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Background: The availability of effective direct-acting antiviral therapy for hepatitis C virus (HCV) has led to a
need for simplified diagnostic pathways. Barriers to treatment uptake, specifically in people who inject drugs
and in remote and resource limited settings, may be overcome by utilizing novel collection methods, such as
dried blood spots (DBS). However, there are currently no registered assays for HCV RNA testing from DBS
samples.

Objectives: To evaluate the sensitivity and specificity of the Aptima HCV Dx Quant assay for HCV RNA detection
in DBS samples

Study design: 107 paired venepuncture and DBS samples from HCV antibody positive individuals were analyzed
for HCV RNA on the Aptima HCV Dx Quant and Roche CAP/CTM (gold standard) HCV assays.

Results: 78% (n=83) had detectable HCV RNA in plasma. Sensitivity of the Aptima assay for HCV RNA detection
in DBS was 96.4% (95% CI 89.8-99.3%) and specificity was 95.8% (95% CI 78.8-99.9%). Sensitivity for HCV
RNA detection in DBS using a quantitative threshold of =15 IU/mL in plasma was 95.1% (95% CI 88%-98.7%)
and specificity was 96.0% (95% CI 79.7%-99.9%). The sensitivity of HCV RNA detection in DBS using a
quantitative threshold of =1000 IU/mL (based on a clinically relevant threshold) was 100% (95% CI
95.3-100%) and specificity was 100% (95% CI 88.4-100%).

Conclusions: Our data indicates that the Aptima HCV Dx Quant can detect active HCV infection from a DBS
sample with good sensitivity and specificity, particularly when using a threshold of =1000 IU/mL.

1. Background

care [6,7]. Sampling involves the finger-stick collection of a capillary
whole-blood sample (50-100 pl, typically 70 pl), onto a filter paper.

Chronic hepatitis C virus (HCV) infection is a major public health
concern, with 71 million people infected worldwide [1]. Treatment
options have improved with the availability of interferon-free direct-
acting antiviral (DAA) therapies with cure in > 95% of people [2].
However, broadening the availability of DAA therapies will be vital in
achieving the WHO target of eliminating HCV as a major global public
health threat by 2030 [3]. One of the major challenges will be to ad-
dress the low rates of HCV testing and diagnosis [4].

Simplifying models of HCV care by reducing the number of visits
and time to result is necessary to increase HCV testing and treatment
uptake [5]. Alternative sampling and diagnostic options, such as dried
blood spots (DBS), have been shown to increase testing and linkage to

DBS samples allow for reflex viral testing, testing of other viral analytes
(such as HIV), they are easy to biobank and store, they have good
stability, and require no cold chain transport. DBS sampling also avoids
the need for venepuncture, which is a barrier to sample collection and
testing in settings where venepuncture is unavailable or presents a
major barrier to testing, such as among people who inject drugs, who
often have poor venous access [5,8].

The Aptima HCV Quant Dx assay (subsequently referred to as
Aptima) for the detection of HCV RNA uses real-time TMA technology
which has many advantages [9], such as integrated platform automa-
tion and random access with continuous sample and reagent loading. It
is CE-marked and has previously demonstrated similar performance to
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other platforms, such as the COBAS TagMan HCV2 assay or Abbott
RealTime HCV assay [9-12]. However, there is a gap in the literature
for evaluating the performance of HCV RNA assays on DBS samples.

HCV serological and nucleic acid testing from DBS samples has been
successfully performed within clinical trials, epidemiological surveil-
lance programs, screening programs and in limited clinical settings
[13-20]. However, there are currently no registered assays for HCV
RNA testing from DBS samples. As such, there is a growing need for
validated, standardized manufacturers protocols and registration of
HCV quantitative and qualitative molecular diagnostic assays with DBS
as a sample type [1].

2. Objectives

The main objective of this study was to evaluate the sensitivity and
specificity of the Aptima HCV Quant Dx assay for detection of HCV RNA
in DBS samples compared with plasma samples tested on the CAP/CTM
HCV assay as the gold standard.

3. Study design
3.1. Study participants

Samples were collected from patients =18 years of age with known
HCV infection. They were selected for this study if sufficient volume
was available from whole blood EDTA primary collection tubes; to
obtain paired EDTA plasma aliquots and a venous blood DBS card. This
study was reviewed and approved by the St Vincent’s Human Research
Ethics Committee (IRB/HREC) (LNR/14/SVH/359).

3.2. Methods

DBS specimens were prepared using 70 pl of EDTA whole blood per
circle, pipetted five times onto filter paper (Munktell, TNF paper [order
number 323046], Ahlstrom-Munks;jo, Helsinki, Finland). DBS were then
air dried in a biological safety cabinet for 24 h. Once dried, DBS were
stored in sealable gas impermeable bags (Fisherbrand™, Bitran™,
6x6inch, [order number 19240119], Thermofisher, Scoresby, VIC,
Australia) containing 2 desiccant packs (1gm Silica gel [order number
S$G23401], Desicco, Sydney, NSW, Australia), with each card separated
by wax paper (Glad™, Freezer Film Go Between, 15mx 33 cm [order
number 147,803 P], Coles, Glen Iris, VIC, Australia). DBS were then
subsequently batched and stored at —80 °C for up to 6 months prior to
testing, either immediately post-drying or left at room temperature for
the period described in the stability sub-study.

EDTA primary tubes containing whole blood were stored at
2°C-30°C for up to 24 h prior to processing the paired samples. EDTA
whole blood was centrifuged for 10 min at 1800 x g at 4 °C, and two
1 mL aliquots of plasma were stored in 2 mL cryovials (Nunc™, [order
number 374513], Thermofisher, Scoresby, VIC, Australia) at —80 °C for
a minimum of 12 h prior to testing for HCV RNA.

In a subset of patients, where EDTA plasma was available for
testing, HCV genotype was determined using the HCV amplification kit
2.0 with the Versant HCV genotype assay [21].

Prior to DBS testing, the following preparation was required. A 1-cm
disk was punched-out manually with a 1-cm hole punch (1/2”, [order
number 448], hankypankycrafts, Blue Earth, MN, USA) and placed into
a aliquot tube (specimen aliquot tube, [order number 503762],
Hologic, Inc. San Diego, California, United States) containing 1 mL of
sample transport media (Aptima Specimen Transfer Kit, [order number
301154C], Hologic, Inc. San Diego, California, United States). Tweezers
and 1l-cm hole punches were flame-sterilized between samples to
eliminate the risk of cross-contamination between samples. Specimen
tubes were then capped (Transport Tube Cap, [order number 504415],
Hologic, Inc. San Diego, California, United States) and placed on a
rocking platform (Medium Rocking Platform Mixer, [order number
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RPMS5], Australian Scientific Pty Ltd, Kotara, NSW, Australia) and in-
cubated at room temperature for 30 min before centrifugation for
10 min at 2000 rpm.

Plasma samples were tested with the Aptima assay on the Hologic
Panther instrument alongside the gold standard CAP/CTM HCV assay
on the Roche Cobas TagMan. Plasma and DBS samples (DBS tested on
Aptima only) were tested in singlicate following manufacturer’s in-
structions within the package inserts [22,23]. Run validity and in-
dividual sample validity was automatically determined by the assays’
software. The reported assays’ lower limit of quantification in plasma
samples is 10 IU/mL for Aptima and 15 IU/mL for CAP/CTM"; both
assays have a linear range of quantitation from the LOQ to “10® copies/
mL.

A small sub-study to examine HCV RNA stability and viability of
DBS when stored at room temperature was performed using the same
collection, off board processing and testing methodology described
above. DBS cards were stored for 1, 5, 15, 30 and 60 days at 22°C prior
to testing in duplicate on the Aptima assay.

3.3. Statistical analysis

To correct for haematocrit, all post run DBS HCV viral load results in
IU/mL and logl0 on the Aptima assay were multiplied by a plasma
conversion factor of 25.97. This calculation was undertaken to correct
for volumetric differences of plasma within whole blood and was based
on the following assumptions 45% haematocrit average in whole blood
(DBS), 70 ul DBS volume, 1000 ul ATM volume using the following
equation: volume of ATM (ul) / [DBS volume (ul), x (1 — haematocrit
average)] [24]. All testing was performed in singlicate and expressed as
logio transformed values in IU/mL. A midpoint between zero and the
lower limit of quantification (5 IU/mL or 0.7 Log10) for detectable but
unquantifiable HCV RNA below the lower limit of quantitation (LLOQ)
was applied and results were expressed as log;o transformed values in
IU/mL.

Statistical analysis included the assessment of diagnostic sensitivity
and specificity of the detection of HCV RNA from DBS on the Aptima
assay, compared to EDTA plasma (gold standard) on the CAP/CTM
assay using three thresholds in plasma: detectable HCV RNA, quanti-
fiable HCV RNA at > 10 IU/mL and quantifiable HCV RNA above
>1000 IU/mL.

To assess bias and agreement between plasma and DBS on the
Aptima assay, a Deming regression analysis (including Pearson’s cor-
relation coefficient R and statistical significance) was conducted to in-
clude all detectable (HCV RNA in plasma) samples. Additionally, a
Bland Altman analysis was performed for HCV RNA in both DBS and
plasma detectable samples. The midpoint between zero and the lower
limit of quantification (5 IU/mL or 0.7 Log10) was used for detectable
but unquantifiable HCV RNA, whereas those with undetectable HCV
RNA in plasma were excluded.

All analyses were performed using Stata 14.2 (StataCorp software,
LLC., College Station, Texas) and GraphPad Prism6 (GraphPad soft-
ware, Inc., San Diego, California).

4. Results

Samples from 116 HCV antibody positive patients were included in
this study, of which 107 had available specimen to perform both assays.
Genotype was available for 45 of 83 patients with detectable RNA, as
follows: HCV-1 (n = 2), HCV-1a (n = 17), HCV-1b (n = 12), HCV-2a/
2c¢ (n = 1), HCV-2b (n = 1) and HCV-3a (n = 12).

The sensitivity of the Aptima assay for HCV RNA detection in DBS
was 96.4% (95% CI 89.8-99.3%) and specificity was 95.8% (95% CI
78.9-99.9%) when compared to the CAP/CTM assay (Table 1). Sensi-
tivity for HCV RNA detection in DBS above a quantifiable threshold
(=15 IU/mL in plasma) was 95.1% (95% CI 88% to 98.7%) and spe-
cificity was 96.0% (95% CI 79.7% to 99.9%) (Table 2). The sensitivity
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Table 1
Detection of HCV RNA in DBS versus Plasma samples with detectable HCV RNA
from 107 anti-HCV positive patients”.
Plasma (CAP/CTM)

Not Detected Detected
Not Detected 23 3 26
(APTIMA)  Detected 1kl 80 81
Total 24 83 107

*Only 107 of the 116 patients had data in both sample types.
*#* 13 JU/mL DBS (equivalency to plasma)

Total

DBS

“Only 107 of the 116 patients had data in both sample types.
""13 IU/mL DBS (equivalency to plasma).

Table 2

HCV RNA detection in DBS (Aptima), in samples with known quantifiable and
unquantifiable HCV RNA plasma (CAP/CTM) (> 15IU/mL and 1000IU/mL
thresholds).

Plasma (CAP/CTM)

Not Detected/ Detected
DBS (APTIMA) Ungquantifiable 15 IU/mL Total
Not Detected/ Unquantifiable 27 2 29
Detected 1* 77 78
Total 28 79 107
Not Detected/ Detected Total
Unquantifiable >1000 1U/mL o
Not Detected/ Unquantifiable 30 0 30
Detected 0 77 77
Total 30 77 107

*Detectable >LLOQ (>10IU/mL) in Aptima
“Detectable > LLOQ (> 10IU/mL) in Aptima.

of HCV RNA detection =1000 IU/mL in DBS (based on a clinically
relevant threshold obtained from EASL guidelines) was 100% (95% CI
95.3-100%) and specificity was 100% (95% CI 88.4-100%) (Table 2).
A similar sensitivity and specificity of the Aptima assay for HCV RNA
detection in DBS compared to Aptima HCV RNA detection in plasma
was observed across all three of the above thresholds (Supplementary
Tables 1-2).

CAP/CTM assay results in plasma were in agreement for 102/107
(95.3%) with Aptima DBS (23 undetectable, 80 detectable) (Table 1).
Three samples were ‘undetectable’ in DBS and were detectable at very
low HCV RNA concentrations in plasma (27 IU/mL, 22 IU/mL, 20 IU/
mL); one DBS sample was detectable, but below the LLOQ, while the
paired plasma sample result was quantified at 33 IU/ mL and one DBS
sample was detectable (13 IU/mL) while the paired plasma sample
result was ‘undetectable’.

Correlation between paired plasma and DBS tested on the Aptima
HCV Dx Quant assay (HCV RNA detectable in plasma (n = 86)) was
assessed using Deming regression analysis (Fig. 1). This demonstrated a
strong, positive correlation (R? = 0.929) that was stastically significant
(p < 0.001). Bland-Altman plot analysis (Fig. 2) showed a bias of
+0.51 log;o between plasma and DBS HCV RNA concentrations
(n = 86). The limits of agreement indicate that 95% of the difference
between plasma and DBS on the Aptima are between -0.48 and 1.50
log1o. Both Deming and Bland-Altman anlysis showed that HCV RNA
tended to be higher in plasma than DBS for samples with HCV RNA
above 4.5 log;o IU/mL. Importantly, HCV RNA in DBS could be quan-
titated as low as 525 IU/mL (2.72 log;o IU/mL), with agreement be-
tween sample types.

Stability of DBS over the 60-day time points was encouraging, with
a maximum of 0.1 log;p IU/mL degradation from the day 1 value
(Supplementary Fig. 1 and Supplementary Table 3).
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Fig. 1. Deming correlation analysis between paired samples (detectable HCV
RNA in plasma) with the Aptima HCV Dx Quant assay (n = 86), Y = 0.9228*X -
0.07554: R? = 0.929; the diagonal line represents identical results.
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Fig. 2. Bland-Altman analysis to show bias and agreement for HCV RNA de-
tection in plasma samples compared with DBS samples on the Aptima assay,
using Bland-Altman Bias plots; the dashed line represents bias (0.508 log;o IU/
mL); the two dotted lines represent the 95% limit of agreement (-0.482 to
1.499).

5. Discussion

This study evaluated the sensitivity and specificity of the Aptima
HCV Dx assay for HCV RNA detection from spotted whole blood DBS
samples compared with the CAP/CTM and Aptima HCV Dx assay in
plasma using HCV antibody positive remnant diagnostic samples. A
high degree of correlation and diagnostic accuracy was observed in
HCV RNA detection in DBS compared to plasma (venepuncture),
especially when considering the clinically relevant threshold proposed
by EASL [25]. This is one of the first studies to compare the Aptima
HCV dx assay in DBS and plasma samples. Finger-stick DBS sample
collection and HCV RNA testing using the Aptima assay provides an
opportunity for simplified diagnostic strategies to increase testing up-
take particularly in settings where venepuncture is a barrier to testing.
These findings provide support for further evaluation of the ‘real-world’
performance of DBS collection to enhance HCV testing, linkage to care,
and treatment by simplifying sample collection.

The sensitivity and specificity of the Aptima for HCV RNA detection
in DBS when compared to the CAP/CTM (‘gold standard’) was 96.4%
and 95.8% respectively, consistent with similar studies evaluating au-
tomated PCR and TMA methods, where sensitivity ranged between
90-98% and specificity was reported as 100% [26-29]. In this study,
the false negatives (n = 3) and false positive (n = 1) occurred at the
lower assay range (< 33 IU/mL (false negatives) and below the CAP/
CTM < LLOQ (false positive). The false negatives could be attributed
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to hematocrit correction as 33IU/mL in plasma is equivalent to 1.3 IU/
mL in DBS (33/25.97) which falls below the limit of detection. En-
couragingly, the sensitivity and specificity increased to 100% when a
clinically relevant threshold of 1000 IU/mL was used based on gui-
dance for the minimum detectable threshold for HCV RNA detection
proposed in the 2018 EASL recommendations [25]. Furthermore, ex-
cellent agreement and a strong correlation (R* = 0.929, p < 0.0001)
was observed between both plasma and DBS when analyzed using the
Aptima assay with a small bias of 0.51 log;o towards plasma.

To our knowledge, this is the first published study to demonstrate
that DBS collection and testing on the Aptima assay may be acceptable
for implementing into simplified testing pathways for healthcare set-
tings where venepuncture is difficult or impossible. Further, DBS en-
ables the flexibility for testing algorithms which include HCV RNA
testing alone (for determination of active infection) or HCV antibody
testing followed by HCV RNA testing. The decision as to which testing
algorithm to use will depend on the test price and the prevalence of
HCV infection in the population, which will determine which strategy
will be more cost-effective.

Clinical use of DBS described in published literature is limited and
regulatory requirements vary from country to country, adding to the
need for validated, standardized manufacturers protocols and regis-
tration of HCV quantitative and qualitative molecular diagnostic assays
with DBS as a sample type [30]. Further work is urgently needed to
have DBS product monograms for in-vitro medical diagnostic devices
(outside of research only setting) recognised and approved by reg-
ulatory authorities to allow for clinical implementation [28].

There are some limitations to this study, firstly the remnant DBS
samples were manufactured in the laboratory by spotting standard of
care HCV antibody positive venous whole blood from clinical samples
onto filter paper rather than patient collected fingerstick. As such,
limited demographic information was available and information on
injecting drug use risks were unavailable (e.g. injecting drug use). The
sample set was also small and heavily biased (anti — HCV positive), with
high HCV RNA detection (80%) and concentration (average viral load
6.04 log1o IU/mL) and genotype was only determined for 45 of the 83
patients with detectable RNA due to sample insufficiency and was re-
stricted to genotypes 1-3. Finally, to replicate ‘real-world’ testing sce-
narios, further evaluations with larger sample sizes and fingerstick ca-
pillary DBS are required to assess analytical sensitivity and specificity in
relevant cohorts (including people who inject drugs), especially at
lower HCV RNA concentrations and with genotypes 4-6.

In summary, our data indicates that the Aptima HCV Dx Quant can
detect active HCV infection from a DBS sample with good sensitivity
and specificity, particularly when using a clinically relevant threshold
of 1000 IU/mL. However, further evaluation of ‘real-world’ perfor-
mance is required to assist the manufacturer to seek regulatory ap-
proval for a DBS package insert claim. This could then offer a simplified
diagnostic solution to identify individuals with chronic HCV in decen-
tralized health settings and link them into care.
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