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t h e  disease unti l  at tacks can  be  very accurately pre
dicted, o r  t h e  na tura l  history substantially changed. 
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Summary O f  108 prospectively followed, multi
ply transfused, open-heart-surgery p a 

tients, 12 (11%) developed hepatitis. Patients received 
only volunteer donor  blood tested fo r  hepatitis-B surface 
antigen (HBsAg) prior  t o  transfusion b y  counterelec-
trophoresis (C.E.P.). 4 of t h e  12 pa t i en t s  developed 
hepatitis-B-virus infection. Subsequent testing of  donor  
serums by solid-phase radioimmunoassay (R.I.A.) 
revealed t h a t  a n  R.i.A.-positive, c.E.p.-negative blood 
uni t  was transfused t o  3 of the  4 type-B hepatitis cases, 
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b u t  t o  none of  t h e  remaining 104 patients; 3 hepatitis-B 
cases could probably have been prevented by prescreen-
ing of  donors b y  solid-phase R.I.A. 8 hepatitis cases were 
serologically unrelated t o  the  hepatitis-B virus, the hepa-
titis-A virus, t h e  cytomegalovirus, or the Epstein-Barr 
virus. H a d  R.i.A.-positive donors been excluded, 8 of the 
9 residual hepatitis cases (89%) would have represented 
"non-A, non-B"  hepatitis. T h e  existence of previously 
unrecognised h u m a n  hepatitis virus(es) is probable. 

Introduction 
THE attainment of hepatitis-free blood-transfusions 

has  been a frustratingly slow, but progressively realistic 
goal. T h e  demonstration of the  inordinately high hepa
titis risk of  commercial blood1 2 and the implementation 
o f  universal donor screening for hepatitis-B surface 
antigen (HBsAg) have resulted in a distinct reduction 
in post-transfusion hepatitis.1 * Nonetheless, transfusion-
associated hepatitis continues t o  occur. This study exam
ines t h e  potential impact of solid-phase radioimmunoas
say ('Ausria') o n  t h e  frequency of type-B post-transfusion 
hepatitis and the  relative role of agents other than the 
hepatitis-B virus i n  the  causation of transfusion-asso
ciated hepatitis. 

Patients and Methods 
Design of Study 

Consecutive patients undergoing open-heart surgery at the 
National Institutes of Health were entered into the study if 
they were over 21 years of age, if they lived in the continental 
United States, if pre-operative S.G.P.T. was normal, and if they 
had not had transfusions or known hepatitis exposure during 
the six months preceding surgery. 106 patients fulfilled these 
criteria and completed six months of clinical and serological 
observation as denned below. 2 of these 106 patients were 
operated on twice during the study period at intervals exceed
ing six months, and, for purposes of analysis, it will henceforth 
be considered that 108 patients were studied. 

Eligible patients were divided into two groups according to 
their geographic location as previously described.3 Local pa
tients (47) had samples drawn approximately weekly for the 
first twelve weeks post-transfusion and monthly for three addi
tional months; the average collection per patient was 17-7 
samples. Patients (61) who lived at a great distance from 
N.I.H. had samples drawn by their referring physicians and 
the separated serum was immediately mailed to N.I.H. In this 
group, blood-samples following hospital discharge were 
obtained every two weeks during the first twelve postoperative 
weeks and then monthly for the succeeding three months; the 
average number of samples was 13-5. If enzyme abnormalities 
in either patient group indicated the onset of hepatitis, samples 
were obtained weekly until the acute hepatitis resolved and at 
varying intervals thereafter. All patients who developed hepa
titis had samples obtained for at least a year in order better to 
ascertain antibody seroconversion. 

Only voluntary donor blood was used throughout this study. 
All donor blood was tested for hepatitis-B surface antigen 
(HBsAg) by counterelectrophoresis prior to transfusion; all 
donor serums were subsequently retested by solid-phase 
radioimmunoassay after transfusion. When it became apparent 
that radioimmunoassay might have prevented several cases of 
type-B post-transfusion hepatitis which occurred in this study, 
and when it became technically feasible to incorporate the 
radioimmunoassay into pretransfusion donor screening, the 
study was terminated. 

Definitions 
Hepatitis.—A patient was considered to have post-transfu-

sion hepatitis when, between fourteen and a hundred and 
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eighty days after transfusion the alanine-aminotransferase 
(S.G.P.T.) level rose to 2-5 times the upper limit of normal (112 
i.uTl) and when a second sample, separated by at least a week, 
exceeded two times the upper limit of normal (90 I.U./1). 
Enzyme values and clinical histories were reviewed by a panel* 
and the diagnosis of viral hepatitis accepted only when other 
causes of enzyme elevations such as congestive failure and drug 
or anesthesia-induced hepatitis could be reasonably excluded 
No evidence was found in any patient to suggest that the hepa
titis was contracted from sources other than transfusion. 
Icteric hepatitis was diagnosed when the serum-bilirubin 
exceeded 2-0 mg/dl .  

Antibody response.—Antibody response consisted of either 
a fourfold or greater rise in titre in a patient who had pre-exist
ing antibody or of antibody seroconversion. Seroconversion 
was defined as the de-novo appearance of antibody two or 
more weeks post-transfusion in a patient whose pre-transfusion 
sample was negative for antibody. 

Test Methods 

Alanine-aminotransferase (S.G.P.T.) and aspartate-amino
transferase (S.G.O.T.) determinations were performed by the 
Clinical Chemistry Laboratory at N.I.H. using the method of 
Steinberg et al,5 and Wroblewski,6 respectively. The upper 
limit of normal for S.G.P.T. was 45 i.u./l and for S.G.O.T. 52 
I.D./1. 

Counterelectrophoresis (C.I.P.) on donor serum was per
formed by 'Hepascreen' (Spectra Laboratories) according to 
the directions of the manufacturer. 

Solid-phase radioimmunoassay for HBsAg was performed 
on all sera using the method of Ling and Overby (Ausria i).7 

Sera from patients who developed hepatitis and from donors 
implicated in hepatitis cases were also tested subse
quently by the more sensitive and more specific Ausria II. All 
positive results were confirmed by repeat testing and by neu
tralisation with unlabelled human antibody to HBsAg 
(anti-HBs). A test was considered positive if radioactive counts 
esceeded the mean of eight negative controls by a factor of at 
least 2 1  and if prior neutralisation with unlabelled anti-HBs 
reduced radioactive counts by at least 50% while neutralisa
tion with normal human serum had no significant effect. 

Subtyping of HBsAg was done by the counterelectrophoretic 
technique of Holland and associates.* 

Hsemagglutination tests for anti-HBs were performed on all 
patient samples by the method of Vyas and Shulman* using a 
raicrotitre system and HBsAg-coated red cells obtained from 
Electronucleonics, Inc., Bethesda, Maryland. A titre of 1/8 or 
greater was considered to demonstrate the presence of anti-
HBs. At the completion of the study, all serial serum samples 
from any one patient who had an anti-HBs response were 
retested on the same day using the same set of HBsAg-coated 
and control red cells. 

Radioimmune precipitation for anti-HBs was performed on 
a pre-transfusion and a six-to-nine-month post-transfusion 
sample from each patient by a double-antibody microtitre tech
nique;10 binding of l25I-labelled HBsAg of greater than 15% 
on duplicate analysis was considered positive. Antibody to the 
hepatitis-B core antigen (anti-HBtf) was measured in a pre-
transfusion and a three and six month post-transfusion sample 
in all patients by the radioimmune precipitation technique of 
Moritsugu et al.;" a titre of 1/1000 or a fivefold or greater 
rise in titre was required for a sample to be regarded as unequi
vocally containing anti-core antibody acquired by recent infec
tion with the hepatitis-B virus. Pre-exposure and convalescent sera from patients with 
hepatitis were tested for antibody to the hepatitis-A virus 
(anti-H.A.), to the cytomegalovirus (anti-c.M.v.), and t o  the 
Epstein-Barr virus (anti-E.B.v.). The presence of antibody to 

' I'e are indebted to Dr Leonard Seeff for serving on this panel along 
'*«h H.J,A., P.V.H., and R.H.P. 

the hepatitis-A virus was determined by immune-electron mic
roscopy (I.E.M.) employing the method of Feinstone et a l . u  and 
by immune adherence.13 In the I.E.M. test, paired sera from 
the same patient were always tested under code in the same 
experiment and against the same particle-containing stool fil
trate. Based on the reproducibility of scoring coded specimens, 
a change of 1 (scale 0-4) in antibody rating between paired 
sera was considered significant. A serum sample was not con
sidered negative for antibody until at least five good-quality 
electron microscopic grid squares were examined. Immune 
adherence C.I.A. was performed with hepatitis-A antigen par
tially purified from faeces of acutely ill patients with hepatitis 
type A (Moritsugu et al., unpublished). Twofold dilutions of 
serum samples were tested against 4-8  units of antigen. 
Hxmagglutination was scored on a scale of 0-4+;  3+ and 4+ 
patterns were regarded as positive. 

Complement-fixation tests for anti-c.M.v. were performed as 
previously described.14 C.M.V. antigen was prepared from the 
AD 169 strain of human C . M . V . "  

Paired sera were titrated in duplicate for anti-E.B.v. by 
immunofluorescence16 using HRI-K cells as a source of 
antigen. Serum samples obtained during the acute phase of 
hepatitis were tested for hepatitis-B-specific D.N.A. polymerase 
by the method of Kaplan and coworkers.17 

Results 
Frequency of Hepatitis 

Of the  108 patients 12 (11%) developed hepatitis; 4 of 
the 12 cases were icteric (3-7% of total patients). T h e  
average number of transfusions was 17-3 units per pa
tient resulting in a hepatitis risk of 6-4 cases/1000 units 
transfused (0-64% per unit) and an icteric hepatitis risk 
of 2-1 cases/1000 units transfused (0-21% per unit). 

Serological Analysis of Hepatitis Cases 

Table i records the serological evaluation of the 12 
hepatitis cases. As listed in the  table, the  first 4 cases 
have been classified as viral hepatitis, type B: all 4 devel
oped HBsAg in the  course of their acute hepatitis a n d  
3 of the 4 demonstrated antibody seroconversion for  
both hepatitis-B surface and core antigens. Patient no.  
4 developed anti-HBc, but  not anti-HBs; she has  
become a chronic carrier of HBsAg. 2 of the hepatitis-B 
cases (nos. 2 and 4 )  were of subtype ayto and 1 (no. 1) 
was adw. T h e  titre of HBsAg was not sufficiently high 
in patient no.  3 t o  determine the  HBsAg subtype. T h e  
serological specificity in cases 1 and 2 was confirmed by 
the development of hepatitis-B-specific D .N .A .  P O R 

TABLE I HEPATITIS CASES: SEROLOGICAL ANALYSIS 

Patients no. 
HBsAg 
Ppsitive 

Serological response* to:  

Patients no. 
HBsAg 
Ppsitive HBsAg HBcAg C.M.V E.B.V. H.A.V. 

1 Yes Yes Yes No No No  
2 Yes Yes Yes No No No  
3 Yes Yes Yes No No No  
4 Yes N o t  Yes No No No 
5 No No N o  No N o  N o  
6 No No N o  No No  No  
7 No No  No No N o  N o  
s No No No No No  N o  
9 No No No Yes* No N o  

10 No No No  No No  No  
11 No No No Yest No No  
12 No | No No No N o  N o  

* Antibody seroconversion or fourfold or greater rise in antibody titre to the 
hepatitis-B surface antigen (HBsAg), hepatitis-B core antigen (HBcAg), cyto
megalovirus (C.M.V.), Epstein-Barr virus (E.B.V.) or the hepatitis-A virus 
( H . A . V . ) .  

f Became chronic carrier of HBsAg. 
$ 5 of 26 control patients without hepatitis also made a serological response to 

C.M.V. 
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TABLE II—HEPATITIS  CASES: CLINICAL ANALYSIS 

Incub. period (wk.V Peak JI.fi. P.T. (i.u./l) 
Peak bilirubin 
Mean (range) 

No. chronic 
hepatitis 
(>6 mos.' 

Hepati t is  type  No.  of cases Mean Range Mean Range To ta l  icteric 
Peak bilirubin 
Mean (range) 

No. chronic 
hepatitis 
(>6 mos.' 

B 
Non-B 

4 
8 

14-5 
9-4 

8-23  
6 -22  

857 
470 

438-1300 
185-1200 

3 
1 

7-8 (0-6-24) 
1-3 (0-4-5-3) 

H 
11 

* From transfusion to first S.G.P.T. greater than 2-5 tunes normal, 
f Each demonstrated chronic active hepatitis by liver biopsy. 

merase concurrently with the development of HBsAg. 
Patients 3 and 4 did not have detectable hepatitis-B 
D.N.A. polymerase activity. None of the type-B hepatitis 
cases demonstrated antibody seroconversion to C.M.V., 
E.B.V., or hepatitis-A virus. 

T h e  remaining 8 cases listed in table i were considered 
to represent non-B hepatitis: none developed HBsAg, 
anti-HBs, or  anti-HBc. Each of the non-B hepatitis 
cases was tested for antibody response to C.M.V., E.B.V., 
and the hepatitis-A virus. 1 of the 8 demonstrated anti
body seroconversion to C.M.V. and a 2nd showed a four
fold rise in titre. However, antibody seroconversion to  
C.M.V. was also seen in 5 of 26 controls who did not de
velop hepatitis. Each of the 8 non-B-hepatitis patients 
had antibody to  E.B.V. present in their pretransfusion 

sample and none showed a rise in titre. 6 of the 8 patients 
had antibody to  the hepatitis-A antigen present 
in their pre-transfusion sample and none showed a rise 
in antibody activity during or  after their hepatitis. Pa
tients 6 and 10 did not have antibody to hepatitis-A 
antigen in either their pre- o r  post-transfusion samples. 
There was agreement between hepatitis-A antibody results 
ob ta ined  b y  I.E.M. a n d  I.A. 

Clinical Analysis of Hepatitis Cases 
Table n compares the clinical data obtained in type-B 

versus non-B hepatitis. T h e  mean incubation period, as 
measured by the first S.G.P.T. elevation to  exceed 2-5 
times the upper limit of normal, was approximately five 
weeks longer in type-B than in non-B hepatitis, but  the  
range was broad in each group and there was much 
overlap. T h e  period from transfusion to the onset of 
HBsAg in the 4 type-B cases was four, nine, ten ,  a n d  
fourteen weeks. 

T h e  mean peak S.G.P.T. in type-B hepatitis was 1-8 
times that in non-B hepatitis, but  the range in each 
group was again broad, S.G.P.T. exceeded ten times the 
upper limit of normal in 3 of the 4 type-B cases and in  
3 of 8 non-B cases. 3 of the 4 type-B hepatitis cases were 
icteric compared with only 1 of 8 non-B cases, and the 
mean peak bilirubin in type-B hepatitis was six times 
tha t  in non-B disease. All 4 patients with type-B hepa
titis had clinical symptoms consistent with viral hepa
titis, whereas only 2 of 8 patients with non-B hepatitis 
had symptoms; one of the symptom-free non-B patients, 
however, progressed to  chronic active hepatitis. Exclud
ing the one patient in each group who developed chronic 
active hepatitis, the mean time for  which S.G.P.T. 
exceeded two times the upper limit of normal was identi
cal in those with type-B hepatitis (10-3 weeks) and those 
with non-B hepatitis (10-4 weeks). 

Retrospective Analysis of Implicated Donors 
T h e  108 patients in this study received 1870 units of 

c.E.p.-negative, voluntary donor blood. The  results of 
retrospective testing of the donors by radioimmunoassay 
are shown in table HI. Specific R.i.A.-positive, C.E.P.-

TAffLE III  RETROSEPCTIVE ANALYSIS OF DONORS BY SOUD-PHASf R.J.A. 

FOR HBSAg 

No- of cases with 
Patient outcome No. of cases R.I.A.+, c.E.P.-donor 

Typc-B hepatitis 4 3 
Non-B hepatitis 8 0 
No hepatitis 96 0 

negative blood was transfused to 3 of the 4 patients who 
developed type-B hepatitis. In contrast, none of the 8 pa
tients with non-B hepatitis or of the 96 patients without 
hepatitis received blood which was R.KA.-positive. 

Serological Analysis of Non-hepatitis Cases 
Of the  96 patients who did not develop hepatitis, none 

became HBsAg-positive and none developed antibody 
seroconversion to  HBsAg. 2 patients, in their six-month 
post-transfusion sample, demonstrated anti-core anti
body at the minimum titre considered to represent a 
positive result. All preceding and subsequent samples in 
these patients were negative for anti-HBc. 7 patients 
had anti-HBc prior to transfusion; 5 of these 7 also had 
anti-HBs, usually in high titre, but in 2 patients anticore 
antibody was present without coexisting anti-HBs. 

Significance of Anti-HBs in Recipient and Donor 
14 (13%) of the 108 patients had anti-HBs detectable 

i n  their pre-transfusion sample. None of these 14 pa
tients developed type-B hepatitis, compared to 4 of 94 
who did not have pre-existing anti-HBs. The apparent 
protective effect of pre-existing anti-HBs did not, how
ever, achieve statistical significance. 

Samples of all donor blood (HBsAg-negative) 
administered to  36 of the 108 patients were available for 
anti-HBs testing. Of these 36 patients, 12 received at 
least one unit of blood containing anti-HBs. None de
veloped HBsAg-positive hepatitis, or a serological re
sponse to  the hepatitis-B surface or core antigens; 1 de
veloped HBsAg-negative hepatitis. 

Discussion 
Type-B hepatitis continues to occur following trans

fusion, despite widespread screening of blood-donors by 
C.E.P., as demonstrated in this and other studies.318 In 
the  current study, retrospective testing of donor blood 
by solid-phase radioimmunoassay demonstrated that 
this test would have been highly effective in reducing 
type-B hepatitis. 3 of the 4 patients who developed 
type-B post-transfusion had received one unit of 
R.i.A.-positive, c.E.p.-negative blood. Conversely, only 3 
R.i.A.-positive, c.E.p.-negative units of blood were trans
fused and each resulted in overt, icteric HBsAg-positive 
hepatitis, with 1 patient progressing to chronic active 
hepatitis. It  is thus probable that 3 of the 4 type-B hepa
titis cases could have been prevented if donor blood had 
been screened for HBsAg by solid-phase R.I.A. rather 
t h a n  C.E.P. 
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Two previous publications"  2 0  stressed t h e  inability 
of solid-phase R.I.A. to reduce the  frequency of  type-B 
hepatitis. However, both studies were performed a t  a 
time when up to 80% of positives b y  R.I.A. represented 
false-positive tests,3122  and  neither study incorporated 
appropriate specificity testing. Subsequently, modifica
tions in the solid-phase R.I.A. system have  reduced non-
specificity to under 1% and all positive tests a re  required 
to be confirmed by appropriate neutralisation. Hollinger 
et al.23 have reported that ,  despite specificity testing of 

solid-phase R.I.A., this test was markedly inferior t o  their  
own double-antibody radioimmunoassay a n d  relatively 
ineffective in preventing type-B hepatitis. No t  only does 
this contrast with the efficacy of solid-phase R.I.A. i n  our  
study, but the time required and  t h e  complexity of  double-
antibody R.I.A. makes this a n  impractical test f o r  t he  
routine screening of blood-donors. T h e  increased sensiti
vity of solid-phase R.I.A. compared with C.E.P. ha s  been 
repeatedly demonstrated by in-vitro assays.2 2 - 2 4  T h e  
present data demonstrate t h a t  this  increased in-vitro 
sensitivity would also be  reflected i n  a decrease in overt 
type-B post-transfusion hepatitis. I t  is mandatory t h a t  
an objective test of comparable sensitivity, specificity, 
practicality, and clinical efficacy replace the  second-
generation tests currently employed in some donor  facili
ties. Such "third-generation" testing has  recently 
become a legal requirement in t h e  United States. 

The other major contribution of t h e  current  study is 
the clinical and serological evaluation of  those hepatitis 
cases unrelated to the hepatitis-B virus. 8 of  t h e  12 cases 
which occurred were serologically classified a s  "non-B"  
hepatitis. From a clinical standpoint,  type-B hepatitis 
had a longer mean incubation period, b u t  t h e  overlap i n  
incubation periods was so great as  t o  make  this a distinc
tion of little diagnostic consequence. T h e  mean  incuba
tion period for non-B hepatitis (9-4 weeks) lies between 
that classically attributed t o  type A and  type B hepatitis 
and may, as has been suggested,2 '  2 6  provide epidemiolo
gical evidence for a third human  hepatitis virus. Type-B 
hepatitis appeared to be more acutely severe t h a n  non-B 
hepatitis according t o  t h e  mean peak S.G.P.T., t h e  f re
quency of icterus, and the  frequency and  severity of 
sytuptoms. This is consistent with o u r  previous experi
ence and with another published study.27  Nonetheless, 3 
of the 8 non-B cases had  a peak S.G.P.T. in excess of  ten  
times the upper limit of normal and  1 of these patients 
developed chronic active hepatitis. 

Serological analysis of t he  8 cases of  non-B hepatitis 
revealed no Etiological relationship t o  t h e  cytomegalo
virus or the Epstein-Barr virus. W e  h a d  previously 
assumed that the major portion of transfusion-asso
ciated hepatitis unrelated t o  t h e  hepatitis-B virus was 
due to the hepatitis-A virus, b u t  th i s  was  no t  substan
tiated in the present study. Application of  bo th  t h e  I.E.M. 
and immune-adherence techniques demonstrated t h a t  
none of these 8 cases was serologically related t o  t h e  
hepatitis-A virus. Some of these cases were also included 
in a larger study of the  relationship of  t h e  type-A virus 
to non-B post-transfusion hepatitis.2* I n  tha t  retrospec
tive analysis, serum from a total of  2 2  non-B  hepatitis 
cases were tested and none demonstrated a serological 
response to the hepatitis-A virus. I t  t h u s  appears tha t  
the hepatitis-A virus is rarely involved i n  the  develop
ment of transfusion-associated hepatitis. These  serologi
cal data suggesting the  rarity of type-A post-transfusion 

hepatitis a r e  compatible with t h e  epidemiological da ta  
reported b y  Prince et  al.2 e  

T h e  aetiology of  non-A, non-B hepatitis a f te r  t rans
fusion remains obscure. One  could argue t h a t  these t r an 
saminase elevations d o  no t  represent viral hepatitis, b u t  
every effort was made  t o  exclude other  known causes of  
hepatic enzyme elevation. T h e  strongest evidence tha t  
non-A, non-B hepatitis is a transfusion-related (and,  b y  
inference, virus-related) event is t he  fac t  t h a t  i t  appears 
t o  occur with a defined incubation period and ,  more  im
portant ,  t ha t ,  like type-B hepatitis, i t  is considerably 
more  common af ter  t he  receipt of commercial blood 
t h a n  of voluntary donor  blood.26 T h e r e  is t hus  increas
ing suspicion tha t  there exists one o r  more  previously 
unrecognised h u m a n  hepatitis virus(es). T h e  signifi
cance of  t h e  postulated virus(es) is emphasised by the  
fac t  tha t ,  if w e  eliminate f r o m  this study t h e  3 cases of  
type-B hepatitis which probably could have been pre
vented by R.I.A. screening of  blood-donors, then  8 of  t h e  
9 residual hepatitis cases (89%) could b e  classified as  
"non-A, non-B".  When  blood is obtained f r o m  all-volun
tary,  R.i.A.-screened donor  population, t h e  vast majority 
of resultant hepatitis is currently unrelated t o  any  of  t h e  
viruses commonly associated with h u m a n  hepatitis. 

We are indebted to Dr  Paul Kaplan, of the Rockville Laboratory of 
the Molecular Anatomy Program, Oak Ridge National Laboratory, Dr  
Leonard Seeff, of the Veterans Administration Hospital, Washington, 
D.  C., and Dr  Jules Dienstag and Dr  John Peterson, of the National 
Institute of Allergy and Infectious Diseases, for  advice and technical 
expertise; and to Jacqueline Melpolder, Delores Koziol, Serrah Wood, 
Doris Wong, and Joanne Wagner for technical and administrative as
sistance. 

Requests for reprints should be addressed to  H.J.A., Blood Bank 
Department, Building 10A, National Institutes of Health, Bethesda, 
Maryland 20014, U.S.A. 
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