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Hepatitis B virus (HBV) antiviral drug resistance mutations prevent successful outcome of treatment and
lead to worsening of liver disease. Detection of its emergence permits opportune treatment with alternative
drugs. Unfortunately, the use of newly approved antivirals, including adefovir dipivoxil, emtricitabine, and
telbivudine, is also associated with the development of drug resistance, albeit to a lesser extent than the use of
lamivudine. The objectives of this work were to assess the performance characteristics (sensitivity and
accuracy) of an updated drug resistance test, the INNO-LiPA HBV DR v2, which includes detection of
mutations associated with lamivudine, adefovir, emtricitabine, and telbivudine resistance, and to compare the
results with consensus sequencing of serum samples from patients treated with HBV antivirals. Diagnostic
sensitivity, defined as detection of a positive amplification line on the line probe assay (LiPA) strip, was 94.8%
(95% confidence interval [CI], 89.7 to 97.9) after initial testing, increasing to 96.3% (95% CI, 91.6 to 98.8) after
repeat test 1 and to 100% (95% CI, 97.3 to 100.0) after repeat test 2. In diagnostic accuracy determinations, full
concordance was observed between sequencing and LiPA for 77.0% of the codons tested (620/805 codons [95%
CI, 74.0 to 79.9]), whereas LiPA and sequencing were partially concordant 22% of the time (177/805 codons).
In 167 out of 177 cases, LiPA detected a wild-type/mutant mixture whereas sequencing detected only one of the
two results. Performance testing of the new LiPA test, the INNO-LiPA HBV DR v2, showed convincing
diagnostic sensitivity and accuracy. The ability of the test to detect mixed infections and minority viral
populations associated with resistance to the current generation of antivirals, including adefovir, emtricitab-
ine, and telbivudine, makes it a useful tool for HBV therapy monitoring.

For the 350 million persons chronically infected with hepa-
titis B virus (HBV), the two therapeutic approaches presently
available to control infection and its sequelae are the use of
immunomodulatory agents and/or antiviral chemotherapy.
These treatments aim at interrupting the progression and clin-
ical outcomes of the disease (cirrhosis, hepatocellular carci-
noma) by stimulating the anti-HBV-specific host immune re-
sponse or by markedly decreasing viral replication. Of these
two approaches, antiviral therapy has been the more frequently
chosen option for long-term treatment, especially because of
its relative lack of side effects or when immunomodulation
therapy has been unsuccessful.

Unfortunately, the sustained efficacy of antiviral agents with
respect to halting disease progression can readily be compro-
mised by the frequent occurrence of viral mutations. In the
course of treatment using approved antivirals such as lamivu-

dine, adefovir, and emtricitabine, HBV mutants are often se-
lected from the preexisting pool of circulating quasispecies.
Over time, one or several of these mutants will become the
dominant species as a result of a variety of factors (21). In
particular, resistance to lamivudine, the most frequently pre-
scribed antiviral, is practically unavoidable, and the inexorable
development of lamivudine drug resistance has been a major
clinical impediment to its extended use. In pooled results from
four multicenter controlled trials involving patients receiving
lamivudine monotherapy, HBV variants associated with drug
resistance were detected in 24% of patients after 1 year, a
proportion that rose to 42% after 2 years (4, 9, 10).

In contrast, the emergence of mutants with resistance to ad-
efovir has been somewhat slower in naïve compared to lamivu-
dine-resistant patients. Adefovir has a low resistance profile, with
3%, 9%, 18%, and 28% of patients showing resistance after 2, 3,
4, and 5 years, respectively (6). For its part, emtricitabine is asso-
ciated with a high rate of drug resistance, even in treatment-naïve
patients, which tends to preclude its use as monotherapy (15).
Finally, the use of telbivudine has also been associated with drug
resistance for about 5% of patients after only 12 months of treat-
ment (11). This is not surprising, given that it shares the same
resistance profile as lamivudine, especially at rtM204I within the
YMDD motif of the viral polymerase (24).
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Due to the increasing use and expanding repertoire of nu-
cleotide or nucleoside analogues to treat HBV, drug resistance
mutations are becoming more problematic clinically. Unfortu-
nately, the emergence of drug resistance often leads to a wors-
ening of liver disease (13). Furthermore, cases of severe hep-
atitis reactivation due to infections by drug-resistant virus,
resulting in hepatic decompensation and even mortality, have
been previously reported (5, 14, 17). Cases of severe reactiva-
tion after withdrawal of antiviral therapy have also been pre-
viously described (7). Such unsatisfactory outcomes of drug
resistance could be prevented by early detection of its emer-
gence, thereby permitting an opportune alteration of treat-
ment with appropriate alternatives.

The CE-marked INNO-LiPA HBV DR v2 (Innogenetics,
Gent, Belgium) (see Fig. 1) is an in vitro, reverse hybridization
line probe assay (LiPA) used to detect the presence of different
genetic variants of HBV in human serum or plasma samples.
The test—an update of the INNO-LiPA HBV DR, which de-
tected only lamivudine-related mutations—includes new and
clinically relevant wild-type and mutant motifs for codons
L80V/I, V/G173L, L180M, A181T/V, M204V/I/S, and N236T,
located in the HBV polymerase protein, that confer resistance
to lamivudine, adefovir dipivoxil, emtricitabine, and telbivu-
dine.

The need for new-generation assays to detect resistance
mutations and tailor therapy with respect to virological status
is clinically relevant, given the emergence of complex patterns
of resistance mutations which may impact treatment decisions
(2, 23, 22, 25). While the previous version of the test covered
only mutations in the HBV polymerase B and C domains,
some of the new mutations associated with recently approved
antivirals are present in other HBV polymerase domains.
Therefore, a new assay was developed, extending coverage to
HBV polymerase domains A through F. Because of this
change and the fact that nested PCR technology is less well
accepted in the market, the new amplicon was developed for
use in a single-round PCR. This assay has been extensively
challenged during the development phase. A design verifica-
tion procedure was performed with 100 HBV DNA positive
clinical samples. All these samples were tested with LiPA and
sequenced. Mixtures which were not confirmed by sequencing
were investigated through a method called “reduced clonal
analysis.” These samples were cloned, and two to four clones
were picked up and plated several times to produce monoclo-
nal clones. Each clone was sequenced, amplified two to four
times, and tested on LiPA strips. The identities of the compo-
nents of the mixture were considered to have been confirmed
when all LiPA results had been confirmed by sequencing of the

FIG. 1. Example of monitoring resistance with the INNO-LiPA HBV DR v2 strip. The patient was receiving lamivudine treatment and
developed an M204V resistance mutation and later a compensatory L80V mutation. The patient was switched to adefovir therapy in month 36 and
in week 60 developed a new adevofir resistance mutation (N236T).
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clones. Data of the design verification procedure are not
shown, but the results of this study are described in the INNO-
LiPA HBV DR v2 kit insert. We report here the performance
characteristics of the INNO-LiPA HBV DR v2 and compare
the results with those obtained using direct sequencing.

MATERIALS AND METHODS

Aim. The objectives of this study were twofold: an evaluation of test sensitivity
and calculation of the diagnostic accuracy of the new assay. The assessment of
diagnostic sensitivity was carried out using HBV-positive human blood samples.
The number of positive test results was determined by detection of a positive
amplification control (AC) line on the LiPA strip. The sensitivity was calculated
as the number of positive test results versus the total number of samples tested.

For its part, the accuracy of the INNO-LiPA HBV DR v2 was determined at
the codon level (positions 80, 173, 180/181, 204, and 236) by determining the
percentages of codons with fully concordant, partially concordant, or completely
discordant results obtained by LiPA versus sequencing results. Determination of
accuracy at the sample level was performed by calculating the percentages of
samples with discordant results between LiPA and sequencing.

INNO-LiPA HBV DR v2. For both internal testing at Innogenetics and exter-
nal testing at other sites, HBV DNA was isolated from the serum samples by
using a commercially available QIAamp DNA blood mini kit (Qiagen GmbH,
Hilden, Germany). Samples from sites 1 and 3 (internal testing) were extracted
at Innogenetics and eluted in 200 �l of buffer; samples from site 2 (external
testing) were eluted in 60 �l of buffer. HBV DNA was amplified in a single-round
PCR with INNO-LiPA HBV DR v2 primers (Innogenetics) according to the
manufacturer’s instructions (Innogenetics). The biotinylated amplified product
of 867 bp was denaturated and hybridized to specific oligonucleotide probes
coated onto the INNO-LiPA HBV DR v2 strip. After hybridization, unhybrid-
ized DNA was washed from the strip. Streptavidin labeled with alkaline phos-
phatase was added and bound to any biotinylated hybrid previously formed.
Incubation with BCIP/NBT chromogen resulted in a purple/brown precipitate.
The INNO-LiPA HBV DR v2 strip contains 1 blue marker line, 2 control lines,
and 32 parallel probe lines.

Sequencing. In order for the analysis for accuracy to be performed, a sequenc-
ing reference result was required for each sample. The sequence analysis was
performed with using an AB377 sequencer and a BigDye Terminator V3.1 kit
(Applied Biosystems, Foster City, CA). This was done on the basis of
dideoxynucleotide DNA sequencing (25 cycles of 10 s at 95°C, 5 s at 50°C, and
4 min at 60°C), with the sense and antisense primers (HBV nucleotides 255 to
278 and 1121 to 1099 [based on the sequence with GenBank accession number
X70185]) amplifying HBV polymerase domains A to F. The procedure was
conducted in a completely blinded manner with respect to data available to the
technician for the expected test outcome in terms of comparative assays when
performing and interpreting the test. The results of the alternative typing method
at Innogenetics (LiPA) were completed by a person who was not involved in the
practical testing during this study.

Samples and test sites. To achieve the above-mentioned objectives, stored
samples from HBV patients were tested at Innogenetics (internal site) and at
external sites. Samples tested at Innogenetics were made available by the liver
clinic of Hospital Vall d�Hebron (M. Buti, Barcelona, Spain [site 1]) and by the
laboratory of F. Zoulim (Lyon, France [site 3]). Patient samples for sites 1 and
3 were provided under conditions of informed consent. Samples for testing at the
external sites were selected by and tested at the site of H. G. Niesters (Rotter-
dam, the Netherlands [site 2]). Informed consent was not necessary for site 2
(routine diagnostics). Statistical evaluation was separately carried out for testing
at Innogenetics and the external sites and also for the pooled data of all sites.
Subject confidentiality was maintained by removal of all identifiers from the
patient samples.

Proficiency testing. Prior to test validation, a suitability check using a profi-
ciency panel consisting of four serum samples positive for wild-type HBV (con-
firmed by sequencing and INNO-LiPA HBV DR), a blank sample for extraction
(HBV-negative sample), and a negative control for amplification (water) was
performed prior to sample testing to ensure that laboratory personnel would be
able to perform the assay appropriately. The proficiency panel was the same for
the internal and the external testing sites and was assessed with validation lot 1
of the INNO-LiPA HBV DR v2 (code 80348, batch 143 832). As expected, the
results of proficiency testing were found to be good.

Design of validation study. Stored samples from different HBV-positive indi-
viduals who were currently undergoing or had received nucleoside analogue
treatment were tested. All samples were tested using the INNO-LiPA HBV DR

v2 (code 80348, batch 143 832) and an Auto-LiPA instrument (Innogenetics;
same kits and instrumentation as used for the proficiency panel). The LiPA
results were visually interpreted and compared to sequencing results that either
were generated at the R&D facilities of Innogenetics or were available from the
external investigator’s site.

Discrepant specimen analysis/repeat testing. Taking into consideration that
sequencing has heretofore been considered the gold standard, the results were
divided into four classes with respect to sequencing: fully concordant, partially
concordant, completely discordant, or indeterminate. Results were considered
fully concordant when LiPA and direct sequencing showed the same results at
the amino acid level, i.e., a wild-type, a mutant, or a mixed sequence with respect
to codons 80, 173, 180, 181, 204, and 236. Results were considered partially
concordant when (i) LiPA provided additional information compared to se-
quencing (i.e., when the LiPA results showed a mixture of wild-type and mutant
sequences whereas sequencing showed either a wild-type or a mutant sequence
only) or (ii) sequencing showed a mixture of wild-type and mutant sequence
whereas LiPA showed only one of the two results or (iii) both methods showed
mixes but the combination of amino acids detected by LiPA and sequencing
shared at least one amino acid but not all of the amino acids. Results were
considered completely discordant if the amino acids detected by LiPA were
completely different from those determined by sequencing; i.e., one test showed
a mutant and the other test showed a wild type. Finally, an indeterminate result
was considered to have occurred when either LiPA or sequencing gave no results
for a codon.

In cases of test failure or a discrepancy between assay results and sequencing,
the test was repeated according to a predetermined study algorithm based on the
following guidelines. When negative results occurred on the strip (i.e., when no
positive amplification line was seen), the amplification was repeated. When
results were repeatedly negative, the sample was extracted a second time. If the
results were indeterminate for one codon (i.e., if the lines on the LiPA remained
blank for both the wild type and the mutant of this codon, with the HBV control
line on the strip giving a positive result), verification of the electropherogram was
performed (at Innogenetics). If results were indeterminate for more than one
codon, a repeat test procedure starting from the amplification step was per-
formed. When the results be repeatedly indeterminate, a restart of the procedure
from the sample extraction step was carried out. If all lines were reactive, the test
was repeated from the extraction step. Finally, if the results from LiPA and
sequencing were discordant, Innogenetics checked the electropherogram. If the
results were still discordant, sequencing on the LiPA amplicon was performed by
Innogenetics.

With respect to diagnostic sensitivity, the term “initial result” refers to the
LiPA typing result obtained from hybridization of the amplicon of a first ampli-
fication of extracted DNA. “Repeat result” refers to the final LiPA typing result
obtained upon repeating this LiPA one (R1) or two (R2) times.

RESULTS

Disposition of blood samples. A total of 139 archived serum
samples from 129 patients were selected for the study. Three
samples were subsequently rejected: one sample contained no
volume, and two samples did not meet the inclusion criterion
of the presence of a viral load exceeding 1,000 copies/ml.
These rejections resulted in an actual number of tested
samples of 136.

Samples from seven patients were included twice. This
was allowed because the collection times were spread in
time and/or a different therapy was given at the time of
blood sampling.

Of the total sample pool, 100 samples were taken from
patients who received treatment at the time of blood sampling.
Thirty of the patients were being treated with lamivudine, 11
with lamivudine-interferon, 3 with lamivudine-telbivudine, 7
with adefovir-lamivudine, 43 with adefovir only, 1 with inter-
feron, and 1 with famciclovir. Treatment details were not doc-
umented for four patients. For 36 patients, it was not known
whether treatment was still being given at the time of blood
sampling.
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Sequencing data. DNA (originating from 200 �l of serum)
used for sequencing and validation was eluted in 200 �l of
buffer for all 39 and 47 samples at sites 1 and site 3, respec-
tively. Elution was done in 60 �l of buffer for all 50 samples at
external site 2.

A reference sequencing result could be determined for all
136 samples sequenced at the Research and Development
facilities of Innogenetics (39 samples from site 1, 47 from site
3, and 50 from site 2). For two samples from site 1, the refer-
ence result was obtained by sequencing the LiPA amplicon,
while for the other samples, sequencing was performed on the
same DNA as was used for LiPA. For five samples from site 2,
sequencing and LiPA were performed on different templates,
implying that a second batch of extracted DNA was used.

Diagnostic sensitivity. (i) Internal testing. Eighty-six sam-
ples were tested with INNO-LiPA HBV DR v2 (data not
shown). Two out of the 86 samples gave no band on 2%
agarose gel and also showed an initial hybridization failure, as
seen by a nonreactive AC line on the LiPA strip. Amplification
was repeated (R1) for these two samples and resulted in pos-
itive results for gel and LiPA for one of the two samples. For
the other sample, no band was visible on the gel and the AC
line remained negative after this repeat amplification. A repeat
extraction (R2) was then performed for this one sample, and
initial amplification of this new DNA sample resulted in a
positive gel result and an interpretable hybridization result.

(ii) External testing. Fifty samples were tested with INNO-
LiPA HBV DR v2 (data not shown). Six out of the 50 samples
gave no band on a 2% agarose gel, and 5 of those 6 also showed
an initial hybridization failure (nonreactive LiPA strip AC
line). For these five samples, new DNA had to be extracted, as
initial elution had been carried out in 60 �l of buffer only and
insufficient DNA remained for a repetition of the amplification
using the initial DNA batch. After repeat extraction, only one
out of five samples had a detectable band on a 2% agarose gel,
and only this sample had an interpretable typing result on the
LiPA strip (R1). Repeat amplification on DNA of R1 resulted
in all four remaining samples giving positive results for both
the gel and the LiPA strips (R2).

The overall diagnostic sensitivity of the INNO-LiPA HBV
DR v2, defined as the presence of a positive amplification line
on the strip, is summarized in Table 1. Overall sensitivity was
94.8% (95% confidence interval [CI], 89.7 to 97.9) after initial
testing. Sensitivity increased to 96.3% (95% CI, 91.6 to 98.8)
after repeat test 1 (implying a second extraction and/or ream-
plification) and to 100% (95% CI, 97.3 to 100.0) after repeat
test 2.

Indeterminate results. A total of five indeterminate codon
test results were observed out a total of 816 codons tested for
the 136 samples. This means only 3.7% indeterminate results
at the sample level (95% CI, 1.2 to 8.4) and a rate of 0.6%
indeterminate results (95% CI, 0.2 to 1.4), taking all 816
codons into account.

Three of the indeterminate results were produced by codon
173 tests (2.2% indeterminate results for codon 173 [95% CI,
0.5 to 6.3]), while the other two indeterminates were located at
codon 204 (1.5% indeterminates for codon 204; 95% CI, 0.2 to
5.2). One of the indeterminate results produced by codon 173
tests was due to a mutation in this sample, resulting in a
methionine at position 173. The other four indeterminate re-
sults could be explained by a polymorphism in an adjacent
codon (Tables 2, 3, and 4). There was no correlation of the
indeterminate results with either genotype or viral load.

Diagnostic accuracy. (i) Internal testing. As seen in Table 2,
a total of 505 codons were tested internally. Full or partial
concordance between LiPA and sequencing results was found

TABLE 1. Overall diagnostic sensitivity of the
INNO-LiPA HBV DR v2

Testing
site

No. of
samples

No. and % of successes for indicated
test/total no. of tests

Initiala Repeat 1b Repeat 2c

LiPA % LiPA % LiPA %

Internal 86 84/86 97.7 1/2 98.8 1/1 100
External 50 45/50 90.0 1/5 92.0 4/4 100
Overall 136 129/136 94.8 2/7 96.3 5/5 100

a 95% CI, 89.7 to 97.9.
b 95% CI, 91.6 to 98.8.
c 95% CI, 97.3 to 100.0.

TABLE 2. Diagnostic accuracy at the codon level: results of initial and repeat hybridization compared to sequencing
(Innogenetics internal validation)

Codon

No. (%) of tests with indicated resulta

Full concordanceb Partial concordance
IND on

LiPA
Complete

discordance Total
Total WT MUT MIX MIX LiPA no

MIX Seq
MIX Seq no MIX

LiPA
Different

MIX

L80V/I 44 39 3 2 31 0 0 0 2 77
V/G173L 70 70 0 0 12 0 0 2 0 84
L180M 57 31 21 5 28 1 0 0 0 86
A181T/V 72 68 1 3 12 1 1 0 0 86
M204V/I/S 50 16 34 0 30 1 3 1 1 86
N236T 83 82 0 1 3 0 0 0 0 86

Total 376 (74.5) 306 (60.6) 59 (11.7) 11 (2.2) 116 (23.0) 3 (0.6) 4 (0.8) 3 (0.6) 3 (0.6) 505 (100)

a WT, wild type; MUT, mutant; MIX, wild type and mutant both present with respect to codons 80, 173, 180, 181, 204, and 236; Mix LiPA no MIX Seq, detection
of both wild type and mutant by LiPA versus either wild type or mutant detected by sequencing; MIX Seq no MIX LiPA, detection of both wild type and mutant by
sequencing versus either wild type or mutant detected by LiPA; Different MIX, different mixture between LiPA and sequencing of both wild type and mutant present
with at least one shared amino acid by both methods; IND on LiPA, indeterminate result with LiPA.

b The data for full concordance between LiPA and direct sequencing are divided into three groups: the WT group, MUT group, and MIX group.
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for 74.5% and 24.4% of the codons tested, respectively. Im-
portantly, 116 cases (23% of total codons) were observed
where LiPA results showed a mixture of wild-type and mutant
sequences whereas sequencing showed either a wild-type or
mutant sequence result only. The reverse situation occurred
for only three codons (0.6% of positive samples). An indeter-
minate result for LiPA or complete discordance between the
tests was found for three codons (0.6%) each.

(ii) External testing. Results of 300 codon tests indicated the
same general pattern seen with internal testing (Table 3).
Complete concordance occurred for 81.3% of the results.
LiPA detected 51 mixtures of wild types and mutants (17% of
total codons), whereas the reverse situation did not occur with
sequencing. A different mixture was seen for only three
codons. Two indeterminate results were observed with LiPA,

and there were no instances of complete discordance between
LiPA and sequencing.

Table 4 summarizes the overall results of diagnostic accu-
racy at the codon level. Taken together, those results showed
that full concordance was observed for 77.0% of codons tested
(95% CI, 74.0 to 79.9) whereas LiPA and sequencing were
partially concordant 22% of the time (177 out of 805 results).
An overview of these results is presented in Table 5.

Three main groups of partially concordant results could be
distinguished according to the sequencing results. In the first
group, sequencing revealed a wild-type codon, but the LiPA
result indicated the presence of both wild-type and mutant
codons (71 codons). When more than one mutant was de-
tected, the mix could contain one or more mutant amino acids.
The second group of results comprised situations in which

TABLE 3. Diagnostic accuracy at the codon level: results of initial and repeat hybridizations compared to sequencing
(validation at external sites)

Codon

No. (%) of tests with indicated resulta

Full concordanceb Partial concordance
IND on

LiPA
Complete

discordance Total
Total WT MUT MIX MIX LiPA no

MIX Seq
MIX Seq no
MIX LiPA

Different
MIX

L80V/I 39 34 3 2 11 0 0 0 0 50
V/G173L 44 41 3 0 5 0 0 1 0 50
L180M 32 14 18 0 18 0 0 0 0 50
A181T/V 49 48 1 0 1 0 0 0 0 50
M204V/I/S 32 10 21 1 14 0 3 1 0 50
N236T 48 48 0 0 2 0 0 0 0 50

Total 244 (81.3) 195 (65.0) 46 (15.3) 3 (1.0) 51 (17) 0 (0) 3 (1.0) 2 (0.7) 0 (0) 300 (100)

a WT, wild type; MUT, mutant; MIX, wild type and mutant both present with respect to codons 80, 173, 180, 181, 204, and 236; Mix LiPA no MIX Seq, detection
of both wild type and mutant by LiPA versus either wild type or mutant detected by sequencing; MIX Seq no MIX LiPA, detection of both wild type and mutant by
sequencing versus either wild type or mutant detected by LiPA; Different MIX, different mixture between LiPA and sequencing of both wild type and mutant present
with at least one shared amino acid by both methods; IND on LiPA, indeterminate result with LiPA.

b The data for full concordance between LiPA and direct sequencing are divided into three groups: the WT group, MUT group, and MIX group.

TABLE 4. Diagnostic accuracy at the codon level: results of initial and repeat hybridizations compared to sequencing
(overall internal and external site validation)

Codon

No. (%) of tests with indicated resulta

Full concordanceb Partial concordancec

IND on
LiPA

Complete
discordanced Totale

Total WT MUT MIX MIX LiPA no
MIX Seq

MIX Seq no
MIX LiPA

Different
MIX

L80V/I 83 73 6 4 42 0 0 0 2 127
V/G173L 114 111 3 0 17 0 0 3 0 134
L180M 89 45 39 5 46 1 0 0 0 136
A181T/V 121 116 2 3 13 1 1 0 0 136
M204V/I/S 82 26 55 1 44 1 6 2 1 136
N236T 131 130 0 1 5 0 0 0 0 136

Total 620 (77.0) 501 (62.2) 105 (13.0) 14 (1.7) 167 (20.7) 3 (0.4) 7 (0.9) 5 (0.7) 3 (0.4) 805 (100)

a WT, wild type; MUT, mutant; MIX, wild type and mutant both present with respect to codons 80, 173, 180, 181, 204, and 236; Mix LiPA no MIX Seq, detection
of both wild type and mutant by LiPA versus either wild type or mutant detected by sequencing; MIX Seq no MIX LiPA, detection of both wild type and mutant by
sequencing versus either wild type or mutant detected by LiPA; Different MIX, different mixture between LiPA and sequencing of both wild type and mutant present
with at least one shared amino acid by both methods; IND on LiPA, indeterminate result with LiPA.

b The data for full concordance between LiPA and direct sequencing are divided into three groups: the WT group, MUT group, and MIX group. 95% CI, 74.0 to
79.9 (Total), 58.8 to 65.6 (WT), 10.8 to 15.6 (MUT), 1.0 to 2.9 (MIX).

c 95% CI, 18.0 to 23.7 (MIX LiPA no MIX Seq), 0.1 to 1.1 (MIX Seq no MIX LiPA), 0.4 to 1.8 (Different MIX). The partial concordance results are expanded in
Table 5 below.

d 95% CI, 0.1 to 1.1.
e 95% CI, 99.6 to 100.0.
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sequencing revealed a mutant amino acid whereas the LiPA
result included this mutant either in a mix of two mutants (26
codons) or in combination with a wild-type result (70 cases).
Finally, as detailed in Table 6, the third group (partial concor-
dance) was made up of sequencing results that showed a mix of
wild types and mutants (10 codons) as opposed to LiPA results
showing the presence of a mutant (7 codons), a wild type (1
codon), or both (2 codons).

In the course of the study, two results that showed discor-
dance between LiPA and sequencing were observed at codon
80 and one result showed discordance at codon 204. These
three discordant results were present in two different speci-
mens. After the LiPA amplicon was sequenced, the LiPA re-
sult was confirmed for all three discordant codons.

Finally, upon follow-up analysis, no correlation was found
between diagnostic accuracy and either viral load or viral ge-
notype.

DISCUSSION

Performance testing of the new INNO-LiPA HBV DR v2
reverse hybridization LiPA, designed for the detection of wild-

type and mutant motifs for codons L80V/I, V/G173L, L180M,
A181T/V, M204V/I/S, and N236T, demonstrated the test’s
ability to detect wild type and mutants at the above-mentioned
codon positions with a very high rate of success. Upon initial
testing, a diagnostic sensitivity of 94.8% was observed. Ream-
plification and/or reextraction of seven specimens eventually
led to a diagnostic sensitivity of 100% after the repeat testing.

With respect to diagnostic accuracy, LiPA and sequencing
identified the same amino acids 77% of the time. In contrast,
for 22% of the codons (177/805), LiPA and sequencing gave
only partially concordant results. In these cases, the difference
between the reverse hybridization technique and sequencing
was especially striking: LiPA detected the presence of a mix-
ture of wild-type and mutant codons in no less than 20.7% of
cases compared to sequencing. This difference has important
ramifications, since monitoring the evolution of primary and
compensatory mutations during long-term antiviral treatment
remains a clinically relevant issue. Indeed, previous studies (1,
3, 8, 12, 16, 18) have indicated the ability of reverse hybridiza-
tion tests such as LiPA to detect minority virus populations
that are not (or not yet) picked up by sequencing. In some
cases, mutations amounting to 30% of the entire HBV popu-
lation may fail to be detected by sequencing (1). This implies
that HBV antiviral treatment efficacy can be maximized by
changing or adding drugs at the onset of genotypic resistance
as monitored by reverse hybridization tests such as LiPA (12).
Anticipation of the need for therapy modification through reg-
ular testing can likely prevent progression of liver fibrosis and
attenuate the risk of liver decompensation.

Aside from the fact that hybridization tests are generally
more sensitive than sequencing for early detection of minority
viral populations, the interpretation of emerging resistance
using sequencing is affected by such factors as the experience
of the operators and the software used to interpret the results.
Sequencing also tends to be time-consuming, labor-intensive,
and not readily adaptable to high-throughput screening (19).
For their part, the limitation of hybridization tests lies in their
single-base discrimination. Specificity can be influenced by the
sequences adjacent to a polymorphic site or possibly by inter-
ference from secondary structures (20). Three indeterminate

TABLE 5. Details of overall results after initial and repeat hybridizations for partially concordant results

Codon

No. of results with indicated mutation(s)a

WT Seq MUT Seq MIX Seqb

TotalWT � MUT LiPA WT � MUT LiPA
MUT LiPA WT � MUT LiPA MUT LiPA WT LiPA

Total Total

L80V/I 17 (V), 5 (V�I), 2 (I) 24 4 (V), 6 (V�I), 1 (I) 11 7 (V�I) 0 0 0 42
V/G173L 14 14 3 3 0 0 0 0 17
L180M 9 9 37 37 0 0 11 0 47
A181T/V 6 (T), 4 (V) 10 2 (T), 1 (V) 3 0 1 (T�V)3 0 12 15
M204V/I/S 5 (V), 3 (I), 2 (V�I) 10 10 (V), 2 (V�I), 3 (I) 15 19 (V�I) 1 (V�I)5 1 (V)4,5, (V�I)6,7–10 0 51
N236T 4 4 1 1 0 0 0 0 5

Total 71 70 26 2 7 1 177

a WT Seq, wild-type codon detected by sequencing; MUT Seq, mutant codon detected by sequencing; MIX Seq, wild-type and mutant codons both present with
respect to codons 80, 173, 180, 181, 204, 236; WT � MUT LiPA, detection of both wild type and mutant by LiPA versus either wild type or mutant detected
by sequencing; MUT LiPA, two or more mutant codons detected by LiPA; WT LiPA, wild type detected by LiPA.

b Superscripted numbers refer to results that showed a mix of wild types and mutants as detailed in Table 6.

TABLE 6. Partially concordant codons with mixed
results by sequencing

Codon and superscripted
no. in Table 5 Sequencing result LiPA result

L180 M
1 L/M M

A181T/V
2 A/Ta A
3 A/T A/T/V

M204V/I/S
4 M/V V
5 M/V M/V/I
6 M/I V/I
7–10 M/V/I V/I

a This mutation was found in a sample with a discordant test result. Upon
sequencing of the LiPA amplicon, only the WT A amino acid was observed at
this position.
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results in the present study (Table 2) could be explained by the
presence of a polymorphism in an adjacent codon.

In conclusion, performance testing of the new version of the
LiPA test, the INNO-LiPA HBV DR v2, showed convincing
diagnostic sensitivity and accuracy. The test’s ability to detect
mixed infections and minority viral populations associated with
resistance to the current generation of antivirals, including
adefovir, emtricitabine, and telbivudine, makes it a practical
and useful tool for HBV therapy monitoring.
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