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Abstract
Background: Hepatitis D virus (HDV) infection is a major global health issue around the world. There are
approximately 15–20 million individuals infected with HDV worldwide. HDV infection usually causes increased
mortality compared with infection with hepatitis B virus (HBV) alone. However, testing for the detection of HDV is
not widely available in Taiwan. Therefore, the General Biologicals Corporation (GB) HDV Ab kit was developed for
detecting anti-HDV antibodies.
Methods: A total of 913 serum and 462 EDTA-treated plasma samples were obtained from HBsAg-positive
individuals in three hospitals in Taiwan from June 2014 to November 2017. We used three commercially available
ELISA kits, DiaPro HDV Ab, DiaSorin ETI-AB-DELTAK-2 and GB HDV Ab, which were utilized strictly according to the
instructions of the manufacturers.
Results: A comparative study of the results from the GB HDV Ab kit and the other commercial ELISA kits (DiaPro
and DiaSorin) was performed to determine their efficacy for anti-HDV detection. The results indicated that the
sensitivity of the GB HDV Ab kit for serum and EDTA samples was 100% compared to that of the DiaPro and
DiaSorin kits, whereas the specificity for serum and EDTA samples was 99.3 and 98.1%, respectively. In addition, the
overall agreement of the results of the GB HDV Ab kit for the serum and EDTA samples was 99.3 and 98.3%,
respectively. It is worth noting that the performance of the GB HDV Ab kit was not affected by interference from
triglyceride, bilirubin, hemoglobin, or human anti-mouse antibody. The limit of detection of the GB HDV Ab kit is
approximately 100-fold lower than that of the other two commercial kits.
Conclusions: The GB HDV Ab kit, which presented equivalent sensitivity and specificity compared to both certified
anti-HDV kits, would be a suitable kit for HDV diagnosis in Taiwan.
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Background
Hepatitis D virus (HDV) is a small single-stranded
circular RNA with a negative polarity of approximately 1700 bases that produces hepatitis D antigen
(HDAg) [1, 2]. Its replication is dependent on the
hepatitis B virus (HBV) surface antigen (HBsAg) [3].
Coinfection with HDV and HBV usually leads to
acute fulminant hepatitis, while superinfection can
cause more severe hepatitis or cirrhosis than infection
with HBV alone [4–6].
Previous epidemiological studies estimated that approximately 15–20 million people are infected with
HDV worldwide [7]. However, these findings were
challenged in 2018 by subsequent studies proposing
that 48–74 million people were infected with HDV
worldwide [8–10]. Although these estimates are still
debated due to a lack of regional estimates [11, 12],
recent studies have also shown that HDV infection is
still endemic in most low-income countries [10].
Highly affected areas were the Western and Central
Africa [13, 14], the Amazon basin [15] and the Mediterranean basin [16]. In particular, ∼60% of HBsAgpositive subjects were coinfected with HDV in
Mongolia [17]. In Taiwan, the prevalence of HDV
was approximately 4.4% among people infected with
HBV [18].
However, the exact number of HDV infections is
underestimated due to several factors. The first factor
is the lack of knowledge of the regional HDV prevalence in low-income countries. Another is the rare
systematic detection of anti-HDV antibodies in
HBsAg-positive individuals, and the last is technical
issues with enzyme immunoassays (EIAs), such as laboratory developed test (LDT) with lower sensitivity
and specificity. These factors might lead to misdiagnosis and/or underestimation of HDV infection.
Therefore, it is urgently necessary to establish sensitive and specific tools for HDV detection.
According to its genetic diversity, HDV has been
divided into eight major genotypes (HDV-1 to HDV8) [19, 20]. Among them, HDV-1, HDV-2, and
HDV-4 are commonly found in Taiwan [18, 21]. The
anti-HDV antibody is a useful marker to determine
the activity of HDV infection [22]. Until 2018, enzyme immunoassays (EIAs) were the only technology
used to detect anti-HDV antibodies on the market.
Recently, many enzyme-linked immunosorbent assay
(ELISA) kits have been developed to measure antiHDV antibodies, such as DiaPro HDV Ab (DiaPro)
and DiaSorin ETI-AB-DELTAK-2 (DiaSorin) [23, 24].
However, these diagnostic reagents are not licensed
in Taiwan, so it is difficult to use them routinely in
Taiwan. To date, domestically produced HDV diagnostic kits are mainly intended for research use only
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and usually have low sensitivity and specificity
values. We successfully established a direct sandwich
ELISA method (GB HDV Ab) to detect anti-HDV
antibodies in human serum or plasma with ethylenediaminetetraacetic acid (EDTA).
In this study, 1375 HBsAg-positive specimens were
examined to assess the performance of the GB HDV
Ab kit and to compare the data from this kit with
those obtained by using the two most commonly
available ELISA kits from DiaPro and DiaSorin.

Materials and methods
Serum and EDTA-treated plasma specimen collection

A total of 913 serum and 462 EDTA-treated plasma
samples were obtained from HBsAg-positive individuals in three hospitals in Taiwan from June 2014 to
November 2017. The three hospitals were Kaohsiung
Chang Gung Memorial Hospital (KCGMH), Linkou
Chang Gung Memorial Hospital (LCGMH) and
National Taiwan University Hospital (NTUH).
Ethics

Ethical approval was obtained from the Institutional Review Board (IRB) of KCGMH (106-3378C), LCGMH
(201700109B0) and NTUH (201612075DSB). Informed
consent was sought and documented for all participants
in this study.
Performance of ELISA kits

Three commercially available ELISA kits, DiaPro
HDV Ab (CE 0318), DiaSorin ETI-AB-DELTAK-2
(CE 0459) and GB HDV Ab (TFDA No. 005807),
were utilized strictly according to the instructions of
the manufacturers, as detailed in Table 1. The kits
used in this study have different detection methods
and use different HRP conjugates. According to the
manufacturer’s guidelines, the cutoff value for the
GB HDV Ab kit is defined as the mean value for the
negative control + 0.11, and the cutoff for the DiaSorin kit is set as (0.5 × mean negative control) + (0.5
× mean positive control); the cutoff for the DiaPro
kit is determined according to (mean negative control + mean positive control)/5. The positive and
negative controls that were used were supplied by
the manufacturer. Optical density (OD) was measured by an EMax Plus microplate reader (Molecular
Devices), and the results were expressed as the cutoff index (COI = sample signal/cut-off value). HDV
detection was considered positive for a COI value
≥1. The performance of the kits was evaluated in
terms of sensitivity, specificity, and overall agreement
with the 95% confidence intervals (95% CI) according to the CLSI EP12-A guidelines [25]. Sensitivity
was calculated as true positives/(true positives + false
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Table 1 Comparison of the three ELISA kits used for HDV detection
GB HDV Ab

DiaPro HDV Ab

DiaSorin ETI-AB-DELTAK-2

Manufacturer

General Biological Corporation

DiaPro

DiaSorin

Certification

TFDA MHW Medical Device Manufacturing No.
005807

CE 0318

CE 0459

Sample (volume)

serum and EDTA-plasma(100 μl)

serum and EDTA-plasma
(100 μl)

serum only (50 μl)

Principle

direct sandwich assay

two-step competitive assay

simultaneous competitive
assay

Adsorbed Antigen

recombinant HDV antigen

recombinant HDV antigen

recombinant HDV antigen

HRP Conjugate

HDV small antigen

polyclonal Ab against HDV

human anti-HD Fab

Incubation Time

105 min
(60, 30, 15 min)

140 min
(60, 60, 20 min)

210 min
(180, 30 min)

Incubation
Temperature

37 °C

37 °C or room temperature

37 °C orroom temperature

Reader Wavelength

450 nm (reading)
650 nm (blanking, if possible)

450 nm (reading)
620–630 nm (blanking, if
possible)

450 nm (reading)
630 nm (blanking)

Control Well(s)

6 (Blank*1, NC*3, PC*2)

7 (Blank*1, NC*3, CAL*2, PC*1)

6 (Blank*1, NC*3, PC*2)

negatives) × 100; specificity was calculated as true
negatives/(true negatives + false positives) × 100; the
overall agreement was calculated as (true positives +
true negatives)/(true positives + false negatives +
false positives + true negatives) × 100.
Interference testing

Interference testing was performed according to the
CLSI EP07-A2 guidelines [26]. Briefly, 200 mg/dl triglyceride (TG) from an in-house serum sample with
a high triglyceride titer (~ 400 mg/dl) was used as
the stock; 0.4 mg/dl bilirubin (BL), which was obtained from Sigma, 5.5 g/dl hemoglobin (HB), which
was obtained from healthy donors, 17 ng/ml human
anti-mouse antibody plasma (HAMA), which was obtained from Meridian Life Science, and a three-fold
dilution of a multi-analyte positive control (MAPC),
which was obtained from SeraCare (Accurun Series
2700) and contained anti-HIV-1/2, anti-HTLV-I/II,
anti-HBc, anti-HCV, anti-CMV, anti-Treponema pallidum, and HBsAg, was spiked into the serum and
EDTA-plasma from HDV-positive patients.
The detection limit of the ELISA kits

The detection limits of the three commercially available ELISA kits were determined by using decreasing
concentrations of anti-HDV in normal human plasma
(NHP) or guinea pig sera. Anti-HDV was obtained
from two standard sensitivity panels, including ACCU
RUNⓇ 127 Anti-Hepatitis Delta Positive Control
(CE-IVD) from SeraCare Life Sciences and polyclonal
anti-HDV from guinea pig.

Statistical analysis

All calculations were performed using Microsoft Excel
2016. Statistical significance (P values < 0.05) was
assessed by the two-tailed Student’s t-test. The sensitivity, specificity, and overall agreement with the 95% CI
were estimated for each kit.

Results
In the current study, we developed a direct sandwich
GB HDV Ab kit, which can detect total anti-HDV
antibodies. We determined the detection limits of the
GB HDV Ab kit and commercial ELISA kits. AntiHDV antibodies from humans and guinea pigs were
serially 2-fold diluted with normal human plasma
(NHP). The results showed that the GB kit had superior analytical sensitivity compared to the DiaPro
and DiaSorin kits. The detection limit of the GB
HDV Ab kit for ACCURUN 127 was 211-fold, which
was better than that of the DiaPro (25-fold) and DiaSorin (29-fold) kits; for polyclonal anti-HDV antibodies from guinea pig, the detection limit of the GB
HDV Ab kit was 29-fold, which was better than that
of the DiaPro (27-fold) and comparable to that of the
DiaSorin (29-fold) kits (Fig. 1).
In the current study, a total of 913 serum specimens and 462 EDTA-treated plasma samples from
HBV-infected individuals from three hospitals in
Taiwan obtained from June 2014 to November 2017
were tested with commercially available HDV detection ELISA kits from GB, DiaPro and DiaSorin, and
the results are summarized in Table 2. For serum
samples, it was evident that the GB HDV Ab kit had
a similar performance, for which the specificity was
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Fig. 1 Comparison of the detection limit of the GB, DiaPro and DiaSorin kits. Anti-HDV antibodies from human plasma (a) and guinea pig sera (b)
were serially 2-fold diluted with normal human plasma and detected by the three commercial kits

97.3% and the sensitivity was 100% compared to the
DiaPro kit. The overall agreement of the GB HDV Ab
kit results for the serum samples was 97.6%. Moreover, the GB HDV Ab kit also had good performance
for the EDTA-treated plasma samples, for which the
specificity was 97.2% and the sensitivity was 100%.
The overall agreement of the results for the GB HDV
Ab kit was 97.4%. The data indicated that the GB kit
had a very similar performance compared to that of
the DiaPro kit. However, 22 serum samples and 12
EDTA-treated plasma samples showed inconsistent results between the GB and DiaPro kits. Therefore, we
used a third commercial kit, the DiaSorin ELISA kit,
to confirm the positive or negative results for these
inconsistent samples. The results showed that 15
serum samples and 4 EDTA-treated plasma samples
were HDV-positive samples, and the results for one
sample for the DiaSorin kit were equivocal. The

equivocal result was excluded from the calculations.
By doing so, the specificity of the GB HDV Ab kit
for the serum and EDTA samples was determined to
be 99.3 and 98.1%, respectively (Table 3). The sensitivity of the GB HDV Ab kit for the serum and
EDTA samples was 100%. The overall agreement of
the results for the GB HDV Ab kit for the serum and
EDTA samples was 99.3 and 98.3%, respectively.
These results were comparable to those obtained with
the commercial ELISA kits employed in this study.
In addition, we also analyzed the genotypes of 38
HDV-positive samples from patients with HBV infection using PCR and DNA sequencing. A prevalence
of 18.4% for the HDV-1 genotype (n = 7), 65.8% for
the HDV-2 genotype (n = 25) and 15.8% for the
HDV-4 genotype (n = 6) was observed. All the samples were positive for HDV antibodies, as detected by
the GB HDV Ab kit (Fig. 2). These data indicate that

Table 2 Performance of the GB kit compared to the DiaPro kit
DiaPro
Serum
GB

Positive

Negative

Total
no.

EDTA-treated plasma
Positive

Negative

Total
no.

Positive

86

22

108

26

12

38

Negative

0

805

805

0

424

424

Total no.

86

827

913

26

436

462

Sensitivity (%)

100.0 (95.7 ~ 100.0)

100.0 (87.1 ~ 100.0)

Specificity (%)

97.3 (96.0 ~ 98.2)

97.2 (95.3 ~ 98.4)

Overall Agreement (%)

97.6 (95.5 ~ 99.3)

97.4 (94.9 ~ 99.1)
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Table 3 Performance of the GB kit compared to the DiaPro + DiaSorin kits
DiaPro + DiaSorin
Serum
GB

Positive

Positive

Negative

101

6

Total
no.
107

EDTA-treated plasma
Positive

Negative

30

8

Total
no.
38

Negative

0

805

805

0

424

424

Total no.

101

811

912

30

432

462

Sensitivity (%)

100.0 (96.3 ~ 100.0)

100.0 (88.7 ~ 100.0)

Specificity (%)

99.3 (98.4 ~ 99.7)

98.1 (96.4 ~ 99.1)

Overall Agreement (%)

99.3 (97.1 ~ 100.0)

98.3 (95.6 ~ 100.0)

the GB HDV Ab kit was able to detect antibodies
from specimens containing HDV-1, HDV-2 and
HDV-4, which are commonly found in Taiwan.
To determine which analytes might interfere with
the performance of the GB HDV Ab kit, interference
assays were performed. Interference test samples were
generated by spiking potential interfering materials
into serum and EDTA-treated plasma containing antiHDV plasma (ACCURUN 127) (Table 4). The results
showed that none of the interfering materials in
serum and none of the materials except TG, BL and
HAMA in EDTA-treated plasma affected the performance of the GB HDV Ab kit (p < 0.05). However, HB
and MAPC in EDTA-treated plasma might affect the
values of the COI determined by the GB HDV Ab
kit.
In addition, the detection ranges for the COI and
OD values of the positive samples with serum and
EDTA-treated plasma obtained with the GB HDV Ab
kit were wider than those of the DiaPro kit (Fig. 3).
These results indicated that the GB kit could detect
lower levels of anti-HDV antibodies and also had a

wider detection range for HDV antibodies without
dilution.

Discussion
In this study, the performance of three commercial
HDV ELISA kits (GB, DiaPro, and DiaSorin) was investigated for serum and EDTA-treated plasma. An
important issue that was encountered was the discordance between the results of the GB and DiaPro
kits. Therefore, another available kit, DiaSorin, was
used to resolve this issue. Among 913 serum samples, 86 HDV-positive samples and 827 HDVnegative samples were determined by the DiaPro kit.
On the other hand, 108 HDV-positive samples and
805 HDV-negative samples were determined by the
GB HDV Ab kit. Therefore, the 22 inconsistent samples were reconfirmed with the DiaSorin kit, resulting in 15 HDV-positive samples, 6 HDV-negative
samples, and one equivocal result. Then, we assumed
that the real status of the 912 serum samples
reflected 101 HDV-positive samples and 811 HDVnegative samples. By doing so, the overall sensitivity

Fig. 2 Distribution of HDV subtypes among the 38 HDV-positive samplesThe HDV samples were analyzed by sequencing. The sequences were
aligned to confirm the HDV subtype
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Table 4 Performance of the GB kit in the presence of interfering compounds
Specimen

Interfering compound

mean COI

±

std. Dev.

Serum

TG (−)

3.65

±

0.60

TG (+)

3.59

±

0.09

BL (−)

2.95

±

0.83

BL (+)

2.75

±

0.67

HB (−)

3.85

±

0.38

HB (+)

3.68

±

0.40

HAMA (−)

3.60

±

0.16

HAMA (+)

3.80

±

0.35

MAPC (−)

3.26

±

0.49

MAPC (+)

3.89

±

0.52

EDTA-treated plasma

TG (−)

4.09

±

0.60

TG (+)

3.57

±

0.23

BL (−)

3.65

±

0.84

BL (+)

3.24

±

0.39

HB (−)

4.59

±

0.26

HB (+)

3.90

±

0.26

HAMA (−)

4.67

±

0.27

HAMA (+)

4.43

±

0.11

MAPC (−)

4.09

±

0.09

MAPC (+)

5.02

±

0.30

p-value
0.87

0.77

0.62

0.43

0.20

0.24

0.48

0.03

0.23

0.01

TG triglyceride, BL bilirubin, HB hemoglobin, HAMA human anti-mouse antibody plasma, MAPC multi-analyte positive control (SeraCare Accurun Series 2700)

and specificity of the GB HDV Ab kit were shown
to be 100 and 99.3%, whereas those of the DiaPro
kit were shown to be 85.1 and 100%, respectively.
The results for the serum samples indicated that the
performance of the GB HDV Ab kit was better than
that of the DiaPro kit. Among the 462 EDTA samples, 26 HDV-positive samples and 436 HDVnegative samples were determined by the DiaPro kit.
However, 38 HDV-positive samples and 424 HDVnegative samples were determined by the GB HDV
Ab kit. Therefore, the 12 inconsistent samples were
also reconfirmed by using the DiaSorin kit, which resulted in 4 HDV-positive samples and 8 HDVnegative samples. Then, we assumed that the 462
EDTA samples included 30 HDV-positive samples
and 432 HDV-negative samples. Therefore, the overall sensitivity and specificity of the GB HDV Ab kit
were 100 and 98.1%, respectively, whereas those of
the DiaPro were 86.7 and 100%, respectively. Therefore, the present study revealed the better performance of the GB HDV Ab kit in terms of specificity
and sensitivity compared to that of the DiaPro kit. In
addition, the detection limit of the GB HDV Ab kit
was better than that of the DiaPro and DiaSorin (Fig.
1). Therefore, the 6 negative serum and 8 negative

plasma samples by DiaSorin might contain lower concentration of anti-HDV antibodies and only could be
determined by GB HDV Ab kit due to the lower detection limit of GB kit. Further study is needed to address these questions.
In addition, the ELISA assay is usually affected by
binding to natural unknown proteins, such as human
anti-animal antibodies [27]. Therefore, we also used
interference assays to determine the performance of the
GB HDV Ab kit in the presence of interfering materials.
The kit performance did not significantly change in the
presence of five different interfering materials in serum
except for HB and MAPC, for which the results for
EDTA-treated plasma showed statistically significant
variation (p < 0.05). Although not yet understood, the
slight background observed in EDTA-plasma with
hemoglobin (HB) or MAPC might be due to unspecific
binding of the antibodies. The results indicated that the
GB HDV Ab kit is suitable for detecting anti-HDV antibodies in serum samples.

Conclusion
The GB HDV Ab kit can successfully detect antiHDV antibodies from patients infected with HDV genotypes 1, 2 and 4, which are commonly found in
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Fig. 3 Distribution of the results for the clinical specimens tested with the GB and DiaPro kits. Results for the HDV-positive serum samples
expressed as the COI (a) or OD (b). Results for the HDV-positive EDTA-treated plasma expressed as the COI (c) or OD (d)

Taiwan. The GB kit has higher sensitivity and specificity than commercial ELISA kits. In addition, the GB
HDV Ab kit showed improved performance during
interference testing of serum samples, a wider detection range and a lower detection limit than commercial kits. The results indicated that the GB HDV Ab
kit might be suitable for screening patients infected
with HDV.
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