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A B S T R A C T

Background: HCV RNA screening of large sample repositories provides data on HCV epidemic patterns that may
help guide control policies. In resource-limited settings, shipment of frozen samples to molecular laboratory
facilities and testing of individual samples may be prohibitively expensive.
Objective: Our aim was to detect and sequence HCV RNA in a large HIV-positive cohort from Kumasi, Ghana,
using pooled and individual dried plasma spots (DPS) produced from samples stored at −80 °C.
Study design: In the validation phase, replicate DPS were prepared with six dilutions (500–10,000 IU/ml) of the
4th International Standard for HCV and tested in three independent experiments. In the testing phase, DPS
prepared with plasma samples from 875 HIV-positive subjects were pooled for screening, followed by testing of
individual DPS of positive pools. Input from individual DPS was two 6 mm punches; pools comprised two
punches from each of five DPS. Genotypes were determined by Sanger sequencing of HCV core and NS5B.
Results: With the dilution series, sensitivity of HCV RNA detection was ≥2500 IU/ml. Replicate DPS gave intra-
assay and inter-assay coefficients of variation ≤1.4%. With the stored samples, HCV RNA was detected in 5/175
DPS pools and in one DPS from each positive pool, yielding a HCV RNA prevalence of 5/875 (0.57%; 95%
confidence interval 0.07-1.07%). The five samples were sequenced as HCV genotypes 2l and 2r.
Discussion: DPS allowed reproducible HCV RNA detection, and pooling effectively contained the cost and labour
of screening a previously untested, low-prevalence cohort. DPS were also suitable for HCV sequencing.

1. Background

Approximately 50% of HCV carriers worldwide remain undiagnosed
[1]. There have been calls for expanded HCV testing, based upon the
proven efficacy of treatment in reducing morbidity and mortality and
preventing transmission [2–4]. Recommendations for HCV screening
are based on testing needs in different populations [2], which must be
informed by epidemiological data.

The epidemiology of HCV infection in sub-Saharan Africa (SSA) is
poorly defined. Studies have relied largely on antibody testing without
confirmation, raising doubts about the reliability of prevalence esti-
mates [5–9]. HCV antibody assays show variable performance in the
African setting, requiring confirmatory algorithms that are not easy to
implement with limited infrastructure [7–9].

The use of dried sample spots for virus detection offers the ad-
vantage of nucleic acid stability at room temperature, low biohazard
risk, and ease of sample storage and transport [4,10–20]. Previous
studies have reported on HCV RNA detection in spots prepared with
venous or capillary blood [14,15,21] or with serum in one study [10].
There are circumstances where frozen plasma is available (e.g., from
HIV monitoring), which may be accessed for HCV screening. Where
prevalence is expected to be low, sample pooling reduces cost and la-
bour, as demonstrated for HIV RNA testing using pooled dry blood spots
(DBS) or dry plasma spots (DPS) [16,20].

2. Objectives

Our aim was to investigate the use of DPS to detect and sequence
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HCV RNA in a large sample repository obtained from consecutive pa-
tients receiving HIV care at the Komfo Anokye Teaching Hospital in
Kumasi, Ghana.

3. Study design and results

3.1. DPS preparation

Each 12 mm disc of Protein Saver 903 cards (Whatman, Maidstone,
UK) was spotted with 50 μl of sample. After drying at room temperature
(20–25 °C) for 12–48 h, cards were sealed individually in plastic bags
containing desiccant sachets, and stored at room temperature for no
longer than two weeks prior to transfer to −80 °C. DPS were brought to
room temperature prior to elution.

3.2. HCV RNA detection and quantification

From each DPS, two 6 mm punches were eluted for 2 h at room
temperature with gentle agitation in 3 ml NucliSENS lysis buffer
(bioMérieux, Boxtel, Netherlands) containing 40 μl Proteinase K
(Qiagen, Hilden, Germany) and the internal control Phocine Distemper
Virus (PDV). After incubation at 56 °C for 30 min and 100 °C for
30 min, the elute was loaded on the EasyMAG extractor (bioMérieux)
(Specific B protocol; 60 μl final elute). The real-time PCR was described
previously [9]. It targets a 90 bp region in HCV 5′-UTR and with plasma
(1 ml) shows 100% HCV RNA detection at 110 IU/ml. Positive control
DPS prepared with six dilutions (500–10,000 IU/ml) of the 4th Inter-
national Standard for Hepatitis C Virus (Gt1α; 06/102,NIBSC, Potters-
Bar, UK) in basematrix (Seracare,Milford, MA, USA) were tested in-
dividually in three independent experiments (total of 15–30 replicates
per dilution).

3.3. Kumasi cohort

This comprised 875 consecutive subjects that underwent sampling
in 2010 and tested negative for hepatitis B surface antigen (HBsAg).
Plasma separated from venous EDTA blood within two hours of col-
lection was stored at −80 °C prior to DPS preparation. Dried DPS were
shipped to the UK at room temperature, and stored at −80 °C prior to

pooled screening as described above, followed by retesting of individual
DPS from positive pools.

3.4. Sequencing

In validation experiments, none of the extracts obtained with
EasyMAG yielded a sequence. HCV RNA from positive DPS was instead
extracted using the Qiagen Viral RNA Mini Kit (Qiagen), extending the
incubation time from 10 min to 30 min, prior to Sanger sequencing,
which was performed as described previously [9].

4. Results

4.1. Assay performance using DPS

HCV RNA detection was 100% at ≥2500 IU/ml (Fig. 1). Experi-
ments were run to optimise the size of the pools. The final protocol
consisted of pooling two punches from each of five DPS (total of 10
punches) to be eluted together in 3 ml of buffer without risk of drying.
To validate the approach, DPS prepared with HCV RNA negative
plasma were mixed at a ratio of 4:1 with positive control DPS and tested
in three independent experiments. This confirmed the assay perfor-
mance observed with individual DPS. All validation experiments were
run under conditions that reproduced those of clinical DPS.

4.2. HCV RNA detection and sequencing

HCV RNA was detected in 5/175 pools and in one DPS from each
positive pool. HCV RNA prevalence was 5/875 (0.57%; 95% confidence
interval, CI 0.07%-1.07%). HCV core (403 bp) and NS5 B (380 bp) se-
quences obtained from HCV RNA positive DPS were characterised
phylogenetically as genotype 2 (Fig. 2) [9,22].

5. Discussion

A recent systematic review reported encouraging data on the use of
DBS for HCV RNA detection and sequencing in resource-limited settings
[16]. Here we show that DPS enable transport to centralised testing
facilities without the requirement for refrigeration or dry ice, allow

Fig. 1. HCV RNA detection rate expressed as the
total proportion of HCV RNA positive dried plasma
spots (DPS) across three independent experiments,
each including 5 to 10 DPS replicates per dilution.
DPS were prepared with dilutions of the 4th
International Standard for HCV RNA (HCV genotype
1a). The total number of replicates detected and
tested for each dilution was 15/15 at 10,000 IU/ml,
15/15 at 5000 IU/ml, 30/30 at 2500 IU/ml, 29/30 at
2000 IU/ml, 21/30 at 1000 IU/ml, and 9/30 at 500
IU/ml. The intra-assay coefficient of variation
ranged from 0.7% to 1.3%; the mean inter-assay
coefficient of variation across the three experiments
was 1.4% (SD 0.5).
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reproducible HCV RNA detection, and under appropriate conditions can
be used successfully for HCV sequencing.

We used two 6 mm punches from each DPS and eluted them in 3 ml
of lysis buffer. Use of larger elution volumes would have caused loss of
sensitivity, as shown previously for HIV RNA [20]. Pooling samples is
preferred for large-scale screening where prevalence is low and most
samples are expected to test negative [9,16,20]. Ten punches were
eluted together in the same buffer volume without drying, and eluting
together two punches from each of five DPS substantially reduced the
number of tests required to screen the large repository. The sensitivity
of HCV RNA detection was ≥2500 IU/ml, with excellent intra- and
inter-assay reproducibility. The strategy was therefore suitable for
screening an undiagnosed, low-prevalence population in a two-step
approach.

The sample repository excluded HBsAg-positive patients, as these
were recruited for a different study [23]. The population was otherwise
unselected and comprised consecutive adults attending for out-patient
HIV care. HCV RNA prevalence was 0.57%(95% CI 0.07-1.07%), which
is in agreement with the prevalence previously reported(0.6%; 95% CI
0.0-1.8%) in HIV-positive/HBsAg-negative subjects from the same
centre [9]. Our prevalence estimate is also in line with HCV ser-
oprevalence data (with or without HCV RNA testing) obtained with
conventional sampling of urban populations (predominantly blood
donors) in the Ashanti region of Ghana [7,8,24].

Using DPS for HIV RNA detection generally shows good correlation
with plasma when allowing for the reduced sensitivity that results from
a smaller input in DPS testing [11,25–27]. Storage conditions may
impact on detection rates of low-level HIV RNA [28,29] and by parallel

Fig. 2. Distribution of HCV genotypes determined
from HCV NS5 B (a) and HCV core (b) sequences
recovered from HCV RNA positive DPS and analysed
phylogenetically as previously described [22]. The
Ghanaian sequences recovered from DPS are in red
(GeneBank accession numbers: KJ642631-KJ642634
for NS5 B sequences and KJ642622-KJ642626 for
core sequences). Other NS5 B genotype 2 sequences
previously reported from Ghana are in light blue
[7,9,30]; global reference sequences from the HCV
Los Alamos database are in black (Genebank acces-
sion numbers: Supplementary Table 1). Bootstrap
values ≥85% are indicated with an asterisk. (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web ver-
sion of this article.)
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HCV RNA. Some studies observed a deterioration of HCV RNA in DBS
stored at room temperature, while others failed to detect such dete-
rioration [14]. With dried serum, HCV RNA was previously shown to be
stable for four weeks at room temperature; although a decay in viral
titres occurred, this did not result in loss of virus detection [10]. Our
DPS were kept at room temperature for up to two weeks in a room with
air conditioning and low humidity, which should have prevented sig-
nificant HCV RNA decay [28,29]. Nonetheless, it is possible that DPS
with low viral load tested falsely negative, for instance in very recent or
clearing infections.

Previous studies have employed DBS for HCV RNA sequencing and
DPS for HIV RNA sequencing [14,17,26,28,29]. We were able to re-
cover HCV sequences from all HCV RNA positive samples, although this
required a different extraction method. The presence of synthetic poly-
A RNA-carrier during the lysis step may have improved performance
with the Qiagen spin column, particularly with long amplicons. The
sequences were assigned phylogenetically to genotype 2, subtypes 2l
and 2r. Clustering was observed with previously reported sequences
from the same setting (Fig. 2), and the diversity was consistent with
Ghana being the origin of HCV genotype 2 [8,9,30,31].
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