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ABSTRACT Hepatitis C virus (HCV) RNA quantitation is the primary method by
which active HCV infections are identified and the response to direct-acting antiviral
therapy is monitored. This study describes the evaluation of the Aptima HCV Quant
Dx assay (Aptima HCV) performed on the Panther system. The clinical performance
of Aptima HCV was compared to that of the Cobas AmpliPrep/Cobas TagMan
HCV test v2.0 (CAP/CTM). Overall agreement was 84.9% (186/219) with a kappa
statistic of 0.755 (standard error, 0.037; 95% confidence interval [Cl], 0.682 to
0.828). Passing-Bablok regression of log,, IU/ml values revealed a regression line
of Y=1.163 XX —0.991 (95% Cl of the slope, 1.103 to 1.221, and intercept,
—1.341 to —0.642). The 95% lower limit of detection (LLOD) for Aptima HCV on
dried blood spot (DBS) samples was calculated to be 2.43 log,, IU/ml (267 [U/mi;
95% Cl, 2.31 to 2.73 log,, IU/ml [204 to 540 1U/ml]). A comparison of Aptima HCV
testing on paired DBS and serum specimens collected from patients at the time of
routine blood collection for CAP/CTM demonstrated an overall agreement of 90.1%
(82/91) with a kappa statistic of 0.657 (standard error, 0.101; 95% Cl, 0.458 to 0.855).
In conclusion, Aptima HCV provides a suitable alternative for HCV RNA testing on se-
rum and DBS samples.
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espite the increased availability of direct-acting antivirals (DAAs) capable of curing

hepatitis C virus (HCV) infections, this blood-borne virus remains a significant
global health problem. The World Health Organization estimates that there were 71
million people worldwide living with HCV infections in 2015, 1.75 million new infections
that year, and 399,000 deaths related to HCV-associated chronic liver disease and
hepatocellular carcinoma (1). In the United States, the number of HCV cases increased
3.5-fold between 2010 and 2016, due at least in part to the ongoing epidemic of
injection drug use (2, 3). In 2016, the World Health Assembly endorsed the Global
Health Sector Strategy (GHSS) on viral hepatitis, which calls for the elimination of viral
hepatitis as a public health threat by 2030 (1). The goals of this strategy include
reducing new infections by 90% and mortality by 65%. Critical to the success of the
GHSS are laboratory testing for the diagnosis of viral hepatitis and monitoring the
response to therapy.

The first step of the recommended HCV diagnostic algorithm involves serologic
testing for anti-HCV antibodies. However, since 15% to 45% of infected persons
spontaneously clear the virus within 6 months of infection without any treatment,
antibody-positive individuals are subsequently tested for HCV RNA to identify active
HCV infections (4, 5). Furthermore, HCV RNA quantitation by nucleic acid amplification
testing (NAAT) is recommended prior to the start of therapy, after 4 weeks of therapy,
and 12 weeks after the completion of therapy (6). While serum or plasma are the
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specimens of choice for HCV NAAT, whole-blood dried blood spot (DBS) specimens may
be considered to facilitate access to testing in settings which lack laboratory facilities
or the provision for timely delivery of specimens to a laboratory (7).

A recently developed NAAT for HCV RNA is the Aptima HCV Quant Dx assay (Aptima
HCV) performed on the fully automated Panther system (both from Hologic Inc., San
Diego, CA). This assay relies on real-time transcription-mediated amplification (TMA) for
HCV RNA detection and quantitation. Previous work has demonstrated the utility of
Aptima HIV on the Panther system for quantitation of HIV-1 from DBS (8), and in this
study, the performance characteristics of Aptima HCV is investigated using both serum
specimens and DBSs.

MATERIALS AND METHODS

Ethics statement. This study was reviewed and approved by the Institutional Review Board of
Stanford University (protocol 40509).

Aptima HCV Quant Dx assay. The Aptima HCV Quant Dx assay (Aptima HCV) was performed on the
automated Panther System (Hologic Inc., San Diego, CA). Aptima HCV is U.S. Food and Drug Adminis-
tration (FDA) approved for the confirmation of active HCV infection and for monitoring HCV viral load
using serum and plasma. This assay involves three steps: (i) target capture, (ii) amplification of the HCV
target in the 5’ untranslated region (UTR) by transcription-mediated amplification (TMA), and (iii)
real-time amplicon detection using fluorescently labeled probes. Quantitation is achieved by monitoring
the time taken to reach a fluorescence threshold value, which is inversely proportional to the starting
HCV concentration. Each reaction contains an internal calibrator/internal control (IC) that is used to
account for the effects of inhibition and controls for variations in specimen processing and TMA. A single
positive calibrator is run in triplicates along with one replicate each of the low-positive, high-positive, and
negative controls for every new reagent kit loaded onto the Panther system. The calibrator and controls
are then valid for 24 h. Aptima specimen aliquot tubes require a minimum input volume of 0.7 ml, and
0.5ml is processed by the Panther system. The Panther system reports values for results =10 and
=100,000,000 IU/ml (1.0 to 8.0 log,, IU/ml), and low-level positives that fall below this range are reported
as detected <101U/ml (<1.0 log,, 1U/ml).

For the testing of dried blood spots (DBSs), a single DBS was rehydrated in 1.0 ml of sample transport
medium provided by Hologic and incubated at room temperature while rocking for 30 min. The tubes
were centrifuged at 10,000 rpm for 1 min, and the supernatant was transferred to Aptima specimen
aliquot tubes before loading into the Panther system. DBS testing using Aptima HCV is for research use
only (RUO).

The results reported by the Panther are based on liquid calibrators that use 500 ul of sample. To
estimate the HCV RNA [U/ml from this calibration, a conversion factor needs to be applied to account for
the dilution of the starting samples and other factors. The HCV RNA IU/ml result obtained from the
Panther instrument from a DBS was multiplied by a factor of 24.63. This value was obtained using the
following equation: (volume of sample transport media in microliters)/[(volume of whole blood collected
on DBS in microliters) X (1 — estimated hematocrit)] (8). The hematocrit value was estimated to be 42%
based on the mean adult value from the National Health and Nutrition Examination Survey (NHANES) (9).

LLOD and precision analysis for DBS samples. To establish the lower limit of detection (LLOD) and
precision on DBS samples, DBSs were prepared from whole blood spiked with HCV using the HCV RNA
AccuSpan Linearity panel (SeraCare, Milford, MA). EDTA whole blood was obtained from healthy blood
donors at the Stanford Blood Center (Palo Alto, CA). The virus load was adjusted to 3.70 log,, (5,000), 3.00
log,, (1,000), 2.70 log,, (500), 2.40 log,, (250), and 2.10 log,, (125) IU/ml, and 70 ul spiked whole blood
was spotted onto Whatman 903 sample collection cards (GE Healthcare Life Sciences, Marlborough, MA).
DBSs were dried inside the biosafety cabinet for 30 min and stored at room temperature until testing.
Leftover HCV-spiked whole blood was centrifuged at 2,500 rpm for 5 min to separate plasma. These
plasma samples were run side by side with the DBS to verify the virus load. Ten spots were tested for
each concentration per day for 3 separate days.

Clinical specimens. A total of 93 DBSs were prepared at Stanford Health Care (SHC) blood draw
locations at the time of routine blood collection for serum HCV NAAT. Each spot was composed of
approximately 70 ul of whole blood spotted on Whatman 903 sample collection cards. DBSs were stored
at room temperature until testing. The matching serum specimens were obtained from the Clinical
Virology Laboratory archives at —80°C. The rehydrated DBSs and their matching serum samples were
tested by Aptima HCV on the same day.

To evaluate specificity using serum as the specimen type, a total of 205 HCV-seronegative specimens
were tested by Aptima HCV. These were selected from clinical specimens that were submitted to the SHC
Special Chemistry and Immunology Laboratory between May and June 2017 and tested negative for
serum anti-HCV antibodies on the Architect i2000SR (Abbott, Abbott Park, IL).

To determine agreement with routine NAAT testing, 219 serum specimens from 76 patients were
tested by Aptima HCV. These were selected from clinical specimens that were submitted to the SHC
Clinical Virology Laboratory between April 2016 and June 2017 for HCV NAAT using the Cobas
AmpliPrep/Cobas TagMan HCV test v2.0 (CAP/CTM) (Roche Molecular Systems, Pleasanton, CA). All
specimens were collected as serum and stored at —80°C prior to testing. Archived samples were tested
by Aptima HCV and the results were compared to previous results by CAP/CTM.
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TABLE 1 Comparison of Aptima and CAP/CTM for detection of HCV RNA in clinical serum
samples

No. of samples with indicated Aptima result

CAP/CTM result Not detected <10 IU/ml Quantitated Total
Not detected 79 10 0 89
<151U/mL 8 17 2 27
Quantitated 3 10 90 103
Total 90 37 92 219

Statistical analysis. The 95% LLOD was calculated using probit analysis in R using the generalized
linear models (glm) package (10). Precision was analyzed in Microsoft Excel using the formula described
by Chesher (11). Passing-Bablok and Deming regression analyses, as well as the Bland-Altman plot were
generated in R using the mcr package (https://cran.r-project.org/web/packages/mcr/index.html).

RESULTS

Aptima HCV (i) Serum. The specificity of Aptima HCV was 99.0% (203/205) when
testing anti-HCV antibody-negative serum. The two HCV RNA-positive samples were
detected below the quantifiable range, 1.0 log,, IU/ml (<10 [U/ml).

Two hundred nineteen archived serum samples from HCV-infected patients were
tested for HCV RNA using Aptima HCV and the results were compared to those
obtained through routine testing via CAP/CTM. Aptima HCV sensitivity (positive agree-
ment) and specificity (negative agreement) were 92.3% (119/129; 95% confidence
interval [Cl] 86.2% to 96.2%) and 87.8% (79/90; 95% Cl, 79.2% to 93.7%), respectively,
with CAP/CTM as the reference.

Overall agreement was 84.9% (186/219) with a kappa statistic of 0.755 (standard
error, 0.037; 95% Cl, 0.682 to 0.828), indicating substantial agreement (Table 1). Ten
samples that were detected at <1.0 log,, IU/ml (<10 IU/ml) by Aptima HCV were not
detected by CAP/CTM. Similarly, 8 samples that were detected at <1.18 log,, IU/ml
(<151U/ml) by CAP/CTM were not detected by Aptima HCV. In addition, there were 10
samples that were detected at <1.0 log,, [U/ml (<10 IU/ml) by Aptima HCV that were
quantitated by CAP/CTM (mean, 1.46 log,, IU/ml; standard deviation [SD], 0.16), as well
as 3 samples that were not detected by Aptima HCV that were quantitated by CAP/CTM
(mean, 1.35 log,, IU/ml; SD, 0.08). Finally, there were 2 samples that were detected at
<1.18 log;, IU/ml (<151U/ml) by CAP/CTM that were quantitated by Aptima HCV
(mean, 1.02 log,, IU/ml; SD, 0.02).

To investigate the quantitative agreement between Aptima HCV and CAP/CTM, the
log,, concentrations of the 87 clinical samples quantifiable by both methods were
plotted against one another and Passing-Bablok regression was performed (Fig. 1A).
This analysis resulted in a regression line of Y = 1.163 X X — 0.991. The 95% confidence
intervals of the slope (1.103 to 1.221) and intercept (—1.341 to —0.642) do not include
1 and zero, respectively, indicating that Aptima HCV shows positive proportional bias
and negative systematic bias compared to CAP/CTM. Deming regression resulted in a
similar regression line (Y = 1.120 X X — 0.775) and similar 95% confidence intervals of
the slope (1.068 to 1.172) and intercept (—1.081 to —0.470). Next, the differences in
log,, concentrations were plotted against the average values to generate a Bland-
Altman plot (Fig. 1B). This analysis revealed a bias of —0.181 log,, 1U/ml (Ap-
tima — CAP/CTM) and 95% limits of agreement of —0.984 to 0.619.

(ii) DBS. The 95% LLOD for Aptima HCV on DBS samples was calculated to be 2.43
log,, 1U/ml (267 IU/ml; 95% CI, 2.31 to 2.92 log,, IU/ml [204 to 840IU/ml]). The
within-run, between-day, and within-laboratory (total) imprecision levels (i.e., standard
deviations) were 0.13 log,,, 0.04 log,,, and 0.13 log,, IU/ml, respectively, for DBSs
containing a nominal HCV concentration of 3.7 log,, 1U/ml (5,000 1U/ml) (mean
observed concentration, 3.24 log,, IU/ml), the lowest concentration at which all
replicates were within the quantifiable range of the assay.

Ninety-three DBSs were tested by Aptima HCV with concurrently collected serum.
Overall agreement was 90.1% (82/91) with a kappa statistic of 0.657 (standard error,
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FIG 1 Quantitative comparison of clinical serum specimens tested by the Aptima HCV Quant Dx assay
(Aptima) and Cobas AmpliPrep/Cobas TagMan HCV test v2.0 (CAP/CTM). (A) Passing-Bablok regression
analysis of 87 clinical specimens tested by both Aptima HCV and CAP/CTM. The regression line (solid line)
and 95% confidence intervals (dashed lines) are displayed. (B) Bland-Altman plot comparing Aptima with
CAP/CTM. The bias (solid line) was —0.181 log,, IlU/ml. The 95% limits of agreement (dashed lines) and
zero line (dotted black line) are also shown.

0.101; 95% Cl, 0.458 to 0.855), indicating substantial agreement (Table 2). Five samples
that were detected at <1.0 log,, IU/ml (<10 IU/ml) in serum were not detected in DBSs.
Similarly, 3 samples that were detected at <2.43 log,, IlU/ml (<270 1U/ml) in DBSs were
not detected in serum. In addition, one sample detected at <1.0 log,, IU/ml (<10 IU/
ml) in serum was detected at <2.43 log,, IU/ml (<270 IU/ml) in DBS, and one sample
detected at 1.45 log,, IU/ml (28 1U/ml) in serum was detected at <2.43 log,, IU/ml
(<2701U/ml) in DBS. For samples quantifiable in both matrices, the mean difference
(serum — DBS) was 0.85 log;, IU/ml (95% Cl, 0.19 to 1.50).

DISCUSSION

This study compared the performance characteristics of the Aptima HCV Quant Dx
assay performed on the Panther system with the Cobas AmpliPrep/Cobas TagMan HCV
test v2.0 for the quantitation of HCV RNA in serum. The Aptima HCV DBS protocol was
then investigated using HCV-spiked whole blood and paired serum and DBS specimens
from patients infected with HCV.

TABLE 2 Comparison of Aptima HCV from paired DBS and serum

No. of pairs with indicated result in DBS

Result in serum Not detected <270 IU/ml =270 1U/ml Total
Not Detected 72 3 0 75
<101U/mL 5 1 0 6
=101U/mL 0 1 9 10
Total 77 5 9 91
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The specificity of Aptima HCV was observed to be 99.0% (203/205) when testing
anti-HCV antibody-negative serum. Note that the aliquots used for specificity testing
had been tested for anti-HCV antibodies on the Architect instrument prior to Aptima
HCV, and the false positives were at very low virus loads, suggesting Architect cross
contamination. Though sufficient serum was not available for additional molecular
investigation, these results support the policy of requiring dedicated aliquots for
hepatitis virus load testing.

Overall, Aptima HCV and CAP/CTM gave comparable quantitations of HCV RNA from
serum. The evaluation of 219 clinical serum specimens revealed substantial classifica-
tion agreement. Both Passing-Bablok and Deming regression analyses of the samples
quantifiable by both methods indicated that Aptima HCV shows a negative systematic
bias compared to CAP/CTM. Negative bias was also observed by Bland-Altman analysis,
—0.181 log,, IU/ml. It is important to note, however, that these Aptima HCV serum
values were compared to historical CAP/CTM virus loads, which may help explain the
observed negative bias.

Several studies have compared Aptima HCV to a variety of HCV NAATs (12-14),
including CAP/CTM (15-17). Consistent with the data presented here, there was rea-
sonable agreement between the methods for both qualitative and quantitative results.

Importantly, the manuscript also demonstrates the utility of Aptima HCV for the
detection of HCV RNA in DBSs, as has been shown in previous studies with other NAAT
methods (18-30). Though Aptima HCV on DBSs was less analytically sensitive than
serum testing and demonstrated a negative bias compared to quantitation in serum,
these data are similar to those previously reported for DBSs tested for HCV RNA by
CAP/CTM and Abbott m2000 (20, 27, 28). However, future studies will be required to
compare Aptima HCV to other methods of HCV RNA detection from DBSs.

In addition, HCV RNA was detected at a low level in three DBSs, whereas concurrent
serum was negative. Given the higher analytical sensitivity of Aptima HCV on serum,
these results are unexpected and may represent false-positive DBSs, though sufficient
remaining serum and DBS samples were not available for discrepancy analysis. Further
studies detailing the specificity of Aptima HCV on DBS are warranted. Finally, additional
work is needed to improve the Aptima HCV DBS conversion factor, which in this study,
did not account for potential HCV RNA loss during DBS extraction.

Interestingly, the 2017 World Health Organization (WHO) testing guidelines indicate
that qualitative NAATSs can be used for both the detection of viremic HCV infection and
the assessment of treatment response (5). The WHO reports that >95% of those
individuals with chronic HCV infection have a virus load of >4.0 log,, IU/ml
(>10,000 1U/ml) (5); furthermore, the minority of individuals with lower virus loads
typically have HCV RNA levels of =3.0 log,, IU/ml (=1,000 IU/ml) (31, 32). Consistent
with these data, over the past 2 years (1 January 2017 to 1 January 2019) at our
institution, 95.3% (402/422) of samples submitted for HCV RNA quantitation with reflex
to HCV genotyping, primarily ordered for patients with chronic infection prior to
therapy initiation, had virus loads of =4.0 log,, IU/ml (=10,000IU/ml), and 97.6%
(412/422) had virus loads of =3.0 log,, IU/ml (=1,000 IU/ml). Of the patients with virus
loads <3.0 log,, IU/ml (<1,000IU/ml), three had recently completed direct-acting
antiviral therapy and two were immediately posttransplantation from an HCV™* donor.
Similarly, virus loads in nonresponders and those that relapse after therapy are also
=3.0 log,, IU/ml (=1,000IU/ml) (33, 34). Taken together, these data indicate that
Aptima HCV on DBSs provides adequate analytical performance to be used for both the
detection of viremic infection and therapeutic failure. Given the simple automated
Panther DBS workflow, DBS testing using Aptima HCV is a promising option to meet the
increased demand for HCV NAAT necessitated by the GHSS goal of eliminating viral
hepatitis as a public health threat by 2030.

Limitations of this study include the limited diversity of HCV genotypes observed in
this patient population, primarily genotypes 1a and 1b. Future studies will be necessary
to confirm the performance of Aptima HCV on DBSs in a larger cohort of viremic
patients with representation of all circulating HCV genotypes (35). Furthermore, future
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work would benefit from study designs that specifically select patients to evaluate
Aptima HCV on DBSs to identify active infections as part of an HCV diagnostic algorithm
and to identify virological failure in patients on DAAs.

In conclusion, we report the evaluation of Aptima HCV performed on the Panther
system. This assay demonstrated comparable performance to that of CAP/CTM on
serum specimens collected from a U.S. cohort. Furthermore, Aptima HCV showed
sufficient analytical and clinical performance on DBSs to be considered by the WHO as
a method to facilitate worldwide access to HCV RNA testing, particularly in areas where
infrastructure challenges prevent the timely delivery of other, more labile, specimen
types for virus load testing. In addition, the availability of Aptima tests for HIV-1 and
hepatitis B virus (HBV) is essential given the global burden of HCV coinfections with
these blood-borne viral pathogens (36-38). Serum and DBS testing using the Aptima
HCV Quant Dx assay and other Aptima assays on the Panther system may provide the
necessary performance and efficiency to contribute to the worldwide elimination of
viral hepatitis.
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