
JOURNAL OF CLINICAL MICROBIOLOGY, Jan. 2004, p. 421–425 Vol. 42, No. 1
0095-1137/04/$08.00�0 DOI: 10.1128/JCM.42.1.421–425.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Strengths and Limitations of Commercial Tests
for Hepatitis C Virus RNA Quantification

Chihiro Morishima,1,2 Minjun Chung,2 Ka Wing Ng,2

Donald J. Brambilla,4 and David R. Gretch2,3*
Departments of Pediatrics,1 Laboratory Medicine,2 and Medicine,3 University of Washington

School of Medicine, Seattle, Washington, and New England Research Institutes,
Watertown, Massachusetts4

Received 20 February 2003/Returned for modification 17 April 2003/Accepted 24 September 2003

The sensitivity of the Roche COBAS Monitor v.2.0 test was slightly better than that of the Bayer bDNA 3.0
test, but the Monitor test underquantified specimens by 2.5- to 10.6-fold even at relatively low hepatitis C virus
RNA concentrations. Dilution prior to assay minimally decreased the reproducibility of the Monitor assay,
leading to the recommendation for all specimens to be diluted 1:100 prior to testing by this assay.

The role of quantitative HCV RNA assays in the diagnosis
and management of chronic hepatitis C is expanding. Several
large-scale clinical studies have indicated that a high baseline
hepatitis C virus (HCV) RNA level was associated with a
decreased likelihood of a sustained virologic response (SVR)
to treatment with alpha interferon in combination with ribavi-
rin (2, 15) or with pegylated alpha interferon plus ribavirin (5,
14). Subsequently, a lack of viral clearance within the first 12
weeks of therapy was found to identify individuals unlikely to
undergo an SVR (7–10, 13, 17, 21). A more recent study found
that a 2-log decrease in the HCV RNA titer after 12 weeks of
therapy predicted an SVR (5). For these reasons, the National
Institutes of Health Consensus Development Conference State-
ment on the Management of Hepatitis C: 2002 stated that testing
for such an early virologic response “should be a routine part
of monitoring patients with genotype 1.”

Since it is likely that future studies will reveal important new
indications for measuring HCV RNA levels in HCV-infected
patients, we sought to systematically compare the performance
of the Bayer Quantiplex HCV RNA 2.0 assay (bDNA 2.0), the
Bayer VERSANT HCV RNA 3.0 assay (bDNA 3.0; Bayer
Diagnostics, Emeryville, Calif.), and the Roche COBAS Am-
plicor HCV Monitor v.2.0 assay (Roche Molecular Systems,
Branchburg, N.J.).

The analytical sensitivities and linear ranges of the bDNA
3.0, bDNA 2.0, and Monitor assays were evaluated by using the
World Health Organization (WHO) First International HCV
RNA standard (18) and the Acrometrix HCV RNA nucleic
acid panel (Acrometrix, Berkeley, Calif.,), respectively. A lo-
gistic regression on the results from the WHO standard indi-
cated that the analytical sensitivity of the Monitor assay (un-
diluted) was slightly greater than that of the bDNA 3.0 assay (P
� 0.012). The fitted regressions predicted that 95% of the
results should be positive at 732 IU/ml in the Monitor assay
and 817 IU/ml in the bDNA 3.0 assay (95% confidence limits
for the difference, 24 to 166 IU/ml) (data not shown). The most

striking finding obtained by using the Acrometrix panel was the
departure from linearity of the Monitor assay at high viral
titers (�5.5 to 6 log10 HCV RNA; data not shown). Additional
Monitor testing of high-titer clinical archive specimens of ge-
notypes 1, 2, and 3 confirmed this departure from linearity, but
no evidence of genotype bias was noted (as previously de-
scribed [1, 3, 12, 16]) (data not shown). Analysis of clinical
specimens was approved by the University of Washington In-
stitutional Review Board.

Further assessment of HCV RNA quantification was per-
formed by using 16 high-titer clinical specimens. Monitor test
performance was evaluated both undiluted and after 1:100
dilution using serial 1:10 dilutions into plasma that was HCV
RNA negative by PCR. The same samples were assayed undi-
luted in the bDNA 2.0 and bDNA 3.0 assays. Differences
between the log-transformed results from two assays are plot-
ted against the log-transformed results from the bDNA 2.0
assay in Fig. 1. Results from the bDNA 2.0 assay were con-
verted from equivalents per milliliter to international units per
milliliter by using the manufacturer’s recommended conver-
sion factor of 5.8 Eq/IU; thus, the claimed linear range was
converted from 200,000 to 120,000,000 Eq/ml to 34,500 to
20,700,000 IU/ml. For the bDNA 3.0 assay, the manufacturer’s
claimed linear range is 3,200 to 40,000,000 copies/ml or 615 to
7,690,000 IU/ml. (NB, a bDNA 3.0 copy is not the same as a
bDNA 2.0 equivalent, according to the manufacturer.) With a
single exception, estimates from the Monitor (undiluted) assay
were lower than those from the other three assays (Fig. 1, left
three panels). The differences between the assay results de-
picted in the left three panels increased with the viral titer,
which probably reflects an increasing departure from linearity
in the Monitor (undiluted) assay results with increasing HCV
RNA concentrations. In contrast, no evidence of variation was
found in the difference between the bDNA 2.0 and Monitor
(1:100) assay results with increasing viral titers (Pearson cor-
relation, r � �0.07, P � 0.80; upper right panel) or between
the bDNA 3.0 and Monitor (1:100) assay results (r � �0.06, P
� 0.82; middle right panel). On average, results from the
bDNA 2.0 assay were 0.10 log10 (20.5%) lower than those from
the Monitor (1:100) assay, while those from the bDNA 3.0
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assay were 0.23 log10 (41%) lower than those from the Monitor
(1:100) assay (bDNA 2.0 assay versus Monitor [1:100] assay, P
� 0.017; bDNA 3.0 assay versus Monitor [1:100] assay, P �
0.0001). Finally, the difference between the two versions of the
bDNA assay did not vary over the range of viral titers tested (r
� �0.007, P � 0.98). On average, the results from the bDNA
2.0 assay were 0.13 log10 (35%) higher than the results from
the bDNA 3.0 assay. In sum, the bDNA assays consistently
produced higher HCV RNA values than the Monitor assay
with undiluted specimens; when Monitor test specimens were
first diluted 1:100, this finding was reversed.

A more detailed investigation of the effect of specimen di-
lution prior to quantification with the Monitor test was per-
formed by using three clinical specimens, one each of geno-
types 1, 2, and 3, that were serially diluted in HCV-negative
plasma. Each dilution was then treated as a separate specimen
that was assayed undiluted and after 1:100 dilution. The dif-
ference between the log-transformed results obtained with and
without 1:100 dilution is plotted against the log-transformed
result from the 1:100 dilution in Fig. 2. The difference between
the results from undiluted and diluted samples increased with
increasing titers in the diluted sample, which likely reflects the
increasing departure from linearity in the results from undi-
luted specimens with increasing HCV RNA concentrations.

These results indicate that a substantial departure from linear-
ity may occur in a result that falls well below the 500,000-IU/ml
(5.7-log10) cutoff that has been recommended as the value
above which dilution has been recommended in recent publi-
cations (6, 12, 16) and by the manufacturer’s updated package
insert. For example, estimates from three of the genotype 1a
specimens increased from 212,000, 310,000, and 345,000 IU/ml
when they were assayed undiluted to 552,000, 1,180,000, and
2,170,000 IU/ml, respectively, when they were assayed after
1:100 dilution.

To further investigate the possibility that some samples are
not accurately quantified at RNA concentrations below the
500,000-IU/ml cutoff, samples from 32 treatment nonre-
sponders were tested on the Monitor assay both undiluted and
after 1:100 dilution. Eleven of the 32 samples were quantified
undiluted as �500,000 IU/ml (minimum viral titer, 217,000
IU/ml). HCV RNA levels in the same specimens diluted 1:100
were found to be 2.5- to 10.6-fold higher (median, 3.4) than the
values obtained with undiluted samples. Taking into account
the standard deviation of the diluted assay (Table 1), a 1:100
result �2.6-fold over the undiluted result would indicate a

FIG. 1. Evaluation of high-titer clinical specimens with Bayer
bDNA 2.0, Bayer bDNA 3.0, Roche COBAS Monitor v. 2.0 undiluted
(neat), and Roche COBAS Monitor v. 2.0 diluted 1:100. Log10-trans-
formed bDNA 2.0 HCV RNA values are shown on the x axis. Differ-
ences between the HCV RNA values obtained by the bDNA 2.0,
bDNA 3.0, and COBAS Monitor 1:100 assays compared to values
obtained with the COBAS Monitor undiluted assay are shown in the
left panels. Differences in HCV RNA levels obtained by the bDNA
version 2.0 and 3.0 and COBAS Monitor 1:100 assays are shown in the
right panels.

FIG. 2. Dilution of clinical specimens leads to improved accuracy
of quantification by the Roche COBAS Monitor v. 2.0 assay. Three
patient specimens were quantified with the COBAS Monitor assay,
either diluted 1:100 with HCV RNA-negative plasma or undiluted
(Neat). Diluted values were multiplied by the dilution factor, log10
transformed, and plotted on the x axis. The difference between the
log10-transformed undiluted and log10-transformed diluted samples
(multiplied by the dilution factor) was calculated and plotted on the y
axis. A difference of up to 1 log was found between values obtained
with undiluted or diluted samples. The zero point on the y axis is
indicated by the dashed line.

TABLE 1. Reproducibility of the Bayer bDNA 3.0 and COBAS
Roche Monitor v.2.0 assays

Assay
Median

HCV RNA
levela

No. of samples
� no. of

replicatesc

Intraassay
SDa

Assay
SDa,b

bDNA 3.0 5.59 5 � 7�8 0.055 0.075
Monitor undiluted 5.57 5 � 8�11 0.067 0.119
Monitor 1:100 5.57 5 � 8�11 0.137 0.170

a Log10 number of HCV RNA international units per milliliter.
b Combination of intraassay and interassay variations.
c Values for numbers of replicates are ranges.
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difference due to a departure from linearity; 10 of the 11
specimens were quantified 1:100 at �2.6-fold greater than the
undiluted result. The remaining 21 specimens were quantified
undiluted as �500,000 IU/ml (maximum, 1,620,000 IU/ml).
Again, results from the 1:100 dilutions of these samples were
2.4- to 11.1-fold higher (median, 5.7) than the results obtained
with the same samples tested undiluted (data not shown).

The underestimation of HCV RNA levels in this range by
the Monitor quantitative assay is particularly important, given
the finding by several large clinical trials that subjects with viral
titers greater than 800,000 IU/ml are less likely to experience
an SVR to antiviral therapy (2, 5, 14, 15). No such departure
from linearity was detected with the Bayer bDNA 3.0 assay.
Previous studies have demonstrated limited linearity in the
Monitor assay (1, 6, 11), which was presumably corrected by
retesting diluted samples when the result is greater than the
500,000-IU/ml high-end cutoff recommended by the manufac-
turer. Our data clearly demonstrate that this procedure does
not completely correct the problem. Additional detailed anal-
ysis would be required to determine a lower threshold above
which all samples should be diluted when the Monitor assay kit
is used. Thus, we conclude that this saturation effect could best
be avoided by diluting all specimens 1:100 with HCV RNA-
negative plasma or serum prior to testing with the Monitor
assay. Doing so would also reduce the likelihood of falsely
concluding that a patient lacked a 2-log drop in the HCV RNA
level after 12 weeks of therapy and was therefore a treatment
nonresponder.

Intra- and interassay variations for the bDNA 3.0 and Mon-
itor assays were assessed by using clinical specimens of geno-
types 1a, 1b, 2a, 2b, and 3a with titers of 144,000 to 1,570,000
IU/ml by the bDNA 2.0 assay (Table 1). One sample of each
genotype was tested two or three times in each of three runs on
the bDNA 3.0 assay and three to five times in each of three
runs on the Monitor assay. In an effort to minimize the impact
of dilution errors on assay variation, the diluted specimens
were obtained from single 1:100 dilutions rather than serial
1:10 dilutions. The overall assay standard deviation was calcu-
lated as the square root of the sum of the intraassay and
interassay variances. Intraassay standard deviations from the
bDNA 3.0 and Monitor (undiluted) assays were similar, but
the overall assay standard deviation from the Monitor (undi-
luted) assay was slightly greater than the overall standard de-
viation from the bDNA 3.0 assay. Diluting the samples 1:100
increased both the intraassay and overall assay standard devi-
ations. However, the increase in the overall assay standard
deviation was caused almost entirely by the increase in the
intraassay component; this was most likely due to a combina-
tion of dilution “error” and the 100-fold lower level of HCV
RNA being quantified (compared to the undiluted samples) (4
D. Brambilla, S. Granger, and J. Bremer, 7th Conf. Retrovir.
Opportunistic Infect., abstr. 774, 2000). Although the dilution
procedure incurs a slight increase in within-run variation, it
would avoid any possibility that samples were being under-
quantified in an era when viral titer criteria are used to guide
the implementation of antiviral therapies and to judge the
likelihood of an SVR.

To assess whether the three quantitative assays yielded sim-
ilar HCV RNA results, 280 of 284 consecutive clinical speci-
mens assayed by the bDNA 2.0 and 3.0 assays were also tested

with the Monitor assay. All 280 specimens were tested first at
a 1:100 dilution by the Monitor assay and retested undiluted if
the first assay yielded negative results. Two of the 284 consec-
utive specimens were also retested with the bDNA 3.0 assay
after a 1:100 dilution of the sample was made with plasma that
was HCV RNA negative by PCR, since the undiluted result
was above the upper limit of linearity of the bDNA test
(7,690,000 IU/ml). Seventy-four of 284 specimens were ex-
cluded because they were HCV RNA negative by the qualita-
tive Roche COBAS Amplicor HCV test, v. 2.0 (Roche Molec-
ular Systems), performed in accordance with the
manufacturer’s instructions (12). Another 16, 14, and 18 spec-
imens were excluded from the respective pairwise comparisons
between the bDNA 2.0 and bDNA 3.0 assays, the bDNA 3.0
and Monitor assays, and the bDNA 2.0 and Monitor assays
because at least one of two assay results was below the limit of
detection or the Monitor assay was not performed (Fig. 3). The
log10-transformed HCV RNA titers of the specimens tested
ranged from 4.50 to 7.92 (median, 6.04) IU/ml in the bDNA 2.0
assay. One hundred ninety-one (68%) assays of diluted speci-
mens were positive in the Monitor assay; the other 89 samples
were retested undiluted. The great majority of differences be-
tween assay results were within 0.5 log10 (81.1 to 95.3%) or 1
log (98.5 to 100%), as recently reported by Shiffman et al. (20).
The median difference between the bDNA 2.0 and bDNA 3.0
results was 0.20 log10, while the median difference between the
bDNA 3.0 and bDNA 2.0 assays and the Monitor assay were
�0.34 and �0.13 log10, respectively. Similar to the high-titer
specimen comparison, the bDNA 2.0 and combined Monitor
assays (primarily from 1:100 dilution) demonstrated consis-
tently higher HCV RNA results than the bDNA 3.0 assay.

The recent calibration of quantitative assays against the
WHO HCV RNA standard represents a significant advance for
HCV RNA quantification. However, our data are consistent
with those of other groups, suggesting that HCV RNA quan-
titative results obtained by different assays may not necessarily
be interchangeable, although the results are expressed in the
same units (international units per milliliter) (1, 6, 19). We
therefore recommend that the same quantitative assay be used
longitudinally (preferably in the same laboratory) if patients
are to be monitored by using such data, to minimize any con-
fusion over changes in the viral level over time.

The sensitivities and specificities of the three quantitative
assays were also evaluated by using data from the 284 consec-
utive clinical specimens described above (Table 2). Specimens
were considered true positives if they were positive in both
bDNA assays and either Monitor assay (diluted or undiluted).
Ninety-one samples with negative results from either bDNA
assay or both Monitor assays were classified as HCV positive
or negative after retesting with the qualitative Roche COBAS
Amplicor HCV test. These data demonstrate the improved
clinical specificity of the newer Bayer bDNA 3.0 assay (95.9%)
over version 2.0 (70.3%), with similar sensitivities (95.2 versus
94.3%), from consecutive specimens received in a high-volume
clinical laboratory. The Monitor assay performed slightly bet-
ter than the bDNA 3.0 assay in both clinical sensitivity (97.6%)
and specificity (100%), although these differences were not
significant. Compared to those of other groups who have stud-
ied the performance characteristics of these two assay versions,
our data demonstrate a lower specificity for the bDNA 2.0
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assay than the previously reported 96% (3). The surprising
number of false-positive results (n � 22) was obtained in five
separate runs, although 9 of the 22 were from a single run.
Three of 21 samples were positive when they were retested
with the bDNA 2.0 assay. The 22nd sample was not retested
owing to insufficient volume. The 22 false positives had values
ranging from 33,500 to 963,000 (median, 100,000) IU/ml. Two
factors could have affected these results. One is that multiple

operators in a high-throughput clinical laboratory generated
the bDNA 2.0 assay results over multiple runs. In addition, a
single lot of reagents was used during the testing period. Fi-
nally, the specificity of the bDNA 3.0 assay (95.9%) was similar
to those found by Beld et al. (96.8%) (1) and Trimoulet et al.
(98.2%) (22).

In summary, our study demonstrates the improved clinical
specificity of the updated, Food and Drug Administration-
approved bDNA 3.0 assay over version 2.0 to a level that
approaches but does not surpass that of the Monitor assay. In
addition, the Monitor assay had slightly greater analytical sen-
sitivity than the bDNA 3.0 assay. The bDNA 3.0 assay showed
excellent reproducibility and dynamic range. The Monitor (un-
diluted) and bDNA 3.0 assays were similar in terms of within-
and between-assay variations and lack of bias for quantification
of HCV genotypes 1, 2, and 3. In a subset of HCV RNA
specimens, a saturation effect was noted with the Monitor
(undiluted) assay, so that specimens were initially misquanti-
fied below 500,000 IU/ml. This effect was not seen with the
bDNA 3.0 assay in this range. Dilution of specimens 1:100
prior to analysis with the Monitor assay corrected this test
error. Although dilution was found to increase assay variance,
the overall increase in accuracy obtained with dilution justifies
the recommended dilutional algorithm for the Monitor assay.
When this procedure was used, the Monitor assay gave HCV
RNA values consistently higher than those obtained with the
bDNA 3.0 assay. Finally, the kits tested here performed ade-
quately but future quantitative assays will aim to improve both
the sensitivity and the linear range of HCV RNA detection.
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