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Abstract

Background: The detection and quantification of hepatitis B (HBV) DNA and hepatitis C (HCV) RNA in whole blood
collected on dried blood spots (DBS) may facilitate access to diagnosis and treatment of HBV and HCV infection in
resource-poor settings. We evaluated the diagnostic performance of DBS compared to venous blood samples for
detection and quantification of HBV-DNA and HCV-RNA in two systematic reviews and meta-analyses on the
diagnostic accuracy of HBV DNA and HCV RNA from DBS compared to venous blood samples.

Methods: We searched MEDLINE, Embase, Global Health, Web of Science, LILAC and Cochrane library for studies
that assessed diagnostic accuracy with DBS. Heterogeneity was assessed and where appropriate pooled estimates
of sensitivity and specificity were generated using bivariate analyses with maximum likelihood estimates and 95%
confidence intervals. We also conducted a narrative review on the impact of varying storage conditions or different
cut-offs for detection from studies that undertook this in a subset of samples. The QUADAS-2 tool was used to
assess risk of bias.

Results: In the quantitative synthesis for diagnostic accuracy of HBV-DNA using DBS, 521 citations were identified, and
12 studies met the inclusion criteria. Overall quality of studies was rated as low. The pooled estimate of sensitivity and
specificity for HBV-DNA was 95% (95% Cl: 83-99) and 99% (95% Cl: 53-100), respectively. In the two studies that
reported on cut-offs and limit of detection (LoD) — one reported a sensitivity of 98% for a cut-off of >2000 IU/ml and
another reported a LoD of 914 IU/ml using a commercial assay. Varying storage conditions for individual samples did
not result in a significant variation of results. In the synthesis for diagnostic accuracy of HCV-RNA using DBS, 15 studies
met the inclusion criteria, and this included six additional studies to a previously published review. The pooled
sensitivity and specificity was 98% (95% C1:95-99) and 98% (95% C1:95-99.0), respectively. Varying storage conditions
resulted in a decrease in accuracy for quantification but not for reported positivity.

Conclusions: These findings show a high level of diagnostic performance for the use of DBS for HBV-DNA and HCV-
RNA detection. However, this was based on a limited number and quality of studies. There is a need for development
of standardized protocols by manufacturers on the use of DBS with their assays, as well as for larger studies on use of
DBS conducted in different settings and with varying storage conditions.
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Background

Chronic hepatitis B (HBV) and C (HCV) virus infection
are major causes of morbidity and mortality. The burden
is particularly high in low and middle income settings,
such as Sub-Saharan African, East Asia, Central Asia
and the Middle East [1-3]. However, only a minority of
those infected with HBV and HCV had been tested and
knew their status: 9% of persons living with HBV (22
million) and 20% of persons living with HCV (14
million) [3]. This is largely due to limited availability and
access to testing facilities and affordable diagnostic as-
says. Overall, it is estimated that between 10% to 40% of
those who are hepatitis B surface antigen positive are in
need of treatment [3]. While treatment is recommended
in all persons with evidence of cirrhosis (based on either
clinical assessment or use of non-invasive tests for
staging of liver disease), in those without cirrhosis,
assessment for treatment eligibility and treatment re-
sponse requires access to quantitative measurement of
HBV-DNA. In those without cirrhosis, treatment is
recommended in all international guidelines for those
persons with an HBV-DNA level of >2000 to 20,000 IU/ml
and abnormal liver function tests [4—9]. However, access to
HBV-DNA testing in low-income countries currently re-
mains very limited.

Spontaneous clearance of acute HCV infection generally
occurs within six months of infection in 15-45% of in-
fected individuals in the absence of treatment. Therefore,
once exposure to HCV is established with a positive anti-
HCYV antibody results, testing for viraemic HCV infection
through detection of HCV RNA (using either quantitative
or qualitative nucleic acid tests (NAT)) or HCV (p22) core
antigen (HCVcAg) is performed to confirm chronic HCV
infection and need for treatment. While all persons who
are HCV RNA positive are eligible for treatment, in many
settings criteria are applied so that those with more ad-
vanced disease are prioritized for treatment. It is also used
to confirm cure based on HCV-RNA measurement
12 weeks after the end of treatment (defined as a
sustained viral response) [5].

Significant scale up in access to hepatitis testing and
treatment will require both further simplification of the
process of diagnosis, and methods to facilitate access to
testing, especially in remote settings, and among vulner-
able populations, such as PWID and people in prison.
DBS sampling is an alternative specimen collection
method usually by capillary finger-stick (or heel-prick in
infants), that does not require venepuncture, embedding
the drops of blood onto filter paper, that can then be
transported by posting to a laboratory, where testing can
take place. DBS sampling is being increasingly used to ex-
pand access to diagnosis of viral infections in remote and
under-resourced regions with limited access to laboratory
services [10—13] and in particular for early infant diagnosis
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of HIV [14] and HIV viral load monitoring [15]. The sim-
plicity and relative ease of specimen collection, preparation,
transport and storage make DBS specimens a potential
option for both serological testing and NAT in low-
resource settings [10]. It may also reduce costs associated
with sample collection, storage and transportation, and
allow for batch testing in a centralized laboratory. The main
disadvantage is that manufacturers have not developed
standardised protocols for the use of DBS with their assays
and therefore current use of DBS is off-label, and not ap-
proved by major regulatory authorities.

The first steps to measure HBV-DNA using DBS were
made more than 20 years ago [16], but previous reviews
evaluating DBS did not include HBV-DNA [15, 17, 18].
Our objective was to evaluate the diagnostic perform-
ance of DBS compared to venous blood samples for
detection and quantification of HBV-DNA and impact
of different storage conditions, and to update an existing
systematic review on HCV-RNA [18]. This was under-
taken alongside a companion systematic review evaluating
the diagnostic performance of DBS for serological testing
for HBV and HCV [19]. Both reviews were undertaken to
inform recommendations on strategies to expand access
to and uptake of hepatitis testing in the WHO 2017 hepa-
titis testing guidelines [20].

Methods

Search strategy and selection criteria

Following PRISMA reporting guidelines for systematic re-
views 19) and QUADAS-2 criteria on assessment of risk
of bias [21], we conducted a systematic review to evaluate
use of DBS for testing and detection of HBV-DNA and
HCV-RNA. We searched six databases (MEDLINE, Web
of Science, EMBASE, Global Health, and Cochrane library
and LILACS databases) on 1st September 2015 for English
language studies that reported the diagnostic performance
of DBS compared to venous blood samples for detection
and quantification of HBV-DNA and HCV-RNA, pub-
lished between 1970 and 2015. The search was updated
on 22.8.17. The search terms used were (adapted to data-
bases): DBS, Dried blood spot, filter paper, Guthrie paper,
hepatitis, HBV, HCV, HBsAg, Hepatitis B, Hepatitis C,
Hepatitis C RNA, Hepatitis B DNA.

Eligible studies were those that compared the index
test HBV DNA/HCV RNA using DBS against a refer-
ence test for HBV-DNA or HCV RNA in serum/plasma
and reported some or all of the following outcomes: cor-
relation, regression coefficient, specificity, sensitivity and
positive/negative predictive values. Index and reference
assays used did not have to be the same. We included
different types of study design, including cross-sectional
and cohort studies. There were no date, geographic or
population demographic restrictions, and individuals of
all age groups were included.



The Author(s) BMC Infectious Diseases 2017, 17(Suppl 1):693

Screening and data extraction

Two independent reviewers screened all sources for
title, abstract and full-text review to identify eligible
studies using pre-defined eligibility criteria, with a
third reviewer where there was uncertainty about
inclusion or exclusion. The same data extraction pro-
cedure was performed in duplicate for every study
and included the following variables: author, publica-
tion and study dates, country, percentage of children
and adults, age range, gender distribution, type of
specimen used for DBS, specimen used as gold stand-
ard (plasma or serum), test used, storage conditions
and effect of storage conditions.

Risk of bias and quality assessment

The categories in the QUADAS-2 tool relating to patient
selection, performing index and reference test and flow and
timing of the study were used and adapted to assess risk of
bias of included studies [21]. We judged studies to be at
low risk of bias, when consecutive sampling of patients was
used, the conduct of the laboratory based test used stan-
dardized protocols for all samples and the patient flow and
timing were well reported and clear for all patients/samples
included. In contrast we considered studies to be at high
risk of bias in these categories if either a case control design
was used, or conduct of diagnostic tests was not clearly re-
ported or if patient flow was not reported or inconsistent.

Statistical data analysis

Summary estimates of sensitivity and specificity were
generated using a bivariate random effects meta-
analysis using maximum likelihood estimate and 95%
confidence intervals when there were more than 4
studies contributing to the analysis. Positive (Sensitiv-
ity/(1-Specificity) and Negative (1-Sensitivity/Specifi-
city) likelihood ratios were calculated directly from
the pooled sensitivity and specificity. If studies did
not have sufficient quantitative data (for example no
samples with a negative reference test) to contribute
to both sensitivity and specificity, we performed a
univariate random effects meta-analysis of the sensi-
tivity or specificity estimates separately.

We visually assessed forest plots for heterogeneity
across the studies. We also report on estimates of 12 and
its p-value corresponding to the variance of the logit-
transformed specificity and sensitivity as a measure of
between-study variability [22]. Statistical analysis of the
data was performed using STATA 14 (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP). We assessed studies that exposed
subsets of samples to varying storage conditions or were
used to calculate or define cut-offs or limit of detection
and these were included in a narrative analysis.
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Results

HBV-DNA using DBS samples

Included studies

After de-duplication we identified 521 abstracts for screen-
ing. 57 full-text papers were screened for potential inclusion
and 12 studies were eligible for inclusion in the qualitative
review [16, 23-33] (Fig. 1 and Table 1). Only five studies
contributed to both sensitivity and specificity estimates (see
Table 1). Five were from Europe (France [27], Denmark
[30], Germany [32, 33], Spain [25]), four were from Africa
(Ethiopia [31],Congo [23], Egypt [24] and Zambia [28]) two
from India [16, 29], and one from Mexico [26]. All studies
used whole blood apart from one that used plasma [23] for
preparation of DBS or dried plasma spot (DPS) samples.
One study included data on only women [16] and another
only on HIV positive persons [28]. There were no data
from children. Overall studies under-reported demographic
characteristics.

Assessment of study quality and risk of bias

Risk of bias assessments were limited by inadequate
reporting. None of the studies reported blinding of la-
boratory personal to the results of reference/index tests.
However, all studies used and reported a clear and con-
sistent protocol for both reference and index test, so this
was not judged as a major cause of bias. We down-
graded the quality rating of four of the included studies
because they used a case—control design, while the other
five only sampled cases or did not adequately report on
their sampling or the flow of participants. This resulted
in an overall high risk of bias rating (Table 2). We did
not perform a sensitivity analysis only for high-quality
studies as too few studies would have been included,
however high quality study results were generally con-
sistent with overall results.

Diagnostic performance

In the 5 studies that contributed to both sensitivity and
specificity estimates, the pooled sensitivity of HBV-DNA
using DBS ranged from 93 to 100% and specificity
ranged from 70 to 100% (see Table 1). A pooled bivariate
analysis estimated an overall sensitivity and specificity of
95% (95% Cl%: 83—99%) and 99% (95% CI: 53-100%). A
pooled univariate analysis yielded similar results for sen-
sitivity (96%, 95% CI: 91-96, 12 studies;) and specificity
(99%, 95% CI: 53-100, 5 studies) (Fig. 2). From the
pooled sensitivity and specificity, the positive likelihood
ratio was 379 (95% CI: 1-132,684) and the negative like-
lihood ratio was 0.05 (95% CI: 0.02—0.18). Visual assess-
ment as a well as 7> showed low heterogeneity (p = 0.1).

Association, correlation and agreement
Five studies reported regression coefficients showing a
strong association between quantitative results of HBV-
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Fig. 1 Prisma flow chart of studies for the systematic review of detection of hepatitis B DNA from DBS samples compared to venous blood

sampling (plasma/serum)

DNA in DBS and in serum [23-27] (regression coefficients
between 0.61 to 0.96). One study reported a high Pearson
correlation (0.93) [26] and another a high Spearman correl-
ation coefficient of 0.84 [23].

Limit of detection (LoD) and cut-offs of HBV-DNA assays

The LoD of included assays (commercial and in-house) for
serum samples ranged from 10 to 100 IU/ml (Table 1). The
LoD using DBS in one study was 914 IU/ml for a commonly
used commercial assay (COBAS Tagman), with a plasma-
based limit of detection of 20 IU/ml [27]. Furthermore, two

studies reported that quantitation of HBV-DNA in DBS
below 3—4000 IU/ml was difficult [25, 33].

Only one study from Zambia reported on diagnostic ac-
curacy of diluted samples at different cut-offs: — 14%(95% CI
8-24%) of those detected in plasma were missed using DBS
at a cut-off below 200 IU/ml, 2% (95% CI: 0.5-7) at a cut-off
below 2000 IU/ml (consistent with the lowest cut-off used
for therapeutic indication) and 0.2% (95% CIL: 0.03-1.7) at a
cut-off below 20,000 IU/ml — the WHO recommended
threshold for treatment [7]. Another recent study from
Ethiopia showed decreased sensitivity of HBV DNA detec-
tion in samples with <2.7 log IU/ml [31] (Table 1).
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Storage conditions, type of test and type of sample (DBS or
DPS) used

For HBV-DNA detection, samples included in diag-
nostic accuracy estimates from three studies were
stored at ambient temperatures for longer than
24 hours. One study stored 22 samples at ambient tem-
peratures between 4 and 7 days and found no changes in
detection of HBV-DNA with DBS after that time [29]. A
second study stored 32 samples at ambient temperatures
for an unknown time period, and calculated diagnostic ac-
curacy from these [23]. A recently published study from
Addis Ababa in Ethiopia demonstrated good diagnostic
accuracy for detection and quantification of HBV-DNA
and stability of samples in 21 samples under conditions
that did not allow for refrigeration of samples over
12 weeks [31].

In addition, there were three studies that assessed for
variation in results after differing duration of storage in
ambient temperatures in subsets of DBS samples, that
were not included in the overall diagnostic accuracy cal-
culations. Two studies evaluated different storage condi-
tions that ranged from 4 °C to 37 °C for up to 14 days
and found no decrease in diagnostic accuracy [25, 26].
One study found no effect on stability of one sample
after 5 months of storage at 37 °C [16].

We undertook a stratified univariate analysis for sensi-
tivity and specificity according to whether an in-house
PCR assay or a commercial assay was used. Pooled sensi-
tivities were similar in both groups (95% and 98%) (data
not shown). Only one study used plasma instead of whole
blood for preparation of DBS samples, so a stratified

analysis based on sample type was not possible. This sin-
gle study showed similar sensitivity and specificity to the
other studies and pooled estimates [24].

Updated systematic review on HCV-RNA, 2013-2015
Included studies

We searched several databases (Medline, EMBASE, Global
Health, Web of Science, Lilacs and the Cochrane database)
with the same search terms as in the original systematic re-
view [18]. After de-duplication, 97 articles were identified
and underwent title and abstract review and six studies were
included, that compared HCV-RNA detection using DBS to
serum in adults in the US [34, 35], Europe [30, 32, 36] and
in Brazil [37] (Fig. 3). In the previous systematic review, the
9 included studies [12, 38—45] of 73 identified titles, were
from the UK, Italy, France, Lebanon, Brazil, Guinea-Bissau
and Japan [18]. Three of the 15 studies were conducted in
injecting drug users [12, 38].

Risk of bias

Overall risk of bias in the studies from the previous
systematic review as well as the upgrade was rated as
moderate [18, 20].

Diagnostic performance

The additional studies included in the updated sys-
tematic review reported sensitivities between 80% to
100% and specificity between 94% and 100%. In the
previously published systematic review five of nine
studies provided data for a quantitative analysis. With
inclusion of the additional studies in the upgraded
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Fig. 3 Prisma flow chart of studies for the systematic review of detection of hepatitis C RNA from DBS samples compared to venous blood
sampling (plasma/serum)

review, pooled sensitivity was 98% (95% CI 95-99%)
and specificity was 98%(95% CI:95-100%) (Fig. 4).
Overall positive likelihood ratio was 63 (95% CIL:22—
181) and negative likelihood ratio was 0.02 (95% CI:
0.008-0.05).

Assays and limit of detection (LoD) of HCV-RNA assays

The DBS samples in studies from the original systematic
review were mainly prepared from capillary blood (8/9
studies) and a variety of commercially available and non-
available methods were used to detect HCV RNA. A
study from 2016 found a low limit of detection of 58.5

copies/ml for a newly developed quantitative RT PCR in
DBS to amplify the 5'noncoding region of HCV [37].
Another study reported a limit of detection of DBS to be
150-250 IU/ml [39], while other studies reported higher
limits of detection.

Storage conditions and stability

Six HCV-RNA studies stored subsets of DBS specimens
at ambient room temperature [30, 35, 39, 44, 45]. While
these storage conditions did not affect accuracy, and
RNA positivity could still be detected with DBS speci-
mens, quantitative signals decreased over time in two
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studies. One study from France reported a 3-fold de-
crease in RNA levels after 6 days at room temperature
in a subset of an unknown number of samples. A second
study from Japan found a reduction in viral load level,
but no reduction in detection of positivity after 4 weeks
of ambient temperatures [44]. Two other studies did not
find decrease in HCV-RNA quantification from DBS
samples after prolonged (>11 months) periods at room
temperature [39, 45].

Discussion

This is the first systematic review to report on the diagnos-
tic performance of DBS for HBV DNA, together with an
updated systematic review for HCV RNA measurement.
The reviews were based on 12 and 15 studies respectively
and overall show a high level of diagnostic accuracy with
sensitivity and specificity for HBV-DNA of 96% and 99%
and for HCV-RNA of 98% and 98% using DBS. However,
these systematic reviews were based on a relatively small
number of studies compared to the pooled analysis of DBS
for HBsAg and HCV antibody serology [19] and were rated
as low quality evidence with significant risk of bias. In
addition, for HBV-DNA detection, there was a high degree

of imprecision for the pooled estimate of specificity 99%
(95% CI: 54—100%). A narrative review in a subset of stud-
ies showed a good correlation and strong association be-
tween quantitative values for HBV-DNA from DBS and in
serum samples.

Most of the individual studies suggest that the sensitivity
of HBV-DNA detection using DBS above 2000 IU/mL is
good, and the LoDs in DBS specimens is 900-4000 [U/mL.
This means that tests using DBS samples will be able to
identify the majority of persons with chronic hepatitis B in-
fection in need of antiviral treatment.

While all guidelines agree on the need to treat above a
cut-off of 20,000 IU/mL, there is some divergence in treat-
ment recommendations between 2000 and 20,000 IU/mL
[5, 7-9]. The American Association for the Study of Liver
Disease recommends initiating antiviral treatment in non-
pregnant adults with chronic HBV but without cirrhosis
based on either an HBV DNA above 2000 IU/ml or above
20,000 IU/ml in those patients with either above twofold
ALT increase or with histological disease [5]. The
European Association of the Study of Liver and the latest
WHO guidelines concur on a HBV cut-off of >2000 IU/ml
(without cirrhosis) [7, 9]. As DBS has not yet been
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evaluated for monitoring of treatment response, and the
cut-off for detection is not precisely known, further stud-
ies on DBS specimens are needed to evaluate their validity
in monitoring HBV-DNA response to treatment and viral
suppression with long-term therapy.

In the evaluation of the diagnostic accuracy of HCV
RNA measurement using DBS, six further recent studies
were added to the nine already identified in a previous sys-
tematic review [18] and a pooled quantitative analysis of
diagnostic accuracy was also undertaken which was not
part of the initial review (including 10 studies). A quanti-
tative viral load is no longer essential to confirm presence
of HCV viraemic infection and therefore need for treat-
ment in those with positive HCV antibody serology, or to
monitor response to DAA treatment. Determination of
the presence of virus at diagnosis can be based on a quali-
tative assay alone, and indeed the 2017 WHO testing
guidelines recommended either a qualitative or quantita-
tive NAT assay for diagnosis of viraemic HCV infection.
This is because the new generation of quantitative and
qualitative assays have the same LoD, which is around
15 IU/ml, and data show that 95% of those with chronic
infection have a viral load >10,000 IU/mL, and therefore
most NAT assays (quantitative or qualitative) will capture
the majority of viraemic infections [20]. Those studies
reporting LoD in the systematic review for detection of
HCV RNA with DBS samples showed LoDs between 50
and 250 IU/ml, which is higher but would still be suffi-
cient for detection of the majority of infections.

This review did not assess the use of DBS specimens to as-
sess response to HCV direct acting antiviral (DAA) treat-
ment and proof of cure because of the lack of studies that
have specifically addressed this question. However, as the
recommended test of cure is attainment of sustained
virologial response after 12 weeks (or 24 weeks), as
for diagnosis, the need for quantification is dimin-
ished [18, 46]. Preliminary evidence suggests that pa-
tients failing DAAs have high viral loads at 12 or
24 weeks post treatment completion, implying that
testing with DBS may be feasible. Although the cut-
offs at which HCV-RNA can be detected using DBS
specimens are not well characterized, the evidence
suggests that qualitative detection of HCV-RNA using
DBS specimens is possible and accurate.

In assessing the generalizability of the pooled results for
use of DBS for HBV-DNA measurement, it is noteworthy
that only two of the included studies stored dried plasma
and blood samples at ambient temperatures [23, 29]. In
the other 7 included studies, the samples were refrigerated
or frozen. This may limit applicability to field conditions
likely to be encountered in low resource settings, where it
may not be possible to refrigerate or freeze samples locally
or during transport. Several other studies assessed subsets
of samples exposed to varying storage conditions and
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found no effect on the qualitative result of these assays
[25-27]. Overall we did not undertake a formal pooled
analysis of the effect of refrigerated storage (due to low
number of studies) but based on the narrative review, the
studies that reported using refrigerated samples had a
similar diagnostic accuracy to the two studies that re-
ported storing samples at ambient temperatures.

We also examined the impact of type of assay (commer-
cial vs in-house) and use of a case—control design and
found no differences in diagnostic accuracy (data not
shown). Study quality overall was rated as moderate, mainly
due to underreporting of important sources of bias.

Of the fifteen included studies in the original review and
this upgrade, six HCV-RNA studies stored DBS specimens
at ambient temperature [18, 30, 35, 44, 45]. In the
previous systematic review [18], three studies had exposed
samples to a variety of temperatures and storage
conditions, and RNA positivity could still be detected with
DBS, but with a decrease in the quantitative signals over
time [42, 44, 45].

The key limitations of these systematic reviews were
first, the overall small number of studies; second, that
non-English or unpublished studies were excluded, and
third, the overall low rating of study quality. In addition,
we were not able to ascertain the cut-offs for detection of
HBV-DNA and HCV-RNA detection DBS samples and
whether results remained valid with storage at ambient
temperatures for prolonged time periods.

Conclusions

The principal benefits of DBS specimens is their poten-
tial to increase access to testing [10], largely because of
the simplicity and relative ease of specimen collection,
preparation and transport as it avoids the need for
plasma separation within a specified time period, and
cold chain storage. Based also on the evidence from
these two systematic reviews, the WHO 2017 testing
guidelines conditionally recommended use of DBS speci-
mens as an option for both HBV and HCV NAT, espe-
cially in settings where there are no facilities or expertise
to take venous blood specimens, or for persons with
poor venous access [20].

Future research

There is now a need for larger and more rigorously-
performed DBS diagnostic accuracy studies. These include
studies that avoid case control designs, test HBV-DNA
and HCV-RNA DBS under a range of real-life storage and
transport conditions (e.g. room temperature for different
duration, duration of subsequent storage at —20° versus
-80°, use of individual plastic bags with dessicant) and re-
port diagnostic accuracy for different time, volume of
whole blood used for testing temperature and clinically
relevant LoD cut-offs. Manafacturers also need to validate
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the use of their assays with DBS specimens and to
standardize technical guidance regarding their use. There
is also a need for evaluation of the impact of HIV positiv-
ity and immunosuppression on HBV DNA and HCV
RNA diagnostic performance using DBS. The use of DBS
should also be validated for monitoring of treatment re-
sponse and HCV test of cure (SVR at 12 or 24 weeks) post
DAA therapy, including threshold for detection. This in-
cludes validation of the rate of degradation of HCV RNA
and detectability when stored at ambient temperatures
and high humidity for different time periods. Finally, there
remains limited programmatic experience in the use of
DBS for hepatitis testing across a wide range of testing set-
tings in low and middle-income countries and its impact
on uptake of testing, identification of cases of HBV and
HCV and linkage to treatment.
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