
detected in serum. It is also known that close to 40% of the 
NANB hepatitis has no history of percutaneous exposure -
so-called sporadic NANB hepatitis. More accurate and sensi­
tive diagnostic tests are being developed commerically and 
should be available in the forseeable future. There is effective 
therapy for some of the patients with HCV chronic hepatitis. 

As has happened in the history of the pursuit of the HBV 
virus, when the entire genome of the C virus becomes better 
understood, more specific immunologic tests will be devel­
oped for specific clinical conditions and then, finally, vaccina­
tion against HCV may not be that far behind. 
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... primum non nocere 

Testing of blood donors for antibody to HCV: 
The Hawaii experience 

Julia Frohlich MD 

An ELISA test for the antibody to Hepatitis C virus (HCV) 
became available nationwide in May 1990 and was imple­
mented by the Blood Bank of Hawaii in screening the blood 
from donors. Surrogate tests such as alanine aminotransferase 
(ALT) and hepatitis B core antibody (anti-HBc), as well as 
hepatitis B surface antigen (HBsAg), were already in use to 
screen donated blood. In testing 28,807 units of blood in 1990, 
0.03% (3 in I ,000) were repeatedly found ELISA reactive for 
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anti-HCV. Supplemental testing by a recombinant immunoblot 
assay (RIBA) found only one-third of these to be reactive. All 
donors with reactive tests are informed by the Blood Bank and 
urged to seek follow-up evaluation by consulting their person­
al physician. 

Background 
Hepatitis C virus (HCV) is the name assigned to the recent­

ly detected virus which is proving to be the primary cause of 
transfusion-associated non-A, non-B (NANB) hepatitis. Since 
the early 1970s, clinicians and scientists have recognized a 
form of post-transfusion viral hepatitis which tested negative 
for other serologic markers of hepatitis A virus (HAY) and 
hepatitis B virus (HBV). In the late 1970s, as many as 7 to 
I 0% of transfusion recipients developed hepatitis; NANB was 
implicated in 90% of these cases. While most cases were sub-

( Continued) >-
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clinical, many recipients had persistent elevation of liver 

enzyme readings, indicating a high rate of chronic liver dis­

ease and the likelihood that the NANB agent produced a 

chronic carrier state 1• 

In November 1981, in the absence of a specific test for the 

NANB agent, the Blood Bank of Hawaii implemented non­

specific "surrogate" testing by determining the alanine amino­

transferase (ALT) level in each donated unit and disbursing 

for transfusion only those units with acceptable levels. This 

decision was based on findings from the 5-year Transfusion­

transmitted Viruses Study published that year: that up to 40% 

of post-transfusion viral hepatitis could be prevented by not 

transfusing units of blood with elevated ALT levels2
• Reanaly­

sis of this study by its authors in later years Jed to the recom­

mendation by the American Association of Blood Banks in 

1986 to adopt ALT and anti-HBc as surrogate tests for NANB 

hepatitis3 

Identification of HCV 

Identification of HCV took several years of persistent work 

by a team of scientists from the Chiron Corporation and the 

Centers for Disease Control. Their unique approach involved 

a painstaking search for circulating nucleic acid in plasma 

Table 1. Anti-HCV Prevalence Among 
Volunteer Donors to the 

Greater New York Blood Program 
(1985-86) 

Donor Status 
ALT Anti-HBc 

(lUll) 

< 45 
~45 
<45 
~45 

Negative 
Negative 
Positive 
Positive 

o/o 
Anti-HCV 
Positive 

0.5 
5.5 
5.5 

44.7 

Table 2. Correlation Between 
RIBA Anti-HCV and Surrogate Tests 

Blood Bank of Hawaii 
(1990) 

RIB A No. of Donors Abnormal 
Surrogate Test* 

Negative 40 3 ( 7.5%) 

Intermediate 23 5 (21.7%) 

Reactive 35 16 (45.7%) 

* AL T > 47 JU/L and/or reactive for anti-HBc 
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from experimentally infected chimpanzees. A DNA clone 

derived from RNA, whose antigenic product reacted with sera 

from NANB cases, was identified and found to be specific for 

the infection. This antigen product was in turn used to make 

test reagents for detecting virus-specific antibody (anti-HCV). 

It is now evident that the antibody detected is reactive with 

non structural viral protein 1• 

The link to transfusion-associated NANB was clinched 

when the anti-HCV test successfully identified cases in a 

highly pedigreed panel of coded sera established by H. Alter 

at the National Institutes of Health. The test successfully iden­

tified 90% of the transfusion-associated hepatitis cases or their 

implicated donors 1
• 

Prevalence of anti-HCV 

In 2,000 stored sera samples from blood donors at the New 

York Blood Center collected in 1985-86, 1.1% were reactive 

with the ELISA anti-HCV test. The prevalence correlated well 

with the ALT level and anti-HBc status of the donor (Table I). 

The lowest prevalence was found in donors who were neg­

ative for anti-HBc and had normal ALT levels; the highest 

prevalence was found in donors who had both anti-HBc and 

an ALT greater than 45 IU/V. 
The prevalence in blood donors in other parts of the United 

States has been reported as follows: West Coast 0.6%, East 

Coast 1.0%, Southwest 0.4% and Midwest 0.4%. 

Implementation of HCV testing 

We here in Hawaii implemented testing for HCV as soon 

as the licensed test arrived on May 5, 1990. By continuous, 

round-the-clock testing until May 7, all units of blood and 

blood components in Hawaii were tested; those units testing 

repeatedly reactive by this ELISA test were destroyed. 

Since then, all units of blood are routinely tested for HCV. 

Donors with repeatedly reactive tests are informed of these 

findings by letter from the Blood Bank medical director, with 

a recommendation to see their own physician for follow-up. 

The letter includes the results of other hepatitis-related tests 

performed at the Blood Bank. 
In July, further testing was made available to the Blood 

Bank: Recombinant immunoblot assay (RIBA) is an unli­

censed supplemental HCV antibody test system which helps 

to differentiate false reactions from indeterminate and true 

reactions. We modified our initial letters to donors who had 

repeatedly reactive ELISA tests for HCV so as to include this 

supplemental RIBA information and its significance. 

The Blood Bank of Hawaii experience 

In 1990, 98 donors/donations were found to be repeatedly 

reactive for anti-HCV, using the licensed Ortho ELISA sys­

tem. Of these, 35 (roughly one-third) were also reactive by the 

RIBA anti-HCV test. Forty were RIBA negative and probably 

represented false reactions in the Ortho ELISA system. Twen­

ty three were RIBA indeterminate. 
In 16 of the 35 donors with repeatedly reactive ELISA and 

RIBA reactive tests, there were other abnormal tests. These 

"surrogate" tests (ALT and anti-HBc) had already been per-

(Continued on page 253) > 
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... there :S always something new 

Hepatitis C virus: An overview 

Naoky C.S. Tsai MD 

In May I988, Kuo and Houghton and their colleagues in 
Chiron Research Laboratory, in cooperation with the physi­
cians from NIH and CDC, announced their discovery of the 
agent which is responsible for the majority of Non-A Non-E 
Hepatitis (NANB) in post-transfusion hepatitis (PTH)u, con­
cluding a I 5-year effort to search for this elusive agent. 
Although it is believed that there is another blood-borne agent 
responsible for a smaller percentage of the post-transfusion 
hepatitides, the new agent (an RNA virus closely related to 
Flavivirus) was named Hepatitis C (HCV). 

Subsequently, a serological test, an enzyme-linked 
immunoassay (ELISA), was developed and become commer­
cially available. Blood banks throughout the whole country 
have incorporated this assay into one of their screening test 
batteries. In less than 3 years, a surge of research effort has 
produced much data in the epidemiology, virology, genetic 
mapping and treatment of HCV. With the availability of rou­
tine diagnostic testing for HCV and the FDA approval of 
Interferon as an efficacious therapeutic modality, the practic­
ing clinicians will now need to know how to interpret accu­
rately and understand the limitations of this diagnostic test, as 
well as the indications for Interferon therapy and what 
benefits it might hold. 

The recognition of NANB hepatitis as a nosological entity 
is derived from the study of transfusion-associated Hepatitis 
(TAH). In 1975, Feinstone, Alter et al from NIH described a 
form of TAH which has no viral A or B markers or any other 
serologic markers3

• With the use of more sensitive assays for 
hepatitis B virus (HBV) surface antigen, 2/3 of the TAH case 
were found to be negative. From 1975 until 1988, numerous 
attempts failed to identify the agent or agents responsible for 
NANB hepatitis. 

We knew that there are probably 2 viral agents involved in 
blood-borne NANB hepatitis. Although NANB hepatitis is 
responsible for the majority of post-transfusion hepatitis, at 
least a third of NANB hepatitis cases are not infected via the 
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percutaneous route (sporadic cases)4
• 

Epidemiologic data of NANB hepatitis are extensive and 
have been reviewed recently"'. 

Clinically, the disease has a shorter incubation period -
somewhere between that of hepatitis A and B - a greater 
propensity to become chronic and it frequently progresses on 
to cirrhosis. It has been suggested that approximately 50% of 
NANB hepatitis patients develop biochemical evidence of 
chronic hepatitis; among those cases with chronic ALT 
(SGOT) elevations that are biopsied, approximately 60% have 
chronic active hepatitis (CAH) and/or cirrhosis. Five to I 0% 
of those who develop acute NANB-TAH will eventually end 
up with cirrhosis. Despite the relatively mild symptomatology 
in chronic NANB hepatitis and the usual absence of physical 
abnormalities, mortality directly as a result of liver illness has 
been reported to be as high as 25%5

• Furthermore, reports 
from Spain, Italy and Taiwan have implicated HCV positivity 
in the majority of cases of non-HBV hepatocellular 
carcinoma"·7·H. 

The path to the identification of HCV was tortuous. 
Attempts to isolate the virus, ie the antigen, were unsuccessful 
due to the minute amount of virus in the serum. Bradley et al 
at CDC in Atlanta have studied a group of chimpanzees with 
highly infectious chronic NANB hepatitis". The authors stored 
sera which were believed to contain very high titers of infec­
tious virus in the samples. 

Adopting a different approach to the problem, a group of 
geneticists in the Chiron Lab in California, with expertise in 
genetic engineering, used the chimps' sera to achieve the final 
identification of HCV. By means of ultracentrifugation, all the 
viral particles were concentr:tted and all the nucleic acid was 
extracted, because whether the virus is RNA or DNA was 
unknown at the time. 

Reverse transcriptase was then used with random primers 
(a synthetic oligonucleic acid produced by recombinant genet­
ic engineering) to construct a cloned DNA library (eDNA) 
complementary to all the nucleic acids present in the pellet. It 
was then assumed that this pellet contained genetic material 
from both the chimps' genes and the viral genes. This eDNA 
was then digested by restriction enzymes to provide fragments 
which were next inserted into a bacteriophage GT-11 as a vec­
tor, and then to express their corresponding peptides through 
E. Coli. 

Serum from a patient with confirmed NANB hepatitis was 
used as a source of viral antibody to screen through more than 
a million clones expressed in the bacteriophage GT-11. Final-
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