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Hepatitis B/D virus infection leads to severe liver disease. HDV infection is not routinely investigated since the di-
agnosis is based on enzyme immunoassays (EIAs), which are not available in all laboratories. This study investi-
gates the performance of new automated assay for anti HDV Ab detection: LIAISON® XL Murex anti-HDV.
HBsAg-positive samples were evaluated for HDV serology using the ETI-AB-DELTAK-2 and the new LIAISON® XL
Murex with a concordance of 97.5% and 2.42% discordant results. The discordant specimens reacted negatively
with EIA and positively with the new test.
Dilutions of HDV-purified antibodies and HDV-positive samples were tested with both assays, showing a lower
detection limit for the new assay.
In conclusion, LIAISON® XL Murex showed a good concordance with the reference method and allowed a more
rapid HDV detection. This new diagnostic tool may be useful for a more efficient approach to the HDV diagnosis
and evaluation of HDV epidemiology.
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1. Introduction

Hepatitis D virus (HDV) is a small, defective RNA virus that requires
hepatitis B virus (HBV) co-infection for virus replication and propaga-
tion (Yurdaydin 2017). HDV was discovered and isolated in the mid-
70s (Rizzetto et al. 1977) andwas demonstrated to be an RNAmolecule
of lowmolecular weight, encapsidated by HBV surface antigen (HBsAg)
(Rizzetto et al. 1980).

HDV leads to a liver disease either as co-infection with HBV or as su-
perinfection of a chronic HBsAg carrier (Yurdaydin 2017). HDV co-
infection increases the probability of a severe liver disease with a faster
progression to cirrhosis. HDV co-infected patients experience fulminant
hepatitis at least 100 times more often than those with HBV alone
(Fattovich et al. 2000). Superinfected patients experience a chronicity
rate reaching 70–90% and chronic hepatitis D often evolves to cirrhosis
(60–70%) and hepatocellular carcinoma (Romeo et al. 2009; Buti et al.
2011; Ott et al. 2012; Manesis et al. 2013; Noureddin and Gish 2014).
Epidemiological studies performed in 80′ demonstrated that the
HDV was present worldwide, however the prevalence was varying
widely and regardless of HBV infection. Main areas of prevalence were
the Mediterranean basin, the Middle East, Central and Northern Asia,
Western and Central Africa, the Amazonian basin, Northern South
America, and the Asia-Pacific region (Rizzetto et al. 1991; Navascués
et al. 1995). In the same period, it was estimated that about 5% of 300
million HBV carriers were also infected by HDV, with a global burden
of about 15–20 million cases of chronic HDV infection (Rizzetto et al.
1991). However, the findings of a recent meta-analysis indicate a prev-
alence of 10.58% among HBsAg carriers and an even higher HDV preva-
lence in the intravenous drug users (IVDU) and high-risk sexual
behavior population (Chen et al. 2018).

Vaccination against HBV, screening of blood donors, safety proce-
dures, use of disposable medical devices, and improved socioeconomic
conditions in most countries contributed to significant changes in the
prevalence of HDV infection in recent years. In Italy, the prevalence of
anti-HDV antibodies (Abs) in chronic HBsAg carriers was 24.7% in
1978–1981 and 28% in 1987, declined to 14% in 1992 and to 8.3% in
1997 (Sagnelli et al. 1997; Gaeta et al. 2000), and remained at around
10% in recent years, with a large prevalence in elderly people
(Stroffolini et al. 2017).

Despite the reduced prevalence reported in someareas, the presence
of HDV infection has been discovered in new regions such as Russia,
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Table 1
Demographic, serological, and virological characteristic of the patients.

Median age, 48 (13–82) Males 68,
females 56

N %

HBsAg positive 124 100
HBsAg positive 124 100
Anti-HBsAg negative 124 100
Anti-HBc positive 124 100
HBeAg negative 124 100
Anti-HBe Ag positive 124 100
HBV-DNA not detected 93 75
HBV-DNA low levels 15 12
HBV-DNA high levels 16 13

HBV-DNA not detected: b10 IU/mL; low levels: ranging from 200 to 800 IU/mL; high
levels: ranging from 20,000 to 1.9 × 106 IU/mL.
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India, Albania, China, and others (Abbas et al. 2010). Moreover, an in-
crease of the prevalence rates of HDV infection in France has been re-
ported in blood donors (Servant-Delmas et al. 2014) likely due to the
immigration of HDV infected HBsAg carriers. An increased prevalence
has been also reported in the United Kingdom and in Germany
(Erhardt et al. 2003; Wedemeyer et al. 2007; Cross et al. 2008;
Değertekin et al. 2008; Schweitzer et al. 2015).

However, the burden of HDV infection is largely underestimated
since the HDV prevalence is unknown in several areas of the world.
The lack of epidemiological data is not limited to countries with low so-
cioeconomic development. Several factors contribute to underestimate
HDV infection. Hepatitis D has received the designation of orphan dis-
ease both in the United States and in the European Union, giving the
misleading impression that, in these regions, HDV infection is infre-
quent (Yurdaydin 2017). A systematic screening for anti-HDV Abs in
HBsAg carriers is not routinely performed, and therefore, HDV infection
could bemisdiagnosed. Technical issues also contribute to underestima-
tion and underdiagnosis of HDV infection.

Untilmid-2018, the only tests for the detection of anti-HDV available
on the market were based on the enzyme immunoassays (EIAs) tech-
nique, searching for total antibodies to HDV. EIAs are excellent assays,
can be automated, and sustain a high throughput. However, EIAs re-
quire working in batch, increasing the response time in laboratories
performing only a small number of tests daily/weekly. Moreover, auto-
mated EIAs have an elevated testing (3.5 h) and turnaround time. The
automation itself can be incomplete, with a requirement in the analytic
process of high level of operator input and time, i.e., for the preparation
of reagents and of the equipment. Moreover, it is critical that the man-
ufacturer's instructions are accurately followed to ensure optimum per-
formances; otherwise, the analytical quality and hence the overall
performances of the assay may be negatively affected. Not surprisingly,
in highly automated laboratories, EIAs are considered an ‘old’ technol-
ogy and are no longer deemed efficient. As a consequence, most anti-
HDV EIAs have been discontinued or are no longer available in several
countries, including the US. This may ultimately contribute to
underassessment and underdiagnosis of HDV infection in clinical
practice.

DiaSorin S.p.A. (Saluggia, VC, Italy) has recently launched the first
fully automated chemiluminescent immunoassay, i.e. the LIAISON® XL
Murex, for the diagnosis of HDV infection. The full automation of the
test and its high throughput may allow a better standardization of the
results, as well as an easier and faster HDV diagnosis. The possibility to
manage the test as a reflex one in all HBsAg-positive samples could
help to improve the HDV diagnostic efficiency.

In this study, we have compared the performance of the novel
LIAISON® XL Murex anti-HDV assay with the reference ETI-AB-
DELTAK-2 assay in samples positive for HBsAg.

2. Materials and methods

Between November 2016 and June 2017, we have evaluated 124
serum samples of HBsAg-positive patients (median age 48.3, ranging
from 13 to 82) for which laboratory diagnosis of HDV infection was
required.

The patientswere also characterized for HBV infection, and anti-HBs,
anti-HBc, HBeAg, anti-HBe, and HBV DNA levels were evaluated. In all
patients, the typical pattern of chronic HBV infection was observed:
HBsAg positive, anti-HBs negative, anti-HBc positive, HBeAg negative,
and anti-HBe positive. In 93 patients, HBV DNA was not detected
(b10 IU/mL); in 15 patients, low levels of viral DNA were detected
(ranging from 200 to 800 IU/mL); in 16 patients, high levels of viral
DNA were detected (ranging from 20,000 to 1.9 × 106 IU/mL).

Total antibodies to HDVwere detected using ETI-AB-DELTAK-2 (ref-
erence method) according to manufacturer instructions. The ETI-AB-
DELTAK-2 (DiaSorin S.p.A., Italy) is a competitive assay based on the en-
zyme-linked immunosorbent assay technique for the qualitative
determination of anti-HDV. The cutoff value was determined by adding
the mean absorbance of negative control multiplied by 0.5 to the mean
absorbance for the positive control multiplied by 0.5. Samples with ab-
sorbance values within ±10% of the cutoff value were retested to con-
firm the initial result. Samples repeatedly reactive were considered as
positive, samples nonreactive at the second test were considered as
negative, and samples repeatedly testing within ±10% of the cutoff
were considered as indeterminate. According to the manufacturers' in-
structions, the test requires different manual steps to be performed, and
about 3.5 h is needed to obtain the result.

All samples collected in the study period were also tested with the
new LIAISON®XLMurex anti-HDV assay (DiaSorin S.p.A., Italy), an indi-
rect chemiluminescent immunoassay run on the fully automated
LIAISON® analyzer family, according to the manufacturer's recommen-
dations. Based on the vendor instructions, this assay is intended as an
aid in the diagnosis of HDV infection and as a screening test for organ,
tissue, and cells postmortem donors. It allows the qualitative determi-
nation of total anti-HDV in a range of 0.100 to 30.0 AU/mL value and
in less than 35 min. Specimens with results above or equal to 1.00 AU/
mL were considered reactive for HDV antibodies.

All discordant samples were further tested by another EIA assay (Di-
agnostic Bioprobes Srl, Italy). The assay was performed and interpreted
according to the manufacturers' instructions.

To evaluate the sensitivity of EIA ETI-AB-DELTAK-2 and LIAISON®XL
Murex anti-HDV assays, the human anti-HDV positive control from ETI-
AB-DELTAK-2 assay and anti-HDV positive samples were diluted in
phosphate-buffered saline and tested in parallel with both assays.

A total of 50 HBsAg-negative samples obtained from patients with
autoimmune diseases (Stroffolini et al. 2017) and pregnant women
(35) were also tested with LIAISON® XL Murex anti-HDV assays.

3. Results

We collected 124 HBsAg-positive serum samples (Table 1). All sam-
ples were analyzed for the presence of anti-HDV using the ETI-AB-
DELTAK-2. Thirty-nine (31.45%) and 85 (68.55%) specimens were
anti-HDVpositive andnegative (Table 2), respectively,whereas 42 sam-
ples evaluatedwith the new LIAISON®XLMurex anti-HDV assay gave a
positive result (33.87%). Three samples (2.42%) reacting negativelywith
EIA repeatedly tested positive with the new assay, albeit with a low re-
activity ranging between 2.3 and 3.0 AU/mL. Eighty-two samples tested
negative with the LIAISON® XL Murex anti-HDV assay (66.13%). The
level of concordance between the reference method and the new anti-
HDV assay was 97.5%.

The discordant sampleswere further evaluatedwith EIA assay byDi-
agnostics Bioprobes, and a nonreactive result was obtained in all
samples.

According to the manufacturers' instructions, the LIAISON® XL
Murex anti-HDV assay has a better sensitivity with respect to the EIA



Table 2
Comparison of the results.

LIAISON® XL MUREX
anti-HDV

Neg Pos

ETI-AB-DELTAK-2
Neg 82 3
Pos 0 39
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assays (100% vs. 99%). To assess whether the discrepant results were
due to a differential detection limit between assays, dilutions of HDV-
purified antibodies andHDV-positive sampleswere testedwith both as-
says(Table 3).

EIA assay gave a reactive result up to 1:10 dilution of anti-HDV puri-
fied antibodies, whereas the new anti-HDV assay tested reactive up to
1:75 dilution. A similar result was obtained diluting anti-HDV–positive
samples (Table 3), confirming a lower detection limit of the new
LIAISON® XL Murex anti-HDV assay.

HBsAg-negative samples (50)were tested to evaluate the specificity
of the new assay; a negative result was obtained, confirming the high
performance of the LIAISON® XL Murex anti-HDV test.
4. Discussion

HBV-HDV infection is underdiagnosed, and its epidemiological bur-
den is underestimated, as confirmed by several studies. The lack of
fully automated assays has contributed to hamper the screening for
HDV infection in HBsAg positive patients. It has been reported that
only 42% of patients with chronic hepatitis B (CHB) were tested, show-
ing HDV infection in 8% of the individuals (Gish et al. 2013), suggesting
that a relevant percentage of HBsAg carriers is not correctly evaluated
for HDV co-infection or superinfection. Overall, HDV testing rates are
low despite the guidelines recommending universal testing of HBV-in-
fected patients (El Bouzidi et al. 2015).
Table 3
Dilutions of purified anti-HDV Ab and positive anti-HDV Ab samples.

Type of sample Dilution ETI-AB-DELTAK

OD

Undiluted
0.09

Purified anti-HDV 1:10
0.128

1:50
0.411

1:75
0.583

1:100
0.578

Positive sample 1
Undiluted

0.280
1:10

0.420

Positive sample 2
Undiluted

0.03
1:20000

0.411
1:25000

0.520

Positive sample 3
Undiluted

0.025
1:10000

0.37
1: 12500

0.458

ETI-AB-DELTAK-2: negative control N/= 0.6 OD, positive control b/= 0.08 OD, cutoff b0.409 O
LIAISON® XL MUREX ANTI-HDV: negative control = 0.02 AU, positive control N13 AU, cutoff
The diagnosis of HDV infection patients is important to avoid inap-
propriate management of HBV/HDV infection. The current treatment
based on of pegylated interferon provides a sustained virological re-
sponse in only 25%–40% of patients (Noureddin and Gish 2014;
Yurdaydin 2017). Novel compounds such as entry and farnesylation in-
hibitors or nucleic acid polymers are currently in phase II clinical trials
with promising results, further emphasizing the necessity to correctly
diagnose HBV/HDV infected subjects (Botelho-Souza et al. 2017;
Yurdaydin 2017).

Even in regionswith a low prevalence, rapid and accurate diagnostic
assays are needed since high-risk groups need to be evaluated for the
presence of HDV antibodies. These include intravenous drugs users
and immigrants from HDV-endemic countries. More attention should
be addressed to HDV infection testing for HBsAg positive patients. This
strategy requires fast and easy-to-perform assays. However, the diagno-
sis of HDV infection so far has been based on serological EIAs. EIA
methods have some limitations, as they require high-performance lab-
oratory infrastructures and equipment, and do not allow reflex testing
in HBsAg carriers. Moreover, the decreasing endemicity of HDV infec-
tion in the Western world has led to a reduced alert about the HDV in-
fection, and anti-HDV assays are not available in all laboratories;
consequently, not all HBsAg carriers are evaluated for HDV infection.

In the present study, we have evaluated a new assay, the LIAISON®
XL Murex anti-HDV on the fully automated LIAISON XL platform. This
instrument allows a random access of the samples, with a result time
of ≤35 min and a remarkable reduction of turnaround time. Moreover,
this platform could allow performing anti-HDV as a reflex test in
HBsAg-positive patients, thus allowing a more efficient diagnosis of
HDV infection in all potentially infected individuals.

LIAISON® XL Murex anti-HDV assay, compared to the reference
method, has detected all EIA anti-HDV–positive samples. However, 3
specimens reacted only with the new assay, albeit at a low reactivity.

Comparing the detection limits, we demonstrated a lower detection
limit of LIAISON® XL Murex anti-HDV assay with respect to the refer-
ence method. This observation strongly suggests that the automated
-2 LIAISON® XL MUREX anti-HDV

Result AU Result

Positive 13 Positive

Positive 7.87 Positive

Indeterminate 1.96 Positive

Negative 1.35 Positive

Negative 0.705 Negative

Positive 3.74 Positive

Negative 1.85 Positive

Positive 13 Positive

Negative 2.6 Positive

Negative 1.4 Positive

Positive 13 Positive

Positive 3.5 Positive

Negative 2.34 Positive

D.
= 1.0 AU.
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assay has correctly detected low reactive samples not identified by the
EIA assay. It is not possible to exclude a false-positive reactivity in
these 3 samples, although the manufacturer reports a diagnostic speci-
ficity of 99.35%. Due to the unavailability of further serum, it was not
possible to search HDV RNA, whose presence would have confirmed
an active infection.

To better assess the specificity of the assay, 50 HBsAg-negative sam-
ples obtained from patients with autoimmune diseases and from preg-
nant women were tested, yielding negative results and confirming the
high specificity of the assay.

A differential sensitivity and specificity among anti-HDV EIAs have
been described. Chow et al. have evaluated 2 commercial assays: the
DiaSorin and the Cusabio (Chowet al. 2016). TheDiaSorin assaydemon-
strated 100% sensitivity and specificity with respect of the reference
assay, whereas the Cusabio assay demonstrated a sensitivity of 81.3%
and specificity of 90.9%. The authors explained these differences with
the different origin of HDV strain used to generate the assay, Italy and
China, respectively. This hypothesis can be excluded in the present
study since both assays were generated using the same HDV strain. It
is not possible to exclude that the new automated assay might show a
different sensitivity toward antibodies raised against different HDV
strains.

The aim of the present studywas to compare, in a real-life diagnostic
laboratory, the referencemethod for the detection of anti-HDV antibod-
ies with the new automated assay. Therefore, to avoid any bias, only
routine samples with an order for the detection of anti-HDV antibodies
were used.

A limitation of our study could be represented by the number of the
samples tested even if it represents the routine of the HDV diagnosis re-
quests in our center. Moreover, theHDV prevalence is about 10% among
HBsAg carriers, with a large prevalence in elderly people (Gaeta et al.
2000), making it difficult to evaluate a larger number of HDV-positive
samples.

5. Conclusions

The results of this study suggest that the novel LIAISON® XL Murex
anti-HDV assay represents an easy-to-perform fully automated tool
that ensures the standardization of the results and a rapid response.
This newdiagnostic toolmay be used for amore efficient HDV diagnosis
and for an optimized evaluation of HDV epidemiology. Furthermore, it
can be applied as routine approach for the screening of high-risk popu-
lation, as well as organ and tissue donors, and thus might contribute to
improve management of HDV infection.
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