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The relationship between the presence of antibody to 
hepatitis B core antigen (anti-HBc) in donor blood and the 
development of hepatitis in recipients of that blood was 
studied in 6 2 9 3  blood donors and 4 8 1  recipients who 
were followed for 6 to 9 months after transfusion. Of 193  
recipients of at least 1 unit of blood positive for anti-HBc, 
2 3  (11 .9%)  developed non-A, non-B hepatitis compared 
with 12  (4 .2%)  of 2 8 8  recipients of only anti-HBc-
negative blood ( p <  0.001).  Donor anti-HBc status was not 
significantly associated with the development of hepatitis 
B in the recipient and was negatively associated with the 
development of cytomegalovirus hepatitis. The 
relationship of donor anti-HBc status and the development 
of non-A, non-B hepatitis in the recipient was independent 
of transfusion Volume and elevated donor transaminase 
level. Although 8 8 %  of anti-HBc-positive blood units were 
not associated with recipient non-A, non-B hepatitis, 
calculation of maximal corrected efficacy predicted that 
exclusion of anti-HBc-positive donors might have 
prevented 4 3 %  of the cases of non-A, non-B hepatitis with 
a donor loss of 4 % .  Because of the serious chronic 
consequences of non-A, non-B hepatitis, surrogate tests 
for non-A, non-B Virus carriers must be seriously 
considered. 

T H E  INCIDENCE OF  transfusion-associated t y p e  B hepati
t is  h a s  b e e n  reduced markedly  b y  t h e  exc lus ion  o f  c o m 
mercial  b l o o d  donor s  a n d  t h e  introduct ion o f  rout ine  d o 
n o r  screening f o r  t h e  hepatit is  B surface ant igen 
( H B s A g )  ( 1 - 3 ) ,  b u t  s o m e  cases  o f  t y p e  B hepatit is  c o n 
t inue t o  occur.  A n t i b o d y  t o  hepatit is  B c or e  ant igen 
( a n t i - H B c )  h a s  been  l o n g  recognized  t o  b e  a sensit ive 
indicator o f  hepatit is  B virus  infect ion ( 4 - 7 ) ,  a n d  i t  h a s  
been  suggested that  test ing donor s  f o r  an t i -HBc  m i g h t  
enhance  detect ion o f  those  harboring l o w  leve ls  o f  th i s  
virus ( 4 ,  5; 8 - 1 0 ) .  A l t h o u g h  a n  associat ion b e t w e e n  d o 
n o r  a n t i - H B c  status  a n d  t h e  deve lopment  o f  hepatit is  B 
virus infect ion i n  a recipient i s  n o t  unexpected,  a surpris
i n g  finding h a s  b e e n  t h e  report b y  t h e  Transfusion-Trans
mit ted  Viruses  S tudy  G r o u p  ( 1 1 )  o f  a significant associa
t ion between  d o n o r  a n i t - H B c  status  a n d  recipient n o n - A ,  

• From the  Department of Transfusion Medicine and Hospital Epidemiology 
Service, Clinical Center, a n d  t he  National Institute o f  Allergy and Infectious 
Diseases, National Institutes of Health; Bethesda, Maryland. 

n o n - B  hepatitis .  T h e  reported inc idence  o f  transfusion- ' |  
associated hepatit is  i n  t h e  U n i t e d  States  ranges from' 
5 . 4 %  t o  2 7 . 1 %  ( 1 2 ) ,  a n d  greater t h a n  9 0 %  o f  cases  aiej, 
es t imated  t o  b e  related t o  t h e  agent  ( s )  designated non-A,^ 
n o n - B  ( 1 3 ) .  N o  confirmed,  specif ic  tes t  suitable for J 
screening b l o o d  donors  f o r  t h e  n o n - A ,  n o n - B  agent ( s ) ? |  
h a s  y e t  b e e n  established. T h e  Transfusion-Transmitted/'I 
Viruses  S tudy  h a s  suggested that  because  o f  t h e  similartH 
m o d e s  o f  transmiss ion o f  hepatit is  B a n d  t h e  non-A ,  nori=f| 
B virus,  screening for  a n t i - H B c  m i g h t  serve  indirectly toj |  
ident i fy  donors  w i t h  epidemiologic  risk factors that ̂  
w o u l d  e n h a n c e  transmission o f  b o t h  agents .  T h e  present? 
s tudy,  w h i c h  w a s  conducted  s imultaneously  with ,  but in-J™ 
d e p e n d e n c y  o f ,  t h e  Transfusion-Transmitted Viruses | 
S tudy ,  further  investigates t h e  associat ion o f  anti-HBc i n |  
d o n o r  b l o o d  a n d  t h e  deve lopment  o f  transfusion-associat-V| 
e d  hepatit is .  

Materials and Methods * *  
T h e  details of t h e  prospective study design have been report-^ 

e d  previously (13 ) .  Briefly, 729 consecutive adult patientSI 
undergoing open-heart surgery a t  t h e  Clinical Center of the^ 
Nat ional  Insti tutes of Heal th  f r o m  November  1973 through _ 
cember 1980 were entered into t h e  study a n d  prospectively f « \ J  
lowed fo r  6 t o  9 months.  Patients with H B s A g  o r  transaminaw 
elevations before  transfusion were excluded. Blood samples^ 
were obtained weekly o r  biweekly during the  first 3 montnSj 
a f te r  transfusion, monthly f o r  t he  next  3 months,  and a final 
sample was  obtained a t  9 months.  I n  addition t o  the  study 
ulation, a control  population of 203 patients undergoing  c a r r $ :  
catheterization without  transfusions was  similarly followed 
determine t h e  frequency of hepatitis a n d  hepatitis B seroconvi 
sion in hospitalized patients undergoing invasive cardiac P-*r" 
dures  without  transfusions. 

S E R O L O G I C  T E S T S  

Al l  recipient specimens were assayed f o r  alanine amino" „ 
ferase ( A L T ) ,  aspartate aminotransferase ( A S T ) ,  and b i u r u ^  
levels and  fo r  HBsAg  (Ausr ia  II ;  Abbot t  Laboratories, N m  
Chicago, Illinois). Recipient A L T  a n d  A S T  levels were i l  
mined  by  a three-point kinetic assay with a sequential co P 
er-controlled biochemical analyzer ( S M A C ) .  Hepatitis w ^ 
agnosed when between 2 and  2 6  weeks af ter  transfusion, „ -
recipient A L T  level exceeded 2.5 times t h e  upper limit ° 
m a l  (110  I U / L )  a n d  when a repeat sample 1 o r  ®°5e.»j/L5l| 
later  was  a t  least 2 times t he  upper  limit o f  normal  (88 $ 
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l | | je 1- Frequency of Hepatitis Events in Groups of Transfused Patients Included in and Excluded from Study 

Group* Hepatitis Events  in  Transfused Patients 

Hepatitis B Hepatitis B Virus 
Seroconversion 

Cytomegalovirus 
Hepatitis 

Non-A,  Non-B 
Hepatitis 

Tota l  

Included in s t u d y  ( n  = 4 8 1 )  
included from study ( n  = 248)  
Total (n = 729) 

3 (0 .6 ) f  
1 (0 .4)  
4 (0 .5)  

9 ( 1 . 9 ) f  
0 ( 0 )  
9 (1-2) 

a (%) 
7 ( i . 5 ) f  
3 (1.2)  

10 (1.4)  
10 (4.0)  
45  (6.2)  

54  (11.2) J 
14 (5 .6)  
68 (9.3)  

>N, 

refers to the number of recipients. Patients were included or  excluded according to the availability of samples from all donor blood units they had received, 
pistribution of specific hepatitis events within the included group as compared with distribution within the excluded grpup: chi square = 2 . 1 8 ;  degrees of 

Jttcdom = 3; P > 0 5 0  (see t c x t  for method). 
^Included group as compared with excluded group in total events: chi square = 6.03; degrees of freedom = 1; p < 0.02 (see text for method). 

_0the r  nonviral causes of A L T  elevation, such a s  d r u g  toxicity, 
anesthesia, alcoholism, anoxia, shock, congestive hear t  failure, 
ind sepsis, were reasonably excluded. Hepatit is  was  considered 
jdenc when the  serum bilirubin level exceeded 2.5 m g / d L .  
kt The samples f r o m  before and  3, 6, a n d  9 mon ths  a f t e r  trans
fusion were tested f o r  antibody t o  H B s A g  (ant i -HBs)  b y  radio
immunoassay (AUSAB;  Abbot t  Laboratories).  T h e  pretransfu-
sidh and 3- and 6-month samples were  also tested f o r  ant i-HBc 
^ radioimmunoassay ( C O R A B ,  Abbot t  Laboratories) and,  
p len indicated by  elevated A L T  levels, f o r  antibodies t o  cyto-

galovirus by indirect hemagglutination, Epstein-Barr virus 
immunofluorescence, a n d  hepatitis A virus b y  radioixnmu-

pissay (HAVAB,  Abbot t  Laboratories).  W i t h  t h e  exception 
§3 paid apheresis donors  whose platelets were transfused t o  

atients, all blood donors  were volunteers; only 2 of t h e  10 
jfents receiving platelets f r o m  paid donors  were a m o n g  the  
[J patients included in  t h e  s tudy analysis (see be low) .  All  

tar blood products were negative f o r  H B s A g  by  radioimmu-
Bassay (AUSRIA I I ,  Abbot t  Laboratories).  

LASSIFICATION O F  HEPATITIS 

^ patients who  developed A L T  elevations consistent wi th  
msfusion-related viral hepatitis, t h e  following criteria were 

JQ to define t h e  cause of t h e  hepatitis event.  Type B hepatitis 
S g  diagnosed if t h e  recipient developed HBsAg,  o r  serocon-
jMried for anti-HBs o r  anti-HBc (o r  b o t h )  simultaneously wi th  
I P  onset of A L T  elevation. W h e n  ant i -HBc o r  ant i-HBs ap-

Kfcred in the 3-month sample, earlier samples were  tested t o  
pbnguish passive transfer of antibody f r o m  active format ion 
| | h e  detected antibody. Hepatit is  B virus seroconversion alone 
presented the  de-novo appearance of ant i-HBs o r  ant i -HBc 

Kg? both) in  t h e  absence of A L T  elevation. Cytomegalovirus 
fcpatitis was diagnosed when  t h e  hepatitis event was  associated 

ith anticytomegalovirus antibody seroconversion a n d  when  
?*ere was no  evidence f o r  hepatitis B o r  hepatitis A virus infec-
oon. A rise in preexisting cytomegalovirus antibody t i ter  was  
ttot considered evidence f o r  a n  etiologic role f o r  this agent.  T h e  

is of type A hepatitis o r  Epstein-Barr virus hepatitis 
f e n d e d  on the  de-novo appearance of antibodies t o  these vi-

m P a t * e n t s  w i th  elevated transaminase levels w h o  were 
IjOnegative before transfusion.  Non-A, non-B hepatitis was  di-

when enzyme elevations suggested transfusion-associ-
hepatitis, when nonviral causes of a n  A L T  elevation could 

I ia e i ,
r e a s o n a b ly excluded, a n d  when  there  w a s  n o  serologic evi-

SNaeiH ' n ^ e c t ' o n  wi th  hepatitis B virus, hepatitis A virus, cyto-
u'*9to ° v i r u s ' . 0 r  Epstein-Barr virus. However, t w o  patients with 

galovirus antibody seroconversion were  considered t o  b e  
| ' " ' " t e d  with t h e  non-A, non-B virus, because of t h e  devel-
I A L T " 1  c ^ r o n i c  hepatitis a n d  t h e  presence of a fluctuating 
Sj, j ^ _ f a t t e r n  typical of non-A, non-B hepatitis. 
Pjujj  t L

0 r ^ s  811 patients a n d  controls w h o  h a d  A L T  levels tha t  
^'"letnb6 ® n o s t ' c  criteria f o r  hepatitis were  reviewed b y  a four-
Vas J *  panel (see Acknowledgments).  Hepatit is  classification 
the „ a .  without knowledge of t h e  donors '  test  results o r  of 
the ' £ n t ' s  transfusion status. T h e  final diagnosis represented 

Consensus o f t h e  p a n e l .  

STUDY METHODS 

A l l  available serum samples f r o m  donors,  transfusion recipi
ents, a n d  untransfused patients were saved and  stored a t  —20 
t o  —70 °C.  T h e  present s tudy involved retrieving donor  serum 
samples a n d  testing them for  t h e  presence of anti-HBs a n d  anti-
HB c .  Analysis of t h e  relationship between donor  ant i-HBc and  
anti-HBs status a n d  recipient hepatitis was restricted t o  those 
patients f o r  w h o m  all donor  samples were available fo r  testing, 
as  indicated i n  Table  1. Overall, blood samples f r o m  6293 do
nors  t o  481 recipients were assayed f o r  anti-HBs a n d  anti-HBc. 
T h e  481 recipients represented 6 6 %  of t h e  total  population. A 
subset of blood samples f r o m  2549 donors was also tested f o r  
A L T  wi th  a kinetic assay o n  a biochromatic analyzer. T h e  level 
of A L T  in  donor  samples was  considered elevated if i t  exceeded 
53 I U / L ,  representing 2.25 S D  above t h e  mean  log A L T  level. 

Using manufacturer ' s  criteria f o r  interpretation o f  t h e  anti-
H B c  qualitative (screening) test, w e  calculated a cutoff value 
b y  averaging t h e  negative control mean and  positive control 
mean.  A 1 0 %  "gray  zone"  around t h e  cutoff was  t hen  imposed 
t o  identify borderline results t ha t  required retesting in  dupli
cate. Specimens whose counts p e r  minute  were greater t han  
110% of t h e  cutoff value were considered negative f o r  anti-
HBc.  Specimens wi th  counts p e r  minute  lower t h a n  9 0 %  of t h e  
cutoff value were considered positive f o r  anti-HBc. Specimens 
whose ra tes  fell within t h e  10% range of t h e  cutoff value were 
retested in  duplicate, a n d  t h e  three  results were averaged t o  
establish a definitive result. 

STATISTICAL METHODS 

T h e  ordinary chi-square test  ( 1  degree o f  f reedom) was  used 
t o  compare  frequencies entered i n  2 X 2 contingency tables. 
Kendall 's  V-statistic (14 )  was  calculated t o  measure  t h e  
strength of association between a pair  of classifications. F re 
quencies entered i n  larger contingency tables were compared 
wi th  a chi-square test  with a n  appropriate number  of degrees of 
freedom. W h e n  statistical significance was  found,  partit ioning 
of t h e  chi-square statistic was  applied t o  show t h e  principal 
source o f  variation (15 ) .  W h e n  indicated, chi-square tests wi th  
multiple degrees of f reedom were modified so  a s  t o  assess t h e  
presence of l inear t rends in  t h e  proportion of positive findings 
( 1 5 ) .  Association between quantitative variables w a s  measured 
by  t h e  Spearman r a n k  correlation coefficient ( r s ) .  Student 's  t-
test  was  used t o  compare means,  and  results were expressed a s  a 
p value. 

Results 
C O M P A R I S O N  O F  S T U D Y  P O P U L A T I O N S  

The hepatitis events of  the included subpopulation 
(those with a complete set of donor samples available) 
and those of patients excluded from the analysis are com
pared in Table 1. N o  instance of  hepatitis A or Epstein-
Barr virus hepatitis occurred in this study. Cases of hepa
titis were significantly ( p  < 0.02) overrepresented in the 
study population, although differences in inclusion 
among the various types of hepatitis events were not sta-
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Table 2 .  Association of Donor Hepatitis B Virus Antibodies and Recipient Hepatitis Events 

A n y  Hepati t is  
B Virus Event  

Cytomegalovirus 
Hepati t is  

Non-A,  Non-B 
Hepatit is  

Total  Hepatit§P 
Events 

D o n o r  status of  t ransfused patients* 
D o n o r  ant i-HBc present ( n  = 193) 

Ant i -HBs present  (n = 148)f  
Ant i -HBs absent ( n  = 4 5 )  % 

D o n o r  ant i-HBc absent ( n  — 288)  
Ant i -HBs present  {n — 67)  
Ant i -HBs absent ( n  = 221)  

Total  ( n  = 481)  
Source of  variation 

D o n o r  ant i -HBc present vs. absent  {df = 1 )  
Chi  square  
p Value 

D o n o r  ant i-HBs present  vs. absent, within each ant i-HBc category ( d f  = 2 )  
Chi  square 0.72 
p Value > 0.50 

7 (3 .6 )  
5 (3 .4)  
2 (4 .4)  

5 (1 .7)  
2 (3 .0)  
3 (1 .4)  

12 (2 .5)  

1.70 
0.19 

-n (%)-

0 ( 0 )  
0 ( 0 )  
0 ( 0 )  

7 (2.4)  
1 (1 .5)  
6 (2 .7)  

7 ( 1 . 5 )  

4.76 
< 0 . 0 3  

0.54 
> 0 . 5 0  

23  (11.9)  
18 (12.2)  
5 (11.1)  

12 (4 .2)  
2 (3 .0)  

10 (4 .5)  
35 (7 .3)  

10.29 
0.001 

0.24 
> 0 . 5 0  

30 (15.5) I f  
23 

2 4  (8.3)r® 
5 ( 7 4 #  

19 (8.6),, 
54 (11.2) " 

% 
6-°3"3$r 

< 0 - 0 2 : i i f  

O . O 7 I  
> 0.50 

* 13 refers to the number of recipients; df = degrees of freedom; anti-HBc — antibody to  hepatitis B core antigen; anti-HBs * 
t All anti-HBc-positive donors t o  a given recipient are also anti-HBs-positive. 
$ A t  least one anti-HBc-positive donor t o  a given recipient-lacked concomitant anti-HBs. 

: antibody to hepatitis B surface a 

tistically significant (p  > 0.50). The reason for this appar
ent selection is unknown but might have been due to a 
coincidental higher incidence of hepatitis during the 
study years when overall donor sample retention was 
maximal (rs = 0.76, p < 0.025). Demographic and sero
logic characteristics of recipients included in the analysis 
were compared with those of recipients excluded from 
analysis; no significant difference in age, sex, or prior ex
posure to hepatitis B virus was noted. Similarly, no sig
nificant difference in age, sex, or prior hepatitis B virus 
exposure was noted for patients who did or did not re
ceive anti-HBc-positive blood. Because availability of all 
donor samples was increasingly less likely for recipients 
with increasingly large numbers of donors, recipients ex
cluded had a significantly higher transfusion volume than 
the recipients included in this study (15.7 and 13.1 do
nors/recipients, respectively; p < 0.001, Student's t-
test). Transfusion volume is considered separately in the 
Results section as an important independent variable in 
our analysis. 

R E L A T I O N S H I P  O F  D O N O R  A N T I B O D Y  T O  H E P A T I T I S  B 

C O R E  A N T I G E N  T O  R E C I P I E N T  H E P A T I T I S  E V E N T S  

The proportions of recipients found to have non-A, 
non-B hepatitis, cytomegalovirus hepatitis, or a hepatitis 
B event are shown in Table 2 according to the anti-HBc 
and anti-HBs (antibody to HBsAg) status of the individ
ual donors. Of 481 patients, 288 received only blood neg
ative for anti-HBc. Of these 288 recipients, 5 (1.7%) 
developed hepatitis type B or a serologic response for the 
hepatitis B virus, 7 (2.4%) developed cytomegalovirus 
hepatitis, and 12 (4.2%) developed non-A, non-B hepati
tis. Thus, 24 (8.3%) recipients of only anti-HBc-negative 
blood had a hepatitis event. Of the 193 recipients of at 
least 1 unit positive for anti-HBc, 7 (3.6%) developed 
hepatitis type B or a serologic response for hepatitis B 
virus, 0 developed cytomegalovirus hepatitis, and 23 
(11.9%) developed non-A, non-B hepatitis. Thus, 30 

(15.5%) recipients of anti-HBc-positive blood develop  ̂
a hepatitis event. 

There was no statistically significant difference in i 
incidence of hepatitis B or serologic responses for hepi 
tis B virus among recipients who did or did not receS 
anti-HBc-positive blood. The occurrence of cytomegalH 
virus hepatitis was inversely associated with receipt!®,, 
anti-HBc-positive blood (p  < 0.03). In contrast, the in
cidence of non-A, non-B hepatitis was almost threefo|i| 
higher among recipients of anti-HBc-positive blood thagf 
among recipients of only anti-HBc-negative bio 
(11.9% and 4.2%, respectively; chi square = 10.29 
p = 0.001, 1 degree of freedom [ d f ]  ). 

Because the presence of anti-HBc is usually ass 
with that of anti-HBs, the analysis of anti-HBc status 
stratified by the presence or absence of anti-HBs, and 1 
source of variability of the chi-square statistic was pa 
tioned by the method of Cochran (15). As  shown in' 
ble 2, within anti-HBc categories, recipients of do 
blood positive for anti-HBs were at no higher risk for# 
hepatitis event than recipients of blood negative for i 
HBs (15.5% and 15.5%, respectively, in those with d 
nors positive for anti-HBc and 7.5% and 8.6%, 
tively, in those with donors negative for anti-HBc; c:i 

square = 0.07, p > 0.50). When we examined hepati 
B virus events, cytomegalovirus, and non-A, non-B he 
titis separately, the partitioning of the chi-square varia 
ity clearly showed that within anti-HBc categories 
presence or absence of anti-HBs was not significantly i 
sociated with the development of any hepatitis events ? 
that the presence or absence of anti-HBc was the ffl 
important contributor to recipient hepatitis. This dî  
ence was most pronounced in the non-A, non-B h 
group (p = 0.001). If the recipients listed in 1 
were classified first according to their donor antl"_ 
status and then subclassified according to donor 
HBc status, a similar partition of chi-square vana 
was obtained. The major contribution to non-A, n ° n  
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JL 3 .  Frequency of Hepatitis and Hepatitis B Virus Events Among Recipients According to Transfusion Volume and Donor Status for 
tjbody to Hepatitis B Core Antigen (Anti-HBc) 

fit Any Hepatitis B Cytomegalovirus Non-A, Non-B 
Virus Event Hepatitis Hepatitis 

n (%) 
lansfusion volume and donor anti-HBc status 
jg[_5 units transfused 
p Anti-HBc present  ( n  = 7 ) *  1 (14.3) 0 ( 0 )  1 (14.3) 
w Anti-HBc absent (a = 24) 0 ( 0 )  0 ( 0 )  1 (4.2) 
gK-10 units transfused 
g Anti-HBc present (n = 21) 0 ( 0 )  0 ( 0 )  2 (9.5) 
f t  Anti-HBc absent ( n  = 60) 1 (1-7) 2 (3.3) 1 (1.7) 
Ifl-15 units transfused 
I f  Anti-HBc present ( a  = 96) 3 (3.1) 0 ( 0 )  14 (14.6) 
P Anti-HBc absent (n = 151) 3 (2.0) 5 (3.3) 7 (4.6) 
|i6-20 units transfused 
K Anti-HBc present ( n  = 56) 2 (3.6) 0 ( 0 )  5 (8.9) 
i t  Anti-HBc absent (n = 48) 1 (2.1) 0 ( 0 )  3 (6.2) 
i p  20 units transfused 
I f  Anti-HBc present (n = 13) 1 (7.7) 0 ( 0 )  1 (7.7) 
p i  Anti-HBc absent (n - 5 )  0 ( 0 )  0 ( 0 )  0 ( 0 )  
yrotai 
| |  Anti-HBc present (n = 193) 7 (3.6) 0 ( 0 )  23 (11.9) 
K Anti-HBc absent (n = 288) 5 (1.7) 7 (2.4) 12 (4.2) 
Mistical analysis 

1.69 ± 1.50 ^Weighted mean diflFerence ( ±  SE)f  1.69 ± 1.50 - 3 . 3 2  ± 1.69 7.86 ± 2.51 
K z  Statistic 1.13 1.98 3.14 
B p Value > 0.10 < 0.05 < 0.001 
Blopeof regression ( ±  SD) ,  X 10~3f 

0.4 ± 3.1 0 ± 0  - 3 . 6  ± 5 . 4  R Anti-HBc present 0.4 ± 3.1 0 ± 0  - 3 . 6  ± 5 . 4  
B Anti-HBc absent 0.8 ± 1.8 0 i 5.5 1.9 ± 2 . 7  

p i  refers to the number of recipients. 
-0, each transfusion level, the incidence of hepatitis among recipients of anti-HBc-positive blood was compared with that among recipients of anti-HBc-negative blood 

i results were pooled in a weighted mean difference test. 
e of regression was performed with frequency of disease event as the dependent (or outcome) variable and number of units transfused as the independent variable; 

jQ.3 for each of the six regression coefficients. 

atitis was still that due to anti-HBc (present com-
Jfed with absent, chi square = 8.16, 2 d f ,  p < 0.025) as 
gposed that due to anti-HBs (present compared with 
I|ent, chi square = 2.37, 1 d f ,  p = 0.12). Because do-

anti-HBs status was not associated with a higher inci-
of recipient hepatitis, subsequent analyses were re

acted to donor anti-HBc status. 
|The data in Table 2 were used to assess the potential 
ifficacy of screening blood donors for anti-HBc to reduce 
he incidence of transfusion-associated non-A, non-B 

atitis. If one assumes that 23 of the 35 cases of non-A, 
jgn-B hepatitis were due to the anti-HBc-positive blood 
yen, then rejection of these donors might have prevent-
123 (66%) of the non-A, non-B cases (crude efficacy), 

vever, because the receipt of  anti-HBc-negative blood 
carried a 4.2% risk of  non-A, non-B hepatitis, 8 of 

<}- *93 recipients of anti-HBc-positive blood might have 
"veloped non-A, non-B hepatitis even if anti-HBc-nega-

blood had been substituted for each anti-HBc-posi-
JJfe unit. This would have resulted in 15 (23 minus 8 )  

1 of non-A, non-B hepatitis potentially prevented by 
, ®n,n6 for anti-HBc for a maximal corrected efficacy 
f N o  correction for the background incidence of 
n-A, non-B hepatitis among nontransfused controls 

was imposed. 
^ e efficacy of the donor screening procedure can also 
^Judged in terms of  recipient outcome. Of the 35 pa

ts with non-A, non-B hepatitis, 23 received at least 1 

unit positive for anti-HBc, for a test sensitivity of 66%; 
among the 446 patients who remained free of  non-A, 
non-B hepatitis, 276 received only anti-HBc-negative 
blood, for a test specificity of  62%. Eighty-eight percent 
of recipients of anti-HBc-positive blood did not develop 
non-A, non-B hepatitis, resulting in a positive predictive 
value for this test of only 11.9%. 

RELATIONSHIP  O F  TRANSFUSION V O L U M E  T O  

R E C I P I E N T  HEPATITIS  E V E N T S  

The percentage o f  patients who developed non-A, non-
B hepatitis, cytomegalovirus hepatitis, or a hepatitis B 
virus event did not change significantly as the transfusion 
volume increased in either recipients of anti-HBc-positive 
blood or in recipients of only anti-HBc-negative blood 
(see regression analysis, Table 3 ) .  Table 3 shows that at 
each transfusion level, recipients of anti-HBc-positive 
blood had a consistently higher incidence of non-A, non-
B hepatitis than recipients of  anti-HBc-negative blood. 
Moreover, as the number of units transfused increased, 
there was a corresponding increase in the proportion of 
recipients with anti-HBc-positive units transfused, from 7 
of  31 recipients (22.6%) anti-HBc positive at 1 t o  5 units 
to  13 of 18 recipients (72.2%) anti-HBc positive at great
er than 20  units (r s  = 1.00, p < 0.01). When the inci
dence of hepatitis among recipients of anti-HBc-positive 
blood was compared with that among recipients of anti-
HBc-negative blood at each transfusion volume and the 
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Table 4 .  Relationship Between Donor Status for  Antibody t o  Hep
atitis B Core Antigen (Anti-HBc) and Donor Alanine Aminotrans
ferase (ALT) Level* 

Donor  
A L T  Level 

Donor  Anti-HBc Status Donor  
A L T  Level Positive Negative Total 

Elevated 3 33 36 
Normal  100 2413 2513 
Total 103 2446 2549 

* Kendall coefficient of association = 0.03*, chi square = 
dom — U p  > 0.10. 

1.74; degrees of free-

results pooled in a weighted mean difference test (15),  
non-A, non-B hepatitis was significantly more common 
among recipients of donor blood positive for anti-HBc 
(p < 0.001). 

N U M B E R  O F  D O N O R  U N I T S  P O S I T I V E  F O R  A N T I B O D Y  

T O  H E P A T I T I S  B C O R E  A N T I G E N  A N D  R E C I P I E N T  N O N -

A ,  N O N - B  H E P A T I T I S  

With a spectrum of transfusion volumes ranging from 
1 to 41 units, some patients received blood from more 
than one donor who was positive for anti-HBc. Of the 
141 recipients of only 1 donor unit positive for anti-HBc, 
17 (12.1%) developed non-A, non-B hepatitis compared 
with 6 (14.3%) of the 42 repipients who received two 
donor units positive for anti-HBc. Ten patients received 
blood from three donors positive for anti-HBc, and 0 of 
these 10 developed hepatitis. Regression analysis (15) re
sulted in an estimated slope that was virtually 0 
( — 0.02) and a 95% confidence interval ( — 0.10, 0.06) 
that indicated the true slope was also very likely close to 
0. Hence, a dose-response relationship is unlikely with 
receipt of increasing numbers of anti-HBc-positive blood 
units. 

R E L A T I O N S H I P  O F  D O N O R  A N T I B O D Y  T O  H E P A T I T I S  B 

C O R E  A N T I G E N  A N D  D O N O R  A L A N I N E  

A M I N O T R A N S F E R A S E  L E V E L  

Previous studies have shown a correlation between do
nor alanine aminotransferase (ALT) level and the devel
opment of non-A, non-B hepatitis in the recipient (16, 
17). In this study, donor ALT values were determined 
only during the latter half of the study period; thus, ALT 
data were available for only 2549 (40%) of the 6293 
donors analyzed for anti-HBc. Table 4 shows that among 
the 36 donors with elevated ALT levels, only 3 (8.3%) 
also had anti-HBc, a proportion that is similar to the 
corresponding percentage with anti-HBc among donors 
with normal ALT levels (100 of 2513, 4.0%; p > 0.10). 
The similarity in these two percentages is consistent with 
a lack of association between donor ALT level and anti-
HBc status. This conclusion is supported by the very low 
value of Kendall's coefficient of concordance, V = 0.03. 
Presence of anti-HBc and an elevated ALT level ap
peared to be events occurring in two unrelated donor 
populations. 

The frequency of non-A, non-B hepatitis among the 
230 recipients whose donors were tested for both anti-
HBc and ALT is shown in Table 5. The highest incidence 

(33.3%) occurred in recipients of both a unit of bio 
with anti-HBc and a unit of blood with an elevated AL'pf,, 
level (not necessarily in the same unit); the lowest inci^i 
dence (4.5%) occurred in recipients of only blood negg.̂  
tive for both markers. The risk of non-A, non-B hepatitiŝ  
was significantly greater for the 80 recipients of anti-̂  
HBc-positive blood (20%) than for the 150 recipients of ^ 
anti-HBc-negative blood (5.3%), regardless of whether* 
there was the concomitant administration of a unit ofl 
blood with an elevated ALT level (p < 0.001). Partition-
ing of the chi-square variability reveals that anti-HBc is*' 
the primary contributor to  hepatitis outcome (chi'vl 
square = 12.01). However, within the anti-HBc-positive 
group, donor ALT status made a significant but smaller'1!? 
contribution to the demonstrated hepatitis risk of anti-
HBc-positive blood (chi square = 4.42, p < 0.04). 

In Table 5, if the data were classified according to do-'f 
nor A L T  status first and then according to anti-HBc !f 
status, a similar partition of the chi-square variability was 
obtained. The major contribution was still that due to'1 

anti-HBc (present compared with absent, chl'l 
square = 10.09, 2 d f ,  p < 0.01), and most of this effect4 

was associated with the group of patients receiving blood* 
with normal ALT levels (chi square = 6.16, 1 d f ,  p'~l§ 
< 0.02). However, the contribution due to presence or 
absence of an elevated ALT level was also significant (chi 
square = 7.32, 1 d f ,  p < 0.01). These findings emphasize 
that although donor anti-HBc status is the principal*' 
marker associated with recipient non-A, non-B hepatitis,' 
the contribution of an elevated ALT level is also signifi-" 
cant. 'n*1 

R E L A T I O N S H I P  O F  D O N O R  A N T I B O D Y  T O  H E P A T I T I S  B *  

C O R E  A N T I G E N  T O  T H E  B I O C H E M I C A L  S E V E R I T Y  A N D ;  

P E R S I S T E N C E  O F  R E C I P I E N T  H E P A T I T I S  

Among the 23 patients who developed non-A, non-B 
hepatitis after the receipt of anti-HBc-positive blood, 14 
(61%) had a maximum ALT level of greater than ten' |g 
times the upper limit of normal and 7 (30%) had a bili
rubin level of greater than 5 mg/dL. In the 12 patients 
who developed non-A, non-B hepatitis without receiving 

Table 5 .  Frequency of Nori-A, Non-B Hepatitis Among  Recipients"' 
Grouped According t o  Donor Status for Antibody to Hepatitis B 
Core  Antigen (Anti-HBc) and Donor Alanine Aminotransferase 
Level 

Donor  Status Recipient Non-A, Non-B Hepatitis , 

n (%) 
Anti-HBc present ( n  = 80) 16 (20.0)* 

A L T  elevated (n  = = 18) + 6 (33.3)J 
A L T  normal  (n = 62) 10 (16 .1) t  

Anti-HBc absent (n = = 150) 8 (5.3)* " f i t  

A L T  elevated ( n  = = 16) 2 (12.5)§ , 
A L T  normal ( n  = 134) 6 (4.5)§ 

Total (JJ = 230) 24  (10.4) 

1101* dc* ' 
* Anti-HBc present as compared t o  anti-HBc absent: chi square = 1 ' 

grees of freedom = 1; p < 0.001. n refers to  the number of recipients. donor 
t Except in three instances, the donor with anti-HBc is different from the , ^ 

with elevated ALT  {see Table 4) .  Dresent! 

$ A L T  elevated as compared to  ALT normal in group with anti-HBc p 
chi square = 4.42; degrees of freedom = 1 ; p «  0.04. a^)Se f 

§ ALT elevated as compared to  ALT normal in group with anti-HBc 
chi square = 0.98; degrees of freedom — I; p >0.30. 
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^anti-HBc-positive unit, the corresponding values were 
(67%) and 3 (25%),  respectively. Chi-square analysis 
pealed no significant association between donor anti-

status and the magnitude of  either the A L T  or bili-
^din  elevation in the patient. 
J* The development of chronic hepatitis, as defined by 

elevations persisting for greater than 1 year, was 
analyzed in a similar manner. In  the 23 patients with 
%on-A, non-B hepatitis who received anti-HBc-positive 
rblood, 14 (61%) developed chronic hepatitis as com-

"pared with 9 (75%) of  12 who received anti-HBc-nega-
tive blood (p > 0.50). 

w 
, Discussion 

i n  this study, 729 patients having open-heart surgery 
were prospectively followed for at least 6 months after 

f transfusion. Biochemical or overt hepatitis occurred in 59 
jatients (8.1%), and an additional 9 patients (1.2%) 
aeveloped a serologic response to  the hepatitis B virus 
without concomitant evidence of hepatitis. Seventy-six 

"̂ percent of the cases were classified as non-A, non-B hepa-
'tits, 17% as cytomegalovirus hepatitis, and 7% as hepa-
"̂fitis B. The high proportion of  cytomegalovirus hepatitis 
was related to a cluster occurring in 1978. Data not in

cluded in this report indicate that since 1978, cytomega-
||ovirus hepatitis has not occurred in this open-heart sur

gery population. A subpopulation of 481 patients, for 
ywhom samples of all donor blood were available, was 

extensively investigated to  define further the relationship 
, of donor anti-HBc status to the occurrence of hepatitis in 

the recipient. 
,v The salient features of this analysis were as follows. 
, The incidence of non-A, non-B hepatitis among recipi-
"j, ents of anti-HBc-positive blood was almost three times 
, that of recipients of only anti-HBc-negative blood 
I 01.9% compared with 4.2%, p = 0.001); in contrast, 
i,. hepatitis B events did not significantly correlate with do-

n o r  anti-HBc status. The presence of anti-HBs in the do-
j nor did not correlate with the development of  recipient 
1 hepatitis. The occurrence of non-A, non-B hepatitis was 
i n o t  associated with the volume of  blood transfused, but 

at each transfusion volume there was a positive associa
tion between donor anti-HBc status and recipient non-A, 
non-B hepatitis. There was a significant association be
tween elevated donor A L T  level and recipient hepatitis 
(P <0 .01) ,  but partitioning of  the chi-square variability 
showed that donor anti-HBc was the primary contributor 
to the occurrence of hepatitis. Among individual donors 
&ere was no correlation between the presence of  anti-

" B c  a n d  the presence of an elevated A L T  level, and 
^ce, these two surrogate markers for the non-A, non-B 

^ T l e r  state appeared to act as independent variables. 
e receipt of anti-HBc-positive blood did not correlate 

t- ^ e  biochemical severity or persistence of  the ensu-
hepatitis, and finally, the predicted efficacy for the 

j;*clusion of anti-HBc-positive donors, when corrected 
43V*16 ^ e P a t ^ s  ° f  anti-HBc-negative donors, was 

( l ^ 1 6  ^ransfusi°n"Transmitted Viruses Study Group 
) has previously reported data showing a strong rela

tionship between the presence of anti-HBc in the donor 
and the development of non-A, non-B hepatitis in the 
recipient. In an accompanying editorial, Alter and Hol
land (18)  have raised concerns about this study, not in 
terms of the data presented, but in terms of the interpre
tation of these data. The results of  the current study al-

issues. The primary con-low for a reexamination of the 
cern expressed was that the determination of efficacy in 
the Transfusion-Transmitted Viruses Study involved a 
correction factor for the background incidence of hepati
tis in the nontransfused control population which neces
sitated exclusion from analysis of  31 cases of hepatitis or 
almost half the cases in one study arm. It was suggested 
that deletion from analysis of such a large number of 
cases might introduce a bias into the efficacy calculation. 
In  our current study, the background incidence of hepati
tis in the nontransfused population was sufficiently low 
(0.5%) that a correction for background was not neces
sary. Our predicted efficacy for anti-HBc testing (43%) 
is similar to  that obtained in the Transfusion-Transmitted 
Viruses Study and, hence, concern regarding the correc
tion factor that was imposed appears to  have been unjust
ified. 

The purported mechanism by which anti-HBc identi
fies non-A, non-B carriers is that such carriers might be 
sequentially or concomitantly exposed to  both hepatitis B 
and non-A, non-B viruses. If this were true, then donor 
status for anti-HBs, another sensitive serologic marker of  
past hepatitis B virus infection, should also correlate with 
the occurrence of  non-A, non-B hepatitis in the recipient. 
This finding was not the case in the Transfusion-Trans
mitted Viruses Study (11, 19) and was a second point of  
concern expressed in the editorial (18)."Our study con
firms the lack of association between donor anti-HBs 
status and subsequent occurrence o f  non-A, non-B hepa
titis in the recipient, and it suggests that the association 
of anti-HBc with the non-A, non-B carrier state may in
volve more than the coincidental exposure to  multiple 
hepatitis viruses. In this regard, it has been suggested that 
the non-A, non-B virus and the hepatitis B virus may 
have a common origin, as shown by the finding of hepati
tis B virus D N A  in the serum and liver tissue of some 
patients diagnosed as having non-A, non-B hepatitis 
(20) .  The possibility of a direct relationship between the 
non-A, non-B and hepatitis B viruses, however, remains a 
controversial issue (21) .  

A third concern in Alter and Holland's editorial (18)  
was that previous studies of the relationship between do
nor A L T  level and recipient hepatitis (16, 17) and the 
more recent Transfusion-Transmitted Viruses Study 
analysis of  anti-HBc (11)  represented predictions of effi
cacy based on the assumption that the anti-HBc-positive 
or ALT-elevated donor in any given case was the donor 
to  transmit hepatitis and that exclusion of that particular 
donor would have prevented the ensuing hepatitis. The 
editorial stressed that predicted efficacy was not the 
equivalent of established efficacy and recommended that 
these predictions be  tested in a randomized, prospective, 
controlled trial which compared directly the incidences 
of hepatitis after the receipt of blood tested and untested 
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for ALT and anti-HBc. However, it has become increas
ingly unlikely that such a study will ever be initiated. The 
anticipated reduction in the incidence of transfusion-re-
lated hepatitis as an indirect consequence of donor testing 
for antibody to  the human T-lymphotropic virus type III 
and other trends in blood donation practice would neces
sitate a substantial increase in the number of study par
ticipants to confirm the predicted efficacy of anti-HBc 
testing. The consequent increased time, cost, and com
plexity of such a study do not appear to be logistically, 
financially, and perhaps ethically feasible in the perspec
tive of current research priorities. 

A fourth concern was that the presence of anti-HBc 
and the presence of an elevated ALT level behaved as 
independent variables, even though both appear t o  serve 
as surrogate markers for the non-A, non-B carrier state. 
This lack of concordance, first noted by the Transfusion-
Transmitted Viruses Study (11),  has been confirmed by 
our finding of virtual independence between the outcome 
of the two tests (Kendall's V = 0.03). Although most 
donors were both anti-HBc negative and had a normal 
ALT level, donors who were positive for anti-HBc only 
rarely had an elevated ALT level ( 3  of 103). If, indeed, 
the ALT and anti-HBc tests are detecting distinct popu
lations of non-A, non-B virus carriers, then the potential 
impact of adopting indirect screening measures would be 
greatly magnified. 

In the absence of a prospective controlled study, the 
existing database must be used to decide whether or not 
to adopt the ALT test, the anti-HBc test, or both. In 
considering these options, we must keep in perspective 
the surrogate nature of both assays. Both have a relative
ly low level of predicted efficacy in preventing non-A, 
non-B hepatitis, and 60% to 70% of non-A, non-B trans
fusion-associated hepatitis will probably continue to 
occur despite implementation of  either of these tests. 
Equally disturbing, both tests have a high rate of false 
positivity: 70% to 88% of recipients of blood with anti-
HBc or an elevated ALT level do not develop non-A, 
non-B hepatitis (11, 16, 17), and approximately 60% of 
donors with elevated A L T  levels have nonviral factors as 
the most likely cause of their transaminase elevation 
(22). An additional major concern is the resultant loss of 
blood donors, estimated to  be 1% to 3% for ALT eleva
tions and 4% to 8% for anti-HBc (11, 16, 17, 23).  In this 
discussion we do not wish to deal with the relative merits 
of one surrogate marker over the other, but rather to deal 
with the key issue of whether to adopt any indirect 
screening measure for detection of the non-A, non-B vi
rus carrier state. Two important variables enter into this 
decision: the likelihood that a specific test for the non-A, 
non-B virus carrier state will become available in the near 
future, and the clinical significance of non-A, non-B hep
atitis. Despite numerous reports of putative non-A, non-
B assays, none has been independently confirmed (24), 
none has been able to distinguish proven non-A, non-B 
infectious sera from noninfectious control sera in coded 
panels (25), and none has withstood the test of time. 
Currently, no specific assay is available for the agent(s) 
of non-A, non-B hepatitis, and none appears imminent; 

anticipation of specific assays should not defer the ne^ 
for a prompt decision regarding the adoption of surrogate-
tests. • "fit!/ 

The severity of non-A, non-B hepatitis has been a con«> 
troversial issue. The disease tends to be mild at onset,* 
with only a quarter of patients being jaundiced and with 
other clinical symptoms being generally minor (22) 
Most of the transfusion-related cases that have been icW 
tified in prospective studies are based primarily on bio-'j 
chemical rather than clinical evidence of disease. Queit' 
tions have arisen repeatedly about the need to introduce 
costly screening procedures to prevent this seemingly be-",; 
nign disease. The answer resides in an analysis of thê  
chronic sequelae of non-A, non-B hepatitis. Virtually ev̂  
ery study (25-27) that has investigated this aspect of 
non-A, non-B hepatitis has confirmed that an inordinate
ly high percentage of patients develop chronic hepatitiŝ  
as shown by persistent ALT elevation; that liver biopsies' 
in patients with chronic ALT elevation show chronic aix 
tive hepatitis as the predominant lesion; and that 10% to 
20% of those who have biopsies have evidence of cirrhtK 
sis. Although the cirrhosis tends to be clinically mild| 
deaths related to non-A, non-B-associated cirrhosis are-
being reported (25, 27-29). Prospective studies indicate"1 

that at least 5% of transfusion recipients develop bio* 
chemical or clinical evidence of non-A, non-B hepatitis."' 
For an estimated 3 million blood recipients, this percent̂  
age represents 150 000 cases of transfusion-associated 
non-A, non-B hepatitis in the United States annuallyn 
half these patients have chronic ALT elevation and 10% 
of these develop cirrhosis, then up to 7500 cases of non-
A,  non-B-related cirrhosis might be induced annually as 
a result of blood transfusion. If, as predicted, surrogate' 
screening of blood donors could prevent approximately 
one third of these cases, then this could represent an an
nual reduction of 50 000 cases of hepatitis and 2500 cases 
of cirrhosis. The potential to  achieve this degree of dis
ease prevention now appears to outweigh the disadvan
tages inherent in the adoption of surrogate tests for the 
non-A, non-B virus carrier state. 
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