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Summary 

This report describes the development and worldwide collaborative study evaluation of the 

candidate 1
st
 WHO International Standard for antibodies to human papillomavirus type 18 

(HPV18) for use in enzyme immunoassays (EIA) and pseudovirion (PsV) neutralization 

assays. The candidate is a pool of serum collected from women naturally infected with 

HPV18, dispensed into ampoules in 0.5mL aliquots and freeze-dried for long-term stability. 

Fourteen laboratories from 10 countries participated in the collaborative study to evaluate the 

fitness for purpose and potency of the candidate standard using their serology assays for 

antibodies to HPV18 and, if possible, other HPV types. The freeze-dried candidate standard 

was evaluated alongside the liquid bulk of the candidate preparation, a coded duplicate of the 

candidate standard, negative serum as well as serum from naturally infected or vaccinated 

women. Both EIA and PsV neutralization assays were used.   

 

The collaborative study demonstrated that the candidate standard (NIBSC code 10/140) is 

reactive against HPV18 and no other high risk genital HPV type.  As expected, 10/140 had 

absolute titres which were low compared to the sera from vaccinees in both EIA and PsV 

neutralisation tests but comparable to those obtained with serum from a naturally infected 

individual.   

 

The agreement between laboratories for potencies reported relative to the candidate standard 

was improved compared to the laboratory agreement for potencies reported in absolute titres. 

The results also indicate that there is better agreement between laboratories for the EIAs than 

for the PsV neutralisation assays.  Furthermore between-laboratory agreement was best for 

low titre samples than for high titre vaccinee samples.  The results obtained from accelerated 

thermal degradation studies at 12 months indicate that the candidate is stable and suitable for 

long-term use.  

 

The results of the collaborative study indicate the suitability of the candidate to serve as an 

International Standard and it is proposed that 10/140 be established as the 1
st
 WHO 

International Standard for antibodies to HPV18 with an assigned potency of 8 International 

Units (IU) when reconstituted in 0.5 mL of water. 

 

Introduction 

A WHO collaborative study conducted in 2005 demonstrated that the availability of 

International Standards (IS) for antibodies to HPV serotypes would facilitate the 

standardization of HPV serological methods used in epidemiological studies to measure past 

or present HPV infection and in vaccinology studies to measure antibodies elicited by 

vaccination in humans [1]. In the absence of such standards, individual laboratories apply 

their own reference standards which are not harmonized with other laboratories and methods 

and thus cannot serve to improve the reproducibility between laboratories. 

 

The WHO’s Expert Committee on Biological Standardization (ECBS) establishes reference 

standards for biological substances used in the prevention, treatment or diagnosis of human 

disease. WHO ISs are recognized as the highest order of reference for biological substances, 

and are arbitrarily assigned a potency in International Units (IU). Their primary purpose is to 

calibrate secondary references used in routine laboratory assays in terms of the IU thereby 
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providing a uniform results reporting system, and traceability of measurements, independent 

of the method used [2]. 

 

An IS for antibodies to HPV16 was established in 2009 by the WHO ECBS[3].  The proposal 

to establish an IS for antibodies to HPV18 was endorsed by ECBS in October, 2008. We now 

report the development and worldwide collaborative study evaluation of the candidate 1
st
 

WHO IS for antibodies to HPV18 for use in the standardization of HPV18 serology assays.   

 

 

Aims of study 

The aims [2] of this collaborative study were to 

 

 assess the suitability of the freeze-dried serum to serve as the IS for antibodies to 

HPV18 with an assigned unitage in IU per ampoule for use in the harmonization of 

EIA and PsV neutralization assays. There is no international conventional reference 

measurement procedure for serum antibodies and the IU is not traceable to the 

International System of Units (SI) of quantity. 

 characterise the candidate IS in terms of reactivity and specificity. 

 assess the candidate’s potency i.e. reactivity in a range of typical assays performed in 

different laboratories. 

 assess commutability i.e. to establish the extent to which the reference standard is 

suitable to serve as a standard for the variety of different samples being assayed. 

 

 

Materials and Methods 

Candidate material 
Two healthy women, naturally infected with HPV18 and identified in an epidemiological 

study on HPV conducted by the National Cancer Institute (NCI) of Thailand, gave informed 

consent to the use of their sera in the production and establishment of the candidate IS.  

Approval for the use of the sera in this project was granted by the ethical and research 

committees of NCI, Thailand.  Blood was collected from the two donors in January 2010. A 

second bleed was performed on one of the donors in April 2010. A Luminex based assay was 

used to assay the candidate donations for antibodies to HPV types 3, 5, 6, 11, 15, 16, 18, 31, 

32, 33, 38, 45, 52, 58, 68, 76 and the polyoma viruses MCV and JCV.  Each time a serum 

sample was obtained, the Luminex assay was performed at the WHO HPV Laboratory 

Network (HPV LabNet) Global Reference Laboratory (GRL) in Sweden to confirm that the 

anti-HPV18 antibody levels were stable and that no new infection with another genital HPV 

type had occurred.  Antibodies to cutaneous HPV15 and HPV38 were found in the sera of 

one of the donors, but this was considered to not be relevant for serology for genital HPVs. 

The individual donations also were tested and found negative for HBsAg, antibodies to HIV 

and HCV RNA. 

 

Approximately 750 ml of pooled sera was processed for filling and freeze-drying.  The 

material was kept at +4 °C throughout the filling process. A Bausch and Strobel AFV5090 

filling machine was used to dispense 0.5 mL material into 3 mL DIN ampoules. Filled ampoules 

were lightly fitted with stoppers then lyophilized in a Serail CS-15 freeze-dryer.  Ampoules were 

loaded onto the freeze-drier shelves at 4 °C.  Samples were frozen by ramping to -50 °C over 2 h 
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then holding at -50 °C for 2 hours.  Primary drying was initiated by applying a vacuum of 200 

µbar for 1 h then 100 µbar for 1 h.  Holding the vacuum at 100 µbar, the shelf temperature was 

ramped to -35 °C and primary drying was continued at these settings for 40 h. Secondary drying 

then was initiated after ramping to 25 °C over 6 h.  A vacuum of 30 µbar was then applied over 

2 h and secondary drying continued at these settings for 28 h. The vacuum was then released and 

the ampoules were backfilled with nitrogen. Ampoules were tightly stoppered within the freeze-

dryer before being removed, flame-sealed then stored at -20 °C. 

 

Post-fill characterization of the candidate material 
The 2 GRLs of the WHO HPV LabNet served as the laboratories for testing the freeze-dried 

candidate material for validation prior to its use in the collaborative study as well as for 

thermal stability.  Coded as GRL1 and GRL2, both GRLs assayed the candidate material 

using their in-house EIA protocols for the detection of antibodies to HPV18 or HPV16 

followed by parallel line analysis essentially as described in the WHO HPV LabNet 

Laboratory Manual [4].  GRL1 also assessed 10/140 for thermal stability in an HPV18 PsV 

neutralization assay [5]. 

 

The stability of the candidate IS was assessed by accelerated thermal degradation testing.  On 

29 July 2010, ampoules of the candidate IS were placed into storage at -70°C, -20°C, 4°C, 

20°C and 37°C. After 101 days (37°C), 173 days (20°C, 37°C) and 1 year (-70°C, -20°C, 4°C, 

20°C, 37°C) ampoules were removed from storage and held at -80 °C until they were shipped 

on dry ice to the GRLs for assay. 

 

GRL1 performed three independent EIAs on the thermal degradation samples. For each assay, 

samples were tested concurrently on the same plate, with a replicate on a second plate.  GRL1 

also performed three neutralisation assays, split over 2 plates, with the -70˚C sample included 

on each plate. They returned calculated 50% neutralisation titres for all assays and samples. 

The laboratory reported problems with their neutralisation assay, with the majority of runs 

not producing the expected readout for the controls containing PsV alone. They changed their 

stock of PsV for the third assay.  GRL2 performed three EIAs, assaying the samples across 2 

plates. For the first two assays, all the +37˚C samples were on a separate plate from the -70˚C 

sample. For the third assay, all the 1 year samples, including the -70˚C sample, were tested on 

the same plate, with the other +37˚C samples on the second plate.  As a consequence, 

differences between plates may affect the estimates of potency relative to the -70˚C sample.   

 

Additional coded samples 
In order to demonstrate that the candidate IS is suitable for use in the assay of naturally HPV-

infected individuals and sera from individuals immunised with different HPV vaccines, coded 

samples of each were distributed along with the candidate IS. The vaccinee sera were from 

recipients of licensed vaccine(s).  To maintain donor anonymity, further information on the 

study samples is not disclosed here. The coded sera distributed for assay in the collaborative 

study were: 

 

Sample A – Anti-HPV-negative human sera [1] 

Sample B – Liquid candidate standard retained after filling  

Sample C – Pooled vaccinee(s) sera  

Sample D – Anti-HPV18 sera obtained from naturally infected individual(s) [1] 

Sample E – Coded duplicate of candidate 10/140  

Sample F – 1
st
 WHO IS for anti-HPV16 (NIBSC code 05/134)  

Sample G – Pooled vaccinee(s) sera  
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Study protocol 
The final version of the study protocol, as provided to the participants, is given in Appendix 2.   

In brief, participants were requested to test the samples using their in-house method for the 

detection of antibodies to HPV18.  Participants were asked to perform 3 independent assays 

on different days for antibodies against HPV18 and, if possible, any other HPV types 

routinely assayed in their laboratory in EIA and PsV neutralisation tests. Following a 

preliminary assay, they were requested to make an appropriate series of dilutions of the 

candidate IS and each of the coded samples, and assay them concurrently.   Participants were 

instructed to provide the cut-off value indicating sero-reactivity for each assay and whether 

each sample dilution was considered positive or negative according to their criteria. An excel 

spreadsheet was provided to the participants so that all essential information could be 

recorded including the raw data from each assay.  Furthermore, because VLPs and 

pseudoviruses are critical reagents used in HPV EIA and PsV neutralization assays, 

participants were requested to provide information regarding the preparation and use of the 

VLPs/capsids/pseudoviruses used in their assay(s). 

 

Participants 
Fourteen laboratories from 10 countries completed the study.  Participating laboratories 

included 7 members of the WHO HPV LabNet, 4 research laboratories and 3 laboratories 

associated with manufacturers of current HPV vaccines and vaccine candidates.  All 

laboratories are referred to by code number allocated at random and not representing the 

order of listing in Appendix 1.   

 

The confidentiality of each laboratory was ensured by blinding each participant to the other 

laboratories. Exact methods and reagents used by individual participating laboratories will 

not be disclosed in conjunction with results, as this may enable the laboratory code to be 

broken.   

 

Assay methods  
Tests for type-specific neutralising HPV antibody are based on the ability of serum samples 

to neutralise in vitro infection by HPV PsV carrying a reporter gene. The 8 participants 

performing the PsV neutralization assay cited Pastrana et al. as the method used with 

modifications [5].  Six laboratories used the 293TT cell line and 2 used the 293FT cell line 

for preparing pseudovirions and for use in the neutralization assay.  Six participants indicated 

that secreted alkaline phosphatase (SeAP) was used as a reporter with 2 participants using a 

chromogenic instead of a luminogenic substrate of SeAP.  One participant used luciferase as 

a reporter in a luminescence assay and one participant used GFP in their fluorescence assay.  

Two laboratories reported that they used bovine papillomavirus (BPV) as a control assay.  

The VLPs used by the 12 participants performing EIA were from different sources and had 

been produced by several different methods using HEK293FT cell line, HEK293TT cell line, 

baculovirus, yeast or Eschericia coli expression systems (see Ref. [3]).  Five participating 

laboratories used a common source of HPV18 VLPs obtained through a donation to the WHO 

HPV LabNet.  Seven laboratories used their in-house method for producing VLPs.  Three 

laboratories used vaccinal (licensed or in development) VLPs in their EIA.  The majority of 

the assays undertaken by participants were direct enzyme immunoassays, involving coating 

EIA plates with VLPs whereas others used capture assays using anti-VLP antibodies. One 

participant used bacterially expressed and affinity-purified L1 capsid proteins fused to 
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glutathione S-transferase as antigen and one laboratory used VLPs attached to fluorescent 

microspheres.   

 

Statistical methods  
Samples were scored as positive ‘P’ or negative ‘N’ for antibodies based on the criteria 

defined by the participating laboratories. Where repeat assays had a mixture of positive and 

negative results, the samples were scored as ‘P/N’ for this report, even where the participant 

had given an overall score of positive or negative. 

 

A ‘titre’ was defined as the reciprocal of the last dilution positive for each sample and assay.  

Generally this was based on a cut-off for EIA, or attaining greater than 50% or 80% 

neutralisation in PsV neutralisation tests. The titres provided by the laboratories were either 

used directly, or calculated from their raw data using the cut-off that they had defined. For 

samples that were positive to HPV18, a geometric mean titre across laboratories was 

calculated. To allow calculation of a mean, values of >400 (for example) were taken as 400, 

and values of <4 (for example) were taken as 4. While not giving a precise value, this 

approach is consistent across samples and should give a reasonable indication of the relative 

ranking of the samples.  Overall titres for each sample are tabulated as the median across the 

repeat assays. 

 

The potencies of the samples relative to the candidate IS were calculated for HPV18, using a 

comparison of the dose-response curves over the dilutions series tested. A parallel-line 

approach was used, fitting 4-parameter sigmoid curves with the EDQM CombiStats assay 

analysis package. In many cases there was no replication within the individual assays, and the 

usual tests of parallelism or linearity were not applied. Visual inspection of the plotted data 

was used to assess the suitability of the model fit. Where a “hook” effect (drop in response at 

high concentrations) was observed, the relevant responses were excluded from the analysis. 

In some cases it was not possible to fit the sigmoid model, and analysis was based on a 

restricted straight-line section of the dose-response curves. Potencies were expressed as a 

percentage of that of the candidate IS, with 100% representing identical antibody titre to the 

standard. 

 

Laboratory mean potencies for each sample were calculated as geometric means of the 

individual assay estimates. The between assay variability (intra-laboratory) was assessed by 

calculating the between assay geometric coefficient of variation (%GCV). Pooled estimates 

of between assay variability were also calculated for each laboratory by pooling the %GCVs 

across all positive samples. In a similar manner, pooled estimates of between assay variability 

were also calculated for each sample, by pooling the %GCVs for each sample across 

laboratories.  

 

The distribution of the laboratory mean potencies for each sample was also displayed in 

histogram form. Each laboratory mean is represented by a box labelled with the laboratory 

code. EIA results are shown with white boxes, and PsV neutralisation results are shown with 

shaded grey boxes. The histograms for all samples use the same logarithmic scale for potency 

as percent of the candidate IS, with results rounded to a 2-fold scale (i.e. 100, 200, 400 etc.)  

Overall means were calculated for each sample as the geometric mean of the laboratory 

means. The between laboratory variability (inter-laboratory) was assessed by calculating 

the %GCV between the laboratory means. 
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Results and data analysis 

Preparation and validation of 10/140 
For the development of the candidate IS, approximately 750 mL sera was collected from two 

healthy Thai women who had participated in an HPV epidemiology study and were identified 

as being naturally infected with HPV18.  It would have been preferable to have selected 

women from the Thailand study who had reported no or few sexual partners, as this would 

have reduced the likelihood of concomitant positivity for multiple genital HPV types. This 

information, however, was not available.  The selection criteria was therefore defined 

whereby the screened sera chosen for this project should be reactive only against HPV18 and 

not against any other genital HPV type and that the HPV18 antibody levels should be high.  

 

In June 2010, NIBSC pooled, filled and freeze-dried the candidate sera using documented 

procedures.  The product summary for the candidate IS (NIBSC code 10/140) is shown in 

Table 1.  One thousand two hundred fifty five ampoules were filled with 0.5 mL material.  

The % coefficient of variation (CV) of the fill mass and mean residual moisture were within 

acceptable limits for a WHO IS [2]. Residual oxygen content was within the NIBSC working 

limit of 1.1%.  Currently there are 806 ampoules of 10/140 available for issue.  

 

The freeze-dried candidate along with the liquid bulk retained after filling were sent to the 

two WHO HPV LabNet GRLs for validation testing in anti-HPV18 and anti-HPV16 EIA 

(Table 2).  For the EIAs performed by GRL1, the potency of the freeze-dried candidate and 

the liquid bulk is expressed relative to an in-house high-positive control included within each 

assay (Table 2).  GRL2 used the freeze-dried candidate as the calibrator in their EIA, 

assigning an arbitrary unitage of 10 for the purpose of this investigation.  To control for the 

specificity of the VLPs used, GRL2 included in the validation EIA a panel of 14 clinical 

samples previously shown to be HPV sero positive to the listed HPV types by Luminex assay 

[6] (Table 3).   

 

According to the EIA cut off criteria established by each GRL, the candidate freeze-dried 

standard was positive for antibodies to HPV18 and negative for antibodies to HPV16.  When 

the potency of the liquid bulk is expressed as a percentage of the freeze-dried candidate, 

GRL1 found a mean potency of 106% and GRL2, 108%.  Considering the variability of HPV 

immunoassays, we concluded that there has been no significant change in the potency of the 

candidate material upon freeze-drying and that this validation study confirmed the suitability 

of the freeze-dried candidate for evaluation in the international collaborative study. 

 

Collaborative study data received 

Data was returned by 14 of the 15 laboratories who had accepted participation in the 

collaborative study.  12 laboratories performed EIAs and 8 performed PsV neutralisation tests, 

with 6 performing both. Laboratory 8 performed 3 different EIAs, which are referred to as 8A, 

8B and 8C.  

 

In addition to tests for antibodies to HPV18, 5 laboratories performed EIAs and 6 laboratories 

performed PsV neutralisation tests for antibodies to HPV16. One laboratory performed a PsV 

neutralisation test for HPV6 and 2 laboratories performed EIA for antibodies to HPV6 and 
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HPV11. One laboratory also performed EIAs for antibodies to HPV31, HPV33, HPV45, 

HPV52 and HPV58. 

 

Participants used different dilution series with a mixture of dilution steps and number of 

dilutions used. The majority of laboratories defined the titre as the last dilution positive for 

each sample. For EIA, positive was a response above a cut-off supplied by the laboratory.  

Laboratory 1 defined negative as an OD < 0.15 at 1:100 and positive as an OD > 1.5 at 1:100, 

but did not define a titre. The titre was taken as the last dilution with OD > 0.15. 

 

Laboratories 5, 6 and 13 did not supply a laboratory derived cut-off for EIA and their data 

was analysed using a cut-off of 0.1 OD as an approximation. Two laboratories calculated 

titres for EIAs relative to an in-house reference calibrated in arbitrary units. Laboratories 7 

and 10 defined EIA titres in units based on a potency measured against a standard curve or 

in-house pool, rather than an end-point dilution.  At NIBSC, approximate “titres” or end-

point dilutions were calculated by taking a cut-off as the optical density that would be 

roughly equivalent to the cut-off in arbitrary units at the starting dilution tested. This was 

based on an example comparison to an in-house standard curve for a single plate. This 

approach will not give precise titres, and is not generally recommended, but is used for 

illustration, to allow a comparison of titres across laboratories.  This was done purely to give 

a figure to compare with other laboratories. Expressing results relative to a standard or in-

house reference is a better approach in general.  

 

For PsV neutralisation tests, positive was neutralisation of 50% or more, except for 

Laboratory 12 which estimated 80% neutralisation by interpolation.  These were used directly 

for subsequent analysis. 

 

Laboratory 1 only reported results from a dilution series for their PsV neutralisation tests 

from a preliminary assay. For their main assays, they only tested samples at a 1 in 100 

dilution. They reported the % neutralisation of the different samples at this dilution. 

Laboratory 7 corrected neutralisation titres based on a reference serum with an assigned titre 

included on each plate.  For Laboratories 1 (all samples), 7 (sample D) and 9 (Sample G), 

only 1 estimate of potency relative to the candidate IS was obtainable and thus the intra-

laboratory %GCV could not be determined in these cases. 

 

 

Scoring Study Samples as Positive or Negative for HPV Antibodies 

Antibodies to HPV18 
The scoring of the samples as positive or negative for HPV18 is shown in Table 4 for EIA, 

and Table 5 for PsV neutralisation assays. The candidate IS 10/140 was scored positive in all 

assays in all laboratories, both EIA and PsV neutralisation. Sample E, a duplicate of 10/140, 

was also positive in all assays, with the exception of the PsV neutralisation assays from 

Laboratory 3, where there was one negative result in one duplicate in the initial assay. 

Sample B, the liquid bulk used for preparing the candidate IS, was also positive in all cases, 

with the exception of a ‘P/N’ from the EIA of Laboratory 11. 

 

The negative control sample A was scored negative in the majority of laboratories, although 

Laboratory 6 scored A positive in EIA, and Laboratories 5 and 13 scored A positive in one or 

more EIA assays (‘P/N’ overall). The scorings for these three laboratories were based on a 
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generic OD cut-off of 0.1 i.e. the cut-off has not been empirically determined in these cases. 

Laboratory 14 also obtained ‘P/N’ for sample A in PsV neutralisation assays. 

 

Sample F (the current IS for HPV16, 05/134) was scored negative in all HPV18 PsV 

neutralisation assays, but in the EIA, was scored P or P/N by Laboratories 5, 6 and 13 – the 

same results they obtained for the negative control sample A.  

Samples C and G, both from vaccinees, were positive in all assays. 

Sample D, from a natural HPV18 infection, was positive in all but 3 sets of EIA data, and for 

all PsV neutralisation assays apart from a P/N for Laboratory 7.  

 

Antibodies to HPV16 
The scoring of the samples as positive or negative for HPV16 by those laboratories that tested 

for it, is shown in Table 6 for EIA and for PsV neutralisation assays. The basis of the scoring 

is the same as for HPV18. 

 

As expected, the vaccinee-derived samples, C and G, and the IS for HPV16, sample F, were 

scored positive in all assays by all laboratories. The other samples (candidate IS [10/140], 

duplicate [E], liquid bulk [B], and natural HPV18 infection [D]) were generally negative, 

apart from some P/N scores from Laboratory 11 EIA, and Laboratories 3, 12 and 14 PsV 

neutralisation assays. Laboratory 14 got positive results for samples B and E and Laboratory 

12 got positive results for sample E. 

 

Antibodies to other HPV types 
The scoring of the samples as positive or negative for other HPV types by Laboratories 1, 8 

and 11 is shown in Table 7.  

 

The pattern of responses is generally that the vaccinee derived samples C and G are positive 

for HPV types 6, 11, 31, 33, 45 and 58. For HPV52 they were negative or P/N. Other samples 

were generally negative for the other HPV types, although Laboratory 11 obtained several 

EIA P or P/N scores for antibodies against HPV6 and HPV11 for the candidate materials and 

a positive score for anti-HPV6 for 05/134. 

 

 

Anti-HPV Titres of Study Samples 

Anti-HPV18 titres 
The median titre across the three assays for each laboratory is shown in Table 8 for EIA and 

Table 9 for PsV neutralisation assays.  

 

Anti-HPV18 EIA 
The overall pattern of titres reflects the positive or negative scoring discussed above. The 

definition of a negative used by Laboratory 1 for EIA is an OD below cut-off at 1:100. 

Sample F is above cut-off at 1:31.6 but below at 1:100. Therefore Table 8 shows a titre of 

31.6 but the sample was scored as a negative overall.  

 

Within laboratories, the titres for the duplicate samples 10/140 and E, and the liquid bulk 

sample B are generally consistent to within a dilution step, with the exception of laboratory 

8C. 
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There was considerable variation between laboratories in absolute titres, in the order of 100-

250-fold. For example, for the candidate IS 10/140 titres range from 40 to 3160, whilst for 

the natural infection sample D, they range from <4 to 1000. 

 

Direct comparison of titres between laboratories is complicated by the different starting 

dilutions used, and the different dilution steps used. The assays were not necessarily all 

designed to determine precise estimates of titre. To give an indication of the relative titre, or 

antibody content, of the different samples, a geometric mean titre across laboratories was 

calculated for the positive samples (excluding A and F). To allow calculation of a mean, 

values of >400 (for example) were taken as 400, and values of <4 (for example) were taken 

as 4. While not giving a precise value, this approach is consistent across samples and should 

give a reasonable indication of the relative ranking of the samples. The resulting geometric 

means are shown in Table 8. 

 

It is clear from the calculated geometric means that the samples from vaccinees have the 

highest anti-HPV18 titres by EIA, with sample G having approximately double the titre of 

sample C. Samples 10/140, E and B have similar titres, around 10-fold lower than sample C. 

Sample D, from the natural infection, has the lowest titre, around 2 to 3 fold lower than the 

candidate IS. The titres for the candidate IS, which is from naturally infected women, are 

closer to those for the other natural infection sample than to those samples collected from 

vaccinees. 

 

Anti-HPV18 PsV Neutralisation 
As with the EIA titres, the overall pattern for HPV18 PsV neutralisation (Table 9) reflects the 

positive or negative scoring as discussed above. Within laboratories, the titres for the 

duplicate samples 10/140 and E, and the liquid bulk sample B are generally consistent to 

within a dilution step.  There are large differences between laboratories, with titres ranging 

from 80 to 1350 for 10/140, and 10240 to 328050 for sample G. Part of the reason for these 

differences, particularly for the higher titre samples, may be differences in assay design and 

dilutions series used. Some laboratories extended their dilution range for the higher titre 

samples after the first assay, thereby allowing higher titres to be calculated. 

 

The geometric mean was calculated across laboratories, in the same manner as for the EIAs. 

Laboratory 1 was excluded, as it reported % neutralisation at a single dilution, rather than a 

titre. The calculated means are shown in Table 9. They display the same pattern as for the 

EIAs, with the vaccinee-derived samples having much higher titres than the candidate IS, and 

with sample G having around 2-fold higher mean titre than sample C. Again, sample D, from 

the natural infection, has the lowest titre, around 5-fold lower than the candidate IS. Again, as 

for EIA, the PsV neutralisation titres for the candidate IS are closer to those for the natural 

infection sample than to those samples collected from vaccinees.  Interestingly, the mean 

antibody titres for PsV neutralisation assays are of a similar order to the mean from the EIAs 

for the candidate IS and the lower titre samples. For the high titre samples, the PsV 

neutralisation assays appear to have higher titres, but again this may simply reflect assay 

design and choice of dilution ranges used.  

 

Anti-HPV16 EIA and PsV Neutralisation 
The median antibody titre against HPV16 across the three assays for each laboratory that 

performed the test is shown in Table 10 for both EIA and PsV neutralisation assays. For all 

samples except C, F and G, the titres are negative or very low. The vaccinee samples C and G 

have high titres, with sample G having higher titre than sample C, as is the case for HPV18. 
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Sample F, the current IS for HPV16 antibody has titres much lower than the vaccinee 

samples, but is still clearly positive. 

 

Serology assays for other HPV types 
The median antibody titre against other HPV types across the three assays for each laboratory 

that performed the test is shown in Table 11 for both EIA and PsV neutralisation assays. Only 

Laboratory 1 performed a PsV neutralisation test, which was for HPV6, and again results 

were reported as % neutralisation at a single dilution. The overall pattern matches that of the 

positive or negative scoring as discussed above, with all samples other than the vaccinee 

samples C and G having negative or low titres. Laboratory 11 has some low positive titres in 

some assays for samples 10/140, B, E and F however. The titres for sample C are generally 

higher than for sample G for all HPV types in Table 11, apart from HPV52, where they are 

the same or negative. This is in contrast to the titres against HPV16 or HPV18, where sample 

G has the higher titres.  

 

Anti-HPV18 potencies relative to candidate IS 10/140  
The potencies of the samples positive for HPV18 were expressed relative to the candidate IS 

10/140 for both EIA and neutralisation assays, by a comparison of dose-response curves 

using a parallel-line approach, as described in the statistical methods. Potencies were 

expressed as a percentage of the antibody content of 10/140. 

 

It should be noted however that the assays were not all designed for parallel-line analysis, and 

did not necessarily have the optimal range of dilutions or dilution steps. For example, several 

laboratories only used three 10-fold dilutions, which will limit the precision that can be 

expected. The PsV neutralisation assay readouts at high dilutions (low concentration of 

antibody) were very variable, and some alternate analysis may be more optimal than fitting 

the usual sigmoid parallel line model. However, the analysis does give an indication of the 

improvement in inter-laboratory agreement that could be expected from the use of a common 

standard or reference material. Many of the assay designs, or the analysis methods, could be 

optimised to allow better estimation of relative potencies. 

 

Laboratory and Overall Geometric Mean Potencies 
The geometric mean potencies from each laboratory are shown in Table 12 for anti-HPV18 

EIA, and Table 13 for anti-HPV18 PsV neutralisation assays. The neutralisation results from 

Laboratory 1 are based on the preliminary assay only, as they only tested single dilutions for 

the main assays. The overall geometric mean across laboratories is also shown, along with the 

between laboratory %GCV, which measures inter-laboratory variability. 

 

The potency of sample E, the duplicate of the candidate IS, comes out very close to the 

expected 100% overall (98% for EIA and 103% for PsV neutralisation assays). The potency 

of sample B, the liquid bulk used for manufacturing the candidate standard, is also close to 

100% (92% for EIA and 97% for neutralisation).  

 

The potencies of the two vaccinee serum samples are much higher than the candidate IS, with 

EIA overall means of 1258% and 3688% for samples C and G respectively, and 

neutralisation overall means of 2303% and 8072% for samples C and G. The mean potencies 

from the PsV neutralisation assays are around 2-fold higher than from the EIAs for these 

samples. . The potency of sample D, the natural infection, is lower than the blinded candidate 

IS (sample E), at 37% and 13% for EIA and PsV neutralisation respectively. 
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Inter-laboratory Variability 
Comparing the %GCV values for inter-laboratory variability in Tables 12 and 13, there is 

better agreement between laboratories for the EIAs than for the PsV neutralisation assays. 

This suggests that the EIA results are more consistent between laboratories than PsV 

neutralisation assays, although different laboratories were involved in contributing the results 

from the different tests. 

 

The best between-laboratory agreement is obtained for the duplicate sample E, with a %GCV 

of 18% for EIA and 29% for PsV neutralisation. This represents the ‘best case’ of comparing 

an identical sample with itself. Sample B also shows good agreement with %GCVs of 24% 

and 48% respectively. Considering that many of the assays were not designed for parallel line 

analysis, these figures represent good agreement between laboratories. 

 

The distributions of the laboratory mean estimates are also shown in histogram form for the 

positive samples B, C, D, E and G (Figures 1-5). The results from EIA and PsV neutralisation 

assays are shown on the same figures, with the neutralisation assays shaded grey. All samples 

are shown with the same logarithmic (doubling) scale. The close agreement between 

laboratories for samples B and E can be clearly seen in Figures 1 and 4, with all estimates 

close to the expected 100%.  

 

The agreement between laboratories is not as good for the high titre samples, in particular 

sample G in the PsV neutralisation assays (Table 13). Assays on the vaccinee samples 

give %GCVs in the range of 57-127%, whereas the other samples have %GCVs in the range 

of 18-56% for PsV neutralisation and EIAs (Tables 12 & 13).  For samples C and G, the 

increased variability, and the higher potencies are apparent in Figures 2 and 5. There is also a 

suggestion that the PsV neutralisation assays are tending to give higher estimates than the 

EIA for these samples. Sample D (Figure 3) also has increased variability, of a similar order 

to that of samples C and G on the log scale. In contrast to C and G, there is a suggestion that 

for sample D the PsV neutralisation assays give lower estimates than the EIA. 

 

As anticipated, the candidate IS was most effective at improving comparability of samples 

that are of similar potency to the candidate, and less effective with samples that are of very 

different potency.  

 

The agreement between laboratories for potencies relative to the candidate IS represents a 

considerable improvement compared to the agreement in absolute titres. As noted above, 

titres varied by 100 – 250 fold in some cases for EIA. 

 

Intra-laboratory Variability 
The %GCVs shown in Table 14 for EIA and Table 15 for PsV neutralisation assays, are an 

indication of intra-laboratory variability for potencies relative to the candidate IS (rather than 

for the absolute titres).  This means that it is the ratio of the titre of the test sample to the titre 

of the candidate that is being assessed for consistency across assays. The figures for 

individual laboratories and samples are based on only two or three assays however, and are 

sensitive to any variation in a single assay dose-response, or even a single response. As the 

potencies for the PsV neutralisation assay from Laboratory 1 were based on the preliminary 

assay only, it was not possible to assess intra-laboratory variability. Estimates of %GCV were 

pooled across samples for each laboratory, and are shown in the bottom row of Tables 14 and 

15. Pooled estimates of intra-assay %GCV were also calculated for each sample across 

laboratories, and are shown in the right hand column of Tables 14 and 15. 
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Looking at the %GCVs in Table 14 for the EIA, it is clear that there are big differences 

between laboratories in intra-laboratory variability. Laboratories 7, 9 and 14 all have very 

good intra-laboratory variability with pooled %GCVs below 10%. Other laboratories have 

greater variability, with Laboratory 11 having particularly high variability for samples B and 

C. Again, it must be emphasised that not all laboratories were using assays that had been 

optimised for parallel-line analysis and potency estimation, and the high intra-laboratory 

variability may not reflect the assay performance for detection of HPV18 as positive or 

negative. The pooled estimates across laboratories for the individual samples are inflated by 

the high %GCVs from Laboratory 11. However, along with inspection of the figures from 

individual laboratories, there does not seem to be a consistent trend for the higher titre 

samples C and G to have greater variability in estimates of potency relative to the candidate 

IS between assays. 

 

Looking at the %GCVs in Table 15 for the PsV neutralisation assay, there are also big 

differences between laboratories, and the comments on assay design above also apply. 

Generally, the variability is higher for the neutralisation assays than for EIA. As with EIA, 

there was not a consistent pattern for the higher titre samples C and G to have greater 

variability in estimates of potency relative to the candidate IS between assays. 

 

Stability studies on 10/140 
An accelerated thermal degradation study was performed in order to predict the long-term 

stability of 10/140 when stored at the recommended temperature of -20˚C.  Vials of 10/140 

were stored at -70˚C, -20˚C, +4˚C, 20˚C and 37˚C, removed at specific time points and held 

at -80˚C until shipped on dry ice to the WHO HPV LabNet GRLs for assay. 

 

For the EIAs from both laboratories, the potencies of the samples, expressed as a % potency 

of the -70˚C sample, were calculated using the same methods as described for the main 

collaborative study analysis. The EIA results (geometric mean across replicate assays) are 

shown in Table 16 for GRL1 EIA and Table 17 for GRL2 EIA. 

 

The EIA results from GRL1 do show a consistent pattern of a small drop in potency at higher 

temperatures and storage periods however, with the samples stored at +37˚C for a year 

showing an apparent drop to 82% of the -70˚C sample. The samples stored at +20˚C for a 

year are still showing around 96% of the potency of the -70˚C sample (Table 16). 

The results from the EIA performed by GRL2 are variable, but indicate that all the samples 

have potencies greater than that of the -70˚C (Table 17). This may be an artifact of the assay 

layout; however there is no evidence of any lack of stability. 

 

The data from the PsV neutralisation assays performed by GRL1 were also analysed, as 

described for the main collaborative study, to obtain potencies of the samples calculated as a % 

potency of the -70˚C samples. The data were very variable however, with big differences 

between plates. Individual replicate plates were analysed separately, and the potency 

estimates combined (Table 18). The results from the neutralisation assays, when analysed 

using a parallel line approach, were highly variable. The laboratory did comment that the 

assays had not worked as expected. The results in Table 18 indicate some loss of potency at 

higher temperatures. However, with estimates of 60% after 1 year at -20˚C, compared to 112% 

after 1 year at +4˚C, the reliability of these results is questionable. 
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The titres calculated in-house by GRL1 for their neutralisation assays are shown in Table 19, 

for the 6 replicate sets of plates, along with the overall geometric mean titre (GMT). The 

GMT for each sample was also expressed as a % of that of the -70˚C samples. 

 

The neutralisation titres calculated by GRL1 (Table 19) are reasonably consistent. Looking at 

the geometric mean titre over the 6 replicate determinations, there is some evidence of some 

loss of activity at higher temperatures, but it is small relative to the 2-fold precision of the 

calculated titres. The GMT for the samples stored at +37˚C for 1 year are around 80% of the 

GMTs of the -70˚C sample. This is consistent with the pattern of degradation seen in the 

EIAs from GRL1 (Table 16).  While the PsV neutralisation assays from GRL1 did not 

perform as expected, the calculated neutralisation titres were reasonably consistent with the 

EIA results from the same laboratory, considering the precision of the calculated titres. 

The results from the EIAs of GRL1 were used to predict the expected % loss at different 

temperatures, using the usual Arrhenius model. The results from GRL2 and the neutralisation 

results from GRL1 were too variable to attempt to fit this model. The predicted % loss per 

year or per month for 10/140 at different temperatures is shown in Table 20. The predicted % 

loss per year when stored at -20˚C is 0.03%, indicating that 10/140 is sufficiently stable for 

long term storage. The predicted % loss per month is 0.33% at +20˚C, and 1.89% at +37˚C, 

indicating that 10/140 is sufficiently stable to be transported at ambient temperatures. 

 

 

Discussion and conclusions 

10/140 is a batch of ampoules containing freeze-dried equivalent of 0.5 mL pooled anti-

HPV18-positive sera.  The sera used to produce candidate IS 10/140 were identified by 

screening a large number of women participating in an epidemiology study and were shown 

to contain antibodies to HPV18 and not to any of the other assayed genital HPV types.  

Validation studies confirmed that the freeze-dried candidate was positive for HPV18 and 

negative for HPV16 antibodies.  Because very few women are naturally infected with HPV 

18 alone, it had been difficult to obtain large volumes of sera suitable for use in the 

development of the 1st IS for antibodies to HPV18 and only 806 ampoules of 10/140 are 

available currently for issue.  It is anticipated that the rate of sales for 10/140 will be similar to 

that for the 1
st
 WHO IS for antibodies to HPV16 (NIBSC code 05/134).  In the 2011 financial 

year, 31 ampoules of 05/134 were sold.  Based on this rate of dispatch, it is estimated that 

10/140 will last for 26 years.   

 

In this international collaborative study, 10/140 and its coded duplicate (sample E) were 

scored as positive in anti-HPV18 EIA and PsV neutralization assays with one exception 

where it was scored as P/N for one laboratory performing the HPV18 PsV neutralization 

assay (Tables 4 & 5). 

 

Where laboratories performed anti-HPV16 EIA, these samples were scored negative for 

HPV16 antibodies with one exception where the coded duplicate was scored an overall P/N.  

Of the 6 laboratories performing HPV16 PsV Neutralisation assays, 3 scored both 10/140 and 

its blinded duplicate as negative, but 3 scored one or both of these samples as either positive 

or overall P/N.  These 3 assays also scored HPV16 negative study samples as positive or P/N 

in some cases (Table 6).  Hence, sensitivity of these HPV16 PsV neutralisation assays may 

explain the HPV16 seroreactivity of the candidate freeze-dried standard in this case.  The 

candidate freeze-dried material also scored negative in EIA or PsV neutralisation for 
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antibodies to HPV types 6, 11, 31, 33, 45, 52, and 58, with one exception where the material 

was scored positive or P/N for antibodies to HPV6 and 11 in EIA performed by one 

laboratory (Table 7).  Taken overall, the data indicate that 10/140 is reactive against HPV18 

only and no other high risk genital HPV type. 

 

Samples from both vaccinees and naturally infected individuals were included in the 

collaborative study.  The candidate IS had absolute titres which were low compared to the 

sera from vaccinees in both EIA and PsV neutralisation tests but comparable to those 

obtained with serum from a naturally infected individual (Tables 8 & 9).   

 

Type specificity is an important consideration in EIA and as observed previously [1, 3], high 

titred HPV18 sera from vaccinees who had received an HPV18 VLP-containing vaccine, 

cross-reacted to other HPV types and scored as low positives in assays of other HPV types 

(Tables 7 & 11).  

 

Because the composition of the vaccines used to immunize the donors of vaccinee sera are 

not disclosed, it is not possible to further assess whether the cross-reactivities observed for 

the vaccinee samples against non-vaccine types are due to non-specific binding or 

neutralising epitope cross-reactivity. 

 

Neutralising and EIA antibody titres can correlate when the antigen used in EIA is 

conformationally intact VLP.  The quality of VLPs and the inclusion of appropriate controls 

in assays are therefore essential for assessing the specificity of HPV EIA. The assessment of 

HPV18 EIA antigen in terms of integrity, conformation and stability, along with the 

establishment of the cut off value, is beyond the scope of this study. WHO HPV LabNet has 

published a standard operating procedure for the quality control and use of VLPs in an EIA 

[4].  In addition to ISs for HPV antibodies, the availability of such protocols will further 

facilitate HPV laboratories in standardizing their serology assays and improve comparability 

of antibody measurements.   

 

Most laboratories showed that sample E, the blinded duplicate of the candidate, had a relative 

potency close to the expected value of 100% when assayed against the candidate. 

The %GCV among labs for the duplicate ampoules of 10/140 was 18% and for higher titred 

vaccinee sera, 57-67%.  

 

The agreement between laboratories for potencies reported relative to the candidate IS was 

improved compared to the laboratory agreement for potencies reported in absolute titres. The % 

GCV between laboratories for the coded duplicate was 18% for EIA and 29% for PsV 

neutralisation assay. For the liquid bulk candidate material, the %GCV was 24% for EIA and 48% 

for PsV neutralisation. For the low titred serum obtained from a naturally infected individual, 

the %GCV was 55% for EIA and 56% for PsV neutralization.  For high-titred samples from 

vaccinees, the %GCV ranged from 57-67 for EIA and 82-127 for PsV neutralization. These 

results indicate that there is better agreement between laboratories for the EIAs than for the 

PsV neutralisation assays.  Furthermore between-laboratory agreement was best for low titre 

samples than for high titre vaccinee samples.  Overall the quality of data and the variation 

between laboratories is similar to that observed in the previous study for samples from 

naturally infected individuals and vaccinees [1, 3]. 

 

The results obtained from an accelerated thermal degradation study at 12 months indicate that 

the candidate 10/140 is sufficiently stable for long-term storage at -20˚C and shipment at 
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ambient temperatures.  The stability of 10/140 when reconstituted has not been specifically 

determined.  Therefore, it is recommended that the reconstituted material is for single use only.  

In summary, this study demonstrates the stability and suitability of the candidate to serve as 

the 1st WHO International Standard for antibodies to HPV18. 

 

 

Proposal 

It is proposed that the candidate IS (NIBSC code 10/140) is established as the 1st WHO 

International Standard for antibodies to HPV18 with an assigned potency of 8 International 

Units when reconstituted in 0.5 mL of distilled water. This value is arbitrary and the 

uncertainty can be derived from the CV of fill weight which is 0.4065%.  The IU between 

different ISs is not comparable.  However, the value of 8 IU/ampoule is proposed for 10/140 

in order to give approximately the same order of magnitude to that of the IS for anti-HPV16 

(NIBSC code 05/134).  The proposed standard is intended to be used by laboratories 

conducting HPV sero-epidemiology studies and HPV vaccine impact studies to calibrate 

secondary references used in routine anti-HPV18 EIA and PsV neutralization assays. 

Proposed Instructions for Use (IFU) for 10/140 are included in Appendix 3. 

 

 

Comments from participants 

All 14 participating laboratories responded to the report. There were no disagreements with 

the suitability of the candidate IS (NIBSC code 10/140) to serve as the 1st WHO IS for 

antibodies to HPV18.  Some respondents had minor queries or suggestions for editorial 

changes and these have been addressed. 
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Table 1. Production summary for the candidate IS. 
 

NIBSC code 10/140 

Product name Anti-HPV18 serum 

Presentation 
Freeze-dried serum in 

3 mL DIN ampoule 

Appearance Robust cake 

Filling machine 
Bausch and Strobel 

AFV5090 

Date of filling 25 June 2010 

No. of ampoules filled 1255 

Mean fill weight (g) 
0.5171 

n=60 

CV of fill weight (%) 0.4065 

Freeze dryer Serail CS15 

Date of completion of 

lyophilization 
29 June 2010 

Mean dry weight (g) 
0.0471 

n=6 

CV of dry weight (%) 1.03 

Mean residual moisture (%) 
0.4767 

n=6 

CV of residual moisture (%) 20.19 

Mean oxygen content (%) 
0.46 

n=6 

CV of oxygen content (%) 25.42 

No. of ampoules 

available to WHO 
806 
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Table 2. GRL1 validation testing of freeze-dried candidate IS.   

 

Anti-HPV18 EIA 

Potency relative to high anti-HPV18 

positive control 

 

Replicate 1 Replicate 2 

High positive HPV18 control 10.000 10.000 

Low positive HPV18 control  3.478 3.811 

Negative control  0.538 0.000 

Candidate liquid bulk 15.590 17.540 

Reconstituted freeze-dried candidate 14.048 17.308 

Potency of the liquid bulk expressed 

as a percentage of the freeze-dried 

candidate 111.0 % 101.3% 

Anti-HPV16 EIA 

Potency relative to high anti-HPV16 

positive control  

High positive HPV16 control 8.3 ND 

Low positive HPV16 control 2.930 ND 

Negative control  0.00 ND 

Candidate liquid bulk 0.000 ND 

Reconstituted freeze-dried candidate 0.000 ND 

 

Abbreviation: ND, not done 
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Table 3. GRL2 validation testing (anti-HPV18 EIA and anti HPV16 EIA) of the freeze-

dried candidate IS 10/140 and its liquid bulk.  Samples 1-14 are clinical samples previously 

shown to be reactive to the listed HPV type(s) by Luminex assay.   

 

Sample 
Previously 

tested by 

Luminex assay 
Anti-HPV18 EIA 

Anti-HPV16 

EIA 

 
HPV sero-

positive 

Potency 

relative to 

candidate 

duplicate 1* 

Potency 

relative to 

candidate 

duplicate 2* 

OD of 1:10 

dilution 

OD of 1:10 

dilution 

1 16 0.38 0.38 0.276 2.058 

2 16 0.16 0.16 0.194 1.248 

3 18 2.13 2.14 1.132 0.688 

4 18 42.61 44.42 2.035 0.344 

5 18 19.28 19.75 2.241 0.328 

6 6 0.09 0.09 0.162 0.195 

7 11 0.43 0.43 0.364 0.152 

8 11 0.17 0.17 0.240 0.123 

9 31 0.04 0.04 0.074 0.131 

10 33 3.11 3.13 1.397 1.248 

11 33 0.23 0.22 0.203 0.486 

12 52 0.07 0.07 0.121 0.984 

13 58 1.67 1.68 0.950 0.287 

14 45, 68 0.71 0.71 0.553 0.304 

Candidate 

liquid bulk NA 10.70 10.88 2.028 0.371 

Duplicate 1 

Reconstituted 

freeze-dried 

candidate 

10/140 NA 10.00 10.17 1.981 0.326 

Duplicate 2 

Reconstituted 

freeze-dried 

candidate 

10/140 NA 9.83 10.00 1.994 0.330 

 

Abbreviation: NA, not applicable. 

Note:*Each 10/140 duplicate was assigned an arbitrary unitage of 10 for the purpose of this 

investigation 
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Table 4. Samples scored as positive or negative for antibodies to HPV18 in EIA. 

 

Anti-HPV18 

EIA 

Sample 

Lab 10/140 A B C D E F G 

1 P N P P P P N P 

2 P N P P P P N P 

3 - - - - - - - - 

4 P N P P P P N P 

5 P P/N P P P P P/N P 

6 P P P P P P P P 

7 P N P P P P N P 

8A P N P P N P N P 

8B P N P P N P N P 

8C P N P P P P N P 

9 P N P P P P N P 

10 P N P P P P N P 

11 P N P/N P N P N P 

12 - - - - - - - - 

13 P P/N P P P P P/N P 

14 P N P P P P N P 

 

Abbreviations: P = positive (no shading); N = negative (dark grey); P/N = both positive and 

negative results were obtained (light grey).  - = assay not performed. 
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Table 5. Samples scored as positive or negative for antibodies to HPV18 in PsV 

neutralisation assays. 

 

Anti-HPV18 

PsV Neut 

Sample 

Lab 10/140 A B C D E F G 

1 P N P P P P N P 

2 P N P P P P N P 

3 P N P P P P/N N P 

4 - - - - - - - - 

5 - - - - - - - - 

6 - - - - - - - - 

7 P N P P P/N P N P 

8A - - - - - - - - 

8B - - - - - - - - 

8C - - - - - - - - 

9 P N P P P P N P 

10 P N P P P P N P 

11 - - - - - - - - 

12 P N P P P P N P 

13 - - - - - - - - 

14 P P/N P P P P N P 

 

Abbreviations: P = positive (no shading); N = negative (dark grey); P/N = both positive and 

negative results were obtained (light grey);  - = assay not performed. 
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Table 6. Samples scored as positive or negative for antibodies to HPV16 in EIA or PsV 

neutralisation assays. 

 

Anti-HPV 16 
Sample 

10/140 A B C D E F G 

 Lab         
E

IA
 

2 N N N P N N P P 

8A N N N P N N P P 

8B N N N P N N P P 

8C N N N P N N P P 

10 N N N P N N P P 

11 N N P/N P N P/N P P 

14 N N N P N N P P 

P
sV

 

N
eu

tr
a
li

sa
ti

o
n

 1 N N N P N N P P 

2 N N N P N N P P 

3 N P/N P/N P P/N P/N P P 

10 N N N P N N P P 

12 P/N N P/N P N P P P 

14 P/N P/N P P N P P P 

 

Abbreviations: P = positive (no shading); N = negative (dark grey); P/N = both positive and 

negative results were obtained (light grey). 
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Table 7. Samples scored as positive or negative for antibodies to other HPV types. 

 

HPV 

Type 
 

 Sample 

Lab 10/140 A B C D E F G 

Anti-HPV 6 

Neut 1 N N N P N N N P 

EIA 

8A N N N P N N N P 

8B N N N P N N N P 

8C N N N P N N N P 

11 P/N N P/N P N P/N P P 

Anti-HPV 11 EIA 

8A N N N P N N N P 

8B N N N P N N N P 

8C N N N P N N N N 

11 P N P/N P N P/N N P 

Anti-HPV 31 EIA 
8B N N N P N N N P 

8C N N N P N N N P 

Anti-HPV 33 EIA 
8B N N N P N N N P 

8C N N N P N N N P 

Anti-HPV 45 EIA 
8B N N N N N N N P 

8C N N N P N N N P 

Anti-HPV 52 EIA 
8B N N N N N N N N 

8C N N N P/N N N N P/N 

Anti-HPV 58 EIA 
8B N N N P N N N P 

8C N N N P N N N P 

 

Abbreviations: P = positive (no shading); N = negative (dark grey); P/N = both positive and 

negative results were obtained (light grey). 
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Table 8. Laboratory median titres of antibodies to HPV18 in EIA. 

 

Anti-HPV 18 EIA Sample 

Lab 10/140 A B C D E F G 

1 3160 <10 3160 3160 1000 3160 31.6 31600 

2 100 <10 100 >316 31.6 100 <10 >1000 

3 - - - - - - - - 

4 316 <10 316 3160 316 316 <10 10000 

5 316 <10 316 3160 100 316 <10 10000 

6 31.6 10 100 3160 100 100 100 3160 

7 800 <100 1600 >12800 400 800 <100 64000 

8A 40 <4 40 >400 <4 40 <4 >400 

8B 40 <4 40 >400 <4 40 <4 >400 

8C 100 <100 1000 >10000 1000 >10000 <100 >10000 

9 316 <10 316 3160 100 316 <10 10000 

10 316 <10 316 3151 100 316 <10 9957 

11 173 <100 122 8100 <100 100 <100 8100 

12 - - - - - - - - 

13 1000 <10 316 10000 100 100 <10 10000 

14 320 <20 320 3200 160 320 <20 8000 

GM 222   268 2782 100 273   5927 

 

Abbreviation: GM =  Geometric mean.  GM was calculated by taking > or < as = .  See 

discussion in Materials and Methods. 
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Table 9.  Laboratory median titres of antibodies to HPV18 in PsV neutralisation assays. 

 

Anti-HPV18 

PsV 

Neutralisation 

Sample 

Lab 10/140 A B C D E F G 

1* 87 0 87 91 54 85 14 89 

2 200 <63.2 200 6320 63.2 200 <63.2 20000 

3 250 <50 250 6250 50 250 <50 31250 

4 - - - - - - - - 

5 - - - - - - - - 

6 - - - - - - - - 

7 171 <40 158 6863 <40 142 <40 19468 

8A - - - - - - - - 

8B - - - - - - - - 

8C - - - - - - - - 

9 1350 <50 1350 36450 150 1350 <50 328050 

10 349 <20 381 14482 57 453 <20 28963 

11 - - - - - - - - 

12 382 <20 302 6829 43 358 <20 33178 

13 - - - - - - - - 

14 80 <10 80 2560 20 80 <10 10240 

GM 276  268 8204 53 277  16894 

 

Abbreviation: GM =  Geometric mean.  GM was calculated by taking > or < as = .  See 

Materials and Methods.   - = assay not performed.   
Notes: Titres represent last dilution positive (greater than 50% neutralisation) with the 

following exceptions – 

*Laboratory 1 returned results at a single dilution. The values in the table represent the 

% neutralisation at 1:100.  Laboratory 1 was excluded from the GM calculations. 

Laboratory 7 provided titres corrected for the titre of a reference serum included on each 

plate. 

Laboratory 12 estimated 80% neutralisation by interpolation.  
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Table 10.  Laboratory median titres for antibodies to HPV16 in EIA and PsV neutralisation 

assays. 

 

Anti-HPV 16 
Sample 

10/140 A B C D E F G 

 Lab         

E
IA

 

2 <10 <10 <10 >1000 <10 <10 31.6 >3160 

8A <4 <4 <4 >400 <4 <4 40 >400 

8B <4 <4 <4 >400 <4 <4 40 >400 

8C <4 <4 <4 >400 <4 <4 >400 >400 

10 <10 <10 <10 3151 <10 <10 100 9957 

11 <100 <100 <100 >24300 <100 <100 300 24300 

14 <20 <20 <20 6400 <20 <20 80 1600 

P
sV

 

N
eu

tr
a
li

sa
ti

o
n

 1* 4 3 14 92 4 15 86 92 

2 <63.2 <63.2 <63.2 6320 <63.2 <63.2 200 20000 

3 <50 <50 <50 6250 <50 <50 112 31250 

10 <20 <20 20 20480 <20 <20 320 81920 

12 22 <20 21 7077 <20 27 253 38342 

14 10 <10 20 5120 <10 10 80 20480 

 
Note:*Laboratory 1 returned results at a single dilution. The values in the table represent the % 

neutralisation at 1:100. 
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Table 11. Laboratory median titres for antibodies to other HPV types in EIA and PsV 

neutralisation assays. 

 

HPV 

Type 
 

 Sample 

Lab 10/140 A B C D E F G 

Anti-HPV 6 

Neut 1* 0 0 0 89 3 7 9 82 

EIA 

8A <4 <4 <4 >400 <4 <4 <4 40 

8B <4 <4 <4 >400 <4 <4 <4 >400 

8C <100 <100 <100 >10000 <100 <100 <100 1000 

11 100 <100 100 >24300 <100 100 100 900 

                   

Anti-HPV 11 EIA 

8A <4 <4 <4 >400 <4 <4 <4 4 

8B <4 <4 <4 >400 <4 <4 <4 40 

8C <100 <100 <100 >10000 <100 <100 <100 <100 

11 300 <100 400 24300 <100 300 <100 900 

                   

Anti-HPV 31 EIA 
8B <4 <4 <4 >400 <4 <4 <4 40 

8C <100 <100 <100 >10000 <100 <100 1000 <100 

                   

Anti-HPV 33 EIA 
8B <4 <4 <4 >400 <4 <4 <4 4 

8C <100 <100 <100 >10000 <100 <100 <100 1000 

                   

Anti-HPV 45 EIA 
8B <4 <4 <4 <4 <4 <4 <4 4 

8C <100 <100 <100 1000 <100 <100 <100 1000 

                   

Anti-HPV 52 EIA 
8B <4 <4 <4 <4 <4 <4 <4 <4 

8C <100 <100 <100 100 <100 <100 <100 100 

                   

Anti-HPV 58 EIA 
8B <4 <4 <4 4 <4 <4 <4 4 

8C <100 <100 <100 >10000 <100 <100 <100 1000 

 

Note:*Laboratory 1 returned results at a single dilution. The values in the table represent the 

% neutralisation at 1:100.  
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Table 12.  Potencies of samples expressed as % of 10/140 – anti-HPV18 EIA 

 

Anti-HPV18 EIA Sample 

Lab B C D E G 

1 94 1223 56 104 3108 

2 102 1104 50 95 3664 

3 - - - - - 

4 105 1217 42 109 2798 

5 104 771 37 96 2652 

6 93 1067 66 112 3151 

7 107 1131 54 100 4022 

8A 66 1184 24 84 4412 

8B 75 1419 22 90 4810 

8C 121 3371 31 105 8772 

9 108 1017 33 87 3079 

10 100 828 37 98 3900 

11 77 4374 41 140 7790 

12 - - - - - 

13 58 710 13 68 1417 

14 101 1098 57 95 3257 

GM 92 1258 37 98 3688 

%GCV 24 67 55 18 57 

 

Abbreviations: GM =  Geometric mean; %GCV = geometric coefficient of variation; 

- = assay not performed. 
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Table 13.  Potencies of samples expressed as % of 10/140 – anti-HPV18 PsV neutralisation 

assays. 

 

Anti-HPV18 

PsV neutralisation 

Sample 

Lab B C D E G 

1* 97 1465 23 99 6325 

2 107 1632 15 102 4629 

3 106 3621 14 111 13384 

4 - - - - - 

5 - - - - - 

6 - - - - - 

7 92 3054 7 85 10539 

8A - - - - - 

8B - - - - - 

8C - - - - - 

9 173 5985 20 175 41209 

10 109 2894 13 113 3929 

11 - - - - - 

12 42 885 7 83 3284 

13 - - - - - 

14 96 1953 15 80 8211 

GM 97 2303 13 103 8072 

%GCV 48 82 56 29 127 

 

Abbreviations: GM =  Geometric mean; %GCV = geometric coefficient of variation; 

- = assay not performed. 

Note:  *Relative potencies from laboratory 1 are based on the preliminary assay only, as main 

assays were only performed at a single dilution. 
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Table 14.  Intra-Laboratory %GCV – anti-HPV18 EIAs 

 

Anti-HPV18 

EIA 

Sample  

Lab B C D E G Pooled 

1 15 12 21 25 31 22 

2 2 9 1 0 3 4 

3 - - - - - - 

4 26 22 86 32 28 42 

5 20 21 26 12 19 20 

6 35 48 25 16 6 29 

7 3 2 9 6 4 5 

8A 24 32 35 10 30 27 

8B 12 29 10 2 49 25 

8C 21 97 20 15 109 59 

9 8 2 13 3 10 8 

10 11 8 14 13 37 19 

11 281 412 32 74 69 182 

12 - - - - - - 

13 38 15 61 26 16 34 

14 7 4 8 10 7 8 

Pooled 59 78 31 23 38  

 

Abbreviations:  %GCV = geometric coefficient of variation; - = assay not performed. 
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Table 15: Intra-Laboratory %GCV – anti-HPV18 PsV neutralisation assays. 

 

Anti-HPV18 

PsV 

neutralisation 

Sample  

Lab B C D E G Pooled 

1 ND ND ND ND ND ND 

2 15 12 33 13 14 19 

3 4 62 36 6 26 32 

4 - - - - - - 

5 - - - - - - 

6 - - - - - - 

7 21 20 ND 19 15 19 

8A - - - - - - 

8B - - - - - - 

8C - - - - - - 

9 192 67 119 100 ND 121 

10 30 8 24 20 101 44 

11 - - - - - - 

12 294 248 373 102 339 262 

13 - - - - - - 

14 28 80 89 12 51 56 

Pooled 80 74 101 39 83  

 

Abbreviations:  %GCV = geometric coefficient of variation; - = assay not performed; 

ND = Not determined.  See discussion in Results and Data Analysis. 
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Table 16.  Thermal degradation assessment of 10/140.  GRL1 – anti-HPV18 EIA relative 

potencies expressed as % of -70˚C sample. 

 
Temperature 

of 

Storage 

Storage Period 

101 

days 

173 

days 

1 

year 

-20˚C - - 99.0 

4˚C - - 98.2 

20˚C - 99.7 95.8 

37˚C 88.4 86.9 82.1 

 

 

 

Table 17.  Thermal degradation assessment of 10/140.  GRL2 – anti-HPV18 EIA relative 

potencies expressed as % of -70˚C sample. 

 

Temperature 

of 

Storage 

Storage Period 

101 

days 

173 

days 

1 

year 

-20˚C - - 113.0 

4˚C - - 132.3 

20˚C - 119.9 120.0 

37˚C 139.7 118.1 107.4 

 

 

 

Table 18.  Thermal degradation assessment of 10/140.  GRL1 – anti-HPV18 PsV 

neutralisation assay relative potencies expressed as % of -70˚C sample. 

 

Temperature 

of 

Storage 

Storage Period 

101 

days 

173 

days 

1 

year 

-20˚C - - 60.0 

4˚C - - 111.6 

20˚C - 75.5 55.7 

37˚C 63.6 89.6 63.8 
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Table 19.  Thermal degradation assessment of 10/140.  GRL1 – anti-HPV18 PsV 

neutralisation titres. 

 

Storage Conditions 

PsV stock 1 PsV stock 2 
GMT 

% of  

-70°C 1 2 3 4 5 6 

        

4°C 1 Year 640 320 1280 640 160 160 403 126.0 

20°C 173 days 640 320 320 320 80 160 254 79.4 

20°C 1Year 640 320 320 320 80 80 226 70.7 

37°C 101 days 640 640 160 160 80 160 226 70.7 

-70°C 1 Year 640 640 320 640 80 160 320  

37°C 173 days 1280 320 320 320 80 160 285 100.0 

37°C 1 Year 640 320 320 160 80 160 226 79.4 

-20 1 Year 640 320 320 160 80 160 226 79.4 

-70°C 1 Year 640 640 320 320 80 160 285  

 

Abbreviations: GMT=  Geometric mean titre. 

 

 
 

Table 20.  Thermal degradation assessment of 10/140.  Predicted % loss per month or year 

calculated from GRL1 anti-HPV18 EIA data. 
 

Temperature 

 

% loss 

per month 

% loss 

per year 

-20  0.03 

+4  0.62 

+20 0.33 3.88 

+37 1.89  
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Figure 1. Sample B (liquid candidate standard) expressed as a percentage of 10/140. 
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Figure 2. Sample C (vaccinee(s) sera) expressed as a percentage of 10/140. 

 
 

Figure 3. Sample D (anti-HPV18 sera from naturally infected individual(s)) expressed as a 

percentage of 10/140. 
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Figure 4. Sample E (coded duplicate of 10/140) expressed as a percentage of 10/140. 

 
 

Figure 5. Sample G (vaccinee(s) sera) expressed as a percentage of 10/140. 
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Appendix 1 
 

Collaborative study participants  
(In alphabetical order by country) 

 
Name Laboratory Country 

Dr Maria Alejandra Picconi WHO HPV LabNet RRL,  Argentina 

Prof. Ian Frazer University of Queensland Diamantina 

Institute 

Australia 

Prof Suzanne Garland 

A/Prof. Sepehr N. Tabrizi 

WHO HPV LabNet RRL Australia 

Dr Francis Dessy GSK Biologicals Belgium 

Dr Mausumi Bharadwaj WHO HPV LabNet RRL,  India 

Dr Iwao Kukimoto WHO HPV LabNet RRL,  Japan 

Dr Shaowei Li National Institute of Diagnostics and 

Vaccine Development in Infectious 

Diseases 

PR China 

Prof Joakim Dillner WHO HPV LabNet GRL Sweden 

Miss Jarunya Ngamkham WHO HPV LabNet RRL Thailand 

Dr Simon Beddows Centre for Infections 

Health Protection Agency 

UK 

Dr Leonard J Rubinstein, 

Dr Christine Roberts and 

Dr Frank Taddeo 

Merck & Co., Inc. 

in collaboration with 

PPD Vaccines and Biologics Inc. 

USA 

Dr Denise A. Galloway Fred Hutchinson Cancer Research Center USA 

Dr Elizabeth Unger WHO HPV LabNet GRL USA 

Dr John Schiller National Institutes of Health USA 
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Appendix 2 
 

Collaborative Study Protocol 
Protocol for the WHO collaborative study to assess the suitability of a candidate standard for 

antibodies to HPV 18 

Final 20/12/2010 

 

Background 
HPV serology is essential for assessing past or present HPV infection in epidemiological studies 

and measuring antibodies elicited by vaccination in humans. The WHO collaborative study 

completed in 2005 demonstrated that the availability of International Standards (IS) for 

antibodies to HPV serotypes would be of use in the comparison of the antibodies elicited by 

vaccination in humans and assist in the standardization of HPV serological methods which are 

used to measure past or present HPV infection in epidemiological studies
1
. WHO has, in 

collaboration with the National Institute for Biological Standards and Control (NIBSC), 

established the first IS for anti-HPV 16 serum with an assigned unitage of 5 International Units 

(IU) per ampoule
2, 3

.  Ms Jarunya Ngamkham (WHO HPV Laboratory Network [LabNet] 

Regional Reference Laboratory, Thailand) and Dr Joakim Dillner ( WHO HPV LabNet Global 

Reference Laboratory [GRL], Sweden) have now identified candidate material for preparing the 

1st WHO IS for antibodies to HPV 18.  The candidate material is sera collected from two healthy 

women naturally infected with HPV 18 and who participated in an epidemiological study on 

HPV conducted by the National Cancer Institute of Thailand. The donated sera have been 

assayed by the GRL, Sweden and have been shown to be mono-specific for HPV 18 antibodies 

with a high OD titre. In June 2010, NIBSC pooled, filled and freeze-dried the sera. 

 

HPV laboratories that have established neutralization assays and/or enzyme immunoassays (EIA) 

are being invited to participate in an international collaborative study to assess the suitability of 

the freeze-dried material to serve as the 1st WHO IS for antibodies to HPV 18.  Participation in 

the study will involve the assaying of the candidate International Standard in EIA and/or 

pseudovirus neutralization assays that are in routine use in the participant’s laboratory. 

 

HPV laboratories that have established neutralization assays and/or enzyme immunoassays (EIA) 

are being invited to participate in an international collaborative study to assess the suitability of 

the freeze-dried material to serve as the 1st WHO IS for antibodies to HPV 18.  Participation in 

the study will involve the assaying of the candidate International Standard in EIA and/or 

pseudovirus neutralization assays that are in routine use in the participant’s laboratory. 

 

In order to investigate loss of activity on freeze-drying, participants will be instructed to also 

assay the residual material retained prior to freeze-drying.  Additional sera will also be included 

in the study.   

 

Aims of the collaborative study 
The aims of the present collaborative study are to 

 

• assess the suitability of the freeze-dried serum to serve as the International Standard for 

antibodies to HPV 18 with an assigned unitage in International Units per ampoule for use in EIA 

and neutralization assays.  

• characterise the candidate standard in terms of reactivity and specificity. 
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• assess the candidate’s reactivity in a range of typical assays performed in different 

laboratories. 

• To assess commutability i.e. to establish the extent to which the reference standard is 

suitable to serve as a standard for the variety of different samples being assayed. 

 

Materials 
All study samples should be stored at -20ºC or below. The study samples shall not be 

administered to humans or to animals and shall not be used for any reason whatsoever to conduct 

experiments on animals. 

 

Candidate Standard NIBSC code 10/140 
This is a batch of ampoules (NIBSC product code 10/140) containing freeze-dried pooled sera 

obtained from 2 individuals naturally infected with HPV 18. 

 

The individual donations used to make the pooled sera have been tested and found negative for 

HBsAg, antibodies to HIV and HCV RNA by nucleic acid amplification technique. 

 

Coded samples 
To evaluate the ability of the candidate IS to assign unitage to test samples, 5 to 7 coded samples 

will be included in the study.  These may include sera obtained from negative and naturally 

infected individuals as well as from individuals immunised with current vaccines. 

 

Assay Methods 
For testing the study samples, participants are requested to use the method for the detection of 

antibodies to HPV 18 in routine use in their laboratory. Both EIA and neutralisation tests should 

be performed if possible. In addition, if it is possible to perform EIA/neutralization tests using 

VLP/capsid/pseudovirons of different HPV types , participants are requested to test the study 

samples in such assays so that additional information on the specificity of the candidate standard 

is available. 

 

Design of study 
Participants are requested to: 

 

• perform 3 independent assays on different days for antibodies against HPV 18 and, if 

possible, any other HPV types routinely assayed in their laboratory in EIA and neutralisation 

tests. 

• for each independent assay, prepare and test a series of dilutions from the candidate 

standard and each of the coded samples. If possible at least two independent replicate series of 

dilutions (NOT two aliquots from a single series) should be prepared and assayed.  An extra 

ampoule/vial of most samples (depending of available volume) is provided so that a preliminary 

assay can be carried out to establish the optimal dilution range for individual samples. The 

optimal dilution range should include the endpoint dilution. 

• use the Excel reporting sheet to record for each dilution the readout from the 

spectrophotometer/luminometer etc. (i.e. raw data).  Our statistician will use the raw data 

readouts to perform the statistical analysis. 

• include all study samples in each assay so that the concentration of antibodies relative to 

the candidate standard may be calculated.  If multiple plates are required for testing all study 

samples concurrently, then include the candidate standard on each plate. 
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• use a freshly opened and reconstituted ampoule or thawed sample for each independent 

assay. 

 

Results and data analysis 
In order for the report on this study to be finalised prior to the conclusion of this Gates-funded 

project, participants are requested to return their results to NIBSC within 6 weeks of receipt of 

the study materials.  An excel spreadsheet is provided so that all essential information can be 

recorded including the raw data from each assay.  The use of the reporting spreadsheet facilitates 

the analysis and interpretation of results.  If assays involving vaccine types other than HPV 18 

are undertaken, a separate worksheet for each virus type should be completed for each 

experiment providing the same information as requested for HPV 18.  Furthermore, because 

VLPs and pseudoviruses are critical reagents used in HPV EIA and neutralization assays, this 

collaborative study provides a good opportunity to collect information on these materials.   

 

Participants are requested to provide information in the reporting sheet regarding the preparation 

and use of the VLPs/capsids/pseudoviruses used in their assay(s).  Finally, as it is of interest for 

us to know whether the samples are considered ‘positive’ in each assay, participants are 

requested to include the cut-off value indicating sero-reactivity for each assay and whether each 

sample dilution is considered positive or negative according to their criteria. The final version of 

the reporting spreadsheet will be e-mailed to each participant following shipment of study 

materials. 

 

The confidentiality of each laboratory will be ensured with each participant being anonymous to 

the other laboratories. Exact methods used by individual participating laboratories will not be 

disclosed in conjunction with results, as this may enable the laboratory code to be broken.  

Analysis of the study will assess the potencies of each material relative to each other, and the 

sensitivity of the different assay methods. 

 

Assay data will be analysed at NIBSC by an experienced biometrician using standard statistical 

techniques and a draft report will be sent to participants for comment prior to consideration by 

the WHO Expert Committee on Biological Standardization (ECBS).  The finalised report will 

then be submitted to the WHO ECBS who will decide on the suitability of the candidate standard 

to serve as the International Standard.  

 

Participation in the WHO collaborative study is conducted under the following conditions: 

 

• The materials are provided for the purpose of the collaborative study only and not for 

independent use or research. 

• Individual participant’s data will be coded and reported “blind” to other participants in 

the study report, and also in subsequent publications. 

• Data submitted will become the property of WHO and will be analyzed for publication 

by NIBSC in internal documents, WHO internal and public documents and a peer-reviewed 

manuscript. 

• The data should not be published or cited before the formal establishment of the standard 

by WHO without the expressed permission of the NIBSC study organizer. 

• It is normal practice to acknowledge participants as contributors of data rather than co-

authors in publications describing the establishment of the standard. 

• Participants accept responsibility for safe handling and disposal of the materials provided. 

 

Deadline for completed results spreadsheets is 6 weeks from receipt of study materials. 
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All completed results spreadsheets should be returned electronically to:  

Dianna.Wilkinson@nibsc.hpa.org.uk 

Alternatively, reports may be mailed or faxed to: 

Dr. Dianna Wilkinson 

Senior Scientist 

Division of Virology 

NIBSC 

Blanche Lane 

South Mimms 

Potters Bar 

Hertfordshire, EN6 3QG 

UK 

FAX  +44(0)1707 641366 
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Appendix 3 
 

Proposed instructions for use 

WHO International Standard 1st WHO International Standard for anti-

human papillomavirus 18 serum NIBSC code: 10/140  

Instructions for use (Version 1.00, Dated ) 
1. INTENDED USE  
This material will serve as the primary biological standard for antibodies to HPV 18. This material may be used in immunoassays 
utilising virus-like particles and neutralisation tests utilising pseudovirions of adequate sensitivity.  
2. CAUTION  
This preparation is not for administration to humans.  
The preparation contains material of human origin, and either the final product or the source materials, from which it is derived, have 
been tested and found negative for HBsAg, anti-HIV and HCV RNA. As with all materials of biological origin, this preparation should 
be regarded as potentially hazardous to health. It should be used and discarded according to your own laboratory's safety 
procedures. Such safety procedures should include the wearing of protective gloves and avoiding the generation of aerosols. Care 
should be exercised in opening ampoules or vials, to avoid cuts.  
3. UNITAGE  
This material has a unitage of 8 International Units per ampoule, ie 16 International Units per ml when reconstituted in 0.5ml distilled 
water.  
4. CONTENTS  
Country of origin of biological material: United Kingdom.  
Each ampoule contains a freeze-dried residue comprising, under an atmosphere of nitrogen of human serum from containing 
antibodies to HPV 18.  
5. STORAGE  
Ampoules should be stored at -20°C until use.  
Please note: because of the inherent stability of lyophilized material, NIBSC may ship these materials at ambient 
temperature.  
6. DIRECTIONS FOR OPENING  

DIN ampoules have an „easy-open‟ coloured stress point, where the narrow ampoule stem joins the wider ampoule body.  

Tap the ampoule gently to collect the material at the bottom (labeled) end. Ensure that the disposable ampoule safety breaker 
provided is pushed down on the stem of the ampoule and against the shoulder of the ampoule body. Hold the body of the ampoule 
in one hand and the disposable ampoule breaker covering the ampoule stem between the thumb and first finger of the other hand. 
Apply a bending force to open the ampoule at the coloured stress point, primarily using the hand holding the plastic collar.  
Care should be taken to avoid cuts and projectile glass fragments that might enter the eyes, for example, by the use of suitable 
gloves and an eye shield. Take care that no material is lost from the ampoule and no glass falls into the ampoule. Within the 
ampoule is dry nitrogen gas at slightly less than atmospheric pressure. A new disposable ampoule breaker is provided with each 
DIN ampoule.  
7. USE OF MATERIAL  
No attempt should be made to weigh out any portion of the freeze-dried material prior to reconstitution.  
The contents of each ampoule should be reconstituted in 0.5ml of distilled water. Following addition of the distilled water, the 
ampoules should be left at ambient temperature for approximately 30 minutes until dissolved and then mixed thoroughly, avoiding 
the generation of excessive foam.  
8. STABILITY  
Reference materials are held at NIBSC within assured, temperature-controlled storage facilities. Reference Materials should be 
stored on receipt as indicated on the label.  
NIBSC follows the policy of WHO with respect to its reference materials.  
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11. FURTHER INFORMATION  
Further information can be obtained as follows;  
This material:  
enquiries@nibsc.hpa.org.uk  
WHO Biological Standards:  
Http://www.who.int/biologicals/en/  
JCTLM Higher order reference materials:  
Http://www.bipm.org/en/committees/jc/jctlm/  
Derivation of International Units:  
http://www.who.int/biologicals/reference_preparations/en/  
Ordering standards from NIBSC:  
Http://www.nibsc.ac.uk/products/ordering_information/frequently_asked_questions.aspx  
NIBSC Terms & Conditions:  
Http://www.nibsc.ac.uk/terms_and_conditions.aspx  
12. CUSTOMER FEEDBACK  
Customers are encouraged to provide feedback on the suitability or use of the material provided or other aspects of our service. 
Please send any comments to enquiries@nibsc.hpa.org.uk  
13. CITATION  
In all publications, including data sheets, in which this material is referenced, it is important that the preparation's title, its status, the 
NIBSC code number, and the name and address of NIBSC are cited and cited correctly.  
14. MATERIAL SAFETY SHEET  
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Physical and Chemical properties  
Physical 
appearance: 
Freeze dried  

Corrosive:  No  

Stable:  Yes  Oxidising:  No  
Hygroscopic:  No  Irritant:  No  
Flammable:  No  Handling:See 

caution, Section 2  
Other (specify):  Contains material of human 

origin  
Toxicological properties  
Effects of inhalation:  Not established, avoid 

inhalation  
Effects of ingestion:  Not established, avoid 

ingestion  
Effects of skin absorption:  Not established, avoid contact 

with skin  
Suggested First Aid  
Inhalation:  Seek medical advice  
Ingestion:  Seek medical advice  

 


