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Summary

BACKGROUND: For patients with difficult venous access 
after long-term intravenous drug use, rapid point-of-care 
hepatitis C virus (HCV) RNA quantification in capillary 
whole blood with the Xpert® HCV Viral Load Fingerstick 
(VL FS) test (60 minutes) is a convenient and reliable 
method for diagnosing chronic HCV infection, monitoring 
treatment and detecting reinfection. However, an expen-
sive GeneXpert® system must be available on site. In de-
centralised settings with a low case-load, dried blood spot 
(DBS) testing might be an alternative.

METHODS: Between December 2019 and January 2021, 
patients with an indication for HCV RNA quantification and 
informed consent provided 100 µl capillary whole blood 
each for on-site Xpert® HCV VL FS testing (reference) and 
DBS testing in the laboratory. For the latter, 100 µl blood, 
collected with an EDTA Minivette®, were transferred to a 
Whatman® 903 filter card. After drying for at least 1 hour, 
the DBS sample was packed into a sealable plastic bag 
with desiccant and sent to the central laboratory of our 
hospital, where it was stored at –20°C. For HCV RNA ex-
traction, the whole DBS was cut out with an 18-mm punch-
er and transferred into 1.3 ml guanidinium thiocyanate-
containing buffer (provided by Cepheid®). After mixing and 
incubating at room temperature for 2–3 hours, 1 ml su-
pernatant was analysed with the Xpert® HCV VL test (105 
minutes) (filter paper absorbs 0.3 ml).

RESULTS: Of 109 paired samples from 67 patients, 38 
(34.9%) were positive with the Xpert® HCV VL FS test. 
Sensitivity and specificity of DBS testing were 89.5% (34/ 
38; 95% confidence interval [CI] 75.9–95.8%) and 97.2%
(69/71; 95% CI 90.3–99.2%), respectively. The six (5.5%) 
discordant results (four false negative, two false positive) 
all were observed in samples with HCV RNA detectable 
below the limit of quantification after 2–8 weeks of pan-
genotypic direct-acting antiviral treatment or 5 weeks after 
acute hepatitis C in a patient clearing HCV spontaneously. 
Quantifiable results (n = 30; 16 genotype 1, 7 genotype 3,

4 genotype 4, 1 genotype 1a and 3a, 2 unknown; HCV
RNA range: 2.74–6.66 log IU/ml) correlated well (R2 =
0.981). On average, uncorrected DBS test results were
1.30 ± 0.14 log IU/ml lower than Xpert® HCV VL FS test
results (~42 μl instead of the expected 1000 μl plasma
used). Storage of DBS samples at room temperature for
7 days before freezing reduced HCV RNA by 0.29 ± 0.12
log IU/ml.

CONCLUSION: HCV RNA can reliably be quantified with
the Xpert® HCV VL test in capillary dried blood spot sam-
ples. Thus, access to capillary HCV RNA quantification for
diagnosing chronic HCV infection, monitoring treatment
and detecting reinfection can be extended to decentralised
settings with a low case load.

Introduction

To achieve the World Health Organization (WHO) goal
“Hepatitis C elimination by 2030”, 90% of chronic he-
patitis C patients must be diagnosed and 80% treated [1].
With the well-tolerated pangenotypic direct-acting antivi-
rals (DAAs) sofosbuvir/velpatasvir and glecaprevir/pi-
brentasvir [2–4], treatment duration decreased to 8–12
weeks, treatment success increased to 95–100% and geno-
typing became dispensable [5].

Since 2017, patients with chronic hepatitis C in Switzer-
land can be treated with DAAs irrespective of liver fibrosis
stage [6, 7]. Between 1 May 2017 and 1 May 2019, he-
patitis C virus (HCV) treatment uptake in the Swiss As-
sociation for the Medical Management in Substance Users
(SAMMSU) cohort has increased from 62% to 80% [8].
However, only patients diagnosed by HCV anti-
body screening, further evaluated with HCV RNA poly-
merase chain reaction (PCR) testing and linked to care will
eventually receive treatment. In 2017, it was estimated that
of presumably 39,500 people with viraemic HCV infection
in Switzerland, only 24,400 (62%) were diagnosed [9, 10].

Diagnostic gaps in the HCV cascade have been described
all over the world [11–15], particularly for the high-preva-
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lence population of people who inject drugs with often
difficult venous access. Capillary tests are well accepted
and potentially increase screening uptake [16, 17]. Reli-
able rapid HCV antibody tests using capillary whole blood
or saliva are already available [18], but there is still need
for optimising viraemia detection [19].

We recently showed that for patients with difficult venous
access after long-term intravenous drug use, rapid point-
of-care HCV RNA quantification in capillary whole blood
with the Xpert® HCV Viral Load Fingerstick (VL FS)
test (approved in September 2018; specifically developed
for 100 µl whole blood; limit of detection [LOD] 40 IU/
ml; limit of quantification [LOQ] 100 IU/ml; 60 minutes)
[20] is a convenient and reliable method for diagnosing
chronic HCV infection, monitoring treatment and detect-
ing reinfection [21]. For this, however, an expensive Gen-
eXpert® system must be available on site, restricting this
method to centralised settings. In decentralised settings
with a low case-load, such as family practitioners or phar-
macies, dried blood spot (DBS) testing might be an al-
ternative [22–24]. In a recently published study with 170
participants (120 chronically HCV infected, 50 HCV an-
tibody negative), Wlassow et al. showed that the Xpert®

HCV VL test (for 1 ml plasma or serum; LOD 4 IU/ml for
plasma, 6.1 IU/ml for serum; LOQ 10 IU/ml; 105 minutes)
[25–27] is able to accurately detect and quantify HCV
RNA regardless of the HCV genotype in 50 µl venous
whole blood collected in an EDTA tube and spotted onto
a filter paper card (DBS technique) [28]. Sensitivity was
100% (119/119, 95% confidence interval [CI] 96.9–100%)
and specificity 90% (45/50, 95% CI 78.6–95.6%). On av-
erage, HCV RNA levels in whole blood were 1.93 ± 0.38
log IU/ml lower than in serum, which can be explained by
the lower volume used (50 µl whole-blood eluted from a
DBS versus 1000 µl serum).

The aim of our prospective study was to evaluate the di-
agnostic accuracy of HCV RNA quantification in a capil-
lary dried blood spot (DBS) with the Xpert® HCV Viral
Load test for diagnosing chronic HCV infection, monitor-
ing treatment and detecting reinfection using the Xpert®

HCV Viral Load Fingerstick test, also with 100 µl capil-
lary whole blood, as the reference test. To assess the fea-
sibility of sending DBS samples by regular mail, we also
investigated HCV RNA stability in DBSs stored at room
temperature for 7 days.

Materials and methods

Ethical considerations

The study was approved by the cantonal ethical committee
(AG/SO 2012/091; PB_2016-02058). All participants gave
written informed consent.

Study design and participants/samples

For this prospective study, conducted between December
2019 and January 2021, patients were recruited from both
the Infectious Diseases Outpatient Clinic of the Cantonal
Hospital Aarau, a tertiary care hospital in Switzerland,
and from the heroin substitution programme of the canton
Aargau in Brugg, which was visited by an infectious dis-
ease specialist and a study nurse every 4 weeks with the

GeneXpert® of the Infectious Diseases Outpatient Clinic
in the framework of an HCV elimination programme run-
ning since September 2018. Adults with an indication for
HCV RNA quantification and written informed consent
provided 100 µl capillary whole blood each for Xpert®

HCV VL FS testing (reference) and Xpert® HCV VL test-
ing in DBS. To evaluate suitability of the Xpert® HCV
VL test in DBS for HCV treatment monitoring, specimens
were collected during treatment, at the end-of-treatment
(EOT) and 12 weeks thereafter (sustained virological re-
sponse [SVR]).

Capillary blood draw

After fingerstick with a blue BD Microtainer® contact-ac-
tivated lancet (2.0 x 1.5 mm blade for high flow, enabling
single puncture collection of 500 µl) (Becton Dickinson
AG, Basel, Switzerland), the first 100 µl blood, collect-
ed with a 100 µµl EDTA Minivette® (Minivette® POCT
100 µl EDTA; Sarstedt, Nümbrecht, Germany), were trans-
ferred to the first circle of a Whatman® 903 filter card
(WHA10531018, Sigma-Aldrich, Taufkirchen, Germany).
Since each of the five circles of the filter card are intended
for 75–80 µl blood, the blood spot extends 1–2 mm beyond
the circle. In order to have a back-up sample in case of
an error, another 100 µl blood was transferred with a sec-
ond 100 µl EDTA Minivette® to the third circle of the
filter card. One circle was left empty in between to prevent
merging of the two blood spots. Finally, a third 100 µl
EDTA Minivette® was completely filled and the blood di-
rectly used for on-site Xpert® HCV VL FS testing. After
drying (at least 1 hour), the filter card was packed into
a sealable plastic bag (WHA10548232, Sigma-Aldrich,
Taufkirchen, Germany) with desiccant (WHA10548239,
Sigma-Aldrich, Taufkirchen, Germany) and sent to the
central laboratory of our hospital, where it was stored
at –20°C. The filter cards were either sent by tube mail
from within the hospital or by priority mail from outside,
or personally brought to the laboratory (transport by pri-
vate car or train). To calculate the time to laboratory and
the time to measurement, the following times were doc-
umented: capillary blood draw, arrival of the filter card
in the laboratory and HCV RNA measurement with the
Xpert® HCV VL test.

Index test: HCV RNA quantification in capillary DBS
samples with the Xpert® HCV Viral Load test

For HCV RNA extraction, the whole DBS (equivalent to
100 µl capillary whole-blood) was cut out with an 18-mm-
puncher (disinfected with 70% ethanol between two sam-
ples to avoid cross-contamination) and transferred into
1.3 ml guanidinium thiocyanate-containing buffer provid-
ed by Cepheid®. After mixing (vortexing for 10–20 sec-
onds) and incubating at room temperature for 2–3 hours,
1 ml supernatant was measured with the Xpert® HCV
VL test (GXHCV-VL-CE-10; Cepheid, Sunnyvale, CA,
USA), approved for 1 ml plasma (LOQ 10 IU/ml, LOD 4.0
IU/ml [95% CI 2.8–5.2], result within 105 min).

Assuming an average haematocrit of 45%, 100 µl
whole blood contains ~55 µl plasma. Since only 77%
(1 ml / 1.3 ml) of the added volume is transferred into the
Xpert® HCV VL cartridge (0.3 ml absorbed by the filter
paper), the effectively measured plasma volume is further
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reduced to ~42 µl which is ~24-fold less than the 1 ml
for which the cartridge is approved. Thus, DBS results
were expected to be 1.37 log IU/ml lower than for 1 ml
plasma (correction formula: –log10(55 µl / 1000 µl ×
1 ml / 1.3ml) = –log10 (0.055 × 0.77) = +1.37 log IU/
ml). Xpert® HCV VL testing was done on a GeneXpert®

with four modules (GXIV-4-L System; Cepheid Sunny-
vale, CA, USA) in the central laboratory.

Reference test: Xpert® HCV VL FS test

One hundred microlitres capillary whole blood collected
with a 100 µl EDTA Minivette® after a fingerstick were
immediately transferred into an Xpert® HCV VL FS car-
tridge (GXHCV-FS-CE-10; Cepheid, Sunnyvale, CA,
USA) (approved for 100 µl capillary whole blood; LOQ
100 IU/ml, LOD 40 IU/ml; result within 60 minutes) and
measured in another GeneXpert® with four modules,
which was situated either in the Infectious Diseases Out-
patient Clinic or the heroin substitution programme (point-
of-care-test [POCT]). A more detailed description can be
found in a previous publication [21].

Stability analysis

To explore how delayed freezing due to longer transport
by mail (e.g., at Easter) would affect HCV RNA levels in a
DBS, two separate filter cards were collected from selected
patients. Each was separately packed into a sealable plas-
tic bag with desiccant. Upon arrival in the laboratory, one
filter card was immediately stored at –20°C (within 48 h
after the capillary blood draw), and the other was kept at
room temperature (21°C) for 7 days prior to freezing. In
one case, the second filter card remained at room temper-
ature for 9 days and in another even for 12 days. The two
differently stored DBS samples of each patient were mea-
sured in parallel and the decrease in HCV RNA level was
calculated.

HCV genotyping

HCV genotypes were analysed with the VERSANT® HCV
Genotype 2.0 Assay (LiPA) (Siemens, Zurich, Switzer-
land), detecting 6 genotypes and 19 subtypes.

Statistical analysis

The following measures of diagnostic accuracy were as-
sessed: sensitivity (proportion of HCV RNA positive sam-
ples correctly identified by the Xpert® HCV VL test in a
DBS), specificity (proportion of HCV RNA negative sam-
ples correctly identified by the Xpert® HCV VL test in a
DBS), positive predictive value (proportion of individuals
with a positive Xpert® HCV VL test in a DBS actually
being HCV RNA positive), negative predictive value (pro-
portion of individuals with a negative Xpert® HCV VL test
in a DBS actually being HCV RNA negative) and the pro-
portion with concordant qualitative results. Cure of chronic
hepatitis C is currently defined as “HCV RNA not de-
tectable 12 weeks after the end of treatment” (SVR12).
Thus, for the sensitivity/specificity analysis, we considered
only qualitative results (detectable or not). “Detectable be-
low 100 IU/ml” (Xpert® HCV VL FS test) and “Detectable
below 10 IU/ml” (Xpert® HCV VL test) counted as pos-
itive results. We also determined diagnostic accuracy ac-

cording to the following indications: pre-treatment base-
line, on-treatment follow-up, EOT, SVR, screening for
reinfection, differentiation between spontaneous clearance
and chronic hepatitis C, screening for acute infection.

Paired samples with quantifiable results in both tests un-
derwent correlation analysis. A squared correlation coeffi-
cient (R2) and a fitted regression line were calculated over-
all and stratified by HCV genotype.

For paired quantifiable results, Bland-Altman plots were
produced. We plotted the difference between the Xpert®

HCV VL FS and the respective Xpert® HCV VL result in
DBS against their average, with and without correction for
the smaller plasma volume used.

Statistical analyses were performed with Stata Version
12.0 and OpenEpi (www.openepi.com).

Results

Patient/sample characteristics

Between December 2019 and January 2021, 109 paired
samples were available from 67 patients; 58% (39) of the
patients and 70% (76) of the samples came from the In-
fectious Diseases Outpatient Clinic with 42% being
HCV RNA positive. The remaining 33 paired samples,
with 18% HCV RNA positive, were derived from 28 pa-
tients of the heroin substitution programme.

Patient and sample characteristics are described in table
1: 73% of the patients were male, 91% had ever used in-
travenous drugs, 82% were on opioid agonist therapy, all
but one were HCV antibody positive and 10% co-infect-
ed with human immunodeficiency virus (HIV) and HCV.
The median age was 45 years. One third of the patients
had more than one paired sample (up to five per patient).
HCV genotype 1 was the most frequent, followed by geno-
type 3 and 4. On average, same-day haematocrit was 2.8%
higher in men than in women.

Qualitative performance / diagnostic accuracy

With the Xpert® HCV VL FS test using 100 µl capillary
whole blood (reference test), 34.9% (95% CI 26.6–44.2%)
of the samples were HCV RNA positive. Compared with
this reference test, HCV RNA detection with the Xpert®

HCV VL test in a DBS of 100 µl capillary whole blood
had a sensitivity of 89.5% (95% CI 75.9–95.8%) and a
specificity of 97.2% (95% CI 90.3–99.2%), a positive pre-
dictive value of 94.4% (95% CI 81.9–98.5%) and a nega-
tive predictive value of 94.5% (95% CI 86.7–97.9%). The
proportion with concordant qualitative results was 94.5%
(95% CI 88.5–97.5%) (tables 2 and 3).

For all four false negative results, the Xpert® HCV VL
FS result was “HCV detected <100 IU/ml”. Three samples
had been collected 2–4 weeks after DAA treatment initia-
tion and one 5 weeks after the diagnosis of an acute hepati-
tis C in a patient with spontaneous clearance.

For both false positive results collected 4 and 8 weeks after
DAA treatment initiation, the Xpert® HCV VL result in
DBS was “HCV detected <10 IU/ml”. In the first patient,
the undetectable Xpert® HCV VL FS result was confirmed
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by a Cobas® test in 650 µl venous EDTA plasma from the
same day.

Quantitative performance

Thirty samples (53.3%, n = 16, genotype 1; 23.3%, n = 7
genotype 3; 13.3%, n = 4, genotype 4; 3.3%, n = 1, geno-
type 1a and 3a; 6.7%, n = 2, genotype unknown) with
quantifiable results in both tests underwent correlation
analysis. The HCV RNA range with the Xpert® HCV VL
FS test was 553–4,540,000 IU/ml, 2.74–6.66 log IU/ml;
the HCV range with the Xpert® HCV VL test in DBS was
30–344,000 IU/ml, 1.48–5.54 log IU/ml, for the raw data
and 708–8,128,305 IU/ml, 2.85–6.91 log IU/ml, after cor-
rection for the smaller plasma volume.

Xpert® HCV VL FS results and Xpert® HCV VL results in
DBS were highly correlated (R2 = 0.9811) irrespective of
HCV-genotype (fig. 1). The equation for the fitted regres-
sion line was:

Xpert® HCV VL in DBS (corrected for the smaller plasma
volume) (log IU/ml) = 1.0314 × Xpert® HCV VL FS (log
IU/ml) – 0.0996

On average, uncorrected Xpert® HCV VL results in DBS
were 1.30 ± 0.14 log IU/ml lower (range 1.03–1.59) than
the corresponding Xpert® HCV VL FS result. The Bland-
Altman plot (supplementary fig. S1 in the appendix)
showed an average bias of 1.30 (95% CI 1.25–1.35). The
95% limits of agreement were 1.02 to 1.58. After cor-
rection for the smaller plasma volume, corrected Xpert®

HCV VL results in DBS were on average 0.07 ± 0.14 log
IU/ml higher (range –0.22 to 0.34) than the corresponding
Xpert® HCV VL FS result. The Bland-Altman plot (sup-
plementary fig. S2) showed an average bias of –0.08 (95%
CI –0.13 to –0.02). The 95% limits of agreement
were –0.35 to 0.20.

Table 1:
Patient/sample characteristics.

Patients characteristics (n = 67)

Male 73.1% (49)

Median age (years) (IQR) 44.7 (36.0–51.3)

Ever intravenous drug use 91.0% (61)

On opioid agonist therapy 82.1% (55)

HCV antibody positive 98.5% (66)

HIV/HCV co-infected1 10.4% (7)

HIV mono-infected1 1.5% (1)

Proportion of patients with:

– One test 65.7% (44)

– Two tests 17.9% (12)

– Three tests 6.0% (4)

– Four tests 9.0% (6)

– Five tests 1.5% (1)

Sample characteristics (n = 109)

HCV RNA positive with Xpert® HCV VL FS test 34.9% (38)

HCV genotype distribution among the HCV RNA positives (n = 38):

– HCV genotype 1 50.0% (19)

– HCV genotype 3 23.7% (9)

– HCV genotype 4 15.8% (6)

– HCV genotype 1 and 3 2.6% (1)

– HCV genotype unknown 7.9% (3)

Mean same-day haematocrit (%) (± SD) 41.6 ± 4.4 (n = 39)

– Men 42.9 ± 3.1 (n = 21)

– Women 40.1 ± 5.2 (n = 18)

– Mean difference (men – women) 2.8 (95% CI 0.1–5.5)

1 HIV-infected people were under antiretroviral treatment and virologically suppressed

HCV: hepatitis C virus; VL: viral load: FS: fingerstick; IQR: interquartile range; HIV: human immunodeficiency virus; SD: standard deviation

Table 2:
Qualitative performance / diagnostic accuracy of the Xpert® HCV Viral Load (VL) test in capillary dried blood spots (100 µl capillary whole blood).

Xpert® HCV VL FS, (100 µl capillary whole blood) (Reference test)

Detected Not detected Total

Xpert® HCV VL in capillary dried blood spot, (100 µl capillary whole blood) Detected 34 2a 36

Not detected 4b 69 73

Total 38 71 109

Xpert® HCV Viral Load test: limit of detection for 1 ml plasma: 4 IU/ml

Xpert® HCV Viral Load Fingerstick test: limit of detection for 100 µl whole blood: 40 IU/ml
a Xpert® HCV VL in capillary dried blood spot: detected <10 IU/ml; Patient 1: direct-acting antiviral (DAA) treatment week 4 (HCV genotype 1a), Cobas® with 650 µl venous ED-
TA plasma: undetectable (<15 IU/ml); Patient 2: DAA treatment week 8 (HCV genotype 4)
b Xpert® HCV VL FS (100 µl capillary whole blood): detected <100 IU/ml; Patient 1: DAA treatment week 2 (HCV genotype 1a); Patient 2: DAA treatment week 3 (HCV genotype
1a); Patient 3: DAA treatment week 4 (HCV genotype 3); Patient 4: spontaneous clearance, week 5 after diagnosis of acute hepatitis C
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Detectable below the LOQ

Seven Xpert® HCV VL FS results were “detectable below
the LOQ” (100 IU/ml, 2.0 log IU/ml). Six of the seven
samples were collected 2–4 weeks after DAA treatment
initiation and one 5 weeks after the diagnosis of acute he-
patitis C in a patient with spontaneous clearance. Four
were undetectable with the Xpert® HCV VL-test in DBS
(false negative) and three “detectable below the LOQ” (10
IU/ml, 1.0 log IU/ml).

On the other hand, six Xpert® HCV VL tests in DBS were
“detectable below the LOQ” (10 IU/ml, 1.0 log IU/ml). All
six samples were collected 2–8 weeks after DAA treatment
initiation. Two were undetectable with the Xpert® HCV
VL FS test (false positive), three were “detectable below
the LOQ” (100 IU/ml, 2.0 log IU/ml) and one had a quan-
tifiable result, i.e. 157 IU/ml = 2.2 log IU/ml.

Performance according to indication

Table 3 shows test performance according to
HCV RNA indication. Seventy-three percent (80/109) of
all tests were off-treatment (pre-treatment baseline, SVR,
screening for acute infection/reinfection, differentiation
between spontaneous clearance [SC] and chronic hepatitis

Figure 1: Quantitative performance of the Xpert® HCV Viral Load
(VL) test in dried blood spot (DBS) produced with 100 µl capillary
whole blood. Correlation of quantifiable HCV RNA results (log IU/
ml) with the reference test Xpert® HCV Viral Load Fingerstick (VL
FS), overall and according to genotype (Gt).

C). Off-treatment, the only discrepancy was a false nega-
tive result in a patient with spontaneous clearance 5 weeks
after the diagnosis of an acute hepatitis C. Accordingly,
concordance, sensitivity and specificity were 98.8% (79/
80, 95% CI 93.3–99.8%), 96.7% (29/30, 95% CI
83.3–99.4%) and 100% (50/50, 95% CI 92.9–100%), re-
spectively. With a prevalence of 37.5% (30/80), positive
and negative predictive values were 100% (29/29, 95% CI
88.3–100%) and 98.0% (50/51, 95% CI 89.7–99.7%), re-
spectively.

Twenty-seven percent (29/109) of all tests were on-treat-
ment (on-treatment follow-up [weeks 1–8] or EOT). Due
to three false negative Xpert® HCV VL tests in DBS sam-
ples collected in treatment weeks 2, 3 and 4, sensitivity
and negative predictive value were reduced to 62.5% (5/
8, 95% CI 30.6–86.3%) and 86.4% (19/22, 95% CI
66.7–95.3%), respectively. Due to two false positive
Xpert® HCV VL tests in DBS collected in treatment weeks
4 and 8, specificity and positive predictive value declined
to 90.5% (19/21, 95% CI,: 71.1–97.4) and 71.4% (5/7,
95% CI 35.9–91.8), respectively.

HCV RNA monitoring prior to and during DAA treat-
ment

Figure 2 shows the HCV RNA course in eight exemplary
patients. HCV RNA levels were measured in parallel with
the Xpert® HCV VL FS test and the Xpert® HCV VL test
in DBS samples prior to, during and after DAA treatment
as well as during spontaneous clearance. Additionally,
available HCV RNA measurements with the Cobas® assay
are also displayed.

Irrespective of genotype and DAA regimen used, there was
a sharp HCV RNA decline during the first 2–4 weeks of
treatment towards “undetectable” or a value near the limit
of quantification (fig. 2a–c). The same was true in a patient
with spontaneous clearance 5 weeks after the diagnosis of
an acute hepatitis C (fig 2d).

In most patients, the HCV RNA level was relatively stable
prior to treatment (fig. 2a–c). In one patient with an
HCV RNA fluctuation of ≥1 log IU/ml, the Xpert® HCV
VL FS test, the Xpert® HCV VL test in a DBS stored
at –20°C within 48 hours after the capillary blood draw and
the Xpert® HCV VL test in a DBS exposed to room tem-
perature for 7 days prior to storage at –20°C showed a par-
allel course (fig. 2d).

Table 3:
Performance according to indication (Xpert® HCV Viral Load (VL) test in dried blood spots).

Xpert® HCV VL-test in DBS produced with 100 µl capillary whole blood (n = 109)

Indication % of tests (n) Prevalence (%) Concordance (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Pre-treatment baseline 21.1 (23) 100 (23/23) 100 (23/23) 100 (23/23) – 100 (23/23) –

On-treatment follow-up (weeks 1–8) 15.6 (17) 47.1 (8/17) 70.6 (12/17) 62.5 (5/8) 77.8 (7/9) 71.4 (5/7) 70.0 (7/10)

EOT 11.0 (12) 0 (0/12) 100 (12/12) – 100 (12/12) – 100 (12/12)

SVR 12.8 (14) 0 (0/14) 100 (14/14) – 100 (14/14) – 100 (14/14)

Reinfection? 30.3 (33) 0 (0/33) 100 (33/33) – 100 (33/33) – 100 (33/33)

SC or chronic hepatitis C? 8.3 (9) 77.8 (7/9) 88.9 (8/9) 85.7 (6/7) 100 (2/2) 100 (6/6) 66.7 (2/3)

Acute infection? 1.0 (1) 0 (0/1) 100 (1/1) – 100 (1/1) – 100 (1/1)

All 100 (109) 34.9 (38/109) 94.5 (103/109) 89.5 (34/38) 97.2 (69/71) 94.4 (34/36) 94.5 (69/73)

PPV: positive predictive value; NPV: negative predictive value; EOT: end of treatment; SVR: sustained virological response: SC: spontaneous clearance
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Figure 2: HCV RNA course in eight exemplary patients with different genotypes: prior to, during and after direct-acting antiviral (DAA) treat-
ment as well as during untreated acute and chronic infection. Fingerstick = Xpert® HCV Viral Load Fingerstick-test (limit of quantification 100
IU/ml, 2.0 log IU/ml); DBS = Xpert® HCV Viral Load test (limit of quantification 10 IU/ml, 1.0 log IU/ml) in DBS samples produced with 100 µl
capillary whole-blood and stored at –20°C within 48 hours after capillary blood draw (uncorrected result); DBS_7d-RT = Xpert® HCV Viral
Load test in DBS samples produced with 100 µl capillary whole blood and exposed to room temperature for 7 days prior to storage at –20°C
(uncorrected result); Cobas = Cobas® assay with 650 µl venous plasma (limit of quantification 15 IU/ml, 1.2 log IU/ml); prior = prior to
HCV treatment; week 2, week 3, week 4, week 8 = respective weeks under HCV treatment; EOT (8) = end of treatment (week 8); EOT (12) =
end of treatment (week 12); SVR = sustained virological response; 0 = HCV RNA not detectable; first diagnosis = first diagnosis of acute he-
patitis C; week 5, week 12 = respective week after diagnosis of acute hepatitis C. For unquantifiable positive Xpert® HCV Viral Load Finger-
stick test results (i.e., “detectable below the limit of quantification of 100 IU/ml, 2.0 log IU/ml”), the mid-point between zero and the lower limit
of quantification was used (i.e., 50 IU/ml, 1.70 log IU/ml). For unquantifiable positive Xpert® HCV Viral Load test results (i.e., “detectable below
the limit of quantification of 10 IU/ml, 1.0 log IU/ml”), the mid-point between zero and the lower limit of quantification was used (i.e., 5 IU/ml,
0.70 log IU/ml).
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HCV RNA stability in DBS samples at room tempera-
ture

To assess HCV RNA stability, 33 paired DBS samples of
19 different patients were analysed (up to 5 paired samples/
patient). Of each sample pair, one was stored at –20°C
within 48 hours, and the other remained at room tempera-
ture for 7 (n = 31), 9 (n = 1) or 12 days (n = 1) prior to stor-
age at 20°C. After 7 days at room temperature, the aver-
age HCV RNA decrease was 0.29 ± 0.12 log IU/ml (range
0.05–0.49; n = 18). It was similar for genotype 1 (0.30 ±
0.11 log IU/ml, range 0.16–0.47; n = 10), genotype 3 (0.29
± 0.14 log IU/ml, range 0.08–0.40; n = 4) and genotype 4
(0.28 ± 0.22, range 0.06–0.49; n = 3). In the patient with
genotypes 1a and 3a, the HCV RNA decrease was 0.29 log
IU/ml. Even after 9 and 12 days at room temperature, the
HCV RNA decrease was less than 0.5 log U/ml: 0.44 log
IU/ml (genotype 4) and 0.46 log IU/ml (genotype 1), re-
spectively (fig. 3).

For 29 of the 33 paired DBS samples, a corresponding
Xpert® HCV VL FS result was available. All of the 18
quantifiable HCV RNA positive samples
(HCV RNA range with the Xpert® HCV VL FS test:
157–3,440,000 IU/ml, 2.2–6.54 log IU/ml) were detected
with the Xpert® HCV VL test in the DBS sample regard-
less of whether they were immediately (within 48 hours)
stored at 20°C or initially stored at room temperature for

7–12 days. Of the five samples that were “detected <100
IU/ml” with the Xpert® HCV VL FS test (week 2–4 under
DAA treatment and week 5 after diagnosis of an acute he-
patitis C in a patient with spontaneous clearance), three
were “detected <10 IU/ml” with the Xpert® HCV VL test
in the corresponding DBS sample stored for 7 days at room
temperature. For all six samples in which no HCV RNA
was detected with the Xpert® HCV VL FS test, the Xpert®

HCV VL test in the corresponding DBS sample stored for
7 days at room temperature also yielded “HCV not detect-
ed”. Thus, even if the DBS sample remained 7–12 days at
room temperature prior to storage at 20°C, sensitivity and
specificity were still 91.3% (21/23) and 100% (6/6), re-
spectively. If only off-treatment samples were considered,
sensitivity was 94.4% (17/18).

Time to laboratory and time to measurement

Of the 109 paired samples, 74 (67.9%) filter cards were
transported within the hospital by tube mail. These sam-
ples, all coming from the Infectious Diseases Outpatient
Clinic, arrived in the laboratory within 24 hours after the
capillary blood draw (median time to lab 4.8 hours, IQR
3–6.3 hours, range: 0–21 hours; n = 68).

Twenty-two samples (20.2%) were personally brought to
the laboratory. All but two came from the heroin substitu-
tion programme of the canton Aargau and were transported

Figure 3: HCV RNA stability in dried blood spot samples (DBS) exposed to room temperature for 7 days prior to storage at 20°C Gt = geno-
type; Xpert® HCV VL = Xpert® HCV Viral Load test; RT = room temperature; DBS 0–2d RT = DBS stored at –20°C within 48 hours after capil-
lary blood draw; DBS 7d RT = DBS exposed to room temperature for 7 days prior to storage at –20°C; DBS 9d RT = DBS exposed to room
temperature for 9 days prior to storage at –20°C; DBS 12d RT = DBS exposed to room temperature for 12 days prior to storage at –20°C

Original article Swiss Med Wkly. 2021;151:w30089

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)”.
No commercial reuse without permission. See https://smw.ch/permissions

Page 7 of 12



either by private car or train. Except for one sample (blood
draw on Friday, transport on Monday), all samples arrived
in the laboratory within 48 hours after the blood draw
(median time to lab 4.7 hours, IQR 3–7.4 hours, range:
2.3–64.4 hours; n = 22).

Thirteen samples (11.9%), coming from the heroin substi-
tution programme of the canton Aargau, were sent by pri-
ority mail. All but two arrived in the laboratory within 48
hours (median time to lab 44 hours, IQR 26.1–45 hours
range 18–64.5 hours; n = 13).

Of the DBS samples, 75.2% (82/109) were measured with
the Xpert® HCV VL test within 14 days after the blood
draw (median time to measurement 8.9 days, IQR 7–13.9,
range 1–28.2 days; n = 109). Supply shortage of the
Xpert® HCV VL test due to the COVID19-pandemic re-
sulted in delayed measurements.

Discussion

Main findings

HCV RNA can reliably be detected and quantified with
the Xpert® HCV VL test in DBS samples from 100 µl
capillary whole blood. Discordant results compared with
the Xpert® HCV VL FS test only occurred under antiviral
treatment or spontaneous clearance with HCV RNA levels
detectable below the limit of quantification, and were thus
probably not clinically relevant. Quantifiable results cor-
related well, irrespective of genotype. Since only ~42 µl
instead of 1000 µl plasma were used, uncorrected Xpert®

HCV VL test results in DBS were on average 1.3 log IU/
ml lower than the corresponding Xpert® HCV VL FS re-
sult. Storage of DBS samples at room temperature for 7
days reduced HCV RNA by <0.3 log IU/ml, allowing
transport by regular mail.

Diagnostic accuracy

In a meta-analysis of 15 studies evaluating the diagnostic
accuracy of HCV RNA in DBS, both pooled sensitivity
and specificity were 98% (95% CI 95–99) [23]. In the
proof-of-principle study of Wlassow et al. in 120 chron-
ically HCV infected and 50 HCV negative patients,
HCV RNA quantification with the Xpert® HCV VL test
in DBS samples from 50 µl venous whole blood showed
a sensitivity and specificity of 100% (95% CI 96.9–100)
and 90.0% (95% CI 78.6–95.6), respectively, compared
with the Xpert® HCV VL test with 1000 µl serum [28].
False positive results might result from cell-associated
HCV RNA in B lymphocytes present in whole blood but
not in plasma/serum [22, 29]. Consistent with this hypoth-
esis, Stapleton et al. found that HCV RNA detection in
whole blood was more sensitive than plasma-based meth-
ods [22, 30]. In our study, using 100 µl whole blood each
for index and reference test and including 27% samples
under DAA treatment, sensitivity was only 89.5% (34/38,
95% CI 75.9–95.8) and specificity 97.2% (69/71, 95% CI
90.3–99.2). However, all six discordant results were un-
der pan-genotypic DAA treatment or spontaneous clear-
ance with HCV RNA detectable below the limit of quan-
tification, and thus probably not clinically relevant.
Restricting the analysis to the 80 paired samples collected
off-treatment, the only remaining discrepancy was a

false negative result in a patient undergoing spontaneous
clearance 5 weeks after acute hepatitis C. Accordingly,
sensitivity and specificity increased to 96.7% (29/30) and
100% (50/50), respectively, which is in line with the meta-
analysis by Lange et al. [23].

In 2010, Tuaillon et al. observed 2.27 ± 0.47 log IU/ml
lower viral loads in DBSs [31]. In 2016, Soulier et al. re-
ported 1.60 ± 0.3 log IU/ml and 1.75 ± 0.3 log IU/ml low-
er results [32], depending on the HCV RNA assay used.
In our analysis, we show only 1.3 ± 0.14 log IU/ml lower
results in DBSs, which may be explained by improved
HCV RNA extraction methods and twice as much blood
(100 µl instead of 50 µl) for the DBS sample correspond-
ing to 0.3 log UI/ml higher values.

HCV RNA stability in DBS samples at room tempera-
ture

Whereas HIV RNA and hepatitis B virus DNA are con-
sidered to be stable in DBS samples at room temperature
[23, 33], this is less clear for HCV RNA. Tuaillon et al.
found a 3-fold decrease (–0.48 log IU/ml) in HCV RNA
levels after 6 days at room temperature compared with
those stored at 20°C [31]. Another study, using dried
serum spots, even showed a 10-fold reduction (1 log IU/
ml) of virus yield after 4 weeks compared with frozen sam-
ples, yet without reduction of the positivity rate [34].

In our study, after 7 days at room temperature, the average
HCV RNA decrease was <0.3 log IU/ml (n = 18), with
no difference among genotypes. After 9 and 12 days (one
sample each), the HCV RNA decrease was still <0.5 log
IU/ml. This is consistent with Soulier et al., who observed
a HCV RNA reduction of 0.2 ± 0.15 log IU/ml between
paired samples stored at 80°C and room temperature
(24°C) for 19 ± 1 months [32]. Similarly, Catlett et al.
found a maximum of 0.1 log IU/ml degradation after 60
days [35]. Two other studies did not find a decrease in
HCV RNA after prolonged (>11 months) periods at room
temperature [24, 36]. Thus, sending DBS samples for
HCV RNA quantification by regular mail seems unprob-
lematic.

Clinical implication and future research

On the basis of what we actually need for diagnosing
chronic HCV infection, monitoring DAA treatment and
detecting reinfection, the performance of the Xpert® HCV
VL test in a DBS exceeds the needs. According to current
guidelines [37–39], HCV RNA monitoring under
DAA treatment, i.e. at week 2–4 (adherence assessment by
documenting an HCV RNA decrease) and at EOT, is op-
tional. At diagnosis/baseline and SVR check, patients are
off-treatment, for which sensitivity and specificity of the
Xpert® HCV VL test in a DBS were 97% and 100%, re-
spectively. Since >95% of treatment-naïve chronic hepati-
tis C patients have a viral load >10,000 (>4 log) IU/ml
[40–42], a test with a detection threshold of 1000 (3 log)
IU/ml is still acceptable [38, 42].

In drug services in Scotland, the introduction of DBS sam-
pling resulted in a 3-fold increase in testing and a 12-fold
increase in positives [17]. In the decentralised opioid ag-
onist therapy (OAT) setting of the canton Aargau [12],
with >80% of opioid agonists dispensed in pharmacies
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(www.substitution.ch) [43], the logical next step is to offer
HCV screening and treatment in pharmacies [44–50]. Pa-
tients with unknown HCV serostatus or a negative
HCV antibody test >1 year ago [51] should undergo an
HCV antibody rapid test from either saliva or capillary
whole blood (OraQuick®, result within 5–20 min) [52–56].
If positive, a capillary DBS sample should immediately
be collected for HCV RNA quantification with the Xpert®

HCV VL test in the laboratory. Similarly, HCV anti-
body positive patients with unknown HCV RNA status or
a negative HCV RNA test >1 year ago [51] should directly
have capillary DBS sampling for HCV RNA testing.

In contrast to Australia [57–59] and France [60], general
practitioners in Switzerland are not allowed to prescribe
DAA treatment. Referral to a specialist (gastroenterologist
or infectious disease specialist) is often unrewarding be-
cause OAT patients often have difficulties keeping ap-
pointments [11, 61]. Therefore, HCV RNA positive pa-
tients can be linked to care/treatment via www.hep-care.ch,
allowing DAA prescription by a specialist based only on
the patient’s medical records. DAAs can then be dispensed
together with the OAT in the pharmacy and HCV RNA
monitored with DBS samples.

To facilitate widespread clinical use of the Xpert® HCV
VL test for HCV RNA quantification in DBS, Cepheid®

should seek regulatory approval for a DBS package insert
claim [35], as already exists for the Xpert® HIV VL test
[62].

Strengths and limitations of the study

Our study has several strengths. Whereas others pipetted
remnant venous whole blood onto a filter card in the labo-
ratory [28, 32], we prospectively collected fingerstick cap-
illary whole blood directly onto filter paper, which reflects
the “real world”. Using a completely filled 100 µl ED-
TA Minivette® and cutting out the whole DBS with an
18 mm puncher, we have probably analysed a higher vol-
ume than others using only 50 µl blood and a 6 mm or
12 mm puncher [28, 31, 32]. Correlation between Xpert®
HCV VL in DBS and Xpert® HCV VL FS as well as
HCV RNA stability in DBS at room temperature were
analysed stratified by genotype. Unfortunately, there were
only a few samples with genotype 4 and no samples with
genotypes 2, 5 and 6. Patients under DAA treatment were
not excluded, but deliberately monitored throughout their
HCV treatment up to the SVR check-up. Since both our in-
dex and reference tests were performed from 100 µl cap-
illary whole-blood, we could easily recruit patients with
difficult venous access from the heroin substitution pro-
gramme for our study. As a consequence of the 100 µl
blood volume, the LOD (40 IU/ml) and LOQ (100 IU/ml)
of our reference test were higher than in other studies using
Cobas® (15 IU/ml), Abbott® (12 IU/ml) or Xpert® (4 IU/
ml; 10 IU/ml) in 650 µl, 500 µl and 1000 µl venous plas-
ma/serum, respectively. Another limitation is the relatively
low number of HCV RNA positive samples. As screening
for reinfection and acute infection as well as HCV RNA
determination at the EOT- and SVR checks did not yield
positive results, we could not calculate sensitivity and pos-
itive predictive value for these indications.

Conclusion

HCV RNA can reliably be quantified with the Xpert® HCV
VL test in capillary DBS samples. Thus, access to capillary
HCV RNA quantification for diagnosing chronic HCV in-
fection, monitoring treatment and detecting reinfection can
be extended to decentralised settings with a low case load
such as family practitioners or pharmacies. HCV RNA sta-
bility in DBS samples for at least 7 days at room tempera-
ture allows transport by regular mail.
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Figure S1: Bland-Altman plot of 30 paired quantifiable HCV RNA 
measurements: Xpert® HCV Viral Load Fingerstick (VL FS) test 
versus Xpert® HCV Viral Load (VL) test in dried blood spots pro-
duced with 100 µl capillary whole blood (uncorrected results). sd = 
standard deviation; average bias: 1.298 (95% CI 1.246–1.350); 
95% limits of agreement 1.019–1.578; Pitman’s test of difference 
in variance r = –0.283, p = 0.161

Appendix: Supplementary figures

Figure S2: Bland-Altman plot of 30 paired quantifiable HCV RNA
measurements: Xpert® HCV Viral Load Fingerstick (VL FS) test
versus Xpert® HCV Viral Load (VL) test in dried blood spots pro-
duced with 100 µl capillary whole blood (results corrected for the
smaller plasma volume). sd = standard deviation; average
bias: –0.075 (95% CI –0.127 to –0.023); 95% limits of agree-
ment –0.354 to 0.204; Pitman’s test of difference in variance r =
-0.283, p = 0.161
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