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A long-term assessment of quantitative hepatitis C virus (HCV) testing was performed at the University of
Pittsburgh Medical Center. The Quantiplex HCV RNA 2.0 branched-chain DNA (bDNA) assay (Bayer Diag-
nostics) for hepatitis C viral load determination was used to test 3,471 specimens. bDNA-negative samples were
also tested by an in-house qualitative reverse transcriptase (RT)-PCR assay with a measured sensitivity of
fewer than 100 HCV genome equivalents per milliliter. Of 1,239 bDNA-negative specimens, 74.1% were negative
and 25.9% were positive by RT-PCR, indicating the presence of viremia in a significant proportion of bDNA-
negative samples. We discuss the medical and economic implications of these results and propose two
alternatives for clinical laboratories to consider in approaching quantitative HCV testing. For laboratories able
to perform a sensitive RT-PCR assay for <40% of the bDNA test cost, prescreening bDNA requests by RT-PCR
may be the most cost-effective approach.

With an estimated 4 million Americans infected by hepatitis
C virus (HCV), this agent has become an important cause of
chronic liver disease (3, 30). Primary infection with HCV leads
to persistent viremia in ;85% of patients, with development of
chronic liver disease in .60% of cases. Approximately 20% of
individuals with chronic hepatitis C eventually develop medi-
cally significant sequelae, including cirrhosis, end stage liver
disease, or hepatocellular carcinoma (3). Thus, therapeutic
management of HCV infection has become an important med-
ical problem. Recombinant interferon alone or in combination
with ribavirin are current treatments used for chronic hepatitis
C (5, 23).

Quantitation of HCV RNA in serum or plasma has become
an important clinical assay for assessing and managing chronic
HCV infection and is commonly used to assess prognosis and
monitor the efficacy of antiviral therapy (6, 7, 10, 11, 13, 17, 21,
24, 33). Among several host-related and viral factors, greater
treatment efficacy has been associated with lower hepatitis C
viral loads before therapy or after commencing therapy, em-
phasizing the need for HCV quantitation (23, 31, 32). Several
quantitative HCV assays are commercially available, employ-
ing primarily two technologies to assess HCV RNA levels:
target amplification approaches, such as quantitative reverse
transcriptase PCR (RT-PCR) assays, and signal amplification
approaches, such as the branched-chain DNA assay. The per-
formance characteristics of commercially available quantitative
HCV assays have been extensively compared with each other
and with RT-PCR, which is regarded as the most sensitive
method, or “gold standard,” to detect low level viremia (1, 2, 4,
10–12, 14–16, 19, 20, 22, 25–28). The Quantiplex HCV RNA
2.0 assay (Bayer Diagnostics, Emeryville, Calif.), widely used
throughout the United States and based on branched DNA
(bDNA) technology, was found to be precise and reproducible
in several independent studies, but considerably less sensitive
than RT-PCR. Reported sensitivities for the bDNA assay, in

comparison to those for various RT-PCR assays, ranged from
60 to 91% (4, 15, 16, 19, 29). Despite the availability of several
commercial target amplification methods, many laboratories
use the bDNA assay for HCV quantitation because of its
precision and reproducibility, as well as its abundance of clin-
ical experience. Because of the lower sensitivity of the bDNA
assay, it has been recommended that routine RT-PCR testing
of all bDNA-negative specimens be performed to rule out
low-level viremia (10, 11). Our laboratory has tested HCV
bDNA-negative specimens by a more sensitive in-house HCV
RT-PCR assay for several years. The purpose of this article is
(i) to communicate our experience with this approach and (ii)
to give recommendations for the optimization of testing strat-
egies for hepatitis C viral load testing based on our data.

The evaluation included all blood specimens referred to the
Molecular Diagnostics Division at the University of Pittsburgh
Medical Center for quantitative HCV testing between 18
March 1996 and 10 June 1999. The University of Pittsburgh is
a major referral center for hepatic diseases, including HCV
infection. During the study period, a total of 3,471 clinical
specimens (serum or plasma) were referred for routine quan-
titative HCV testing to assess viral load. Serum or plasma
specimens were stored at 280°C prior to analysis. The Quan-
tiplex HCV RNA 2.0 assay (Bayer Diagnostics) was used to
assess viral load according to the manufacturer’s recommen-
dations. The lower limit of detection for the bDNA assay is
200,000 RNA genome equivalents/ml (0.2 Meq/ml). All spec-
imens with a result of ,0.2 Meq/ml for the bDNA assay were
analyzed by an in-house liquid hybridization-gel retardation
RT-PCR method with primers targeting the conserved 59 un-
translated region (59UTR) of HCV (4). The sensitivity of RT-
PCR in comparison to that of the bDNA assay was determined
by analyzing dilutions of RNA from samples with known
bDNA values (data not shown). The limit of detection of the
RT-PCR method was fewer than 100 HCV genome equiva-
lents per milliliter, which is theoretically 3 orders of magnitude
more sensitive than the bDNA assay. Although the RT-PCR
assay was not designed to be quantitative, the relative intensity
of the HCV-specific hybridizing signal was graded by utilizing
a semiquantitative scale from 11 (weakly positive) to 41
(strongly positive) to obtain a relative estimate of the quantity
of HCV RNA in each specimen. Testing serial dilutions of
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known positive samples was shown to result in a decrease in
signal intensity (data not shown), thus validating the use of this
semiquantitative scale. The results of the bDNA and RT-PCR
assays were accessioned into a computer database program
(RBase 6.0; Microrim Inc.) and later retrieved for data anal-
ysis.

Of the 3,471 specimens referred to the laboratory for quan-
titative HCV testing, 1,264 (36.4%) yielded a negative result
(,0.2 Meq/ml) with the Quantiplex HCV RNA 2.0 assay.
RT-PCR testing was performed for 1,239 of the 1,264 bDNA-
negative specimens in order to detect viremia below the de-
tection limit of the bDNA assay. The RT-PCR assay yielded a
negative result for 918 of the bDNA-negative specimens. The
predictive value of a negative bDNA result was therefore
74.1%. The more sensitive RT-PCR assay yielded positive re-
sults for 321 (25.9%) of the bDNA-negative specimens. In
other words, 9.2% of all specimens referred to the laboratory
for HCV quantitation were found to be negative by the bDNA
assay, but tested positive with the RT-PCR assay. This is con-
sistent with reported ranges of sensitivity for the bDNA assay,
from 60 to 91% in comparison to RT-PCR assays (4, 15, 16, 19,
29). Approximately 80% of the specimens that tested negative
by the bDNA assay and positive by RT-PCR had weak signal
intensities (11 or 21), consistent with the hypothesis that
these specimens contained relatively low levels of HCV. The
other 20% of the bDNA-negative specimens exhibited stronger
signal intensities (31 and 41), even though they were not
detected by the bDNA assay.

Much of the data regarding bDNA assay characteristics has
been derived from testing small numbers of patients or a se-
lection of special patient populations (4, 11, 14–16, 19, 22, 25).
Our study is the first long-term assessment of a quantitative
HCV assay in a large and heterogenous population. These data

indicate that ;26% of all bDNA-negative patient specimens
may show low-level viremia when tested with more-sensitive
methods like RT-PCR. Not many laboratories offer automatic
performance of RT-PCR for bDNA-negative cases, even
though this approach has been previously recommended (10,
11) and appears desirable from our data. The clinical signifi-
cance of bDNA-negative, RT-PCR-positive samples in our
study is unknown. However, two recent large multicenter stud-
ies of chronic hepatitis C treatment with interferon alpha-2b
alone or in combination with ribavirin were published. These
studies showed a correlation between “sustained virologic re-
sponse” (defined by a negative result for serum HCV by RT-
PCR, with an assay sensitivity of 100 copies/ml) and clinical
improvement as assessed by alanine aminotransferase (ALT)
concentration in serum and hepatic histology (5, 23). In addi-
tion, HCV testing by RT-PCR has been recommended, in
addition to serum ALT testing, as the basis on which to define
end-of-treatment response and sustained response to treat-
ment (8, 18). Thus, it is important to provide HCV RT-PCR
status to clinicians monitoring treatment efficacy. However,
clinicians and laboratories must recognize that the proportion
of RT-PCR-positive cases will vary, depending on the sensitiv-
ity of the assay used. Sensitivities of “home-brew” RT-PCR
assays may vary widely from laboratory to laboratory, and there
is currently no defined quantitative HCV standard (34). Thus,
assessments of virologic status must include information re-
garding the sensitivity and characteristics of the assay used.
Ideally, any RT-PCR assay used to assess virologic status
should have a calculated sensitivity of at least 100 copies/ml,
since studies evaluating sustained virologic response have been
defined by this number. Clinicians ordering testing for HCV
quantitation may not always be familiar with the different test
characteristics of bDNA and RT-PCR assays. Thus, the clinical

FIG. 1. Strategies to optimize detection of low-level viremia for laboratories using the bDNA assay for HCV quantitation. Solving the equalized cost equations for
alternatives A and B shows that the costs of both approaches would be equal if the cost of RT-PCR (CostRT-PCR) is approximately 0.4 times the cost of the bDNA
assay (CostbDNA). Therefore, alternative B is more cost advantageous for a given laboratory whose CostRT-PCR is less than 0.4 times CostbDNA. Use of these algorithms
assumes similar relative frequencies of positive versus negative test results to those obtained in our laboratory. The term Cost in this algorithm refers to the total costs
per test (direct and indirect costs).
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laboratory has an important role in educating laboratory users
as well as ensuring that more sensitive testing is performed on
specimens below the detection limits of the bDNA assay.

Cost constraints are increasingly a major factor in determin-
ing the extent of laboratory testing performed for many pa-
tients. The costs of performing the bDNA assay are consider-
able and are likely higher for most institutions than the cost for
in-house RT-PCR assays. In our study, 26.4% of the specimens
submitted for quantitative HCV testing were actually found to
be negative by HCV RT-PCR. Thus, if we had prescreened
requests for bDNA testing during the study period by first
performing the RT-PCR assay, we could have eliminated 26%
of the bDNA tests. The two major factors that are important in
determining which test to perform first are (i) the frequency of
negative versus positive test results produced by the two assays
described (or similar assays) and (ii) the total cost of testing
(direct and indirect costs) for each assay. Based on our expe-
rience and the assumption that the relative frequencies of
bDNA negative and positive results in other institutions are
comparable to ours, we suggest two alternative approaches to
optimize the detection of low-level viremia in laboratories that
use bDNA technology for HCV quantitation (Fig. 1). For
laboratories able to perform a sensitive RT-PCR assay for
#40% the bDNA test cost, prescreening bDNA requests by
RT-PCR (alternative B) should be more cost-effective.

These algorithms do not take into account reimbursement
practices for the various assays. The relative levels of reim-
bursement are higher for qualitative RT-PCR than for quan-
titative HCV testing from most third-party payers, even though
the costs of testing may be less. An important additional con-
sideration is that the Quantiplex HCV RNA 2.0 assay is a
manufactured kit without Food and Drug Administration
(FDA) approval for clinical diagnostic use. Medicare interme-
diaries and other third-party payers may well interpret such
tests to be “investigational” (therefore, not “medically neces-
sary”) and thus not reimbursable to clinical laboratories. On
the other hand, the FDA has determined that FDA clearance
or approval for home-brew tests is not necessary if performed
in laboratories qualified to perform high complexity testing, as
described in reference 9. Thus, clinical laboratories may realize
greater reimbursement for in-house tests than for quantitative
bDNA testing. Because of the cost savings and uncertainties in
reimbursement for bDNA (or other quantitative HCV) testing,
clinical laboratories performing a carefully validated in-house
RT-PCR assay for molecular HCV testing may find it most
prudent to prescreen samples for HCV positivity before per-
forming quantitative testing.

We are thankful to technologists Ralph Anderson, Anke Bakker,
Ronald Busch, Sandy Cicone, Yiping Chen, Bonnie Frye, James Klen-
ner, Rick Nestler, and LeAnn Stringos for carrying out the HCV
laboratory testing over this period.
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