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ABSTRACT Hepatitis D virus (HDV) is responsible for fulminant hepatitis and liver
failure and accelerates evolution toward cirrhosis and hepatocellular carcinoma in
hepatitis B virus (HBV)-infected patients. To date, treatment relies upon long-term
administration of pegylated alpha-interferon with a sustained virological response in
30% of the patients. Very recently, new, promising anti-HDV therapies have been de-
veloped and are already being used in clinical trials. HDV RNA viral load (HDVL)
monitoring must be an integral part of the management of the infected patients.
However, HDV genus is characterized by a high genetic variability into eight geno-
types (HDV-1 to -8), and most available in-house or commercial assays are useful for
only a limited subset of genotypes. Results of a comparison of the performance of a
new kit for HDVL quantification with the consensus in-house assay of the French Na-
tional Reference Laboratory for HDV developed in 2005 are reported here. A total of
611 clinical samples of all HDV genotypes with various HDVL values, including sev-
eral consecutive samples over several years from 36 patients, were studied. A speci-
ficity, sensitivity, and reproducibility evaluation was conducted using HDV-positive
clinical samples, hepatitis A, B, C and E (HAV, HBV, HCV, and HEV, respectively) and
HIV mono-infected samples, and the WHO HDV RNA international standard. Overall
results were strictly comparable between the two assays (median difference, 0.07 log
IU/ml), with high diagnosis precision and capacity. In summary, this new kit showed
high performance in detection/quantification of HDVL, regardless of the genotype of
the infecting strain used, and seems to be a suitable tool for patient management.
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The World Health Organization (WHO) estimates that 240 million people are chron-
ically infected with hepatitis B virus (HBV), of which approximately 20 million are

also infected with hepatitis D virus (HDV). HDV is responsible for much more severe liver
disease, with more frequent occurrence of fulminant hepatitis and more rapid evolution
to cirrhosis and hepatocellular carcinoma (HCC) in HBV/HDV-infected patients (1–5).
The diagnosis of HDV infection relies upon the detection of total anti-HDV antibodies.
IgM antibodies are positive in acute infection and persist in chronic infection (6, 7).
However, they are lacking in some African patients (8). The quantification of HDV RNA
viral load (HDVL) is the only reliable marker of HDV replication and must be an integral
part in the management of HDV patients worldwide.

During the last decade, several commercial and in-house assays have been devel-
oped. However, very recently we showed that most of them dramatically underesti-
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mated or failed to detect/quantify positive HDV RNA samples, especially from patients
infected with strains of African origin (HDV-1 and HDV-5 to -8) (9–11), highlighting the
lack of efficient tools to routinely monitor HDVL for therapeutic management of
infected patients.

In addition, several new specific anti-HDV drugs, such as entry and farnesylation
inhibitors and nucleic acid polymers (12, 13), have been developed and are currently in
phase 2 clinical trials, with or without the classical alpha-interferon (IFN-�) therapy
(14–16). Therefore, providing standardized kits for quantification of HDVL is urgently
needed in order to precisely evaluate the efficiency of these new HDV therapies in large
multicenter trials. This is a crucial step toward the definition of consensus guidelines in
the management of HDV-infected patients.

The aim of the present work was to evaluate the performance of the Eurobioplex
HDV kit (Eurobio Company), a new commercially available assay based on real-time
one-step reverse transcription-PCR (RT-PCR) technology.

RESULTS

A total of 611 clinical samples together with dilutions of the WHO HDV international
standard (IS) were considered for the kit evaluation. This sampling included all of the
eight known HDV genotypes with various HDVLs ranging from values for positive
unquantifiable specimens (�3 log) to 9.6 log IU/ml according to the French National
Reference Laboratory (FNRL) assay.

Global characteristics of the Eurobioplex HDV kit. A 100% efficacy (mean slope,
�3.25) of the reverse transcription-quantitative PCR (RT-qPCR) was systematically observed.
The values obtained for the five different points of the standard of quantification over 20
different runs were highly reproducible, with a coefficient of variation (CV) of �4.4%.
Similarly, good stability and reproducibility were observed with the internal control (IC),
with a median threshold cycle (CT) of 29 � 1.2 with either high or low HDVL values. No
problem of contamination was witnessed during the entire process of evaluation.
Nevertheless, we observed a slight background in 6-carboxyfluorescein (FAM) signal
while evaluating HDV-negative samples. This background allowed the determination of
the threshold of this assay at about 1,000 relative fluorescence units (RFU) for FAM. This
threshold was 300 RFU for hexachlorofluorescein (HEX).

Serum versus plasma specimens. The first interesting point was that the Eurobio-
plex HDV kit found comparable results using either serum or plasma specimens, as
assessed by the results obtained for paired serum/plasma samples from 25 patients
infected with HDV-1 and HDV-5 strains (Fig. 1). The median HDVL values were, respec-
tively, 6.07 and 6.59 log IU/ml for plasma and serum for the Eurobioplex kit, for an
expected median value of 5.49 log IU/ml, according to HDV FNRL assay results on
plasma samples (Fig. 1A and B).

Specificity. The Eurobioplex HDV kit showed an excellent specificity (100%). Indeed,
105 negative anti-HDV antibody (Ab) samples positive for either for HAV IgM, HBV DNA,
HCV RNA, HEV RNA, or HIV RNA were all found negative for HDV RNA.

Repeatability and reproducibility. Repeatability was investigated using three
samples, one each with a high, medium, and low HDVL value, together with one
negative control as described in the Materials and Methods section. All replicates (3) of
the negative control were found negative. For the three positive samples, the CV
between the replicates was �3.4%, whatever the HDVL (Table 1). In addition, when
dilutions of the WHO HDV IS were used, a CV of 2.8% was obtained (Table 1).

To evaluate reproducibility, four different technicians performed the experiments.
The four negative samples were systematically found to be negative. When the results
obtained with the set of positive samples (�3 to 7.55 log IU/ml) were analyzed, the CV
values between the measures ranged from 2.5% to 8.1% for samples with an HDVL
of �2.75 log IU/ml. This value defined the lower limit of quantification (LLOQ) of the kit
(Fig. 2).

Linearity and sensitivity. Serial dilutions (1:5) of a clinical sample with an HDVL of
8.5 log IU/ml were quantified each in triplicate. Results showed a linear quantification
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range (R2 � 0.983) between 2.75 log IU/ml and 8.5 log IU/ml and confirmed the LLOQ
value of the kit at 2.75 log IU/ml (Fig. 3). Interestingly, the four samples below this LLOQ
were found to be positive by the four technicians in the four different experiments with,
however, high CV values between measures (15 to 65%). These results allowed us to
define the lower limit of detection (LLOD) of the kit at around 1 log IU/ml (10 IU/ml)
(Fig. 2 and 3). In addition, considering the samples overall (n � 611), an excellent
detection sensitivity of 98.5% was found for the kit compared to results with the FNRL
assay (Table 2).

Influence of biochemical parameters. The possible influence on the quantification
results of the kit of triglycerides and bilirubin, two typically altered biochemical

FIG 1 Comparison of HDVLs in serum versus plasma. (A) Histograms represent the HDVLs obtained in 25
pairs of serum and plasma samples of different HDV genotypes and HDVL values. Values obtained with
the FNRL assay on plasma samples are shown in black; values obtained in plasma and serum samples
with the Eurobioplex HDV kit are shown in light gray and dark gray, respectively. (B) Distribution of HDVL
median values (in log IU/ml) obtained with the Eurobioplex HDV kit for the 25 pairs of specimens of
plasma and serum samples.

TABLE 1 Repeatability using three clinical samples with high, intermediate, and low viral
loads and two dilutions of the WHO HDV standard

Parametera

Value for the parameterb

High load Intermediate load Low load

WHO HDV IS at:

1:30 1:500

No. of replicates 3 3 30 100 80
Q1 NA NA 4.19 4.52 2.90
Median 7.55 6.36 4.26 4.57 2.98
Q3 NA NA 4.36 4.63 3.03
CV (%) 1.3 3.4 3.4 2.8 2.8
aQ1, 25th percentile; Q3, 75th percentile.
bNA, not applicable.
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parameters in viral liver disease, was evaluated. No difference was observed over the 80
samples in which the same amount of HDV RNA (5 log IU/ml) was added, with a CV of
around 3.1% (Fig. 4).

Detection/quantification of the HDV genotypes. A total of 151 clinical samples of
genotype HDV-1 to -8 were extracted and quantified with both assays. The 12 negative
controls were found to be negative. For the 128/139 positive samples, results were
comparable between the two assays, whatever the genotype or the viral load value
(median difference, �0.11 log IU/ml; R2 � 0.8952) (Fig. 5A and Table 3). It was
noteworthy that HDVL values obtained with the Eurobioplex HDV kit were quasi-
systematically slightly higher for European/Asian or African HDV-1 strains (�0.25 log
IU/ml; from 0.01 to 1.46) and lower for HDV-5 to -8 strains (�0.64 log IU/ml; from 0.07
to 1.95 log IU/ml) (Table 3). The Bland-Altman analysis confirmed the excellent agree-
ment between the two assays with an intraclass coefficient correlation (ICC) of 0.894
(95% confidence interval [CI]), with HDVL values ranging between �1.44 and �1.33 log
IU/ml (Fig. 5B). Of note, two HDV-1, four HDV-5, and one HDV-7 sample were outside
this CI.

On the other hand, the remaining 11 positive samples with low viral load (�3log
IU/ml) were detected either by the two assays for three samples or by one or the other

FIG 3 Linearity and sensitivity of the Eurobioplex HDV kit. The HDVL value for each of 14 serial dilutions (1:5) was
quantified in triplicate, as indicated by the vertical dashed lines.

FIG 2 Reproducibility of the Eurobioplex HDV kit. Mean HDVLs and coefficients of variation (CV) were
calculated from HDVL values obtained with the kit by the four different operators. Dashed lines represent
the LLOQ (2.75 log IU/ml) and LLOD (1 log IU/ml) of the assay, defined according to all our experiments.
Filled circles, low CV values obtained for HDVL values ranging from 2.75 to 8.1%; open circles, high CV
values obtained for very low HDVL values (below the LLOQ).
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assay for the remaining eight (five with the Eurobioplex HDV kit and three with the
FNRL assay).

Longitudinal study. Several available consecutive blood samples (4 to 17) over
several years of treated (30) and untreated (6) patients were analyzed. A total of 274
samples were quantified in parallel with the two assays. As shown in Fig. 6, we obtained
strictly identical kinetic patterns of HDVL, whatever the HDV genotype or the treatment
regimen. Among the 28 �-IFN-treated patients, 10 (35.8%) nonresponders (patients 1,
2, 5, 8, 11, 21, 24, 28, 32, and 33), 10 (35.8%) responders (patients 7, 14, 18, 19, 22, 25,
27, 29, 34, and 36), and 8 (28.5%) responders/relapsers (patients 4, 10, 12, 15, 16, 17, 20,
and 23) could be individualized. Relapses occurred systematically after the �-IFN
treatment was stopped for 1 year or more (patients 10, 12, 15, 17, 20, 22, and 29), and
HDVL dropped back down at reintroduction of the treatment. HDVL rebounds could
also be seen under �-IFN therapy (patients 4 and 16). Of note, after 2 years of IFN
treatment, patients 18 (HDV-5-infected strain) and 23 (HDV-1 African) showed a very

TABLE 2 Sensitivity and specificity of the assays

HDV FNRL assay result

Eurobioplex HDV kit result

Positive Negative

Positive 389 9a

Negative 14a 198
aSample with a very low HDV viral load (�3 log IU/ml).

FIG 4 Influence of triglyceride and bilirubin concentrations on HDVL quantification. Filled diamonds
represent increasing concentrations of triglyceride (A) and bilirubin (B) in the samples, and open
diamonds represent the HDV viral load values measured in these samples. Coefficients of variation (CVs)
of the measures calculated from all HDVL values are indicated. Values shown on the x axis are the total
number of samples considered.
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weak positivity (below the LLOQ of the assays) with the Eurobioplex HBV kit and not
with the FNRL assay, confirming a high sensitivity of the kit, as mentioned above (Fig.
6). With respect to patients 13 and 31, nucleo(t)side analog ([NA] entecavir or tenofovir)
monotherapy showed no efficiency, as described earlier, nor did nucleo(t)side analogs
combined with IFN show any additional benefit in six out of eight patients (patients 5,
10, 11, 15, 24, and 33). Furthermore, no spontaneous resolution of the infection was
observed in untreated patients (patients 3, 6, 9, 26, 30, and 35).

DISCUSSION

The main goal of this study was to evaluate a new commercial HDV kit for
quantification of the HDVL in clinical blood samples. This is, to date, a key unsolved

FIG 5 Detection/quantification of the HDV genotypes. (A) Linear regression (R2) between quantified results for HDV
with the Eurobioplex HDV kit and the FNRL assay. (B) Bland-Altman plots of data analyzed by the FNRL assay and
Eurobioplex HDV kit. The x axis shows the means of any two measurements, and the y axis shows the difference
between those two measurements. Black triangles represent measures of samples of HDV-1 genotype, and red
circles represent measures of non-HDV-1 genotypes. Dashed lines represent the 95% limit of agreement
(between �1.44 and �1.33).

TABLE 3 Comparison of median HDV viral loads obtained by the HDV FNRL assay and
Eurobioplex HDV kit according to genotype

Test type

Median viral load by genotype(s) (log IU/ml)

All

HDV-1

HDV-5 to HDV-8Europe/Asia Africa

Eurobioplex kit 5.05 5.87 4.36 4.74
HDV FNRL 5.16 5.61 4.11 5.38
Difference between results �0.11 �0.26 �0.25 �0.64
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FIG 6 Longitudinal study. Comparison of kinetic patterns of HDVL measured by both the FNRL assay (blue line) and Eurobioplex HDV kit (red line) in
treated (30) or untreated (6) patients. Green and orange lines indicate the treatment regimen (IFN and/or nucleoside analogs) and duration. Genotypes
of the HDV infecting strain and the dates of the different samples are indicated for each patient.
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issue in HDV diagnosis and in the management of patients, as demonstrated by several
recent studies (9–11).

One central challenge for an HDVL assay is to detect and quantify properly all
different HDV genotypes. Particularly, African HDV genotypes (i.e., HDV-1 and HDV-5 to
-8) are poorly quantified by almost all available assays and are either undetected or
dramatically underestimated (11). These different genotypes originally had a specific
geographic distribution; however, due to ancient or recent migrations of populations,
this genetic variability is now encountered in different countries worldwide (9–11,
17–25). In this respect, France, where genotypes HDV-5 to -8 representing 20% of
spreading strains were characterized, is an outstanding example (26, 27). Very inter-
estingly, this new Eurobioplex HDV kit showed an excellent capacity to properly
quantify HDVL in plasma and serum specimens, including strains with African geno-
types (global median difference is �0.10 log IU/ml). Such capacity of the kit was also
found in the longitudinal follow-up of infected patients (Fig. 6), where the HDVL kinetic
patterns were strictly comparable. However, when we looked carefully, the median
difference was �0.64 (from 0.07 to 1.95 log IU/ml) in samples of genotype HDV-5 to -8
(n � 36), and for 13 of them (36.1%) HDVL values were �1 log IU/ml with the Eurobio
kit. This suggests that African patients, mainly those with low HDVL either before,
during, or after the end of the treatment, should be carefully managed. Another clinical
point is the sensitivity of the assay and its capacity to detect early rebounds of HDVL,
as, unfortunately, relapses seem to be the rule at the end of the 12 or 18 months of
pegylated �-IFN therapy. Considering these results, the Eurobioplex HDV kit seems to
be highly suitable to monitor HDVL for patient management. Indeed, considering
patients 18 and 23 (Fig. 6), the kit detected the rebound earlier than the FNRL assay, at
a very low HDVL value (below the LLOQ of the two assays). These results confirmed the
very good sensitivity of the kit. Of note, the manufacturer proposes a range of
quantification between 3.53 and 8.53 log IU/ml regarding the concentration of the RNA
standard of quantification. However, according to the experiments conducted here, we
found an LLOQ of around 2.75 log IU/ml with very low CV, and more interestingly
samples with very low HDVLs of around 1 log IU/ml were systematically detected by all
operators. More experiments are needed with samples of African genotypes to confirm
the low level of detection of the kit for all genotypes. Nevertheless, this kit can be used
with assurance with an LLOQ and LLOD of 2.75 and 1 log IU/ml, respectively.

From technological and technical points of view, this multiplex real-time, one-step
RT-PCR utilized primers and probe designed in the hepatitis D antigen (HDAg) coding
region and not in the highest conserved ribozyme regions of the genome, as we
proposed earlier (11). While this kit was in very good agreement with the FNRL assay,
we noted that six samples of African genotypes (Fig. 4B) were under the 95% CI. This
underestimation of �1.44 log IU/ml can be linked to the primer and probe sequence
design, a critical point in the development of any assay (11). Unfortunately, we could
not further address this point as primer/probe sequences are not available.

Another technical point of interest is the provision of an RNA internal control (IC) in
this kit. In a recent study comparing almost all available HDVL quantification assays
worldwide, 42% of them had no IC (11). More than 20 runs performed with this kit
showed an excellent stability of this IC, without competition for high HDVL values,
providing a robust tool to easily monitor all technical steps and to detect PCR inhibition
events. Last, this assay runs on the CFX6 thermocycler (Bio-Rad) as recommended by
the manufacturers. However, adaptation on fully automated devices might be conceiv-
able and should be the next step for improvement of this kit in clinical practice.

In conclusion, the Eurobioplex HDV kit exhibited good specificity, sensitivity, preci-
sion, and clinical agreement with the FNRL assay and, most importantly, detected all
HDV genotypes (although with a tendency to slightly underestimate HDV-5 to -8). This
kit, which can be easily implemented in any clinical laboratory, will be a main and
efficient tool for therapeutic management of patients. This constitutes a major step
toward organization of large clinical studies, which will then issue guidelines, nonex-
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istent to date, for monitoring and therapeutic management of HDV patients in the era
of development of new potent anti-HDV therapies.

MATERIALS AND METHODS
Samples and study design. All serum or plasma samples stored at �80°C, were selected from the

French National Reference Laboratory for HDV (HDV FNRL) biobank. HDV genotype was determined as
previously described by amplification and genotyping of the R0 region (26, 28). When necessary, sample
dilutions were performed with hepatitis B surface antigen (HBsAg)-negative plasma kindly provided by
the French National Institute for Blood Transfusion.

Serum and plasma samples. First, we evaluated the performance of the kit on both serum and
plasma samples. Quantification experiments were performed in pairs of serum and plasma specimens
from 25 HDV-infected patients.

Specificity. For specificity evaluation, 105 clinical samples negative for anti-HDV antibody (Ab) but
positive for other hepatitis viruses and for the human immunodeficiency virus (HIV) were selected,
including 5 positive IgM anti-HAV Ab, 75 positive HBV DNA, 10 positive HCV RNA, 5 positive HEV RNA,
and 10 positive HIV RNA specimens.

Repeatability. Repeatability evaluation was performed using three samples with high (�7 log
IU/ml), medium (�6 log IU/ml), and low (4 log IU/ml) HDVL values. High, medium, and negative samples
were extracted one time whereas the low sample was extracted 10 times. All samples were quantified
in triplicate. In addition, two dilutions, 3 and 4.3 log IU/ml of the recently developed WHO HDV
international standard (IS) titrated at 5.76 log IU/ml (29), were tested 80 and 100 times, respectively.

Reproducibility. For reproducibility evaluation, four different technicians analyzed, in four different
experiments, 4 negative samples and 20 positive samples, including 4 samples with detectable but
unquantifiable HDVL (from 2 to 3 log IU/ml) and 16 samples with HDVLs ranging from 3 to 7.8 log IU/ml.

Linearity and sensitivity. To determine the sensitivity of the new kit, we performed 14 serial
dilutions (1:5) from a clinical sample of genotype HDV-1 quantified with the FNRL assay at 8.5 log IU/ml.
Each diluted sample was extracted in the same series and quantified in triplicate in the same run.

Influence of biochemical parameters. The influence of triglyceride and bilirubin in the blood
samples was assessed to check for possible interference with quantification performance of the kit. The
same amount, 5 log IU/ml (determined by the FNRL assay), of a plasma sample was added to 50
plasma samples with different triglyceride concentrations (1 to �5 millimoles/liter) and to 30
samples with different amounts of bilirubin (�20 to �50 micromoles/liter). All samples were then
quantified with the Eurobioplex HDV kit.

Clinical samples of various genotypes and HDVLs. The ability of the kit to detect and quantify
strains with various HDVLs and genotypes was evaluated on 151 clinical samples including the following:
94 HDV-1 (33 African and 61 European/Asian patients); 1 HDV-2; 1 HDV-3; 1 HDV-4 (DNA plasmid
containing one copy of the genome); 22 HDV-5, 7 HDV-6; 10 HDV-7; 3 HDV-8, and 12 negative controls.

Longitudinal study. The kit was also evaluated in patient follow-up, using available consecutive
serum/plasma samples (4 to 17) of treated (n � 30) or untreated (n � 6) patients. Patients were infected
with strains of different genotypes: 26 with HDV-1 (from 19 African, 1 Asian, and 6 European patients),
7 with HDV-5, and 3 with HDV-8.

Ethics statements. Evaluation of diagnosis tools, as well as prospective molecular characterization
of all new HDV replicative strains, is part of the mission attributed to the HDV FNRL, associated to the
French National Reference Centre for Hepatitis B, C and Delta, by the French Institut de Veille Sanitaire
(InVS)/Santé Publique France.

Quantification experiments. RNA extraction was performed on 500-�l patient samples, to which
the RNA internal control (IC) of the Eurobioplex HDV kit had been previously added. The RNA extraction
kit was used in strict accordance with the manufacturer’s instructions on the m2000sp device (Abbott).
RNA was eluted in 110 �l of sterile nuclease-free water and stored at �80°C until use.

The Eurobioplex HDV kit is a multiplex real-time one-step RT-qPCR, comprising an IC and a titrated
RNA (8.53 log IU/ml) as a standard of quantification. Serial dilutions of this standard are made to create
a 5-point standard curve of quantification ranging from 8.53 to 3.53 log IU/ml. The fluorophores used are
FAM for the HDV target and HEX for the IC. Primers and probes are designed in the HDV antigen-coding
region. Technical specifications indicated by the manufacturer were strictly followed. The amplification
step was performed on a Bio-Rad CFX96 thermocycler.

The HDV FNRL consensus assay was developed in 2005 and since then has routinely been used as
described previously (30), including with improvements that have been validated, such as addition of an
RNA internal control, automated nucleic acid extraction using an Abbott m2000sp device, and the use
of an ABI 7500 fast thermocycler. In addition, according to the WHO HDV IS, the LLOQ and the LLOD of
the assay have been defined at 103 and 102 IU/ml, respectively.

Statistical analyses. All results were expressed in international units per milliliter (IU/ml). Statistical
analyses were performed on R software (version 3.2.1 [http://www-users.york.ac.uk/�mb55/meas/
ba.htm]). The Pearson correlation coefficient (r) was calculated to determine the linear relationship
between the two assays. The Bland-Altman method was used to assess the agreement between the
assays. The means of all differences, the standard deviations (SD), and the intraclass correlation
coefficient (ICC) were calculated.
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