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Abstract
Limited access to nucleic acid testing (NAT) to quantify HBV DNA levels, an essen-
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tial tool to determine anti-HBV treatment eligibility, represents a significant barrier
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related antigen (HBcrAg) has the potential to become an affordable alternative be-
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to scale up HBV diagnostic services in resource-limited countries. Hepatitis B core-
cause of its low cost (US$ <15/assay) and strong correlation with HBV DNA levels in
treatment-naïve patients. However, the current assay requires plasma or serum. To
further facilitate its application to decentralized settings, we developed and evaluated a standardized procedure to quantify HBcrAg using dried blood spots as a tool to
diagnose HBV-infected people with high viraemia. We evaluated the following elution
method optimized to quantify HBcrAg: suspension of a punched blood-soaked disc
(11 mm) of Whatman 903 Protein Saver Card in 450 µL of PBS 0.05% Tween 20, followed by an incubation for 4 h at room temperature and a centrifugation at 10,000 g
for 10 minutes. 150 µL of DBS eluate was used to quantify HBcrAg using chemiluminescent enzyme immunoassay (LUMIPULSE® G600II, Fujirebio). The limit of detection of dried blood spot HBcrAg in relation with HBV DNA levels was 19,115 IU/
mL across the five major HBV genotypes (A/B/C/D/E). A strong linear correlation
was confirmed between dried blood spot HBcrAg and HBV DNA levels (r = 0.94,
p < 0.0001) in samples with high viral loads (range: 3.7–7.0 log IU/mL). The coefficient
of variation ranged between 4.0–11.2% for repeatability and 3.9–12.2% for reproducibility. Analytical specificity was 100% (95% CI: 83.9–100%) in HBV-negative samples.
Using our elution method, it may be possible to identify HBV-infected patients with
high viraemia who need antiviral therapy using dried blood spot and HBcrAg. A large-
scale clinical validation is warranted in resource-limited countries.
KEYWORDS

analytical validation, diagnostic test, dried blood spot, hepatitis B core-related antigen,
resource-limited country
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I NTRO D U C TI O N

freezer. Alternatively, the use of dried blood spot (DBS) may largely
overcome these problems. Even in a primary care clinic, finger-prick

Hepatitis B virus (HBV) infection is a major global health con-

capillary blood can be collected easily and less invasively on a filter

cern, and has been targeted by the United Nation's Sustainable

paper, which can then be shipped to a central laboratory at a room

Development Goals. In 2016, the World Health Organization

temperature. This avoids referral of HBV-infected patients to a cen-

(WHO) developed a strategy to globally eliminate viral hepatitis

tral laboratory, and enables their clinical staging at the primary care

as a public health threat by 2030, and one of the key service tar-

level.15,16 We therefore developed a standardized elution procedure

gets has been to increase the uptake of antiviral therapy in people

to quantify HBcrAg using DBS specimen, and conducted an analytical

with chronic HBV infection (CHB) from 8% (2015) to 80% (2030).1

validation of the use of DBS for HBcrAg assay as a tool to diagnose

Anti-HBV treatment is only indicated in those who have a com-

high HBV DNA levels which warrant an initiation of antiviral therapy.

bination of high HBV DNA levels and active liver inflammation,
those with both high HBV DNA levels and significant liver fibrosis,
or those who already developed cirrhosis. 2–5 It is therefore crucial
to ensure the widest possible access to diagnostic tools that are
essential to evaluate the eligibility for antiviral therapy in order to

2
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M ATE R I A L S A N D M E TH O DS

2.1 | Preparation for DBS specimens

reach the elimination goal.
However, >95% of HBV-infected people live in low-income and

Blood samples from HBV-infected patients collected in EDTA

6

middle-income countries (LMICs), and they have a seriously limited

K2 tube (BD Vacutainer ®) are routinely sent to the laboratory

access to these diagnostic tests, especially nucleic acid test (NAT)

of virology at Saint Louis Hospital for HBV DNA measurement.

to quantify HBV DNA levels. Real-time polymerase chain reaction

A total of five leftover samples were used for this study; from

(RT-PCR), a standard NAT for HBV DNA quantification, is expensive

each of the five major viral genotypes (A/B/C/D/E), we selected

7

(US$ 20-130/assay), often restricted to sophisticated urban labo-

one plasma sample with high HBV DNA levels (>7.0 log IU/mL),

ratories, and requires highly skilled laboratory technicians to avoid

high HBcrAg levels (>7.0 log U/mL) and negative for antibody to

the risk of contamination and to make a correct interpretation of the

hepatitis C virus (HCV) and anti-HIV antibody. Plasma HBV DNA

results.8,9 Consequently, WHO explicitly acknowledges a pressing

levels were quantified using a commercial RT-P CR (Cobas® 6800,

need for a low-cost, simple assay to identify HBV-infected people

Roche Diagnostics, Mannheim, Germany). Plasma HBcrAg lev-

with high viral load.10

els were quantified using CLEIA (LUMIPULSE® G600II, Fujirebio

Hepatitis B core-related antigen (HBcrAg) is a novel serological

Europe, Gent, Belgium). Anti-H CV and anti-HIV were tested using

marker to measure hepatitis B viral replication, manufactured by

ARCHITECT i4000 system (Abbott Laboratories, Rungis, France).

11

The assay quantifies hepatitis B core an-

These plasma samples were spiked into whole blood specimens

tigen (HBcAg), e antigen (HBeAg), as well as p22cr and c-terminal

Fujirebio (Tokyo, Japan).

from a donor non-infected with HBV (negative for hepatitis B sur-

modified HBcAg contained in the empty particle fraction in blood,

face antigen (HBsAg) and negative for HBV DNA) to obtain serially

irrespective of anti-HBc or anti-HBe antibodies.12 A recent sys-

diluted concentrations of HBV DNA at 107, 10 6 , 105, 10 4, 5000,

tematic review and meta-analysis found that in treatment-naïve

2000, 1000, 500 and 200 IU/mL. Then, these whole blood speci-

patients with CHB, serum HBcrAg levels are closely correlated with

mens spiked with an infected plasma were used to prepare DBS,

serum HBV DNA levels irrespective of viral genotypes,13 suggest-

which was specifically made for each of the five viral genotypes

ing that HBcrAg might be a credible alternative to RT-P CR to iden-

and each of the nine different HBV DNA concentrations. One spot

14

Moreover,

consisted of 50 μL of spiked whole blood, dropped onto a circle of

the reagent for HBcrAg assay is inexpensive (US$ <15/assay) and

tify HBV-infected people in need of antiviral therapy.

a filter paper recommended by the WHO (Whatman 903, Protein

its assay is simpler to perform compared with the conventional RT-

Saver Card, Whatman/GE Healthcare, Springfiled Mill, UK).17

PCR, which makes this sero-marker suitable for LMICs to decen-

The cards were left to dry for at least three hours in a horizon-

tralize clinical staging and anti-HBV treatment services.

tal position. We also prepared blank DBS specimens using non-

However, the current operational characteristics of HBcrAg

infected whole blood without spiking with the infected plasma.

assay do not allow its immediate integration into the primary care

All DBS were stored at room temperature. This work was exempt

system in LMICs. First, its quantification requires automated chemi-

from ethical approval because the analysis only used anonymized

®

luminescent enzyme immunoassay (CLEIA) platform (LUMIPULSE ).

remnant leftover samples from previous clinical studies.

Although the machine costs less (US$ <20,000) than other conventional CLEIA instruments, its installation in a peripheral laboratory
is unrealistic given the need for regular maintenance and a reliable

2.2 | Optimization for preparing DBS eluate

electricity supply. Second, the assay requires serum or plasma as a
specimen type. Venepuncture at a primary care setting and ship-

To optimize the method to prepare DBS eluate, we examined

ment of frozen serum/plasma to a central laboratory is unlikely to be

the following operation parameters: (i) elution buffer (phosphate

feasible because primary care facilities often lack a centrifuge and

buffered saline (PBS) with 0.05% Tween 20 versus pre-t reatment

|
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solution for HBcrAg (Fujirebio); (ii) number of dried blood spots

using DBS. Then, the limit of blank (LOB) and limit of detection (LOD)

(1 versus 2 circles); (iii) volume of elution buffer (from 300 µL to

were estimated by the following equations18:

600 µL); and (iv) incubation condition (4°C overnight versus room

Limit of blank (LOB) = meanblank + 1.645 × SDblank

temperature for 4 hours). Using the DBS samples with the HBV
4

DNA concentration of 10 IU/mL, HBcrAg levels were compared

Limit of detection (LOD) = LOB + 1.645 × SDlow - concentration sample

according to these operational parameters. We found that the
elution from one spot (compared to two spots) and PBS 0.05%
Tween 20 (compared to pre-t reatment solution) resulted in higher
rate of HBcrAg detection, whilst no difference was observed ac-

2.5 | Analytical validation of DBS HBcrAg using
HBV DNA RT-PCR as reference

cording to the amount of elution buffer or incubation condition
(data not shown). Consequently, we defined the following optimal

In order to assess the use of DBS HBcrAg as a tool to identify pa-

procedure:

tients with high HBV DNA levels, we compared the index test
(HBcrAg using DBS) against a reference test (HBV DNA quantified

Step 1: Punch out one disc (11 mm, containing 50 µL of blood)

by RT-PCR) for the following outcomes: linear range, limit of detec-

from a blood-soaked circle of the 903 filter card. Before punch-

tion, repeatability, reproducibility and analytical specificity.

ing the next filter paper, the puncher was cleaned with the sur-

At each of the nine different HBV DNA concentrations,

face decontaminant DNA AWAY™ (Thermo Fisher Scientific,

HBcrAg measurement using DBS was repeated at least in tripli-

Waltham, MA, USA).

cate in a single run. In addition, for the viral loads of 107, 105,

Step 2: Suspend the disc in a 24-wells microplate with 450 µL of

5000, 2000 and 1000 IU/mL, the measurement was repeated in

PBS 0.05% Tween 20.

20 replicates in a single run. For each of the five major genotypes

Step 3: Incubate 4 hours at room temperature with continuous

(A-E ), the levels of HBcrAg quantified using DBS specimens were

agitation.

plotted against the corresponding concentrations of HBV DNA

Step 4: Remove the disc, transfer to a tube and centrifuge the

in blood; then the correlation coefficient was deducted. Using a

tube at 10,000 g for 10 minutes.

probit analysis, the LOD in relation to HBV DNA level in blood

Step 5: Process 150 µL of DBS eluate for the pre-treatment and
®

quantify HBcrAg using LUMIPULSE CLEIA (Fujirebio).

was defined as a concentration that can be detectable in 95% of
time (C95).
Repeatability and reproducibility were assessed at three HBV

2.3 | Quantification of HBcrAg

DNA levels (107, 105 and 2000 IU/mL) for each of the five genotypes. The repeatability was assessed by repeating the measurement for a total of 20 times at each concentration in a single run

One hundred fifty microliter of DBS eluate was analysed for HBcrAg

in a day. The reproducibility was evaluated by repeating the mea-

using a fully automated CLEIA (LUMIPULSE® G600II) according to

surement in duplicate in one run per day over 20 days. Finally,

the manufacturer's instructions. Briefly, samples were pre-treated

cross-reactivity was evaluated in samples negative for HBV

with sodium dodecyl sulphate, followed by incubation with mono-

(HBsAg-n egative and DNA negative), but positive for HCV (anti-

clonal antibodies against denatured HBcAg and HBeAg. HBcrAg

HCV positive, n = 10) or HIV (anti-HIV positive, n = 11). Statistical

concentrations were calculated from a standard curve generated

analyses were performed using STATA 13.0 (Stata Corporation,

using recombinant HBeAg and are expressed in kU/mL. According to

College Station, Texas).

the manufacturer, the analytical sensitivity for HBcrAg using plasma
or serum is 1 kU/mL (3.0 log U/mL), and the measurement range is
from 1 to 10,000 kU/mL (3.0–7.0 log U/mL). Samples above 7.0 log
U/mL were retested after the dilution at 1/100 with a sample diluent
provided by the manufacturer.

2.4 | Limit of detection of DBS HBcrAg

3

|

R E S U LT S

3.1 | Analytical sensitivity of DBS HBcrAg
In 11 spots from a blank DBS specimen, HBcrAg was detected at the
levels lower than the limit of detection as per the manufacturer's
instruction for plasma or serum (<3.0 log U/mL) and varied between

In order to ensure that an analytical signal generated by a blank

2.0 and 2.3 log U/mL (mean 2.19 log U/mL ±0.15 log U/mL), provid-

specimen not containing HBcrAg does not overlap with a signal gen-

ing the limit of blank of 2.44 log U/mL. In 20 low concentration DBS

erated by a low-concentration specimen, we used 11 HBV-negative

specimens, SD of mean HBcrAg using DBS was 0.19. This gave a LOD

spots, and 20 spots with a low HBcrAg concentration (3.0 log U/mL

of 2.75 log U/mL. To make consistent with the manufacturer's in-

in blood) infected with HBV genotype A. For each type of specimen,

struction for plasma/serum samples, we defined the analytical sen-

we obtained means and standard deviations (SD) of HBcrAg levels

sitivity of DBS HBcrAg to be 3.0 log U/mL.
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HBV DNA levels
IU/mL

Log IU/mL

No. of replicates
tested

No. of replicates detected by
DBS HBcrAg

%
detected

10,000,000

7.0

80

80

100

1,000,000

6.0

15

15

100

100,000

5.0

100

100

100

10,000

4.0

15

6

40

1000

3.0

100

0

0

TA B L E 1 Probit analysis for HBcrAg
detection using DBS by the level of HBV
DNA (all genotypes: A-E, n = 310)

Abbreviations: DBS HBcrAg, hepatitis B core-related antigen measured using dried blood spots;
HBV, hepatitis B virus.

3.2 | Limit of detection of DBS HBcrAg in relation
to HBV DNA levels

There was a strong correlation between DBS HBcrAg levels and viral loads (Pearson's correlation coefficient: r = 0.94,
p < 0.0001).

Using the probit analysis, the LOD (C95) of DBS HBcrAg in relation
to HBV DNA levels for all genotypes (A-E) was estimated at 4.3 log
IU/mL (19,115 IU/mL) (Table 1). The LOD for each genotype was as

3.4 | Repeatability & reproducibility

follows: 4.6 log IU/mL (genotype A); 3.6 log IU/mL (genotype B); 4.2
log IU/mL (genotype C); 4.3 log IU/mL (genotype D) and 4.6 log IU/

Table 2 shows that the coefficient of variation ranged between 4.0–

mL (genotype E).

11.2% for repeatability and 3.9–12.2% for reproducibility across the
different genotypes. Table 3 presents the coefficients of variation
by viral genotype; we did not identify any difference between the

3.3 | Linear range

genotypes.

Figure 1 shows the linear range of DBS HBcrAg in relation with HBV
DNA levels. The linearity was observed between the HBV DNA level

3.5 | Analytical specificity

of 3.7 log IU/mL (ie 5,000 IU/mL) and 7.0 log IU/mL. In this range
of HBV DNA concentrations, the linear regression analysis gave the
following equation:

Using DBS, HBcrAg was not detected in any of samples negative for
HBV and positive for anti-HCV antibody (n = 10), and any of samples
negative for HBV and positive for anti-HIV antibody (n = 11). This
provided a specificity of 100% (95% CI: 83.9–100%).

7

y = 0.7989x − 0.2426

3

4

5

6

y = 0.7989x - 0.2426
r = 0.9394
p < 0.0001

2

DBS HBcrAg levels (log U/ml)

All genotypes

2

3

4
5
HBV DNA levels (log10 IU/ml)

6

7

F I G U R E 1 Linear relationship between
DBS HBcrAg levels and HBV DNA levels

|

SHIMAKAWA et al.

841

TA B L E 2 Repeatability (n = 280) and reproducibility (n = 561)
Repeatability
Blood HBV DNA
level (IU/mL)

Reproducibility

N

Mean HBcrAg
(log U/mL)

SD

% CV

95% CI

N

Mean HBcrAg
(log U/mL)

SD

% CV

95% CI

2000

100

2.64

0.28

10.8

2.59–2.70

201

2.68

0.32

11.8

2.63–2.72

5

100

3.66

0.41

11.2

3.58–3.74

200

3.69

0.45

12.2

3.63–3.75

107

80

5.39

0.22

4.0

5.34–5.44

160

5.42

0.21

3.9

5.39–5.45

10

Abbreviations: 95% CI, 95% confidence interval; CV, coefficient of variation; HBcrAg, hepatitis B core-related antigen; HBV, hepatitis B virus; SD,
standard deviation.

TA B L E 3 Repeatability and reproducibility by viral genotypes
Repeatability
Blood HBV DNA
level (IU/mL)

N

Mean HBcrAg
(log U/mL)

Reproducibility
SD

% CV

95% CI

N

Mean HBcrAg
(log U/mL)

SD

% CV

95% CI

Genotype A
2000

20

2.52

0.19

7.4

2.43–2.60

41

2.54

0.25

9.8

2.46–2.62

105

20

3.36

0.07

2.0

3.32–3.39

40

3.33

0.09

2.6

3.30–3.35

107

20

5.25

0.05

1.0

5.22–5.27

40

5.28

0.12

2.2

5.24–5.32

Genotype B
2000

20

2.92

0.18

6.2

2.83–3.00

40

2.99

0.09

2.9

2.99–3.16

105

20

4.44

0.05

1.1

4.42–4.46

40

4.53

0.12

2.7

4.49–4.56

107

0

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Genotype C
2000

20

2.60

0.09

3.6

2.55–2.64

40

2.64

0.33

12.4

2.54–2.75

105

20

3.53

0.18

5.1

3.44–3.61

40

3.68

0.09

2.5

3.65–3.71

107

20

5.25

0.05

1.0

5.22–5.27

40

5.67

0.11

2.0

5.63–5.70

Genotype D
2000

20

2.32

0.14

6.0

2.25–2.39

40

2.66

0.37

13.9

2.54–2.78

105

20

3.56

0.05

1.4

3.53–3.58

40

3.56

0.11

3.2

3.52–3.59

107

20

5.46

0.08

1.5

5.42–5.50

40

5.49

0.14

2.4

5.44–5.53

Genotype E
2000

20

2.88

0.25

8.6

2.76–2.99

40

2.55

0.25

9.7

2.47–2.62

105

20

3.41

0.04

1.3

3.39–3.43

40

3.35

0.11

3.2

3.32–3.39

107

20

5.16

0.08

1.5

5.12–5.20

40

5.24

0.14

2.8

5.19–5.29

Abbreviations: 95% CI, 95% confidence interval; CV, coefficient of variation; HBcrAg, hepatitis B core-related antigen; HBV, hepatitis B virus; SD,
standard deviation.
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DISCUSSION

LOD in relation to HBV DNA levels corresponded well with a viral
load threshold of 20,000 IU/mL, a cut-off value to consider initiating

We optimized a procedure to prepare DBS eluate for HBcrAg quanti-

antiviral therapy in people with chronic HBV infection according to

fication. Using our methods, we found that the LOD of DBS HBcrAg

the WHO guidelines. 2 Another likely application of DBS HBcrAg is

in relation with HBV DNA levels was 19,115 IU/mL across the five

categorizing pregnant women found to carry HBsAg during antena-

major HBV genotypes. We also found a strong correlation between

tal care screening for HBV. HBV-infected women with a viral load

DBS HBcrAg levels and HBV DNA levels (r = 0.94, p < 0.0001) in

of ≥200,000 IU/mL should receive antiviral prophylaxis during the

those with high viral loads (range: 3.7–7.0 log IU/mL), as well as sat-

third trimester of pregnancy in order to prevent HBV MTCT.19–21

isfactory results on linear range, repeatability, reproducibility and

Considering the poor availability of RT-PCR in LMICs where out-of-

specificity.

pocket payment for health care is frequent, the use of DBS HBcrAg

Although this procedure cannot be used for a detection of small

may render such a strategy to prevent MTCT more realistic.

quantities of HBV DNA, HBcrAg using DBS can identify clinically

To our knowledge this is the first study to evaluate the use of

important high viral loads. It is particularly relevant because the

DBS for HBcrAg quantification. DBS has been used in the medical
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field since the 1960s. 22 Previously, this was primarily used to facil-

Although the Xpert platform has been made widely available in

itate newborn screening, but nowadays this is largely exploited in

many LMICs thanks to the tuberculosis programmes, it remains un-

the field of infectious diseases in LMICs due to the convenience that

known whether patients with HBV infection can have unrestricted

this offers for collection, transport and storage of blood samples.

access to these assays. Although HBcrAg can be quantified under a

Whole blood can be collected with a minimal invasion (a finger-prick

competitive price (US$ <15/assay and CLEIA costs US$ <20,000),

capillary blood) and do not require a cold chain. DBS has been widely

its CLEIA platform (LUMIPULSE®) is still unavailable in many LMICs

used with molecular diagnostics, and it has been shown to increase

including sub-Saharan Africa; its product roll-out in resource-limited

the uptake of screening for hepatitis B, C and for HIV among special

settings is therefore urgently needed. The adoption of DBS sampling

populations. 23–25

can allow the specimens collected at a primary care setting to be

For the diagnosis of HCV viraemia, the WHO has made a condi-

batch tested at a centralized laboratory, eliminating the need for a

tional recommendation to use hepatitis C core antigen, a serological

LUMIPULSE® system in each peripheral laboratory. Alternatively, an

marker well correlated with HCV RNA levels, in areas where there is

out-licensing of HBcrAg to other CLEIA platforms already available

limited access to NAT.10 To further facilitate the decentralization of

in these countries, or the development of an inexpensive rapid di-

HCV testing services, a study in Tanzania evaluated the performance

agnostic test based on lateral-flow technology, could also overcome

of the use of DBS to quantify HCV core antigen levels, and found

the limited access to the LUMIPULSE® platform in LMICs.

a good correlation between the levels of HCV core antigen using

The study has limitations. First, DBS were artificially prepared

DBS and serum HCV RNA viral loads. 26 For the diagnosis of HBV,

using non-infected whole blood spiked with HBV-infected plasma

the detection of HBsAg from DBS was found highly performant in a

samples. Ideally, DBS should have been directly prepared using a

systematic review.15 Similarly, the use of DBS to detect and quantify

finger-prick capillary whole blood from infected people. Second, we

HBV DNA levels has been validated although the number and qual-

only assessed analytical sensitivity of the use of DBS. We therefore

ity of studies are still limited.16 Our results indicate that HBcrAg can

plan to evaluate diagnostic sensitivity and specificity of HBcrAg

be also accurately detected and quantified using the DBS sample.

using DBS with a finger-prick capillary blood in a real-life field con-

In treatment-naïve HBV-infected patients, a positive association

dition in LMICs. Third, we did not assess whether the performance

has been observed between the levels of serum HBcrAg and the de-

of HBcrAg using DBS varies by the presence of HBeAg given the in-

gree of liver diseases (elevated alanine aminotransferase, significant

sufficient volume of the remnant samples. This should be evaluated

fibrosis), suggesting that serum HBcrAg might be useful to identify

in a future study.

HBV-infected patients in need of antiviral therapy.13,14 Moreover,

In conclusion, the quantification of HBcrAg from DBS eluate

several longitudinal studies from Asia suggested that HBcrAg might

might be a promising tool to detect clinically important HBV virae-

be even more accurate than HBV DNA levels to predict liver dis-

mia. This may particularly benefit HBV elimination efforts in LMICs

ease progression, including cirrhosis and HCC, in treatment-naïve

by allowing wider coverage of chronic HBV infection staging even

patients. 27–29 Nevertheless, its utility has been recognized far more

for those living in remote rural areas.

prominently among HBV-infected patients treated with nucleos(t)ide
analogues who achieved undetectable serum HBV DNA.30 HBcrAg

AC K N OW L E D G M E N T S

has been proposed as a marker of intrahepatic covalently closed cir-

Fujirebio Europe funded the work, and Fujirebio Japan provided

cular DNA (cccDNA), the viral DNA pool responsible for the chronic-

the reagent. JPV was funded by the Institut Pasteur, Ambassade de

ity of HBV infection, which cannot be reached by the nucleos(t)ide

France au Japon, and Fondation Pasteur Japon.

analogues.31 Therefore, HBcrAg could be of help in monitoring the
genuine viral replication of HBV-infected patients under the nucle-

C O N FL I C T O F I N T E R E S T

os(t)ide analogues, and in predicting the prognosis of these patients.

LV is an employee of Fujirebio Europe. All other authors have no

Although the current analytical sensitivity of the DBS HBcrAg may

conflict of interest.

not be optimal for this objective, the limit of detection and quantification of serum HBcrAg has been recently improved from 3.0 log U/

ORCID

mL to 2.1 log U/mL using a highly sensitive assay developed by the

Yusuke Shimakawa

https://orcid.org/0000-0002-4198-4785

same manufacturer (iTACT-HBcrAg, Fujirebio, Japan).32,33 The application of this newer assay to the DBS specimens might overcome the
limited analytical sensitivity of the DBS HBcrAg.
Recently, Cepheid (US) commercialized a point-of-care HBV
DNA PCR kit (Xpert®), and a few studies validated its diagnostic performance in resource-limited countries.34 According to the
Foundation for Innovative New Diagnostics (FIND), the negotiated
price of Xpert HBV viral load cartridge in LMICs is US$ 14.90 per
assay, and that of a standard four-module system is US$ 17,500.35
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