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Abstract 

A WHO Collaborative Study was undertaken to assess the suitability of a candidate International 
Standard (?u'fBSC 9515223 for detection of antibodies to Hepatitis B core aniigen (anti-HBe) in I 

diagnostic assays. Four different tnaterials were evaluated: (A)  the candidate anti-HBc 
International Standard preparation (NIBSG 95/522j, (B)  the cuEent Paul-EhrIich-Insritut anti- 
HBc srandxd (PE1 82). (C) a low positive anti-HBc sample (PE1 108 166) from a hepatitis B t~ints I 

(REV) infectious carrier t%lithour any other detectable HBV markers. and (D) a quality conk01 
panel ICBER Panel #l l i of I0 members. prepiuecl from individual donors. 

Thirteen Laboratories from 10 countries tested the materials using 30 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 L :622. As the PE1 
standard (Sample B)  and unit has been used tvorldtvide for many years, the antibody content of 
Sample A M-as expressed relative to this standard and unit (1M) PE1 unitsimlj. The overall 
potency of the candidate International Standard A was 50 Iliiml relative to Sample B. Sample C 
%*as 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 nor a 
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 conelated significantly with positive results and high 
ratios for anti-WBc concentration measured in Samples G and D. One assay of the study, 
netrestheless, did not follow this correlation. 
For Sample A, wirhin-assay and inter-laboratory variability expressed by geometric coefficients of 
variation generally were 516% and 533% respectir~ely. Stability studies with Sample A stored at 
t-3" for over >3 years showed no loss of anti-HBc 1gG activity and this indicates long-term 
stability when i t  is stored at -20°C. 

The candidate International Standard (NrBSC 951522) is proposed to be established as the lst 
International Standard fbr the detection of human antibodies to HBcore antigen. This International 
Standard can be used for calibration of anti-HBc kit sensitivity. to calibrate secondarq. srlutdards. 
and for quality control procedures. The potency is proposed to be 50 International Units per 
ampoule. 

Saniple C (PE1 1081 66) was found to be a suitable anti-HBc low reactive sample to show 
commutability of the proposed International Stmdard in the different assays and to provide an 
estimation of a minimum sensitivity of anti-HBc test kits. 

Panel D (CBER panel #I  I ) was found ~uttabte a?\ qualitj control reference panel and also ~uppo-d 
commutabihtj of the anti-)-lac results. 
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l Introduction 

Hepatitis B virus rHBV) infection is a serious global health problem affecting rtvo billion people 
worldtvide [ I 1. The chain of HB\? transmission is maintained partly by chronically infected HBV 
carriers with 350 million people ~iorldwide 1 I ] .  Antibodies to hepatitis B virus core antigen 
(anti-HBci are produced during acute HBV infection and persist lifelong so that WBV infection 
can be detected in chronic carriers even when negative for hepatitis B sudace antigen (HBsAgj 
md HBV-DNA. Anti-HBc screening therefore has the potential to detect the rna~orily of occult 
HBV infection. In fact, in the absence of anti-HEc resting HBV transmission occurred in blood 
recipients as ~ l e l l  as after organ transplantations 12-23]. This has Icd some countries to impmve 
blood sa-fery by mandatory blood screening for anti-HBc, including Argentina, Brazil. France. 
Germany. Japan, Paraguay, Peru Uruguay, CSA and Venezuela. In addition. anti-HBc may be 
the only positive seroIogicrti marker in chronic HBV infections (isolated anti-HBci which 
usually are low posititre 191. On the other hand. anti-HBc persists also in those who have cleared 
the virus so that isolated anti-WBc can be indistinguishable from serological profile of resolved e HBV infection not easy to differentiate from potential false positive reactions in paaicular in low 
prevalence HBti countries 1101. Therefore high quality anti-HBc tests with high sensitivity and 
specificity are required. 

The PE1 anti-HBc standard has been used by many manupdcturers worldwide and the sensitivity 
of many assays and the anti-HBc content of samples are expressed as PE1 unitsiml. 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 resting 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 IPEI) was 
endorsed to establish a %'WO International anti-WBc Standard. In addition. PE1 proposed to 
include an anti-HBc low positive material from an HBV infectious blood donor in the study (PE1 
108166) in order to see whether the results with the proposed International Standard (NIBSC 
9515221 are commuldble with the results for a clinical sample and whether kits are sensitive 
enough to detect low positive anti-WBc 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 a conducted at PE1 in 2006. The outcomes demonstrated that both. the PE1 standard 82 and the 
KIBSG sample 951522, were comparable and appeared to be adequate for anti-HBc calibration. 
Because of the limited number of vials available of the PE1 82 material, NIBSC 951522 material 
which is available in sufficient volume has been proposed as a cmdidate to establish the anti- 
WBc WHO International Standard. The study also revealed that PE1 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 
[ l  l ]  the group agreed on the conclusions from the feasibility study. The group fufuaher 
recommended to include anti-HBc reference panel (#I l )  composed of 10 panel members with 
defined anti-HBc specifications from the Center for Biotogics Evaluation and Research 
(GBERFGti-2. USA) kindly provided by Dr. R. Biswas. 

The aims of the collaborative study are to assess suitability of the candidate Inremational 
Standard for use in anti-HBc diagnostic assays frorn manu-facrurer\ around the world and to 
compare the results with the other anti-HBc materials in order to support commutabiIity. 

For the rime being, an international conventional reference measurement procedure for anti-HBc 
does not exist and this measurand is not traceable to International Systern of Units (S11 of 
quantity. 
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2 hiaterials 

2.1 Sample A: Candidate hjateriaf NIBS C 951522 
This is a freeze dried pool of anti-HBc ptrsitive plasma collected fsom l l K  blood donors in the @ 

early 1990s coded iVII3SC 95/53?. 1 rnl aliquots were freeze dried at NIBSC in 1995 following 
documented procedures. No stabilizers or preservatives were added. 2700 freeze dried ampoules 
are atrailable. The nlatenal is tligtl positive for mti-l3Bs (>IOW IUimll. Other HBV nlarkers S 

including HBsAg, MBeAg. anti-HBc Ighf, and anti-HBe are negative. It has residual moisture of 
0.31 5% and a fill CV of CJ.39%. 951522 hiid been rested and fc~und negative for anti-HitT 112 and 
anti-HCV. The freeze-dried preparation wTas tested and found negati\re for HGV RNA. 
Participants were requested to reconstitute this 111ateriaI in I rnt distilled water. 

2.2 Sample B: PE1 anti-HBc Standard PE1 82 
This serum has been collected by the Paul-Ehrlich-Insrim, LanpeniCermany in 1982 from 
human blood donors and stored as liquid at -70°C in glass ampoules. Each ampoule contains 0.5 
m1 and has an assigned anti-HBc univage of 100 PE1 units per mi. The material is positive for 
HBsAg, has no detectable HBV-DNA ( < l  2 Iti'iml) and is negative for a11 other serological NBV 
markers including anti-HBc IgM, anti-HBs. HBeAg and anti-HBe, The material was found e 
negative for anti-HIV 112 and anti-NCV. 

2.3 Sarnple G :  PE1 108166 
This material is a pool of four consecutive plasnla donations from one donor who caused 
transmission of HBV via labile blood components. The four single donations were tested with 14 
different anti-NBc assays and compared with the results of the pool. The anti-HBc result in the 
pool conesponded to the expected mean value of the four single donations. 600 rnl are available 
in 0.5 m1 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 (c12 IUlml HBV-DNA) after retesting. The material is liquid and stored frozen at -70°C 
without preservative added. The material is negative for anti-HIV 112, anti-HGV and NCV-RNA. 
Coninendum: In contrast to the study plan sent out to the participants, the material does 
contain sodium azide. 

2.4 Sample D: CBER Panel #l l 
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 

a 
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 irtust be negative. The positive and weak positive panel members are negative 
for anti-HBe-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 ?-fold dilutions should be prepared and tested in the 

range as shown in the result's sheets, i.e. for sample A from l : 10 to I :630 and for sar~lpIe B from 
1 :25 to 1: 1600 which were the dilution ranges found adequate by the fomer feasibility study. 
Samples A and B w r e  requested to be tested in each anti-t-IBc assay in triplicate independently 
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on 3 three different days by using for each day a fresh ampoule. 
- The dilution matrix nonnally in use in the panicipant's laboratory should be used. Nortnal 

human serum (NHS) negative for anti-HBc is appropriate. If NHS is not available, phosphate 
buffered saline IPBS) with bovine semm albumin (BSA) may he used. The dilution matrix 
should hc tested in triplicate as a control, 

- Samples C and D should he tested neat without any dilution in rriplicates on one day ttrtlq. 

- Sample C should be centrifuged before letting: -30XXj g L 5 n~inutes. 
- 411 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 hut did nut 
respond. Thirteen laboratories returned results back. The participants were from 10 countries 
including Australia i l 1. Brazil ( 1  ). China ( l ) ,  France (~3% Gertnany ( l  i. Japan ( l i. Korea ( l  i. 
Netherlands ( l ) ,  UK ( I  l and USA (3) .  Participating laboratories are listed in Appendix 1 and 
were assigned a laborator>f 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, (ij competitive. indirect. sandwich test formats. iii) with or 
without reductant pre-treatment, (iiij 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 21 and negative at < l .  For this, sample 
to cut-off values islco) of the competitive anti-HBc assays were transformed to the reciprocal 
cut-off to sample (cols) values and for one assay the index value at 0.5 was transformed to slco 1 
by multiplication. One visual read assay (code l l )  could not be included in numerical 
calculations. 

3.3 Statistical methods 
Statistical analysis was perfitmed at PE1 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 it (NIBSC 951522) and Smple B (PE1 82) 
were calculated by linear interpolation at the intercept of the dilutions series with the assay's cut- 

0 off. Also transformation of assay's signals to Uiml 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 home 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- 
laboratoy ktariation 1 12 ]. Only values > 0 were considered in the evaluations. 
In order to esximdte the potency of Sample A relative to Sarnpfe B two approaches were used: 
l .  For each assay (within the different laboratories) the potency was e~imated by the ratio of the 

GMV ibr this assay. 
2. The potency was also estimated by mems of a pamllel line model 1131, using either ln- 

trdnsfomed response data or a four p~arnecric logistic function. The assumption of parallelism 
held for 84% of rests, linearity could be shown for 65% of tests. p;u;lltelism & linearity was 
found in 58% of tests. 

As the PE1 staodard and unit has been in use for many years. the antibody content of Sample A was 
expressed relative to this smdard. Potencies were expressed in International Units (IU) relative to 
the Sample B (PE1 82j which has an assigned unitage of 100 PE1 Clmt. 
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Spearman's rank correlation coefficient was used to assess the correlation between analytical 
sensitivity with Sa~nples A and B and anti-HBc detection in Samples C and D, Analyses were 
performed using SAS version 9.1 1141, R k~ersion 2.6.1 j 151 and Co111biStats version 4.0 f l f i l .  a 

4 Results 

4.2 Data received 
The majority of participants followed the study plan attached with the samples. with the 
follo\ving exceptions: 
- Laboratory 5 with assay 9 rested 2 replicates only for each of the 3 days. 
- Laboratories 6 and 7 tested sample A and B only Ibr one day withour days 2 and 3. 
- Laboratory 9 tested one assay with sample A at days 2 and S with three further dilutions 

( l  : 1 280, 1 :2560 and 1 :5 120) and for sample B with one dilution more ( 1 :3200,1. 
- Laboratory 13 applied for two assays in the study but couId return results for one assay only. 

4.2 Results and Discussion 

4.2.1 Candidate Material A (NIBSC 991522) and Sample B (PE1 82) 
m 

The geometric means values (GM%') of endpoint titers of each assay, equivalent to the assay's 
cut-off of candidate material '4 and Sample B are displayed in Table 2 including the GhlVs of 
sensitivity relative to PE1 82 which has an assigned unitage of 100 PE1 Lrlml. With Sample A the 
majority of tests (n=22j 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 :3 10 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 I :900 - I : 1000. Overall, the dilution ranges for samples if, and B were in the dynarrric 
measuring range of assays. Within an individual assay, Sample A and B gave comparable dose 
responses. Distribution of the endpoint riters fitr Samples A and B among all assays and 
laboratories is shown in Figure l .  Potency estimates of the candidate material A were calculated 
relative to Sarnple B which has an assigned unitage of 100 PE1 units per m1 and expressed as the 
C M V  ratios of the endpoint titers (Table 3). The overall potency was 49.8 Ulml (95%-C1 44.2 - 
56.1 V/rnt). TWO assays differed: assay 1 had a lower potency of 22.8 Ly/rnl (mean of 2 labsj 
while assay 8 had a potency of 73.3 U/mi The overall potency of the candidate material A 
excluding these two assays was 51.1 Ulrnl (95%-C1 45.3 - 57.5 Ulrnl). Figure 2 shows the 
distribution of the potency among all assays. The overall potency calculated by means of parallel 
line assay iPLAl was 46.8 Ulml (95%-C1 43.7 - 50.2 Ulmlj. Excluding assays 1 and 8 the overall 
potency was 47.9 Uiml (95%-C1: 35.7 - 50.2 Ulml) similar to the potencies based on the GMV 
ratia. Because some assays did not fulfil1 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 (PE1 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 Iabeled with the B 

laboratorq. code number, and a code representing the kit used. The graph shows the outlying 
potency of assays I and 8. 

li 

4-22 Sample G (PE1 108165) 
For each laborator>. and assay the CMV for Sample C are displayed in TahIe 4, ?-he m;tjority of 
the assays were positive but two assays (code I and 7) were negative each in one test and 3 other 
assays (4, "; and 191 were weak positive at the borderline of the cut-off ( < I  .,St. For these assays 
it is like11 ;:,at they will not identify Sample C consistently. For example assay 3 was negative in 
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315 tests in the feasibiliry study before. By contrast assays 3, 6, 12. 13, 15 and 17 showed high 
signals of >5 and for a says  2,  5. 9. 10, L3. 15, 18. 20 signals were between >1.5 and 5. Rapid 
assay 1 l was positive as well. The mean (GMV) anti-HBc content of Sample C in all assays was 
1.70 PE1 C'iml. The range for most assays (n=i7) was 1 .  I to 3.0 PE1 unitsiml. while the smallest 
and largest \-,aiues differed more. i.e. assays 1 and 4 were 0.25 PE1 Uiml and 0.55 PE1 CimI and 
assay 5 %!as 4.10 PE1 lilml. Without the two extremes (assay t and 5) the GMV anti-l3Bc 
content in Sample G is 1.8 PE1 Ulml. Sample C is of particular interest as this kind of sample 
frequently causes discrepanr 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 wit1 not detect Sample C may indicate insufficient clinical sensitivity, 

4.2'3 SampIe D (GBER Panel #l l )  
For each laboratory and assay, the GMV for Sanlples 01-10 are displayed in Table 4. As 
indicated in Section 2.3. 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, pane1 member 5 and 9 contain anti- 

@ HBc and may be detected positive. panel menlber 4 and 10 contain anti-HBc hut are assigned not 
detectable by current technology, panel members 3 and 6 must be negative. All assays correctly 
detected DI-D2 positive and D3ID6 negative, In case of D7 and D8 however, some assays did 
not meet the required positive result: in D7 assay 1 \\?as negative in one lab and in D8 assays I ,  
7. l 4  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 .S j: in D7 assay 7 and I O  and in D8 assays 2, 3, 12. 15, 
17, and 18. By contrast, other assays also scored Panel members D4-D5 and D9 as 
reactivelpositive; assay 16 was positive in D4, assays 3, 6. 1 1,  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 qumtification and absolute detection 
limit given for anti-HBc. The results were therefore analysed quantitatively for correlation of 
sensiti\rity in Samples C and D relative to analytical sensitivity in Samples A and B. As a matter of 

a fact kits which were weak in detecting Sample C and Pane1 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 andytical 
sensitivity in Smples  A and B. This is shown in Table 4 where the assays are sorted according to 
the detection limit (Uirnl) in Samples A and B. High analytical sensitivity in Samples A and B 
correlated with positive score in Sample G and Panel D. ,4ftter wansfoming the assay's signals into 
Ulml relative to PE1 82 (100 PE1 Ulml) tow defection limits resulted in higher ratios for the anti- 
HBc concentration (Uimlj measured in Samples C a d  D (Table 5). ConeIation was statisticalIy 
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 <O.OCfl for C. D1 . D2, D4, D5, and of 0.003 for D91 rhough 
for Samples D7 sratisrical significance was l'or the signals only and for D8 &ere was no statistical 
significance. This a p p a s  to he due to a n m o w  measuring range in assays 5, 8. i 4 and 19 such that 
low increase in assay's signal above the dilution range studied (>3 PE1 C"/ml) reached 
disproporrional rises. in anti-HBc concenva~ions though the actual signal changes little. .4ssays with 
high ratios for anti-HBc measured pmtrided more efficacy in detecting anti-WBc positive. The 
results of this study suggest that an assigned detection limit of at least ~ 1 . 4  Uiml with SampIe A 
( 4 . 7  Vim1 with Sample B) appexed to be the limit for discrimination for sensitive anti-HBc 
detection. i.e. assays with detection limits of >1.3 &/m1 in general resulted in ratios for anti-H3c 
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concentration of < I  LJiml (c2 Ulmt with Sample B) and were more likely to be false negative, By 
contrast, assays with detection limits of .=l .4 Ulnil had ratios > I  Ulml and were more likely to be 
positive. One assay visually read (coded I l )  was not included in the tables and graphs as there are e 

no continuous values available hut shotved conetation as well between detection limit and anti- 
HBc detection (Table 3) .  Correlation fits with published reports. suggesting to increase sensitivity 
to 0.3 to 0.4 PE1 Glml (rzonesponding to about 0.6 to 0.8 Uiml with Sample h )  in order to detect 1 

u-ue low-level anti-WBc reacti~e samples 1171 and showing correiation with some assays of this 
study for the detection limit (PE1 Uimlj with score in positive clinical saniples / 18-20]. Correlation 
on the other hmd was nor fully consistent. i.e. assay 5 had higher mti-HBc ratios, and assay 4 had 
lower anti-WBc ratios than expected from the detection limits, Detection limit with assay 3 diluted 
in PBS has possibly beecl overestimated due to a matrix effect (see 3.2.6 kelou). Assay I .  in any 
case, difkred significantly as it showed one of the highest analytical sensitivities (0.62 with Sample 
A and 0. f 5 Ulrnl with Sample Bj  but no reflection of it in the other samples C-D. This assay also 
bad sigificant different potency for Sample A as discussed above in section 3.2.1. nerefore, this 
assay was neglected when assessing for sensitivity correlation (see below section 4.2.61. The only 
obvious difference of this assay from other assays is the sandirich test format, but whether this is a 
of importance remains unclear. The WB core antigen (ZfBcAgS of the assays does not appear to 
have been significant in this study. All kits utilize  coinb bin ant HBcAg expressed mostly in 
E.coEi 12 1-221 but also in yeast [23]. Moreover. different kits using the same rWBcAg resulted in 
different endpoinr firers and otherwise assays from different manufacturers reacted similar. 

4.2.5 Intra-laboratory and Inter-laboratory variability 
Intra-laboratory (\+lithin-assay) and Inter-laboratory (between labs in the same assay) variation 
with Samples A and B are displayed in Table 7. Zntra-laborato~ variability at the assay's cut-off 
was mostly <IS% GCV but in 5 of 39 tests with Sample A >15%: GCV 29.83% with assay 1, 
17.65% with assay 2. 35.27% with assay 16, and 20.91 %. and 19.77% with assays 18. This 
appears to be laboratop based since tests with the same assays in other labs revealed variation 
below <15%: GCV 6.99% (assay 1 f ,  2.60 - 10.32% (assay 21, 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 reproducibiliry: (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 5%. 
Variation with assay 16 was due to a matrix effect which led to significant change in sensitivity 
(see below 3.2.6). 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 past, due to optional assay methods a 
(see below 4.2.6). 
Zntra-laboratory and Inter-taboratory variation with Samples C and D are displayed in Table 8. 
Intra-laboratory variability with SampIes C and positive members of Panel D was generally also 
CCV <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 t 3 in DI: 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 Parret D is based on 3 replicates only. thus, being 
of limited significance only. Inter-laboratoq trariabiliry with Samples C-D mainly was also in an L 

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 G-D i t  appears that poor inter-laborato~ 
reproducibility was assay-based rather than sample-biased. In fact the results for assays 6 and '15 
seem, at least partly. due to the high signals outside the dynamic measuring range and for assay 7 
due to different opticlnal assay methods (manual or automated), For assay I there is no obvious 
explanation but it appears that reproducibility at high signals (Samples D1, D2) tvas 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 
calcuIated mostly on the basis of only 2 to 3 tests per assays, maximunl 3 and 5 tests in two 
assays. Xevertheless, the reproducibility results with the various materials in the anti-HBc assays 
studied appears ro be in an expected range and do nor indicate a deterioration of the quality of 
the Samples studied, 

-1.2.6 Special Endings and resuits differing from the overall conetusion 
1.  Assay I sho~red a significant lower potency for candidate rltaterial A (22.8 illml) than the 
other assays (mean 5 t .6 liimi). This assay aiso did k h a w  different as there was no correlation 
betaveen high analytical sensitivity in San~ples A and B with mti-HBc detection in Samples C 
and D. The resutts of this assay 1 therefore were retfiewed separately h r n  the other assays. 
2. Assay 16 in laboratory 9 resulted in significant change of sensitivity. Detection limit in 
laboratory 9 for Sarnple A was 0.16 Glml and 0.09 Uiml in Sample B compared to the mean 0.36 
Ulrnl and 0.19 Uiml in labs 5 and i I?. This was due to a matrix effect as confirmed in a separate 
test at PE1 (nor shown). Still. the negative matrix tested as a control in lab 9 was negative and 

m 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 PBSIE3SB. Detection limit for assay 4 estimated in 
normal human plasma tvould correlate more consistent with the results for detection of anti-HBc 
in Samples C and D in the present study. Similarly in assay 6 PBSlBSA led to significant higher 
titers compared to normal human plasma (not affected in this study?. 
Phosphate buffered saline iPBS:) with bovine serum albumin (BSA) as diluent therefore was not 
always applicable. Normal inegativej human serum or plasma seems to be the more appropriate 
dilution matrix for all anti-HBc assays. 
3. Laboratory S 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. 
rnanually and automated. 

4.3 Stability * Ampoules of Sample il were incubated at NIBSC from 24.03.2001 to 30.05.2005 at 4°C. 20°C. 
37"C, 45°C. The ampoules were tested at PE1 on one assay kit (coded 2) in the same scheme as 
the coflaborative 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 3°C of 1.5 % and at 20°C of 7% based on the GMV ratio. At 37°C there 
was still 50% actit-ity and only after 45°C activity was completely lost, However these samples 
were difficult to reconstitute and this may have been responsible for some Ioss of activity, In 
terms of relative potency by parallel tine assay (PLA) the activity Ioss was close to that 
calculated by linear interpolation (GhlV ratio). i.e. 3.1 5%; at 4°C. 7.42% at 20°C. and 52.1 % at 
37°C. The difference at Jr"C of GMV 1.5 $6. 3, I Cii: by PLA respectively, may be in partly in the 
range of the background error. The results a-re displayed in Table 9. Stability was also tested for 
the reconstituted materiaI A. Reconstituted Sanlple A was stored 2 weeks at +2-8°C. frozen at - 
70°C stored for 200 days. freeze/thawed 2 times, and rested in assay 2. The results are shown in 
Table 10. There tvas no loss of xtivity 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 3 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 $table 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 InternationaI Standard is stable after reconstitution as liquid 
at 2-8 .C, for at least 14 days and after li-eezing at -70°C for at least 200 days. Ongoing stability e 

studies will he trnderraken periildically. 

5 Conclusions and Proposals 

Sample A, the anti-HBc candidate Interrlational Standard (KIBSG 951522). was assessed relative 
to Sample B rPEI 87) which is widely used and has an assigned unitage of 100 PE1 units per m]. 
The dilution capacity of the candidate material A covered the dynamic measuring range of the 
artti-HBc assays, The potency of the candidate material A was 50 UirnI. Analytical sensitivity 
determination with candidate material A, in general, provided efficacy for estimation of 
sensitivity performance, i.e. the iower the detection limit the higher the ratio for the anti-HBc 
concentration detected in samples G and D and the more likely the assays were positive in 
Samples C and D. Intra-assay and infer-laboratory variation for the candidate maferial 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 md-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-WBcj 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 
uncerlainty is therefore derived from the vaiability of the dry fill weight of the ampoule content 
which had a coefficient of variation of 0.39%. 

The results for Sample C (PE1 108166) showed commutability to the proposed International 
Standard in the different assays. It was assigned an average anti-WBc value of 1.8 IUlrnl retative 
to the candidate International Standard (KIBSC 951522j. This clinical sample may provide 
information about the sensitivity of anti-Hf3c assays. Thus, Sample C will be used within PE1 as 
an additional reference material to estimate a minimum level of sensitivity in anti-HBc test kits. 

B Con~ments from participants 

AI1 paEicipants responded to the request for comments on the report. All comments of the 
paflicipants were addressed and corrections were pehrmed where appropriate, On the proposal 
and suita"o1iiry of the material. six of the 13 panicipants did not provide a specific opinion. Six 
panicipants agreed with the proposal that It'IBSC 951522 (Sample A) should be established as 
the I"' IS for detection of anti-HBc with a potency of 50 IUfampoule and that PE1 108166 
(Sample C) can be an additional reference material to be used as sensitivity index. 

One pafiicipant questioned the use of data generated using yualitati~~e assays on dilutions of 
samples. ?-be3 report has been amended to respond to this panicipanr. 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 PE1 for many years and hund useful by kit manufacmrers 
and laboratories. 
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Table 2: Mean Endpoint Titers and ClmI with Sample '4 and Sample B 

Assay 
code 
1 
I 
2 
2 
2 
3 
3 
3 
4 
4 " 

5 
6 
6 
7 
7 
8 
9 
10 
11 
12 
12 
13 
14 
15 
15 
15 
15 
15 
16 
16 
I6 
17 
17 
18 
I 8 
l8  
18 
19 
20 

Sample A (951522 KIBSC) 
GM\: 2j 

Laboratory 
code Clmf " Titer 95% --G1 3 '  

Sample B (PE1 82) 
CLMY *' * 

rim1 I t  Titer 9552-61 3' 

Fctiltnixes: 
l L'iml relative to PEI X2 i 1 Oil PE1 Uirnl) 
2 )  CMV = geometric mean value 
3 J Ci = Crtniidcncc intervai 
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Figure l: Mean Endpoint Titers with SampIe A (NIBSG 95f522) and Sample B (PE1 82) 

Dilution! equivalent to cut-oE - 951522 YfBSG 
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TabIe 3: Potency estimates of Sample A (SIBSG 951522) relative to Sample B (PE1 82) 
uhicfi has an assigned unitage of 100 PEI unitsfmt 

S. L 4:. , - l.l - . 
i c .  

P i  - * -  ' 
< L .  

- 
.*, i . L - 

, -  - % -  - 
; L . :  - : . 

A .2 1 - ,~ 
3 . -  4 . j . Y  - 

* ,  . A - ,~ 
14.- - I .L  

- * '2.3 , . ,. - -  - *: .+ - - / .  F - - ' - . -  -, ; L . ?  - 6 2 . S  
- 5  - a s  . - . m  , 

-5.1 - 63.1 . - 
S L .  

* :  - I,. -- 65.- 

52.5 - -  - 9 - 61.4 - - . -  L ,, ; 5 2 . 4  - 53.2 ~- -:.i 4 2 . 5  - 4 Z . C  . 6 ,~ 
1 3 . 3  G . ?  - 4 3  - - - .  

43.3 .- - 
, . - 5-.2 56.1 42.3 - 51.2 

. - A - - .  - zi.3 ., - -, 
>G.> - 25.- 

-. - - - 
a 

45.5 - C '  - 
I t .  

- L  
- -  .- i . - . -  - -  - J d 2 -  - -  

a d .  

- , ., ;*., C - "L..! - 55.5 
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Figure 2: Geometric mean potencies of Sample i-11 fNIBSe 951522) refative to Sample R 
(PE1 82,100 PE1 Cfmf) 

Potency MiBSC - EMV ratios (PE1 82 - l00 tliml) 

Potency (ltliml) 

Frxxnotes: 
Each box represents the lahitratrtry potency esrimatt relative to Sample t3 for an inditidual kit. 
The hoses arc lakled with thc lahi~ratory (=L) ctxlc. numkr. and a rode representing the kit wed (= A? 
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Table 6: Assessment of Correlation of Detecdon Limits in Samples A and B to 
(1  f Signals in Samples C and D and 
( 2 )  to Ratio of anti-HBc Cancentration in Samples C and D 

Sensitivity correlation B 

relative to Sample 

Signats 2' Ratio 

C Correl;rtron coelifictent " -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 -0.858 -[).c3 19 
p-value < 0.001 < 0.001 < 0.001 < 0.CtOl 

D2 Correlation coefficient -0.678 -0.630 -0.676 -0,808 
p-value 0.002 0.004 0,002 < 0.00 1 

D3 Conelation coefficient -0.472 -0.5 1 X -0.662 -0.699 
p-value 0.038 0.038 0.002 0.00 1 

D4 Correlation coei'ficient -0.549 -0.594 -0.957 -0.950 
p-\due 0.018 0.009 < 0.00 1 < 0.001 

D5 Co~relation coefficient -0.860 -0.820 -0.769 -0.795 
p-value < 0.001 < 0.001 < 0.001 < 0.001 

D6 Correlation coefficient -0.370 -0.5 10 -0.868 -0.877 
p-value 0.05 1 0.03 1 < 0.001 < 0.00 1 

D7 Correlation coefficient -0,335 -0.254 -0.2 1 1 -0.135 
p-\ alue 0.173 0.309 0.399 0.593 

D8 Conelation coefficient -0.255 -0.158 -0.0 13 -0.138 
p-value 0.307 0.53 1 0.958 0.583 

D9 Correlation coefficient -0.38 1 -0.599 -0.664 -0.657 
p-value 0.043 0.009 0.003 0.003 

D10 Cametation coefficient -0.680 -0.5 14 -0.553 -0.853 
o-value 0.002 0.027 0.001 < 0.1101 

Footnotes: 
" Corret;ltion ealculared without atsay coded I 
'' Signals = SlCo or CoiS 
"' Ratio = detection limit iU/rnl) i anti-HBc concentrarion in Sampler C rind D iuinlf 1 
'' Spearman rank correlarion coel'ficienr and p-vaiue for testing = 0 
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Table '7: Intra-laboratory and Inter-laboratory variation fGCt' %"r)witk Samples A and B 

Assay Laborator?. 
Samples 

A B 
code code GCV Cic 
1 - 

Intra-lab.. 6.99 6.91 
I 2 Intra-lab. 
Ititerlab. 
10 Inrra-lab. 
11 f nlra-lab. 
13 Intra-Lab. 
Interlab. 
1 Intra-lab. 

-? Inua-lab 

Intcriab 
I 2 Intra-lab. 
I Intra-lab. 
3 Intra-lab. 
Interlab. 
7 Inua-lab. 
12 Inua-lab. 
Interlab. 
9 Intra-lab. 
12 Intra-lab. 
Interlab. 
7 Intra-lab. 
5 Intra-lab. 
12 Intra-lab. 
6 Intra-lab. 
12 Intra-lab. 
Interlab. 
10 In tsa-lab. 
8 Intra-lab. 
2 Intra-lab. 
5 Intra-lab. 
'7 Intra-lab. 
J I Intra-lab, 
12 Intra-lab. 
Interlab. 
5 intra-lab. 
9 Intra-lab. 
12 Intra-lab. 
Interlab. 
3 Inua-lab. 
I 1  I ntra-lab. 
Interlab. 
1 Intra-lab. 
3 In~a- lab .  
4 Intra-lab. 
12 Intra-lab. 
Interlab. 
X I n~a - l ab .  
I Intra-lab. 

Fi?otnntes: 
GCV = gometric ctxEicient of t ariation 
Lab. = laborarriry 
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Table 9: Stability of Sampte ,S. (XIBSC 95/522) 

Endpoint titers (intercept at assay" scut-off) 

GCVC4 1.78% 2.29% 2.66% 7.388 1.31% 
Activity lms 0 1.53% 7.03% 38.38% 99.2 1 %  

1 

Activity loii - 0 3.14% 7.32% 52.10% NiA 

Table 10: Stability of Sample A (NIBSG 951522) after reconstitution 

Endpoiat titers (intercept at assay's cut-off) 
14 days storage at + 2-8'C 

Base line directly after 
after reconstitution. and 

reconstitution 
frozen at -70°C 

Geornean 68.73 79.29 
GCV% l .37% 0.87% 

Activity " 100% 115.496 
Actit it? " 100% 1 12.49 

Footnotes: 
l '  calculated b? l~near interpolat~on 
'' calculated by plvaliel 11ne a\saq 
GCV = geornetnc coeffictent of canatlon 
%/A = not appi~cable 
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Appendix 1 

Participants of the WHO anti-HBc Collaborative Study 

Dr. L'larcia Otani 
Jefe del Departamento de Control de Calidad- Scrologia. 
Hemocentro de Sao Paulo Brasil 
FundafGo Prri-SangueiHemocentro de Siio Paulo 
AV Dr. EnCas de Carvalho, Aguiar 155. 1 andar, 
SBo Paulo, SP 05309-01 0. Brazil 

Dr. Kori M. Francis 
Team Leader Product Testing Section 
Division of Emerging Transfusion Transmitted Diseases. OBRRlGBERfFDA 
Center for Biologies Evaluation and Research 
HFM-3 I0 
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 
lnstitut Kational de la Transfusion Sanguine 
rue Alexandre Cabanel 
75739 Paris cedex. France 

Dr. MTary C. Kuhns 
Abbott Laboratories, Dept 9C9: Blg AP20 
100 Ahbott Park Rd 
Abbott Park. Illinois 60064. USA 

Dr. Sook Jin Hurs 
Director Biological Diagonostic Products Team 
Biologicai Headquarters 
Korea Food and Drug Administration. 
5 Kokbun-dong, 
Eunpyung-gu, Seoul, 122-704, Republic of Korea 

Dr. Dave Miller 
American Red Cross 
Director, Testing & Production 
Charlotte Kational Testing Laboratory 
American Red Gross 
Cairhersburg, hlD 20878. USA 

Dr Tollhlalii Mlzuocht 
Department of Research on Blood and &ioIogrcal Productr, 
Narlonal Inrtltute of Intect~ou\ D~rea\ei, 
4-7- 1 Cakuen Mu\arhrmurayama-*I 
Tokj o. 208-001 1. Japan 
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Dr nilordg k rgu ion  
fddtional Instrtute for BiologicaI Standards and Control (XLI-ISG) 
BIanche Lane, South ?cllmm% 
Hzrthrdihlre EK3 6QG. GK 

Dr Eric LcrForgerre 
4gence Franqaire de SecurltC Sdnttatre dei Prodults de Sdnte iAFSS4PS). 
DEDIXlluECM-DIY 
143- 1-47 B1k d 4natoIe France 
93285 Sdtnt Dent\. France 

Dr. Cao Xuej  un 
Beijing Zhong) uan Ltd. 
Rm1001, South BIdg. 50. B3 Huayuan Rd.. 

a Beijing 100083, China 

Dr. Stirling Dick 
National ~ r o l o E v  Reference Laboratory Aurtralia 
4th Floor, Healy Wing 
3 1 Victoria Parade 
Fitzroy. Victoria, 3065 Australia 
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