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An international collaboratlve study to establish the 2"
World Health Organlzatlon International Standard for
hepatitis B virus DNA nucleic acid amplification
technology-based assays
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¥ 52,3 ﬂgu E;"@ ES Background and Objectives The aim of this study was to replace the 1 World
Health Organization International Standard for hepatitis B virus DNA for nucleic acid
amplification technique (NAT)-based assays {code 97/746) with a new Intemational
- Standard. Two.lyophilized preparations freeze dried from the same bulk were evaluated - - -
. in the original collaborative study {coded 97/746 and 97/750, and termed AA and BB,
vespectively, in'the ongmal study). This present study re-evaluates these two prepara-
* tions in terms of potency: and Teal-time stability.

Materials and Methads The 1 IntematlonaJ Standard (97/746} and the second
lyophlhzed preparation (97/750) were coded Samples 1 and 2, respectlvely, in the
present study. The samples were dlstnbuted to six laboratories and assayed on four
separate occasmns Accelerated thermal degradatmn samples of the two Prepara-

" tions were ‘examined after long-term storage at 4 °C and 20 °C for more than
51 months.

Results. Data were retumed from a total of nine different NAT-based assays, five in
qualitative format and four in quantitative format. The results of this study confirm
the results of the-original collaborative study, with no significant differences being
found in estimated international units (IU)/m! or polymerase chain reaction-detectable
units/ml for the 1! International Standard {Sample 1 in this study) and the proposed
replacement preparation, Sample 2 (97/750). Real-time and accelerated degradation
studies indicate that tioth samples are very stable. Storage of both preparations at
20 °C for more than 51 months resulted in no detectable degiadation,

Conclusions On the basis of the data presented in this collaborative study; Sample 2
{code 97/750) was established as the 2" International Standard for hepatitis B virus

" Received: 22 Octoher 2007, .
oo e aandt DNA for NAT-based assays with a potency of 105 IUfml (500 000 IUfvial).

revised 20 November 2007, e
accepted 25 November 2007 " Key words: hepatitis B virus, International Standard, NAT.

[ntroduction _
Correspondence: S. A Baykis, Pau-Ehrtich- lnstltut. Paul—Ehrhch—Strasse The 1 International Standard (IS) for hepatitis B virus
51-59, 63225 Langen, Germany - ~ (HBV) DNA, for nuclejc acid amplification technique (NAT)-
E-mail: baysa@pei.de : based assays (code 97/746) was established in 1999 by the

35



2 5.A. Baylis et al

World Health Organization (WHO) Expert Committee on
Biological Standardization (ECBS) [1]. This standard has
been used in the calibration of secondary standards and
working reagents, and has been used in the validation of
assays for both the gualitative and quantitative detection of
HBV DNA in serum and plasma. The standard has been used
in the field of blood and blood product safety, as well as in
the clinical investigation of HBV infection, both for diagnosis
~and for monitoring HBV loads in respense to antiviral
- therapy.

In the original collaborative study, three preparations were
evaluated. Two of the materials were lyophilized preparations
formulated by dilution of R1, the Eurohep reference material
[2] in pooled human plasma. This plasma bulk containing
HBV was stored at -70 °C until processing. A single bulk
material was lyophilized on two separate occasions, 2 weeks
apart, using the same processing parameters [1]. These
iyophilized preparations, coded 97/746 and 97/750, were
termed AA and BB, respectively, in the original collaborative
study. A third pr_epération, termed CC, was a liquidffrozen
HBV plasma sample. No significant difference in potency was
observed between AA and BB, which had been prepéred from

_the same bulk material, but had been Iyophilized on separate

occasions. The 1°' 1S for HBV DNA for NAT-based assays was
assigried a potency of 10° intemational units per ml (10° IO
ml). In the 50" report of the WHO ECBS [3], it was noted that
97/750 would be reserved as a potential replacement standard
in the future, As 97/750 had been fully characterized i in the
original collaborative study, the WHO ECBS pmposed examina-
tlon of real-time stabﬂlty data of the 1°'1S and the candidate
replacement standard 97/750.

In the present collaborative study, the potency and stability
of the candidate replacemerit standard 97/750 is compared to

the 1°1S for HBV DNA. The approach for the re-évalaation’
of 97/750 was agreed on at the 16™ meeting of the Inter- -
national Scientific Working Group on the Standardization’

of Genome Amplification Techniques (SoGAT) in May 2005
[4]. e

PR

Materials and metheods

The 1% IS for HBV DNA. for NAT-based assays (97/746) and
the proposed replacement (97/750} were lyophilized from the
same bulk starting material derived from a high-titre HBV
genotype A2 (HBV surface antigen subtype adw2) sample
{Eurohep R1), diluted in haman plasma [1]. This HBV strain has
‘a éeqﬁence characteristic of those crculating in central
Europe [2]. ‘ .

Co]laboratrve study

'_ Six: laboratorles participated in the collaborative study and .

each was requested to assay the 1°'I5 for HBV DNA (97/746)

36

concurrently with the candidate replacement standard {97/
750). The participating laboratories were from five different
countries and represented quality control laboratories, a
manufacturer of plasma derivatives and an academic institu-
tion {a national reference laboratory for hepatitis B and
D). Participants were sent four vials of the 1S (97/746)
and four vials of the candidate replacement standard
(97/750), these were coded Samples 1 and 2. The normal
temperature for the long-term storage of 97/746 and 97750
is-20 °C and participants were requested to store the samples
under these conditions until analysis. The aim of the study
was 10 determine whether there was any evidence of loss of
potency of the two lyophilized preparations during normal
storage conditions, since the time they were freeze dried.
Participants were requested to test the samples on four separate
accasions, The lyophilized samples were reconstituted with
0:5 ml of nuclease-free deionized water and the contents

gently agitated for 20 min before analysis. In the case of .
qualitative assays, participants were requested to perfoim

serial dilutions of the samples in four independent assay
runs. In the first qualitative assay run, 10-fold dilutions were

. performed to determine the end-point for the detection of
. HBV DNA. In each of the subsequent three assay runs, a

minimum of two half-log,, dilutions either side of the
predetermined end-point, were tested, and results reported

..as positive or negative. In the case of quantitative assays for .

HBV DNA, participants were requested (o report results in
IU[m! and to test the samples without dilution, or prepare
dllutlons of the samples as necessary, depending on the linear
range of assays used. In addition, one laboratory analysed the
Eurohep Rl reference in parallel, following continuous storage

" at-80°C,

Stability studies

For accelerated thermat degradation studies, vials of 97/746
and 97750 were incubated at'4 °C and 20 °C, for between

* 51 months and 56 months. The degradation samples were
- extracted as previcusly described [5] and analysed in
‘parallel with samples of the two preparations.that had been

stored at ~20 °C, to provide a haseline for analysis One set
of assay runs was- performed using the Artus HBV LC PCR
Kit [Qlag’en GmbH, Hilden, Germany) and used in accord-
ance with the manufacturer's instructions, A second set of

assay runs was performed using previously published
-primers and probe sequences [5] and amplification reactions

were performed using the LightCycler FastStart DNA
Master Hybprobe kit (Roche Applied Science, Mannheim,.
Germany). Standard curves were -prepared using serial

." 10-fold dilutions of the 151S for HBV DNA (97/746). The

stability studies were.performed by two different operators

at the National Institute for Biological Standards and '

Control (NIBSC), UK.

© 2008 The Auﬂlor{s} '
.Iournal compilation © 2008 Blackwell Publishing Ltd., Var Senguinis (2008)



Replacement WHO International Standard for HBV DNA NAT-hased assays 3

Table 1 Laboratory cades and assay protocols used by participants

Table 2 Estimated IUjmi {log, ) from quantitative assays

Labioratory code  Method Type
1 Roche COBAS TagMan HBV test with  Quantitative
use of HPS viral nucleic acid kit

2A Artus HBV LC PCR kit Quantitative

2B In-howuse real-time PCR Quantitative

3A fioche COBAS AmpliScreen HBV test  Quatitative
"38 In-house real-time PCR Qualitative

3C In-house real-time PCR Qualitative

4 In-house real-time PCR Quantitative

5 In-house PCR Qualitative

6 Roche COBAS AmpliScreen HBV test Qualitative

PCR, polymerase chain reaction; HEV, hepatitis B virus.

In-house assay details for th efollowing laboratories; 2B, the assay was based
on a previousty published amplification method [6] targeting the HBs geae
with detection using the Roche LightCycler; 3B, qualitative real-time PCR
assay amplifying the core region of the HBV genome with detection using
the Ruche LightCycler; 3C as for 38, with an initial ultracentrifugation step
prior to extraction; 4 real-time PCR amplifying the X region of the HBV
genome [7] and detection using.the Roche LightCycler; 5, qualitative PCR
assay amplifying-the HBV core region and detection using capillary

. clectrophorests,

Results.

"For the analysié of the results, ‘a code number was allocated

_at random for each laboratory (Table 1), and does-not reflect.

the-numbers assigned to laboratories that participated in the
original collaborative study to establish the I*' IS (97/746).
Where individual laboratories returned data from more than
one assay method, or repeat assays by different operators,
the results were analysed separately, and referred to zs, for
example, lahoratories 3A and 3B. Eachparﬁcipatmg laboratory
performed four separate assay runs on the two preparations
as requested in the study protocol. The types of assays used
by participants are recorded in Table 1; thése cover a range
of in-house (1 = 5) and commercially available tests {1 = 4).
Where they-have been disclosed, details of the assay and region
of the HBV genome amplified are indicated (Table 1). Three
laboratories {1, 24, 2B, and 4} retuned data from quantitative
_ assays, with results expressed in IUfml. All calculations
were based on the estimates of log,, Ufml, to give overall
mean figures for each laboratory. Three laboratories (3A, 3B,
5 and 6) returned data from end-point dilution series,
.produced using qualitative. assays. These were analysed to
determine the pelymerase chaijl reaction (PCR)-detectable
units/ml for each sample, using the statistical methods

described in the publi:cation of the original coilahorative .

study to establish the 1*' 1S for HBV DNA [1].
The estimated TU/ml (log,;) from the quantitative assays
and PCR-detectable unitsfm! {log,) from the qualitative

© 2008 The Authorfs)

Laboratory Sample :
number- Sample 1 Sample 2
1 5499 597

2A . 608 589

28 606 ' 592

4 594 586
Mean® - 600 593

"Results combined for laboratory 2 to give a single mean prior to caleutating
overalt mean of laboratories,

Table 3 Estimated polymerase chain reaction (PCR) -detectable units/mi
(log,y) for qualitative assays

Laboratory Sample

number Sampie 1 - Sample 2
37 - B4 658
380 L L 690 . 668

ac : 656 535

5 649 . 525

6 651 659

]

assays are shown in Tables 2 and 3, respectively. For hoth
quantitative and qualitative assays, the results for Samples 1
and 2 are extremely close. For the quantitative assays,
combining the results from laboratory 2 to give a single

laboratory mean, the overall estimate for.the **IS, Sample 1,

is 600 log,, [/ml, exactly the assigned unitage, and 593
log,, 1U/ml for Sample 2. If the results of the assays from
laboratory 2 are considered separately (2A and ZB), then the
overall means are 6-02 and 534 log,, IUfml for Samples 1
and 2, respectively. There is also very close agreement between
the resulis from the individual laboratories. One set of resuits
submiitted by laboratory 3C was retumed as crossing point

" {Ct) values; these were not intluded in the main analysis,

as it was not possible to convert them to either IU or PCR-
detectable units. However, these results were in line with all
other assay methods (i.e. demonstrating equivalence of

. Samples 1 and 2).. Calculating the pairwise difference in

log,, estimates between Samples 1 and 2 for each laboratory
that provided quantitative dats, there was a smail, but
marginally significant (P = 0-044) difference of 0-08. When
the results from laboratory 2 are combined to give a single
laboratory mean, the difference between Samples 1 and 2
is similar (0-07), but no longer sigriiﬂcant. Laboratory 4 also
measured the Eurohep reference sample R1. Samples 1 and - -

Jouwmnal compilation © 2008 Blackwell Publishing Ltd., Vox Sanguinis (2ooé]
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Table 4 Estimated {Ufmt (log,,)) for accelerated degradation samples

Sampl
Storage ample
temperature Sample 1 Sample 2
=20°C 6-02 ’ 592
4°C 592 5o
20°C 594 603

The aceelerated thermal degradation samples were stored at 4 °C and 20 °C

for a period of 51 and 56 months; these samples were compared to vials of

§7/746 that were stored continuously at —20 °C. Four vials of each sample

stored at 4 °C and 20 °C were anzlysed on four separate occasions, each

sample extract was tested in triplicate on each accasion. The data were

pooled for the two different storage times and mean values shown for the
. estimated [Ufml (Iogm]

2 were originally prepared from R1 following a 1 in 500
dilution in human plasma. The titre of R1 was determined to
be 873 logy, IU/ml, which is in very good agreement with the
expecied tifre of 870 log,, IU/ml. The difference between
"Samples 1 and 2 was not significant when estimates from
all laborstories were included. This was the case whether
treating the different assay methods of [aboratory 3 as three
separate laboratories (P = 0-099) or combining their
estlmates into a single laboratory mean (P = 0-124).

Stability studies

A total of four separate assay runs were performed by a single
- laboratoty. The overall mean estimated IU/ml flog,,) for the
different samples and storage temperatures are shown in
Table 4. From analysis of the raw data, no degradation was
evident for any of the test samples when-compared with
baseline samples stored at -20°C; as a consequence the
results were combined for the samples stored for 51 months,
" and those stored for 56 months, The results summarized
in Table 4 clearly demonstrate that no degradation has
. occurred. Performing a formal significance test, there was no
significant difference in estimated [Ufml across the temperatures
for either sample. It should be noted that the formal test
allowed for any possible differences betieen the samples
stored for 51 months and those stored for 56 months, It is not
possible to obtain precise predictions of expected loss per
year, because no observed degradation has taken place and,
‘thus, it -was not possible to apply the Arthenius model of
accelerated degradation-[8,9). However, if it were assumed
that the degradation rate would double with every 10°C
increase in storage temperature, ‘the lack of any detectable
. degradation at 20 °C-for over 4 years would equate to no

detectable degradation at —20 °C for 64 years. Real-time.

stability, ofthe 1°t IS (Sample 1) and Sample 2, as effectively

detemined in the present collaborative study, indicates no
loss of potency of these two preparations since time of
manufacture, as evidenced by the values reported by the
participants,

Conclusions

The results of this collaborative study are in good agreement
with the results of the original study [1]. Using only the
results of the quantitative assays, which are expected to be
miore precise than the qualitative assays, there was a difference
of around 0-07 to 0-08 log,, between the estimated [Ufml for
the 1°'1S and the candidate replacement, Sample 2. If assays
from two differing methods used by laboratory 2 are
freated as if from separate laboratories, this difference is

- marginally significant (P = 0-044). However, if the results

for laboratory 2 are first combined, the difference is no longer
significant. Including the results from all participants, using both
quantitative and qualitative assays, there is no significant
difference between the 15 IS and the candidate replacement,
Sample 2, This lack of significant difference is in contrast to a
recently completed study to establish the 3 1S for hepatitis

C virus {HCV) RNA [10]. Here two lyophilized prepara- -

tions, derived from the same bulk, were evaluated by 33
laboratories that calibrated them against the 2" HCV IS,
using a wide range of commercial and in-house quantitative
and quahtatwe assays. The relative potencies of the two new

lyophilized HCV RNA preparations were 5-19 and 541

log,, IUfml, while the uriprocessed bulk material had a
relative potency of 5-70 log,, TUfml. These differences iri
relative potencies between the two lyophilized HCV RNA
preparations were statistically significant (P < 0-0001}; with
a clear loss of potency on processing. This is in contrastto the
HBV study presenied here, From the original collaborative
study and data from this new study, there is no significant
difference between the potencies of the two HBV DNA

‘Samples 1 and 2, nor was there any detectable loss of titre

of the preparations following Iyophilization [1].

The results of the accelerated degradation studies have also
demonstrated that both Samples 1 and 2 are extremely stable
and suitable for long-term use, with no detectable degradation

" for either preparation after storage at 20 °C for more than

4 years. This stability is in contrast to the I* and 2™ IS for
HCV RNA (96/790 and 96/798, respectively), which showed
an average decrease of log,, 19 for samples stored at 20 °C
for more than 5 years [11]: This difference in the observed
stability may be due to the nature of the viral nucleic acid,
which in the case of HBV is DNA, in contrast to the RNA'

_genome of HCV, which is likely to be more unstable and

susceptible to degfadation. However, it is possible that
further unknown factors influence the stability. ‘

On the basis of this study, Saniple 2 [57/750) was-established
as the 24 IS for HBV DNA. for NAT-based assays by the WHO

@ 2003 The Author(s)

*_ Journal compilation © 2008 Blackwell Pubhshmg Ltd., Vor Sanguinis (2008)
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+

ECBS in October, 2006. This preparation has a potency of
108 IUfml. Each vial contains the equivalent of 0-5 ml of mate-
rial, and the content of each vial is 5 x 10° IU per vial. Vials
of 97/750 are available from NIBSC.
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