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Quantification of hepatitis B virus (HBV) DNA and hepatitis C virus (HCV) RNA often is performed in
specimens that have been frozen and thawed more than once. To ensure optimal therapeutic and prognostic
value, it is important to establish whether viral load measurements are affected by repeated freeze-thaw (FT)
cycles. We therefore evaluated the effect of multiple FT cycles on HBV DNA and HCV RNA quantification by
testing serum specimens subjected to one (baseline), two, four, and eight FT cycles with the appropriate Chiron
Quantiplex assay. Linear regression analysis showed minor increases of 1.7% per FT cycle for both HBV DNA
and HCV RNA. The rise in HCV RNA levels was more pronounced among low-concentration samples, since
further analysis revealed an increase of 3.2% per FT cycle among samples with 0.2 to 3.86 Meq of HCV RNA
per ml. Given that the coefficient of variation for the Quantiplex assays is generally 10 to 15%, the minor
increases in HBV DNA and HCV RNA levels with progressive FT cycles for the specimens tested were
recognized only because analysis of variance revealed a statistically significant trend (P < 0.05). Due to the
minor statistical trend, the clinical impact for individual patient specimens is likely to be limited, but it may
deserve further study. In conclusion, the concentration of HBV DNA and HCV RNA in serum specimens
subjected to up to eight short-term FT cycles was stable.

Assessment of the serum or plasma viral load, a measure of
viral replication, has become a valuable part of the clinician’s
armamentarium for managing patients with chronic hepatitis B
or C (9, 13, 14). The concentration of hepatitis C virus (HCV)
RNA and hepatitis B virus (HBV) DNA in serum is used both
to identify patients that are more likely to respond to treatment
and to monitor treatment and follow-up. In practice, serum
specimens may be frozen after collection, and a single serum
specimen may be thawed and refrozen numerous times for
analysis. To ensure optimal prognostic and therapeutic value
of viral nucleic acid measurements, it is necessary to under-
stand the stability of HCV RNA and HBV DNA in specimens
subjected to freeze-thaw (FT) conditions.

Researchers planning retrospective studies employing fro-
zen specimens obtained from serum banks must know not only
the effects of long-term frozen storage but also the impact of
multiple FT cycles on the stability of viral nucleic acid in
serum. For example, if multiple FT cycles affect the integrity of
HCV RNA and HBV DNA in serum, then the results of
retrospective studies performed on specimens subjected to
multiple cycles may be compromised. On the other hand, if
multiple FT cycles have no impact on HCV RNA and HBV
DNA stability, there may be less need to aliquot serum when it
is first collected, thereby saving valuable laboratory time and
resources. Earlier studies have examined the effect of frozen
storage on the integrity of HCV RNA (3, 6, 7, 15, 17) and HBV
DNA (10) in serum. Some studies have included an analysis of
the stability of HCV RNA in specimens subjected to multiple
FT cycles (4, 6, 7, 12, 15, 17); however, these studies were
limited by the small number of samples tested, the use of

nonstandardized assays, the lack of a clinically relevant end
point, and/or the lack of rigorous statistical analysis. No data
have been published to date on the integrity of HBV DNA in
serum specimens subjected to multiple FT cycles. Clearly, an
accurate assessment of the impact of multiple FT cycles on
HCV RNA and HBV DNA stability would be helpful for the
appropriate interpretation of results from studies involving
specimens subjected to multiple FT cycles.

In this study, we determined the impact of multiple FT
cycles on the quantification of HCV RNA and HBV DNA in
serum. The Quantiplex HCV RNA 2.0 and HBV DNA 1.0
assays (Chiron Diagnostics Corporation, Walpole, Mass.),
based on branched-DNA (bDNA) technology, were chosen for
this analysis because of their wide dynamic ranges (nearly 4
log10) and their ability to detect small (two- to threefold)
changes in viral load. Serum specimens were chosen to cover a
large portion of the dynamic range of both assays. Results were
analyzed by a scattergram and linear regression by using suf-
ficient numbers of specimens to ensure that the statistical
power of our analysis could reliably detect changes in HCV
RNA and HBV DNA concentrations.

MATERIALS AND METHODS

Specimens. Sera positive for either HBV DNA or HCV RNA were obtained
from routine clinical samples. All sera were separated from the clot within 4 h of
collection. A total of 21 HBV DNA-positive specimens and 21 HCV RNA-
positive specimens were tested. The viral nucleic acid levels in the specimens
tested were consistent with the distribution normally observed in positive clinical
samples. HBV DNA concentrations at baseline ranged from 3.69 to 5,100
Meq/ml (0.57 to 3.7 log10 Meq/ml), with a geometric mean of 262 Meq/ml (2.42
log10 Meq/ml). HCV RNA concentrations at baseline ranged from 0.2 to 57.41
Meq/ml (20.70 to 1.76 log10 Meq/ml), with a geometric mean of 5.26 Meq/ml
(0.72 log10 Meq/ml). All specimens had been previously frozen and thawed only
once, and the first FT cycle served as the specimen baseline. Specimens were
aliquoted and subjected to additional FT cycles, up to eight total. For each FT
cycle, specimens were frozen at 270°C (62°C) for a minimum of 2 h and then
were thawed in a temperature-controlled water bath at 25°C (61°C) for 1 h.
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After thawing, specimens were centrifuged at 14,000 rpm for 1 min in an Ep-
pendorf Microfuge (catalog no. S4156) to collect any condensate.

HBV DNA quantification. The Quantiplex HBV DNA 1.0 assay, based on
bDNA technology, was used according to the manufacturer’s instructions. This
assay has been shown to be sensitive, specific, and linear over a nearly 4 log10
quantification range (1, 8). The HBV 1.0 bDNA assay demonstrates inter- and
intrarun coefficients of variation of 10 to 15% and has been shown to reproduc-
ibly detect twofold changes in HBV DNA levels (8). All specimens were tested
in duplicate, and the quantity of HBV DNA in each specimen was determined
from a standard curve run in parallel for each assay. Results were expressed in
megaequivalents per milliliter, with 1 Meq defined as the amount of HBV DNA
that generates a level of light emission equivalent to that of 106 copies of an HBV
DNA standard.

HCV RNA quantification. The Quantiplex HCV RNA 2.0 assay (Chiron Di-
agnostics Corporation) was used according to the manufacturer’s instructions.
This assay, which is based on bDNA technology, has been shown to be highly
reproducible, sensitive, specific, and linear over a nearly 4 log10 quantification
range (5). The HCV 2.0 bDNA assay demonstrates inter- and intrarun coeffi-
cients of variation of 10 to 15% and can reproducibly detect approximately
threefold changes in HCV RNA levels. In addition, the HCV 2.0 bDNA assay
reliably measures RNA from all six major HCV genotypes (5). All specimens and
controls were tested in duplicate, and the quantity of HCV RNA in each spec-
imen was determined from a standard curve run in parallel for each assay.
Results were expressed in megaequivalents per milliliter, with 1 Meq defined as
the amount of HCV RNA that generates a level of light emission equivalent to
that of 106 copies of an HCV RNA standard (2).

Statistical methods. The raw data were evaluated by examining the mean
levels of HBV DNA and HCV RNA after one (baseline), two, four, and eight FT
cycles for each patient. All assay data were natural log transformed prior to
analysis, and changes in viral nucleic acid concentration were evaluated by
scattergram and linear regression analysis as described previously (10, 16). Suf-
ficient numbers of specimens were assessed to achieve a relevant 95% confidence
interval or its equivalent.

RESULTS

HBV DNA FT stability. The stability of HBV DNA in serum
was evaluated by scattergram and linear regression analysis. In
addition, the number of samples showing a $20% change in
HBV DNA levels after two, four, and eight FT cycles was
determined. Results from all 21 HBV DNA-positive samples
were considered together in these analyses.

Figure 1A shows the scattergram analysis of the variations in
HBV DNA levels for all specimens after two, four, and eight
FT cycles compared to the baseline level. This scattergram
shows that mean HBV DNA levels increased with progressive
FT cycles. In addition, at least 18 of the 21 individual speci-
mens showed a slight increase in HBV DNA concentration
after four and eight FT cycles.

The linear regression analysis of the HBV DNA-positive
specimens is shown in Fig. 1B. This analysis showed a slight
increase of 1.7% in HBV DNA concentration from the base-

line per FT cycle. This increase in HBV DNA concentration
with progressive FT cycles was statistically significant (P ,
0.05).

An evaluation of samples showing a $20% change in HBV
DNA concentration is shown in Table 1. Whereas only 19% of
the samples showed a $20% increase in HBV DNA concen-
tration after two FT cycles, 66.7% of the samples showed a
$20% increase in HBV DNA concentration after four and
eight FT cycles. By comparison, less than 5% of the samples
showed a $20% decrease in HBV DNA concentration after
four and eight FT cycles.

HCV RNA FT stability. A total of 21 HCV RNA-positive
specimens were tested. Since a natural division was apparent in
the HCV RNA-positive samples, they were divided into two
groups for further statistical analysis: 10 low-concentration
samples (0.2 to 3.86 Meq/ml; 20.70 to 0.59 log10 Meq/ml) and
11 high-concentration samples (9.32 to 57.41 Meq/ml; 0.97 to
1.76 log10 Meq/ml).

The scattergram analysis of the variations in HCV RNA
levels for all specimens after two, four, and eight FT cycles,
compared to the baseline level, is shown in Fig. 2A. This
scattergram shows a slight increase in mean HCV RNA levels
after eight FT cycles. The scattergram analysis of the low-
concentration samples also showed an increase in mean HCV
RNA levels after eight FT cycles (data not shown). In addition,
eight of the ten low-concentration samples showed a slight
increase in HCV RNA concentration after eight FT cycles. No

FIG. 1. (A) Scattergram showing the percent change in HBV DNA levels in serum specimens exposed to two, four, and eight FT cycles compared to the baseline
level. The change in HBV DNA concentration for each specimen is depicted as a data point, with the percent change from the baseline plotted on the y axis and the
number of FT cycles on the x axis. The height of the diamonds overlaying the data points represents the 95% confidence interval; the diamond width represents the
group sample size; and the line across each diamond represents the mean. The dotted horizontal line at 0% represents no change in HBV DNA levels and was derived
from the baseline mean for each sample. (B) Linear regression analysis of the changes in HBV DNA levels in serum specimens subjected to up to eight FT cycles.

TABLE 1. Evaluation of samples showing a $20% change in viral
load with progressive FT cycles

Type of sample and
no. of FT cyclesa

No. of samples (%) with:

$20% increase $20% decrease

HBV DNA positive
2 4 (19.0) 1 (4.8)
4 14 (66.7) 0 (0)
8 14 (66.7) 1 (4.8)

HCV RNA positive
2 4 (19.0) 4 (19.0)
4 3 (14.2) 4 (19.0)
8 5 (23.8) 1 (4.8)

a A total of 21 HBV DNA-positive specimens and 21 HCV RNA-positive
specimens were tested for each FT cycle.
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increase in mean HCV RNA levels was observed in the scat-
tergram of high-concentration samples (data not shown).

Linear regression analysis of all HCV RNA-positive speci-
mens is shown in Fig. 2B. This analysis showed an overall 1.7%
increase in HCV RNA concentration per FT cycle (P 5 0.04).
Additional linear regression analysis of the low- and high-
concentration groups revealed a 3.2% increase per FT cycle for
the low-concentration group (P 5 0.0002) and a 0.02% in-
crease for the high-concentration group (P 5 0.13).

Table 1 includes the evaluation of samples showing a $20%
change in HCV RNA concentration. This analysis shows that
after two, four, and eight FT cycles, fewer than 25% of the
samples showed a $20% increase and fewer than 20% of the
samples showed a $20% decrease in HCV RNA concentra-
tion.

DISCUSSION

There is limited published literature on the FT stability of
HBV DNA and HCV RNA. In many cases, studies were per-
formed with insufficient numbers of specimens and/or poorly
reproducible assays (6, 7, 12, 15, 17). Reliable assessment of
the effects of multiple FT cycles on viral load measurements
requires the following: (i) a quantitative assay capable of gen-
erating a reproducible relationship between viral load and the
assay’s output signal, (ii) testing of sufficient numbers of spec-
imens (such that changes in viral load measurements due to FT
cycling can be distinguished from inter- and intra-assay vari-
ability), (iii) appropriate statistical analysis of the data, and (iv)
a descriptive end point that reflects a clinically relevant change.
In this study, we have applied all of these criteria in evaluating
the stability of HBV DNA and HCV RNA in serum specimens
subjected to multiple FT cycles—the standardized and highly
reproducible Quantiplex assays were used to measure viral
load; sufficient numbers of specimens were assessed to achieve
a relevant 95% confidence interval or its equivalent; both scat-
tergram and linear regression analyses were used to evaluate
the data; and, consistent with our earlier studies on HBV DNA
and HCV RNA stability (10, 11), we arbitrarily chose a $20%
change in viral load as an indication of clinical relevance.

Our results showed that HBV DNA and HCV RNA con-
centrations were reasonably stable in specimens exposed to up
to eight FT cycles. No significant loss in viral levels was ob-
served—fewer than 5% of the HBV DNA-positive samples
and fewer than 20% of the HCV RNA-positive samples
showed a $20% decrease from the baseline values after eight
FT cycles. In fact, linear regression analysis showed slight in-

creases of 1.7% per FT cycle for both HBV DNA and HCV
RNA. The rise in HCV RNA levels was more pronounced
among low-concentration samples, since further analysis re-
vealed an increase of 3.2% per FT cycle among samples with
lower concentrations of HCV RNA (0.2 to 3.86 Meq/ml).
Slight trends toward increasing HBV DNA and HCV RNA
concentrations were also shown by scattergram analysis.

Although the coefficient of variation for the Quantiplex as-
says is generally 10 to 15%, the increases in HBV DNA and
HCV RNA levels with progressive FT cycles for the specimens
tested were statistically significant since analysis of variance
yielded P values of less than 0.05. Increases in HCV RNA
levels in specimens stored at low temperatures have been ob-
served in other studies (7, 11, 15). While we have no definitive
explanation for this phenomenon, the measured increases in
viral load does not appear to be due to evaporative loss, since
all the tubes were sealed. Given that the statistical trends
observed in this study were minor, the clinical impact for in-
dividual patient specimens is likely to be limited, but it may
deserve further investigation.

The finding that HBV DNA and HCV RNA levels in serum
specimens subjected to repeated FT cycles were reasonably
stable may have practical implications for both prospective and
retrospective studies. For example, specimens tested for HBV
DNA and HCV RNA need not have multiple aliquots for
reliable repeat clinical testing, and results of HBV DNA or
HCV RNA assays performed on specimens exposed to up to
eight short-term FT cycles may be regarded as valid. While the
results of this study demonstrate the effect of multiple FT
cycles on viral load levels in the dynamic ranges of the Quan-
tiplex HBV and HCV assays, it is possible that specimens with
viral concentrations outside these ranges may not behave in the
same manner. Also, the time intervals between FT cycles and
the duration of frozen storage in this study were relatively
short. It may be that HBV DNA and HCV RNA stability
differs in specimens exposed to longer intervals between FT
cycles and extended frozen storage.

In summary, we have evaluated the stability of HBV DNA
and HCV RNA in clinical specimens subjected to up to eight
FT cycles using standardized and highly reproducible bDNA
assays. Our data support the conclusion that HBV DNA and
HCV RNA in separated serum are stable for at least eight FT
cycles.
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FIG. 2. (A) Scattergram showing the percent change in HCV RNA levels in serum specimens exposed to two, four, and eight FT cycles compared to the baseline
level. The mean diamond analysis of the data is as described in the legend to Fig. 1. (B) Linear regression analysis of the changes in HCV RNA levels in serum specimens
subjected to up to eight FT cycles.
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