  17 (lo.cu 
Interviewed o n h  n (V ) 3 ( 2  4 1  3 ( 2  3 • 4 ( 7  1 )  4 , 3 0 ,  

Interviewed, blood 
simple obtlined n (%) 9 0  ( 6 7 . 0 )  1 3 6  ( 6 9 . 6 )  3 9  ( 6 9 . 6 )  73 (71.6) 

1997 revealed that  l iver-related dea ths  a m o n g  t he  H C Y - p o s i ­
tive g r o u p  h a d  increased t o  S) ( 4  1%) lo r  t he  cases hu t  re ­
m a i n e d  at 5 11 3%)  f o r  t h e  con t ro l s  ( P  = .05).  T h e  causes  lo r  
t h e  9 liver-related dea th s  a m o n g  t h e  HCV-pos i t ive  cases, 
hased tin death  certificate evaluat ions  and  medical  records ,  
w h e r e  available, consisted of hepatocel lu lar  ca rc inoma  in 3 
pa t ien ts ,  c i r rhosis  in 3 ,  c h r o n i c  hepat i t i s  in 1 hepat i t i s  u n ­
specified i n  J a n d  "hepat ic  failure"' m J Liver-related dea ths  
a m o n g  t h e  con t ro l s  w e r e  recorded  as c i r rhosis  in 4 and  '"other 
sequelae  of liver disease" i n  1. 

Morta l i t \  resul t ing  f r o m  liver disease was  examined  also 
a m o n g  t h e  pa t ien t s  w h o  w e r e  H C \ ' - n e g a t i v e  (Table  2 )  Ini­
tially, mortality a m o n g  t h e  9 2  cases w a s  2 ( 2  2%) a s  c o m p a r e d  
w i t h  1 ( 0  6%)  ol t h e  1 6 8  controls ;  however ,  by t he  e n d  o l  
December  19U7, mor ta l i t \  h a d  r i sen  to  3 O 30o) a m o n g  t h e  
cases bu t  r ema ined  al 1 ( 0  6 %  i a m o n g  t he  con t ro l s  (P = 0 9 8 )  
L iver - reb ted  causes  of dea th s  a m o n g  t h e  th ree  HCV-nega t ive  
cases w e r e  H C C  m 1, c i i rhos i s  in I, and  ' unspecif ied disoidei  
of t h e  l iver" m 1, w h e r e a s  t h e  single liver-i elated death  in t h e  
con t ro l s  w a s  recorded as H C C .  

HEPATOLOGY F e b r u a r y  2 0 0 1  

Follow-Up Study 

Sueccss Rate in Tiacing, Intcrviaving, and Sampling the Living 
Cohort, Initial in terviews began in June  1989 and  ended  in 
December  1 c>9 1 A m o n g  the  3 1 4  pa t ien t s  d iagnosed wi th  h e p ­
atitis i n  t h e  3 original s tudies ,  1 7 9  (57%)  w e r e  still l iv ing a t  t h e  
t i m e  of t he  to l low-up  s tudy ,  1 2 3  a m o n g t h e  H C \ ' - p o s i t i v e  and 
5 6  a m o n g  t h e  HCY-ncga t ive  g r o u p s  (Table  3 )  O n e  h u n d r e d  
twen ty -n ine  (72 .1%)  ot t hem  h a d  b o t h  original ( reposi tory)  
and  to l low-up  sera available for  serologic evaluat ion (c>0, 
HCV-pos i t ive ,  3 9  HCV-nega t ive ) .  and  a re  t h u s  inc luded  in 
t h e  morbidity analysis t o  fo l low Those  exc luded  consisted of 
16 ( 8  9 % )  who could  n o t  b e  traced for  to l low-up  evaluat ion,  
2 7  ( 1 5  1%) w h o  h a d  refused  to l low-up  part icipat ion a n d  7 
( 3  9%)  w h o  pe rmi t t ed  interview on lv  T h e  success  ra te  in 
t rac ing  t he  con t ro l s  w a s  a lmos t  identical .  

thniial and Bunheimcal (Juiraiteristics. Screening ot t h e  orig­
inal  sera lor  an t i -HCY revealed that  9 0  of t h e  121 ' hepat i t i s  
cases  (70%) cou ld  be def ined  as def in i te  ins tances  ot t rans-
lusion-associated hepat i t i s  C (TAH-C)  based o n  an t i -HCY se-
roc onvers ion  w i t h  RIBA con t inua t ion ,  a n d  t h e  r ema in ing  
3<J (.30%) w e r e  classified as t ranslusion-associated hepat i t i s  
cases unre la ted  t o  H C V  (Table  4 )  Selec ted  characterist ics  
l o u n d  at ini t ia t ion ot to l low-up c o m p a r i n g  t h e  HCY-pos i t ive  
( 9 0  pe r sons )  w i th  t h e  HCV-nega t ive  ( 3 9  pe rsons )  cases as  
we l l  a s  all cases (12s) p e r s o n s )  w i t h  thei r  con t ro l s  (20<J p e r ­
s o n s )  a re  s h o w n  i n  Tab le  4 HCV-pos i t i ve  cases w e r e  statisti­
cally significantly m o r e  likely t o  h a v e  hepa tomegaly ,  a s  de ter ­
m i n e d  b y  physical  examina t ion ,  a n d  elevat ions of s e r u m  ALT 
a n d  AST a s  compared  w i t h  HCV—negative causes Compar i son  
ot cases w i th  thei r  con t ro l s  revealed t i n t  t h e  cases w e r e  sig­
ni f icant ly  m o r e  likely t o  exper ience  t i redness  and  anorexia ,  
a n d  t o  have  hepa tomegaly ,  t ende r  liver, a n d  th rombocy tope ­
n i a  as  well  as  elevated levels of s e r u m  ALT a n d  AST and  
bi l i rubin.  

TABLE 4. Comparison  Between Anti-HCV-Positive and Anti-I ICV-Negative Non-A, Non-B Hepatitis Cases, and Between 
Ail Cases and Controls at Initiation of Follow-Lp Evaluation* 

Anti-HCV+ Anti-HCV— All ( ases Controls 
Cases (a) Cases (b)  (c) (d)  p P 

Characteristic (N = 90)  (N = 39)  (N = 129) (N = 209)  a vs. b C vs. d 

V»e at initiation of iollovv-up~ 6 0  ± 12 .38 ± 13 3d ± 12 39 ± 13  .28 .94 
Additional transfusions. % 2 3  2 3  23  28  .88 .32 
F\ei consumed alcohol °«> 63  7 4  67 70 .58 
Recent alcohol ~ 173 uniAvl '} 9 13  10 13 .41 
(i m l  tlcohol -173 i>mAvk "0 23  2 6  24 31  .17 
tiredness,  io 38  3 6  3 7  26 .01 
Anorexia. 9b 17 1 8  1.7 3 .96 .0003 
jaundice. % 4 0 3 1 31 .44 
Ascites. % 1 0 0.8 0.5 1.00 1.00 
I lepatomeoalv. % 22 0,6 18 6 0 3  (XXW 

lender  liver. % 12 3 10 3 .09 .01 

Splenomegaly. % 7 0 3 3 .07 38 

Flevatcd \ I T  4 4  8 3 4  6 < 0001 • 00(11 

Elevated AST. 49 13 38  7 .0002 < 0 O 0 I  

Flcvated t o u l  sei um bill! ubin °o 14 13 14 6 6 9  .016 
Lli v i tcd  alk dim pho^phat isc ' 27  10 22 16 .06 23  

Alpha fetoprotein >3<! units  !o I 0 0.8 0 .5  1.00 1.00 
11} poalbnmintmii  {- 3 « UL; 1 0 0.8 0 1.00 .38 
Thromboc\lopenia 1 • '100 0l)0//nl > °o 4 0 3 0 .31 .02 

Intitules o n h  those \ \ho  T \eie available for examination at initiation of follow-up, 
tMean ± S.D. 
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T A B L E  5 .  Evaluation ol I lepalilis C \ irus Serologic and Biochemical 
Sequelae Among 129 ( asc*. \ \  ilh sera  \\ailnl>le a t  Time of Original 

Muil\ ami a t  I ollow I. |i 

Original Study Status Follow-Up SUuJ\ Status 

Anti-HCV Anti- H C V -  C h r o n i c  

Status N o  % H C V  RNA H(.[MMlis * No.  % 

Positive 9 0  69.8 + + 4- 3 4  37.8 
+ + 35 38.9 
+ + 1 1.1 
+ - 14 15.6 
- + 1 1.1 
- - 5 5.6 

Negative 3 9  30.2 + + 1 2.6 

- + 4 10.3 

- - - 3 4  S7 2 

*Based o n  ALT criteria (see text). 

Serologic Analysis and O n  home of Anli-HC \ Positive I ases 

A m o n g  t h e  <->0 p o i s o n s  w i t h  a tlcciily established original di­
agnosis  ot a cu t e  TAH-C,  based  on observed se roconvers ion .  
6 9  (77%) w e r e  posit ive f o r  b o t h  an l i -HCV a n d  HCV-RNA at 
fo l low-up ,  s ignifying c o n t i n u i n g  H C V  inlecl ion (Table  5 )  
T h e  r e m a i n i n g  2 1  cons is ted  o l  15  (17%)  w h o  h a d  an t i -HCY in  
t h e  absence  of HCV-RNA sugges t ing  recovery t r o m  pas t  infec­
t ion ,  a n d  6 (7%)  w h o  s h o w e d  n o  serologic o r  molecular  evi­
d e n c e  ol their  earlier H C V  in lec t ion  T h u s ,  2 1  (23%)  o t  9 0  
pa t i en t s  infected a t  t h e  t i m e  ot t ransfus ion  appear  t o  h a v e  
s p o n t a n  eous ly  recovered (F ig  2 ) .  A m o n g  t h e  c>9 pa t ien t s  w h o  
•were HCY-RNA-posi t ive  d u r i n g  fo l low-up ,  49% {38% of t h e  
total  ot 9 0  cases) h a d  b iochemical  evidence  ot ch ron ic  h e p a ­
ti t is  w h e r e a s  t h e  r ema in ing  51% ( 3 9 %  of t h e  total)  had  n o r m a l  
ALT values  ( f i g  2 )  t n  cont ras t ,  on ly  1 (7%)  of t h e  15 wi th  
an t i -HCY reactivity a lone  a n d  1 (17%)  of t h e  6 w i t h  n o  H C V  
m a r k e r s  h a d  biochemical ly-del ined c h r o n i c  hepa t i t i s  I n  c o m ­
posi te ,  a m o n g  t h e  9 0  sub jec t s  w h o  initially s h o w e d  an t i -HCY 
seroconvers ion ,  pers is tent  viremia was  ident if ied i n  77% a n d  
biochemical  e \  idence  ol c h r o n i c  hepat i t i s  i n  40%,  of w h o m  
9 4 %  h a d  accompany i n g  HCV-RNA (Table  5 a n d  F i g  2 )  

Examina t ion  of t h e  o u t c o m e  a m o n g  t h e  14 p e r s o n s  wi th  
HCV infect ion t h a t  preceded t he  t ransfus ion  a n d  w h o  w e r e ,  
the re fore  n o t  inc luded  for  analysis  w i t h  t h e  legi t imate n e w  
cases revealed t h a t  6 (43%)  h a d  died be tore  ini t iat ion ot t h e  
fo l low-up  p h a s e ,  n o n e  of t h e m  f rom liver disease; 3 h a d  re­
fused  f u r t h e r  fo l low-up;  a n d  5 w e r e  evaluated  d u r i n g  call­
b a c k  F o u r  of t h e  5 w e r e  anli-HCV— positiv e ,  3 w i t h  detectable  
HCYT-RNA, 2 ol w h o m  h a d  evidence o l  c h r o n i c  hepati t is .  T h e  
t i l lh p e r s o n  w a s  an t i -HCV-nega t ive  a n d  h a d  n o r m a l  s e r u m  
enzvmes  T h e  long- te rm o u t c o m e ,  h a d  these  14 p e r s o n s  been  
inc luded ,  w o u l d  n o t  have  differed t r o m  that  observed a m o n g  
t h e  g i o u p  clearly establ ished to  be  acu te  t ransfus ion-re la ted  
hepat i t i s  C.  

Earh er analysis  of t h e  da tabase  of t h e  en t i r e  c o h o r t  ot these  
3 s tud ie s  revealed t h a t  pa t ien ts  w i t h  hepat i t i s  C w h o  w e r e  
h e a w  alcoholics  w e r e  approx imate ly  4 t imes  m o r e  l ikely t o  
deve lop  c i r rhosis  t h a n  pa t ien ts  w i th  hepat i t i s  C w h o  w e r e  n o t  
h e a v y  alcoholics  2 1  Jn t h e  p resen t  s tudy ,  w e  examined  t h e  
i s sue  again,  locus ing  a t t en t ion  o n  t h e  6s) pa t ien ts  i n  to l low-up  
w h o  w e r e  b o t h  an l i -HCV-pos i t ive  a n d  HCV-RNA-pos i t ive .  
Sixteen (23%)  o l  t h e m  repor ted  heavy a lcohol  use ( m o r e  t h a n  
175 g o l  a lcohol  per  w e e k ) ,  o t  w h o m  9 (5o%)  h a d  chronic-
hepat i t i s  anchor c i r rhosis  A m o n g  t h e  r ema in ing  5 3  w i t h o u t  a 

h i s to ry  ot heavy a lcohol  use ,  2 5  (47%)  h a d  evidence  of 
c h r o n i c  hepat i t i s  and /o r  cirrhosis .  A l t h o u g h  t h e r e  i s  a t r end  
t oward  a h igher  ra te  ot c h r o m e  hepat i t is  and /o r  c i r rhosis  
a m o n g  H C V - p o s i u v e  p e r s o n s  w i t h  heavv a lcohol ism (56%)  
than  a m o n g  those  w i t h o u t  (47%) ,  t h e  data p rov ide  o n l y  m a r ­
ginal conf idence  because  o t  t he  small  n u m b e i s  available tor 
analysis. 

Relationship Between Histologic Findings and C linual Manifesta­
tions A t  t he  l ime  o t  p l a n n i n g  of t he  to l low-up  s tud>,  app rox ­
imately 8 years  earl ier ,  it h a d  b e e n  agreed tha t  livei biopsies 
w o u l d  be  reques ted  on ly  f r o m  those  w i t h  biochemical  evi­
d e n c e  ot c h r o n i c  hepat i t i s  A total ot 4 0  pa t i en t s  m e t  th is  
r e q u i r e m e n t  d u r i n g  fo l low-up ,  3 6  of t h e m  f i o m  t h e  original 
an t i -HCV seroposi t ive  g r o u p  a n d  4 t rom t h e  original ant i -
H C V  seronegat ive  g r o u p  A m o n g  t h e  3 4  hepat i t i s  cases t h a t  
w e r e  posit ive for  anti-HCY and  HCV-RNA (Table  (>), 2 0  
( 5 9 %  j u n d e i w e n t  biopsy;  1 3  (65%)  o t  i h e m  h a d  histologic 
lea tures  of mi ld  o r  mode ra t e  c h r o n i c  hepat i t i s  w i t h o u t  e n r h o -
sis  o r  br idging  fibrosis,  a n d  seven  ( 35%) h a d  cirrhosis  O l  t he  
13  pa t i en t s  w i t h  biopsy -p roven  chron ic  hepat i t is ,  10  (77%) 
s h o w e d  n o  clinical evidence  o l  liver disease, whe reas  3 (23%)  
h a d  mi ld  s igns  o r  s y m p t o m s  (any  1 o l  t h e  lo l lowing — sp leno­
megaly,  hypoa lhuminc ima  th rombocy topen ia )  In c o n t r a s t , 4  
(57%)  of t h e  7 pa t ien t s  w i t h  c i r rhosis  h a d  seve ie  clinical m a n ­
ifestat ions (varices o r  ascites and /o r  anyr 2 of t h e  fo l lowing  -
splenomegaly, hypoalbumiilemia, thrombocytopenia), w h e r e a s  2 
h a d  clinical tea tures  ot mi ld  chronic  livei disease, as  described 
earl ie i .  T h e  o t h e r  pa t i en t  w i t h  ci r rhosis  h a d  n o  ev idence  of 
clinical liv e r  disease a l t h o u g h  H C C  w a s  de tec ted  a n d  resected 
T h u s ,  a m o n g  t he  p e r s o n s  biopsied,  clinically evident  severe 
liver disease w a s  con l ined to  t hose  w i t h  histologic ev idence  ol 
cirrhosis.  

T h e  1 6  T A H - C  cases w i t h  biochemical ly def ined  c h r o n i c  
hepat i t i s  i n  to l low-up  w h o  w e r e  n o t  b iopsied  w e r e  c o m p o s e d  
of 9 (5h%)  wi th  n o  clinical mani fes ta t ions .  3 ( 19%) w i t h  mi ld  

C I R C A  1 9 7 4  

C I R C A  1997 

ISIO( I I I  V j | (  VI 

O l  I f  m i !  

I l l > l i ( l  ( H . I C  

" I K  m i l  

(Observed & 

Projected)  

(6%) 

3 5 %  < 5 %  

C H -
N=35 

C H +  
N—34 

CH+ C H -
N = 1 4  

C i r r  
N<2 

C i r r  
N=I2  

A n t i - H C V -

i!< A K N  \ -

A n t i - H C V  + 

H C V  R N A -
N = 1 5  

A n t i - H C V  

( i r r h o s i s  

FIG. 2. Long-term serologic, biochemical, and histologic outcome among 
living individuals with an  original diagnosis of transfusion-associated hepa­
titis C (IAH-C).  In  determining the biochemical outcome, chronic hepatitis 
(CH) is  defined as requiring at least 2 abnormal ALT values over a 6 -month  
period of follow-up sampling. The numbers to  the left of the vertical lines 
represents the percent of the subset. The numbers in parentheses to  the right 
of the vertical lines represent the percent ot the entire population of transfu-
sion-associated hepatitis cases (N = 90). 
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IABLE fx Histologic Findings  Versus Clinical Manifestat ions Among  3 6  

Originally Anti-HCV—Positive Cases  W i t h  Biochemically Def ined  Chronic  

Hepati t is  a s  a Func t ion  ol  Follow-Up H C \  Serologic Status  

Anti-HCV-pos. Anti-HCV-pos. Anti-HCV-neg. 
Histologic Finding; IK \-RNA-pos HcY-RNA-neg. IK \ -RNA-neg, 

vs. (..-hmcal Manifestations (n = 34) (n = 1) (n = n 

chrome Hepatitis m — 13) 13 0 0 
Nn sij>ns oi s) rnptoitis 10 0 0 
Mild si^us oi sjniptoniL-* 3 0 0 
Sc'i <']<' iriji'iis oi mptomsf 0 0 0 

Cirrhosis <n = 7) 7 0 0 
N4o st^ns id ->} mpt'-ms It 0 0 
Mi id sigiib a s )  mptonib i 0 0 
Severe siyisni symptoms 4 0 0 

No Biopsy Perlormed 
(li ~ 16') 14 1 1 

N4o st^ns id ->} mpt'-ms 8 1 0 
Mi id si^iib Lis) mptonib 2 0 1 
Severe sikiis oi symptoms 4 0 0 

Mild Clinical Manilcstations Vn) 1 of the iollowing—splcnomcgal),  hy-

poal bummemia,  thrombocytopenia.  
+ V i u e  C hmcal Manifestations Vauccs oi ascites and/oi an\  1 of t he  

following—.plenomegaly, hvpoalburmneima, fh iombocvtopemi  

- O n e  patient h id hepatocellulai caicmoma that  w,i5  successfully resected. 

m j n i t e s t a t i o n s ,  /mil 4 (25%)  wi th  severe clinical mamtes t a -
t i ons  T h e  f ind ings  of seve ie  clinical mani fes ta t ions  i n  2 5 %  of 
t h o s e  w h o  wei  e n o t  biopsied suggests  t h a t  these  pa t ien ts  also 
h a d  cirrhosis  Each of these  4 pa t i en t s  w a s  HCV-RNA—posi-
tive Overal l ,  8 sub jec t s  (b iopsied a n d  nonb iops ied )  h a d  clin­
ically advanced I h e i  disease, cons t i tu t ing  2 2 "  > ol t h e  3 o  
T A H - C  cases w i t h  biochemical ly det ined c h r o n i c  hepat i t i s  
a n d  6 %  ol  t he  total  cohor t  ol 12s) cases i n  i he  lo l low-up  eval­
ua t ion  All o l  t h e  8 cases w i t h  severe clinical mamles ta t ions  
w e r e  HCY-RNA-pt>sitive a n d  h a d  biochemical  evidence ot 
hepat i t i s  Conversely ,  n o n e  ot t h e  HCV- in t ec t ed  pa t ien t s  w i t h  
n o r m a l  ALT h a d  clinical evidence  of c i t rhos is ,  suppo i  t i ng  oui  
es t imate  t ha t  c i n h o s i s  wou ld  occu r  in less  t h a n  5 %  of th is  
popu la t ion  

Based o n  t h e  f r e q u e n c y  of c i r rhosis  i n  t h e  biopsied popu la ­
t ion ,  w e es t imate  tha t  a m o n g  t he  addi t ional  1 4 pa t i en t s  wi th  
an t i -HCY a n d  HCV-RNA w h o  h a d  no t  been  biopsied,  5 ( 3 5 "  i) 
w o u l d  likely h a \  e been  ident i f ied a s  h a v m g  ci r rhosis  h a d  they  
actually b e e n  biopsied T h u s ,  t he  n u m b e r  ot p e r s o n s  w i t h  
c i r rhosis  (observed  a n d  es t imated)  a m o n g  t h e  vi remic g r o u p  
w i t h  biochemical!)  de t ined  chronic  hepat i t i s  i s  12 A m o n g  t h e  
3 5  viremic pa t i en t s  w i t h  pers is tent ly  n o r m a l  o r  only a single 
abno rma l  ALT \ a lue ,  w e  es t imate  t ha t  tewer  t han  5"> (2 pa­
t ients)  m i g h t  have  cirrhosis  f i na l l y ,  a m o n g  t h e  i ema in ing  2 1  
n o n v i r e m i c  p e r s o n s  { I 5 w i t h  ant i -HCV a lone  and  6 w i t h o u t  
a n y  H C V  m a r k e r ) ,  n o  m o r e  than  I p e r c e n t  ( 1 p e r s o n )  is l ikely 
t o  h a v e  h a d  c i r rhosis  Accordingly, t h e  observed and  esti­
m a t e d  f r equency  of c i i rhos is  fo r  t h e  e n t u e  anti-HCY—positive 
cohor t  is  15  ot t h e  o n g m a l  S)0 seroposi t ive cases (17%)  

Serologic Anahsis and Outcomc of Anli-HC\ Negative Cases 
F o l l o w - u p  ot t h e  3 9  cases originally7 t ound  t o  b e  hepa t i t i s  
C-negat ive revealed t h a t  o n e  (3%)  subsequently7  b e c a m e  bo th  
ant i -HCV and  HCV-RNA-posi t ive ,  and  4 (10%)  h a d  b iochem­
ically def ined  c h i o n i c  hepat i t i s  in t h e  absence  of HCV-RNA 
(Table  5 )  Thi r ty- tour  (87%)  s h o w e d  n o  biochemical  o r  sero­
logic m a r k e r s  ol hepat i t i s  o r  H C V  in lec t ion  

T o  de t e rmine  w h e t h e r  t h e  an t i -HCV-negat ive  cases  cou ld  
have  been  t h e  resul t  ot H G Y  inlec t ion,  all 3 9  pat ients ,  a s  well  
a s  a l a n d o m  s a m p l e  ot t h e  non-hepa t i t i s  con t ro l s  ( 5 0  samples )  
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a n d  a r a n d o m  s a m p l e  o l  an t i -HCV-pos i t ive  cases ( 1 3  s a m ­
ples) ,  v\ e re  tes ted  lor  t h e  p resence  of HGV/GBV-RNA T h e  
i otes w e r e  7%, 8%,  a n d  8 %  respectively,  sugges t ing  tha t  HGVY 
GBV-C infect ion w a s  n o t  respons ib le  for  t h e  an t i -HCV-nega-
t ive cases. 

L i \ e i  biopsies were  p e i l o r m e d  m 2 ot t he  4 HCV—negati\e 
cases w i t h  a b n o r m a l  aminot rans te rases  Mode l  a te  ch ron ic  
hepat i t i s  w i t h  incomple te  c i r rhosis  a n d  poss ibh  Mallorv b o d ­
ies w a s  obse ived  in  1, a n d  nonspecit ic  abnormal i t ies  m t h e  
o ther .  

DISCUSSION 

C h r o n i c  hepat i t i s  C is a pervasive wor ldwide  p r o b l e m  - 2  2 1  

A l t h o u g h  acu te  hepat i t i s  C is generally m i l d ,  H C V  in lec t ion  
pers is ts  i n  t he  ma jo r i ty  a n d  m a y  advance  t h r o u g h  i n c r e m e n ­
tally' severe  stages ot c h r o n i c  hepat i t i s  t o  c i r rhosis ,  occasion­
ally cu lmina t ing  m H C C  Th i s  evolut ion typically o c c u r s  
w i t h o u t  s y m p t o m s  m t h e  early s tages  ot t he  disease 

Da ta  f r o m  several  s tud ies  suggest  tha t  t h e  m e a n  interval  
t r o m  in lec t ion  to  diagnosis  i-, 10  t o  18  years  lor c h r o n i c  h e p ­
atitis,  2 0  to  2 4  years  lo r  cirrhosis ,  a n d  2 7  t o  2 9  years  f o r  
H C C 5 " 2 4  In each ot these  analyses,  disease o n s e t  w a s  as­
s u m e d  t o  coincide  w i t h  t h e  repor ted  i cceipt  of b lood t rans fu ­
s ions  M o s t  ot t h e  pa t ien t s  in t hese  s tud ies  alreadyr h a d  c h r o n i c  
liver disease b y  t h e  t ime  the \  c ame  to  t h e  a t t en t ion  of t he  
invest igators  In lec led  p e r s o n s  w i thou t  s y m p t o m s  or  s e \ e r e  
c h r o n i c  liver disease,  pos s ibh  t h e  majoritv ol H C V - i n f e c t e d  
cases, w o u l d  no t  have  been  referred  t o  these  tertiary ca re  cen ­
ters  T h u s ,  such  s tud ies  could unde res t ima te  t h e  total size of 
t h e  p o o l  ot in fec ted  pe r sons ,  exaggerat ing t h e  cont r ibut ion  
m a d e  by those  wi th  t h e  m o r e  severe t o r m s  o t  c h r o n i c  liver 
disease Cor responding ly ,  t he  t ime  intervals  t o  r each  a g iven  
his tologic s tage  o l  liver disease also may  be  biased toward  
t h o s e  w h o  evolve m o r e  rapidly.  

T h e  advantage  of t h e  p r e sen t  s tudy ,  des igned t o  t rack  bo th  
moi ta l i ty  a n d  moibidi ty  of t ransfusion-associated non -A ,  
non-B hepat i t i s ,  i s  t h a t  t h e  na tura l  h i s to ry  evaluat ion began  a t  
t h e  t i m e  ol disease onse t ,  tha t  a c o n c u r r e n t  con t ro l  g r o u p  
cou ld  be  evaluated,  a n d  t ha t  t he  s t u d y  sub jec t s  h a v e  been  
m o n i t o r e d  lor  almost  2 5  years  T h i s  design h a s  pe rmi t t ed  de ­
t e rmina t ion  ol o u t c o m e  ol t h e  en t i r e  spec t rum of disease se­
ver i ty  in compa i i son  w i t h  a wel l -matched  con t io l  popu la t ion  

Mortal i ty  da ta  r epor ted  earlier indicated t h a t  all-cause m o r ­
tality over  an 18-year pe r iod  w a s  n o  d i f ferent  be tween  t h e  
non-A,  non-B hepat i t i s  cases and  t h e  m a t c h e d  c o n t i o l s 7  

T h e r e  was,  however ,  a d i f ference  i n  liver-related morta l i t )  
be tween  t h e  2 cohor t s ,  a l t hough  t he  ov erall r a te  of dea th  t r o m  
liver disease w a s  qu i t e  low T h e  presen t  r epor t ,  that inc ludes  
data  I rom a n  addi t iona l  7 years ,  represen t ing  a 25-year  per iod  
ot to l low-up,  indicates  that  despi te  a n  increas ing mor ta l i ty  
ra te  - h ardly7 sui  p r i s ing  given t h e  ages of t h e  study7 popu la t i on  
and  t h e  unde r ly ing  r ea sons  to r  t h e  t r ans fus ions  - t h e r e  con­
t i nues  t o  be  n o  di f ference  in t h e  t r equency  of al l-cause m o r ­
tality be tween  t h e  cases a n d  con t ro l s  T h e  mortal i ty  ra tes  ol 
b o t h  cohor t s ,  however ,  a r e  marked l )  h igher  than  tha t  of t h e  
genera l  popu la t ion ,  sugges t ing  that  m o s t  dea th s  a r e  t h e  resul t  
ot causes  unre la ted  to  hepat i t i s  I n  cont ras t ,  the re  i s  a n  i n ­
creas ing mor ta l i ty  ra te  f r o m  liver disease a m o n g  t h e  cases as  
compared  w i t h  t h e  cont ro ls ,  t he  d i f ference  b e i n g  a lmos t  3 %  a t  
a b o u t  2 5  years  af ter  initial exposu re  Th i s  suggests  t ha t  liver 
disease a s  a cause  of dea th  a m o n g  p e r s o n s  infected w i t h  H C V  
d o e s  begin to  increase a s  t he  in tec ted  popu la t ion  ages  a n d  t he  
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durat ion ol inlection increases, hu t  that  liver disease remains  
a relatively mino r  cause for pa t ient  demise 

Especially interesting in this  s tud)  are t he  sequelae noted 
a m o n g  t he  studv subjects  w h o  w ere still ah \  e, particular!) the  
129 cases that had  bo th  repository a n d  follow-up sera avail­
able for comparative analysis 90  of w h o m  were  HCV-posit ive 
cases As no ted  earlier, an  additional 14 (.14%) ol the origi­
nally HCV—positive cases were  excluded Irom this analysis 
because they were  found to  b e  anti-HCV positive before then 
t ransfusion,  attesting to  the  impoi tance of having pie-expo­
sure  specimens available lor examination Had  this n o t  been 
recognized the  relationship of hepati t is  C t o  the  t iansfusion 
episode of record would  have been overestimated Nonethe­
less, the  cases w i th  pre-existing hepatit is C are ol inl erest 
because the)  h a d  identical outcomes  to  t h e  translusion-re-
lated cases despite their longer durat ion ot infection W e  
chose n o t  to  include them in subsequent  analyses because the  
onset oi their inlection was u n k n o w n ,  and  because the s tudy 
locused o n  transfusion-associated hepatit is However,  be­
cause their outcomes were  similar to  the  known transfusion-
associated cases and  because theii durat ions  of infection had  
t o  exceed the k n o w n  transfusion-related cases, the  inclusion 
of those  wi th  pre-existent HCV would  have strengthened the  
study7 conclusions t i n t  only a minori ty  of HCV-infccted indi­
viduals have severe liver disease leading to  a liver-related 
death  alter 2 5  or more  > ears of H C V  inlection 

Of the  129 acceptable cases of hepatitis,  90  (70%) were  
inlected with H CV because ot the  transfusion and t h e  remain­
ing  39 (30%) tested negative for  serologic markers  of hepatitis 
A, B, and  C N o  specilic cause lor these latter cases could be 
identified They did no t  appear t o  b e  related to HGV infection 
because t he  frequency7 of HGV-RNA detection was  similar 
a m o n g  the  non-ABC hepatit is cases, the  hepatit is C cases, and  
the  non-hepati t is  controls,  as has  been previously report­
ed  2" 2 0  Th is  suggests t ha t  these non-ABC cases were  either 
misdiagnosed as \ i r a l  hepatitis,  that the levels of anti-HCV 
were  too low to detect dur ing  the initial illness, or tha t  vet 
an i >th ei transfusion-transmitted virus exists, a prospect  
clearly warrant ing fu r ther  s tudy  It is noteworthy7 that  I 0% of 
the  non-ABC cases progressed to  chronic  hepatitis, with cir­
rhosis s h o w n  i n  1 ol  the  4 thai were biopsied 

In long-term tollow-up of the 90  HCV-ielated cases (Fig 2) ,  
77% remained viremic 49% of w h o m  had accompanying bio­
chemical evidence ol  chronic  hepati t is  (38% of the cohor t )  
Th i s  suppor ts  the  view that  HCV-RNA is a n  important ,  but  
n o t  definitive, marker  of H C V - r e h t c d  liver disease In this 
regard, it is noteworthy that  51% ol HCV-RNA—positive pa­
tients (39% ol  t he  cohor t )  did not  have biochemical evidence 
of chronic  hepati t is  a s  measured on at 1 east 3 occasions over a 
6 -month  tollow-up period T h e  existence ot significant liver 
disease a m o n g  this  cohort ,  however,  cannot  be entirely ex­
cluded without  a liver biopsy Others  w h o  have per lormed 
liver hiopsi es a m o n g  HCV-reactive persons  wi th  not mat se­
r u m  enzymes 2" 5 1  have generally found mild abnormalities,  
a l though cirrhosis h a s  been detected rarely Based o n  these 
studies,  w e  estimate that  lew er t han  5% ol patients w i th  re­
peatedly normal  ALT values migh t  have s h o w n  cirrhosis had 
the)' been biopsied Cont inued evaluation ol I h i s  g r o u p  is 
p lanned because little is  k n o w n  o) their natural  h i s t o n  

Seven percent  ot persons  w h o  were  unequivocally - anti-
H C V -  and RIBA-positive in then original sample were  n o  
longer anti-HCV— or HCV-RNA—positive in  their recall sam-
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pie A n  additional 17% ol cases retained anti-HCV i n  their 
recall sample bu t  were  HCV-RNA-negative i n  at least 2 sam­
ples tested by dit terent PCR me thods  in 2 independent  labo­
ratories Thus ,  23% oi persons  clearly inlected wi th  H C V  
based o n  RIB A— confirmed antibodies subsequently cleared 
t h e  v i rus  as assessed by serial HCV-RNA and anti-HCV deter­
minations.  Whereas  o n e  cannot exclude residual virus i n  the 
liver, viral clearance also is suggested by the very low lre-
quency ot abnormal ALT and by other  cohor t  s tudies  3 2  3 4  Had 
it n o t  been for  the  repository7 samples, the  7% w h o  lost anti-
HCV would n o t  have been k n o w n  to  be HCV-inlected This  
finding h a s  2 major  implications First,  t h e  rate of past  HCV 
infection i n  the  general popula t ion may7 be  even high er than 
h a s  been estimated by serologic screenings . ' '  More  impor­
tantly, this  f inding suggests tha t  t h e  spontaneous  clearance 
rate of HCV is higher than the  approximate 1 5% that  h a s  been 
generally accepted,2  and that  i t  may indeed be  as high as 20% 
t o  25% Indeed,  in  some  populat ion groups,  such  as y o u n g  
w o m e n  and  children, spontaneous  resolution can  approach 
4 5 %  3 2  3 4  Unfortunately, the  presence of HCV-RNA m the  
oiiginal samples of this  study7 could n o t  b e  proved because 
the)  were not  preserved in a manner  lavorable lor  molecular 
amplification However, i t  can b e  reasonably assumed th  at all 
pat ients  with hepatitis C are vircmic a t  s o m e  stage ot their  
inlection, it n o t  throughout  their fu l l  course It seems unlikely 
tha t  the  absence of HCV-RNA represents a technical error 
because testing w a s  pel formed u n d e r  code in 2 laboratoiies,  
and t h e  results were  concordant  Moreover, a negative sample 
w a s  confirmed by the  testing oi a second sample It is, oi 
course,  conceivable that a low-level viremia existed that could 
n o t  b e  detected ill the  samples tested 

Thus ,  these data suppor t  existing evidence tha t  chronic 
hepatitis C is a slowly progressive disease in  most ,  but not  all 
persons,  causing relatively low mortality and  overt morbidity 
dur ing  the  first 2 5  years after  infection  J < '3 7  T h e  c b t i  are even 
more  convincing w h e n  it is recalled that 14% ol the  original 
hepatitis C cases were  lound  to  have been inlected lor an  
u n k n o w n  time betoi e the  transfusion of record T h e  propor­
t ion ot pat ients  wi th  severe outcomes  in the  pre-infected pop ­
ulation was similarly low despite the longer durat ion oi intec-
l ion Importantly,  death  f r o m  hver-related causes attributable 
t o  TAH-C was  less than 3% after 25  years of tollow-up 

T h e  frequency7 and  degiee of clinical morbidi ty seems 
closely related to  the  extent  of histologic damage Indeed,  in 
this  study , manitest  liver disease was confined almost entirely 
t o  those wi th  cirrln >sis W h a t  remains  to  b e  d etermined,  there-
hire, is the  Irequency a n d  rate ol progression l rom histologi­
c a l  defined chronic hepatitis alone t o  histologically estab­
lished c inhos i s  This  will i equi re  cont inued long-term 
tollow-up with serial liver biopsies at defined intervals Such 
s tudies  are in  progress in  this cohort  and  o thers  

Al though the  39 non-ABC hepatit is cases could not  b e  dis­
t inguished on clinical or  biochemical g i o u n d s  trom those w h o  
were  a n ti - H C V-posi tive at t h e  t ime  of initial infection,  differ­
ences w ere noted \ ears  later i n  follow - u p  Compared w i t h  the  
seropositive cases, among  w h o m  almost one-hall had evi­
dence  ot chronic  hepatitis, only 10% of those  w i t h  seroncga-
live hepatilis h a d  biochemical evidence ol chronic hepatitis 
How ever, it is important  to  no te  that among  the  small number  
of non-ABC pat ients  biopsied, o n e  had  cirrhosis in the  ab­
sence ot excess alcohol consumption Thus ,  n o n - C  hepati t is  
also may have severe outcomes  T h e  etiology ol these cases 
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r e m a i n s  unexpla ined .  O u r  s t u d y  s h o w s  t h a t  t hese  cases  w e r e  
n o t  re la ted  t o  hepat i t i s  G.  

S o m e w h a t  d i f fe ren t  o u t c o m e s  have  been  n o t e d  a m o n g  per ­
s o n s  w i t h  " c o m m u n i t )  acqui red"  H C V  infec t ion  58 >Q O n e  
s t u d ) ,  f r o m  Austral ia ,  involved 9 8  pa t ien t s  w i t h  c o m m u n i t y  
acquired acu te  hepat i t i s  C ,  mos t ly  a consequence  ot in jec t ion  
d r u g  use ,  w h o  w e r e  fo l lowed u p  approximate ly  2 5  years  al ter  
initial d iagnosis  For ty-s ix  pe rcen t  o l  t h e m  w e r e  l o u n d  to  
h a v e  spontaneously cleared HCV leaving 54% wi th  pers i s ten t  
v i remia ,  n 9 %  of w h o m  h a d  a h n o i m a l  ALT va lues  N o n e  of 
t h e m  h a d  deve loped  H C C ,  a n d  o n l y  8% h a d  progressed t o  
over t  c i r rhosis  Similar data w e r e  n o t e d  in a s t u d y  involv ing  
1,667 HCV-pos i t ive  ( 3 3 %  co-infected wi th  HIV) in jec t ion  
d r u g  users  i n  Balt imore,  M D  lol lowed over  a m e d i a n  pe r iod  o l  
8 8 years  D u r i n g  th is  t ime,  approximately 11% u n d e r w e n t  
s p o n t a n e o u s  sero ievers ion .  t h e  i a t e  b e i n g  1 owci i n  African 
Amer icans  t h a n  W h i t e s  a n d  i n  HI V—negative than  in H I V -
posi t ive p e r s o n s  End-s tage  liver disease w a s  observed i n  
2 4%,  s h o w i n g  a re la t ionship  t o  heavy a lcohol ism,  a n d  2 1% 
d ied  a s  a consequence  of liver disease However ,  10 t imes  as 
m a n y  individuals  d ied  f i o m  11 o n  livei causes  ( 2 2  4%) ,  m o s t l v  
I rom H I V  in lec t ion ,  d r u g  overdose ,  a n d  bacterial  mlec t ions  
Liver b iopsies  a m o n g  2 1 0  pa t i en t s  revealed c i r rhosis  in o n l y  2 
sub jec t s ,  t h e  r e m a i n d e r  s h o w i n g  on ly  m i n i m a l  ev idence  of 
f ibrosis  These  low rates  ol c i rrhosis ,  c o u p l e d  w i t h  t h e  equal l)  
l o w  rales  observed  in  y o u n g  lemales  w h o  h a d  received HCV— 
contamina ted  Rh immunog lobu l in  2 decades  eailiei  JA as  
well  as  i n  v o u n g  chi ldren fol lowed over  a 20-vear per iod " 
attest t o  t h e  variable r a t e s  o l  p rogress ion  to  c i i rhos is  at t he  e n d  
o l  2 decades  o i  in lec t ion,  r ang ing  be lween  2 %  a n d  20% 

In s u m m a r y ,  HCV w a s  t h e  p r e d o m i n a n t  cause  ot t r ans fu -
sion-associated hepat i t is ,  b u t  29% of t h e  cases w e i e  n o t  ex­
p la ined  by infec t ion  w i t h  hepat i t i s  vii uses  A t o  G. Fo l lowing  a 
m e a n  interval  r ang ing  f rom 19 t o  2 4  y ears  af ter  acu te  hepa t i t i s  
C ,  7% of t h e  original cases h a d  n o  res idual  m a r k e r s  of H C V  
mlee l ion ,  a n d  17% h a d  an t ibody  i n  t h e  absence  ol v i remia 
Hence ,  23% may have  h a d  s p o n t a n e o u s  recovery O l  t he  77% 
w h o  w e r e  chronical ly  v i remic .  49% h a d  biochemical  evidence  
of ch ron ic  hepat i t i s  ( 3 8  pe r cen t  ot t h e  c o h o r t )  Of t hose  w i t h  
viremia a n d  ch ron ic  hepat i t i s  w h o  w e r e  biopsied,  35% h a d  
c i r rhosis  N o t  surpr is ingly ,  clinical evidence o l  liver disease 
w a s  l imi ted t o  those  wi th  c i n h o s i s  Because th i s  w a s  n o t  a 
prospect ive  s t u d y  i t  i s  n o t  possible  t o  de t e rmine  t h e  exac t  
t i m e  interval  w h e n  histologic c i r rhosis  occur red  However ,  
these  da ta  suggest  tha t  lor  a t  least a th i rd  o l  t h e  t rans ius ion-
associated HCV- in fcc t ed  pa t i en t s  w i t h  ALT abnormal i t ies ,  
t h e  m e a n  fibrosis  progress ion  ra te  f r o m  n o  f ibrosis  t o  c i r rhosis  
c a n  exceed a ra te  o l  1 s tage lor  ever)  5 years F o r  t h e  r ema in ­
i n g  H C \ - i n f e c t e d  pa t i en t s  w i th  chronic  hepat i t i s ,  t h e  disease 
m a y  progress ,  r emain  t h e  s ame ,  o r  ev en i m p r o v e  H o s t  factors  
s u c h  a s  age, gende r ,  a lcohol  c o n s u m p t i o n ,  a n d  genet ics  m a y  
exer t  i n d e p e n d e n t  elfects o n  his tologic  progress ion ,  b u t  lac-
t o r s  responsible  tor t h e  progress ion ot f ibrosis a re  diff icul t  t o  
assess for  t h e  individual  pa t i en t  F o r  t h e  ent i re  c o h o i t  of pa­
t ien ts  initially infected  w i t h  HCV,  t h e  es t imate  lor  progress ion 
t o  c i r rhosis  is  17% T h u s ,  over  a n  approx ima te  25-y ear in te r ­
val ,  H C V  infect ion d id  n o t  lead t o  increased mor ta l i ty  and  
resu l ted  i n  severe histologic les ions  i n  few er  t h a n  20% 

W h e l h e r  t hose  w i t h  histologically d e h n e d  ch ron ic  hepat i t is  
a lone  wi l l  p rogress  t o  c i n h o s i s ,  a n d  w h e t h e i  mor ta l i ty  a n d  
morbidity7  will c o n t i n u e  t o  der ive m a m l v  t rom those  w i t h  
establ ished cnrhosi- . ,  r ema ins  to  be de t e rmined  C o n t i n u e d  
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evaluat ion o l  mortal i ty  a n d  morbid i ty  i n  th is  coho r t  wil l  better  
d e h n e  t he  I requeney a n d  ra le  of liver disease progress ion  w i t h  
advanc ing  t ime  T h e  chal lenge n o w  is t o  ident i ty  t hose  factors  
respons ib le  for  p r o m o t i n g  progiess ion  ot t h e  disease a n d  t o  
de l in  e m a r k e r s  early i n  t h e  cou r se  o l  in fec t ion  lor  p red ic t ing  
long- te rm o u t c o m e .  
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P Hernandez ;  St | oseph ' s  Hospital ,  T o w s o n ,  M D  - C Mulli­
gan ;  N e w  \ o r k  Blood Cente r ,  N e w  Voik,  NY - T Lee, UCLA 
School  ot Medic ine ,  Los  Angeles,  CA - B C o l e m a n  a n d  H 
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