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Patients who received transfusions and nontransfused 
control patients were followed to assess the incidence 
and cause of post-transfusion hepatitis and to identify 
donor factors that might relate to risk of hepatitis. We 
evaluated as risk factors in donors the presence of 
antibody to hepatitis B virus compared with elevated 
alanine aminotransferase (ALT) level. Units of blood that 
were positive for antibody to hepatitis B core antigen 
(anti-HBc) were associated with a twofold to threefold 
greater risk of non-A, non-B hepatitis in the recipients than 
were units without anti-HBc. In the absence of specific 
serologic tests for non-A, non-B agents, screening of 
donors for anti-HBc might be considered. Our data 
suggest that the incidence of non-A, non-B hepatitis might 
have been reduced by about one third by such screening. 
However, elevated ALT levels in donors had a similar 
association with non-A, non-B hepatitis in recipients but 
would have resulted in fewer units of blood being 
discarded than would screening for anti-HBc. 

N O N - A ,  NON-B HEPATITIS is n o w  t h e  p r e d o m i n a n t  f o r m  
o f  pos t - t r ans fus ion  hepat i t i s  ( 1 - 5 ) .  A l t h o u g h  t h e  d i sease  
w a s  recognized  near ly  a d e c a d e  ago ,  n o  specific test  f o r  
t h e  a g e n t s  h a s  ye t  been  identif ied a n d  conf i rmed .  I n  t h e  
ab sence  o f  specif ic  tests ,  nonspecif ic  m a r k e r s  h a v e  b e e n  
s o u g h t .  T h e  level o f  a s e r u m  e n z y m e ,  a lan ine  a m i n o 
t r ans fe rase  ( A L T ) ,  i n  b l o o d  d o n o r s  is  o n e  s u c h  m a r k e r .  
T w o  independe n t  s tud ies  h a v e  s h o w n  a cor re la t ion  b e 
t w e e n  d o n o r  A L T  levels a n d  t h e  inc idence  o f  n o n - A ,  
n o n - B  hepa t i t i s  i n  t r a n s f u s i o n  rec ip ients  ( 2 ,  3, 6 ) .  E p i d e 
mio log i c  c i r cums tances  predispos ing  d o n o r  p o p u l a t i o n s  
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t o  infec t ion  w i t h  hepa t i t i s  B v i rus  m a y  a l s o  f a v o r  expo
s u r e  t o  n o n - A ,  n o n - B  hepa t i t i s  agents .  Accord ing ly ,  w e  
h a v e  ana lyzed  d a t a  f r o m  t h e  T rans fus ion -Transmi t t ed  
Vi ruses  S t u d y  t o  test  t h i s  hypothes i s  a n d  eva lua te  t h e  
po ten t i a l  u s e  o f  tes t ing  f o r  hepa t i t i s  B v i r u s  a n t i b o d y  i n  
sc reen ing  b lood  d o n o r s .  

Materials and Methods 
P A T I E N T S  

T h e  Transfusion-Transmitted Viruses Study, conducted from 
July 1974 through December 1979, was designed t o  assess the 
risk of post-transfusion hepatitis in  transfusion recipients in 
four regions of the United States and evaluate factors influenc
ing its incidence (1-3). T h e  four  cities were New York (The  
New York Hospital and Hospital for  Special Surgery), St. Lou
is (Washington University-Barnes Hospital), Houston (Ben 
Taub  General, Jefferson Davis, and  Methodist Hospitals), and 
Los Angeles (UCLA'Center  for  Health Sciences). T h e  details 
of the protocol have been described previously (1, 2 ) .  Briefly, 

.patients cross-matched fo r  transfusion were recruited into the  
study if they had n o  history o r  current evidence of liver disease, 
were taking no  medications likely t o  cause elevations of liver 
enzyme levels, had had n o  blood transfusions in the preceding 9 
months, and had given written informed consent. T o  remain in 
the  study, transfusion recipients could have been given n o  more 
than IS units of blood, and  a specimen of blood from each 
donor unit transfused had t o  b e  available for  testing. Patients 
who were recruited but did not  receive blood remained in the  
study a s  controls t o  assess the  incidence of hepatitis in hospital
ized patients having surgical procedures similar t o  those of the 
transfusion recipient 

Blood specimens were taken f rom the patient before transfu
sion and during follow-up at 1 (optional specimen), 2, 4, 6, 8, 
10, 12, IS, 18, 21, 24, and  4 0  weeks. Additional specimens were 
drawn weekly if a patient was suspected of having hepatitis. 

D O N O R S  

Patients in New York and  St. Louis received blood obtained 
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Table 1. Hepatitis B Virus Antibodies in Blood Donors and Asso
ciation with Non-A, Non-B Hepatitis in Recipients 

Donor  
Hepatitis B 

Virus 
Antibodies* 

Donorsf Donors Associated 
with Non-A, Non-B 

Hepatitis in Recipients 

P 
Value 

n n(%) 
Negative 3974 373 (9.4) 
Anti-HBs only 109 12 (11.0) NSJ  
Both anti-HBs 

and anti-HBc 171 31 (18.1) <0.001* 
Anti-HBc only 49 10 (20.4) <0 .01J  

* Ant t -HBsnant ibody  t o  hepatitis B surface antigen; anti-HBc—antibody t o  
hepatitis B core  antigen. 

t O n e  donor not tested for  anti-HBs is not included. 
% Compared wi th  donors negative fo r  both  hepatitis B virus antibodies. 

f rom volunteers who had donated blood t o  community service 
agencies. For  t he  period of this analysis (1976 t o  1979), blood 
transfusions given t o  patients in  Los Angeles also came only 
f rom volunteer donors. These donors were mostly from middle 
and upper socioeconomic levels. A t  Houston, the  donors were 
primarily volunteers who  donated blood t o  t he  county hospital 
blood program and generally were f rom a low socioeconomic 
level. 

L A B O R A T O R Y  P R O C E D U R E S  

j Serum samples from recipients and control patients were test
ed for  hepatitis B surface antigen (HBsAg) ,  i ts antibody (anti-
HBs) ,  and  antibody t o  hepatitis B core antigen (anti-HBc) by 
radioimmunoassay procedures (AUSRIA-II ,  AUSAB, and  
CORAB,  respectively; Abbott Laboratories, Chicago, Illinois). 
All donor  units were routinely tested fo r  HBsAg by third-gen
eration techniques (radioimmunoassay o r  passive hemaggluti
nation).  Beginning in 1976, we  also tested donor samples fo r  
anti-HBs and anti-HBc. Levels of A L T  in patient and donor 
samples were measured in t he  laboratories of each study center 
with an  automated kinetic spectrophotometric method at 37°  C 
(Beckman Instruments, Inc., System T R ;  Fullerton, Califor
n ia )  ( 3 ) .  T h e  upper limit of normal was defined as less than 45  
I U / L .  

A patient was diagnosed a s  having hepatitis if the A L T  level 
was above the  normal range ( ^ 45  I U / L )  i n  two o r  more se
quential blood specimens taken within a 3- t o  17-day interval 
and if one o f  these levels was  a t  least twice the  upper limit of 
normal ( ^ 90  I U / L ) .  A n  episode o f  hepatitis was considered t o  
b e  of probable viral cause if there was n o  other reasonable ex
planation for t h e  A L T  elevations. Hepatitis type B was diag
nosed when HBsAg seroconversion occurred o r  persistent anti-
H B c  positivity developed with o r  without the  appearance o f  
anti-HBs. A diagnosis of non-A, non-B hepatitis was made  
when the  hepatitis episode occurred without serologic evidence 
of either hepatitis type A o r  type B virus infection. T h e  cases of 
all patients who  had A L T  levels that  met  t he  criteria for hepati
tis were reviewed by the  principal investigators and a n  indepen
dent panel of experts (Paul  V. Holland, William H .  Bancroft, 
Hyman J .  Zimmerman, and  Allan Redeker) .  This review was 
done without knowledge of the patients' transfusion status o r  
the donors '  test results. Only patients for whom a consensus 
was reached were counted as  hepatitis cases. 

A N A L Y S I S  A N D  S T A T I S T I C A L  M E T H O D S  

This  analysis of the relationship between donor hepatitis B 
virus antibodies and non-A, non-B hepatitis is confined t o  1151 
recipients recruited into the  study between 1976 and 1979 who  
were followed fo r  a t  least 148 days. Patients who  entered the  
study before 1976 were excluded because anti-HBc testing was  
not  available a t  that  time. This excluded all patients who  re
ceived blood f rom commercial (pa id)  blood donors. Eighty-five 
recipients ( 9  of whom had non-A, non-B hepatitis) were ex
cluded because hepatitis B virus antibody testing was not  done 
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o n  all their donors. Eleven patients w h o  had  type B hepatitis 
during the  period analyzed and the  42  donors t o  these patients 
were also excluded, because in the  absence of specific serologic 
markers, the  diagnosis of concomitant non-A, non-B hepatitis 
could no t  be  made in these patients. A chi-squared (X 2 )  test of 
significance with Yates' correction was used for all two-by-two 
tables. 

Results 

D a t a  o n  1151 rec ip ients  a n d  t h e i r  4 3 0 4  d o n o r s  w e r e  
ana lyzed .  A m o n g  t h e  d o n o r s ,  109 ( 2 . 5 % )  w e r e  posi t ive  
o n l y  f o r  a n t i b o d y  t o  hepa t i t i s  B su r f ace  an t i gen  ( a n t i -
H B s ) ,  4 9  ( 1 . 1 % )  o n l y  f o r  a n t i b o d y  t o  hepa t i t i s  B c o r e  
an t i gen  ( a n t i - H B c ) ,  a n d  171 ( 4 . 0 % )  f o r  b o t h  a n t i - H B s  
a n d  a n t i - H B c .  D o n o r s  w h o  w e r e  posi t ive  o n l y  f o r  a n t i -
H B s  usua l ly  h a d  v e r y  l o w  a n t i b o d y  levels ( 7 8 %  h a d  a 
r a t i o  o f  s a m p l e  c o u n t s  p e r  m i n u t e  t o  nega t ive  c o n t r o l  o f  
less t h a n  1 0 ) .  T h e  t o t a l  p r eva l ence  o f  hepa t i t i s  B v i r u s  
a n t i b o d y  a m o n g  d o n o r s  w a s  7 . 6 % ;  however ,  t h i s  r a t e  
var ied  cons iderab ly  f r o m  c e n t e r  t o  cen te r ,  f r o m  5 . 2 %  i n  
S t  L o u i s  ( B a r n e s  H o s p i t a l )  t o  1 6 . 4 %  i n  H o u s t o n  ( B e n  
T a u b  G e n e r a l  H o s p i t a l ) .  O f  t h e  1151 rec ip ients  s tud ied ,  
106 ( 9 . 2 % )  developed n o n - A ,  n o n - B  hepat i t is .  

T o  assess  t h e  re la t ionsh ip  b e t w e e n  t h e  p resence  o f  h e p 
a t i t i s  B v i ru s  an t ibod ies  i n  d o n o r  b l o o d  a n d  t h e  
d e v e l o p m e n t  o f  n o n - A ,  n o n - B  hepa t i t i s  i n  recipients ,  w e  
first e x a m i n e d  t h e  p r o p o r t i o n  o f  d o n o r s  assoc ia ted  w i t h  a 
rec ip ient  w i t h  n o n - A ,  n o n - B  hepa t i t i s  a cco rd i ng  t o  t h e  
d o n o r ' s  a n t i b o d y  s t a t u s  ( T a b l e  1 ) .  D o n o r s  w h o  w e r e  p o s 
i t ive  f o r  a n t i - H B s  o n l y  w e r e  associa ted  s l ight ly  m o r e  o f 
t e n  t h a n  w e r e  d o n o r s  w h o  w e r e  nega t ive  f o r  a l l  hepa t i t i s  
B v i r u s  an t ibodies  ( 1 1 . 0 %  v e r s u s  9 . 4 % ,  respect ive ly) :  
T h i s  d i f f e rence  w a s  n o t  s ta t is t ical ly  signif icant .  I n  c o n 
t r a s t ,  an t i -HBc-pos i t ive  d o n o r s  ( w i t h  o r  w i t h o u t  an t i -
H B s )  w e r e  associated t w i c e  a s  o f t e n  w i t h  d e v e l o p m e n t  o f  
n o n - A ,  n o n - B  hepa t i t i s  i n  rec ip ien ts  t h a n  w e r e  d o n o r s  
w h o s e  b l o o d  w a s  nega t ive  f o r  t h i s  m a r k e r .  Because  an t i -
H B s  posi t ivi ty  a l o n e  w a s  n o t  associa ted  w i t h  a s ignif icant  
r i sk ,  s u b s e q u e n t  ana lyses  w e r e  conf ined  t o  t h e  d o n o r ' s  
a n t i - H B c  s t a tus .  

T h e  associa t ion  w a s  e x a m i n e d  i n  a n o t h e r  w a y  b y  a n a 
lyz ing  t h e  inc idence  o f  n o n - A ,  n o n - B  hepa t i t i s  i n  
rec ip ien ts  a n d  t h e  a n t i - H B c  s t a t u s  o f  a l l  d o n o r s  t o  e a c h  
rec ip ien t  ( T a b l e  2 ) .  Rec ip i en t s  o f  a t  leas t  1 u n i t  o f  a n t i -
HBc-pos i t ive  b l o o d  h a d  a 2 .6-fold  g rea t e r  inc idence  o f  
n o n - A ,  n o n - B  hepa t i t i s  t h a n  d i d  t h o s e  w h o  received u n i t s  
t h a t  w e r e  a n t i - H B c  negat ive .  M o r e  t h a n  o n e  t h i r d  o f  r e 
c ip ien t s  w i t h  n o n - A ,  n o n - B  hepa t i t i s  received a t  least  1 
an t i -HBc-pos i t ive  u n i t  o f  b l o o d  ( t w o  t h i r d s  o f  rec ip ien ts  

Table 2 .  Incidence of Non-A, Non-B Hepatitis in Recipients as 
Related to Hepatitis B Core Antibody Status of Their Donors 

Donor  Total Recipients with 
Anti-HBc Recipients Non-A, Non-B 

Status Hepatitis 

17 n(&>) 
All negative 953 69 (7.2)  
Any positive 198 37 (18.7) 

• p < 0 . 0 0 1 ,  comparing anti-HBc>negative donors with anti-HBc-positive do* 
nor*. Ant i -HBc»ant ibody  t o  hepatitis B core antigen. 
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Table 3 .  Relationship Between Alanine Aminotransferase Level 
and Hepatitis B Core Antibody in Donors* 

A L T  Level Donors Anti-HBc Positive 

IU/L n "(%) 
< 4 5  4183 201 (4.8) 

45-59 61 6 (9.8) 
£ 6 0  60 13 (21.7) 

* ALT—alanine aminotransferase; anti-HBc «*antibody t o  hepatitis B core  anti
gen. 

with non-A, non-B hepatitis did not receive an anti-HBc-
positive unit). 

A correlation between donor ALT level and the inci
dence of non-A, non-B hepatitis has been previously re
ported (1-3, 6) .  We therefore examined the relationship 
between donor anti-HBc status and A L T  level (Table 3) .  
As the donor ALT level increased, the prevalence of anti-
HBc also increased. Although these two markers were 
associated, only 8.6% (19 of 220) of anti-HBc-positive 
donors also had an ALT level of 45 I U / L  or more (0.4% 
jof all donors). Thus, these two markers identified over
lapping, but different, donor subsets. 

The relation of both donor anti-HBc status and ALT 
| level to the risk of non-A, non-B hepatitis among recipi-
jents is shown in Table 4. The lowest rate (5.6%) was 
|seen among recipients of units of blood that were all anti-
IHBc negative and had ALT levels of less than 45 IU/L .  
There was a twofold increase in the rate ( to  11.0%) 
among recipients of units of blood that were anti-HBc 
positive but had ALT levels less than 45. This difference 
is statistically significant (X2 = 6.6; p <0.01). Transfu
sion of blood with an ALT level of 45 I U / L  or  more was 
associated with an even higher risk of non-A, non-B hep
atitis in the recipient. Among these recipients, the lowest 
rate (25.3%) was seen when all units transfused were 
anti-HBc negative. If the recipient received blood that 
had an ALT level of 45 I U / L  or  more and blood from 
another donor who was anti-HBc positive, the rate of 
non-A,- non-B hepatitis increased slightly. This increase 
was not statistically significant when compared with the 
rate in recipients of blood that only had an elevated ALT 
level. However, the number of recipients in this category 
was too small to detect even a twofold increased risk at  a 
statistically significant level. The highest rate (73.7%) 
was seen in recipients of units of blood that had both an 
ALT level of 45 I U / L  or more and were anti-HBc posi
tive. The risk in these recipients was significantly greater 
than that in any other category ( p  <0.05).  

Donor anti-HBc status and A L T  level were related to 
the severity of non-A, non-B hepatitis as well as to the 
risk of disease (Table 5) .  For purposes of this analysis, 
severe hepatitis cases were defined as those in which peak 
ALT levels were at least ten times the upper limit of 
normal (450 I U / L  or more). Among recipients with 
non-A, non-B hepatitis given units of blood that were 
anti-HBc positive or had an ALT level of 45 I U / L  or 
above, or both, more than 60% had severe hepatitis. In 
contrast, among recipients 'with non-A, non-B hepatitis 
who received blood that was anti-HBc negative and had 

ALT levels of less than 45 IU/L ,  only 14.3% had severe 
hepatitis (p <0.01), a rate similar to that seen among 
nontransfused controls (data not presented). 

Discussion 

Studies of post-transfusion hepatitis in the early 1970s 
focussed on the relationship between one hepatitis B vi
rus antibody, anti-HBs, and the risk of post-transfusion 
hepatitis type B (4, 5, 7-9). These early studies were done 
to ascertain whether anti-HBs-positive blood harbored 
infectious hepatitis B virus particles that might not be 
detected by testing for hepatitis B surface antigen 
(HBsAg) because of immune complex formation with 
anti-HBs. These studies failed to show a relationship be
tween anti-HBs positivity in donor blood and subsequent 
hepatitis among recipients. However, some of the meth
ods used to detect anti-HBs were insensitive and the 
number of recipients studied was usually small. Although 
the primary goal of these studies was to show an associa
tion with type B hepatitis, two investigators reported an 
increase (not a statistically significant one) in cases of 
HBsAg-negative hepatitis among recipients of anti-HBs-
positive units of blood (8, 9 ) .  More recently, Knodell 
and colleagues (10), in a trial of hepatitis B immune 
globulin for the prevention of post-transfusion hepatitis, 
reported a significantly increased incidence of non-B hep
atitis in their patients given an anti-HBs-positive unit of 
blood and placebo. The authors attributed this increase 
to the larger number of units transfused to  these patients, 
which could have resulted in a greater chance of receiv
ing an infectious unit. Seeff and colleagues (11), in an
other trial of hepatitis B immune globulin, also reported 
an excess of cases of non-B hepatitis amemg recipients of 
anti-HBs-positive blood. These authors postulated that 
much of the excess could be explained by a higher pro
portion of blood from commercial sources in recipients of 
anti-HBs-positive units. However, the excess of cases of 
non-B hepatitis associated with the transfusion of anti-
HBs-positive blood was most apparent in patients who 
had received a relatively small number (three or less) of 
commercial units. Cossart and colleagues (12) in a study 
of post-transfusion hepatitis in Australia found an associ
ation between donor anti-HBc positivity and non-A, non-
B hepatitis in recipients. Donors in that study were not 
tested for ALT level, however, and the relative impor-

Table 4 .  Risk of Non-A, Non-B Hepatitis in Recipients as Related 
to Donor Hepatitis B Core Antibody Status and Alanine Amino
transferase Level* 

Donor Status Recipients 

A L T  Anti-HBc Total With Non-A, Non-B 
Level Hepatitis 

IU/L n 
A l l < 4 5  All negative 874 49 (5.6) 

Any positive 164 18 (11.0) 
Any ;> 45 All negative 79 20 (25.3) 

Other unit positive 15 5 (33.3) 
Same unit positive 19 14 (73.7) 

* A L T  — alanine aminotransferase; anti-HBc -» antibody, t o  hepatitis B core 
antigen. 
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Table 5 .  Proportion of Recipients with Non-A, Non-B Hepatitis 
with Peak Alanine Aminotransferase Level of 4 5 0  IU /L  or More 
as Related to Donor Hepatitis B Core Antibody Status and Ala
nine Aminotransferase Level* 

Donor Status Recipients with 

A L T  Anti-HBc Non-A, Non-B Hepatitis 

Level Total With Peak A L T  £ 450 I U / L  

IU/L n n(%) 
All < 4 5  AH negative 49 7 (14 .3 )  

Any positive 18 11 (61.1) 
Any > 4 5  All negative 20 12 (60.0) 

Any positive 19 12 (63.2) 

• A L T  > 
antigen. 

a lan ine  aminot ransferase ;  anti>HBc • •  an t ibody t o  hepat i t i s  B c o r e  

tance of these two risk factors could not be assessed. 
The data presented here show a significantly increased 

risk for non-A, non-B hepatitis in recipients of anti-HBc-
positive blood. This increase could not be attributed to 
exposure to commercial blood or to  the number of units 
transfused. All blood was from volunteer donors, and the 
number of units transfused to  patients who developed 
non-A, non-B hepatitis who received anti-HBc-positive 
blood (mean, 4.2 units ± 3.3 [SD])  was not statistically 
significantly greater than the number of units given to 
patients who developed non-A, non-B hepatitis who re
ceived blood that was anti-HBc-negative (3.5 
units ± 3.0) or the number of units given to recipients 
who did not develop hepatitis (3.5 units ± 2.6). Transfu
sion of anti-HBc-positive units of blood increased the risk 
twofold above that seen in recipients of anti-HBc-nega
tive blood (Table 1). Donor units that were anti-HBs 
positive were also more likely to be associated with non-
A, non-B hepatitis in the recipient than were units nega
tive for hepatitis B virus antibody but only when, the 
blood was also positive for anti-HBc. Units that were 
positive only for anti-HBs were not associated with an 
increased risk to the recipient. The anti-HBs in these 
units was usually only weakly positive and may not have 
been as specific for past infection with hepatitis B virus as 
anti-HBc positivity. 

One explanation for the association between donor 
anti-HBc positivity and non-A, non-B hepatitis in the re
cipient might be serologic reactivity between anti-HBc 
and an antigen of a non-A, non-B hepatitis agent (s)  (13-
16). If cross-reactivity had occurred, however, one 
should expect sera from the patients with non-A, non-B 
hepatitis also to be reactive for anti-HBc. In fact, none of 
our patients with non-A, non-B hepatitis developed any 
hepatitis B virus markers. A more plausible explanation 
for this association is that donors exposed to one hepatitis 
agent are more likely, because of epidemiologic circum
stances, to  be exposed to another. The similarities in the 
epidemiology of hepatitis B and non-A, non-B support 
this concept (17). 

Why did recipients of blood that had an A L T  level of 
45 I U / L  or more or that was anti-HBc positive have 
more severe hepatitis? One explanation might be that 
they received a larger dose of a non-A, non-B hepatitis 
agent than did recipients of blood negative for these 

markers. Another possibility is that these events were due 
to  different etiologic agents, either two different non-A, 
non-B agents or a non-A, non-B agent and some other 
virus, which have different expressions of clinical disease. 
In Alter and colleagues' study (18), for example, a small 
proportion of patients with non-B hepatitis had cytomeg
alovirus seroconversion and these patients tended to have 
minimal ALT elevations. An alternative explanation 
might be that the milder cases of hepatitis were unrelated 
to transfusion or were of nonviral cause. Cases of hepati
tis in the nontransfused controls in the Transfusion-
Transmitted Viruses Study were also mild, supporting 
this final hypothesis. Whatever the explanation, our ob
servation is of particular interest from a clinical perspec
tive. Many clinicians and blood banks minimize the im
portance of transfusion-associated hepatitis because most 
cases are asymptomatic and unrecognized if the recipi
ents are not followed carefully, as in this study. Questions 
have been raised about the wisdom of using a nonspecific 
marker for screening donors which might prevent only 
30% of cases (19-22). In our study, however, the more 
clinically severe cases of hepatitis were associated with 
transfusions of anti-HBc-positive or ALT-elevated units 
of blood. 

In the absence of a specific test for non-A, non-B hepa
titis agents, one might consider screening donors for anti-
HBc to  reduce the risk of hepatitis among transfusion 
recipients. Theoretically, anti-HBc screening might also 
prevent some residual cases of post-transfusion hepatitis 
type B. Units of blood that are positive for anti-HBc 
alone, especially those with high antibody titers or IgM-
specific anti-HBc, may transmit hepatitis B virus (23, 
24). Of the 15 patients who developed hepatitis type B in 
the Transfusion-Transmitted Viruses Study, 8 had re
ceived a unit of blood that was positive for anti-HBc 
alone (24). Thus, a single test might reduce the incidence 
of two diseases after transfusion, hepatitis B and non-A, 
non-B hepatitis. 

Although anti-HBc screening may have some advan-; 
tages, its sensitivity for detecting units with a high risk of 
transmitting non-A, non-B hepatitis was no better than 
that of screening for ALT. In this study 34.9% of pa
tients who developed non-A, non-B hepatitis received an 
anti-HBc-positive unit of blood compared with 36.8% of 
patients who received a unit with an ALT level of 45 
I U / L  or greater (Table 6 ) .  A major disadvantage of anti-
HBc as a screening test to prevent transmission of non-A, 
non-B hepatitis is the high prevalence of this marker in 
donor populations. If anti-HBc screening was used in
stead of A L T  screening, nearly twice as many donor 
units would have been discarded to prevent the same pro
portion of non-A, non-B cases (5.1% versus 2.8%, re
spectively). Combined screening with anti-HBc and A L T  
would have increased the sensitivity of screening (53.8% 
of cases received either a unit that had an A L T  level of 45 
o r  greater, was anti-HBc positive, o r  both) but would 
have further increased the number of units discarded. 
Nearly 8% of donor units in our study would have been 
lost if we had screened for both ALT level and anti-HBc. 

If screening had been done, recipients who received an 
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Table 6 .  Effect of Donor Screening for Hepatitis B Core Antibody 
or Alanine Aminotranferase on the Expected Incidence of Non-A. 
Non-B Hepatitis* 

Efficacy Ra te  Predicted When Donors 
Excluded by Screening for 

Anti-HBc A L T  a 45 I U / L  Both 

Type of  efficacy rate 
Crude  
Correctedf 
Adjusted for  con

trol rates, then 
correct e d j  

Units discarded 

34.9 
21.4 

33.3 
5.1 

36.8 
29.9 

47.4 
2 .8  

53.8 
39.2 

61.2 
7.5 

* D a t a  fo r  1976-1979. Ant i -HBc « antibody t o  hepatitis D core  antigen; 
A L T  « alanine aminotransferase.  

t Assumes same  rate  in recipients o f  positive uni ts  a s  in  recipients o f  negative 
units.  

J See text.  

anti-HBc-positive unit of blood or blood with an elevated 
ALT level would still have been at risk of acquiring non-
A, non-B hepatitis at a rate similar to that seen in recipi
ents of units negative for the marker. Alter and col
leagues (6) have proposed that a correction be made in 
the crude efficacy rate to  account for this factor. For ex
ample, applying the incidence 6f non-A, non-B hepatitis 
{among recipients of anti-HBc-negative blood (7.2%) to  
|the 198 recipients of anti-HBc positive blood suggests 
jthat 14.3 cases would be expected to occur if no anti-
'HBc-positive blood were administered. Thus, only 22.7 of 
106 (21.4%) cases of non-A, non-B hepatitis might have 
been prevented by screening for anti-HBc, rather than 
the entire 37 (Tables 3 and 6) .  Similarly, a corrected 
efficacy rate for A L T  screening would be 29.9% rather 
than 36.8%. When both parameters are used, the correct
ed efficacy rate becomes 39.2%. 

Another factor to be considered when estimating the 
impact of donor screening on the incidence of non-A, 
non-B hepatitis is the incidence among nontransfused 
controls. Such cases cannot be attributed to transfusion 
and therefore would not be prevented by any method of 
donor screening. For the portion of the study analyzed in 
this report, we followed 1235 such patients. The inci
dence of non-A, non-B hepatitis in these controls was 
3.3% (41 cases). T o  adjust for the rate of non-A, non-B 
hepatitis in nontransfused controls, we first subtracted 
the expected number of cases that would not be transfu-
sion-related from the number of cases among recipients 
of blood with the markers (anti-HBc, ALT >45,  or  
both) and the number of cases among recipients of blood 
that did not have the markers. After this adjustment, we 
recalculated a corrected efficacy as above. Thus, the cal
culations are adjusted for the control incidence and 
should better reflect the potential impact of screening on 
the incidence of non-A, non-B hepatitis attributable to 
blood transfusion. Adjusted for the nontransfused control 
rate, the estimated efficacy of screening increases to 
33.3% for anti-HBc, 47.4% for ALT, and 61.2% for 
both markers. We emphasize that these calculations are 
only rough estimates of the potential impact of donor 
screening based on the data presented. Other critically 

important factors affecting the risk to recipients—the ac
tual prevalence of infection with non-A, non-B hepatitis 
agents among donors and the susceptibility to infection 
among recipients—remain unknown in the absence of 
specific serologic tests and presumably vary among both 
donor and recipient populations. 

Several investigators have recently reported the devel
opment of tests for a non-A, non-B hepatitis agent, but 
none of these tests has yet been confirmed as specific 
(18). Even if a specific test were developed today, it is 
unlikely that it would become commercially available for 
several years. In the interim, the use of nonspecific tests 
to  screen donors might be considered as a means of pre
venting at least some post-transfusion non-A, non-B hep
atitis. Cost-benefit analyses of screening for ALT have 
indicated that the cost would most likely be recovered 
through the amount saved because of hepatitis preven
tion, even when these analyses did not consider data on 
severity of hepatitis or adjust for the incidence of non-A, 
non-B hepatitis in nontransfused controls as discussed 
here (19-22). The data presented indicate that anti-HBc 
screening of donors might prevent about one third of the 
cases of non-A, non-B hepatitis attributable to  transfu
sion compared with nearly one half for ALT screening. 
Moreover, an important disadvantage of anti-HBc 
screening is that more units of blood would be discarded 
than if ALT screening were used. For these reasons, the 
consensus of the study group is that ALT screening of 
donors is favored over anti-HBc screening. 
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Dr. Szmuness has died. 
The Transfusion-Transmitted Viruses Study Croup consists of the follow
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The New York Blood Center, the New York Hospital, and the Hospital for 
Special Surgery, New York; Washington University School of Medicine-
Barnes Hospital, and the Missouri-Illinois Regional Red Cross, St. Louis; 
Baylor College of Medicine, Ben Taub General Hospital, Jefferson Davis 
Hospital, and Methodist Hospital, Houston; and the UCLA Center for the 
Health Sciences, Los Angeles. Coordinating Center University of Southern 
California School of Medicine, Los Angeles. Advisory Committee: Dr. Paul 
V. Holland, chairman; Dr. William H.  Bancroft; Dr. Lawrence Shaw; and 
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Sporadic Cases of Hemorrhagic Colitis Associated with Escherichia co/i 

0157:H7 
Clinical, Epidemiologic, and Bacteriologic Features 

CHIK H. PAI, M.D., Ph.D.; RHONDA GORDON, R.T.; HARRY V. SIMS, M.D.; and LAWRENCE E. 
BRYAN, M.D., Ph.D.; Calgary, Alberta, Canada 

During a 6-month period in 1 9 8 3 ,  Escherichia coli 
0157 :H7  was isolated from 1 9  ( 1 5 % )  of 1 2 5  patients 
with grossly bloody diarrhea and 1 sibling with non-bloody 
diarrhea in the Calgary area. There was no clustering of 
the cases geographically or in time. All but 1 had clinical 
manifestations typical of hemorrhagic colitis associated 
with £ coli 0157:H7 .  The illness appeared to be 
associated with consumption of hamburgers by 1 5  
patients. The diarrheal illness was usually self-limited, but 
3 children developed the hemolytic-uremic syndrome 
shortly after onset of illness. The organism was excreted 
in the stools very briefly in adults, although bacterial 
shedding continued for a longer period in children. All 
isolates produced verotoxin, and cytotoxic activities were 
present in stool filtrates. The results suggest that the 
incidence of sporadic cases of hemorrhagic colitis due to 
E. coli 0157 :H7  may be higher than has been suspected, 
and that patients with grossly bloody diarrhea should be 
studied promptly for £ co / /0157:H7 infection. Specific 
techniques for identifying this serotype must be applied to 
the stool cultures. Detection of free cytotoxin in stool 
filtrates may be an effective diagnostic procedure. 

ESCHERICHIA COLI 0157:H7 has recently been recog
nized as a cause of hemorrhagic colitis (1, 2) ,  a diarrheal 

• F r o m  t h e  Depar tment  o f  Microbiology a n d  Infect ious Diseases, University o f  
Calgary,  Foothil ls  Hospital,  Alberta Chi ldren 's  Hospital,  and  Calgary General  
Hospital;  Calgary,  Alberta,  Canada .  
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illness that is characterized by severe crampy abdominal 
pain, initially watery diarrhea followed by grossly bloody 
diarrhea, and little o r  no fever. Since the etiologic'role of 
this rare serotype of E. coli was first established by the 
study of two outbreaks that occurred in the United States 
in 1982 (1) ,  infections due to  organism have been report
ed with increasing frequency (3-5). However, most data 
available are retrospective and derived from outbreaks. 
Little is known of sporadic infections regarding the epi
demiologic and clinical characteristics and optimum pro
cedures for laboratory diagnosis. 

From June to  December 1983, stool specimens submit
ted for routine cultures were examined selectively for E. 
coli 0157:H7 at three hospitals in Calgary. During the 6-
month study period, 20 patients with E. coli 0J57:H7 
infection were identified. We report the clinical, epidemi
ologic, and laboratory features of sporadic cases of hem
orrhagic colitis. 

Materials and Methods 
D u r i n g  t h e  6 - m o n t h  per iod  f r o m  6 J u n e  t o  9 D e c e m b e r  1983, 

s too l  specimens submi t ted  f o r  rou t ine  cu l tu r e  a t  t h e  Foothi l l s  
Hospi ta l ,  A lbe r t a  Ch i ld ren ' s  Hospi ta l ,  a n d  Ca lgary  G e n e r a l  

0 1 9 8 4  American College o f  Physicians 
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