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Abstract

A WHO Collaborative Study was undertaken to assess the suitability of a candidate International
Standard (NIBSC 95/522) for detection of antibodies to Hepatitis B core antigen (anti-HBc¢) in
diagnostic assays. Four different materials were evaluated: (A) the candidate anti-HBc¢
International Standard preparation (NIBSC 95/522). (B) the current Paul-Ehrlich-Institut anti-
HBc¢ standard (PEI 82), (C) a low positive anti-HBc¢ sample (PEI 108166) from a hepatitis B virus
(HBV) infectious carrier without any other detectable HBV markers. and (D) a quality control
panel (CBER Panel #11) of 10 members, prepared from individual donors.

Thirteen laboratories from 10 countries tested the materials using 20 different anti-HBc assays.
The dilution range of candidate material A was within the dynamic measuring range of assays
and the endpoint titers equivalent to the assay’s cut-off ranged from 1:33 up to 1:622. As the PEI
standard (Sample B) and unit has been used worldwide for many years, the antibody content of
Sample A was expressed relative to this standard and unit (100 PEI units/ml). The overall
potency of the candidate International Standard A was 50 [U/ml relative to Sample B. Sample C
was detected positive by most assays but not consistently in all kits. This clinical sample may
provide information about the sensitivity of anti-HBc assays. Similarly, some assays did not
detect Panel D members that were specified to be positive. Kits which did either not detect or
were weak positive in Sample C were the same that were weak in Panel D, and were also the kits
which gave the lowest endpoint titers in the candidate material A and Sample B. Assessing the
results quantitatively, low detection limits correlated significantly with positive results and high
ratios for anti-HBc concentration measured in Samples C and D. One assay of the study,
nevertheless, did not follow this correlation.

For Sample A, within-assay and inter-laboratory variability expressed by geometric coefficients of
variation generally were <16% and <33% respectively. Stability studies with Sample A stored at
+4° for over >4 years showed no loss of anti-HBc IgG activity and this indicates long-term
stability when it is stored at -20°C.

The candidate International Standard (NIBSC 95/522) is proposed to be established as the 1%
International Standard for the detection of human antibodies to HBcore antigen. This International
Standard can be used for calibration of anti-HBc kit sensitivity, to calibrate secondary standards,
and for quality control procedures. The potency is proposed to be S50 International Units per
ampoule.

Sample C (PEI 108166) was found to be a suitable anti-HBc low reactive sample to show
commutability of the proposed International Standard in the different assays and to provide an
estimation of a minimum sensitivity of anti-HBc test Kits.

Panel D (CBER panel #11) was found suitable as quality control reference panel and also supported
commutability of the anti-HBc results.
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1 Introduction

Hepatitis B virus (HBV) infection is a serious global health problem affecting two billion people
worldwide [1]. The chain of HBV transmission is maintained partly by chronically infected HBV
carriers with 350 million people worldwide [1]. Antibodies to hepatitis B virus core antigen
(anti-HBc¢) are produced during acute HBV infection and persist lifelong so that HBV infection
can be detected in chronic carriers even when negative for hepatitis B surface antigen (HBsAg)
and HBV-DNA. Anti-HBc¢ screening therefore has the potential to detect the majority of occult
HBV infection. In fact. in the absence of anti-HBc¢ testing HBV transmission occurred in blood
recipients as well as after organ transplantations [2-8]. This has led some countries to improve
blood safety by mandatory blood screening for anti-HBc¢, including Argentina, Brazil, France,
Germany, Japan, Paraguay. Peru Uruguay, USA and Venezuela. In addition, anti-HBc may be
the only positive serological marker in chronic HBV infections (isolated anti-HBc¢) which
usually are low positive [9]. On the other hand, anti-HBc¢ persists also in those who have cleared
the virus so that isolated anti-HBc can be indistinguishable from serological profile of resolved
HBV infection not easy to differentiate from potential false positive reactions in particular in low
prevalence HBV countries [10]. Therefore high quality anti-HBc tests with high sensitivity and
specificity are required.

The PEI anti-HBc standard has been used by many manufacturers worldwide and the sensitivity
of many assays and the anti-HBc content of samples are expressed as PEI units/ml. This material
has also been used for control of sensitivity of anti-HBc assays, for manufacturer's quality
control in final product release testing and for official batch testing by national authorities. At the
meeting of the Expert Committee for Biological Standardization (ECBS) at the World Health
Organization (WHO) in October 2005 a project proposed by the Paul-Ehrlich-Institut (PEI) was
endorsed to establish a WHO International anti-HBc¢ Standard. In addition. PEI proposed to
include an anti-HBc low positive material from an HBV infectious blood donor in the study (PEI
108166) in order to see whether the results with the proposed International Standard (NIBSC
95/522) are commutable with the results for a clinical sample and whether kits are sensitive
enough to detect low positive anti-HBc levels. The National Institute for Biological Standards
and Control (NIBSC) in UK expressed their willingness to support the project by providing the
material A and stability samples and to participate in the study.

The various materials were tested in a feasibility study with 14 different anti-HBc assays
conducted at PEI in 2006. The outcomes demonstrated that both, the PEI standard 82 and the
NIBSC sample 95/522, were comparable and appeared to be adequate for anti-HBc calibration.
Because of the limited number of vials available of the PEI 82 material, NIBSC 95/522 material
which is available in sufficient volume has been proposed as a candidate to establish the anti-
HBc¢ WHO International Standard. The study also revealed that PEI 108166 was a challenging
sample to assess whether kits are sensitive enough.

In a meeting of the WHO Collaborating Centres for biological standardization in January 2007
[11] the group agreed on the conclusions from the feasibility study. The group further
recommended to include anti-HBc reference panel (#11) composed of 10 panel members with
defined anti-HBc specifications from the Center for Biologics Evaluation and Research
(CBER/FDA, USA) kindly provided by Dr. R. Biswas.

The aims of the collaborative study are to assess suitability of the candidate International
Standard for use in anti-HBc diagnostic assays from manufacturers around the world and to
compare the results with the other anti-HBc¢ materials in order to support commutability.

For the time being. an international conventional reference measurement procedure for anti-HBc
does not exist and this measurand is not traceable to International System of Units (SI) of
quantity.
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2 Materials

2.1 Sample A: Candidate Material NIBSC 95/522

This is a freeze dried pool of anti-HBc positive plasma collected from UK blood donors in the
early 1990s coded NIBSC 95/522. 1 ml aliquots were freeze dried at NIBSC in 1995 following
documented procedures. No stabilizers or preservatives were added. 2700 freeze dried ampoules
are available. The material is high positive for anti-HBs (>1000 IU/ml). Other HBV markers
including HBsAg, HBeAg, anti-HBc¢ IgM, and anti-HBe are negative. It has residual moisture of
0.31% and a fill CV of 0.49%. 95/522 had been tested and found negative for anti-HIV 1/2 and
anti-HCV. The freeze-dried preparation was tested and found negative for HCV RNA.
Participants were requested to reconstitute this material in Iml distilled water.

2.2 Sample B: PEI anti-HBc¢ Standard PEI 82

This serum has been collected by the Paul-Ehrlich-Institut, Langen/Germany in 1982 from
human blood donors and stored as liquid at -70°C in glass ampoules. Each ampoule contains 0.5
ml and has an assigned anti-HBc unitage of 100 PEI units per ml. The material is positive for
HBsAg. has no detectable HBV-DNA (<12 IU/ml) and is negative for all other serological HBV
markers including anti-HBc IgM, anti-HBs, HBeAg and anti-HBe. The material was found
negative for anti-HIV 1/2 and anti-HCV.

2.3 Sample C: PEI 108166
This material is a pool of four consecutive plasma donations from one donor who caused

transmission of HBV via labile blood components. The four single donations were tested with 14
different anti-HBc assays and compared with the results of the pool. The anti-HBc result in the
pool corresponded to the expected mean value of the four single donations. 600 ml are available
in 0.5 ml aliquots. The serological profile was anti-HBc low positive without other serological
HBV marker (isolated anti-HBc), HBsAg negative and HBV-DNA initially negative and low
positive (<12 1U/ml HBV-DNA) after retesting. The material is liquid and stored frozen at -70°C
without preservative added. The material is negative for anti-HIV 1/2, anti-HCV and HCV-RNA.
Corrigendum: In contrast to the study plan sent out to the participants, the material does not
contain sodium azide.

2.4 Sample D: CBER Panel #11

Is a reference panel from the Center for Biological Evaluation and Research (CBER, FDA.
Rockville, MD, USA) for lot release testing of licensed anti-HBc test Kits. The panel was
manufactured from human plasma units and consists of 8 reactive and 2 non reactive members.
All reactive members are dilutions from individual reactive donors. For an assay kit to be
considered acceptable by the FDA, Panel members 1. 2, 7 and 8 are required to be positive by all
anti-HBc tests. panel member 5 and 9 contain anti-HBc and may be detected positive, panel
member 4 and 10 contain anti-HBc¢ but are assigned not detectable by current technology, panel
members 3 and 6 must be negative. The positive and weak positive panel members are negative
for anti-HBc-IgM (tested at PEI). The panel is stored at 2-8 °C and thiomersal has been added as
a preservative.

3 Design of study

Participants received the samples and an accompanying study plan. They were asked to report

the specifics of the assays performed, and to submit the raw data along with the corresponding

cut-off value and the values for the dilution matrix. The study plan included the following:

—  From each of the samples A and B seven 2-fold dilutions should be prepared and tested in the
range as shown in the result's sheets. i.e. for sample A from 1:10 to 1:640 and for sample B from
1:25 to 1:1600 which were the dilution ranges found adequate by the former feasibility study.
Samples A and B were requested to be tested in each anti-HBc assay in triplicate independently
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on 3 three different days by using for each day a fresh ampoule.

- The dilution matrix normally in use in the participant's laboratory should be used. Normal
human serum (NHS) negative for anti-HBc is appropriate. If NHS is not available, phosphate
buffered saline (PBS) with bovine serum albumin (BSA) may be used. The dilution matrix
should be tested in triplicate as a control.

~  Samples C and D should be tested neat without any dilution in triplicates on one day only.

~  Sample C should be centrifuged before testing: 3000 g 15 minutes.

— All samples (A-D) should be tested concurrently in one test run.

3.1 Participants

Seventeen laboratories were contacted to participate in the Collaborative Study. Fifteen
laboratories answered and notified to participate. Two laboratories received material but did not
respond. Thirteen laboratories returned results back. The participants were from 10 countries
including Australia (1), Brazil (1), China (1), France (2), Germany (1), Japan (1), Korea (1).
Netherlands (1), UK (1) and USA (3). Participating laboratories are listed in Appendix 1 and
were assigned a laboratory code number (1-13) not necessarily in the order listed.

3.2 Assay methods

Twenty test kits were used in the laboratories of the participants. The assays used are listed in
Table 1 together with the specific characteristics of the assays and given code 1-20. The range of
anti-HBc assays used include, (i) competitive, indirect, sandwich test formats, (ii) with or
without reductant pre-treatment, (iii) conducted manually, automated or as rapid assay. Assay 20
is a modification of a current assay which is still under development.

All assay's anti-HBc values were considered positive at >1 and negative at <l. For this, sample
to cut-off values (s/co) of the competitive anti-HBc assays were transformed to the reciprocal
cut-off to sample (co/s) values and for one assay the index value at 0.5 was transformed to s/co 1
by multiplication. One visual read assay (code 11) could not be included in numerical
calculations.

3.3 Statistical methods

Statistical analysis was performed at PEI based on the raw data sent by the participants. The data

were read from the results sheets as recorded by each participant.

The detection limits with the diluted materials Sample A (NIBSC 95/522) and Sample B (PEI 82)

were calculated by linear interpolation at the intercept of the dilutions series with the assay's cut-

off. Also transformation of assay's signals to U/ml was done by linear interpolation. Detection
limits were also calculated by linear regression of the dilution curve but because of non linear
dose response in some anti-HBc assays, it was not applicable to all assays and therefore not used.

Geometric mean values (GMV) including their 95% confidence intervals (CI) were used to describe

each assay. The geometric coefficient of variation (GCV) was used to describe the intra- and inter-

laboratory variation [ 12]. Only values > 0 were considered in the evaluations.

In order to estimate the potency of Sample A relative to Sample B two approaches were used:

1. For each assay (within the different laboratories) the potency was estimated by the ratio of the
GMYV for this assay.

2. The potency was also estimated by means of a parallel line model [13], using either In-
transformed response data or a four parametric logistic function. The assumption of parallelism
held for 84% of tests, linearity could be shown for 66% of tests, parallelism and linearity was
found in 58% of tests.

As the PEI standard and unit has been in use for many years, the antibody content of Sample A was

expressed relative to this standard. Potencies were expressed in International Units (IU) relative to

the Sample B (PEI 82) which has an assigned unitage of 100 PEI U/ml.



WHO/BS/08-2098
Page 6

Spearman’s rank correlation coefficient was used to assess the correlation between analytical
sensitivity with Samples A and B and anti-HBc detection in Samples C and D. Analyses were
performed using SAS version 9.1 [14]. R version 2.6.1 | 13} and CombiStats version 4.0 [16].

4 Results

4.1 Data received

The majority of participants followed the study plan attached with the samples. with the

following exceptions:

— Laboratory 5 with assay 9 tested 2 replicates only for each of the 3 days.

— Laboratories 6 and 7 tested sample A and B only for one day without days 2 and 3.

~ Laboratory 9 tested one assay with sample A at days 2 and 3 with three further dilutions
(1:1280. 1:2560 and 1:5120) and for sample B with one dilution more (1:3200).

— Laboratory 13 applied for two assays in the study but could return results for one assay only.

4.2 Results and Discussion

4.2.1 Candidate Material A (NIBSC 95/522) and Sample B (PEI 82)

The geometric means values (GMV) of endpoint titers of each assay, equivalent to the assay's
cut-off of candidate material A and Sample B are displayed in Table 2 including the GMVs of
sensitivity relative to PEI 82 which has an assigned unitage of 100 PEI U/ml. With Sample A the
majority of tests (n=22) reached endpoint titers at 1:70 and 1:150, 8 assays had endpoint titers of
<1:70, 7 assays had endpoint titers of 1:150 - 1:310 and 2 assays had endpoint titers of 1:620.
With Sample B dilution capacity was about 2-fold higher: most tests (n=23) being positive up to
endpoint titers of 1:100 to 1:300, one assay had an endpoint titer of 1:40, 6 assays had an
endpoint titer of 1:70 - 1:100 and 6 assays endpoint titers of 1:300 - 1:660 and 3 assays found the
intercept at 1:900 - 1:1000. Overall, the dilution ranges for samples A and B were in the dynamic
measuring range of assays. Within an individual assay. Sample A and B gave comparable dose
responses. Distribution of the endpoint titers for Samples A and B among all assays and
laboratories is shown in Figure 1. Potency estimates of the candidate material A were calculated
relative to Sample B which has an assigned unitage of 100 PEI units per ml and expressed as the
GMYV ratios of the endpoint titers (Table 3). The overall potency was 49.8 U/ml (95%-Cl 44.2 -
56.1 U/ml). Two assays differed: assay | had a lower potency of 22.8 U/ml (mean of 2 labs)
while assay 8 had a potency of 73.3 U/ml. The overall potency of the candidate material A
excluding these two assays was 51.1 U/ml (95%-CI 45.3 - 57.5 U/ml). Figure 2 shows the
distribution of the potency among all assays. The overall potency calculated by means of parallel
line assay (PLA) was 46.8 U/ml (95%-CI 43.7 - 50.2 U/ml). Excluding assays | and 8 the overall
potency was 47.9 U/ml (95%-Cl: 45.7 - 50.2 U/ml) similar to the potencies based on the GMV
ratio. Because some assays did not fulfill the assumptions of the parallel line assay, the GMV
ratios rather than the potencies calculated by the PLA approach appears to be more appropriate.
The potencies based on the GMV ratio of the candidate material A relative to Sample B (PEI 82)
for each assay are also shown in a histogram (Figure 2). Each box represents the laboratory
potency estimate relative to Sample B for an individual kit, and the boxes are labeled with the
laboratory code number, and a code representing the kit used. The graph shows the outlying
potency of assays 1 and 8.

4.2.2 Sample C (PEI 108166)

For each laboratory and assay the GMV for Sample C are displayed in Table 4. The majority of
the assays were positive but two assays (code 1 and 7) were negative each in one test and 3 other
assays (4. %. and 19) were weak positive at the borderline of the cut-off (<1.5). For these assays
it is likely t:at they will not identify Sample C consistently. For example assay 4 was negative in
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3/5 tests in the feasibility study before. By contrast assays 3, 6. 12, 13, 16 and 17 showed high
signals of >5 and for assays 2. 5, 9. 10. 14, 15, 18, 20 signals were between >1.5 and 5. Rapid

1.70 PEI U/ml. The range for most assays (n=17) was 1.1 to 3.0 PEI units/ml, while the smallest
and largest values differed more, i.e. assays | and 4 were 0.25 PEI U/ml and 0.66 PEI U/ml and
assay 5 was 4.10 PEI U/ml. Without the two extremes (assay 1 and 5) the GMV anti-HBc
content in Sample C is 1.8 PEI U/ml. Sample C is of particular interest as this kind of sample
frequently causes discrepant results between different anti-HBc assays as in this study. Therefore
Sample C can serve as a critical sample for estimation of the sensitivity of anti-HBc assays.
Assays that will not detect Sample C may indicate insufficient clinical sensitivity.

4.2.3 Sample D (CBER Panel #11)

For each laboratory and assay, the GMV for Samples DI1-10 are displayed in Table 4. As
indicated in Section 2.4, for an assay kit to be considered acceptable by the FDA., Panel members
I, 2,7 and 8§ are required to be positive by all anti-HBc tests, panel member 5 and 9 contain anti-
HBc¢ and may be detected positive, panel member 4 and 10 contain anti-HBc but are assigned not
detectable by current technology, panel members 3 and 6 must be negative. All assays correctly
detected D1-D2 positive and D3/D6 negative. In case of D7 and D8 however, some assays did
not meet the required positive result: in D7 assay 1 was negative in one lab and in D8 assays 1,
7. 14 and 15 were negative in at least one test. In addition, with D8 and D7 some assays were
weak positive only close to the cut-off (<1.5): in D7 assay 7 and 10 and in D8 assays 2, 4, 12, 15.
17, and 18. By contrast, other assays also scored Panel members D4-D5 and D9 as
reactive/positive; assay 16 was positive in D4, assays 3. 6, 11, 15 and 16 were positive in D5 and
assays 3. 6, 11, and 16 were positive in D9. Sample D10 was negative in all assays. By this,
sensitivity of kits could be arranged according to the positive score in the various Panel D
members. Interestingly, the assays that were negative or weak positive in Panel D were also the
same that were weak or negative with Sample C.

4.2.4 Correlation of Detection Limits in Samples A and B with anti-HBc¢ measured in
Samples C and D
Due to the qualitative design of the anti-HBc assays there is no quantification and absolute detection
limit given for anti-HBc. The results were therefore analysed quantitatively for correlation of
sensitivity in Samples C and D relative to analytical sensitivity in Samples A and B. As a matter of
fact kits which were weak in detecting Sample C and Panel D. in general, were also the kits which
gave the lowest analytical sensitivity in the candidate material A and Sample B or conversely assays
that scored more positive in Samples C and D were also those that had the highest analytical
sensitivity in Samples A and B. This is shown in Table 4 where the assays are sorted according to
the detection limit (U/ml) in Samples A and B. High analytical sensitivity in Samples A and B
correlated with positive score in Sample C and Panel D. After ransforming the assay's signals into
U/ml relative to PEI 82 (100 PEI U/ml) low detection limits resulted in higher ratios for the anti-
HBc¢ concentration (U/ml) measured in Samples C and D (Table 5). Correlation was statistically
significant (Table 6) relative to both. Sample A and B and for anti-HBc signals as well as the ratio
of the anti-HBc concentration (p-value <0.001 for C. D1, D2, D4, D5, and of 0.003 for D9) though
for Samples D7 statistical significance was for the signals only and for D8 there was no statistical
significance. This appears to be due to a narrow measuring range in assays 5, 8, 14 and 19 such that
low increase in assay's signal above the dilution range studied (>4 PEI U/ml) reached
disproportional rises, in anti-HB¢ concentrations though the actual signal changes little. Assays with
high ratios for anti-HBc measured provided more efficacy in detecting anti-HBc positive. The
results of this study suggest that an assigned detection limit of at least <1.4 U/ml with Sample A
(<0.7 U/ml with Sample B) appeared to be the limit for discrimination for sensitive anti-HBc
detection, i.e. assays with detection limits of >1.4 U/ml in general resulted in ratios for anti-HBc
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concentration of <1 U/ml (<2 U/ml with Sample B) and were more likely to be false negative. By
contrast, assays with detection limits of <1.4 U/ml had ratios >1 U/ml and were more likely to be
positive. One assay visually read (coded 11) was not included in the tables and graphs as there are
no continuous values available but showed correlation as well between detection limit and anti-
HBc detection (Table 4). Correlation fits with published reports, suggesting to increase sensitivity
to 0.3 to 0.4 PEI U/ml (corresponding to about 0.6 to 0.8 U/ml with Sample A) in order to detect
true low-level anti-HBc reactive samples [17] and showing correlation with some assays of this
study for the detection limit (PEI U/ml) with score in positive clinical samples [1 8-20}. Correlation
on the other hand was not fully consistent, i.e. assay 5 had higher anti-HBc ratios, and assay 4 had
lower anti-HBc ratios than expected from the detection limits. Detection limit with assay 4 diluted
in PBS has possibly been overestimated due to a matrix effect (see 4.2.6 below). Assay 1, in any
case, differed significantly as it showed one of the highest analytical sensitivities (0.62 with Sample
A and 0.15 U/ml with Sample B) but no reflection of it in the other samples C-D. This assay also
had significant different potency for Sample A as discussed above in section 4.2.1. Therefore, this
assay was neglected when assessing for sensitivity correlation (see below section 4.2.6). The only
obvious difference of this assay from other assays is the sandwich test format, but whether this is
of importance remains unclear. The HB core antigen (HBcAg) of the assays does not appear to
have been significant in this study. All kits utilize recombinant HBcAg expressed mostly in
E.coli [21-22] but also in yeast [23]. Moreover, different kits using the same rHBcAg resulted in
different endpoint titers and otherwise assays from different manufacturers reacted similar.

4.2.5 Intra-laboratory and Inter-laboratory variability

Intra-laboratory (within-assay) and Inter-laboratory (between labs in the same assay) variation
with Samples A and B are displayed in Table 7. Intra-laboratory variability at the assay's cut-off
was mostly <15% GCV but in 5 of 39 tests with Sample A >15%: GCV 29.83% with assay 1,
17.65% with assay 2, 25.27% with assay 16, and 20.91%, and 19.77% with assays I8. This
appears to be laboratory based since tests with the same assays in other labs revealed variation
below <15%: GCV 6.99% (assay 1), 2.60 - 10.32% (assay 2), 5.37 and 10.60% (assay 16), 7.89
and 12.94% (assay 18). Inter-laboratory variability of Samples A and B was in the range of 12%
to 33%. There were two cases of poor reproducibility: (i) with assay 16 between labs 5. 9, 12
there was GCV 59.22% and (ii) with assay 7 between labs 9 and 12 there was GCV 57.17 %.
Variation with assay 16 was due to a matrix effect which led to significant change in sensitivity
(see below 4.2.6). Inter-lab GCV % between the other labs 5 and 12 without lab 9 was 4.7%
only. Therefore the value of lab 9 was not used for calculation of the Inter-laboratory variation.
Poor reproducibility with assay 7 was possibly, at least in part, due to optional assay methods
(see below 4.2.6).

Intra-laboratory and Inter-laboratory variation with Samples C and D are displayed in Table 8.
Intra-laboratory variability with Samples C and positive members of Panel D was generally also
GCV <15% corresponding to the normal imprecision of assays. Some assays showed poor
repeatability in some D Panel members (assay 3 and 8 in D2, assay 13 in D1; D2, D6, D7, D8)
due to dose response outside of the assay's dynamic measuring range. It has to be mentioned that
Intra-laboratory variation with Sample C and Panel D is based on 3 replicates only. thus, being
of limited significance only. Inter-laboratory variability with Samples C-D mainly was also in an
acceptable low range of <30% but with assays 1, 6, 7, 16 there was poor reproducibility between
laboratories. As this was consistent across all Samples C-D it appears that poor inter-laboratory
reproducibility was assay-based rather than sample-based. In fact the results for assays 6 and 16
seem, at least partly, due to the high signals outside the dynamic measuring range and for assay 7
due to different optional assay methods (manual or automated). For assay 1 there is no obvious
explanation but it appears that reproducibility at high signals (Samples D1, D2) was good and
less at low values close to the cut-off (Samples C, D7, D8).
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In any case. inter-laboratory % GCVs figures have to be interpreted with caution as they are
calculated mostly on the basis of only 2 to 3 tests per assays, maximum 4 and 5 tests in two
assays. Nevertheless. the reproducibility results with the various materials in the anti-HBc assays
studied appears to be in an expected range and do not indicate a deterioration of the quality of
the Samples studied.

4.2.6 Special findings and results differing from the overall conclusion

1. Assay 1 showed a significant lower potency for candidate material A (22.8 U/ml) than the
other assays (mean 51.6 U/ml). This assay also did behave different as there was no correlation
between high analytical sensitivity in Samples A and B with anti-HBc detection in Samples C
and D. The results of this assay | therefore were reviewed separately from the other assays.

2. Assay 16 in laboratory 9 resulted in significant change of sensitivity. Detection limit in
laboratory 9 for Sample A was 0.16 U/ml and 0.09 U/ml in Sample B compared to the mean 0.36
U/ml and 0.19 U/ml in labs 5 and 12. This was due to a matrix effect as confirmed in a separate
test at PEI (not shown). Still. the negative matrix tested as a control in lab 9 was negative and
there was linear dose response in the extended dilutions. Therefore, values were not taken out of
assessment but the test was not considered for calculation of inter-laboratory variation.

As a remark here matrix effects were detected later after the study for assays 4 and 6 as well
(data not shown). In assay 4, endpoint titers with normal human plasma as diluent were
consistently about 40% lower than with PBS/BSA. Detection limit for assay 4 estimated in
normal human plasma would correlate more consistent with the results for detection of anti-HBc
in Samples C and D in the present study. Similarly in assay 6 PBS/BSA led to significant higher
titers compared to normal human plasma (not affected in this study).

Phosphate buffered saline (PBS) with bovine serum albumin (BSA) as diluent therefore was not
always applicable. Normal (negative) human serum or plasma seems to be the more appropriate
dilution matrix for all anti-HBc assays.

3. Laboratory 5 observed clot formation in Samples A and B using human serum as diluent.

4. With assay 7 there was another significant difference in sensitivity between laboratories 9
and 12. A matrix effect seems to be improbable as the matrix of the two laboratories was similar.
One point, at least, could be difference in the test procedure applied by the two laboratories, i.e.
manually and automated.

4.3 Stability
Ampoules of Sample A were incubated at NIBSC from 24.04.2001 to 30.05.2005 at 4°C, 20°C.

37°C, 45°C. The ampoules were tested at PEI on one assay kit (coded 2) in the same scheme as
the collaborative study, i.e. 3 replicates on 3 days opening an ampoule for each day. As baseline
the activity of fresh reconstituted material was taken. There was a very slight activity loss for the
ampoules incubated at 4°C of 1.5 % and at 20°C of 7% based on the GMV ratio. At 37°C there
was still 50% activity and only after 45°C activity was completely lost. However these samples
were difficult to reconstitute and this may have been responsible for some loss of activity. In
terms of relative potency by parallel line assay (PLA) the activity loss was close to that
calculated by linear interpolation (GMV ratio), i.e. 3.1 % at 4°C. 7.42% at 20°C. and 52.1% at
37°C. The difference at 4°C of GMV 1.5 %, 3.1 % by PLA respectively, may be in partly in the
range of the background error. The results are displayed in Table 9. Stability was also tested for
the reconstituted material A. Reconstituted Sample A was stored 2 weeks at +2-8°C. frozen at -
70°C. stored for 200 days. freeze/thawed 2 times, and tested in assay 2. The results are shown in
Table 10. There was no loss of activity of the reconstituted material compared with the results
obtained directly after reconstitution in the same assay (coded 2).

Overall, the results of the incubated ampoules indicate that after more than 4 years and at
elevated temperatures up to 4°C there is almost no activity loss with anti-HBc¢ in the candidate
material A. The candidate standard is therefore likely to be highly stable when stored at the
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recommended temperature of -20°C and is of adequate stability to serve as an International
Standard. In addition, the candidate International Standard is stable after reconstitution as hiquid
at 2-8 °C, for at least 14 days and after freezing at -70°C for at least 200 days. Ongoing stability
studies will be undertaken periodically.

5 Conclusions and Proposals

Sample A, the anti-HBc candidate International Standard (NIBSC 95/522). was assessed relative
to Sample B (PEI 82) which is widely used and has an assigned unitage of 100 PEI units per ml.
The dilution capacity of the candidate material A covered the dynamic measuring range of the
anti-HBc assays. The potency of the candidate material A was 50 U/ml. Analytical sensitivity
determination with candidate material A. in general, provided efficacy for estimation of
sensitivity performance, i.e. the lower the detection limit the higher the ratio for the anti-HBc
concentration detected in samples C and D and the more likely the assays were positive in
Samples C and D. Intra-assay and inter-laboratory variation for the candidate material A did not
indicate unsuitable sample conditions. Adequate stability when stored at -20°C has been
demonstrated. The candidate International Standard A therefore was found suitable for calibration
of anti-HBc kit sensitivity, to calibrate secondary standards, and for quality control procedures, e.g.
in batch release testing.

Thus, Sample A is proposed to be established as the 1™ International Standard for detection of
antibodies to Hepatitis B core antigen (anti-HBc) with an assigned unitage of 50 International
Units per ampoule. The Paul Ehrlich Unit is therefore now equivalent to the IU. However the
International Standard is the higher order standard.

The proposed unitage does not carry an uncertainty associated with its calibration. The only
uncertainty is therefore derived from the variability of the dry fill weight of the ampoule content
which had a coefficient of variation of 0.49%.

The results for Sample C (PEI 108166) showed commutability to the proposed International
Standard in the different assays. It was assigned an average anti-HBc value of 1.8 [U/ml relative
to the candidate International Standard (NIBSC 95/522). This clinical sample may provide
information about the sensitivity of anti-HBc assays. Thus, Sample C will be used within PEI as
an additional reference material to estimate a minimum level of sensitivity in anti-HBc test kits.

6 Comments from participants

All participants responded to the request for comments on the report. All comments of the
participants were addressed and corrections were performed where appropriate. On the proposal
and suitability of the material, six of the 13 participants did not provide a specific opinion. Six
participants agreed with the proposal that NIBSC 95/522 (Sample A) should be established as
the 1™ IS for detection of anti-HBc with a potency of 50 IU/ampoule and that PEI 108166
(Sample C) can be an additional reference material to be used as sensitivity index.

One participant questioned the use of data generated using qualitative assays on dilutions of
samples. The report has been amended to respond to this participant. Although this is the first
collaborative study to assess the suitability of a candidate International Standard for anti-HBc, a
standard has been available from the PEI for many years and found useful by kit manufacturers
and laboratories.
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Table 2: Mean Endpoint Titers and U/ml with Sample A and Sample B
Sample A (953/522 NIBSC) Sample B (PEI 82)
GMV ¥ GMV Y ¢
Assay  Laboratory o e 9sg.Cc1? U/mlY Titer  95%-CIY
code code
1 7 0.55 182.7 1545~ 2161 0.11 899.7 762.1- 1062
1 12 0.64 155.7 127.4-190.3 0.16 615.8 488.4 -776.5
2 10 1.36 73.6 68.3-7941 0.72 1394 128.1 - 151.6
2 12 1.49 67.3 66.0 - 68.68 0.84 119.4 115.8-123.2
2 13 (.91 109.5 96.6 - 124.0 0.48 2094 197.9-221.6
3 1 0.33 306.6 291.2-3229 0.15 664.3 644.0 ~ 685.3
3 0.58 172.4 140.2-2119 0.25 407.7 336.1-494.6
3 12 0.46 219.5 208.1-231.6 0.21 467.5 444.3-491.9
4 12 115 87.1 80.8 -93.94 0.35 182.0 168.1 - 197.1
5 1 2.79 359 33.7-38.28 1.40 71.4 62.5-81.65
5 4 2.37 42.2 37.7-47.12 1.37 72.8 62.3 - 84.99
6 7 0.76 131.6 127.7- 1356 0.37 271.7 228.0-323.9
6 12 0.89 112.7 106.8-119.0 0.48 207.3 196.4 - 218.9
7 9 2.91 344 30.4-37.97 1.45 68.8 63.6 - 74.38
7 12 1.55 64.4 60.8 - 68.21 0.77 130.0 124.0-136.3
8 7 3.03 33.0 31.5-34.51 2.22 45.0 349 -5795
9 5 1.19 84.0 654 - 1079 0.55 181.4 167.9 - 196.0
10 12 2.18 45.8 43.2 - 48.50 1.06 94.6 90.4 - 99.05
11 2 0.16 6199 575.8 - 667.3 0.10 1048.3 897.0 - 1225
12 6 0.71 141.7 134.2 - 149.5 0.33 302.3 295.1 - 309.6
12 12 0.87 115.0 107.8-122.6 043 2344 214.5-256.1
13 10 1.38 72.3 69.1 -75.65 0.80 124.4 107.6 - 143.8
14 8 2.91 344 33.0- 3597 1.41 71.0 68.5 - 73.50
15 2 1.09 91.8 88.8 -94.96 0.64 156.7 150.2 - 163.5
15 5 1.10 91.3 87.3-9544 0.49 202.2 192.5-212.3
15 7 0.76 131.6 104.2 - 166.3 0.33 299.7 289.4 - 310.3
15 11 0.68 146.6 133.7-160.8 0.36 279.0 251.7-309.3
15 12 0.95 105.0 100.6 - 109.6 0.50 199.4 190.9 - 208.3
16 5 0.37 2714 260.7 - 282.6 0.18 564.3 531.7-399.0
16 9 0.16 626.3 526.7 -744.7 0.09 1056.5 805.4 - 1386
16 12 0.35 289.6 268.0-3129 0.20 506.2 425.6 -602.2
17 4 0.92 108.3 103.3-113.6 0.54 185.6 167.5-205.6
17 12 113 88.7 82.8-95.06 0.66 1504 1422 -159.2
18 1 0.97 103.5 943- 1137 0.44 2284 217.5-2399
18 3 0.92 108.4 944 - 1246 0.35 283.1 273.3-2934
18 4 0.97 102.7 84.2-1254 0.49 205.5 142.7 - 2959
18 12 0.80 125.1 118.0-132.7 0.40 251.6 231.4-2735
19 8 2.40 41.6 38.9-44.56 1.24 80.3 73.0- 88.89
20 1 0.88 1134 111.2- 1157 0.42 2353 229.8-2409
Footnotes:

1y U/ml relative to PEI 82 (100 PEI U/mi)
2y  GMV = geometric mean value
33y Cl= Confidence interval
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Figure 1: Mean Endpoint Titers with Sample A (NIBSC 95/522) and Sample B (PEI 82)
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Figure 2: Geometric mean potencies of Sample A (NIBSC 95/522) relative to Sample B
(PEI 82, 100 PEI U/ml)
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Table 6: Assessment of Correlation of Detection Limits in Samples A and B to
(1) Signals in Samples C and D and
(2) to Ratio of anti-HB¢ Concentration in Samples C and D

Sensitivity correlation
relative to Sample

Sample A B A B
Signals ¥ Ratio ¥
C Correlation coefficient ¥ -0.646 -0.607 -0.756 -0.750
p-value 0.004 0.008 < 0.001 < 0.001
D1 Correlation coefficient -0.870 -0.950 -(0.868 0919
p-value < 0.001 < 0.001 < 0.00] < 0.001
D2 Correlation coefficient -0.678 -0.640 -0.676 -0.808
p-value 0.002 0.004 0.002 < 0.001
D3 Correlation coefficient -0.472 -0.518 -0.662 -0.699
p-value 0.048 0.028 0.002 0.001
D4 Correlation coefficient -0.549 -0.594 -0.957 -0.950
p-value 0.018 0.009 < 0.001 < (.001
D3 Correlation coefficient -0.860 -0.820 -0.769 -0.795
p-value < 0.001 < 0.001 < 0.001 < 0.001
D6 Correlation coefficient -0.470 -0.510 -0.868 -0.877
p-value 0.051 0.031 < 0.001 < 0.001
D7 Correlation coefficient -0.335 -0.254 -0.211 -0.135
p-value 0.173 0.309 0.399 0.593
D8 Correlation coefficient -0.255 -0.158 -0.013 -0.138
p-value 0.307 0.531 0.958 0.584
D9 Correlation coefficient -0.481 -0.599 -0.664 -0.657
p-value 0.043 0.009 0.003 0.003
D10 Correlation coefficient -0.680 -0.519 -0.834 -0.853
p-value 0.002 0.027 <0.001 < 0.001
Footnotes:

" Correlation calculated without assay coded 1

7 Signals = S/Co or Co/S

¥ Ratio = detection limit (U/ml) / anti-HBc concentration in Samples C and D (U/mly
*' Spearman rank correlation coefficient and p-value for testing = 0



WHO/BS/08.2098
Page 22

Table 7: Intra-laboratory and Inter-laboratory variation (GCV %) with Samples A and B

Samples
Assay Laboratory A B e
code code GCV%
1 7 Intra-lab.. 6.99 691
I 12 Intra-lab. 29,83 35.21
1 Interiab. 12.00 30.75
2 10 Intra-lab. 10.32 11.60
2 12 Intra-lab. 2.60 4.10
2 13 Intra-lab. 17.65 7.65
2 Interiab. 29.52 33.66
3 | Intra-lab. 6.96 4.12
3 7 Intra-lab. 8.67 8.09
3 12 7.22 6.85
3 Interlab. 33.53 28.64
4 12 Intra-lab. 10.33 10.91
5 I Intra-lab. 8.57 19.03
5 4 Intra-lab. 15.35 2241
5 Interlab. 11.96 1.32
6 7 Intra-lab. 1.21 7.33
6 12 Intra-lab. 7.30 7.30
6 Interlab. 11.58 21.08
7 9 Intra-lab. 14.26 9.80
7 12 Intra-lab. 7.78 6.35
7 Interlab. 57.17 56.86
8 7 Intra-lab. 1.87 10.76
9 5 Intra-lab. 10.60 3.16
10 i2 Intra-lab. 7.88 6.15
12 6 Intra-lab. 2.20 0.97
12 12 Intra-lab. 8.69 12.21
12 Interlab. 15.91 19.71
13 10 Intra-lab. 6.03 20.77
14 8 Intra-lab. 5.81 4.64
15 2 Intra-lab. 4.46 5.64
15 5 Intra-lab. 5.96 6.57
15 7 Intra-lab. 9.87 1.41
15 11 Intra-lab, 12.75 14.35
15 12 Intra-lab. 5.74 5.84
15 Interlab 23.89 30.52
i6 5 Intra-lab. 5.37 2.06
16 G Intra-lab. 25.27 42,33
16 12 Intra-lab. 10.60 25.33
16 Interlab. 59.22 48,75
17 4 Intra-lab. 6.39 14.25
17 12 Intra-lab. 9.35 7.62
17 Interiab. 15.11 16.02
18 i Intra-lab. 12.94 6.59
18 3 Intra-lab. 19.77 4.73
18 4 Intra-lab. 2091 41.55
18 12 Intra-lab. 7.89 11.47
18 Interlab. 9.59 14.63 .
19 ¥ Intra-lab. 9.24 13.70
20 ] Intra-lab. 2.64 3.10
Footnotes:

GCV = geometric coefficient of variation
Lab. = laboratory
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Table 9: Stability of Sample A (NIBSC 95/522)
Endpoint titers (intercept at assay's cut-off)
Day Replicate 0 4°C 20°C 37°C 45°C
1 1 74.46 76.52 73.10 37.14 0.60
2 76.75 72.44 71.40 38.76 0.61
3 76.10 77.14 71.93 38.76 0.61
2 1 77.89 72.96 70.08 41.63 0.60
2 76.03 73.68 71.19 43.02 0.60
3 76.22 75.25 71.11 43.43 0.61
3 1 75.90 72.92 67.90 36.36 (.59
2 73.28 75.68 69.82 35.96 0.59
3 75.17 74.81 67.44 37.65 0.60
Geomean 75,75 74.58 70.42 39.10 0.60
GCV% 1.78% 2.29% 2.66% 7.38% 1.31%
Activity loss b 0 1.53% 7.03% 48.38% 99.21%
Activity loss = 0 3.14% 7.42% 52.10% N/A

Table 10: Stability of Sample A (NIBSC 95/522) after reconstitution

Endpoint titers (intercept at assay's cut-off)
14 days storage at + 2-8°C
after reconstitution, and

Base line directly after

reconstitution frozen at -70°C

Geomean 68.74 79.29
GCV% 1.37% 0.87%
Activity " 100% 115.4%
Activity * 100% 112.4%

Footnotes:

" calculated by linear interpolation

¥ calculated by parallel line assay

GCV = geometric coefficient of variation
N/A = not applicable
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Appendix 1
Participants of the WHO anti-HBc¢ Collaborative Study

Dr. Marcia Otani

Jefe del Departamento de Control de Calidad- Serologia.
Hemocentro de Sao Paulo Brasil

Fundagio Pré-Sangue/Hemocentro de Sao Paulo

Av Dr. Enéas de Carvalho, Aguiar 155, 1 andar,

Séao Paulo, SP 05409-010, Brazil

Dr. Kori M. Francis

Team Leader Product Testing Section

Division of Emerging Transfusion Transmitted Diseases, OBRR/CBER/FDA
Center for Biologics Evaluation and Research

HFM-310

1401 Rockville Pike, Suite 200N

Rockville, MD 20852, USA

Syria Laperche, MD, PhD

Directeur du LABM INTS

Responsable de I' Unite d'expertise en virologie

Centre National de Reference des hepatites B et C et du VIH en transfusion
Institut National de la Transfusion Sanguine

rue Alexandre Cabanel

75739 Paris cedex, France

Dr. Mary C. Kuhns

Abbott Laboratories, Dept 9C9; Blg AP20
100 Abbott Park Rd

Abbott Park, Illinois 60064, USA

Dr. Sook Jin Hurs

Director Biological Diagonostic Products Team
Biological Headquarters

Korea Food and Drug Administration.

5 Nokbun-dong,

Eunpyung-gu, Seoul, 122-704, Republic of Korea

Dr. Dave Miller

American Red Cross

Director, Testing & Production
Charlotte National Testing Laboratory
American Red Cross

Gaithersburg, MD 20878, USA

Dr. Toshiaki Mizuochi

Department of Research on Blood and Biological Products
National Institute of Infectious Diseases
4-7-1 Gakuen Musashimurayama-shi
Tokyo, 208-001 1, Japan
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Dr. Morag Ferguson

= National Institute for Biological Standards and Control (NIBSC)
Blanche Lane, South Mimms
Hertfordshire EN3 6QG, UK

Dr. Eric LaForgerie

Agence Frangaise de Securité Sanitaire des Produits de Sante (AFSSAPS).
DEDIM/uECM-DIV

143-147 Blvd Anatole France

93285 Saint Denis, France

Dr. Cao Xueyun

Beijing Zhongyuan Ltd.

Rm1001, South Bldg. NO. B3 Huayuan Rd.,
Beijing 100083, China

Dr. Stirling Dick

National Serology Reference Laboratory Australia
4th Floor, Healy Wing

41 Victoria Parade

Fitzroy, Victoria, 3065 Australia

Dr. Maarten Koot

Department Virus Diagnostic Services
Sanquin

Plesmanlaan 125

Amsterdam 1066CX, Netherlands

Dr. Heinrich Scheiblauer

Priiflabor fiir In-vitro-Diagnostika (PEI-IVD)
Paul-Ehrlich-Institut

Paul-Ehrlich-Strafie 51-59

D-63225 Langen, Germany
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